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$%675$. 

7XMXDQ� GDUL� SHQHOLWLDQ� LQL� DGDODK� XQWXN� PHQHQWXNDQ� PLQLPDO� WHV� IXQJVL������������

SHULRGLN�XQWXN�YDOLGDVL�SHQJXNXUDQ�XQWXN�VDPSHO�OLQJNXQJDQ��'DODP��PDNDODK�

LQL��(8�����GLJXQDNDQ�VHEDJDL�VXPEHU�XQWXN�PHQJXNXU�NDOLEUDVL�HQHUJL�VHUWD�

HILVLHQVL��.XDOLWDV�NRQWURO�SDGD�VDOXUDQ�PRQLWRU�NDOLEUDVL�HQHUJL�EHUXEDK�SDGD�

HQHUJL��������NH9��6HODLQ�NDOLEUDVL��SHQJXMLDQ� MXJD�GLODNXNDQ�SDGD�$NWLYLWDV�

'HWHNVL� 0LQLPXP� SDGD� VLVWHP� LQL�� +DVLO� SHQJXNXUDQ� NHPXGLDQ� GLYDOLGDVL�

PHQJJXQDNDQ�VDPSHO�OLQJNXQJDQ� 

.DWD�.XQFL������*DPPD-UD\�VSHNWURPHWUL��.DOLEUDVL��0'$ 

 

$%675$&7 

7KH�SXUSRVH�RI� WKLV�UHVHDUFK�LV� WR�GHWHUPLQH�D�PLQLPXP�RI�SHULRGLF�IXQFWLRQ�

WHVWV�IRU�PHDVXUHPHQW�YDOLGDWLRQ�IRU�HQYLURQPHQWDO�VDPSOHV��,Q�WKLV�SDSHU��WKH�

(8� ���� LV� XVHG� DV� D� VRXUFH� IRU� PHDVXULQJ� HQHUJ\� FDOLEUDWLRQ� DV� ZHOO� DV���������

HIILFLHQF\��&RQWURO�TXDOLW\�RQ� HQHUJ\� FDOLEUDWLRQ�PRQLWRU� FKDQQHO� FKDQJHV� LQ�

HQHUJ\� ������� NH9�� ,Q� DGGLWLRQ� WR� FDOLEUDWLRQ�� WHVWLQJ� 0LQLPXP� 'HWHFWDEOH�

$FWLYLW\�RQ� WKLV�V\VWHP��5HVXOWV� IURP�PHDVXUHPHQWV�DUH� WKHQ�YDOLGDWHG�XVLQJ�

HQYLURQPHQWDO�VDPSOHV�� 

.H\ZRUGV�����*DPPD-UD\�VSHFWURPHWU\��&DOLEUDWLRQ��0'$ 
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���,QWURGXFWLRQ 

*DPPD�UD\�LV�ZDYH�WKDW�KDYH�DQ�HQHUJ\�

UDQJH� RI� PRUH� WKDQ� ���� H9� ZLWK� ZDYH�

OHQJWKV�VPDOOHU�WKDQ���-���P��*DPPD�UD\�

LWVHOI�FDQ�EH�UHOHDVHG�RI�HQHUJ\�IURP�UD�

GLRDFWLYH�VXEVWDQFHV�IURP�GLVDVWHUV�VXFK�

DV� QXFOHDU� H[SORVLRQV� LQ� )XNXVKLPD� >�@�

7KLV�GLVDVWHU� UHOHDVH� UDGLRDFWLYH�QXFOLGH�

WKDW� FDQ� EH� FRQWDPLQDWLRQ� LQ� WKH� DLU��

GDUWV�DQG�RFHDQV�� ,Q�FHUWDLQ�DFWLYLW\� DQG�

VXEVWDQFHV�� UDGLRDFWLYH� FRQWDPLQDWLRQ�

FDQ� WKUHDWHQ� WKH� OLIH� RI� RUJDQLVP� HLWKHU�

GLUHFWO\�RU�LQGLUHFWO\�>�@� 

+LJK� SXUH� JHUPDQLXP� �+3*H�� JDPPD�

VSHFWURPHWHU� LV� D� GHWHFWRU� RIWHQ� XVHG� WR�

FDOFXODWH� UDGLRDFWLYH� UHOHDVH� DFWLYLW\�

ZKLOH� LGHQWLI\LQJ� LWV� UDGLQXFOLGHV�� 7KH�

GHWHFWRU�KDV�JRRG�HIILFLHQF\�DQG�UHVROX�

WLRQ�>�@��+RZHYHU��WR�GHWHUPLQH�WKH�DFFX�

UDF\�FDOFXODWLRQ�DQG�SHUIRUPDQFH�RI�WKLV�

HTXLSPHQW��LW�QHHGV�D�PLQLPXP�WHVW�WKDW�

LV� ZHOO� YDOLGDWHG� DFFRUGLQJ� WR� QDWLRQDO�

DQG� LQWHUQDWLRQDO� VWDQGDUGV�� 9DOLGDWLRQ�

RI�WKH�PHDVXULQJ�PHWKRG�LV�EDVHG�RQ�WKH�

SHUIRUPDQFH�DVSHFWV�WKDW�KDYH�EHHQ�WHVW�

HG�DQG�GHYHORSHG�LQ�SUHYLRXV�VWXGLHV�>�@� 

6RPH� DVSHFWV� DQG� WHVW� WKDW� FDQ� EH� GRQH�

WR� LPSURYH� DQG� WR� PDLQWDLQ� WKH� SHUIRU�

PDQFH� RI� +3*H� JDPPD� VSHFWURPHWHU�

LQFOXGH�OLNH�FKHFNLQJ�RQ�WKH�FRRODQW�GH�

WHFWRU�WKDW�FDQ�DIIHFW�WKH�GHWHFWRU�UHVROX�

WLRQ�>�@��HQHUJ\�FDOLEUDWLRQ�DQG�HIILFLHQ�

F\�RI�WKH�V\VWHP�WR�REWDLQ�D�JRRG�TXDOL�

WDWLYH� DQG� TXDQWLWDWLYH� DQDO\VLV� UHVXOW�

>�@�� EDFNJURXQG� FDOFXODWLRQV� DQG������������

D� PLQLPXP� GHWHFDEOH� DFWLYLW\� �0'$�����������

FDOFXODWLRQ� WR� DVFHUWDLQ� WKH� VPDOOHVW� DF�

WLYLW\� WKDW� WKH� GHWHFWRU� FDQ� >�@�� 7KLV� DV�

SHFW�ZLOO� EH� LPSRUWDQW� EHFDXVH� LQ�PHDV�

XULQJ� VDPSOHV� WKDW� KDYH� ORZ� DFWLYLW\� LV�

QHHGHG� DFFXUDF\� LQ� UDGLRPHQWULF� DQDO\�

VLV��,Q�WKLV�DUWLFOH��VDPSOHV�NQRZQ�WR�WKHLU�

DFWLYLWLHV� ZLOO� EH� FRXQWHG� DQG� DQDO\]HG�

EDVHG�RQ� WKH� URXWLQH��7KH� LQIRUPDWLRQ� LV�

XVHG�WR�HQVXUH�WKH�DFFXUDF\�RI�WKH�DQDO\�

VLV�DW�WKH�JDPPD�VSHFWURPHWHU�RZQHG� 

 

 

���([SHULPHQW 

�����&DUDFWHULVWLF�'HWHFWRU 

([SHULPHQW�FRQGXFWHG�LQ�*DPD�5DGLRP�

HWU\� /DERUDWRU\� RI� &HQWHU� IRU�

7HFKQRORJ\� RI� 5DGLDWLRQ� 6DIHW\� DQG�

0HWURORJ\� �37.05�� %$7$1�� 7KH�

GHWHFWRU� XVHG� E\� +3*H� JDPPD�

VSHFWURPHWHU� &DQEHUUD�� 7KLV� JDPPD�

VSHFWURPHWHU� V\VWHP� XVHV� QLWURJHQ�

FRROLQJ�V\VWHP��SUHDPSOLILHU��ELDV�VXSSO\�

GHWHFWRU��OLQHDU�DPSOLILHU��WKH�DQDORJXH�WR�

GLJLWDO� FRQYHUWHU� �$'&��� PXOWLFKDQQHO�

DQDO\]HU�V\VWHP�ZLWK������FKDQQHO��GDWD�

VWRUDJH�RQ�WKH�FRPSXWHU�DQG�VKLHOG�PDGH�

RI� FRSSHU� ZLWK� WKLFNQHVV� ����� FP�

VXUURXQGHG� WKH�GHWHFWRU��6KLHOG� LV�XVHIXO�

WR� ZLWKVWDQG� WKH� JDPPD� UD\� RI� WKH�

HQYLURQPHQW�� 'HWHFWRU� RSHUDWHG� DW� KLJK�

YROWDJH�RI���N9��ZLWK� UHODWLYH�HIILFLHQF\�

RI� ����� ,Q� DGGLWLRQ�� WKH� GHWHFWRU� LV�

FRYHUHG� ZLWK� DOXPLQLXP� IRLO� WR� DYRLG�

FRQWDPLQDWLRQ�RI�VDPSOHV� 



:DKDQD�)LVLND�����������������-��� 
KWWS���HMRXUQDO�XSL�HGX�LQGH[�SKS�ZDIL 
H-,661�������-��������KWWSV���GRL�RUJ����������ZDIL�Y�L������� 

 
���_�&RS\ULJKW���������:DKDQD�)LVLND��H-,661�����-���� 

�����&DOLEUDWLRQ�)XQFWLRQ�7HVW 

(QHUJ\� DQG� HIILFLHQF\� FDOLEUDWLRQ� LQ�

WKLV� VWXG\� LV� EDVHG� RQ� >�@� ZLWK� VRPH�

PRGLILFDWLRQV��7KLV�FDOLEUDWLRQ�LV�XVLQJ�

FHUWLILHG� VWDQGDUG� VHGLPHQW� ZLWK�

NQRZQ�DFWLYLW\�RI��������N%T�RI����(X�

DW� �� )HEUXDU\� ����� ZKLFK� ZDV� WKHQ�

FRXQWLQJ� IRU� DQ� KRXU�� 7KLV� VWDQGDUG�

ZKLFK� KDV� KHDY\� ZHLJKW� �� NJ� XVLQJ�

0DULQHOOL�EHDNHUV�DGDSWHG�WR�WKH�VKDSH�

RI�WKH�GHWHFWRU��7KLV�FDOLEUDWLRQ�LV�GRQH�

HYHU\� WLPH� DIWHU� JDV� ILOOLQJ� QLWURJHQ�

XVLQJ� WKH� DSSOLFDWLRQ�� LWV� YDOXH� LV�����

DXWRPDWLFDOO\� FDOFXODWHG� E\� *(1,(�

������7KLV�DFWLYLW\� LV� URXWLQH� WR�DYRLG�

ORVV� RI� SHDN� VWDELOLW\� LQIRUPDWLRQ� RQ�

WKH� FKDQQHO�� (QHUJ\� FDOLEUDWLRQ� KDV�

EHHQ� GRQH� E\� PDUNLQJ� DOO� WKH� SHDNV�

WKDW� DSSHDU� DQG� HTXDWH� ZLWK� WKH����

VWDQGDUG� VRXUFH� ���(X�� 7KH� HIILFLHQF\�

�İ�� FDOLEUDWLRQ� YDOXH� GHWHUPLQHG� E\�

XVLQJ� LQIRUPDWLRQ� DFWLYLW\�� DFTXLVLWLRQ�

WLPH�� DEXQGDQFH�� LQWHQVLW\� RI� HQHUJ\�

WKDW� FDOFXODWH� LQ� WKH� IROORZLQJ� HTXD�

WLRQ� 

    
ZKHUH� $� LV� DQ� DUHD� RI� SHDN� HQHUJ\�
���(X��WLPH�PHDVXULQJ�LV�W��ȁ�LV�WKH�DE�

VROXWH� DFWLYLW\� VWDQGDUG� ���(X� >%T@� DW�

WKH� WLPH�RI� FRXQWLQJ� >%T@� DQG� L� LV� LQ�

WHQVLW\� RU� DEXQGDQFH� RI� WKH� VWDQGDUG�
���(X� 

0LQLPXP� GHWHFWDEOH� DFWLYLW\� �0'$��

LV�RQH�RI� WKH�PRVW� IUHTXHQWO\�XVHG� IRU�

YDOLGDWLRQ� PHWKRGV�� 2Q� WKLV� UHVHDUFK�

0'$� FDOFXODWHG� XVLQJ� VRXUFHV����������

FRQWDLQLQJ� ���5D�� ���7K� DQG� ��.�� 7KH��

FDOFXODWLRQ� RI� 0'$� LV� GRQH� DFFRUGLQJ�

WR� WKH� MRXUQDO� SXEOLVKHG� E\� 6XVHQR� 	�

3ULKDWLQLQJVLK� >�@�� 7KH� 0'$� IRUPXOD�

XVHG�LQ�WKLV�SDSHU�LV� 

  ��� 

ZKHUH� %� LV� EDFNJURXQG� FRXQW�� W� LV����

PHDVXUHPHQW�WLPH��P�LV�VDPSOH�PDVV��(�

LV� HIILFLHQF\� RI� GHWHFWRU� DQG� <� LV���������

HIIHFWLYH�\LHOG�� 

 

���5HVXOW�DQG�'LVFXVVLRQ� 

,Q� WKH� EHJLQQLQJ�� WKH� HQHUJ\� DQG��������

HIILFLHQF\�FDOLEUDWLRQ�DW� WKH� V\VWHP�ZDV�

SHUIRUPHG� DW� ����� 9�� 7KH� FRQYHUVLRQ�

JDLQ� RI� WKH� V\VWHP� LV� ������ H9� ZLWK�

ORZHU� OLPLW� GHWHFWLRQ� �//'�� ��� DQG���

XSSHU�OLPLW�GHWHFWLRQ��8/'��������7KH�

VHOHFWHG� HQHUJ\� LQ� WKLV� FDOLEUDWLRQ������

LQFOXGHV��������������������������������

�������� �������� DQG� �������� NH9�����

UHVSHFWLYHO\�� 7KH� FKRVHQ� HQHUJ\� KDV�

EHHQ� FRQVLGHUHG� EHFDXVH� LW� KDV� D� EHWWHU�

DFWLYLW\�DQG�SHDN�� 

7DEOH� �� VKRZ� WKH� GLIIHUHQFH� EHWZHHQ�

UHIHUHQFH� HQHUJ\� DQG� HQHUJ\� WKDW� LV����

OHJLEOH� E\� WKH� V\VWHP�� 7KH� GLIIHUHQFH�

EHWZHHQ� WKH� WZR� HQHUJ\� LV� QRW������������

VLJQLILFDQW�� %HVLGHV� WKH� SHDN� SURGXFHG�

E\� WKH�VWDQGDUG� LV�TXLWH�KLJK�VR�ZH�FDQ�

VWLOO�JXHVV�WKH�SHDN� 
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)LJXUH����&XUYH�RI�(QHUJ\�&DOLEUDWLRQ�
���(X�JDPPD�VSHFWURPHWU\ 

7DNLQJ�LQIRUPDWLRQ�IURP�WKH�WDEOH����WKH�

FDOLEUDWLRQ�FXUYHV�REWDLQHG�WKDW�SUHVHQW�

HG� LQ� ILJXUH� ��� 'HVSLWH� WKH� GLIIHUHQFH�

EHWZHHQ� VWDQGDUG� DQG� V\VWHP�� WKLV� GLI�

IHUHQFH�GRHV�QRW�KDYH� D� VLJQLILFDQW� LP�

SDFW�EHFDXVH�LW�LV�VWLOO�DW�WKH�GHVLUHG�WRO�

HUDQFH�UDQJH�RI���NH9��7KH�HQHUJ\�FDOL�

EUDWLRQ�FXUYH�RQ�ILJXUH���DOVR�VKRZV�WKH�

OLQHDULW\� ZLWK� WKH� FDOLEUDWLRQ� HQHUJ\�

HTXDWLRQ�DV�IROORZV�� 

 

����� 
 

7R� DFKLHYH� JRRG� UHVHDUFK� UHVXOWV�� WKH�

VWDELOLW\� RI� HQHUJ\� FDOLEUDWLRQ� LV� DOZD\V�

PRQLWRUHG� SHULRGLFDOO\�� (QHUJ\� VKLIWLQJ�

�FDQ� RFFXU� DQ\� WLPH�� VR� LI� D� VKLIW� ODUJHU�

WKDQ���NH9�LV�REVHUYHG�ZLOO�EH�UHFDOLEUDW�

HG��'HWHUPLQDWLRQ�RI� WKLV� WROHUDQFH�KDV�D�

UHDVRQ� WKDW� LQ� WKH� UHVHDUFK� DFWLYLWLHV� RI�

HQHUJ\� YDOXHV� RI� WKH� GHVLUHG� UDGLRQX�

FOLGHV�DUH�QRW�DGMDFHQW�WR�HDFK�RWKHU�XQWLO�

OHVV� WKDQ� �� NH9��7KHUHIRUH�� WKH� GHWHUPL�

QDWLRQ� RI� WKH� YDOXH� RI� WROHUDQFH� FDQ� EH�

VOLJKWO\� ODUJHU�����NH9� WKDQ� WKH�RQH�GLV�

FRYHUHG� E\� ;KL[KD� HW� DO�� >�@�� )LJXUH� ��

VKRZ�D�TXDOLW\�FRQWURO��4&��FKDUW�IRU�WKH�

FKDQQHO� VKLIWLQJ� VWDELOLW\� FDOLEUDWLRQ� LQ�

YDULRXV�HQHUJLHV����(X�� 

 &KDQQHO� VKLIWLQJ� VWDELOLW\� ZDV� PDGH�

IURP� ���1RYHPEHU� ������ 7KLV� GDWH� LV� D�

SHULRGLF�IXQFWLRQ�WHVW�GDWH�WR�PRQLWRU�WKH�

SHUIRUPDQFH� RI� WKH� SHUIRUPDQFH� RI� WKH�

GHWHFWRU��7KLV�GDWH�LV�DOVR�XVHG�DV�D�UHIHU�

HQFH�WR�VHH�WKH�FKDQJHV�RFFXUULQJ�RQ�WKH�

GHWHFWRU��7KLV� VWDELOLW\�ZDV� VWDUWLQJ� IURP�

��� 1RYHPEHU� ����� WR� ��� 6HSWHPEHU�

�����DQG�IRU�HDFK�PHDVXULQJ�ZLWK������V�

DFTXLVLWLRQ�WLPH��)LJ���VKRZ�LQGLFDWHV�WKH�

FKDQQHO� LV� WKH� FKDQQHO� GLIIHUHQFH� D�

7DEOH����3HDN�SRVLWLRQ�RI�HQHUJ\����(X�OLQHV�RI�FDOLEUDWLRQ�VRXUFHV�DW����6HSWHPEHU����� 

�������������ͳͷʹ�� 
��������� ����������ȋΨȌ ��ϐ��������ȋΨȌ �������Ǥ 

�������ȋ���Ȍ �������ȋ���Ȍ 

ͳʹͳǤͺ ͳʹͳǤ ʹͲ͵ͳͷ ʹͺǤͶ ͳǤͲͷ ͷͲ 

ʹͶͶǤͻ ʹͶͶǤͺ ͷͺͶʹ ǤͶͻ ͲǤͻͲ ͳͲʹͲ 

͵ͶͶǤʹͺ ͵ͶͶǤͶ ͳͻͷͻ ʹǤ ͲǤ ͳͶ͵ͷ 

ͺǤͻ ͻǤͳ Ͷͻͺͳ ͳʹǤͻ ͲǤͶͶ ͵ʹͶͷ 

ͻͶǤͳ͵ ͻͶǤͳ ͷͲ͵Ͷʹ ͳͶǤ͵Ͷ ͲǤͶͲ ͶͲͳͷ 

ͳͳͳʹǤͳͳ ͳͳͳʹǤ͵ Ͷ͵ͻ͵͵ ͳ͵Ǥͷͷ ͲǤ͵ Ͷ͵ʹ 

ͳͶͲͺǤͲͳ ͳͶͲǤͻ ͷͲʹͳ ʹͲǤͺ ͲǤ͵ͳ ͷͺ͵ 
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IURP� WKH� ODVW� FKDQQHO� PLQXV� WKH����

FKDQQHO�DW�WKH�EHJLQQLQJ�RI�WKH�SHULRG�

LF�IXQFWLRQ�WHVW�WLPH��¨FKDQQHO�WDNHQ�LQ�

WKLV� ILJXUH� LV� D� FKDQQHO� RQ� WKH� HQHUJ\�

������NH9��5HDVRQ�IRU�FKDQQHO�UHWULHY�

DO� LQ� WKLV� HQHUJ\� GXH� WR� WKLV� HQHUJ\�

ZKLFK� KDV� DEXQGDQFH� RU� WKH� KLJKHVW�

LQWHQVLW\�LQ�WKH����(X��7KH�ODUJHVW�FKDQ�

QHO� VKLIWV� LQ� WKLV� VWXG\� WKDW� LV� �� FKDQ�

QHOV�DW�RU�HTXLYDOHQW� WR������NH9�ZLWK�

����� NH9� SHU� FKDQQHO�� &KDQQHO� VKLIWV�

LQ� WKLV� UHVHDUFK�VKRZ� WKDW� WKH� VWDELOLW\�

RI� WKH� GHWHFWRU� LV� VWLOO� YHU\� JRRG�������

EHFDXVH� WKLV�VKLIW� LV�VWLOO� IDU�EHORZ�WKH�

WROHUDQFH� RI� �NH9�� ,Q� DGGLWLRQ�� WKH�

VKLIW� RQ� WKLV� FKDQQHO� KDV� QR� KDUPIXO�

LPSDFW� LQ� WKH� UHVHDUFK� EHFDXVH� UDGLR�

QXFOLGHV� HQHUJ\� RQ� WKH� FKDQQHO� UDQJH�

LV�TXLWH�IDU�DSDUW� 

 ,Q� DGGLWLRQ� WR� HQHUJ\� FDOLEUDWLRQ������

HIILFLHQF\� FDOLEUDWLRQ� LV� TXLWH�����������

LPSRUWDQW�� 7KH� HIILFLHQF\� FDOLEUDWLRQ��

UHVXOWV� WKDW� KDYH� EHHQ� GRQH� RQ� WKLV���

UHVHDUFK� DUH� VKRZQ� LQ� )LJXUH� �� XVLQJ�

)LJXUH����4&�FKDUW�RI�FKDQQHO�VKLIWLQJ�VWDELOLW\ 

WKH�VDPH�FHUWLILHG�VSHFWURPHWULF�HWDORQ�

VRXUFHV� ���(X�� 7KH� UHVXOW� RI� WKLV���������

FDOLEUDWLRQ�KDV�D�FXUYH�VKDSH�VLPLODU�WR�

>�@� >��@�� 7KH� HIILFLHQF\� FDOLEUDWLRQ�

FXUYH�XVHV�D�GXDO�FXUYH�ZLWK�WKH�RUGHU�

RI� WKH� SRO\QRPLDO� LV� ��� 9DOXH� RI������������

HIILFLHQF\� REWDLQHG� IURP� WKH� DUHD� RI�

SHDN� HQHUJ\� GLYLGHG� E\� WKH� VDPSOH��

DFWLYLWLHV� DW� WKH� WLPH� RI� FDOLEUDWLRQ���

DFTXLVLWLRQ� WLPH� DQG� LQWHQVLW\� RI� WKH�

HQHUJ\� ���(X�� $QRWKHU� PLQLPXP���������

SHULRGLF� IXQFWLRQ� WHVW� LQ� DGGLWLRQ� WR�

HQHUJ\� FDOLEUDWLRQ� DQG� HIILFLHQF\� LV�

0LQLPXP�'HWHFWDEOH�$FWLYLW\��7DEOH���

VKRZV� WKH� UHVXOWV� RI� 0'$� RQ�����������

UDGLRQXFOLGH����5D�����7K�DQG���.��7KH�

UHVXOWV�RI� WKLV� WDEOH� VKRZ� WKH�0'$�DW�

DFTXLVLWLRQ�WLPH�IRU���GD\V��7KH�ORQJHU�

WKH�FDOFXODWLRQV�ZLOO�UHVXOW�LQ�D�VPDOOHU�

0'$�� DQG� ZLOO� EH� YHU\� VXLWDEOH� IRU�

HQYLURQPHQWDO� VDPSOHV�� 0'$� YDOXH�

IRU� WKLV� UHVXOW� LV� UDWHG� JRRGO\� HQRXJK�

IRU� HQYLURQPHQWDO� VDPSOHV� WKDW� KDYH�

ORZ�DFWLYLW\� 
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���� ([SHULPHQWDO� IRU� 0HDVXUHPHQW� RI�

6RLO�6DPSOHV 

6HGLPHQW� VDPSOHV� ZHUH� WDNHQ� IURP�

$PERQ� ZKLFK� ZHUH� WKHQ� XVHG� IRU�

UDGLDWLRQ� PRQLWRULQJ� SXUSRVHV�� 7KH�

VDPSOH� ZDV� WDNHQ� XVLQJ� D� VFRSH� RQ�

WKH� VKRUHOLQH� RI� $PERQ� DQG� WKHQ�

GULHG� XVLQJ� DQ�RYHQ� DW� ���� R&� IRU� ��
GD\V� XQWLO� WKH� VDPSOH� LV� FRPSOHWHO\�

GU\�� 1H[W� WKH� GULHG� VDPSOH� ZDV�

FUXVKHG�XVLQJ�D�JULQGHU�WKHQ�SXW�LQWR�

WKH�PDULQHU�EHDNHU�DQG�ZHLJKHG���NJ��

$QG�WKHQ�WKH�VDPSOH�ZKLFK�ZDV�GULHG�

ZDV�FUXVKHG�XVLQJ�D�JULQGHU�DQG�WKHQ�

SXW� LQWR� WKH� 0DULQHOOL� EHDNHU��

ZHLJKHG���NJ�DQG�VKLHOGHG��$QG�WKHQ�

WKH� VDPSOH� ZKLFK� ZDV� GULHG� ZDV�

FUXVKHG�XVLQJ�D�JULQGHU�DQG�WKHQ�SXW�

)LJXUH����(IILFLHQF\�FXUYH�XVLQJ�D�VRXUFH�RI����(X�DW����6HSWHPEHU����� 

EƵŬůŝĚĂ 
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dĐŽƵŶƚ�
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7DEOH����7KH�0LQLPXP�'HWHFWDEOH�$FWLYLW\��0'$��RI�WKH�V\VWHPV 

FUXVKHG� XVLQJ� D� JULQGHU� DQG� WKHQ� SXW�

LQWR�WKH�0DULQHOOL�EHDNHU��ZHLJKHG���NJ�

DQG� VKLHOGHG�� $IWHU� WKDW�� WKH� VDPSOHV�

ZHUH� VWRUHG� IRU�PRUH� WKDQ� ��� GD\V� DQG�

FRXQWHG� XVLQJ� D� JDPPD� VSHFWURPHWHU��

6HGLPHQW�VDPSOHV�WKDW�KDYH�EHHQ�VWRUHG�

DUH� WKHQ� FRXQWHG� IRU� �� GD\V�� $YHUDJH�

VSHFLILF� DFWLYLW\� FRQFHQWUDWLRQV� RI� WKH�

VDPSOHV�VKRZ�LQ�WDEOH��� 

)URP� WKH� WDEOH�ZKLFK� LV���YLVLEOH� UH�

VXOWV�RI�DQDO\VLV�XVLQJ�JDPPD�VSHFWURP�

HWHU�WKDW�KDV�EHHQ�ZHOO�FDOLEUDWHG�ZLWK�D�

JRRG� TXDOLILHG� IRU� HQYLURQPHQWDO� VDP�

SOHV�� 7KH� UHVXOWLQJ� XQFHUWDLQW\� LV� DOVR�

FRPSDUDEOH�ZLWK�VRPH�SXEOLFDWLRQV�WKDW�

KDYH�EHHQ�SXEOLVKHG��7KLV�LQGLFDWHV�WKDW�

JDPPD�VSHFWURPHWHU� LV� YHU\� IHDVLEOH� WR�����

FDOFXODWH�ORZ-DFWLYLW\�UDGLRQXFOLGHV� 
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���&RQFOXVLRQ 

7KH� YDOLGDWLRQ� DQG� FDOLEUDWLRQ� RI�����

V\VWHP� +3*(� 2UWHF� KDV� EHHQ� FDUULHG�

RXW� ZLWK� D� VHULHV� RI� PHDVXUHPHQW�����

DFWLYLWLHV� IRXQG� WKH� DFFXUDF\� RI� WKH�

JDPPD� DQDO\VLV� WKDW� LV� RZQHG� XVLQJ�

WKH� FHUWLILHG� VWDQGDUG�� 7KH� UHVXOWV� RI�

WKLV�VWXG\� LQGLFDWH� WKH�VHOI-V\VWHP�DQG�

WKH� YDOLGDWLRQ� KDV� EHHQ� GRQH� ZHOO����

FRUUHFWO\� DQG� SURSHUO\� IRU� PHDVXULQJ�

VDPSOHV�WKDW�KDYH�ORZ�DFWLYLW\�� 

 

���$FNQRZOHGJHPHQW� 

<3� ZDV� GRLQJ� WKH� PHDVXUHPHQW� DQG�

FDOLEUDWLRQ�� :53� ZDV� JLYLQJ� WKH����

FRQFHSW� RI� PHDVXUHPHQW� DQG� LGHD� RI�

WKH� H[SHULPHQW�� <3� DQG�:53� DUH� WKH�

PDLQ� FRQWULEXWRUV� RI� WKLV� SDSHU��������

$XWKRUV� WKDQNV� WR� WKH� 37.05� -�����

%$7$1� IRU� IXQGLQJ� VXSSRUW� IURP���

',3$� ������ 7KH� DXWKRUV� KDYH QR����

FRQIOLFWV�RI�LQWHUHVW WR�GHFODUH� 

 

���5HIHUHQVL� 

��� 6XVHQR�� +��� 	� :DKRQR�� ,�� %��

�������� 3UHVHQW� VWDWXV� RI� ���&V� LQ�

 VHDZDWHUV�RI�WKH�/RPERN�6WUDLW�DQG�WKH�

)ORUHV� 6HD� DW� WKH� ,QGRQHVLD� 7KURXJK�

)ORZ� �,7)�� IROORZLQJ� WKH� )XNXVKLPD�

DFFLGHQW�� 0DULQH� 3ROOXWLRQ� %XOOHWLQ��

����'HFHPEHU� ������� ���–�����

KWWSV���GRL�RUJ���������

M�PDUSROEXO������������ 

�� 8GGLQ��0���-RKQ��3���	�$EX��+����������

'HWHUPLQDWLRQ� RI� 3ULPRUGLDO�

5DGLRQXFOLGHV� LQ� 1DWXUDO� 6DPSOHV�

8VLQJ� +3*H� *DPPD-5D\�

6SHFWURPHWU\�� $3&%((� 3URFHGLD�� �

�-DQXDU\��� ���–����� KWWSV���

GRL�RUJ���������M�DSFEHH������������ 

�� +RVVDLQ�� ,��� 6KDULS�� 1��� 	�

9LVZDQDWKDQ��.��.����������(IILFLHQF\�

DQG�UHVROXWLRQ�RI�+3*H�DQG�1D,���7O���

GHWHFWRUV� XVLQJ� JDPPD-UD\�

VSHFWURVFRS\�� 6FLHQWLILF� 5HVHDUFK� DQG�

(VVD\V�� ������ ��-���� KWWSV���

GRL�RUJ���������65(������� 

�� 5RPHR��0���0LKDHOD�� &���	�&DOLQ��$��

�������� $VVHVVPHQW� RI� FDOLEUDWLRQ�

SDUDPHWHUV� IRU� JDPPD-UD\�

VSHFWURPHWU\� V\VWHPV�� -RXUQDO� RI�

5DGLRDQDO\WLFDO� DQG� 1XFOHDU�

6DPSOH ��.��%T�NJ� /LWHUDWXUH 

$PERQ ������������ 3UHVHQW�6WXG\ 
6RXWK�ZHVW�FRDVWDO�UHJLRQ�RI�
,QGLD ������ 8GGLQ��-RKQ��DQG�$EX��������>�@ 

6RXWK�.DOLPDQWDQ �������������� �3ULKDWLQLQJVLK��6XVHQR��0DNPXU��

6KDPD ������������� 
$GXNSR�HW�DO���������>��@ 

$VVLQ�$ZRURVR�$VVLQ ������������� 

7DEOH����&RPSDULVRQ���.�DFWLYLWLHV�RI�UHVHDUFK�UHVXOWV�ZLWK�VHYHUDO�RWKHU�MRXUQDOV� 
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&KHPLVWU\� �������� KWWSV���

GRL�RUJ���������V�����-���-����-� 

�� *LOPRUH�� *�� 5�� �������� 3UDFWLFDO�

*DPPD-UD\�6SHFWURPHWU\� 

�� *XSWD�� $��� /HQND�� 3��� 6DKRR�� 6�� .���

.DOH�� 3��.��� 5DYL�� 3��0���	�7ULSDWKL��

5�� 0�� �������� ,PSURYHPHQW� LQ�

PLQLPXP� GHWHFWDEOH� DFWLYLW\� IRU� ORZ�

HQHUJ\� JDPPD� E\� RSWLPL]DWLRQ� LQ�

FRXQWLQJ� JHRPHWU\�� 5DGLDWLRQ�

3URWHFWLRQ� DQG� (QYLURQPHQW�� ����–

������KWWSV���GRL�RUJ���������USH�53( 

�� 6XVHQR�� +��� 	� 3ULKDWLQLQJVLK�� :�� 5��

��������0RQLWRULQJ� ���&V� DQG� ���&V� DW�

PDULQH� FRDVWV� LQ� ,QGRQHVLD� EHWZHHQ�

����� DQG� ������ 0DULQH� 3ROOXWLRQ�

%XOOHWLQ�� ����–���� ���–����� KWWSV���

GRL�RUJ���������

M�PDUSROEXO������������ 

�� ;KL[KD�� *��� $OEHUL�� 0��� %DOGRQFLQL��

0��� %RGH�� .��� /DQGVEHUJHU�� 6���

0DQWRYDQL�� )��� «� 6KDOD�� )�� ��������

&DOLEUDWLRQ� RI� +3*H� GHWHFWRUV� XVLQJ�

FHUWLILHG�UHIHUHQFH�PDWHULDOV�RI�QDWXUDO�

RULJLQ��-RXUQDO�RI�5DGLRDQDO\WLFDO�DQG�

1XFOHDU� &KHPLVWU\�� KWWSV���

GRL�RUJ���������V�����-���-����-� 

�� 'DUDEDQ�� /��� ,DQFX�� '��� 1LWD�� '��� 	�

'DUDEDQ�� /�� �������� (IILFLHQF\�

&DOLEUDWLRQ� LQ� *DPPD� 6SHFWURPHWU\�

%\� 8VLQJ� ���� 7K� 6HULHV�

5DGLRQXFOLGHV��-RXUQ��3K\V�������–�� 

��� &DOLQ��0��5���&DOLQ��$��0���'RQH��/���

'UXNHU��$��(���	�&DOLQ��$��&����������

$VVHVVPHQW�RI�FDOLEUDWLRQ�SDUDPHWHUV�

IRU�JDPPD-UD\�VSHFWURPHWU\�V\VWHPV�

$VVHVVPHQW�RI�FDOLEUDWLRQ�SDUDPHWHUV�

IRU� JDPPD-UD\� VSHFWURPHWU\� V\V�

WHPV��-RXUQDO�RI�5DGLRDQDO\WLFDO�DQG�

1XFOHDU� &KHPLVWU\�� KWWSV���

GRL�RUJ���������V�����-���-����-� 

��� 3ULKDWLQLQJVLK�� :�� 5��� 6XVHQR�� +���

0DNPXU�� 0��� 	� <DK\D�� 0�� 1��

�������� (IIHFW� RI� UHJLRQDO�

RFHDQRJUDSKLF� SURFHVVHV� WR� WKH�

GLVWULEXWLRQ� RI� UDGLRQXFOLGHV� LQ� WKH�

FRDVWV� RI� .DOLPDQWDQ�� ,23�

&RQIHUHQFH� 6HULHV�� (DUWK� DQG�

(QYLURQPHQWDO� 6FLHQFH�� ����� KWWSV���

GRL�RUJ�������������-

����������������� 

��� $GXNSR�� 2�� .��� )DDQX�� $��� 7HWWH\-

ODUEL�� /��� 5HJXODWRU\�� 1��� 	� (PL-

UH\QROGV��*����������'LVWULEXWLRQ�DQG�

DVVHVVPHQW� RI� UDGLRQXFOLGHV� LQ� VHGL�

PHQWV��VRLO�DQG�ZDWHU�IURP�WKH�ORZHU�

EDVLQ�RI� ULYHU�3UD� LQ� WKH�&HQWUDO�DQG�

:HVWHUQ� 5HJLRQV� RI� *KDQD�� -RXUQDO�

RI� 5DGLRDQDO\WLFDO� DQG� 1XFOHDU�

&KHPLVWU\�� KWWSV���GRL�RUJ���������

V�����-���-����-�� 


