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7KLV�ZRUN� DLPV� WR� VWXG\� WKH� LQIOXHQFH� RI� VRIWHQHUV� DQG� QRQ�VOLS� ILQLVKHV� LQ� WKH� FRPIRUW� RI�
PXOWLIXQFWLRQDO� EHG� VKHHWV� IRU� WKH� VHDVRQ� VSULQJ�VXPPHU�� RU� XVHG� DOO� \HDU� URXQG� LQ�PLOG� RU�
ZDUP�WHPSHUDWXUHV��)RU�WKLV��GLIIHUHQW�FRQFHQWUDWLRQV�RI�VRIWHQHUV�DQG�QRQ�VOLS�SURGXFWV�ZHUH�
DSSOLHG� WR� ����� FRWWRQ� WDIIHWD� IDEULFV�� (DFK� ILQLVKLQJ�ZDV� DSSOLHG� RQ� D� VLQJOH� IDFH� RI� WKH�
WH[WLOH� DQG� FRPELQHG� E\� DSSOLFDWLRQ� E\� D� GRXEOH� IDFH� SURFHVV�� 7KH� HYDOXDWLRQ� RI� WKH�
PHFKDQLFDO�DQG�WKHUPDO�SURSHUWLHV�RI�WKH�ILQLVKHG�EHG�VKHHWV�ZDV�VWXGLHG��7KLV�DSSOLFDWLRQ�FDQ�
EH� LPSRUWDQW�� IRU� SHUVRQV� WKDW� DUH� UHVWLQJ� LQ� EHG� GXULQJ� ORQJ� SHULRGV� RI� WLPH�� SUHYHQWLQJ�
SUHVVXUH�XOFHUV��

.H\ZRUGV��EHG�VKHHWV��VRIWHQHUV��QRQ�VOLS�ILQLVKHV��PHFKDQLFDO�SURSHUWLHV��WKHUPDO�SURSHUWLHV��
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7KH� IULFWLRQ� SOD\V� DQ� LPSRUWDQW� UROH� LQ� WKH� SUHYHQWLRQ� RI� SUHVVXUH� XOFHUV� DV� ZHOO� DV� LQ� WKH�
FRPIRUW� OHYHOV� SURYLGHG� VSHFLDOO\� IRU� WKRVH� ZLWK� OLPLWHG� RU� LQH[LVWHQW� VHQVLQJ� FDSDFLW\�
�*RVVHQV��������*HUKDUGW��������=KRQJ��������

,W�LV�SRVVLEOH�GHVLJQ�D�EHG�VKHHW�WKDW�ZLOO�UHGXFH�IULFWLRQ�EHWZHHQ�ERG\�DQG�WKH�EHG�VKHHW�DQG�
LQFUHDVH� IULFWLRQ� EHWZHHQ� WKH� EHG� VKHHW� DQG� WKH�PDWWUHVV� FRYHU�� ,Q� WKLV�ZD\�� EHG� VKHHW�ZLOO�
UHPDLQ� LQ� LWV� SRVLWLRQ� DQG� WKH� ERG\� ZLOO� HDVLO\� VOLGH� GXULQJ� WKH� QHHGHG� UHSRVLWLRQLQJ� IRU�
LQVSHFWLRQ�E\�FDUHJLYHUV�DQG�SUHYHQWLRQ�IRU�WKH�GHYHORSPHQW�RI�SUHVVXUH�XOFHUV��

3UHVVXUH�8OFHUV�GHYHORS�ZKHQ� WKHUH� LV� H[FHVVLYH�SUHVVXUH�RQ� D�ERQ\�SURPLQHQFH� IRU�D� ORQJ�
SHULRG�RI� WLPH��ZKLFK�PD\�FRPSUHVV� WKH� WLVVXH�DQG�EORRG�YHVVHOV�EHWZHHQ� WKH�ERQH�DQG� WKH�
VXSSRUW� VXUIDFH�� 7KLV� FRPSUHVVLRQ�� ZKHQ� SURORQJHG�� FDQ� FDXVH� LVFKHPLD�� DQG� HYHQWXDOO\�
QHFURVLV�RI�WKH�WLVVXHV��)RQWHV�HW�DO����������6HH�)LJXUH���IRU�DQ�H[DPSOH�RI�WKH�GHYHORSPHQW�
RI�DQ�XOFHU��)RQWHV�HW�DO���������

)LJ�����5HSUHVHQWDWLRQ�RI�RI�WKH�GHYHORSPHQW�RI�DQ�XOFHU�
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7KH� VPRRWK�� VRIW� DQG� IOH[LEOH� SURSHUWLHV� RI� WH[WLOHV� FDQ� EH� LPSURYHG� XVLQJ� VRIWHQHUV�
DSSOLFDWLRQ��6RIWHQLQJ�LV�D�PDQGDWRU\�SURFHVV�LQ�KRPH�WH[WLOHV�SURGXFWLRQ��$EUHX�HW�DO���������
2Q�WKH�RWKHU�KDQG��WKH�IULFWLRQ�LQFUHDVLQJ�FDQ�EH�REWDLQHG�XVLQJ�QRQ�VOLS�SURGXFWV��6FKLQGOHU��
��������

7KH�VWXG\�RI�DSSO\LQJ�QRQ�VOLS�ILQLVK��LV�PDGH�LQ�RUGHU�WR�LQFUHDVH�IULFWLRQ�WR�KHOS�SUHYHQW�RU�
UHGXFH� WKH�SRVVLELOLW\�RI� IRUPDWLRQ�RI�FUHDVHV��FRQWULEXWLQJ� WR� WKH�RYHUDOO� IHHOLQJ�RI�FRPIRUW�
IRU� WKH� XVHU� RI� ILQLVKHG� EHG� VKHHWV�� 1HYHUWKHOHVV�� WKLV� ILQLVKLQJ� LV� XQFRPPRQ� DQG� WKHLU
FRQMXJDWLRQ�LQ�WKH�VDPH�SURGXFW�LV�LQQRYDWLYH��

7KH�SUHVHQW�VWXG\�UHSRUWV�WKH�GRXEOH�IDFH�ILQLVKLQJ�RI�FRWWRQ�EHG�VKHHW�ZLWK�FDWLRQLF�VRIWHQHU�
DQG�DQWL�VOLS�DX[LOLDU\�SURGXFW��7KH�SURSHUWLHV� UHODWHG� WR�FRPIRUW�RI�PDWHULDOV�DUH�HYDOXDWHG��
7KXV�� IULFWLRQ�FRHIILFLHQW��DEUDVLRQ��ZHDU� UHVLVWDQFH�� WKHUPDO� LQVXODWLRQ��DLU��ZDWHU�DQG�ZDWHU�
YDSRXU� SHUPHDELOLW\� DUH� PHDVXUHG� DFFRUGLQJ� WR� VWDQGDUG� WHVWV� DQG� WKH� REWDLQHG� UHVXOWV�
DQDO\]HG� LQ� WHUPV�RI� DYHUDJH�DQG�YDULDQFH�KRPRJHQHLW\��XVLQJ�6FKHIIp� WHVW�DQG�6QHGHFRU�)�
WHVW�UHVSHFWLYHO\��

(;3(5,0(17$/�'(7$,/6�

7KLV�ZRUN�DLPV�WR�VWXG\�WKH�LQIOXHQFH�RI�VRIWHQHUV�DQG�QRQ�VOLS�ILQLVKHV�LQ�WKH�PHFKDQLFDO�DQG�
WKHUPDO� SURSHUWLHV� RI�PXOWLIXQFWLRQDO� EHG� VKHHWV� IRU� WKH� VHDVRQ� VSULQJ�VXPPHU�� RU� XVHG� DOO�
\HDU�URXQG�LQ�PLOG�RU�ZDUP�WHPSHUDWXUHV���

)RU� WKLV�� GLIIHUHQW� FRQFHQWUDWLRQV� RI� VRIWHQHUV� DQG� QRQ�VOLS� SURGXFWV�ZHUH� DSSOLHG� WR� �����
FRWWRQ�WDIIHWD� IDEULFV��7DEOH�����(DFK�ILQLVKLQJ�ZDV�DSSOLHG�RQ�D�VLQJOH�IDFH�RI� WKH�WH[WLOH� LQ�
WKH�ILUVW�SKDVH�DQG�FRPELQHG�E\�DSSOLFDWLRQ�RQ�HDFK�IDFH�SURFHVV�LQ�WKH�VHFRQG�SKDVH���

7DEOH�����&RQFHQWUDWLRQ�DQG�W\SH�RI�VRIWHQHUV�DQG�QRQ�VOLSSLQJ�ILQLVKHV�
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7KHVH�ILQLVKHG�VKHHWV�FDQ�EH�LPSRUWDQW��IRU�SHUVRQV�WKDW�DUH�UHVWLQJ�LQ�EHG�GXULQJ�ORQJ�SHULRGV�
RI�WLPH��SUHYHQWLQJ�SUHVVXUH�XOFHUV��

7KH�SHUIRUPHG�WHVWV�GXULQJ�WKLV�UHVHDUFK�DUH�LQ�WDEOH����

7DEOH�����7HVWHG�SURSHUWLHV�
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,Q�LGHQWLFDO�UHVXOWV�EHWZHHQ�WKH�GLIIHUHQW�SURGXFWV�DQG�RU�FRQFHQWUDWLRQV��WKH�FKRLFH�IHOO�RQ�WKH�
VDPSOH�ZLWK�ORZHU�SURGXFWLRQ�FRVW��

7KH� UHVXOWV� VKRZHG� WKDW� WKH� EHVW� UHVXOWV� ZLWK� UHVSHFW� WR� WKH� GHVLUHG� FRQMXJDWHG� HIIHFW� ZDV�
REWDLQHG� ZLWK� WKH� DSSOLFDWLRQ� RI� ��� JO��� RI� QRQ�VOLS� FDWLRQLF� SURGXFW� DQG� ��� JO��� RI� FDWLRQLF�
VRIWHQHU���

7KH� IULFWLRQDO� SURSHUWLHV� DQG� ZHDU� UHVLVWDQFH� VKRZHG� VLJQLILFDQWO\� GLIIHUHQW� YDOXHV� ZKHQ�
FRPSDUHG�WR�WKH�XQILQLVKHG�VDPSOHV��

7KH� EHG� VKHHW� IXQFWLRQDOL]HG� ZLWK� WKH� WZR� ILQLVKLQJ¶V�� FRPELQHG� RQ� VDPH� VKHHW� EXW� LQ�
GLIIHUHQW�VLGHV��VKRZHG�VWDWLVWLFDOO\�VLJQLILFDQW�FKDQJHV�LQ�WKH�IULFWLRQ�FRHIILFLHQW�DQG�LQ�ZDWHU�
YDSRXU�SHUPHDELOLW\��7KH�DYHUDJH�YDOXHV�IRU�WKH�UHPDLQLQJ�SURSHUWLHV�WHVWHG�GLG�QRW�FKDQJHG�
VLJQLILFDQWO\�ZKHQ�FRPSDUHG�ZLWK�WKH�REWDLQHG�IRU�VDPSOHV�ZLWK�LQGLYLGXDO�WUHDWPHQWV��

,Q�FRQFOXVLRQ��WKH�FRPIRUW�OHYHO�RI�EHG�VKHHWV�LV�LPSURYHG��



6\PSRVLXPB���
)LEHU�%DVHG�0DWHULDOV��'HVLJQ��'HYHORSPHQW�DQG�$SSOLFDWLRQV�

������

$&.12:/('*0(176�

7KH� DXWKRUV� JUDWHIXOO\� DFNQRZOHGJH� WKH� IXQGLQJ� E\ )('(5� WKURXJK�3URJUDPD�2SHUDFLRQDO�
)DFWRUHV� GH� &RPSHWLWLYLGDGH� �� &203(7(� DQG� E\� WKH� 1DWLRQDO� 6FLHQFH� DQG� 7HFKQRORJ\�
)RXQGDWLRQ��)&7��WKURXJK�3URMHFW�1R��3HVW�&�&70�8,�����������
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>�@�$EUHX�0��-���9LGUDJR�&��6RDUHV�*� 2SWLPL]DWLRQ�2I�7KH�7KHUPDO�&RPIRUW�3URSHUWLHV�2I�
%HG�/LQHQ�8VLQJ�'LIIHUHQW�6RIWHQLQJ�)RUPXODWLRQV� 7(.67ø/�YH�.21)(.6ø<21�����������
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>�@�)RQWHV��/���$EUHX��0��-���&DUYDOKR��0���6DQWRV��-��7KHUPDO�DQG�FRPIRUW�PHDVXUHPHQWV�RI�
PDWWUHVV� SURWHFWRUV� XVHG� IRU� WKH� SUHYHQWLRQ� RI� SUHVVXUH� XOFHUV��7KH� )LEHU�6RFLHW\� ����� )DOO�
0HHWLQJ�DQG�7HFKQLFDO�&RQIHUHQFH��%RVWRQ�������

>�@�)RQWHV��/���$EUHX��0�� -���&DUYDOKR��0���6DQWRV�� -��3UHVVXUH�8OFHU�3UHYHQWLRQ�'HYLFHV�$�
7H[WLOH�DSSURDFK��6+2�����2FFXSDWLRQDO�6DIHW\�DQG�+\JLHQH�6\PSRVLXP��*XLPDUmHV��������

>�@�*HUKDUGW�HW�DO��6NLQ�5HVHDUFK�DQG�7HFKQRORJ\������������S���±����

>�@�*RVVHQV�5�+�0���6QLMGHUV�&�-���+ROVFKHU�7�*���+HHUHQV�:�&���+ROPDQ�$�(��6KHDU�VWUHVV�
RQ�EHGV�DQG�ZKHHOFKDLUV��6FDQG��-��5HKDE��0HG�������������S���������

>�@�6FKLQGOHU� :�'�� DQG� +DXVHU� 3�-�� 1RQ�VOLS� ILQLVKHV�� ,Q�� &KHPLFDO� ILQLVKLQJ� RI� WH[WLOHV��
:RRGKHDG�3XEOLVKLQJ�/WG��(QJODQG��������S���������

>�@�=KRQJ� :�� ;LQJ� 0�0�4��� 3DQ� 1�� 0DLEDFK� +�,�� 7H[WLOHV� DQG� KXPDQ� VNLQ�� PLFURFOLPDWH��
FXWDQHRXV�UHDFWLRQV��DQ�RYHUYLHZ��&XWDQ�2FXO�7R[LFRO������������S���±����


