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7KLV� UHVHDUFK� LV� DQ� DWWHPSW� WR� SUHVHQW�H[SHULPHQWDOO\� WKH� FDSDELOLW\� RI� WKH� KRW� SUHVVHG�FHUDPLF�WRROV�IRU�WXUQLQJ�GLIIHUHQW�W\SHV�RI�VWHHO��7KH�H[SHULPHQWDO� VWXG\�ZDV� DFKLHYHG� IRU� VHPLILQLVKLQJ��ILQLVKLQJ�DQG�ILQH�WXUQLQJ��,Q�WKLV�FDVH��WKH�WRRO�ZHDU��OLIH�� FXWWLQJ� IRUFH� GHYHORSHG� GXULQJ� PDFKLQLQJ��SURFHVV� TXDOLW\� DQG� SURGXFWLYLW\� ZHUH� WDNHQ� LQWR�FRQVLGHUDWLRQ�� 7KH� H[HFXWHG� VWXG\� VKRZV� WKDW�� WKH�PHWDO� FRPSRVLWH� FHUDPLF� WRROV�PD\� EH� VXFFHVVIXOO\�XVHG� IRU� VWHHO� WXUQLQJ� DQG� PD\� UHSODFH� LQ� VHYHUDO�FDVHV� WKH�FHPHQWHG�FDUELGH�DQG�ZKLWH�FHUDPLF�WRROV�WR�HQVXUH�KLJKHU�SURFHVV�TXDOLW\�DQG�SURGXFWLYLW\��
.(<:25'6

0DFKLQLQJ�� WXUQLQJ�� DOXPLQD� EDVH� FHUDPLFV��FHUPHW��DQG�SURFHVV�TXDOLW\�� ,1752'8&7,213UHVHQW�GD\� SURGXFWLRQ� SUDFWLFHV� PDNH� VHYHUH�GHPDQGV�RQ�PDFKLQH�WRROV��7KH�JUHDW�LQFUHDVH�RI�WKH�PDFKLQLQJ�TXDOLW\�DQG�SURGXFWLYLW\�PD\�EH�REWDLQHG�E\�XVLQJ�WRROV�WKDW�RIIHU�KLJK�FXWWLQJ�SURSHUWLHV��7KH�GLDPRQG��SRO\FU\VWDOOLQH�FXELF�ERURQ�QLWULGH��&%1��DQG� FHUDPLF� UHFHQWO\� PDQXIDFWXUHG� FXWWLQJ� WRROV�PHHW�WKH�QHHGHG�UHTXLUHPHQWV�%HFDXVH� RI� LWV� ORZ�EHQGLQJ� VWUHQJWK�� EULWWOHQHVV�DQG� VWHHO� VROXELOLW\� DW� UHODWLYHO\� ORZ� WHPSHUDWXUH�����Û&��� WKH� GLDPRQG� WRROV� DSSOLHG� EDVLFDOO\� IRU�PDFKLQLQJ� QRQIHUURXV� PHWDOV� DQG� DOOR\V� DQG�QRQPHWDOOLF�PDWHULDOV�7KH�&%1�KDV� DSSUR[LPDWHO\� WKH� VDPH�KDUGQHVV�VLPLODU� WR� WKH� GLDPRQG� DQG� IDU� H[FHHGV� LW� LQ� UHG�KDUGQHVV�� PRUHRYHU� WKLV� PDWHULDO� PRUH� LQHUW� WRIHUURXV�PHWDOV��7KHUHIRUH��WKH�&%1�FXWWLQJ�WRROV�ILQG�D�ZLGH�DSSOLFDWLRQ�IRU�VWHHO�DQG�FDVW�LURQ�PDFKLQLQJ��

)XUWKHUPRUH�� WKH\�PD\� EH� XVHG� IRU�PDFKLQLQJ� OLJKW�QRQIHUURXV�DOOR\V�DQG�VRPH�GLIILFXOW�WR�FXW�PDWHULDOV�&HUDPLF� LV� D� KLJKO\� HIILFLHQW� WRRO� PDWHULDO� WKDW�GHSULYHG�RI�UDUH�HDUWK�HOHPHQWV�VXFK�DV�WXQJVWHQ�DQG�FREDOW�� ZKLFK� RIIHU� WKH� EDVLF� FRPSRQHQWV� RI�FHPHQWHG�FDUELGH�DQG�KLJK�VSHHG�VWHHOV��7KH�FHUDPLF�WRROV� ILQG� DQ� DSSOLFDWLRQ� LQ� VHPL�ILQLVK� DQG� ILQLVK�WXUQLQJ� RI� KLJK� VWUHQJWK� DQG� TXHQFKHG� FDVW LURQ��KDUGHQHG�VWHHOV�DQG�QRQ�PHWDOOLF�PDWHULDOV�&HUDPLF�WRROV�VXFFHVVIXOO\�UHSODFH�WKH�FHPHQWHG�FDUELGH�LQ�VHYHUDO�FDVHV��ZKHQ�WKH�ODWWHU�IDLOHG�GXH�WR�LWV� UDSLG�ZHDU�� ,I� WKH� FHPHQWHG� FDUELGH� WRROV� IDLOHG�EHFDXVH� RI� FKLSSLQJ� RI� WKH� FXWWLQJ� HGJH�� WKHQ� WKH�DSSOLFDWLRQ�RI�FHUDPLF�WRROV�VKRXOG�QRW�EH�DOORZHG�5HFHQWO\�� WKH� PDQXIDFWXUHG� FHUDPLFV� PD\� EH�VXEGLYLGHG� LQWR� WKUHH� EDVLF� JURXSV� WKDW� YDU\� LQ�FKHPLFDO� FRPSRVLWLRQ�� PHWKRG� RI� SURGXFWLRQ� DQG�DSSOLFDWLRQ��7KHVH�JURXSV�DUH�DV�IROORZLQJ��DOXPLQD�EDVH� FHUDPLFV� �QRQPHWDOOLF��ZKLWH� RU� FROG�SUHVVHG���FHUPHWV��EODFN��KRW�SUHVVHG�FHUDPLFV��FDUER[LGHV���RU�PHWDO�FHUDPLF�FRPSRVLWHV���DQG�VLOLFRQH�QLWULGH�EDVH�FHUDPLFV�6LOLFRQH�QLWULGH� WRROV� DUH� XVHG� IRU� FDVW� LURQ�PDFKLQLQJ� DSSOLFDWLRQV�� 7KH� GLVDGYDQWDJHV� RI� WKH�ZKLWH� FHUDPLF� LQVHUWV� DUH� WKH� ORZHU� PHFKDQLFDO�VWUHQJWK�� EULWWOHQHVV�� DQG� WKH� FDSDELOLW\� RI� FKLSSLQJ�WKH� FXWWLQJ� HGJHV� GXULQJ� FXWWLQJ�� $V� D� UHVXOW�� WKH�FHUPHWV�ZHUH�FUHDWHG�IRU�SHUIHFWLQJ�RI�FHUDPLFV��7KH�FDUER[LGHV� FRQVLVW� RI� XS� WR� ���� DOXPLQXP� R[LGH�ZLWK� YDULRXV� PHWDOOLF� FDUELGHV� �WXQJVWHQ�� WLWDQLXP��PRO\EGHQXP�DQG�FRPSOH[�FDUELGHV�RI�WKHVH�PHWDOV���&HUPHWV� ZHUH� DWWDLQHG� WKH� PRVW� GLVWULEXWLRQ�� 7KLV�W\SH� EHVLGH� WKH� ZKLWH� FHUDPLFV� KDV� WKH� KLJKHU�WKHUPDO� FRQGXFWLYLW\�� KHDW� UHVLVWDQFH� DQG� LPSDFWVWUHQJWK�� (;3(5,0(17$/�678'<7KH�FXUUHQW� LQYHVWLJDWLRQ�VWXGLHV� WKH�FDSDELOLW\�RI�WKH� FHUPHWV� EHVLGH� GLIIHUHQW� WRRO� PDWHULDOV� GXULQJ�
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VHPLILQLVKLQJ�� ILQLVKLQJ� DQG� ILQH� WXUQLQJ� RI� VWHHO��6RPH�PHFKDQLFDO�� SK\VLFDO�SURSHUWLHV�DQG�FKHPLFDO�FRPSRVLWLRQV� RI� WKH� HPSOR\HG� WRRO� PDWHULDOV� DUH�LOOXVWUDWHG�LQ�WDEOH���'XULQJ� WKH� ODERUDWRU\� VWXG\�� WKH� H[SHULPHQWV�ZHUH�DFKLHYHG�IRU�PDFKLQLQJ�SUHOLPLQDU\�WXUQHG�DQG�KHDW�WUHDWHG� VWHHO� VDPSOHV� RI� GLIIHUHQW� W\SHV�� 7KH�FKDUDFWHULVWLFV� RI� WKH� VWXGLHG� VDPSOHV� DUH� SUHVHQWHG�LQ�WDEOH���

$V�D�UHVXOW�RI�VWUHQJWK�WHVW��DFFRUGLQJ�WR�YDOXH�RI�GHVWUR\LQJ� IHHG�� DQG� DW� UHSHDWHG� ORDGLQJ� GXULQJ�WXUQLQJ� RI� ��� PP� OHQJWK� VHFWLRQV� RI� WKH� ���� PP�GLDPHWHU�VDPSOHV���WKH�VTXDUH�IRUP�RI�FXWWLQJ�FHUPHW�LQVHUWV�ZDV�VHOHFWHG�IRU�RSWLPXP�ILQLVK�WXUQLQJ��7KH�LQVHUWV�FODPSHG�PHFKDQLFDOO\�RQ�WRRO�VKDQN�DQG�KDYH�WKH� IROORZLQJ� JHRPHWU\�� � �UDNH� DQJOH� ��Û�� .�FOHDUDQFH� DQJOH� �Û�� � �FXWWLQJ� HGJH� LQFOLQDWLRQ�DQJOH� �Û�� � �ZHGJH� DQJOH� ��Û�� DQG� 3 �HQWHULQJ�DQJOH� 3��HQG�FXWWLQJ�HGJH�DQJOH� ��Û��
7DEOH����&KHPLFDO�FRPSRVLWLRQ�DQG�VRPH�PHFKDQLFDO�DQG�SK\VLFDO�FKDUDFWHULVWLFV�RI�WKH�HPSOR\HG�FXWWLQJ�WRRO�PDWHULDOV�6RPH�SK\VLFDO�DQG�PHFKDQLFDO�FKDUDFWHULVWLFV7RRO�PDWHULDO &KHPLFDO�FRPSRVLWLRQ���� 'HQVLW\��J�FP�� +DUGQHVV 7UDQVYHUVH�UXSWXUHVWUHQJWK���03D�+LJK�VSHHG�VWHHO & ������6L �����&U ������9 ���: �������0R �����&R � ���� ������+5& ���������&HPHQWHG�WXQJVWHQ�FDUELGH :& ����&R � ��������� t �����+5$ t ����
&HPHQWHG�WLWDQLXP�WXQJVWHQ�FDUELGH 7\SH����:& ����7L& ���&R ��7\SH����:& ����7L& ���&R �
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)RU� HYDOXDWLRQ� WKH� FHUPHW� WRRO� DELOLW\�� WKH�IROORZLQJ� SDUDPHWHUV� ZDV� PHDVXUHG�� WKH� FXWWLQJ�IRUFH�� WKH� WRRO� OLIH�� DQG� WKH� URXJKQHVV� RI� WKH�PDFKLQHG�VXUIDFHV�7KHUHIRUH�� WKH� IRUPXOD� IRU� FRPSXWDWLRQ� WKH�WDQJHQWLDO� FRPSRQHQW� RI� FXWWLQJ� IRUFH�ZDV� UHYHDOHG�GXULQJ� ILQLVK� WXUQLQJ� RI� GLIIHUHQW� VWHHOV� �KHDW�UHVLVWDQW�� ZHDU� UHVLVWDQW� DXVWHQLWLF�� DQG� FKURPLXP�PDQJDQHVH�VWHHO��ZLWK�WKH�KHOS�RI�FHUPHW�WRRO��ZKLFK�KDYH�WKH�IROORZLQJ�VKDSH�
Q

\[Y IW&)] uu ���
:KHUH��)]�± WDQJHQWLDO�FRPSRQHQW�RI�FXWWLQJ�IRUFH��1��&� ± FRQVWDQW�GHSHQGLQJ�XSRQ� WKH�PDWHULDO� WR�EH�PDFKLQHG�� WRRO� JHRPHWU\�� FXWWLQJ� IOXLG� DQG� RWKHU�PDFKLQLQJ�FRQGLWLRQV�

[�� \� DQG� Q� ± H[SRQHQWV� GHSHQGLQJ� RQ� FXWWLQJ�FRQGLWLRQV�W�± GHSWK�RI�FXW��PP���¦�± IHHG�UDWH��PP�UHY���� ± FXWWLQJ�VSHHG��P�PLQ���7KH�YDOXHV�RI�WKH�FRHIILFLHQW�&�DQG�WKH�H[SRQHQWV�IRU� GLIIHUHQW� PDWHULDOV� ZHUH� GHWHUPLQHG�H[SHULPHQWDOO\�DQG�SUHVHQWHG�LQ�WDEOH���,W�ZDV�HVWDEOLVKHG�WKDW�WKH�FXWWLQJ�IRUFH�YDULDWLRQ�KDV� WKH�VDPH�FKDUDFWHU�GXULQJ� WXUQLQJ�ZLWK� WKH�KHOS�RI�ZKLWH�FHUDPLFV�DQG�FHUPHW�WRROV�XQGHU WKH�FXWWLQJ�VSHHG� RI� ���� WR� ���� P�PLQ�� WKH� IHHG� �¦�� RI� �����PP�UHY�� DQG� WKH� GHSWK� RI� FXW� HTXDOHG� �� PP��0RUHRYHU�� LW� ZDV� REVHUYHG� WKDW� WKH� FXWWLQJ� IRUFH�GHYHORSHG� GXULQJ� FXWWLQJ� XVLQJ� RI� PHWDO� FHUDPLF�FRPSRVLWHV� ZDV� PRUH� WKDQ� WKDW� RI� WKH� ZKLWH�FHUDPLFV�
7DEOH����7KH�YDOXHV�RI�WKH�FRHIILFLHQW�&�DQG�WKH�H[SRQHQWV�IRU�GLIIHUHQW�PDFKLQHG�PDWHULDOV7RRO�PDWHULDO��$OXPLQD�EDVH�FHUDPLF 7RRO�PDWHULDO��FHUPHW:RUN�PDFKLQHG�PDWHULDO & [ \ Q & [ \ Q+HDW�UHVLVWDQW�VWHHO ��� ���� ���� ���� ��� ���� ���� ����&KURPLXP�PDQJDQHVH�VWHHO ��� ���� ���� ��� ��� ���� ���� ����$XVWHQLWLF�VWHHO ��� ���� ���� ���� ��� ���� ���� ����

7KH� UHODWLRQVKLS� �WRRO� OLIH� �7��VSHHG�� REWDLQHG�GXULQJ� ILQLVK� WXUQLQJ� E\� XVLQJ� FHUPHW� WRRO� ZLWK�FXWWLQJ�VSHHG�UDQJLQJ�IURP����WR���� P�PLQ�KDYH�WKH�IROORZLQJ�IRUPV�
)RU�ZHDU�UHVLVWDQW�DXVWHQLWLF�VWHHO�

������������ ���� WI7Y uu ���
)RU�KHDW�UHVLVWDQW�VWHHO

���������� ���� WI7Y uu ���
)RU�FKURPLXP�PDQJDQHVH�VWHHO

����������� ���� WI7Y uu ���
7KH� PHFKDQLVPV� RI� WKH� FHUPHW� LQVHUW� ZHDU�UHQGHUHG�GLVWLQFWLYH��7KH�LQVHUW�WXUQHG�GXOO�EDVLFDOO\�E\�LWV�IODQN�VXUIDFHV�DQG�LQ�OHVVHU�GHJUHH�E\�LWV�IDFH��7KH�GHSWKV�RI� WKH�ZHDU� FUDWHU� DUH��� WLPHV� OHVV� WKDQ�WKDW�E\�XVLQJ�FHPHQWHG�FDUELGH�WRROV�

7KH�REWDLQHG�VXUIDFH�URXJKQHVV�RI�WKH�PDFKLQHG�VDPSOHV� PHDVXUHG� DIWHU� ILQLVK� WXUQLQJ� E\� FHUPHW�WRROV�ZLWK�VSHHG�UDQJHG�IURP�����WR�����P�PLQ��W ����PP�� ¦ ���������PP�UHY�� FRUUHVSRQGHG� WR��WK DQG��WK FODVV� RI� VXUIDFH� ILQLVK� �5D� UDQJHG� IURP� ����� WR�������P���$V�D�ZHDU�FULWHULRQ��WKH�DPRXQW�RI�WKH�ODQG�ZHDU�VXFK�DV���������PP�ZDV�WDNHQ��8QGHU�WKLV�YDOXH�KLJK� DFFXUDF\� DQG� VXUIDFH� ILQLVK� RI� WKH� PDFKLQHG�VDPSOHV�ZHUH�DWWDLQHG��%\�WKH�FRPSDULVRQ�VWXGLHV��LW�ZDV� HVWDEOLVKHG� WKDW� WKH� REWDLQHG� URXJKQHVV� GXULQJ�FXWWLQJ�RI�VKRUW�VXUIDFHV�ZLWK�FHUPHW�WRROV�ZDV�FORVH�WR� WKDW� REWDLQHG� E\� QRQPHWDOOLF� FHUDPLF� WRROV�� DQG�VRPHZKDW� EHWWHU� WKDQ� WKDW� REWDLQHG� E\� XVLQJ�FHPHQWHG�FDUELGHV��DQG�FRQVLGHUDEO\�EHWWHU�WKDQ�WKDW�GHULYHG� GXULQJ� FXWWLQJ� ZLWK� WKH� DLP� RI� KLJK� VSHHG�VWHHO�WRROV�$OVR�� D� VWXG\� WR� HVWDEOLVK� WKH� VXLWDELOLW\� RI� WKH�FHUPHW� WRROV� IRU� VWHHO� ILQH� WXUQLQJ�ZDV� DFKLHYHG�� ,Q�WKLV� FDVH� WKH� FXWWLQJ� VSHHG� UDQJHG� IURP����� WR�����P�PLQ�� $V� WKLV� WDNHV� SODFH�� WKH� EDVLF� UHTXLUHPHQWV�IRU� WRRO� PDWHULDOV� VWHPPLQJ� IURP� WKH� VSHFLILF�IHDWXUHV�RI� WKH� ILQH� WXUQLQJ�SURFHVV�ZHUH� WDNHQ� LQWR�FRQVLGHUDWLRQ��7KHVH�UHTXLUHPHQWV�DUH�WKH�SURGXFWLRQ�RI�VXIILFLHQWO\�VKDUS�DQG�VPRRWK�FXWWLQJ�HGJHV�DIWHU�VKDUSHQLQJ�� DQG� WKH� WRRO� ZHDU� UHVLVWDQFH� VKRXOG� EH�VXIILFLHQW� WR� HQVXUH� WKH� GLPHQVLRQDO� DQG� WKH� KLJK�TXDOLW\�RI�WKH�PDFKLQHG�VXUIDFH�
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7KH�FHUPHW�LQVHUWV�ZHUH�JURXQGHG�ZLWK�GLDPRQG�ZKHHO�DW�VSHHG�RI���P�VHF�HQVXULQJ�WKH�URXJKQHVV�RI�WKH� ZRUNLQJ� WRRO� VXUIDFHV� XS� WR� �WK���WK FODVV� RI�VXUIDFH�ILQLVK��5D�UDQJHG�IURP������ WR�������P���$�QXPHURXV�PHDVXUHPHQWV�ZHUH�DFKLHYHG�E\�PHDQV�RI�OLJKW� VHFWLRQ� PHWKRG�� DQG� DV� D� UHVXOW�� LW� ZDV�HVWDEOLVKHG�WKDW�WKH�FXWWLQJ�LQVHUW�QRVH�UDGLXV�ZDV����WR�����P��7KH�UHODWLRQVKLS�EHWZHHQ�WKH�QRVH�UDGLXV�

DQG� WRRO�ZHGJH�DQJOH� LV� VKRZQ� LQ� ILJXUH���DQG�ZDVGHWHUPLQHG�LQ�WKH�IROORZLQJ�IRUP�
U  ������� ± ���� ���

:KHUH� U ± WKH� WRRO� QRVH� UDGLXV� RU� FRUQHU� UDGLXV� LQ�PLFURQV�� ± WRRO�ZHGJH�DQJOH�LQ�GHJUHHV�

7KH� GHULYHG� ZHGJH� RI� WKH� FXWWLQJ� HGJH� LV� JRRG�SUHUHTXLVLWH�WR�VXFFHVVIXO�ZRUNLQJ�RI�FHUPHW�WRROV��,Q�FRQGLWLRQV�RI�ILQH�WXUQLQJ��WKURXJK�FRPPHQVXUDELOLW\�
WKH�YDOXH� �U�� DQG� WKLFNQHVV�RI� FXW RU� FKLS� OD\HU� �D���WKH� WRRO�ZHGJH�SOD\V�D� VLJQLILFDQW� UROH� LQ�PDFKLQHG�VXUIDFH�IRUPDWLRQ��

)LJXUH����7KH�QRVH�UDGLXV��D��DQG�WRRO�ZHDU��E��YDULDWLRQ�DW�WKH�WLPH�XQGHU�ILQH�WXUQLQJ�RI�QLFNHO�FKURPLXP�VWHHO�E\�FHUPHW�WRRO�ZLWK�WKH�IROORZLQJ�FXWWLQJ�FRQGLWLRQV�¦ ������PP�UHY��W ����PP��. �Û��� ���Û��U ����PP���ZKHUH��� ULQ ��������P��DQG��� ULQ ��������P
7KH� H[SHULPHQWDO� GDWD� SUHVHQWHG� LQ� ILJXUH� ��VKRZV� WKDW� WKH� LQFUHDVH� RI� WKH� LQLWLDO� YDOXH� RI� WKH�FXWWLQJ� HGJH� UDGLXV� �ULQ�� OHDGV� WR� LQWHQVLYH� GURS� LQ�WRRO�GLPHQVLRQDO�ZHDU�KG JURZLQJ��$ORQJ�ZLWK� WKLV��LW� ZDV� HVWDEOLVKHG� WKDW� ZLWK� D� ULVH� RI� �ULQ��� WKH�PDFKLQHG� VXUIDFH� URXJKQHVV� ULVHV� �5]� ULVHV� WR� ��������� 7KH� REWDLQHG� H[SHULPHQWDO� UHVXOWV� DERXW� WKH�UHODWLRQVKLSV�EHWZHHQ�WKH�UHODWLYH�GLPHQVLRQDO�ZHDU�

DQG� FXWWLQJ� VSHHG� IRU� FHPHQWHG� FDUELGH� DQG� FHUPHW�WRROV�KDYH�FOHDUO\�SURQRXQFHG�H[WUHPH�FKDUDFWHU��$V� VKRZQ� LQ� ILJXUH� ��� WKH� PLQLPXP� UHODWLYH�FHUPHW� WRRO� ZHDU� DV� OHVV� DV� ���� WLPHV� WKDQ� IRU�FHPHQWHG� FDUELGH� WRROV�� DQG� LW� DFFRPSOLVKHG� XQGHU�PRUH�KLJKHU�FXWWLQJ�VSHHG�7KH�REWDLQHG�VXUIDFH�URXJKQHVV�RI�WKH�ILQH�WXUQHG�VDPSOHV�ZLWK�WKH�DLP�RI�FHUPHW�WRROV�FRUUHVSRQGHG�WR��WK ± �WK FODVV�RI�VXUIDFH�ILQLVK��5D�UDQJHG�IURP������WR�������P��
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)LJXUH����(IIHFW�RI�FXWWLQJ�VSHHG�RQ�UHODWLYH�GLPHQVLRQDO�WRRO�ZHDU�XQGHU�ILQH�WXUQLQJ�RI�QLFNHO�FKURPLXP�VWHHO�ZLWK�WKH�IROORZLQJ�YDULDEOHV��¦ ������PP�UHY��W ����PP��. �Û��� ���Û��U ����PP���:KHUH�� ZLWK�WKH�DLP�RI�FHUPHW�WRRO��DQG��� E\�XVLQJ�FHPHQWHG�WLWDQLXP�WXQJVWHQ�FDUELGH�WRRO�W\SH��$GGLWLRQDOO\�� D� VWXG\� XQGHU� RI� ODERUDWRU\�FRQGLWLRQV� WR� HVWDEOLVK� WKH� VXLWDELOLW\� RI� WKH� FHUPHW�WRROV� IRU� VWHHO� VHPLILQLVK� WXUQLQJ�ZDV� DFKLHYHG�� $W�WKLV� VWDJH�� WKH� PDFKLQHG� VXUIDFH� VDPSOHV�FRUUHVSRQGHG� WR��WK ± �WK FODVV�RI� VXUIDFH� ILQLVK� �5D�UDQJHG�IURP���WR�������P�� $ORQJ�ZLWK�WKLV��VDPSOHV�RI� PHGLXP� FDUERQ� DQG� DOOR\� WRRO� VWHHOV� ZHUH�PDFKLQHG�� 'XULQJ� PDFKLQLQJ� WKH� WRRO� IHHG� UDQJHG�IURP�����WR�����PP�UHY�DQG�GHSWK�RI�FXW�RI�����PP��7KH� FXWWLQJ� VSHHG� ZDV� LQFUHDVHG� ������ WLPHV� ��UDQJHG� IURP� ��� WR� ��� P�PLQ�� EHVLGH� WKDW��ZKLFK�WDNHQ� GXULQJ� FXWWLQJ� ZLWK� WKH� FHPHQWHG� WLWDQLXP�WXQJVWHQ�FDUELGH� WRRO� W\SH�� �WDEOH�����7KHUHIRUH�� LQ�DGGLWLRQ� WR� LPSURYHPHQW� WKH� PDFKLQHG� VXUIDFH�TXDOLW\�� WKH� SURGXFWLYLW\� RI� WKH� PDQXIDFWXULQJ�RSHUDWLRQ�DOVR�LPSURYHG�DW�OHDVW�WZRIROGV�&21&/86,216
7KH�UHVXOW�RI�WKH�H[SHULPHQWDO VWXG\�DQG�WHVWLQJ�RI�WKH� WXUQLQJ� WRRO� SURYLGHG� ZLWK� FDUER[LGH� LQVHUWV�HQVXUH� WKH� SRVVLELOLW\� RI� LWV� VXFFHVVIXO� XVH� IRU�VHPLILQLVKLQJ��ILQLVKLQJ�DQG�ILQH�WXUQLQJ�RI�GLIIHUHQW�W\SHV� RI� VWHHO�� 7KH� PDFKLQHG� VXUIDFH� URXJKQHVV�LPSURYHG�DW�OHDVW�IRU�RQH�FODVV�RI VXUIDFH�ILQLVK�DQG�WKH� SURFHVV� SURGXFWLYLW\� LQFUHDVHG� ������ LQ� VHYHUDO�FDVHV� EHVLGH� WKDW� DFKLHYHG� XVLQJ� FHPHQWHG� FDUELGH�DQG�ZKLWH�FHUDPLF�WRROV��

5()(5(1&(6
>�@� %�� +�� $PVWHG�� 3�� )�� 2VWZDOG�� DQG� 0�� /�� %HJHPDQ���³0DQXIDFWXULQJ� 3URFHVVHV´�� -RKQ� :LOH\� � 	 6RQV� ,QF���1HZ�<RUN��������>�@�9��$UVKLQRY��*��$OHNVHHY��³0HWDO�&XWWLQJ�7KHRU\�DQG�&XWWLQJ�7RRO�'HVLJQ´��0LU�3XEOLVKHUV��0RVFRZ��������

>�@� 'DQLOHYVN\�� 9�� ³0DQXIDFWXULQJ� (QJLQHHULQJ´�� 0LU�3XEOLVKHUV��0RVFRZ���������>�@� 0�� +DVHKXUVW�� ³0DQXIDFWXULQJ� WHFKQRORJ\´�� (QJOLVK�ODQJXDJH�ERRN��6RFLHW\��+RGGHU�	�6WRXJKWRQ��������>�@� 6�� .DOSDNMLDQ�� ³0DQXIDFWXULQJ� (QJLQHHULQJ� DQG�7HFKQRORJ\´��$GGLVRQ�:HVOH\�3XEOLVKLQJ�&RPSDQ\��1HZ�<RUN��������
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