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3URMHFW�7LWOH    ,QYHVWLJDWLRQ�RI�3RO\PHU�)LOPV�IRU�(��FROL�'HWHFWLRQ 

6WXGHQW�1DPH    0LVV�3UDHZD�7KRQJZRQ�6WXGHQW�,'��������� 

'HJUHH     %DFKHORU�RI�(QJLQHHULQJ�LQ�%LRPHGLFDO�(QJLQHHULQJ 

 

3URMHFW�$GYLVRU   6LJQHG��BBBBBBBBBBBBBBBBBBBBBBBBBBB 

      �$VVW��3URI��'U��7UHHVXNRQ�7UHHEXSDFKDWVDNXO� 

&RPPLWWHH    6LJQHG��BBBBBBBBBBBBBBBBBBBBBBBBBBB 

      �$VVRF��3URI��'U��0DWWKHZ�3DXO�*OHHVRQ� 

&RPPLWWHH    6LJQHG��BBBBBBBBBBBBBBBBBBBBBBBBBBB 

      �$VVW��3URI��'U��-DPLH�$OH[DQGHU�2¶5HLO\� 

&RPPLWWHH    6LJQHG��BBBBBBBBBBBBBBBBBBBBBBBBBBB 

      �$VVW��3URI��'U��3LPNKXDQ�+DQQDQWD�DQ�� 

&RPPLWWHH    6LJQHG��BBBBBBBBBBBBBBBBBBBBBBBBBBB 

       �'U��0D\�3KX�3DLQJ� 

+HDG�RI�'HSDUWPHQW   6LJQHG��BBBBBBBBBBBBBBBBBBBBBBBBBBB 

      �$VVRF��3URI��'U��6DULQSRUQ�9LVLWVDWWDSRQJVH�
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3URMHFW�7LWOH    ,QYHVWLJDWLRQ�RI�3RO\PHU�)LOPV�IRU�(��FROL�'HWHFWLRQ 

6WXGHQW�1DPH    0LVV�3UDHZD�7KRQJZRQ�6WXGHQW�,'��������� 

'HJUHH     %DFKHORU�RI�(QJLQHHULQJ�LQ�%LRPHGLFDO�(QJLQHHULQJ 

3URMHFW�$GYLVRU   $VVW��3URI��'U��7UHHVXNRQ�7UHHEXSDFKDWVDNXO 

$FDGHPLF�<HDUV   ���� 

 

$%675$&7 
 

 (VFKHULFKLD�FROL��(��FROL��LV�JUDP�QHJDWLYH�EDFWHULD�WKDW�FDQ�FDXVH�GLVHDVH�LQ�KXPDQV�YLD�

WKH�FRQVXPSWLRQ�RU�KDQGOLQJ�RI�IRRG�SURGXFWV��7KH�WUDGLWLRQDO�WHFKQLTXH�RI�(��FROL�GHWHFWLRQ�RI�LV�

WLPH�FRQVXPLQJ�WKHUHIRUH�ZH�SXUSRVH�WR�GHYHORS�(��FROL�GHWHFWLRQ�ILOP�E\�LQYHVWLJDWH�RQ�GLIIHUHQW�

SRO\PHUV� IRU�(�� FROL� ILOP� IDEULFDWLRQ��7KH� ILOP� VKRXOG�EH� DEOH� WR� DEVRUE� OLTXLGV� IURP� IRRG��EH�

UHVLVWDQW�WR�OLTXLG�GHFRQVWUXFWLRQ��IOH[LEOH�DQG�EH�DEOH�WR�HPLW�IOXRUHVFHQFH��7KH�SRO\PHUV�XVHG�IRU�

WKH� LQYHVWLJDWLRQ� DUH� LQFOXGLQJ� 3RO\ODFWLF� DFLG� �3/$�� DQG� DJDU�� ZKLFK� LQFOXGH� ZLWK� ��

PHWK\OXPEHOOLIHU\O�ȕ�'�JOXFXURQLGH� �08*��� 7KH� UHDFWLRQ� EHWZHHQ� ��PHWK\OXPEHOOLIHU\O�ȕ�'�

JOXFXURQLGH��08*��DQG�ȕ�JOXFXURQLGDVH��*8'��ZKLFK�LV�WKH�HQ]\PHV�VHFUHWHG�E\�(��FROL��SURGXFH�

���0HWK\OXPEHOOLIHURQH���08��DV�D�SURGXFW�WKDW�HPLWV�EOXH�VSHFWUDO�IOXRUHVFHQFH��7KH�IDEULFDWLRQ�

RI�3/$�ZDV�FRQGXFWHG�E\�����GLVVROYHG�3/$�ILOP�LQ�VROYHQW�RI�HWK\O�DFHWDWH�DQG�����SRO\PHUL]DWLRQ�

RI�����ODFWLF�DFLG�E\�FRQGHQVDWLRQ�XQGHU�PLFURZDYLQJ�WHFKQLTXH��7KHQ�ZH�FRDWHG�WKH�ILOP�ZLWK�

��*0�08ߤ��� �08�� JHODWLQ� PL[HG� ZLWK� ��*0�08ߤ��� DQG� JHODWLQ� PL[HG� ZLWK� �08�� 7KHQ�

REVHUYLQJ� WKH� UHVXOW� IOXRUHVFHQFH� HPLVVLRQ� RI� WKH� SURGXFW� XQGHU� D� OLJKW� VRXUFH�� )RU� WKH� ILOP�

IDEULFDWLRQ� IURP� DJDU�� JO\FHULQ� ZDV� XVHG� DV� D� SODVWLFL]HU� DQG� ��PHWK\OXPEHOOLIHU\O�ȕ�'�

JOXFXURQLGH��08*��ZDV�DGGHG�WR�WKH�VROXWLRQ��7KHQ�REVHUYLQJ�WKH�IOXRUHVFHQFH�UHVXOW�XQGHU�89�

OLJKW�DQG�PHDVXUH�WKH�IOXRUHVFHQW�LQWHQVLW\�ZLWK�FDSWXUHG�LPDJHV�LQ�0$7/$%�SURJUDP��0RUHRYHU��

WHQVLOH�VWUHQJWK�RI�WKH�ILOP�ZDV�GHWHUPLQHG�E\�WHQVLOH�VWUHQJWK�WHVWLQJ�PDFKLQH��)RU�WKH�UHVXOWV��WKH�

PHGLXP� UDQJH� FRQFHQWUDWLRQ� RI�$JDU�*O\FHULQ� ZDV� WKH� RSWLPDO� ELRSRO\PHU� XVLQJ� IRU� (�� FROL�
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GHWHFWLRQ� ILOP� IDEULFDWLRQ�� 7KLV� FRQFHQWUDWLRQ�� WKH�$JDU�*O\FHULQ� ILOP� FDUULHG� RXW� WKH� KLJKHVW�

IOXRUHVFHQW�LQWHQVLW\��PHFKDQLFDO�VWUHQJWK�RI�<RXQJ¶V�PRGXOXV�DQG�WHQVLOH�VWUHQJWK� 
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 ,�ZRXOG�OLNH�WR�H[SUHVV�P\�GHHSHVW�DSSUHFLDWLRQ�WR�P\�DGYLVRU�$VVW��3URI��'U��7UHHVXNRQ�

7UHHEXSDFKDWVDNXO�� IRU� KHU�ZRUWK\� JXLGDQFH� DQG� VXSSRUW� WKURXJKRXW�P\� UHVHDUFK� SURMHFW�� +HU�

H[SHUWLVH�DQG�ZHDOWK�RI�H[SHULHQFH�ZHUH�FUXFLDO� LQ�KHOSLQJ�PH�WR�JXLGLQJ�WKURXJK�HDFK�VWHS�RQ�

GHYHORSLQJ�WKLV�UHVHDUFK�SURMHFW��$V�ZHOO�DV��LQVWUXFWLQJ�PH�WR�ZULWH�D�UHSRUW�DQG�SUHVHQWDWLRQ� 

 ,� ZRXOG� DOVR� OLNH� WR� WKDQN�$VVW�� 3URI�� 'U�� .DVDPD� 6ULUXVVDPHH�� IRU� KLV� DVVLVWDQFH� RQ�

SURYLGLQJ�PH�ZLWK�WKH�NQRZOHGJHV�RI�WHQVLOH�VWUHQJWK�DQG�PHFKDQLFDO�SURSHUWLHV�RI�WKH�ILOP��$V�

ZHOO� DV�� IRU� SURYLGLQJ�PH�ZLWK� WKH� UHVRXUFH� RI� WHQVLOH� VWUHQJWK� WHVWLQJ�PDFKLQH��7KLV� UHVHDUFK�

SURMHFW�ZLOO�QRW�EH�FRPSOHWH�ZLWKRXW�WKLV�VXSSRUW��� 

 

3UDHZD�7KRQJZRQ 
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6\PEROV�$EEUHYLDWLRQV    7HUPV 

(��FROL�       (VFKHULFKLD�FROL 

3/$      ������������3RO\ODFWLF�DFLG 

*8'       ȕ�JOXFXURQLGDVH 

08*       ��PHWK\OXPEHOOLIHU\O�ȕ�'�JOXFXURQLGH 

�08       ��0HWK\OXPEHOOLIHURQH 

 ଶܱ       :DWHUܪ

 ଶ       &DUERQ�GLR[LGHܱܥ

1D2+       6RGLXP�+\GUR[LGH 

QP       QDQRPHWHUV 

 PLFURPRODU       0ߤ

1D2+       6RGLXP�+\GUR[LGH 

 PLFUROLWHU       /ߤ

 

This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use



   ϭ 
 

&+$37(5�� 

,1752'8&7,21 
 

 7KLV�FKDSWHU�LQWURGXFHV�WKH�EDFNJURXQG�DQG�LQIRUPDWLRQ�UHODWHG�WR�WKLV�SURMHFW��7KLV�SURMHFW�

SXUSRVH�WR�LQYHVWLJDWH�WKH�DSSURSULDWH�SRO\PHUV�IRU�ILOP�IDEULFDWLRQ��7KH�PDWHULDOV�XVHG�LQ�IDEULFDWH�

ILOP� LQFOXGH�3RO\ODFWLF�DFLG� �3/$��DQG�DJDU��0RUHRYHU�� ILOP� WKDW� LV� IDEULFDWHG�QHHG� WR�KDYH�DQ�

DELOLW\�WR�GHWHFW�(��FROL�LQ�IRRG��7KH�UHVHDUFK�REMHFWLYHV�DUH�IROORZHG�E\�K\SRWKHVLV�DQG�VFRSH�RI�

VWXG\�UHODWHG�WR�WKLV�UHVHDUFK���� 

 

��� %DFNJURXQG�DQG�VLJQLILFDQFH�RI�WKH�VWXG\ 

(VFKHULFKLD�FROL��(��FROL��LV�D�EDFWHULXP�ZKLFK�LV�GLVFRYHUHG�LQ�WKH�LQWHVWLQHV�RI�SHRSOH�DQG�

DQLPDOV��(��FROL�FRQWDPLQDWLRQ�LV�DQ�LQGLFDWRU�RI�K\JLHQH�LQ�ZDWHU�DQG�IRRG�SURGXFWV��7KH�PDMRULW\�

RI�W\SHV�RI�(��FROL�DUH�KDUPOHVV�RU�FDXVH�UHODWLYHO\�EULHI�GLDUUKHD��+RZHYHU��(��FROL�2����+��LV�RQH�

W\SH�RI�(��FROL��ZKLFK�LV�NQRZQ�IRU�SURGXFLQJ�D�WR[LQ�FDOOHG�6KLJD�WR[LQ��ZKLFK�FDQ�FDXVH�VHYHUH�

GDPDJH�WR�WKH�OLQLQJ�RI�WKH�VPDOO�LQWHVWLQH�>�@��7KLV�FDQ�OHDG�WR�V\PSWRPV�VXFK�DV�DEGRPLQDO�SDLQ��

GLDUUKHD� �RIWHQ� EORRG\��� DQG� YRPLWLQJ�� 0RUHRYHU�� KXPDQV� FDQ� UHFHLYH� (�� FROL� WKURXJK� WKH�

FRQVXPSWLRQ� RI� FRQWDPLQDWHG� IRRG�RU�ZDWHU�� RU� WKURXJK� FRQWDFW�ZLWK� LQIHFWHG� DQLPDOV� RU� WKHLU�

IHFHV�� ,GHQWLI\LQJ�DQG�TXDQWLI\LQJ�(��FROL� FRQWDPLQDWLRQ� LQ� IRRG�DQG�ZDWHU�DUH�HVVHQWLDO��ZKLOH�

WKHUH�DUH�QXPHURXV�WHFKQLTXHV�UHDGLO\�DYDLODEOH�>�@��0DQ\�WUDGLWLRQDO�WHFKQLTXHV�XVHG�WR�GHWHFW�(��

FROL�VXFK�DV�FXOWXUH�EDVHG�PHWKRGV�DQG�ELRFKHPLFDO�WHVWV�KDYH�KLJK�VHQVLWLYLW\�DQG�VHOHFWLYLW\��EXW�

LW�LV�ODERULRXV�DQG�WLPH�FRQVXPLQJ�>�@�� 

7KH�OLWHUDWXUH�LQFOXGHG�LQ�WKLV�UHYLHZ�LV�D�SDSHU�UHODWHG�WR�WKH�(��FROL�GHWHFWLRQ�WHFKQLTXHV�

DQG� VLPLODU� SURFHVVHV�� 7UHHEXSDFKDWVDNXO� HW� DO�� ����� >�@� KDYH� GHYHORSHG� D� JHODWLQ�EDVHG�

PLFURIOXLGLF� FKDQQHO� IRU�TXDQWLWDWLYH�(�� FROL� GHWHFWLRQ��)RU� WKLV�SDSHU�� WKHUH� LV� VRPH� OLPLWDWLRQ�

ZKLFK�LV�WKH�H[SHQVH�RI�WLPH�UHTXLUHG�WR�FDSWXUH�WKH�YLGHR�UHFRUGLQJ�IRU�LQWHQVLW\�OHYHO��0RUHRYHU��

WKH�WLPH�UHTXLUHG�WR�KROG�WKH�FDPHUD�VWDWLRQDU\�IRU�YLGHR�UHFRUGLQJ�RI�IOXRUHVFHQW�SURGXFW��08�

PDNHV� LW� LV� QRW� SUDFWLFDO�ZLWKRXW� D� VPDUWSKRQH� VWDQG��5HIHUULQJ� WR� WKH� OLPLWDWLRQ� RI� WUDGLWLRQDO�

WHFKQLTXHV� XVHG� WR� LGHQWLI\� (�� FROL�� RXU� UHVHDUFK� XWLOL]HV� IOXRUHVFHQFH� HPLWWHG� E\� ���

0HWK\OXPEHOOLIHURQH���08���7KH��08�LV� WKH�SURGXFW�RI� WKH�UHDFWLRQ�EHWZHHQ�ȕ�JOXFXURQLGDVH�
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�*8'��VHFUHWHG�E\�(��FROL��DQG�LWV�VXEVWUDWH����PHWK\OXPEHOOLIHU\O��ȕ��'�JOXFXURQLGH��08*���7KH�

EHQHILWV� RI� WKLV� SURMHFW� DUH� WR� LQYHVWLJDWH� DQ� DSSURSULDWH� SRO\PHU� ILOP� E\� LQFOXGLQJ� ��

PHWK\OXPEHOOLIHU\O��ȕ��'�JOXFXURQLGH��08*��VXEVWUDWH�WR�PHDVXUH�WKH�H[LVWHQFH�RI�(��FROL�E\�WKH�

SUHVHQFH�RI�EOXH�IOXRUHVFHQFH�>�@��7KH�GHWHFWLRQ�ILOP�LV�IDEULFDWHG�IURP�SRO\PHU�DQG�ELRSRO\PHU�

PDWHULDOV��3RO\ODFWLF�DFLG��3/$��DQG�DJDU��UHVSHFWLYHO\��3RO\ODFWLF�DFLG��3/$��LV�D�ELRGHJUDGDEOH�

DQG� FRPSRVWDEOH� WKHUPRSODVWLF� SRO\PHU� WKDW� KDV� KLJK� VWUHQJWK� DQG� ZDWHU� DEVRUEDEOH��$JDU� LV�

FRQVLGHUHG� DV� QDWXUDO� SRO\PHU� ZKLFK� GHULYHG� IURP� VHDZHHG�� ,W� LV� UHODWLYHO\� LQHUW� DQG� DOVR�

ELRFRPSDWLEOH��$JDU� DOVR� KDV� DQ� DELOLW\� WR� IRUP� JHOV� ZKLFK� LV� XVHIXO� DV� D� VROLGLI\LQJ� DJHQW��

7KHUHIRUH��,�GHFLGHG�WR�IDEULFDWH�WKH�ILOP�EDVHG�RQ�ERWK�SRO\PHU�DQG�ELRSRO\PHU�PDWHULDOV� 

 

����2EMHFWLYHV� 

 ������7R�LQYHVWLJDWH�WKH�DSSURSULDWH�SRO\PHU�WR�IDEULFDWH�WKH�(��FROL�GHWHFWLRQ�ILOP�ZKLFK�

DUH�3RO\ODFWLF�DFLG��3/$��DQG�$JDU�*O\FHULQ� 

 ������7R�LQYHVWLJDWH�WKH�DSSURSULDWH�UDWLR�RI�DJDU�DQG�JO\FHULQ�IRU�ILOP�IDEULFDWLRQ�XQGHU�

HQ]\PDWLF�UHDFWLRQ�RI���PHWK\OXPEHOOLIHU\O��ȕ��'�JOXFXURQLGH��08*��DQG�ȕ�JOXFXURQLGDVH�

�*8'�� 

 ������7R�H[DPLQH�WKH�PHFKDQLFDO�SURSHUW\�RI�ILOP�IDEULFDWHG�E\�DJDU�DQG�JO\FHULQ� 

  

����6FRSH�RI�WKH�VWXG\ 

 ������7KHUH�DUH���SRO\PHU�PDWHULDOV�LQFOXGLQJ�3RO\ODFWLF�DFLG��3/$���JO\FHULQ�DQG�DJDU�

XVHG�IRU�IDEULFDWH�ILOP� 

 ������7KH�GHWHFWLRQ�RI�(��FROL�SHUIRUPV�XQGHU�WKH�HQ]\PDWLF�UHDFWLRQ�RI���

PHWK\OXPEHOOLIHU\O��ȕ��'�JOXFXURQLGH��08*��DQG�ȕ�JOXFXURQLGDVH��*8'�� 

 

����5HSRUW�RXWOLQH 

7KH�FRQWHQWV�SURYLGHG�LQ�WKLV�UHSRUW�LV�RUJDQL]HG�DV�IROORZV�� 

&KDSWHU���UHYLHZV�WKH�WKHRU\�UHODWHG�LQ�WKLV�FRPSUHKHQVLYH�VWXG\ 
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&KDSWHU���GHVFULEHV�WKH�GHVLJQ�DQG�PHWKRGRORJ\�LQYROYHG�ILOP�IDEULFDWLRQ 

&KDSWHU���LQGLFDWHV�WKH�UHVXOW�DQG�GLVFXVVLRQ� 

&KDSWHU���UHYLHZV�ERWK�UHVXOW�DQG�GLVFXVVLRQ�DV�ZHOO�DV�FRQFOXGH�WKH�NH\�UHVXOW�UHODWHG�WR�WKLV�

UHVHDUFK��DORQJ�ZLWK�VXJJHVWLRQ�IRU�WKH�IXWXUH�ZRUN� 
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&+$37(5�� 

7+(25< 
 

 7KLV� FKDSWHU� SURYLGH� WKH� GLVFXVVLRQ� RI� WKHRU\� UHODWHG� WR� WKLV� FRPSUHKHQVLYH� VWXG\��

EDFNJURXQG�DQG�GHVLJQ��,Q�WKH�VHFWLRQ�����FODULI\�WKH�SRO\PHU�XVHG�IRU�ILOP�IDEULFDWLRQ��3ODVWLFL]HU�

XVHG� IRU� ILOP� IDEULFDWLRQ� LV� PHQWLRQHG� LQ� WKH� VHFWLRQ� ����� 6HFWLRQ� ����� H[SODLQ� WKH� HQ]\PDWLF�

UHDFWLRQ� EHWZHHQ� ��PHWK\OXPEHOOLIHU\O�ȕ�'�JOXFXURQLGH� �08*�� DQG� ȕ�JOXFXURQLGDVH� �*8'��

VHFUHWHG�E\�(��FROL��/DVWO\��WKH�VHFWLRQ�����LV�WKH�PHDVXUHPHQW�WHQVLOH�VWUHQJWK�RI�WKH�ILOP�� 

 

����3RO\PHU�XVHG�IRU�ILOP�IDEULFDWLRQ 

 ������3RO\ODFWLF�DFLG��3/$� 

  3RO\ODFWLF�DFLG��3/$��LV�D�SRO\PHU�RI�ODFWLF�DFLG�DV�VKRZQ�LQ�ILJXUH����GHULYHG�IURP�

UHQHZDEOH� UHVRXUFHV�� VXFK� DV� ZKHDW� DQG� VWUDZ�� ZKLFK� DUH� FRPSOHWHO\� ELRGHJUDGDEOH� DQG�

FRPSRVWDEOH�WKHUPRSODVWLFV��7KH�PHFKDQLFDO�SURSHUWLHV�RI�3/$�YDU\�IURP�VRIW�DQG�HODVWLF�WR�VWLII�

DQG� KDUG� PDWHULDOV�� ,W� LV� FRQVLGHUHG� DV� D� VWLII� DQG� EULWWOH� PDWHULDO�� KRZHYHU�� WKH� VSHHG� DQG�

FU\VWDOOLQLW\�UDWH�RI�3/$�FDQ�EH�FRQWUROOHG�>�@��3/$�KDV�D�UHODWLYHO\�ORZ�PHOWLQJ�SRLQW�WHPSHUDWXUH�

DQG�KLJK�JODVV�WUDQVLWLRQ�WHPSHUDWXUH�FRPSDUHG�WR�RWKHU�WKHUPRSODVWLFV�>�@��DV�VKRZQ�LQ�WKH�WDEOH�

���7KH�JODVV�WUDQVLWLRQ�WHPSHUDWXUH�FDQ�DIIHFW�WKH�WH[WXUH�RI�3/$��3/$�EHFRPHV�VRIWHU�ZKHQ�KHDWHG�

WKURXJK�LWV�JODVV�WUDQVLWLRQ�WHPSHUDWXUH�� 

 

7DEOH����0HOWLQJ�SRLQW�DQG�*ODVV�WUDQVLWLRQ�WHPSHUDWXUH�RI�GLIIHUHQW�SRO\PHUV�>�@ 

3RO\PHU 0HOWLQJ�3RLQW�7HPSHUDWXUH *ODVV�7UDQVLWLRQ�7HPSHUDWXUH 

3RO\ODFWLF�DFLG ����Ԩ ���Ԩ 

3RO\SURS\OHQH ���Ԩ ����Ԩ 

3RO\JO\FROLGH ��������Ԩ ������Ԩ 
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)LJXUH����&KHPLFDO�VWUXFWXUH�RI�3RO\ODFWLF�DFLG�>��@ 

  3/$�LV�PRVWO\�XVHG�LQ�WKH�IRRG�LQGXVWU\�WR�SDFNDJH�VHQVLWLYH�IRRG�SURGXFWV��7KH�

SHUPHDELOLW\� SHUIRUPDQFH� RI� IRRG� SDFNDJLQJ� DJDLQVW� WKH� WUDQVIHU� RI� VXEVWDQFHV� DQG� DURPD� LV�

LPSRUWDQW��DV�3/$�KDV�KLJK�SHUIRUPDQFH�LQ�FDSWXULQJ�DURPD�DQG�SURYLGLQJ�D�ORZ�EDUULHU�WRZDUGV�

ZDWHU� YDSRU� DQG� R[\JHQ� >�@�� 3/$� DOVR� VKRZV� EHWWHU�ZDWHU� SHUPHDELOLW\� FRPSDUHG� WR� RULHQWHG�

SRO\VW\UHQH� 

7KH�ELRGHJUDGDWLRQ�SURFHVV�RI�3/$�RFFXUV�QDWXUDOO\�LQ�WKH�SUHVHQFH�RI�EDFWHULD�DQG�

DOJDH��'XULQJ�WKLV�SURFHVV��3/$�LV�EURNHQ�GRZQ�LQWRܪ�ଶܱܱܥ��ଶ��DQG�RWKHU�LQRUJDQLF�FRPSRXQGV��

7R� HQVXUH� WKH� ELRGHJUDGDELOLW\� RI� 3/$�� VSHFLILF� FRQGLWLRQV� LQFOXGLQJ� SUHVVXUH�� KXPLGLW\�� DQG�

WHPSHUDWXUH�QHHG�WR�EH�PRQLWRUHG��7KLV�LV�EHFDXVH�WKHVH�FRQGLWLRQV�KDYH�D�VLJQLILFDQW�HIIHFW�RQ�

VSHHGLQJ� XS� RU� VORZLQJ� GRZQ� WKH� UDWH� RI� ELRGHJUDGDWLRQ� >�@�� 7KHUH� DUH� WZR� SKDVHV� RI�

ELRGHJUDGDWLRQ�� ZKLFK� DUH� KHWHURJHQHRXV� DQG� KRPRJHQHRXV�� +HWHURJHQHRXV� GHJUDGDWLRQ� WDNHV�

SODFH� RQ� WKH� VXUIDFH� RI� WKH� SRO\PHU��ZKLOH� KRPRJHQHRXV� GHJUDGDWLRQ� RFFXUV� LQWUDPROHFXODUO\��

0RUHRYHU�� YDULRXV� IDFWRUV� VXFK� DV� PHOWLQJ� SRLQW� WHPSHUDWXUH�� JODVV� WUDQVLWLRQ� WHPSHUDWXUH��

PROHFXODU�ZHLJKW��FKHPLFDO�DIILQLW\��DQG�PDQ\�PRUH�LQIOXHQFH�ELRGHJUDGDWLRQ��)RU�H[DPSOH��WKH�

UDWH�RI�ELRGHJUDGDWLRQ�ZLOO�EH�VORZHU�LI�WKH�PHOWLQJ�SRLQW�LV�KLJK� 

  ,Q� WKLV� FRPSUHKHQVLYH� VWXG\�� ZH� KDYH� HPSOR\HG� D� 3/$� EDVH� PDWHULDO� DV� D�

IXQGDPHQWDO�EXLOGLQJ�EORFN�WR�V\QWKHVL]H�WKH�WKLQ�ILOP�XQGHU�LQYHVWLJDWLRQ��$V�ZH�PHQWLRQHG�DERXW�

WKH� SURSHUWLHV� RI� 3/$�� WKH� SURSHUWLHV� RI� 3/$� ZHUH� PDLQO\� LQIOXHQFHG� E\� WKH� VWUXFWXUH� RI� LW��

(PSKDVL]LQJ�WKH�VWUXFWXUH�RI�3/$��DV�VKRZQ�LQ�ILJXUH����WKH�SURSHUWLHV�RI�3/$�FDQ�YDU\�EDVHG�RQ�

VWUXFWXUDO� IDFWRUV�� LQFOXGLQJ� FRPSRQHQW� LVRPHU�� PROHFXODU� ZHLJKW�� DQQHDOLQJ� WLPH�� DQG�

WHPSHUDWXUH��7KHUHIRUH��WKH�FU\VWDOOLQLW\�RI�3/$�FDQ�EH�DIIHFWHG�E\�VWHUHRFKHPLVWU\�DQG�WKHUPDO�
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KLVWRU\�� %\� LQIOXHQFLQJ� LWV� FU\VWDOOLQLW\�� RWKHU� SURSHUWLHV�� VXFK� DV� KDUGQHVV�� WHQVLOH� VWUHQJWK��

VWLIIQHVV��PHOWLQJ�SRLQW��DQG�PRGXOXV��PD\�DOVR�EH�LPSDFWHG� 

,QFUHDVLQJ� WKH� PROHFXODU� ZHLJKW� QXPEHU� FDQ� UHGXFH� WKH� FU\VWDOOLQLW\� RI� 3/$��

KRZHYHU�� LW� PLJKW� DOVR� LQFUHDVH� WHQVLOH� VWUHQJWK� DQG� VKHDU� YLVFRVLW\��7KH� SURSHUWLHV�� LQFOXGLQJ�

WHQVLOH�VWUHQJWK�DQG�VKHDU�YLVFRVLW\��GHSHQG�RQ� WKH�SRO\PHU�FKDLQV� LQ� WKH�FKHPLFDO�VWUXFWXUH�RI�

3/$��7KH� FKHPLFDO� VWUXFWXUH� RI� 3/$� UHVXOWV� LQ� GLIIHUHQW� IRUPV� GHSHQGLQJ� RQ� VWHUHRFKHPLVWU\�

YDULDEOHV��ZKLFK�FDQ�OHDG�WR�HLWKHU�VHPL�FU\VWDOOLQH�RU�DPRUSKRXV�IRUPV�LQ�3/$�>�@��0RUHRYHU��

FRQVLGHULQJ�WKH�VWHUHRFKHPLVWU\�YDULDEOHV��WKH�UDWLR�RI�'�FRQWHQW�DQG�/�FRQWHQW�RI�3/$�DV�VKRZQ�

LQ�ILJXUH���LV�DOVR�LPSRUWDQW��7KH�'�FRQWHQW�LV�DQ�LPSRUWDQW�SDUDPHWHU�WKDW�HQDEOHV�WKH�DOWHUDWLRQ�

RI�3/$
V�SURSHUWLHV�LQ�VHYHUDO�ZD\V��)RU�LQVWDQFH��LQFUHDVLQJ�WKH�'�FRQWHQW�LQ�3/$�FDQ�OHDG�WR�D�

ORZHU�UDWH�RI�FU\VWDOOL]DWLRQ�>�@��$V�WKH�UDWH�RI�FU\VWDOOL]DWLRQ�GHFUHDVHV��LW�UHVXOWV�LQ�D�ORZHU�PHOWLQJ�

SRLQW�WRR� 

7R� LPSURYH� WKH� FU\VWDOOLQLW\� SURSHUWLHV� RI� 3/$�� LW� FDQ� EH� EOHQGHG� ZLWK� RWKHU�

SRO\PHUV�VXFK�DV�VWDUFK�RU�SRO\HWK\OHQH�JO\FRO� 

 

 

)LJXUH����'�FRQWHQW�DQG�/�FRQWHQW�LQ�3RO\ODFWLF�DFLG�>�@ 

/RRNLQJ�PRUH�LQWR�WKH�VWHUHRLVRPHUV�RI�3/$��LW�FRQVLVWV�RI�YDULRXV�VWHUHRLVRPHUV�

VXFK�DV�SRO\�/�ODFWLGH���3//$���SRO\�'�ODFWLGH���3'/$���DQG�SRO\��'/�ODFWLGH���3'//$���3/$�

LV� RQH� W\SH� RI� OLQHDU� DOLSKDWLF� WKHUPRSODVWLF� SRO\HVWHU� WKDW� EHORQJV� WR� SRO\�Į�K\GUR[\� DFLG��

7KHUHIRUH��'�DQG�/�FRQWHQW�DUH�IDFWRUV�WKDW�DIIHFW�WKH�HQDQWLRPHULF�IRUP�RI�3/$��7KH�HQDQWLRPHULF�

IRUP� RI� 3/$� FDQ� EH� VHSDUDWHG� LQWR� WKUHH� GLIIHUHQW� FDWHJRULHV�� LQFOXGLQJ� OHYRURWDWRU\� �/����

GH[WURURWDWRU\��'����DQG�PHVR�D�FRPELQDWLRQ�RI�/��DQG�'���>�@�DV�VKRZQ�LQ�WKH�ILJXUH����7KHVH�

FDWHJRULHV�RI�3/$�IRUPV�GHSHQG�RQ�WKH�VRXUFH�DQG�SURFHVV�XVHG�WR�SURGXFH�LW��7KH�PDLQ�IUDFWLRQ�

RI� 3/$� FRPLQJ� IURP� ELRORJLFDO� VRXUFHV� LV� WKH� /�LVRPHU�� ZKLFK� LV� FRQVLGHUHG� D� ELRORJLFDO�

PHWDEROLWH��7KHUHIRUH��3//$�KDV�ORQJ�GHJUDGDWLRQ�WLPHV�DORQJ�ZLWK�KLJK�FU\VWDOOLQLW\��7R�UHGXFH�
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FU\VWDOOLQH�IRUPDWLRQ��3//$�QHHGV�WR�EH�FRPELQHG�ZLWK�D�SRO\PHU�RU�RWKHU�PDWHULDO�WKDW�FRQVLVWV�

RI�/�ODFWLF�DQG�'�ODFWLF�RU�/�ODFWLF�PRQRPHUV� 

 

 

)LJXUH�����FDWHJRULHV�RI�HQDQWLRPHULF�IRUP�>��@ 

 

x $SSOLFDWLRQV�RI�3/$ 

�� �'�SULQWLQJ�PDWHULDO�ILODPHQW 

7KH��'�SULQWLQJ�ILODPHQW�LV�DQ�DIIRUGDEOH�DQG�XVHDEOH�SODVWLF��7KH�PDWHULDO�

VKRXOG� EH� HDVLO\� XVHG� IRU� SURWRW\SHV� DQG� SDWWHUQ� PDNLQJ��$V� 3/$� SURGXFHG� IURP� UHQHZDEOH�

UHVRXUFHV��LW�ZDV�EHFRPH�D�ZLGHO\�XVHG�PDWHULDO�GXH�WR�LWV�HQYLURQPHQWDOO\�IULHQGO\�PDWHULDO��3/$��

ZKLFK�FRPHV�LQ�WKH�IRUP�RI�ZLUH��LV�HDV\�WR�IHHG�LQWR�WKH�H[WUXGHU�KHDG��ZKHUH�LW�PHOWV�WKH�3/$�

DQG�H[WUXGHV�LW�RQWR�WKH�SULQWLQJ�WUD\�>�@��0RUHRYHU��3/$�VKULQNV�OHVV�WKDQ�$FU\ORQLWULOH�EXWDGLHQH�

VW\UHQH��$%6��ZKHQ�FRROLQJ��ZKLFK�SURYLGHV�JRRG�VWDELOLW\�GXULQJ�WKH�PDQXIDFWXULQJ�SURFHVV�  

 

)LJXUH�����'�SULQWHU�ILODPHQW�>��@ 
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�� 0HGLFDO�LPSODQWV 

5HIHUULQJ� WR� WKH� SURSHUWLHV� RI�3/$� VKRZLQJ� WKDW� LW� LV� ELRFRPSDWLEOH� DQG�

ELRGHJUDGDEOH��3/$�KDV�EHFRPH�ZLGHO\�XVHG�DV�D�ELRGHJUDGDEOH�SRO\PHU�LQ�PHGLFDO�DSSOLFDWLRQV��

2QFH�WKH�SRO\PHU�LV�H[SRVHG�WR�ELRORJLFDO�PHGLD��LW�ZLOO�EUHDN�GRZQ�DQG�FDQ�EH�H[FUHWHG�WKURXJK�

XULQH�DQG�EUHDWK�>�@�� 

 

)LJXUH����0HGLFDO�LPSODQWV�>��@ 

�� 3DFNDJLQJ�LQGXVWU\ 

,Q�WKH�SDFNDJLQJ�LQGXVWU\��3/$�LV�RIWHQ�XVHG�WR�SURGXFH�SODVWLF�ILOPV�DQG�

IRRG�FRQWDLQHUV��$V�3/$�LV�PDGH�IURP�UHQHZDEOH�UHVRXUFHV�DQG�KDV�YDULRXV�SURSHUWLHV��LW�LV�VXLWDEOH�

WR�EH�XVHG�ZLWK�IRRG��0RUHRYHU��3/$�LV�D�QDWXUDO�SRO\PHU�WKDW�LV�SURGXFHG�WR�VXEVWLWXWH�WKH�XVH�RI�

SHWUROHXP�EDVHG�SODVWLFV�VXFK�DV�SRO\HWK\OHQH�WHUHSKWKDODWH��3(7��>�@� 

 

)LJXUH����&RPSRVWDEOH�3/$�ELRGHJUDGDEOH�ILOP�>��@ 
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������$JDU 

  $JDU�LV�D�QDWXUDO�SRO\VDFFKDULGH�GHULYHG�IURP�VHDZHHG��HVSHFLDOO\�UHG�DOJDH��$JDU�

LV�FRPSRVHG�RI�DJDURVH��ZKLFK�IXQFWLRQV�DV�WKH�JHO�IRUPLQJ�FRPSRQHQW��$QRWKHU�FRPSRVLWLRQ�RI�

DJDU�LV�DJDURSHFWLQ�WKDW�VKRZQ�LQ�ILJXUH����ZKLFK�LV�D�EUDQFKHG��QRQ�JHOOLQJ�FRPSRQHQW�>�@��7KH�

WH[WXUH�RI�DJDU�FRPHV�LQ�WKH�IRUP�RI�D�ZKLWH�SRZGHU�D�VKRZQ�LQ�ILJXUH���DQG�VROXEOH�LQ�KRW�ZDWHU� 

 

 

)LJXUH����&KHPLFDO�VWUXFWXUH�RI�$JDURVH�DQG�$JDURSHFWLQ�>��@ 

 

)LJXUH����$JDU�SRZGHU�>��@ 

 

  $JDURVH� LV� FRPSRVHG� RI� UHSHDWLQJ� XQLWV� WKDW� DUH� EHWZHHQ� ��OLQNHG� ȕ�'�

JDODFWRS\UDQRV\O��*��DQG���OLQNHG�����DQK\GUR�Į�/�JDODFWRS\UDQRV\O��/$��XQLWV��$JDURSHFWLQ�LV�

FRPSRVHG�RI�D�VXOIDWHG�SRO\VDFFKDULGH�����WR�����VXOIDWH���HVWHU�VXOIDWH��'�JOXFXURQLF�DFLG��DQG�

VRPH�VPDOO�DPRXQWV�RI�S\UXYLF�DFLG��7KH�UDWLR�EHWZHHQ�DJDURVH�DQG�DJDURSHFWLQ�YDULHV�GHSHQGLQJ�

RQ�WKH�VSHFLHV�RI�VHDZHHG��7R�DFKLHYH�DJDU�JHO��WKH�JHOOLQJ�SRUWLRQ�VKRXOG�KDYH�D�GRXEOH�KHOLFDO�

VWUXFWXUH��7KH�KHOL[�LV�IRUPHG�E\�WKUHH�HTXDWRULDO�K\GURJHQ�DWRPV�RQ�WKH�����DQK\GUR�/�JDODFWRVH�

UHVLGXHV�>�@��7KHQ��WKH�GRXEOH�KHOL[�VWUXFWXUH�ZLOO�IRUP�D�WKUHH�GLPHQVLRQDO�IUDPHZRUN�WKDW�KROGV�

WKH�ZDWHU�PROHFXOHV�LQVLGH�WKH�IUDPHZRUN� 
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$JDU�LV�ZLGHO\�XVHG�LQ�WKH�IRRG�LQGXVWU\��SKDUPDFHXWLFDOV��FRVPHWLFV��DQG�LV�DOVR�

XVHG�DV�D�JHOOLQJ�DJHQW�LQ�PLFURELRORJLFDO�FXOWXUH��'XH�WR�LWV�KLJK�JHOOLQJ�VWUHQJWK��DJDU�LV�XVHG�WR�

VROLGLI\�FXOWXUH�PHGLD��7KH�PHOWLQJ�WHPSHUDWXUH�RI�DJDU�LV�������Ԩ��DQG�LW�KDV�D�VHWWLQJ�WHPSHUDWXUH�

RI�������Ԩ��5HJDUGLQJ�LWV�JHOOLQJ�SRZHU��DJDU�JHOV�FDQ�DOVR�EH�SURGXFHG�LQ�YHU\�GLOXWH�VROXWLRQV��

UDQJLQJ�IURP������WR������RI�DJDU��+RZHYHU��PRVW�DJDUV�XVHG�LQ�EDFWHULRORJLFDO�ZRUN�FUHDWH�ILUP�

JHOV�DW�D������FRQFHQWUDWLRQ��ZKLFK�GR�QRW�PHOW�LI�WKH�WHPSHUDWXUH�GRHV�QRW�H[FHHG����Ԩ�>��@��7KH�

VWUHQJWK�RI�WKH�JHO�FUHDWHG�IURP�DJDU�FDQ�EH�LQIOXHQFHG�E\�YDULRXV�IDFWRUV�VXFK�DV�WKH�FRQFHQWUDWLRQ�

RI�DJDU�XVHG��WLPH��S+��DQG�DOVR�VXJDU�FRQWHQW��)RU�LQVWDQFH��LI�WKH�S+�LV�WRR�ORZ��WKH�JHO�VWUHQJWK�

ZLOO�EH�ZHDNHQHG�DV�ZHOO��7KH�ZLGH�UDQJH�RI�JHO�IRUPLQJ�DQG�PHOWLQJ�SRLQWV�SURYLGHV�DJDU�ZLWK�

XQLTXH�DQG�XVHIXO�SURSHUWLHV��7KH�VLJQLILFDQW�GLIIHUHQFH�LQ�JHO�IRUPLQJ�LV�DQ�LPSRUWDQW�IDFWRU�WKDW�

FDQ� EH� DSSOLHG� IRU� YDULRXV� DSSOLFDWLRQV�� VXFK� DV� FUHDWLQJ� JHOV� RU� ILOPV�ZLWK� YDU\LQJ� KDUGQHVV��

0RUHRYHU��DJDU�LV�DOVR�FRQVLGHUHG�D�QRQ�WR[LF�PDWHULDO�WKDW�FDQ�EH�DSSOLHG�LQ�GLIIHUHQW�XVHV� 

(YHQ�WKRXJK�DJDU�GRHV�QRW�GLVVROYH�LQ�FROG�ZDWHU��LW�VZHOOV�FRQVLGHUDEO\�DQG�DEVRUEV�

DV� PXFK� DV� LWV� RZQ� ZHLJKW� RI� ZDWHU�� $JDU� DOVR� GLVVROYHV� LQ� D� YDULHW\� RI� VROYHQWV� DW� URRP�

WHPSHUDWXUH��)XUWKHUPRUH��WKH�YLVFRVLW\�RI�DJDU�DOVR�YDULHV�ZLGHO\�GHSHQGLQJ�RQ�WKH�UDZ�PDWHULDO�

VRXUFH��7KH�YLVFRVLW\�RI�DJDU�JHO�ZLOO�VWDUW�WR�EHFRPH�UHODWLYHO\�FRQVWDQW�DW�S+�����WR�����DIWHU�WKH�

WHPSHUDWXUH� H[FHHGV� LWV� PHOWLQJ� SRLQW�� $V� WKH� YLVFRVLW\� RI� DJDU� FDQ� YDU\�� DGGLQJ� GLIIHUHQW�

SODVWLFL]HUV�FDQ�HQKDQFH�WKH�YLVFRVLW\�UDWH�RI�DJDU�DV�ZHOO��7KH�DJDU�JHOV�DUH�TXLWH�VWDEOH��EXW�WKHLU�

VWDELOLW\�GHSHQGV�RQ�WZR�IDFWRUV��ZKLFK�DUH�HOHFWULF�FKDUJH�DQG�K\GUDWLRQ��,I�WKHVH�WZR�IDFWRUV�ZHUH�

UHPRYHG��WKHUH�ZRXOG�EH�IORFFXODWLRQ�RI�DJDU�RFFXUULQJ�LQ�WKH�VROXWLRQ��0RUHRYHU��OHQJWKHQLQJ�WKH�

WLPH�RI�DJDU�JHOV�DW�KLJK�WHPSHUDWXUHV�FDQ�GHJUDGH�WKH�VROXWLRQ�DQG�ORZHU�JHO�VWUHQJWK�DIWHU�WKH�JHO�

LV� ZHOO� IRUPHG�� )RU� WKDW� UHDVRQ�� DJDU� VROXWLRQV� VKRXOG� EH� DYRLGHG� IURP� H[SRVXUH� WR� KLJK�

WHPSHUDWXUHV�IRU�ORQJ�SHULRGV�RI�WLPH��(YHQ�WKRXJK�WKH�GU\�VROXWLRQ�LV�QRW�SURQH�WR�FRQWDPLQDWLRQ�

E\�EDFWHULD�RU�PLFURRUJDQLVPV��DJDU�VROXWLRQV�DQG�JHOV�DUH�VXLWDEOH�IHUWLOH�PHGLD�IRU�EDFWHULD�� 
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x $SSOLFDWLRQ� 

�� )RRG�LQGXVWU\ 

$V� DJDU� VROXWLRQ� LV�ZHOO� VROXEOH� LQ� KRW�ZDWHU� DQG� VZHOOV� FRQVLGHUDEO\� LQ�

YDULRXV�VROYHQWV�WRR��WKH�GLIIHUHQW�SURSHUWLHV�RI�DJDU�PDNH�WKH�JHO�YHU\�XVHIXO�DV�DQ�DGGLWLYH�WR�XVH�

LQ�WKH�IRRG�LQGXVWU\��$JDU�FDQ�EH�XVHG�DV�DQ�DGGLWLYH�ZLWK�YDULRXV�SURGXFWV��PLON��FRQIHFWLRQHU\��

EHYHUDJHV��DQG�EDNHU\�LWHPV��+HUH�DUH�VRPH�H[DPSOHV�RI�SURGXFWV��LFH�FUHDP��\RJXUWV��FDQG\�EDUV��

UHILQLQJ�RI�MXLFHV��VXJDU�LFLQJ��DQG�PDQ\�PRUH�>�@� 

 

)LJXUH����$JDU�GHVVHUW�>��@ 

 

�� 0HGLFDO�DQG�3KDUPDFHXWLFDO�,QGXVWU\� 

$JDU�JHO�KDV�WKH�SURSHUW\�RI�LQKLELWLQJ�WKH�OLTXHIDFWLRQ�WKDW�RFFXUV�GXH�WR�

HQ]\PH�DFWLRQ�RI�PLFURRUJDQLVPV��7KLV�DOORZV�IRU�D�YDULHW\�RI�DSSOLFDWLRQV� LQ� WKH�PHGLFDO�DQG�

SKDUPDFHXWLFDO� LQGXVWULHV� >��@�� )RU� LQVWDQFH�� DJDU� LV� XVHG� DV� D� IHUWLOH� PHGLXP� IRU� SUHSDULQJ�

EDFWHULDO�FXOWXUHV�LQ�PLFURELRORJ\��D�UHWDUGLQJ�DJHQW�DQG�FDUULHU�LQ�PHGLFLQHV��DQG�DOVR�XVHG�DV�D�

VWDELOL]HU�LQ�FKROHVWHURO�VROXWLRQV� 

 

�� %LRWHFKQRORJ\� 

,Q�WKH�ILHOG�RI�SODQW�ELRWHFKQRORJ\��DJDU�KDV�ORQJ�EHHQ�XVHG�DV�D�VROLGLI\LQJ�

PHGLXP�IRU�SODQW�WLVVXH�FXOWXUH��5HIHUULQJ�WR�WKH�JHOOLQJ�SURSHUWLHV�RI�DJDU��LW�LV�RQH�IDFWRU�WKDW�LV�

LPSRUWDQW� WR� WKH� SURGXFWLRQ� RSHUDWLRQ�� 7KH\� KHOS� VXSSRUW� WKH� JURZWK� RI� FXOWXUHV� DQG� WKH�

GHYHORSPHQW�RI�URRWV� 
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)LJXUH�����&XOWXUH�PHGLD�>��@ 

 

 ������*HODWLQ 

  *HODWLQ� LV� FRQVLGHUHG� D� QDWXUDO� SURWHLQ� GHULYHG� IURP� UDZ�FROODJHQ��$V� JHODWLQ� LV�

PDGH�IURP�D�QDWXUDO�SRO\PHU��LW�LV�XVXDOO\�SURGXFHG�IURP�SLJ�VNLQV�DQG�EHHI�ERQHV�EHFDXVH�WKH\�

KDYH�D�KLJK�FRQFHQWUDWLRQ�RI�UDZ�FROODJHQ��,W�LV�D�VROLG�DQG�WUDQVOXFHQW�VXEVWDQFH�WKDW�LV�QHXWUDO�LQ�

FRORU��WDVWH��DQG�RGRU��7KH�SURGXFWLRQ�RI�JHODWLQ�DOVR�KHOSV�SUHYHQW�IRRG�ZDVWDJH��,W�LV�HQVXUHG�WKDW�

JHODWLQ�LV�D�VDIH�DQG�ZHOO�UHJXODWHG�PDWHULDO��DV�WKH�PDQXIDFWXULQJ�SURFHVV�RI�JHODWLQ�XQGHUJRHV�

VWULFW�WHVWLQJ�WR�FRQWURO�WKH�TXDOLW\�DQG�VDIHW\�>��@�� 

 

 

)LJXUH�����*HODWLQ�SRZGHU�>��@ 

 

$V�WKH�JHODWLQ�LV�H[WUDFWHG�IURP�FROODJHQ�DQG�LV�FRPSRVHG�RI�WKH�UHSHWLWLRQ�RI�*O\�;�<�DV�VKRZQ�

LQ�ILJXUH����DQG����ZKLFK�DUH�JO\FLQH��SUROLQH��DQG�K\GUR[\SUROLQH�UHVSHFWLYHO\�>��@��7KH�VWUXFWXUH�
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RI�JHODWLQ�FRQVLVWV�RI�FDWLRQLF�JURXSV��DQLRQLF�JURXSV��DQG�K\GURSKRELF�JURXSV�LQ�DSSUR[LPDWHO\�

WKH� VDPH� UDWLR�� ([SDQGLQJ� IXUWKHU� RQ� HDFK� JURXS�� ZLWKLQ� WKH� SRO\SHSWLGH� FKDLQV�� WKHUH� DUH�

DSSUR[LPDWHO\�����RI�SRVLWLYHO\�FKDUJHG�DPLQR�DFLG�UHVLGXHV������RI�QHJDWLYHO\�FKDUJHG�DPLQR�

DFLG�UHVLGXHV��DQG�DURXQG�����RI�K\GURSKRELF�UHVLGXHV� 

 

 

 

)LJXUH�����&KHPLFDO�VWUXFWXUH�RI�JHODWLQ�>��@ 

 

 

)LJXUH�����&KHPLFDO�VWUXFWXUH�RI�D�IUDJPHQW�RI�JHODWLQ�>��@ 

 

  *HODWLQ�KDV�D�PHOWLQJ�SRLQW�DW�������������Ԩ��ZKLFK�PHDQV�LW�PHOWV�DURXQG�ERG\�

WHPSHUDWXUH��$V� JHODWLQ� FRPHV� IURP� D� QDWXUDO� SURGXFW��ZKLFK�PDNHV� LW� LV� D� SHUIHFW� FOHDQ� ODEHO�

LQJUHGLHQW��*HODWLQ�LV�D�SXUH�SURWHLQ��VR�LW�LV�QRQ�DOOHUJLF��FKROHVWHURO�IUHH��DQG�IDW�IUHH��0RUHRYHU��

JHODWLQ� KDV� XQLTXH� SURSHUWLHV� RI� WKHUPR�UHYHUVLELOLW\� >��@�� 7KH� VROXWLRQ� FRQWDLQLQJ� JHODWLQ�

FRQFHQWUDWLRQ�EHFRPHV�D�JHO�ZKHQ�FRROHG�GRZQ�DQG�UHWXUQV�WR�D�OLTXLG�VWDWH�ZKHQ�H[SRVHG�WR�KHDW�

IRU� D� ORQJ� SHULRG� RI� WLPH�� 7KLV� UHYHUVLEOH� WUDQVIRUPDWLRQ� FDQ� EH� UHSHDWHG� DQG� GRHV� QRW� VKRZ�

This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use



   ϭϰ 
 

VLJQLILFDQW� FKDQJHV� LQ� FKDUDFWHULVWLFV��$V�PHQWLRQHG�� JHODWLQ� FRPHV� LQ� WKH� IRUP� RI� D� VROLG� DQG�

WUDQVOXFHQW�PDWHULDO�� VR�ZKHQ� JHODWLQ� LV� K\GUDWHG�� LW� SURGXFHV� D� IODYRUOHVV� DQG� IOH[LEOH� ILOP� RU�

WUDQVSDUHQW�JHO� 

 

x $SSOLFDWLRQV 

�� 3KDUPDFHXWLFDO�)LHOG 

,Q�WKLV�ILHOG��JHODWLQ�JLYHV�YDULRXV�DSSOLFDWLRQV��IRU�H[DPSOH��WKH�SURGXFWLRQ�

RI�FDSVXOHV�RU�WDEOHWV��FRPSRQHQWV�RI�ZRXQG�GUHVVLQJ��DQG�EORRG�YROXPH�VXEVWLWXWHV��'XH�WR�LWV�

XQLTXH�DGKHVLYH��JHOOLQJ��DQG�ILOP�FUHDWLQJ�SURSHUWLHV�>��@��JHODWLQ�LV�DQ�LPSRUWDQW�H[FLSLHQW�IRU�

WKH� PDQXIDFWXULQJ� SURFHVV� RI� FDSVXOHV�� 8VLQJ� JHODWLQ�FRQWDLQLQJ� FDSVXOHV�� WKH� PHGLFLQH� RU�

VXSSOHPHQW�LV�ZHOO�SUHVHUYHG�DQG�JLYHQ�D�ORQJ�VKHOI�OLIH�DV�ZHOO� 

 

)LJXUH�����*HODWLQ�FDSVXOHV�>��@ 

 

�� �)RRG�LQGXVWU\ 

,Q�WKH�IRRG�LQGXVWU\��JHODWLQ�KDV�EHHQ�XVHG�IRU�GLIIHUHQW�SXUSRVHV��*HODWLQ�

KDV�EHHQ�ZLGHO\�XVHG�DV�D�GHYHORSPHQW�FRPSRQHQW�RI�HGLEOH�ILOPV�DQG�FRDWLQJV��7KH�FRQFHSW�RI�

HGLEOH� ILOPV�DQG�FRDWLQJV� VWHPV� IURP� HQYLURQPHQWDO� LVVXHV��(GLEOH� FRDWLQJV�XVXDOO\� FRPH� LQ� D�

OLTXLG�IRUP�IRU�GLSSLQJ�RU�VSUD\LQJ�RQ�IUXLWV�RU�YHJHWDEOHV��$V�JHODWLQ�LV�H[WUDFWHG�IURP�FROODJHQ��

LW�KDV�ELRGHJUDGDELOLW\��JRRG�DQWLEDFWHULDO��DQG�DQWLR[LGDQW�SURSHUWLHV� 
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)LJXUH�����(GLEOH�FRDWLQJ�LQ�IUXLW�>��@ 

 

����3ODVWLFL]HUV�XVHG�IRU�ILOP�IDEULFDWLRQ 

 ������*O\FHULQ 

*O\FHULQ��RU�JO\FHURO�� LV� D�PL[WXUH�RI� VXJDU� DQG� DOFRKRO�� UHVXOWLQJ� LQ� DQ� RUJDQLF�

DOFRKRO��,W� LV�FRORUOHVV��RGRUOHVV��DQG�QRQ�WR[LF�WR�QDWXUH��*O\FHULQ�KDV�D�FKHPLFDO�IRUPXOD�WKDW�

FRQWDLQV�WKUHH�K\GUR[\O�JURXSV�DV�VKRZ�LQ�ILJXUH�����VR�LW�LV�VROXEOH�LQ�ZDWHU��'XH�WR�LWV�SURSHUWLHV��

JO\FHULQ� LV�ZLGHO\� XVHG� LQ� YDULRXV�PDQXIDFWXULQJ� SURFHVVHV� VXFK� DV� SKDUPDFHXWLFDOV� DQG� DV� D�

VZHHWHQLQJ�DJHQW�LQ�GLIIHUHQW�DSSOLFDWLRQV��7KH�PROHFXODU�ZHLJKW�RI�JO\FHULQ�LV�QRUPDOO\�DURXQG�

������J�PRO��ZLWK�D�ERLOLQJ�SRLQW�RI�����Ԩ�DQG�D�PHOWLQJ�SRLQW�RI������Ԩ�>��@��8QGHU�VWDQGDUG�

FRQGLWLRQV�RI�ERWK�WHPSHUDWXUH�DQG�SUHVVXUH��JO\FHULQ�IRUPV�PLVFLEOH�PL[WXUHV�ZLWK�ZDWHU� 

 

)LJXUH�����&KHPLFDO�IRUPXOD�RI�*O\FHULQ�>��@ 

  *O\FHULQ� FDQ� EH� PDQXIDFWXUHG� IURP� GLIIHUHQW� PDWHULDOV�� SODQW�EDVHG� PDWHULDOV��

DQLPDO�EDVHG� PDWHULDOV�� DQG� V\QWKHWLF� PDWHULDOV�� *O\FHULQ� WKDW� LV� GHULYHG� IURP� SODQW�EDVHG�

PDWHULDOV�LV�FRQVLGHUHG�QDWXUDO�JO\FHULQ�DQG�LV�REWDLQHG�IURP�RLOV�DQG�IDWV�RI�FRFRQXW�DQG�SDOP��
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%HFDXVH�LW�LV�DQ�RUJDQLF�PDWHULDO��LWV�WH[WXUH�LV�VLPLODU�WR�V\UXS��DQG�LW�LV�DOVR�YHJDQ��*O\FHULQ�PDGH�

IURP�DQLPDO�EDVHG�PDWHULDOV�LV�GHULYHG�IURP�IDW��'XULQJ�WKH�PDQXIDFWXULQJ�SURFHVV��WKH�KDUGHQHG�

PL[WXUH�QHHGV�WR�EH�ERLOHG�WR�UHPRYH�H[FHVV�ZDWHU�DQG�LPSXULWLHV��/DVWO\��JO\FHULQ�SURGXFHG�IURP�

V\QWKHWLF�PDWHULDOV�LV�PDGH�IURP�SHWUROHXP�EDVHG�VRXUFHV�DQG�FDQH�RU�FRUQ�V\UXS�DV�ZHOO� 

 

����(Q]\PDWLF�UHDFWLRQ 

,Q�(VFKHULFKLD�FROL��DOVR�NQRZQ�DV�(��FROL��LW�FRQWDLQV�DQ�HQ]\PH�FDOOHG�ȕ�JOXFXURQLGDVH��

7KLV�HQ]\PH�LV�UHVSRQVLEOH�IRU� WKH�K\GURO\VLV�RI�JOXFXURQLGH�FRPSRXQGV�DQG�KDV�WKH�DELOLW\�WR�

VHUYH�YDULRXV�SXUSRVHV��LQFOXGLQJ�WKH�PHWDEROLVP�RI�VXJDUV��GHWR[LILFDWLRQ��DQG�DV�D�UHVHDUFK�WRRO�

>��@��6XJDUV�FDQ�EH�XVHG�DV�FDUERQ�VRXUFHV�IRU�WKH�JURZWK�RI�(��FROL��DQG�ȕ�JOXFXURQLGDVH�IXQFWLRQV�

LQ� WKH� PHWDEROLVP� RI� JOXFXURQLGH� VXJDUV�� 0RUHRYHU�� WKLV� HQ]\PH� FDQ� DOVR� GHWR[LI\� KDUPIXO�

FRPSRXQGV�� ,I� WR[LF� VXEVWDQFHV�HQWHU� WKH�FHOO�� WKH\�ZLOO�ELQG�ZLWK�JOXFXURQLF�DFLG�� UHVXOWLQJ� LQ�

JOXFXURQLGH�FRPSRXQGV��:KHQ�JOXFXURQLGHV�RFFXU�ZLWKLQ�D�FHOO��ȕ�JOXFXURQLGDVH�FDQ�K\GURO\]H�

WKHVH�FRPSRXQGV�WR�UHOHDVH�WKH�WR[LF�VXEVWDQFHV�DQG�H[SHO�WKRVH�VXEVWDQFHV�RXW�RI�WKH�FHOO��/DVWO\��

ȕ�JOXFXURQLGDVH� LV� ZLGHO\� XVHG� LQ� PROHFXODU� ELRORJ\� DQG�PLFURELRORJ\� UHVHDUFK�� PRVWO\� DV� D�

UHSRUWHU�JHQH�>��@�� 

��0HWK\OXPEHOOLIHU\O�ȕ�'�JOXFXURQLGH�� RU� 08*�� LV� D� IOXRUHVFHQW� VXEVWUDWH� RI� ȕ�

JOXFXURQLGDVH��08*�LV�D�V\QWKHWLF�VXEVWUDWH�FRPPRQO\�XVHG�WR�DVVHVV�WKH�SUHVHQFH�DQG�DFWLYLW\�RI�

JOXFXURQLGDVH� HQ]\PHV��$V� 08*� LV� D� V\QWKHWLF� VXEVWUDWH�� WKH� DSSHDUDQFH� RI� LW� LV� FU\VWDOOLQH�

SRZGHU��WKHUHIRUH��WKH�SK\VLFDO�VWDWH�RI�LW�LV�VROLG��'XH�WR�LWV�DSSHDUDQFH��08*�SRZGHU�QHHGV�WR�

EH�VWRUHG�LQ�WKH�IUHH]HU��DQG�WKH�FRQWDLQHU�QHHGV�WR�EH�FORVHG�WLJKWO\��WKHQ�NHSW�LQ�D�GU\�DQG�ZHOO�

YHQWLODWHG�SODFH��0RUHRYHU��PDWHULDOV�WKDW�DUH�NQRZQ�DV�VWURQJ�R[LGL]LQJ�DJHQWV��VWURQJ�DFLGV��DQG�

VWURQJ�EDVHV�DUH�LQFRPSDWLEOH�PDWHULDOV�ZLWK�08*� 

 

)LJXUH�������0HWK\OXPEHOOLIHU\O�ȕ�'�JOXFXURQLGH��08*��FKHPLFDO�IRUPXOD�>��@ 
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7KLV� UHDFWLRQ� RFFXUV� ZKHQ� WKH� JOXFXURQLGDVH� HQ]\PH� LV� DFWLYH�� 7KHQ�� WKH� ��

0HWK\OXPEHOOLIHU\O�ȕ�'�JOXFXURQLGH�LV�FOHDYHG�E\�ȕ�JOXFXURQLGDVH��UHVXOWLQJ�LQ�WKH�UHOHDVH�RI�WKH�

EOXH� IOXRUHVFHQFH� RI� ��PHWK\OXPEHOOLIHURQH� ��08�� DV� WKH� UHDFWLRQ� VKRZQ� LQ� ILJXUH� ���� ��

PHWK\OXPEHOOLIHURQH���08��LV�WKH�SURGXFW�UHVXOWLQJ�IURP�WKH�UHDFWLRQ�EHWZHHQ�*8'�DQG�08*��

DQG�WKH�EOXH�IOXRUHVFHQFH�HPLWWHG�E\��08�FDQ�EH�REVHUYHG�XQGHU�89�OLJKW�>�@� 

 

 

)LJXUH�����(Q]\PDWLF�UHDFWLRQ�RI�*8'�DQG�08* 

 

 �08�LV�D�IOXRUHVFHQW�FRPSRXQG�WKDW�HPLWV�OLJKW�LQ�WKH�EOXH�VSHFWUDO�UDQJH�DW�����QP�DQG�

ZKHQ�H[FLWHG�E\�OLJKW�LV�DURXQG�����QP�DV�VKRZQ�LQ�ILJXUH�����7KH�GHWHFWLRQ�RI��08�IOXRUHVFHQFH�

SURGXFW�FDQ�EH�TXDQWLILHG�XVLQJ�GLIIHUHQW�WHFKQLTXHV�VXFK�DV�IOXRUHVFHQFH�SODWH�UHDGHUV�RU�RWKHU�

IOXRUHVFHQFH�EDVHG�WHFKQLTXHV��0RUHRYHU��WKH�LQWHQVLW\�RI�WKH�PHDVXUDEOH�IOXRUHVFHQFH���08��LV�

GLUHFWO\�SURSRUWLRQDO�WR�WKH�DPRXQW�RI�ȕ�JOXFXURQLGDVH�� 

 

)LJXUH������08�IOXRUHVFHQFH�XQGHU�WKH�89�OLJKW 
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����7HQVLOH�VWUHQJWK�RI�WKH�ILOP 

 7KH� DELOLW\� RI�PDWHULDO� WR� ZLWKVWDQG� WKH� IRUFH� EHIRUH� LW� EUHDNV� LV� FRQVLGHU� DV� D� WHQVLOH�

VWUHQJWK� RI� WKH�PDWHULDO��7HQVLOH� VWUHQJWK� LV� XVHG� WR�PHDVXUH� WKH�PD[LPXP� WHQVLOH� VWUHVV� RI� D�

PDWHULDO�>��@��7KH�WHQVLOH�VWUHQJWK�FDQ�EH�PHDVXUH�E\�XVLQJ�WKH�WHQVLOH�VWUHQJWK�WHVWLQJ�PDFKLQH�WR�

GHWHUPLQH�WKH�ORDG�VWUHQJWK��7KH�EDVLF�SULQFLSOH�RI�WKLV�PDFKLQH�LV�DSSO\LQJ�IRUFH�WR�WKH�PDWHULDO�

LQ�DQ�D[LDO�ORDG�XQWLO�WKRVH�PDWHULDO�EUHDN�RU�IUDFWXUH��7HQVLOH�VWUHQJWK�LV�DQ�HVVHQWLDO�IDFWRU�XVLQJ�

LQ�GHVLJQLQJ� IDFWRUV� VXFK�DV�EXLOGLQJ�RU�EULGJHV�� ,W� LV� DOVR�XVH�ZLWK� WKH�SURGXFW�ZKLFK�QHHG� WR�

ZLWKVWDQG�WKH�IRUFH�IURP�SXOOLQJ�DQG�VWUHWFKLQJ�DV�ZHOO��,W�FDQ�EH�XVHG�WR�HYDOXDWH�WKH�PDWHULDO�LV�

VXLWDEOH�IRU�LWV�DSSOLFDWLRQ�RU�QRW��)RU�LQVWDQW��WHQVLOH�VWUHQJWK�RI�PDWHULDO�LQ�WKH�DHURVSDFH�LQGXVWU\�

LV�XVHG�WR�GHWHUPLQH�WKH�VDIHW\�RI�WKH�DLUFUDIW�>��@�� 

 7KHUH�DUH�YDULRXV�IDFWRUV�ZKLFK�DIIHFW�WKH�YDOXH�RI�WHQVLOH�VWUHQJWK�LQ�PDWHULDOV��'LIIHUHQW�

PDWHULDOV� FRQVLVW� RI� GLIIHUHQW� PROHFXODU� VWUXFWXUH�� 7KH� PROHFXODU� VWUXFWXUH� SURYLGHV� DQ�

LQWHUPROHFXODU�IRUFH�LQVLGH�WKH�PDWHULDO�ZKLFK�KHOSIXO�LQ�ELQGLQJ�WKH�PROHFXOH��%\�FKDQJLQJ�WKH�

PROHFXODU�RI�WKH�VWUXFWXUH�FDQ�PDLQO\�DIIHFW�WKH�WHQVLOH�VWUHQJWK�RI�PDWHULDOV��1RW�RQO\�PROHFXODU�

VWUXFWXUH�WKDW�DIIHFW�WKH�WHQVLOH�VWUHQJWK�RI�PDWHULDO��WHPSHUDWXUH�DOVR�RQH�RI�WKHVH�IDFWRUV�DV�ZHOO�

>��@��0ROHFXODU�VWUXFWXUH�RI�PDWHULDO�LV�FRUUHVSRQGHG�WR�WKH�WHPSHUDWXUH��LI�WKH�WHPSHUDWXUH�RI�WKH�

PDWHULDO� LQFUHDVHG�� LW� ZLOO� OHDG� WR� HQKDQFH� WKH� ERQG� VWUHQJWK� RI� PROHFXOHV�� +RZHYHU�� LI� WKH�

WHPSHUDWXUH�LV�ORZ��LQ�FRQWUDVW�WKH�PDWHULDO�PLJKW�ORVH�VRPH�RI�LWV�ERQG�VWUHQJWK�RU�WHQVLOH�VWUHQJWK�� 

 7HQVLOH� VWUHQJWK� UHODWHV� WR�<RXQJ¶V� PRGXOXV�� ,W� LV� GLUHFWO\� SURSRUWLRQDO� WR� HDFK� RWKHU��

<RXQJ¶V�PRGXOXV�LV�XVHG�WR�GHWHUPLQH�WKH�HODVWLFLW\�RI�D�PDWHULDO��7KLV�LQGLFDWHV�WKDW�LI�WKH�WHQVLOH�

VWUHQJWK�LQFUHDVH��<RXQJ¶V�PRGXOXV�ZLOO�DOVR�LQFUHDVH�WRR��$V�D�PDWHULDO�ZKLFK�FDQ�ZLWKVWDQG�KLJK�

<RXQJ¶V�PRGXOXV��WKH�PDWHULDO�EHFRPH�VWLIIHU�DQG�KDUG�WR�EH�GHIRUP��7HQVLOH�VWUHQJWK�SURYLGHV�WKH�

GDWD�RI� ORDG�DSSO\�RQ� WKH�PDWHULDO� DQG� WKH�GLVSODFHPHQW�ZKHQ� WKH�PDWHULDO�ZDV�SXOOLQJ�E\� WKH�

PDFKLQH��7KLV�GDWD�FDQ�EH�XVHG�WR�FDOFXODWH�<RXQJ¶V�PRGXOXV�DV�VKRZQ�LQ�WKH�HTXDWLRQ�LQ�WKH�QH[W�

VHFWLRQ�>��@�� 

 7KLV� UHVHDUFK� XVHV� WHQVLOH� VWUHQJWK� DQG�<RXQJ¶V� PRGXOXV� WR� GHWHUPLQH� WKH� PHFKDQLFDO�

SURSHUWLHV�RI�(��FROL�GHWHFWLRQ�ILOP�IDEULFDWLRQ��7HQVLOH�VWUHQJWK�DQG�<RXQJ¶V�PRGXOXV�ZDV�XVHG�WR�

LGHQWLI\�WKH�DELOLW\�RI�ILOP�GHIRUPDWLRQ�� 
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(TXDWLRQV�XVHG�WR�FDOFXODWH�<RXQJ¶V�PRGXOXV�IURP�GDWD�RI�WHQVLOH�VWUHQJWK�DUH�VKRZQ�DV�IROORZLQJ�

>��@� 

ߪ ൌ � ௉
஺బ

     �VWUHVV� 

ߝ ൌ � ௅೑ି௅బ
௅బ

ൌ � ο௅
௅బ

   �VWUDLQ� 

ܧ������������������� ൌ � ఙ
ఌ
    ���������<RXQJ¶V�PRGXOXV� 

 �VWUHVV  ߪ

 �VWUDLQ  ߝ

ܲ  �H[WHUQDO�WHQVLOH�ORDG 

 ଴  �RULJLQDO�FURVV�VHFWLRQDO�DUHDܣ

 ଴  �RULJLQDO�OHQJWKܮ

 ௙  �ILQDO�OHQJWKܮ
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&+$37(5�� 

0(7+2'2/2*< 
 

,Q� WKLV� FKDSWHU�� WKH� SUHSDUDWLRQ� RI� 3RO\ODFWLF� DFLG� VROXWLRQ� DQG� DJDU� VROXWLRQ� IRU� ILOP�

IDEULFDWLRQ� LV� PHQWLRQHG�� 0RUHRYHU�� WKH� LQIRUPDWLRQ� DERXW� ELRPDUNHU� (�� FROL� GHWHFWLRQ� DQG�

PHFKDQLFDO�SURSHUWLHV�RI�WKH�ILOP�DUH�LGHQWLI\�DV�ZHOO�� 

����)LOP�IDEULFDWLRQ 

 ������3UHSDUDWLRQ�RI�3RO\ODFWLF�DFLG��3/$��DQG�JHODWLQ�ILOP 

  3RO\ODFWLF� DFLG� DQG�JHODWLQ� DUH� FRQVLGHUHG� SRO\PHU��ZKLFK� FDQ� EH� XVHG� WR�PDNH�

SRO\PHU�EDVHG�SURGXFWV��LQFOXGLQJ�ILOPV��7KH�3/$�XVHG�LQ�WKLV�FDVH�LV�FRPPHUFLDO�3/$�LQ�WKH�IRUP�

RI�VWULQJV��7R�IDFLOLWDWH�LWV�GLVVROXWLRQ��WKH�3/$�QHHGV�WR�EH�FXW�LQWR�VPDOO�SLHFHV��(WK\O�DFHWDWH�LV�

XVHG� DV� D� VROYHQW� WR� GLVVROYH� WKH� 3/$��7KH� UDWLR� RI� 3/$� WR� HWK\O� DFHWDWH� LV� �� J� DQG� ���P/��

UHVSHFWLYHO\�� ,W� LV� KHDWHG� WR� ���Ԩ� ZLWK� VWLUULQJ� XQWLO� WKH� VROXWLRQ� EHFRPHV� FRPSOHWHO\�

KRPRJHQHRXV��DV�VKRZQ�LQ�ILJXUH�����$IWHUZDUG��SRXU�WKH�VROXWLRQ�LQWR�JODVV�SHWUL�GLVKHV�DQG�JODVV�

SODWHV�WR�DFKLHYHG�D�WKLQ�ILOP�DV�VKRZQ�LQ�ILJXUH�����7KH�PL[WXUH�RI�3/$�DQG�HWK\O�DFHWDWH�QHHGV�

WR�EH�SRXUHG�RQWR�WKH�JODVV�VXUIDFH�EHFDXVH�WKH�HWK\O�DFHWDWH�VROXWLRQ�FDQ�GLVVROYHG�WKH�SODVWLF�SHWUL�

GLVKHV�  

 

)LJXUH�����3/$�DQG�HWK\O�DFHWDWH�VROXWLRQ 
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)LJXUH�����6ROXWLRQ�SRXUV�LQWR�JODVV�SHWUL�GLVKHV 

$IWHU�WKH�SURGXFW�KDV�GULHG��FXW�LW�LQWR�VPDOO�SLHFHV�DQG�WKHQ�LPPHUVH�WKH�SDUWLFOHV�

LQ�HWK\O�DFHWDWH�IRU����PLQXWHV�WR�PDNH�WKH�ILOP
V�VXUIDFH�VWLFN\��1H[W��FRDWLQJ0��08ߤ�����DQG�

���� ��*0�08ߤ DQG� JHODWLQ� ZLWK� �08� DQG� 08*� DW� WKH� VDPH� FRQFHQWUDWLRQ� RQ� WKH� ILOP� E\�

LPPHUVLQJ�ILOP�LQ�WKH�VROXWLRQV��7KHQ�DOORZ�WKH�ILOP�WR�VHWWOH�LQ�WKH�VROXWLRQ�IRU���PLQXWHV��7KH�

SXUSRVH�RI�FRDWLQJ�WKH�3/$�ILOP�ZLWK�JHODWLQ�LV�WR�LQFUHDVH�WKH�ILOPV�DEVRUEDEOH��7KH�UDWLR�RI�JHODWLQ�

WR�GLVWLOOHG�ZDWHU�LV���J�DQG���P/��UHVSHFWLYHO\� 

  

 ������3UHSDUDWLRQ�RI�3RO\ODFWLF�DFLG��3/$��V\QWKHVLV 

  $QRWKHU�WHFKQLTXH�XVHG�WR�V\QWKHVL]H�3/$�LQYROYHV�PLFURZDYLQJ�ODFWLF�DFLG�DW�D�

KLJK�SRZHU�OHYHO��7KH�PDWHULDO�LV�SUHSDUHG�E\�PLFURZDYLQJ����P/�RI�����ODFWLF�DFLG�DW����:�IRU�

��PLQXWHV�� 'XULQJ� WKLV� SURFHVV�� ZDWHU� LV� UHPRYHG� OHDG� WR� WKH� FRQGHQVDWLRQ� RI� WKH� ODFWLF� DFLG��

)XUWKHUPRUH��WKLV�SURFHGXUH�HIIHFWLYHO\�LQFUHDVHV�WKH�PROHFXODU�ZHLJKW�RI�WKH�3/$��7R�UDLVH�WKH�

S+�RI�WKH�3/$�����GURSV�RI�VRGLXP�K\GUR[LGH��1D2+��ZHUH�DGGHG��UHVXOWLQJ�LQ�WKH�S+�ZDV�FKDQJH�

IURP���WR����$IWHUZDUG��SRXU�WKH�SUHSDUHG�VROXWLRQ�RQWR�ILOWHU�SDSHU�DQG�SODFH�LW�LQ�D����Ԩ��RYHQ�

IRU���KRXUV�DQG����PLQXWHV�WR�GU\�DQG�VROLGLI\�WKH�VDPSOH�DV�VKRZQ�LQ�WKH�ILJXUH����� 
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)LJXUH�����3RO\ODFWLF�DFLG�V\QWKHVLV 

 

 ������3UHSDUDWLRQ�RI�DJDU�DQG�JO\FHULQ 

)RU� WKLV� UHVHDUFK�� WKH� UDWLR�RI� DJDU� DQG�JO\FHULQ� LV� VHSDUDWHG� LQWR� WKUHH�GLIIHUHQW�

UDQJHV��KLJK�UDQJH��PHGLXP�UDQJH�DQG�ORZ�UDQJH�DV�VKRZQ�LQ�WKH�WDEOH������DQG���DFFRUGLQJ�WR�WKH�

VWXG\�RI�9�� ,EDUUD������� >��@��7KH�PL[WXUH�RI�DJDU��JO\FHULQ��DQG�GLVWLOOHG�ZDWHU� LV�SUHSDUHG�E\�

VWLUULQJ�DQG�KHDWLQJ�DW�����Ԩ�RQ� WKH�KRW�SODWH� IRU���� WR����PLQXWHV�XQWLO� WKH�VROXWLRQ�EHFRPHV�

KRPRJHQHRXV��7KHQ��SRXU�WKH�VROXWLRQ�RQWR�WKH�SODVWLF�SHWUL�GLVKHV�DQG�OHW�LW�VHWWOH�IRU���GD\V��$IWHU�

WKH�DJDU�DQG�JO\FHULQ�VROXWLRQ�GULHV�XS�� WKH�PHGLXP�UDQJH�VROXWLRQ�VKRZV�WKH�PRVW�DSSURSULDWH�

ILOP�IRU�WKLV�H[SHULPHQW��DV�VKRZQ�LQ�WKH�ILJXUH�����7KH�PHGLXP�UDQJH�VROXWLRQ�ZDV�DOVR�UHGXFHG�

WR����P/�WR�HQVXUH�WKDW�RQH�SRUWLRQ�RI�WKH�VROXWLRQ�ILWV�SHUIHFWO\�LQWR�WKH�SODVWLF�SHWUL�GLVKHV��7R�

SUHYHQW�FRQWDPLQDWLRQ�GXULQJ�WKH�SURFHVV��DQRWKHU�WHFKQLTXH�XVHG�WR�SUHSDUH�WKH�ILOP�LV�WR�SODFH�

WKH�PL[WXUH�VROXWLRQ�LQVLGH�DQ�RYHQ�DQG�WXUQ�RQ�WKH�KHDW�WR����Ԩ��DOORZLQJ�WKH�VROXWLRQ�WR�VHWWOH�

LQVLGH� WKH� RYHQ� IRU� �� GD\V�� WKLV� WHFKQLTXH� FDQ� SUHYHQW� WKH� FRQWDPLQDWLRQ��0RUHRYHU�� DIWHU�ZH�

GHFLGHG�WR�XVHG�WKH�PHGLXP�UDQJH�VROXWLRQ�WR�IDEULFDWHG�WKH�ILOP��WKH�VROXWLRQ�RI�08*�LV�DGGHG�DV�

VKRZQ�LQ�WKH�WDEOH���IRU�IXUWKHU�H[SHULPHQW�� 

7DEOH��������P/�RI�+LJK�UDQJH�VROXWLRQ�FRQFHQWUDWLRQ�>��@ 

&RQGLWLRQ $JDU *O\FHULQ 'LVWLOOHG�ZDWHU 

� �����J �����P/ ������P/ 

� �����J ������P/ ������P/ 

� �����J ������P/ ������P/ 
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7DEOH��������P/�RI�0HGLXP�UDQJH�VROXWLRQ�FRQFHQWUDWLRQ�>��@ 

&RQGLWLRQ $JDU *O\FHULQ 'LVWLOOHG�ZDWHU 

� �����J �����P/ ������P/ 

� �����J �����P/ ������P/ 

� �����J �����P/ ������P/ 

 

7DEOH��������P/�RI�/RZ�UDQJH�VROXWLRQ�FRQFHQWUDWLRQ�>��@ 

&RQGLWLRQ $JDU *O\FHULQ 'LVWLOOHG�ZDWHU 

� �����J �����P/ ������P/ 

� �����J �����P/ ������P/ 

� �����J �����P/ ������P/ 

 

7DEOH�������P/�RI�0HGLXP�UDQJH�VROXWLRQ�FRQFHQWUDWLRQ 

&RQGLWLRQ $JDU *O\FHULQ 08* 'LVWLOOHG�ZDWHU 

� ����J �����P/ ܯߤ��������P/ �����P/ 

� ����J ������P/ ܯߤ��������P/ ������P/ 

� ����J ������P/ ܯߤ��������P/ ������P/ 

 

 

)LJXUH�����7KLQ�ILOP�DFKLHYHG�IURP�PHGLXP�UDQJH�VROXWLRQ 
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����%LRPDUNHU�(��FROL�GHWHFWLRQ� 

 ������%LRPDUNHU�(��FROL�GHWHFWLRQ�IRU�3RO\ODFWLF�DFLG�DQG�3RO\ODFWLF�DFLG�V\QWKHVLV�

ILOP 

  )RU�WKH�SUHSDUDWLRQ�RI�08*�VROXWLRQ��WKH�FRQFHQWUDWLRQ�RI�08*�LQLWLDOO\�SUHSDUHG�

DW0ߤ�������LQ������0�SKRVSKDWH�EXIIHU��7KH�SUHSDUDWLRQ�RI�*8'�VROXWLRQ�LV�VLPLODU�WR�WKH�08*�

VROXWLRQ��DV�ZH�DOVR�XVHG�WKH�GLOXWHG�SKRVSKDWH�VROXWLRQ��6R��������P/�RI�WKH�GLOXWHG�SKRVSKDWH�

VROXWLRQ�LV�PL[HG�ZLWK����/�RI�*8'�VROXWLRQ��7KH�VROXWLRQ�REWDLQHG�LV�����P/�RI������*8'�� 

'XULQJ�WKH�SURFHVV�RI�GHWHFWLQJ�WKH�(��FROL�ELRPDUNHU�*8'�LQ�WKH�3/$�ILOP�DQG�

3/$�V\QWKHVLV�ILOP��WKH\�ZHUH�VHSDUDWHG�LQWR�IRXU�FDWHJRULHV��FRDWLQJ�WKH�ILOP�ZLWK0�08ߤ����*��

�08��FRQWURO���JHODWLQ�PL[HG�ZLWK0�08ߤ����*��DQG�JHODWLQ�PL[HG�ZLWK��08��FRQWURO���$IWHU�

VRDNLQJ�WKH�ILOP�LQ�HWK\O�DFHWDWH�IRU����PLQXWHV��WKH�VXUIDFH�RI�WKH�ILOP�EHFDPH�VWLFN\��7KH�ILOPV�

ZHUH�VHSDUDWHG�IRU�HDFK�FDWHJRU\�DQG�VRDNHG�LQ�HDFK�VROXWLRQ�IRU�DQRWKHU����PLQXWHV��7KHQ��WKH�

VROXWLRQ�RI�*8'�ZDV�GURSSHG�RQ�WRS�RI�WKH�ILOP��DOORZLQJ�WKH�ILOP�WR�DEVRUE�WKH�VROXWLRQ�IRU���

PLQXWHV��DQG�IOXRUHVFHQFH�ZDV�REVHUYHG�XQGHU�89�OLJKW�DV�VKRZQ�LQ�WKH�ILJXUH����DQG���� 

 

)LJXUH�����)OXRUHVFHQFH�HPLWWHG�IURP�3/$�ILOP�LQ�HDFK�FDWHJRU\�REVHUYHG�XQGHU�89�OLJKW 
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)LJXUH�����)OXRUHVFHQFH�HPLWWHG�IURP�3/$�V\QWKHVLV�ILOP�LQ�HDFK�FDWHJRU\�REVHUYHG�XQGHU�89�
OLJKW 

   

7KH�QH[W�VWHS�LV�WR�FRQILUP�ZKHWKHU�WKH�08*�VROXWLRQ�KDV�OHDNHG�RXW�DQG�LV�FDXVLQJ�

WKH�UHDFWLRQ�RXWVLGH�RI�WKH�ILOP��$IWHU�REVHUYLQJ�WKH�ILOP�XQGHU�89�OLJKW��ZH�UHPRYHG�WKH�H[FHVV�

VROXWLRQ�IURP�WKH�WRS�RI�WKH�ILOP�DQG�H[DPLQHG�LW�XQGHU�89�OLJKW��,I�IOXRUHVFHQFH�LV�SUHVHQW�XQGHU�

WKH�89�OLJKW��WKLV�LQGLFDWHV�WKDW�WKHUH�LV�08*�OHDNHG�RXW�IURP�WKH�ILOP�DQG�08*�*8'�UHDFWLRQ�

KDV�RFFXUUHG�RXWVLGH�RI�WKH�ILOP�DV�VKRZQ�LQ�WKH�ILJXUH���� 

 

)LJXUH�����6ROXWLRQ�RI�08*�OHDNHG�IURP�WKH�ILOP 

 

������%LRPDUNHU�(��FROL�GHWHFWLRQ�IRU�$JDU�ILOP 

 )RU�WKH�SURFHVV�RI�GHWHFWLQJ�WKH�ELRPDUNHU�(��FROL�LQ�DJDU�ILOP��WKH�08*�VROXWLRQ�

LV�DOUHDG\�PL[HG�ZLWK�WKH�DJDU�ILOP�VROXWLRQ��$IWHU�WKH�DJDU�ILOP�KDV�GULHG�XSߤ������O�RI�*8'�LV�

GURSSHG�RQ�WRS�RI�WKH�ILOP��DQG�ZDLW�IRU�WKH�UHDFWLRQ�WR�RFFXU�IRU����PLQXWHV��$IWHUZDUG��WKH�ILOP�

LV�REVHUYHG�IRU�IOXRUHVFHQW�FRORU�XQGHU�WKH�89�OLJKW� 
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  7KH�SUHSDUDWLRQ�RI�WKH�ILOP�WR�WHVW�WKH�UHDFWLRQ�LQYROYHG�FXWWLQJ�WKH�ILOP�LQWR���SLHFHV�

IRU�GLIIHUHQW�FRQGLWLRQV��$FFRUGLQJ�WR�WDEOH�����7R�PHDVXUH�WKH�IOXRUHVFHQW�LQWHQVLW\��WKH�ILOP�LV�

VHSDUDWHG�LQWR���SLHFHV����IRU�WKH�FRQWURO�JURXS��ZKHUH�08*�LV�QRW�DGGHG�WR�WKH�DJDU�VROXWLRQ��DQG�

WKH�RWKHU���SLHFHV�DUH�IRU�REVHUYLQJ�IOXRUHVFHQFH�UHVXOWLQJ�IURP�WKH�HQ]\PDWLF�UHDFWLRQ�RI�08*�

DQG�*8'�DW�UHDFWLRQ�WLPHV�RI���PLQXWHV�����PLQXWHV�����PLQXWHV��DQG����PLQXWHV��7KH�LQWHQVLW\�RI�

WKH� UHVXOWLQJ� IOXRUHVFHQFH� LV�PHDVXUHG�XVLQJ� WKH�0$7/$%�SURJUDP�ZLWK� WKH� LPDJHV�FDSWXUHG�� 

7KH�LPDJHV�XVHG�IRU�DQDO\]LQJ�IOXRUHVFHQW�LQWHQVLW\�DUH�FDSWXUHG�IURP�ERWK�WKH�VROXWLRQ�RI�08*�

OHDNHG�IURP�WKH�ILOP�DQG�WKH�ILOP�WKDW�KDV�EHHQ�UHPRYHG�H[FHVV�VROXWLRQ��6LQFH��08�HPLWV�EOXH�

IOXRUHVFHQFH��WKH�FRGH�LV�GHVLJQHG�WR�HOLPLQDWH�RWKHU�FRORUV�DQG�DQDO\]H�RQO\�WKH�EOXH�FRORU�HPLWWHG�

IURP�WKH�ILOP�DV�VKRZQ�LQ�WKH�ILJXUH���� 

 

)LJXUH�����,PDJH�DIWHU�DQDO\]H�WKH�EOXH�FRORU�HPLWWHG�IURP�08*�*8'�UHDFWLRQ 

   

����3URFHVV�RI�WHVWLQJ�DJDU�ILOP�PHFKDQLFDO�SURSHUWLHV 

 7KH�PDFKLQH�XVHG�WR�WHVW�WKH�PHFKDQLFDO�SURSHUWLHV�RI�WKH�ILOP�LV�WKH�PDFKLQH�ZKLFK�FDQ�

PHDVXUH�WKH�WHQVLOH�VWUHQJWK��)RU�WKH�ILOP�SUHSDUDWLRQ��WKH�ILOP�QHHGV�WR�EH�FXW�LQWR�D�ERQH�VKDSH�

DV�VKRZQ�LQ�WKH�ILJXUH����VR�WKH�PDFKLQH�FDQ�JULS�WKH�WRS�DQG�ERWWRP�SDUW�RI�WKH�ILOP��7KH�ZRUNLQJ�

IXQGDPHQWDO�RI�WKLV�PDFKLQH�LV�WR�SXOO�WKH�VSHFLPHQ�DFFRUGLQJ�WR�WKH�VHW�XS�VSHHG��7R�PHDVXUH�WKH�

WHQVLOH�VWUHQJWK�RI�WKH�ILOP��VHW�XS�VSHHG�LV���PP�SHU�PLQXWH�>��@��$IWHU�VHWWLQJ�XS�WKH�PDFKLQH��

WKH�ILOP�QHHGV�WR�EH�PDQXDOO\�VWUHWFKHG�XQWLO�WKH�ORDG�DSSHDUV�RQ�WKH�VFUHHQ��DQG�WKHQ�VWDUW�UXQQLQJ�

WKH�PDFKLQH��1H[W��ZDLW�XQWLO�WKH�ILOP�LV�WRUQ�DSDUW�IURP�HDFK�RWKHU�DQG�FROOHFW�WKH�GDWD�IRU�IXUWKHU�

FDOFXODWLRQ��5HSHDWLQJ�WKLV�VWHS�IRU�HDFK�VSHFLPHQ�IURP�DOO�FRQGLWLRQV��DOO�RI�WKH�GDWD�ZLOO�EH�XVHG�

WR�FDOFXODWH�WKH�PRGXOXV�RI�GLIIHUHQW�FRQGLWLRQV� 
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,Q�WKLV�SURFHGXUH��VWUHVV�DQG�VWUDLQ�DUH�XVHG�WR�FDOFXODWH�WKH�YDOXH�RI�<RXQJ¶V�PRGXOXV��6WUHVV�FDQ�

EH�FDOFXODWHG�E\�XVLQJ�WKH�GDWD�RI�H[WHUQDO�WHQVLOH�ORDG�GLYLGHG�E\�WKH�YDOXH�RI�WKH�RULJLQDO�FURVV�

VHFWLRQDO�DUHD�RI�WKH�VSHFLPHQ��(DFK�FRQGLWLRQ�KDV�WKH�VDPH�YDOXH�RI�RULJLQDO�FURVV�VHFWLRQDO�DUHD�

EXW�GLIIHUHQW�H[WHUQDO�WHQVLOH�ORDG�GHSHQGLQJ�RQ�WKH�DPRXQW�RI�DJDU�DQG�JO\FHULQ��)RU�WKH�YDOXH�RI�

VWUDLQ��WKLV�FDQ�EH�LGHQWLILHG�E\�XVLQJ�WKH�RULJLQDO�OHQJWK�RI�WKH�VSHFLPHQ�GLYLGHG�E\�WKH�ILQDO�OHQJWK�

DIWHU� LW�KDV�EHHQ�SXOOHG�DSDUW��%\�FDOFXODWLQJ� WKHVH�YDOXHV��DPRXQW�RI�<RXQJ¶V�PRGXOXV�FDQ�EH�

GHILQHG�E\�XVLQJ�VWUHVV�GLYLGHG�E\�VWUDLQ��� 

,W�FDQ�EH�UHSUHVHQWHG�E\�WKH�HTXDWLRQ�VKRZQ�IROORZLQJ� 

ߪ ൌ � ௉
஺బ

     �VWUHVV� 

ߝ ൌ � ௅೑ି௅బ
௅బ

ൌ � ο௅
௅బ

   �VWUDLQ� 

ܧ������������������� ൌ � ఙ
ఌ
    ���������<RXQJ¶V�PRGXOXV� 

 �VWUHVV  ߪ

 �VWUDLQ  ߝ

ܲ  �H[WHUQDO�WHQVLOH�ORDG 

 ଴  �RULJLQDO�FURVV�VHFWLRQDO�DUHDܣ

 ଴  �RULJLQDO�OHQJWKܮ

 ௙  �ILQDO�OHQJWKܮ

 

 

)LJXUH�����%RQH�VKDSH�PRGHO�IRU�ILOP�PHFKDQLFDO�WHVW� 
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 ,Q�WKLV�FKDSWHU��WKH�UHVXOWV�RI�ILOP�IDEULFDWHG�IURP�3RO\ODFWLF�DFLG��3/$��LQ�HWK\O�DFHWDWH�

VROXEOH��3RO\ODFWLF�DFLG��3/$��V\QWKHVLV�DQG�DJDU�ZLWK�JO\FHULQ�DV�D�SODVWLFL]HU�DUH�SUHVHQWHG��7KH�

ILOP�IDEULFDWLRQ�SDUDPHWHUV��VXFK�DV�WLPH��FRQFHQWUDWLRQ�RI�HDFK�VROXWLRQ�DQG�FRQWDLQHUV�XVHG�IRU�

VWRUHG� IDEULFDWLQJ� ILOP� ZHUH� H[DPLQHG�� 0RUHRYHU�� WKH� UHVXOWV� RI� WKH� *8'�08*� UHDFWLRQ��

IOXRUHVFHQW�LQWHQVLW\�DQG�WHQVLOH�VWUHQJWK�DUH�DOVR�PHQWLRQHG�LQ�WKLV�VHFWLRQ�DV�ZHOO��$GGLWLRQDOO\��

WKH�IOXRUHVFHQW�LQWHQVLW\�IURP�*8'�08*�UHDFWLRQ�LV�PHDVXUHG�ZLWK�GLIIHUHQW�UHDFWLRQ�WLPH�SHULRG���� 

 

����3RO\ODFWLF�DFLG��3/$� 

������7KH�UHVXOW�RI�ILOP�IDEULFDWLRQ�IURP�3RO\ODFWLF�DFLG��3/$� 

7KH�VDPSOH�RI�3/$�GLVVROYHG�LQ�HWK\O�DFHWDWH�VROXWLRQ�ZDV�D�ZKLWH�SRZGHU\�VROLG��

$FFRUGLQJ�WR�LWV�SURSHUWLHV��3/$�XQGHUJRHV�KHDWHG�DW�WKH�WHPSHUDWXUHV�DERYH�LWV�JODVV�WUDQVLWLRQ�

WHPSHUDWXUHV�ZKLFK�FDQ�LQFUHDVH�WKH�VWUHQJWK�RI�3/$��+RZHYHU��WKH�VDPSOH�PLJKW�DOVR�EHFRPH�

EULWWOH�DV�ZHOO��2Q�WKH�FRQWUDU\��VRPH�RI�WKH�UHVXOWV�WXUQ�RXW�WR�EH�WUDQVSDUHQW�ILOP�ZKLFK�UHTXLUHV�

WKH�VROXWLRQ�WR�EH�FRROHG�GRZQ�UDSLGO\�DQG�WKH�OD\HU�RI�WKH�ILOP�VKRXOG�EH�WKLQ�HQRXJK� 

  7R�H[DPLQH�WKH�WKLQ�ILOP�IDEULFDWLRQ�RI�3/$�GLVVROYHG�LQ�HWK\O�DFHWDWH��GLVVROYHG�

3/$�VROXWLRQ�ZDV�SRXULQJ�RQ�GLIIHUHQW�FRQWDLQHUV�LQFOXGLQJ�JODVV�SODWH��EHDNHU��JODVV�SHWUL�GLVK��

SODVWLF�SHWUL�GLVK�DQG�DOXPLQXP�IRLO��'LIIHUHQW�FRQWDLQHUV�SURGXFHG�GLIIHUHQW�WH[WXUHV�DQG�WKLFNQHVV�

RI�WKH�ILOP��7KH�WDEOH����VKRZV�WKH�UHVXOW�RI�ILOP�IDEULFDWLRQ�IURP�3/$�E\�SRXULQJ�RQ�GLIIHUHQW�

FRQWDLQHUV��,W�ZDV�IRXQG�WKDW�GLIIHUHQW�FRQWDLQHUV�DIIHFW�WKH�WH[WXUH�DQG�WKLFNQHVV�RI�WKH�3/$�ILOP��

3RXULQJ�RQ�WKH�JODVV�SODWH��WKH�WH[WXUH�RI�WKH�ILOP�UHVXOWHG�LQ�WKLQ�OD\HU�EHFDXVH�WKH�JODVV�SODWH�SDVV�

WKURXJK� WKH� ZDWHU� DW� URRP� WHPSHUDWXUH� EHIRUH� SRXULQJ� WKH� GLVVROYHG� 3/$� RQ� WKH� JODVV� SODWH��

0RUHRYHU�� WKH�VDPSOH�FRXOG�EH�HDVLO\�SHHOHG�RII�ZLWK� ULQVLQJ�RI� WKH�ZDWHU��)RU� WKH�EHDNHU�� WKH�

GLVVROYHG�3/$�VROXWLRQ�ZDV�SRXULQJ�RQ�WKH�ERWWRP�SDUW�RI�WKH�EHDNHU�UHVXOWHG�LQ�WKLQ�OD\HU�ZKLWH�

SRZGHU\�VROLG��7KH�JODVV�SHWUL�GLVK�DOVR�KDV�VLPLODU�WH[WXUH�RI�ILOP�DV�WKH�EHDNHU��+RZHYHU��WKH�

VDPSOH�SURGXFHG�IURP�WKH�JODVV�SHWUL�GLVK�JDYH�RXW�VOLJKWO\�WKLFNHU�OD\HU�DV�WKH�JODVV�SHWUL�GLVK�KDV�

D�VPDOOHU�VXUIDFH�WR�SRULQJ�WKH�3/$�VROXWLRQ��)RU�WKH�SODVWLF�SHWUL�GLVK��WKLV�FRQWDLQHU�FRXOG�QRW�EH�
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XVHG�EHFDXVH�WKH�HWK\O�DFHWDWH�VROXWLRQ�FDQ�GLVVROYH�WKH�SODVWLF�DV�ZHOO��/DVWO\��WKH�VDPSOH�SURGXFHG�

IURP�WKH�DOXPLQXP�IRLO�FDPH�RXW�DV�D�EULWWOH�ILOP��,Q�VXPPDU\��JODVV�SODWH�DQG�JODVV�SHWUL�GLVK�DUH�

VXLWDEOH�FRQWDLQHU�IRU�IDEULFDWLQJ�WKH�3/$�ILOP�� 

 

7DEOH����9DULRXV�FRQWDLQHUV�XVHG�IRU�ILOP�IDEULFDWLRQ�IURP�3RO\ODFWLF�DFLG��3/$� 

&RQWDLQHU 3URGXFW 

 

 

*ODVV�SODWH 

 

 
 

 

%HDNHU 

 

 
 

 

*ODVV�SHWUL�GLVK 

 

 
 

 

3ODVWLF�SHWUL�GLVK 
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$OXPLQXP�IRLO 

 

 
 

 

 ������*8'�08*�UHDFWLRQ�RI�3RO\ODFWLF�DFLG��3/$��E\�FRDWLQJ�ZLWK�JHODWLQ0ࣆ�����

08* 

  7KH�SURGXFW�ZDV�VSOLW�LQWR���FDWHJRULHV�ZKLFK�DUH��08�DQG�08*�DQG�JHODWLQ�PL[HG�

ZLWK�08*�DQG��08��7KH�JHODWLQ�LV�XVHG�WR�HQKDQFH�WKH�DEVRUEDELOLW\�DELOLW\�RI�WKH�ILOP�DV�WKH�

JHODWLQ�KDV�D�JUHDW�SURSHUW\�RI�DEVRUELQJ�ZDWHU��0RUHRYHU��WKH�ILOP�FRDWHG�ZLWK��08��JHODWLQ�PL[HG�

ZLWK��08�ZHUH�WKH�FRQWURO�JURXS�RI�WKLV�H[SHULPHQW��$IWHU�ZH�REVHUYHG�WKH�UHVXOW�VDPSOHV�XQGHU�

WKH�89�OLJKW��WKH�VDPSOHV�FRDWHG�ZLWK��08�DQG�08*�VKRZHG�VRPH�IOXRUHVFHQFH��+RZHYHU��IRU�

WKH�VDPSOHV�FRDWHG�ZLWK�JHODWLQ�PL[HG�ZLWK��08�DQG�08*�VKRZHG�PRUH�IOXRUHVFHQFH�DV�VKRZQ�

LQ�WDEOH����7KLV�LV�EHFDXVH�JHODWLQ�FDQ�DEVRUE�PRUH�ZDWHU��7KH�H[SHULPHQW�ZDV�DOVR�FRQGXFWHG�RQ�

WKH�ILOP�SURGXFHG�IURP�JODVV�SHWUL�GLVK�DQG�JODVV�SODWH��/RRNLQJ�LQWR�WKH�UHVXOW�RI�WKH�ILOP�SURGXFHG�

IURP�WKHVH�WZR�FRQWDLQHUV��WKLQQHU�WH[WXUH�ILOP�SURGXFHG�E\�SRXULQJ�RQ�JODVV�SODWH�VKRZHG�PRUH�

IOXRUHVFHQFH� SURGXFW� FRPSDUHG� WR� WKH� ILOP� SURGXFHG� E\� SRXULQJ� RQ� JODVV� SHWUL� GLVK�� :KLOH�

REVHUYLQJ�WKH�IOXRUHVFHQFH�UHVXOW��WKHUH�DUH�VRPH�H[FHVV�VROXWLRQV�RQ�WRS�RI�WKH�ILOP�VR�,�GHFLGHG�

WR�REVHUYH� WKH� IOXRUHVFHQFH� UHVXOW� IURP� WKH�H[FHVV� VROXWLRQ�DV�ZHOO��$IWHU�REVHUYLQJ� WKH�H[FHVV�

VROXWLRQ�XQGHU�WKH�89�OLJKW��LW�VKRZHG�VRPH�IOXRUHVFHQFH�DV�VKRZQ�LQ�WDEOH����7KLV�LQGLFDWHV�WKDW�

VRPH�RI�WKH�08*�VROXWLRQ�OHDNHG�RXW�IURP�WKH�ILOP�DQG�*8'�08*�UHDFWLRQ�RFFXUUHG�RXWVLGH�WKH�

VXUIDFH�RI�3/$�ILOP�� 
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7DEOH����*8'�08*�UHDFWLRQ�RI�3RO\ODFWLF�DFLG��3/$��ILOP 

&RQGLWLRQ 3URGXFW 

 

 

3URGXFW�RI�3/$�ILOP�SURGXFHG�IURP 

JODVV�SHWUL�GLVK 

 

 
 

 

3URGXFW�RI�3/$�ILOP�SURGXFHG�IURP� 

JODVV�SODWH 

 

 
 

 

([FHVV�VROXWLRQ�LQFOXGLQJ�08*�OHDNHG�RXW�

IURP�WKH�ILOP 

 

 
 

����3RO\ODFWLF�DFLG��3/$��V\QWKHVLV�E\�PLFURZDYLQJ�WHFKQLTXH 

 ������)LOP�IDEULFDWLRQ�IURP�3RO\ODFWLF�DFLG��3/$��V\QWKHVLV�E\�PLFURZDYLQJ�

WHFKQLTXH 

  7KH�ILOP�IDEULFDWLRQ�IURP�3RO\ODFWLF�DFLG� �3/$��V\QWKHVLV�E\�XVHG�PLFURZDYLQJ�

WHFKQLTXHV�IRU�FRQGHQVH�WKH�ODFWLF�DFLG�WR�SRO\PHUL]H�WKH�3/$��7KH�VDPSOH¶V�FRQVLVWHQF\�EHFDPH�

PRUH�VROLGLILHG�DQG�YLVFRXV�WKDQ�LWV�W\SLFDO�WH[WXUH�DIWHU�LW�SODFHG�LQWR���Ԩ�RYHQ�IRU���KRXU�DQG����

This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use



   ϯϮ 
 

PLQXWHV�DV�VKRZQ�LQ�WKH�ILJXUH�����(YHQ�WKRXJK�WKH�VDPSOH�ZDV�SUHSDUHG�DW�D�KLJK�WHPSHUDWXUH��LW�

KDG�WR�EH�FRROHG�GRZQ�WR�WKH�URRP�WHPSHUDWXUH�EHIRUH�XVH��+RZHYHU��WKH�3/$�V\QWKHVLV�VDPSOH�

DIWHU�DQQHDOHG�ZDV�VWLFN\�DQG�FRXOG�QRW�UHPRYH�IURP�WKH�SDSHU�� 

 

)LJXUH�����3/$�V\QWKHVLV�DIWHU�DQQHDOHG�ZDV�VWLFN\�DQG�FRXOG�QRW�UHPRYH�IURP�SDSHU 

  

 ������*8'�08*�UHDFWLRQ�RI�3RO\ODFWLF�DFLG��3/$��V\QWKHVLV�E\�PLFURZDYLQJ�

WHFKQLTXH 

  7KH� SURGXFW� ZDV� VHSDUDWH� LQWR� �� FDWHJRULHV� ZKLFK� ZHUH� WKH� SURGXFW� ZLWKRXW�

DGMXVWLQJ�S+��ZKLFK�ZDV�LQ�S+�RI���DQG�WKH�SURGXFW�WKDW�DGMXVW�WKH�S+�WR����)RU�WKH�ILUVW�SURGXFW�

ZLWK�S+�RI����QR�IOXRUHVFHQFH�ZDV�REVHUYHG�XQGHU�89�OLJKW�DV�VKRZQ�LQ�WKH�ILJXUH�����7KLV�FRXOG�

EH�GXH�WR�WKH�ORZHU�S+�RI�WKH�VDPSOH�DIIHFWV�WKH�UHDFWLRQ�RI�*8'��7KH�VXLWDEOH�S+�IRU�*8'�08*�

UHDFWLRQ�LV�W\SLFDOO\�EHWZHHQ�����WR������DQG�WKH�S+�EHORZ�RU�DERYH�WKLV�UDQJH�UHGXFHV�WKH�UHDFWLRQ�

UDWH�DQG�IOXRUHVFHQW�LQWHQVLW\�>��@��7KHUHIRUH��WKH�SURGXFW�ZLWK�S+�RI���LQGLFDWHV�PRUH�IOXRUHVFHQFH�

SURGXFW�DIWHU�REVHUYHG�XQGHU�WKH�89�OLJKW�DV�VKRZQ�LQ�ILJXUH�����,Q�VXPPDU\��WKH�ILOP�IDEULFDWLRQ�

IURP� 3/$� V\QWKHVLV� E\� PLFURZDYLQJ� WHFKQLTXH� ZDV� QRW� VXLWDEOH� IRU� (�� FROL� GHWHFWLRQ� ILOP�

IDEULFDWLRQ�DFFRUGLQJ�WR�WKH�UHVXOW�RI�YHU\�ORZ�IOXRUHVFHQW�SURGXFW�RI��08� 
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)LJXUH�����)OXRUHVFHQFH�SURGXFW�IURP�WKH�ILOP�ZLWK�S+�� 

 

)LJXUH�����)OXRUHVFHQFH�SURGXFW�IURP�WKH�ILOP�ZLWK�S+�� 

 

����$JDU�*O\FHULQ 

������)LOP�IDEULFDWLRQ�IURP�DJDU�JO\FHULQ 

  7KH�ILOP�IDEULFDWHG�IURP�PHGLXP�UDQJH�FRQFHQWUDWLRQ�RI�DJDU�DQG�XVHG�JO\FHULQ�

DV�D�SODVWLFL]HU�RI�DOO���FRQGLWLRQV��7DEOH����VKRZ�D�VLPLODU�WH[WXUH�DQG�WKLFNQHVV�DV�VKRZQ�LQ�

WDEOH����7KH�ILOP�IDEULFDWHG�IURP�PHGLXP�UDQJH�FRQFHQWUDWLRQ�YLVXDOL]HG�LQ�WKLQ�WUDQVSDUHQW�ILOP�

ZLWK�VRPH�VWUHQJWK��7R�LQYHVWLJDWH�WKH�EHVW�FRQGLWLRQ�IRU�(��FROL�GHWHFWLRQ�ILOP�IDEULFDWLRQ��

PHDVXULQJ�WHQVLOH�VWUHQJWK�DQG�IOXRUHVFHQW�LQWHQVLW\�RI�HDFK�FRQGLWLRQ�ZHUH�UHTXLUHG�� 

7DEOH�������P/�RI�0HGLXP�UDQJH�VROXWLRQ�FRQFHQWUDWLRQ 

&RQGLWLRQ $JDU *O\FHULQ 08* 'LVWLOOHG�ZDWHU 

� ����J �����P/ ܯߤ��������P/ �����P/ 

� ����J ������P/ ܯߤ��������P/ ������P/ 

� ����J ������P/ ܯߤ��������P/ ������P/ 
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7DEOH����)LOP�IDEULFDWLRQ�IURP����P/�RI�PHGLXP�UDQJH�VROXWLRQ�FRQFHQWUDWLRQ 

&RQGLWLRQ 3URGXFW 

 

 

� 

 

 
 

 

� 

 

 
 

 

� 

 

 
 

 

 ������)OXRUHVFHQW�LQWHQVLW\�RI�$JDU�*O\FHULQ�ILOP 

  7KH�UHVXOWHG�SURGXFW�IURP�HDFK�FRQGLWLRQ�XQGHU�WKH�PHGLXP�UDQJH�FRQFHQWUDWLRQ�

ZHUH�REVHUYHG�XQGHU�WKH�89�OLJKW�DQG�PHDVXUHG�WKH�IOXRUHVFHQW�LQWHQVLW\�LQ�0$7/$%�SURJUDP��

7KH�UHVXOW�RI�DOO���FRQGLWLRQV�DV�VKRZQ�LQ� WKH� WDEOH�������DQG����� UHVSHFWLYHO\��7KH�IOXRUHVFHQW�

LQWHQVLW\�ZHUH�JHWWLQJ�RQ�WKH�ILOP�WKDW�UHPRYHG�H[FHVV�*8'�VROXWLRQ�DQG�WKH�08*�VROXWLRQ�OHDNHG�

RXW� IURP�WKH�ILOP��7KH�H[FHVV�VROXWLRQ�RQ� WRS�RI� WKH�ILOP�ZDV�DOVR�PHDVXUHG�DV�ZHOO� WR�HQVXUH�

ZKHWKHU�WKH�08*�VROXWLRQ�ZDV�OHDNHG�RXW�IURP�WKH�ILOP�RU�QRW��/RRNLQJ�LQWR�WKH�JUDSK�FRPSDULQJ�

DOO���FRQGLWLRQV�DV�VKRZQ�LQ�WKH�ILJXUH�����WKH�UHVXOWV�RI�IOXRUHVFHQW�LQWHQVLW\�SURGXFW�VKRZHG�WKDW�

FRQGLWLRQ���KDV�WKH�KLJKHVW�IOXRUHVFHQW�LQWHQVLW\�FRPSDULQJ�WR�WKH�RWKHU���FRQGLWLRQV��0RUHRYHU��
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WKH�IOXRUHVFHQFH�LQWHQVLW\�RI�FRQGLWLRQ���DQG���VHHP�WR�EH�IOXFWXDWHG�DW�UHDFWLRQ�WLPH�PRUH�WKDQ����

PLQXWHV��+RZHYHU��WKH�IOXRUHVFHQW�SURGXFW�RI�FRQGLWLRQ���DQG���VKRZ�WKH�VLPLODU�LQWHQVLW\�DV�VKRZQ�

IURP�WKH�JUDSK�LQ�ILJXUH���� 

7DEOH����)OXRUHVFHQFH�LQWHQVLW\�PHDVXUHG�IURP�FRQGLWLRQ�� 

 

&RQGLWLRQ�� 

)OXRUHVFHQFH�

UHVXOW�RFFXU�RQ�WKH�

ILOP 

)OXRUHVFHQFH�IURP�

08*�OHDNHG�IURP�

WKH�ILOP 

 

,QWHQVLW\ 

 

 

 

��PLQXWHV 
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���PLQXWHV 

 

 
 

 

 

 

 

 

������ 

 

 

 

���PLQXWHV 
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���PLQXWHV 
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7DEOH�����)OXRUHVFHQFH�LQWHQVLW\�PHDVXUHG�IURP�FRQGLWLRQ�� 

 

&RQGLWLRQ�� 

)OXRUHVFHQFH�

UHVXOW�RFFXU�RQ�WKH�

ILOP 

)OXRUHVFHQFH�IURP�

08*�OHDNHG�IURP�

WKH�ILOP 

 

,QWHQVLW\ 

 

 

 

��PLQXWHV 

 

 

 

 

 

 

 

 

 

������ 

 

 

 

���PLQXWHV 

 

 

 

 

 

 

 

������ 

 

 

 

���PLQXWHV 
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���PLQXWHV 
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7DEOH�����)OXRUHVFHQFH�LQWHQVLW\�PHDVXUHG�IURP�FRQGLWLRQ�� 

 

&RQGLWLRQ�� 

)OXRUHVFHQFH�

UHVXOW�RFFXU�RQ�WKH�

ILOP 

)OXRUHVFHQFH�IURP�

08*�OHDNHG�IURP�

WKH�ILOP 

 

,QWHQVLW\ 

 

 

 

��PLQXWHV 

 

 

 

 

 

 

 

 

 

������ 

 

 

 

���PLQXWHV 
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���PLQXWHV 
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)LJXUH�����)OXRUHVFHQW�LQWHQVLW\�RI�WKH�ILOP�WKDW�UHPRYHG�H[FHVV�VROXWLRQ 

 

)LJXUH�����)OXRUHVFHQW�LQWHQVLW\�RI�08*�OHDNHG�RXW�IURP�WKH�ILOP 

������7HQVLOH�VWUHQJWK�RI�$JDU�*O\FHULQ�ILOP 

  7KH�GDWD�FROOHFWHG�IURP�WKH�WHQVLOH�VWUHQJWK�PDFKLQH�RI�DOO���FRQGLWLRQV�XQGHU�WKH�

PHGLXP�UDQJH�FRQFHQWUDWLRQ�ZHUH�JUDSKLFDOO\�SORWWHG�DV�VKRZQ�WKH�ILJXUH�����&RQGLWLRQ���KDV�WKH�

KLJKHVW�VWUHQJWK�DPRQJ���FRQGLWLRQV�ZKLFK�WKH�ILQDO�GLVSODFHPHQW�DIWHU�SXOOHG�E\�WKH�PDFKLQH�RI�

FRQGLWLRQ���LV�������PP��$V�WKLV�FRQGLWLRQ�KDV�WKH�KLJKHVW�DPRXQW�RI�DJDU�DQG�ORZHVW�FRQFHQWUDWLRQ�

RI�JO\FHULQ��)RU� WKH�FRQGLWLRQ��� VKRZQ� LQ� WKH� ILJXUH����� WKLV� FRQGLWLRQ�KDV� WKH� ORZHVW� VWUHQJWK�

DPRQJ���FRQGLWLRQV�ZKLFK�WKH�ILQDO�GLVSODFHPHQW�DIWHU�SXOOHG�E\�WKH�PDFKLQH�RI�FRQGLWLRQ���LV������

PP��7KLV� LV� EHFDXVH� FRQGLWLRQ���KDV� WKH� ORZHVW� FRQFHQWUDWLRQ�RI� DJDU��/DVWO\� LQ� WKH� ILJXUH�����

FRQGLWLRQ���KDV�WKH�KLJKHVW�HODVWLFLW\�DPRQJ���FRQGLWLRQV�ZKLFK�WKH�ILQDO�GLVSODFHPHQW�DIWHU�SXOOHG�

E\�WKH�PDFKLQH�LV�������PP��7KLV�LV�EHFDXVH�FRQGLWLRQ���FRQWDLQ�KLJKHVW�DPRXQW�RI�ERWK�DJDU�DQG�

JO\FHULQ�� 
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)LJXUH�����7HQVLOH�VWUHQJWK�JUDSK�RI�FRQGLWLRQ�� 

 

)LJXUH�����7HQVLOH�VWUHQJWK�JUDSK�RI�FRQGLWLRQ�� 

 

)LJXUH�����7HQVLOH�VWUHQJWK�RI�FRQGLWLRQ�� 

 

 7KH�YDOXH�RI�VWUHVV��VWUDLQ�DQG�<RXQJ¶V�PRGXOXV�RI�DOO���FRQGLWLRQV�ZHUH�DOVR�FDOFXODWHG�DV�

ZHOO��7KH�WHQVLOH�VWUHQJWK�PDFKLQH�ZDV�VHW�WR�FROOHFW����GDWD�SHU���VHFRQG�ZKLFK�PHDQV�WKDW�WKHUH�

ZHUH�PRUH�WKDQ�����GDWD�FROOHFWHG�IURP�HDFK�FRQGLWLRQ��7KH�HTXDWLRQ�EHORZ�ZDV�XVHG�WR�FDOFXODWH�

WKH�YDOXH�RI� VWUHVV�� VWUDLQ�DQG�<RXQJ¶V�PRGXOXV� RQ�RI�(;&(/�SURJUDP��7KH�<RXQJ¶V�PRGXOXV�
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YDOXHV�ZHUH�FDOFXODWHG�E\�XVLQJ�WKH�YDOXH�RI�PD[LPXP�VWUHVV�GLYLGHG�E\�PD[LPXP�VWUDLQ��7KH�

YDOXH�RI�<RXQJ¶V�PRGXOXV�RI�DOO�FRQGLWLRQV�ZHUH����������������DQG���������UHVSHFWLYHO\�� 

<RXQJ¶V�PRGXOXV�FDOFXODWLRQ�E\�XVLQJ�PD[LPXP�VWUHVV�DQG�VWUDLQ� 

 

 &RPSDULQJ� DOO� GDWD� IURP� HDFK� FRQGLWLRQ�� WKH� FRQGLWLRQ� �� VKRZHG� WKH� KLJKHVW� YDOXHV� RI�

<RXQJ¶V�PRGXOXV�DQG�VWUHQJWK��(YHQ�WKRXJK��WKH�ILQDO�GLVSODFHPHQW�RI�FRQGLWLRQ���LV�������PP�

ZKLFK�ZDV�VOLJKWO\�KLJKHU�WKDQ�FRQGLWLRQ���EXW� WKH�YDOXH�RI�<RXQJ¶V�PRGXOXV�RI�FRQGLWLRQ���LV�

KLJKHU��0RUHRYHU��FRQGLWLRQ���VKRZHG�WKH�ORZHVW�VWUHQJWK�DFFRUGLQJ�WR�LWV�ILQDO�GLVSODFHPHQW�DQG�

<RXQJ¶V�PRGXOXV�YDOXH�ZKLFK�ZHUH�ORZHU�WKDQ�WKH�RWKHU���FRQGLWLRQV� 
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,Q�FKDSWHU����WKH�UHVXOWV�UHODWHG�WR�WKLV�UHVHDUFK�ZDV�VXPPDUL]HG��7KH�VXLWDEOH�SRO\PHU�DQG�SURFHVV�

RI�ILOP�IDEULFDWLRQ�ZDV�FDOFXODWHG��DORQJ�ZLWK�WKH�IDFWRUV�ZKLFK�DIIHFW� WKH�ILOP�SURSHUWLHV��7KLV�

FRQFOXVLRQ� VXPPDUL]HG� WKH� UHVXOW� UHODWHG� WR� WKH� REMHFWLYHV� RI� WKLV� UHVHDUFK�� DORQJ� ZLWK� WKH�

UHFRPPHQGDWLRQ�IRU�WKH�LPSURYHPHQW�� 

 

����7KH�(��FROL�GHWHFWLRQ�ILOP�IDEULFDWHG 

 $FFRUGLQJ� WR� WKH� UHVXOWV� RI� 3/$� GLVVROYHG� LQ� HWK\O� DFHWDWH� DQG� 3/$� V\QWKHVLV� E\�

PLFURZDYLQJ� WHFKQLTXHV� VKRZHG� WKDW� WKLV� SRO\PHU�ZDV� QRW� VXLWDEOH� IRU�(�� FROL� GHWHFWLRQ� ILOP�

IDEULFDWLRQ��7KLV�LV�EHFDXVH�WKH�ILOP�IDEULFDWHG�IURP�3/$�DSSHDUHG�LQ�D�WKLQ�ZKLWH�SRZGHU\�VROLG�

ZKLFK�WKH�ILOP�VKRXOG�EH�FOHDU�WUDQVSDUHQW�ILOP��)RU�WKH�UHVXOW�RI�ILOP�IDEULFDWLRQ�RI�3/$�V\QWKHVLV�

E\� PLFURZDYLQJ� WHFKQLTXHV� LQGLFDWHG� WKDW� HYHQ� WKRXJK� WKH� ILOP� ZDV� SUHSDUHG� ZLWK� KLJK�

WHPSHUDWXUH��WKH�VROXWLRQ�FRPLQJ�RXW�DV�VWLFN\�VROXWLRQ�ZKLFK�FDQQRW�EH�UHPRYHG�IURP�WKH�SDSHU��

,Q� WKLV� H[SHULPHQW�� WKH� PHGLXP� UDQJH� FRQFHQWUDWLRQ� RI� $JDU�*O\FHULQ� DW� ZDV� WKH� RSWLPDO�

ELRSRO\PHU� IRU� ILOP� IDEULFDWLRQ�� DV� REVHUYHG� IURP� WKH� UHVXOWV� LQ� WDEOH� ��� )XUWKHUPRUH�� WKH�

H[SHULPHQWV�GHWDLOHG�LQ�WDEOH�������DQG����SURYLGH�VXSSRUW�IRU�WKH�FRQFOXVLRQ�WKDW�(��FROL�GHWHFWLRQ�

ILOP�FDQ�EH�IDEULFDWHG�IURP�$JDU�*O\FHULQ�� 

����7KH�RSWLPDO�UDWLR�IRU�(��FROL�GHWHFWLRQ�ILOP�IDEULFDWLRQ�IURP�$JDU�*O\FHULQ 

 ,Q�WKLV�H[SHULPHQW��WKHUH�ZDV���FRQGLWLRQV�LQ�PHGLXP�UDQJH�FRQFHQWUDWLRQ�RI�$JDU�*O\FHULQ�

DV�VKRZQ�LQ�WDEOH����%DVHG�RQ�WKHVH�UHVXOWV��WKH�IORUHVFHQW�LQWHQVLW\�IURP�HDFK�FRQGLWLRQV�VKRZHG�

WKDW�FRQGLWLRQ���KDV�WKH�KLJKHVW�IOXRUHVFHQW�LQWHQVLW\�FRPSDULQJ�WR�WKH�RWKHU���FRQGLWLRQV��7KH�UHVXOW�

RI�WHQVLOH�VWUHQJWK�RI�$JDU�JO\FHULQ�ILOP�DOVR�SURYLGH�VXSSRUW�WR�WKLV�FRQFOXVLRQ�DV�ZHOO��7KLV�LV�

EHFDXVH� FRQGLWLRQ� �� VKRZHG� WKH� KLJKHVW� WHQVLOH� VWUHQJWK� DPRQJ� �� FRQGLWLRQV� ZKLFK� WKH� ILQDO�

GLVSODFHPHQW� DIWHU� SXOOHG� E\� WKH�PDFKLQH� RI� FRQGLWLRQ� �� LV� ������PP��(YHQ� WKRXJK�� WKH� ILQDO�

GLVSODFHPHQW�RI�FRQGLWLRQ���LV�������PP�WKH�YDOXH�RI�<RXQJ¶V�PRGXOXV�JHWWLQJ�IURP�FRQGLWLRQ���

ZKLFK�LV���������LV�KLJKHVW�DPRQJ���FRQGLWLRQV�� 
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 )URP�WKH�UHVXOWV�DQG�H[SHULPHQWV�RI�IDEULFDWLQJ�WKH�(��FROL�GHWHFWLRQ�ILOP�E\�$JDU�*O\FHULQ��

,Q� DFFRUGDQFH� ZLWK� WKH� UHVXOWV� RI� IOXRUHVFHQW� LQWHQVLW\� DQG� PHFKDQLFDO� SURSHUWLHV� RI� WKH� ILOP�

IDEULFDWHG� IURP�$JDU�*O\FHULQ�� 7KH� RSWLPDO� UDWLR� IRU� (�� FROL� GHWHFWLRQ� ILOP� IDEULFDWLRQ� ZDV�

FRQGLWLRQ���IURP�PHGLXP�UDQJH�FRQFHQWUDWLRQ�RI�$JDU�*O\FHULQ�DW�����J�DJDU�DQG������P/�JO\FHULQ�

LQ����P/�WRWDO�VROXWLRQ� 

 

����6XJJHVWLRQV 

 )RU�WKH�VXJJHVWLRQV�WR�HQKDQFH�WKH�SURSHUWLHV�RI�WKH�(��FROL�ILOP�LQYROYH�WKH�SURFHVV�RI�ILOP�

IDEULFDWLRQ�DQG�*8'�08*�UHDFWLRQ��'XULQJ�WKH�SURFHVV�RI�ILOP�IDEULFDWLRQ��GU\LQJ�WKH�VROXWLRQ�

LQVLGH� WKH� ��Ԩ� RYHQ� LV� LPSRUWDQW� LQ� RUGHU� WR� SUHYHQW� DQ\� FRQWDPLQDWLRQ� WR�RFFXU� RQ� WKH� ILOP��

$QRWKHU�VXJJHVWLRQ�LV�WR�LQYHVWLJDWLQJ�PRUH�DERXW�FKHPLFDO�IXQFWLRQDO�JURXS�WR�WUDS�08*�VWRULQJ�

LQ�WKH�ILOP��� 
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