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$GVRUSWLYH�5HPRYDO�RI�&V�,��IURP�:DWHU�E\�8VLQJ�3HUVLPPRQ�
7DQQLQ�,PSUHJQDWHG�=HROLWH�

+DUL�3DXG\DO� �%LPDOD�3DQJHQL��DQG��.DWVXWRVKL�,QRXH�

��&HQWUDO�'HSDUWPHQW�RI�&KHPLVWU\��7ULEKXYDQ�8QLYHUVLW\��.LUWLSXU�.DWKPDQGX��1HSDO�
��'HSDUWPHQW�RI�%RWDQ\��7ULFKDQGUD�0XOWLSOH�&DPSXV��7ULEKXYDQ�8QLYHUVLW\��.DWKPDQGX��1HSDO�

�'HSDUWPHQW�RI�$SSOLHG�&KHPLVWU\��6DJD�8QLYHUVLW\��+RQMR����6DJD�����������-DSDQ�
(�PDLO��KSDXG\DO#FGFWX�HGX�QS�

$EVWUDFW�

,Q� WKH� SUHVHQW� ZRUN�� WKH� SUHVHQFH� RI� H[FKDQJHDEOH� FDWLRQ� LQ� ]HROLWH� DQG� SRO\K\GUR[\� JURXSV� LQ�
SHUVLPPRQ�WDQQLQ�ZHUH�XWLOL]HG�IRU�WKH�DGVRUSWLRQ�RI�&V�,��XVLQJ�SHUVLPPRQ�WDQQLQ�LPSUHJQDWHG�]HROLWH�
DEEUHYLDWHG� KHUHDIWHU� DV� 37,=�� %DWFK� H[SHULPHQWV� ZHUH� FRQGXFWHG� WR� GHWHUPLQH� WKH� ELQGLQJ� DELOLW\� RI�
37,=�IRU�WKH�&V�,��LRQ��7KH�EHVW�&V�,��UHPRYDO�UHVXOWV�ZDV�REWDLQHG�ZKHQ�S+�RI�WKH�VROXWLRQ�ZDV�DGMXVWHG�
KLJKHU� WKDQ� ��� 7KH� UDWH� RI� &V�,�� XSWDNH� E\� 37,=� ZDV� IDVW� DW� WKH� EHJLQQLQJ� DQG� UHDFKHG� DGVRUSWLRQ�
HTXLOLEULXP�ZLWKLQ��K��0D[LPXP�XSWDNH�FDSDFLW\�DQG�/DQJPXLU�HTXLOLEULXP�FRQVWDQW�ZHUH� IRXQG� WR�EH�
�����PPRO�J�DQG������/�PPR/��UHVSHFWLYHO\��7KH�UHPRYDO�&V�,��E\�37,=�LV�LQIHUUHG�WR�EH�LRQ�H[FKDQJH�DV�
ZHOO� DV� FKHODWLRQ� PHFKDQLVP�� 7KH� FRPSOHWH� RU� ����� UHPRYDO� RI� &V�,�� IURP� ZDWHU� ZDV� VXFFHVVIXOO\�
DFKLHYHG�E\�XVLQJ�VPDOO�DPRXQW�RI�37,=��7KXV��WKH�37,=�FDQ�EH�H[SHFWHG�WR�EH�D�SURPLVLQJ�DGVRUEHQW�IRU�
WKH�WUHDWPHQW�RI�HIIOXHQW�FRQWDLQLQJ�WUDFH�DPRXQW�RI�&V�,��IURP�ZDWHU���

.H\�ZRUGV��=HROLWH��3HUVLPPRQ�WDQQLQ��,PSUHJQDWLRQ��5DGLRQXFOLGH��$GVRUSWLRQ��&V�,��UHPRYDO�

,QWURGXFWLRQ�

7KH�UDGLRDFWLYH�PDWHULDOV�DUH�H[WHQVLYHO\�XVHG�LQ�YDULRXV�LQGXVWULDO�DQG�UHVHDUFK�DFWLYLWLHV�IRU�PHGLFDO��
PLOLWDU\�� HQHUJ\� SURGXFWLRQ� DQG� LQ� YDULRXV� RWKHU� DUHDV��'XULQJ� WKH� SURGXFWLRQ� DQG� DSSOLFDWLRQ�RI� WKHVH�
PDWHULDOV�� UDGLRDFWLYH�FRQWDPLQDWLRQ�FRXOG�EH�EURXJKW�DERXW�GXH� WR�DEXQGDQW�XQ�UHDFWHG�QXFOLGHV� LQ� WKH�
UDGLRDFWLYH�HIIOXHQWV���7KH�WUHDWPHQWV�RI�VXFK�UDGLRDFWLYH�HIIOXHQWV�UHTXLUH�FRQFHQWUDWLRQ�RI�WKH�GLVVROYHG�
PHWDO�LRQV�IROORZHG�E\�UHFRYHU\�DQG�VHFXUH�GLVSRVDO��7KH�&V�,��LV�WKH�UDUHVW�RI�WKH�DONDOL�PHWDOV�KDV�OLWWOH�
HFRQRPLF�YDOXH�DQG�QR�HVVHQWLDO�ELRORJLFDO�UROH��+RZHYHU��QXFOHDU�WHFKQRORJ\�KDV�UHVXOWHG�LQ�WKH�UHOHDVH�
RI�ODUJH�DPRXQW�RI�UDGLRDFWLYH�LVRWRSHV�����&V�DQG����&V��RI�&V�,��LQWR�WKH�HQYLURQPHQW���7KH����&V�LV�PRVW�
LPSRUWDQW�UDGLRQXFOLGH�SUHVHQW�LQ�ODUJH�YROXPHV�LQ�OLTXLG�UDGLRDFWLYH�ZDVWHV������&V�KDV�EHHQ�D�PDWWHU�RI�
VHULRXV� FRQFHUQ� EHFDXVH� RI� LWV� UHODWLYHO\� ORQJ� UDGLRDFWLYH� KDOI�OLIH� �W����  � a��� \HDU��� KLJKO\� SHQHWUDWLQJ�
SRZHU�DQG�KLJKHU�ZDWHU�VROXELOLW\������7KXV��KD]DUGRXV�TXDQWLWLHV�RI����&V�ZLOO�UHPDLQ�LQ�WKH�HQYLURQPHQW�
IRU�FHQWXULHV��7KH� OLYLQJ�RUJDQLVPV�HDVLO\�DEVRUE� ���&V�DQG�UHSODFLQJ� LW� IRU�KDUPOHVV�.�,��RU�1D�,�� LRQ��
7KXV�� WKH�QXFOHDU� LQGXVWU\� LV� FXUUHQWO\� IDFHG�ZLWK� LQFUHDVLQJ� FRQFHUQ� DQG� DQ[LHW\�RYHU� WKH� UDGLRORJLFDO�
KD]DUGV�WR�WKH�KXPDQ�EHLQJV���,Q�WKLV�UHJDUG��DQ�HIIHFWLYH�WUHDWPHQW�V\VWHP�LV�UHTXLUHG�IRU�WKH�UHPRYDO�RI�
&V�,��IURP�DTXHRXV�UDGLRWR[LF�QXFOLGHV��7KLV�W\SH�RI�OLTXLG�ZDVWHV�FRXOG�EH�WUHDWHG�XVLQJ�VROLG�DGVRUEHQWV��
OLNH� ]HROLWHV�� FOD\�PLQHUDOV� DQG� V\QWKHWLF� LQRUJDQLF� LRQ� H[FKDQJHUV�� FRQFHQWUDWLQJ� WKH� UDGLRQXFOLGHV� LQ�
VPDOO�YROXPHV�RI�VROLG�ZDVWHV������

�&RUUHVSRQGLQJ�DXWKRU�
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&KHPLFDO�SUHFLSLWDWLRQ��HYDSRUDWLRQ�DQG�LRQ�H[FKDQJH�DUH�VRPH�RI�WKH�SURFHVVHV�XVHG�IRU�WKH�UHPRYDO�
RI� &V�,�� IURP� DTXHRXV� VROXWLRQV� RI� ORZ� DQG� LQWHUPHGLDWH� OHYHO� EHIRUH� EHLQJ� GLVFKDUJHG� WR� WKH�
HQYLURQPHQW��$PRQJ�WKHVH�SURFHVVHV��LRQ�H[FKDQJH�DSSHDUV�WR�EH�WKH�PRVW�HIIHFWLYH�WR�FRQWURO�UDGLRDFWLYH�
ZDVWHV��� ,RQ� H[FKDQJH� LV� D� UHODWLYHO\� VLPSOH� WHFKQRORJ\� XVHG� WR� UHPRYH� KD]DUGRXV� LRQV� IURP� DTXHRXV�
VROXWLRQV�ZKLFK�KDV�KLJK�DIILQLW\�IRU�WKH�LRQ�WR�EH�UHPRYHG���7KLV�SURFHVV�KDV�EHHQ�ZLGHO\�VWXGLHG�IRU�WKH�
UHPRYDO�RI�UDGLRDFWLYH�HOHPHQWV�IURP�DONDOLQH�ZDVWHV�DQG�VRPHWLPHV�IURP�DFLG�UDGLRDFWLYH�ZDVWHV��7KH�
QDWXUH�RI�QRQ�UDGLRDFWLYH�LVRWRSHV�RI�&V�,��LV�VLPLODU�WR�WKH�UDGLRDFWLYH�LVRWRSHV��7KH\�H[LVW�DV�PRQRYDOHQW�
FHVLXP� LQ� DTXHRXV� VROXWLRQ� DQG� SRVVHVV� VLPLODU� FKHPLFDO� SURSHUWLHV� VR� WKDW� QRQ� UDGLRDFWLYH� LVRWRSH� RI�
&V�,��ZDV�VWXG\�LQ�WKLV�FDVH�DQG�H[SHFWHG�WR�EH�HPSOR\HG�IRU�WKH�WUHDWPHQW�RI�ZDWHU�FRQWDPLQDWHG�ZLWK�
UDGLRDFWLYH�FHVLXP�IURP�ZDWHU����

,Q� WKH� UHFHQW� \HDUV�� WKH� XVH� RI� QDWXUDO� ]HROLWHV� IRU� WKH� WUHDWPHQW� RI� UDGLRDFWLYH�ZDVWH� KDV� LQFUHDVHG�
EHFDXVH�WKH\�DUH�FRQVLGHUHG�DV�SRWHQWLDO�DGVRUEHQWV�GXH�WR�WKHLU�KLJK�FDWLRQ�H[FKDQJH�FDSDFLWLHV�DQG�ORZ�
FRVW�� 7KH� FRPPHUFLDO� LRQ� H[FKDQJH� UHVLQ� FRQWDLQLQJ� SKHQROLF�PRLHWLHV� DUH� SRSXODU� IRU� WKH� UHPRYDO� RI�
&V�,�� LRQ� IURP� DTXHRXV� VROXWLRQ���� ���� 7KH� SHUVLPPRQ� ZDVWH� FRQWDLQLQJ� SRO\SKHQROLF� FRPSRXQGV� OLNH�
WDQQLQ� LV�YHU\�HIIHFWLYH�IRU� WKH� UHPRYDO�RI� UDGLRDFWLYH�PHWDOV�VXFK�DV�XUDQLXP�DQG� WKRULXP����)URP�WKH�
OLWHUDWXUH�� WKH� SRO\SKHQRO� ULFK� ZDVWH� PDWHULDO� VXFK� DV� SHUVLPPRQ� ZDVWH�� SHUVLPPRQ� WDQQLQ�� ZDVWH� WHD�
OHDYHV�ZHUH�GHPRQVWUDWHG�WR�EH�HIIHFWLYH�IRU�WKH�UHPRYDO�RI�&V�,��IURP�DTXHRXV�VROXWLRQ���������'LUHFW�XVH�
RI�UDGLRDFWLYH�FHVLXP�LV�SURKLELWHG�LQ�RXU�ODERUDWRU\�WKHUHIRUH�WKH�QRQ�UDGLRDFWLYH�IRUP�RI�&V�,��ZDV�XVHG�
DQG�H[SHFWHG�WR�EH�HPSOR\HG�DOVR�LQ�WKH�WUHDWPHQW�RI�HIIOXHQW�FRQWDLQLQJ�UDGLRDFWLYH�&V�,���7KHUHIRUH�LQ�
WKH�SUHVHQW� VWXG\�37,=�ZDV�XVHG� DV� DQ� DGVRUEHQW� IRU� WKH� UHPRYDO�RI�&V�,�� IURP�ZDWHU��7KH� DGVRUSWLRQ�
EHKDYLRUV�RI�&V�,��ZDV�LQYHVWLJDWHG�E\�PHDQV�RI�S+�HIIHFW��DGVRUSWLRQ�NLQHWLFV��DGVRUSWLRQ�LVRWKHUPV�DQG�
DGVRUEHQW�GRVDJH�IURP�PRGHOHG�VROXWLRQ���

([SHULPHQWDO�0HWKRGV�

0DWHULDO�DQG�FKHPLFDOV
7KH�VDPSOH�RI�SHUVLPPRQ�WDQQLQ�LPSUHJQDWHG�]HROLWH�DEEUHYLDWHG�KHUHDIWHU�37,=�ZDV�NLQGO\�UHFHLYHG�

IURP�+L)X0L�6DQJ\R��+LIXPL�LQGXVWU\��&R��/WG���*XQPD�3UHIHFWXUH��-DSDQ��7KH�DGVRUEHQW�SDUWLFOH�VL]H�
ZDV�PDGH������P�E\�FUXVKLQJ�ZLWK�PRUWHU�DQG�SHVWOH�DQG�ZDV�XWLOL]HG� IRU� WKH�H[SHULPHQWDO� UXQV��7KH�
VWRFN�VROXWLRQ������PJ�/�RI�&V�,��DQ�1D�,��ZHUH�SUHSDUHG�LQ�GHLRQL]HG�ZDWHU�XVLQJ�&V&O�DQG�1D&O�VDOWV�
�:DNR�3XUH�&KHPLFDO�,QGXVWULHV��/WG���UHVSHFWLYHO\��)URP�WKLV�VWRFN�VROXWLRQ�WKH�UHTXLUHG�FRQFHQWUDWLRQ�
RI�&V�,��DQ�1D�,��VROXWLRQ�ZDV�SUHSDUHG�E\�GLOXWLQJ�ZLWK�GHLRQL]HG�ZDWHU�IRU�IUHVK�XVH���

%DWFK�ZLVH�DGVRUSWLRQ�WHVW��
7KH�EDWFK�DGVRUSWLRQ�WHVWV�RI�&V�,��ZDV�FDUULHG�RXW�LQ�RUGHU�WR�REVHUYH�WKHLU�DGVRUSWLRQ�EHKDYLRU�RQWR�

SHUVLPPRQ� WDQQLQ� LPSUHJQDWHG� ]HROLWH� SRZGHU�� ,Q� D� W\SLFDO� VHW�� ��� PO� RI� WHVW� VROXWLRQ� FRQWDLQLQJ�
SUHGHWHUPLQHG�DPRXQW�RI�&V�,��ZDV�DGGHG�WR����PJ�RI�WKH�37,=�DQG�WKH�UHVXOWLQJ�PL[WXUHV�ZHUH�VKDNHQ�LQ�
D�WKHUPR�VWDWHG�VKDNHU�DW�����USP�IRU����K�H[FHSW�NLQHWLF�VWXG\��)RU�NLQHWLF�VWXG\������PJ�RI�WKH�37,=�
DQG�����P/�RI�����PPRO�/�RI�&V�,��VROXWLRQ�ZHUH�VWLUUHG�DW����.�DW�S+�����DQG�VDPSOHG�ZHUH�FROOHFWHG�DW�
GLIIHUHQW� WLPH� LQWHUYDO� EHWZHHQ� �� PLQXWH� WR� �� KRXU� $IWHU� VKDNLQJ�� WKH� VDPSOHV� ZHUH� ILOWHUHG� DQG� WKH�
FRQFHQWUDWLRQ�RI�&V�,��LRQ�ZDV�GHWHUPLQHG�E\�XVLQJ�DWRPLF�DEVRUSWLRQ�VSHFWURPHWHU��$$6���7KH�S+�RI�WKH�
&V�,�� VROXWLRQ� ZDV� DGMXVWHG� E\� DGGLQJ� VRPH� GURSV� RI� HLWKHU� ���0�+&O� RU� ���0�1D2+� VROXWLRQ�� 7KH�
SHUFHQWDJH� DGVRUSWLRQ� ��� $�� DQG� &V�,�� XSWDNH� FDSDFLW\� ZHUH� GHWHUPLQHG� E\� XVLQJ� HTXDWLRQ� �� DQG� ���
UHVSHFWLYHO\����
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:KHUH��&L�DQG�&H�DUH�LQLWLDO�DQG�HTXLOLEULXP�FRQFHQWUDWLRQ��PPRO�O��RI�&V�,��UHVSHFWLYHO\��:�LV�ZHLJKW�RI�
WKH�DGVRUEHQW��J��DQG�9�LV�YROXPH�RI�VROXWLRQ��/���

5HVXOWV�DQG�GLVFXVVLRQ�

,QIOXHQFH�RI�FRQWDFW�WLPH��
$GVRUSWLRQ� NLQHWLF� RI� &V�,�� GXULQJ� WKH� DGVRUSWLRQ� SURFHVV� LV� YHU\� LPSRUWDQW� IRU� WKH� HYDOXDWLRQ� RI�

DGVRUSWLRQ�UDWH�DQG�HTXLOLEULXP�WLPH��)LJ����VKRZV�WKH�HIIHFW�RI�FRQWDFW�WLPH�IRU�WKH�DGVRUSWLRQ�RI�&V�,��
RQWR�37,=��$V�FDQ�EH�VHHQ�IURP�WKH�UHVXOW�RI�WKLV�ILJXUH�WKDW�LQLWLDOO\�&V�,��ZDV�UDSLGO\�DGVRUEHG�RQWR�WKH�
DGVRUEHQW�WKHQ�WKH�UDWH�RI�DGVRUSWLRQ�ZDV��JUDGXDOO\�VORZ�GRZQ�DQG�ILQDOO\�DSSURDFKLQJ�D�FRQVWDQW�YDOXH��
,W� FDQ� EH� QRWLFHG� WKDW� FXUYH� RI� FHVLXP� DGVRUSWLRQ� RQWR� WKH� SUHVHQW� DGVRUEHQW� LV� FKDUDFWHUL]HG� E\� IDVW�
DGVRUSWLRQ�DQG�WKH�HTXLOLEULXP�ZDV�UHDFKHG�ZLWKLQ���K�RI�FRQWDFW�WLPH��7KH�IDVW�DGVRUSWLRQ�UDWH�RI�&V�,��
RQ� 37,=� UHIOHFWV� LWV� WUHPHQGRXV� DIILQLW\� WRZDUGV� &V�,�� DQG� LV� DWWULEXWDEOH� WR� WKH� DFFHVVLELOLW\� RI�
PRQRYDOHQW� FHVLXP� LRQ� WR� WKH� FDWLRQ� H[FKDQJH� VLWH�RI�37,=��$OWKRXJK�HTXLOLEULXP�ZDV�REVHUYHG� WR�EH�
UHDFKHG�ZLWKLQ��K�DW�����PPRO�/��FRQFHQWUDWLRQ�RI�&V�,���VXEVHTXHQW�DGVRUSWLRQ�H[SHULPHQW�ZHUH�FDUULHG�
RXW�IRU�DERXW����K�LQ�RUGHU�WR�HQVXUH�FRPSOHWH�HTXLOLEULXP����

)LJXUH����$GVRUSWLRQ�NLQHWLFV�RI�&V�,��RQWR�37,=��FRQGLWLRQ��9ROXPH�RI�VROXWLRQ� �����PO��FRQFHQWUDWLRQ�
RI�&V� �����P0��ZW�RI�DGVRUEHQW� �����PJ��WHPS�� �����.�DQG�VKDNLQJ� �����USP���
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(IIHFW�RI�S+ DQG�DGVRUSWLRQ�PHFKDQLVP

7KH�S+�LV�DQ�LPSRUWDQW�SDUDPHWHU�WR�EH�FRQVLGHUHG�LQ�DGVRUSWLRQ�SURFHVVHV�EHFDXVH�LW�PD\�DIIHFW�ERWK�
WKH�SURSHUWLHV�RI�WKH�DGVRUEHQW�DQG�WKH�FRPSRVLWLRQ�RI�WKH�VROXWLRQ��$V�LOOXVWUDWHG�LQ�)LJ�����WKH�SHUFHQWDJH�
DGVRUSWLRQ�RI�&V�,��LQFUHDVHG�ZLWK�LQFUHDVLQJ�WKH�S+��7KH�UHVXOW�VKRZV�WKDW�WKH�DGVRUSWLRQ�RI�&V�,��ZDV�
LQFUHDVH�IURP������WR�����E\�LQFUHDVLQJ�WKH�S+�IURP�����WR�����ZKHUHDV�LW�ZDV�IRXQG�WR�DFKLHYHG�QHDUO\�
����� DW� S+� KLJKHU� WKDQ� ����� � $V�ZH� NQRZ� WKDW� WKH� VWUXFWXUH� RI� ]HROLWH� FRQVLVWV� RI� WKUHH� GLPHQVLRQDO�
IUDPHZRUNV�RI�6L�2�DQG�$O�2�WHWUDKHGUDO��7KH�DOXPLQLXP�LRQ�LV�VPDOO�HQRXJK�WR�RFFXS\�WKH�SRVLWLRQ�LQ�
WKH� FHQWHU� RI� WKH� WHWUDKHGURQ� RI� IRXU� R[\JHQ� DWRPV� DQG� WKH� LVRPRUSKRXV� UHSODFHPHQW� RI� 6L��� E\� $O��

SURGXFHV�D�QHJDWLYH�FKDUJH�LQ�WKH�ODWWLFH��7KH�QHW�QHJDWLYH�FKDUJH�LV�EDODQFHG�E\�WKH�H[FKDQJHDEOH�FDWLRQ�
VXFK�DV�1D�,��RU�.�,��DV�VKRZQ�LQ�6FKHPH��D�7KHVH�SRVLWLYH�LRQV�DUH�UDWKHU�ORRVHO\�KHOG�DQG�FDQ�UHDGLO\�
EH� H[FKDQJHG�ZLWK� RWKHUV� LQ� D� FRQWDFW� VROXWLRQ� GXULQJ� DGVRUSWLRQ� DV� VKRZQ� LQ�6FKHPH� ��� 3HUVLPPRQ�
WDQQLQ� FRQWDLQ� SRO\SKHQRO� �IRU� H[DPSOH�6FKHPH��E��ZKHUH� DGVRUSWLRQ�RI�&V�,�� RFFXUV� E\� FKHODWLRQ� DV�
GHPRQVWUDWHG�LQ�6FKHPH����,Q�WKH�FDVH�RI�SHUVLPPRQ�WDQQLQ�LPSUHJQDWHG�]HROLWH��37,=���SRZGHU�GXH�WR�
WKH�SUHVHQFH�RI�ERWK�]HROLWH�DQG�SRO\SKHQRO��WKH�DGVRUSWLRQ�RI�&V�,��RFFXUV�WKURXJK�ERWK�FDWLRQ�H[FKDQJH�
DV�ZHOO�DV�FKHODWLRQ�PHFKDQLVP�WKHUHIRUH�HIIHFWLYH�DGVRUSWLRQ�RI�&V�,��RQWR�37,=�LV�SRVVLEOH��

)LJXUH����(IIHFW�RI�S+�IRU�WKH�UHPRYDO�RI�FHVLXP�IURP�DTXHRXV�VROXWLRQ�RQWR�37,=��FRQGLWLRQ��ZHLJKW�RI�GU\�
JHO� ����PJ��YROXPH�RI�WKH�VROXWLRQ� ����P/��FRQFHQWUDWLRQ�RI�&V�� ����PJ�/��WHPSHUDWXUH� ����&DQG�VKDNLQJ�
LPH��
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6FKHPH����D��6WUXFWXUH�RI�]HROLWH��E��VWUXFWXUH�RI�SRO\SKHQRO��FDWHFRO���
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&V�,��VROXWLRQ

=HROLWH
&V�,� DGVRUEHG�=HROLWH

6FKHPH���&V�,��DGVRUSWLRQ�PHFKDQLVP�E\�XVLQJ�]HROLWH�YLD��FDWLRQ�H[FKDQJH�

&V�,��VROXWLRQ
2+

2+

2

2

&V � �+�

6FKHPH���0HFKDQLVP�&V�,��DGVRUSWLRQ�E\�FKHODWLRQ�ZLWK�SRO\SKHQROLF�JURXS�RI�SHUVLPPRQ�WDQQLQ��

,QIOXHQFH�RI�&V�,��FRQFHQWUDWLRQ��

7KH�LQIOXHQFH�RI�&V�,��FRQFHQWUDWLRQ�GXULQJ�DGVRUSWLRQ�ZDV�WHVWHG�LQ�RUGHU�WR�HYDOXDWH�WKH�PD[LPXP�
XSWDNH� FDSDFLW\� RI� SHUVLPPRQ� WDQQLQ� LPSUHJQDWHG� ]HROLWH� WRZDUGV�&V�,���)LJ�� �D� VKRZV� WKH� DGVRUSWLRQ�
LVRWKHUP�RI� SHUVLPPRQ� WDQQLQ� LPSUHJQDWHG� ]HROLWH� IRU�&V�,�� DW� S+������$V� UHYHDOHG�E\� WKLV� ILJXUH�� WKH�
DPRXQW� RI� &V�,�� DGVRUEHG� RQ� WR� WKH� DGVRUEHQWV� LQFUHDVHG�ZLWK� LQFUHDVLQJ�&V�,�� FRQFHQWUDWLRQ� DW� ORZHU�
FRQFHQWUDWLRQ�UHJLRQ�ZKHUH�DV�LW��DSSURDFKHG�D�FRQVWDQW�YDOXHV�DW�KLJKHU�FRQFHQWUDWLRQ�H[KLELWLQJ�W\SLFDO�
/DQJPXLU�W\SH�PRQROD\HU�DGVRUWLRQ��7KH�H[SHULPHQWDO�GDWD�ZDV�PRGHOHG�E\�XVLQJ�ZHOO�NQRZQ�/DQJPXLU�
DQG�)UHXQGOLFK�LVRWKHUP�HTXDWLRQV�DV�GHSLFWHG�E\�HTXDWLRQ���DQG���UHVSHFWLYHO\��/DQJPXLU�LVRWKHUP�FDQ�
EH�H[SUHVVHG�LQ�WKH�IRUP�RI�IROORZLQJ�HTXDWLRQ��(T�����DV���
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ZKHUH�� &H� �PPRO�/�� DQG� TH� �PPRO� �J�� DUH� HTXLOLEULXP� FRQFHQWUDWLRQ� DQG� DPRXQW� RI� DGVRUSWLRQ��
UHVSHFWLYHO\��ZKLOH�TPD[�LV�WKH�PD[LPXP�ORDGLQJ�FDSDFLW\�DQG�E�LV�WKH�UDWLR�RI�DGVRUSWLRQ�GHVRUSWLRQ�UDWH�
UHODWHG�WR�HQHUJ\�RI�DGVRUSWLRQ��7KH�TPD[�DQG�E�ZHUH�FDOFXODWHG�IURP�WKH�VORSH�DQG�LQWHUFHSW�RI�WKH�OLQHDU�
SORW� RI� &H�� TH� YHUVXV� &H� �)LJ�� �E�� DQG� SUHVHQWHG� LQ� 7DEOH� ��� 6LPLODUO\�� )UHXQGOLFK� LVRWKHUP� FDQ� EH�
H[SUHVVHG�LQ�LWV�OLQHDU�IRUP�DV���

ORJ�TH� �ORJ�.)�������Q���ORJ�&H� ����

ZKHUH�.)�DQG�Q�DUH�)UHXQGOLFK�FRQVWDQWV�UHODWHG�WR�WKH�DGVRUSWLRQ�FDSDFLW\�DQG�DGVRUSWLRQ�LQWHQVLW\��
ZKLFK�FDQ�EH�FDOFXODWHG�IURP�WKH�LQWHUFHSW�DQG�VORSH�RI�WKH�OLQHDU�)UHXQGOLFK�SORW�RI�ORJ�TH YHUVXV�ORJ�&H

�)LJ���F���7KH�HYDOXDWHG�YDOXHV�RI�.)�DQG�Q�DUH�DOVR�OLVWHG�LQ�7DEOH����7KH�YDOXH�RI�FRUUHODWLRQ�UHJUHVVLRQ�
FRHIILFLHQW�LQ�FDVH�RI�/DQJPXLU�LVRWKHUP�PRGHO��5��YDOXH�KLJKHU�WKDQ�������LV�FRPSDUDWLYHO\�KLJKHU�WKDQ�
WKDW�REWDLQHG�IURP�)UHXQOLFK�LVRWKHUP�PRGHO��ZKHUH�5��YDOXH�OHVV�WKDQ�������ZKLFK�VWURQJO\�VXJJHVW�WKDW�
WKH�H[SHULPHQWDO�GDWD�LV�EHWWHU�ILWWHG�ZLWK�WKH�/DQJPXLU�LVRWKHUP��ZKLFK�VWURQJO\�VXJJHVW�WKH�IRUPDWLRQ�RI�
PRQROD\HU�&V�,��RQ� WKH� VXUIDFH�RI�37,=��7KH�PD[LPXP�DGVRUSWLRQ�FDSDFLW\�DQG�/DQJPXLU�HTXLOLEULXP�



-��1HSDO�&KHP��6RF���9RO���������

�����

FRQVWDQW� HYDOXDWHG� XVLQJ�/DQJPXLU� LVRWKHUP�PRGHO�ZDV� IRXQG� WR� EH� ��� ���PPRO�J�� DQG� �����/�PPRO��
UHVSHFWLYHO\��

7KH�/DQJPXLU�HTXLOLEULXP�FRQVWDQW�E�FDQ�EH�XWLOL]HG�WR�LQYHVWLJDWH�WKH�VXLWDELOLW\�RI�DGVRUSWLRQ�SURFHVV�E\�
FDOFXODWLQJ�D�GLPHQVLRQOHVV�VHSDUDWLRQ�IDFWRU��5/��DFFRUGLQJ�WR�WKH�HTXDWLRQ�DV

��

L
/ E&
5

�

�
����� ����

�ZKHUH�E�DQG�&L�DUH�/DQJPXLU�HTXLOLEULXP�FRQVWDQW�� LQLWLDO�FRQFHQWUDWLRQ�RI� �&V�,�� LRQ�� UHVSHFWLYHO\��
7KH� YDOXH� RI�5/� GHWHUPLQHV� WKH� QDWXUH� RI� DGVRUSWLRQ� SURFHVV�� =HUR� YDOXH� RI� � 5/� LQGLFDWHV� LUUHYHUVLEOH�
QDWXUH�RI�DGVRUSWLRQ��ZKHUHDV�LI�LW�LV�HTXDOV�WR�RQH�WKHQ�WKH�DGVRUSWLRQ�SURFHVV�LV�OLQHDU��,Q�WKH�FDVH�LI�WKH�
YDOXH� RI� � 5/� LV� JUHDWHU� WKDQ� RQH� LQGLFDWLQJ� XQIDYRUDEOH� QDWXUH� RI� DGVRUSWLRQ� DQG� WKH� YDOXH� RI� 5/� LQ�
EHWZHHQ���DQG���VKRZLQJ�IDYRUDEOH�QDWXUH�RI�DGVRUSWLRQ�SURFHVV����,W�ZDV�IRXQG�WKDW� WKH�YDOXH�RI�5/�DW�
GLIIHUHQW�LQLWLDO�FRQFHQWUDWLRQ�WHVWHG�LQ�WKLV�VWXG\�ZHUH�LQ�EHWZHHQ���DQG���L�H�����5/������ZKLFK�VWURQJO\�
VXJJHVW�WKDW�WKH�DGVRUSWLRQ�RI�&V�,��RQWR�37,=�LV�IDYRUDEOH�

7DEOH���)UHXQGOLFK�DQG�/DQJPXLU�SDUDPHWHUV�IRU�WKH�DGVRUSWLRQ�RI�&V�,���RQWR�37,=�DW� ����&��

)UHXQGOLFK�SDUDPHWHUV ,VRWKHUPV�SDUDPHWHUV���������������������� &DOFXODWHG�YDOXH
������.)��PPRO�J� ����
��Q ����
5�� �����

/DQJPXLU�SDUDPHWHUV TPD[����PPRO�J�� �����
� E��/�PPR/� �����
� E��/�PPR/�� �����
� 5�� �����
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)LJXUH����$GVRUSWLRQ�LVRWKHUPV�RI�&V�,��RQWR�SHUVLPPRQ�WDQQLQ�LPSUHJQDWHG�]HROLWH�IURP�DTXHRXV�VROXWLRQ��D��
H[SHULPHQWDO�LVRWKHUP�SORW���E��/DQJPXLU�SORW��DQG��F��)UHXQGOLFK�SORW��FRQGLWLRQV��9ROXPH�RI�VROXWLRQ� ����
PO��ZW�RI�JHO� ����PJ��WHPS� ����&��VKDNLQJ�WLPH� ����K���DQG�VKDNLQJ�VSHHG� �����USP���

(IIHFW�RI�DGVRUEHQW�GRVH��

,Q�RUGHU�WR�RSWLPL]H�WKH�GRVDJH�RI�WKH�DGVRUEHQW�WR�WKH�&V�,��DGVRUSWLRQ��WKH�H[SHULPHQW�ZDV�FRQGXFWHG�
E\� XVLQJ� ����PJ�/� RI�&V�,�� VROXWLRQ� SUHSDUHG� DW� GHLRQL]HG�ZDWHU�� 7KH� UHVXOW� LV� VKRZQ� LQ�)LJ����ZKLFK�
SUHVHQWV� WKH� SORW� RI� UHVLGXDO�&V�,�� FRQFHQWUDWLRQ� DV� D� IXQFWLRQ� RI� VROLG�OLTXLG� UDWLR�� 7KH� UHVXOWV� FOHDUO\�
VXJJHVWV�WKDW�WKH�FRQFHQWUDWLRQ�RI�&V�,��ZDV�GHFUHDVHG�IURP�����PJ�/�WR������PJ�/�E\�XVLQJ�����J�/�RI�
37,=�ZKHUHDV�LW�ZDV�IRXQG�WR�DFKLHYHG�DW�]HUR�RU������UHPRYDO�E\�XVLQJ���J�/�RU�KLJKHU�GRVDJH��)URP�
WKLV�UHVXOW��WKH�37,=�LV�HIIHFWLYH�IRU�WKH�FRPSOHWH�UHPRYDO�RI�WUDFH�FRQFHQWUDWLRQ�RI�&V�,��SROOXWHG���
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)LJXUH� ��� (IIHFW� RI� DGVRUEHQW� GRVH� IRU� WKH� UHPRYDO� RI� &V�,�� RQWR� � SHUVLPPRQ� WDQQLQ� LPSUHJQDWHG� ]HROLWH�
�FRQGLWLRQV�� YROXPH� RI� WKH� VROXWLRQ� XVHG�  � ��� PO�� &V�,�� FRQFHQWUDWLRQ�  � ����� PJ�/�� VROXWLRQ� S+�  � ������
VKDNLQJ�WLPH� ����K��VKDNLQJ�VSHHG� �����USP�DQG�WHPSHUDWXUH� �����&���

&RQFOXVLRQV�

7KH� IHDVLELOLW\�RI�XVLQJ�37,=� IRU� WKH� UDSLG� UHPRYDO�RI�&V�,�� IURP�ZDWHU�ZDV� VWXGLHG� LQ� WKH�SUHVHQW�
ZRUN�DQG�IROORZLQJ�FRQFOXVLRQV�FRXOG�EH�GUDZQ�IURP�WKLV�VWXG\���

� (IILFLHQW�DQG�UDSLG�DGVRUSWLRQ�RI�&V�,��WRRN�SODFH�ZLWKLQ�RQO\���K�FRQWDFW�WLPH��
��� %DWFK�DGVRUSWLRQ�VWXGLHV�VKRZHG�DSSUR[LPDWHO\������UHPRYDO�RI�&V�,��DW����&�IURP�PL[HG�
VROXWLRQ�FRQWDLQLQJ�WUDFH�FRQFHQWUDWLRQ�RI�&V�,��LRQ�ZKLFK�VXJJHVW�KLJK�VHOHFWLYLW\�RI�37,=�IRU�
&V�,��LRQ��

��� ,VRWKHUP�VWXG\�SURYHG�/DQJPXLU�W\SH�PRQROD\HU�DGVRUSWLRQ�RI�&V�,��RQ�WKH�VXUIDFH�RI�37,=��
��� 7KHUHIRUH��WKH�37,=�LQYHVWLJDWHG�LQ�WKLV�VWXG\�FDQ�EH�RIIHU�WR�EH�D�SURPLVLQJ�FDQGLGDWH�IRU�WKH�
WUHDWPHQW�RI�ZDWHU�RU�ZDVWH�ZDWHU�FRQWDPLQDWHG�ZLWK�&V�,��LRQ���
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