
���

3+$50$&27+(5$3<�)25�$//(5*,&�&217$&7�'(50$7,7,6
.DSHOND�,��*�
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NLJ����#JPDLO�FRP

,QWURGXFWLRQ��$OOHUJLF�FRQWDFW�GHUPDWLWLV��$&'��LV�D�GHOD\HG�W\SH�RI�LQGXFHG�VHQVLWLYLW\��DOOHUJ\��
UHVXOWLQJ� IURP�FXWDQHRXV� FRQWDFW�ZLWK� D� VSHFLILF�DOOHUJHQ� WR�ZKLFK� WKH�SDWLHQW�KDV�GHYHORSHG�D� VSHFLILF�
VHQVLWLYLW\��

,W�LV�WKH�PRVW�LPSRUWDQW�VNLQ�GLVHDVH�IRU�WKH�JHQHUDO�SRSXODWLRQ��2YHUDOO��LQ�WKH�JHQHUDO�SRSXODWLRQ�
WKH�SUHYDOHQFH�RI�FRQWDFW�DOOHUJ\�WR�DW�OHDVW�RQH�DOOHUJHQ�LV��������,W�LV�PRUH�FRPPRQ�LQ�ZRPHQ�WKDQ�LQ�
PHQ��7KLV�SUHGRPLQDQWO\�LV�D�UHVXOW�RI�DOOHUJ\�WR�QLFNHO��ZKLFK�LV�PXFK�PRUH�FRPPRQ�LQ�ZRPHQ�WKDQ�LQ�
PHQ�

7KH�PDLQ�UROH� LQ� WUHDWPHQW�SOD\V�GHWHFWLQJ�H[DFW�DOOHUJHQ�� ,W� LV� UHDOO\� LPSRUWDQW�WR�DYRLG�WULJJHU�
DJHQW�WR�DFKLHYH�JRRG�UHVXOWV�YLD�SKDUPDFRWKHUDS\��

$LP��$Q�DLP�RI�RXU� UHVHDUFK�ZDV� WR� VWXG\�SKDUPDFRWKHUDS\�RI�$&'� LQ� LQWHUQDWLRQDO�PHGLFLQH�
SUDFWLFH�

0DWHULDOV�DQG�PHWKRGV��7RSLFDO�FRUWLFRVWHURLGV�DUH�WKH�PDLQVWD\�RI�WUHDWPHQW�GXH�WR�WKHLU�DELOLW\�
WR�GHFUHDVH�LQIODPPDWLRQ�E\�LQKLELWLRQ�WKH�DFWLYLW\�RI�SKRVSKROLSDVH�$��DQG�LPPXQRVXSSUHVVLYH�HIIHFW��
$OVR�� WKHUH� DUH� D� YDULHW\� RI� V\PSWRPDWLF� WUHDWPHQWV� WKDW� FDQ� SURYLGH� VKRUW�WHUP� UHOLHI� RI� SUXULWXV��
,PPXQRVXSSUHVVLYH�DJHQWV�FDQ�EH�XVHG�LQ�UHFDOFLWUDQW�FDVHV�RI�VHYHUH�FKURQLF�ZLGHVSUHDG�FRQWDFW�GHUPDWLWLV�
RU�VHYHUH�KDQG�GHUPDWLWLV�WKDW�SUHYHQWV�WKH�LQGLYLGXDO�IURP�ZRUNLQJ�RU�SHUIRUPLQJ�GDLO\�DFWLYLWLHV�

5HVXOWV�DQG�GLVFXVVLRQ��$Q�DLP�RI�WKH�WUHDWPHQW�RI�$&'�LV�WR�GHFUHDVH�LQIODPPDWLRQ�DQG�WR�SUHYHQW�
IXUWKHU� FRQWDFWV�ZLWK� DOOHUJHQ�� 7KDW¶V�ZK\� WKH� TXHVWLRQ� RI� GHWHFWLQJ� ULJKW� DOOHUJHQ� LV� UHDOO\� LPSRUWDQW��
$SSUR[LPDWHO\����FKHPLFDOV�DSSHDU�WR�EH�UHVSRQVLEOH�IRU�DV�PDQ\�DV�RQH�KDOI�RI�DOO�FDVHV�RI�$&'��7KHVH�
LQFOXGH� QLFNHO�� SUHVHUYDWLYHV�� G\HV� DQG� IUDJUDQFHV�� ,Q�PRVW� FDVHV� LW� LVQ¶W� KDUG� WR� LGHQWLI\� WKH� DOOHUJHQ��
EHFDXVH�LQIODPPDWLRQ�DSSHDUV�H[DFWO\�LQ�WKH�VDPH�SODFH�ZKHUH�FRQWDFW�KDV�EHHQ�DQG�KDV�WKH�VDPH�VKDSH��DV�
D�VKDSH�RI�FRQWDFW��,Q�FDVHV�ZKHUH�ZH�FDQ¶W�LGHQWLI\�ULJKW�DOOHUJHQ�E\�FRPPRQ�PHGLFDO�H[DPLQDWLRQ��ZH�
KDYH�WR�XVH�SDWFK�WHVWLQJ��$�SDWFK�WHVW�LV�D�PHWKRG�XVHG�WR�GHWHUPLQH�D�VSHFLILF�VXEVWDQFH�FDXVHV�DOOHUJLF�
LQIODPPDWLRQ�� ,W� FRQVLVWV� RI� WLQ\� TXDQWLWLHV� RI� ������� PDWHULDOV� LQ� LQGLYLGXDO� VTXDUH� SODVWLF� RI� URXQG�
DOXPLQLXP�FKDPEHUV��,W�KDV�WR�EH�DSSOLHG�WR�WKH�XSSHU�EDFN�IRU�DW�OHDVW����KRXUV��$IWHU�WKDW�ZH�FDQ�GHWHUPLQH�
WKH�ULJKW�DOOHUJHQ�E\�D�ORFDO�DOOHUJLF�UHDFWLRQ�RQ�D�VPDOO�DUHD�RI�WKH�SDWLHQW¶V�EDFN��3DWFK�WHVWLQJ�LV�PRVW�
FRVW�HIIHFWLYH�DQG�UHGXFHV�WKH�FRVW�RI�WKHUDS\�LQ�SDWLHQWV�ZLWK�$&'�

,Q�VRPH�VHYHUH�FDVHV��GHWR[LILFDWLRQ�WKHUDS\�KDV�WR�EH�SURYLGHG��'LVXOILUDP�DQG�VRGLXP�WKLRVXOIDWH�
FDQ�EH�XVHG�WR�GHFUHDVH�OHYHO�RI�DOOHUJHQ�LQ�RUJDQLVP��

6\PSWRPDWLF�WUHDWPHQW�FDQ�EH�XVHG�WR�UHOLHI�SUXULWXV��7RSLFDO�VRDNV�ZLWK�FRRO�%XURZ�VROXWLRQ�������
GLOXWLRQ���HPROOLHQWV�DQG�VHGDWLQJ�RUDO�DQWLKLVWDPLQHV�PD\�KHOS�LQ�WKLV�SXUSRVH��

&RQFOXVLRQV��7RSLFDO�FRUWLFRVWHURLGV�DUH�WKH�PDLQVWD\�RI�SKDUPDFRWKHUDS\�RI�$&'��KRZHYHU��WKH�
GHILQLWLYH�WUHDWPHQW�RI�GLVHDVH�LV�WKH�LGHQWLILFDWLRQ�DQG�UHPRYDO�RI�DQ\�SRWHQWLDO�FDXVDO�DJHQWV��2WKHUZLVH��
WKH�SDWLHQW�LV�DW�LQFUHDVHG�ULVN�IRU�FKURQLF�RU�UHFXUUHQW�GHUPDWLWLV��
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,QWURGXFWLRQ� &KURQLF� SDQFUHDWLWLV� LV� XVXDOO\� DFFRPSDQLHG� E\� HQ]\PH� GHILFLHQF\�� )RU� QRUPDO�
GLJHVWLRQ��WKH�SDWLHQW�QHHGV�VXEVWLWXWLRQ�WKHUDS\�ZLWK�HQ]\PH�SUHSDUDWLRQV��7KH�PDLQ�DFWLYH�LQJUHGLHQWV�LQ�
PRVW� RI� WKH� GUXJV� DUH� OLSDVH�� SURWHDVH� DQG� DP\ODVH� RI� SDQFUHDWLQ�� ,Q� DGGLWLRQ� WR� WKH� SURSHUO\� VHOHFWHG�
SUHSDUDWLRQ��DQ�DGHTXDWH�GRVH�DVVLJQPHQW�SOD\V�DQ�LPSRUWDQW�UROH�����



���

$LP��7KH�DLP�RI�WKH�VWXG\�ZDV�WR�DQDO\]H�WKH�SKDUPDFRWKHUDS\�RI�FKURQLF�SDQFUHDWLWLV�ZLWK�SRO\�
HQ]\PH� SUHSDUDWLRQV�� -XVWLI\� WKH� XVH� RI� WKH� SUHSDUDWLRQ� �&UHRQ�� DV� WKH� PRVW� UDWLRQDO� DOWHUQDWLYH�
SKDUPDFRWKHUDS\�

0DWHULDOV�DQG�PHWKRGV��7KH�LQWHUQDWLRQDO�UHFRPPHQGDWLRQV�DQG�RUGHUV�RI�WKH�0LQLVWU\�RI�+HDOWK�
RI�8NUDLQH�RQ�WKH�WUHDWPHQW�RI�FKURQLF�SDQFUHDWLWLV�ZLWK�SRO\�HQ]\PH�SUHSDUDWLRQV�KDYH�EHHQ�VWXGLHG��7KH
SKDUPDFRNLQHWLFV� DQG� SKDUPDFRG\QDPLFV� RI� WKH� SRO\�HQ]\PH� SUHSDUDWLRQV� H[LVWLQJ� RQ� WKH� 8NUDLQLDQ�
PDUNHW�ZHUH�VWXGLHG�DFFRUGLQJ�WR�WKH�OLWHUDWXUH�GDWD��

5HVXOWV DQG GLVFXVVLRQ� ,Q�WKH�FDVH�RI�VWHDWRUUKHD��DV�RQH�RI�WKH�PRVW�VWULNLQJ�V\PSWRPV�RI�FKURQLF�
SDQFUHDWLWLV�� WKHUDS\� LV� SHUIRUPHG�ZLWK�GUXJV�ZLWK� D�KLJK� OLSDVH�FRQWHQW��$FFRUGLQJ� WR� WKH�RUGHU�RI� WKH�
0LQLVWU\�RI�+HDOWK�RI�8NUDLQH�1R������GDWHG�������������8QLILHG�FOLQLFDO�SURWRFRO��&KURQLF�SDQFUHDWLWLV���
IRU�WKH�HOLPLQDWLRQ�RI�V\PSWRPV�RI�H[RFULQH�LQVXIILFLHQF\�SUHVFULEH�PHGLFDWLRQV�IRU���������������XQLWV�
RI� OLSDVH�IRU� WKH�PDLQ�PHDO�DQG���������������XQLWV�RI� OLSDVH�IRU�QRQ�HVVHQWLDO�DGPLVVLRQ��+RZHYHU�� LQ�
SUDFWLFH��RIWHQ�XVHG�GUXJV�ZLWK�D�OLSDVH�FRQWHQW�LQ�RQH�WDEOHW��GUDJHH��LQ�WKH�UDQJH�RI������������ XQLWV��
$FFRUGLQJO\�� WKH�PLQLPXP�HIIHFWLYH� VLQJOH�GRVH� IRU�FRUUHFWLRQ�RI� VWHDWRUUKHD�ZLOO�EH� WDNLQJ����� WDEOHWV�
�GUDJHHV���

,I�WKH�SDWLHQW�LV�SUHGRPLQDQWO\�D�VHFRQGDU\�PHFKDQLVP�RI�GHYHORSPHQW�RI�SDQFUHDWLF�LQVXIILFLHQF\��
WKHQ�LW�VKRXOG�EH�ERUQH�LQ�PLQG�WKDW�PRVW�RI�WKH�OLSDVH�FDQ�EH�LQDFWLYDWHG�RU�QRW�DFWLYDWHG��,Q�WKLV�FDVH��\RX�
VKRXOG�DOUHDG\�WDON�DERXW�������WDEOHWV�SHU�PHDO��ZKLFK�LV�LPSRVVLEOH�IRU�SV\FKRORJLFDO�UHDVRQV�

&RQFOXVLRQV� 7KH�SUHSDUDWLRQ��&UHRQ��LV�FKDUDFWHUL]HG�E\�D�KLJK�FRQWHQW�RI�OLSDVH�DQG��GHSHQGLQJ�
RQ�WKH�IRUP�RI�UHOHDVH��FDQ�H[KLELW�PHGLXP�RU�KLJK�OLSRO\WLF�DFWLYLW\��7R�GDWH��RI�DOO�WKH�SRO\HQ]\PDWLF�GUXJV�
XVHG�LQ�SDQFUHDWLWLV���&UHRQ��LV�FRQVLGHUHG�WKH�PRVW�SURJUHVVLYH��KDYLQJ�SURYHQ�FOLQLFDO�HIIHFWLYHQHVV�LQ�
SDQFUHDWLWLV��7KXV��D�KLJK�FRQWHQW�RI�OLSDVH�SURYLGHV�D�PRUH�VLPSOH�DQG�FRQYHQLHQW�UHFHSWLRQ��ZKLFK�DOORZV�
XV�WR�GLVWLQJXLVK��&UHRQ��DV�WKH�GUXJ�RI�ILUVW�FKRLFH�IRU�UDWLRQDO�SKDUPDFRWKHUDS\�RI�FKURQLF�SDQFUHDWLWLV�
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DQQDOXNDXVNDV#JPDLO�FRP

,QWURGXFWLRQ��'LDEHWHV�LQVLSLGXV LV�D�UDWKHU�UDUH�HQGRFULQH�GLVRUGHU�FDXVHG�E\�WKH�GHILFLHQF\�RI�WKH�
DQWLGLXUHWLF�KRUPRQH�YDVRSUHVVLQ��7KH�GLVHDVH�RFFXUV�ERWK�LQ�ZRPHQ�DQG�LQ�PHQ����������PRUH�RIWHQ�LQ�WKH�
DJH�RI�������\HDUV��EXW�FDQ�RFFXU�DW�DQ\�RWKHU�DJH��LQFOXGLQJ�FKLOGUHQ��,Q�WKH�ZRUOG������FDVHV�RI�GLDEHWHV�
LQVLSLGXV SHU���������SRSXODWLRQ�DUH�UHFRUGHG��7KHUH�DUH�DERXW�����FKLOGUHQ�DQG�DGROHVFHQWV�ZLWK�GLDEHWHV�
LQVLSLGXV LQ�8NUDLQH�

7KH�DLP�RI�RXU� LQYHVWLJDWLRQ� LV� WR� VWXG\�H[LVWLQJ� UHFRPPHQGDWLRQV� IRU� WKH�SKDUPDFRWKHUDS\�RI�
GLDEHWHV�LQVLSLGXV�

0DWHULDOV�DQG�PHWKRGV��:H�DQDO\]HG�WKH�3URWRFRO�IRU�WKH�SURYLVLRQ�RI�PHGLFDO�FDUH�WR�FKLOGUHQ�
VXIIHULQJ�IURP�GLDEHWHV�LQVLSLGXV��DSSURYHG�E\�2UGHU�ʋ�����RI�WKH�0LQLVWU\�RI�+HDOWK�RI�8NUDLQH��DV�ZHOO�
DV�(XURSHDQ�*XLGHOLQHV�RQ�WKH�SKDUPDFRWKHUDS\�RI�WKLV�GLVHDVH�

5HVXOWV�DQG�GLVFXVVLRQ��'LDJQRVLV�RI�GLDEHWHV LQVLSLGXV LV�EDVHG�RQ�FOLQLFDO�V\PSWRPV �SRO\XULD��
SRO\GLSVLD HWF�� DQG�DGGLWLRQDO�PHWKRGV�RI�LQYHVWLJDWLRQ�RI�;�UD\�H[DPLQDWLRQ��&7�RU�057�RI�WKH�EUDLQ��
7KH� PDLQ� GLUHFWLRQ� RI� SKDUPDFRWKHUDS\� RI� FHQWUDO� DQG� LGLRSDWKLF� IRUPV� RI� GLDEHWHV� LQVLSLGXV LV� WKH�
DSSRLQWPHQW�RI�VXEVWLWXWLRQ�SKDUPDFRWKHUDS\�ZLWK�WKH�GUXJ�DQWLGLXUHWLF�KRUPRQH�± GHVPRSUHVVLQ��7KHUH�
DUH VHYHUDO�IRUPV�RI�WKLV�GUXJ� 'HVPRSUHVVLQ�LQ�SLOOV��0LQLULQ��FRQWDLQV�LQ�RQH�WDEOHW�����RU�����PLFURJUDPV��
7KH�GDLO\�GRVH�LV�IURP���WR���SLOOV��ZKLFK�WDNH�������PLQXWHV�EHIRUH�D�PHDO�RU���KRXUV�DIWHU�D�PHDO� 7KLV�
IRUP� RI� GHVPRSUHVVLQ� FRQWDLQV� D� GRVH� RI� WKH� DFWLYH� VXEVWDQFH� ��� WLPHV� KLJKHU�� EHFDXVH� LW� LV� D� SDUWLDO�
GHVWUXFWLRQ�XQGHU�WKH�LQIOXHQFH�RI�SHSWLGDVHV�LQ�WKH�JDVWURLQWHVWLQDO�WUDFW��7UHDWPHQW�VWDUWV�ZLWK�PLQLPDO�
GRVHV��ZLWK�D�JUDGXDO�LQFUHDVH�LQ�WKH�GRVH�RI�WKH�GUXJ�GHSHQGLQJ�RQ�WKH�FOLQLFDO�PDQLIHVWDWLRQV�RI�WKH�GLVHDVH��
7KH� VROXEOH� IRUP� RI� GHVPRSUHVVLQ� LV� SUHVHQWHG� DV� GURSV� LQ� WKH� QRVH� �$GLXSUHVVLQ�� RU� QDVDO� VSUD\� �1�
GHVPRSUHVVLQ�VSUD\���)RU�GD\��SDWLHQW�QHHG�����GURSV�LQ�WKH�QRVH�RU�����VSUD\�GRVHV��������ȝJ���%HIRUH�


