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5HFHLYHG�0DUFK���������
7KH� HIILFLHQF\� RI� D� UDGLDWLRQ� VKLHOGLQJ� VWUXFWXUH� FRQVLVWLQJ� RI� D� VHW� RI� DOWHUQDWLQJ

OD\HUV� RI� OLJKW� DQG�KHDY\�PHWDOV� LV� VKRZQ� WR� EH� HQKDQFHG�ZKHQ� WKH� OD\HUHG� VWUXFWXUH� LV
WXUQHG�WR�D�UDGLDWLRQ�VRXUFH�E\�WKH�OLJKW�PHWDO�OD\HU��7KH�SURWHFWLRQ�HIILFLHQF\�LV�PD[LPDO
DW� WKH� VLQJOH�SHULRG� VWUXFWXUH� VFKHPH� �RQH� OLJKW� PHWDO� OD\HU� DQG� RQH� KHDY\� RQH��� 7KH
YDOLGLW\�RI�WKH�SUHGLFWHG�UHJXODULWLHV�LV�FRQILUPHG�E\�H[SHULPHQWDO�UHVXOWV�REWDLQHG�XVLQJ
:�DQG�$O�DV�WKH�OD\HUHG�VWUXFWXUH�PDWHULDOV��'HSHQGHQFH�RI�UDGLDWLRQ�DEVRUSWLRQ�HIILFLHQF\
RQ� RULHQWDWLRQ� RI� OD\HUV� UHODWLYH� WR� WKH� VRXUFH� ZDV� REVHUYHG� DOVR� IRU� WKLQ� WKUHH�OD\HU
:±0R±7L�VWUXFWXUH�
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7UDGLWLRQDOO\�� KRPRJHQHRXV�PDWHULDOV� RQ
WKH�EDVH�RI�HOHPHQWV�ZLWK�KLJK�DWRPLF�QXP�
EHUV� �KHDY\� PHWDOV�� VWHHOV�� FRQFUHWH�� HWF��
DUH� XVHG� WR�PDNH� UDGLDWLRQ�VKLHOGLQJ� VWUXF�
WXUHV��+RZHYHU�� WKH� VL]H� WKHUHRI� �LQFOXGLQJ
ZHLJKW�� FRVW�� DQG� RWKHU� LPSRUWDQW� FKDUDF�
WHULVWLFV�� DV� GHWHUPLQHG� E\� SURYLVLRQ� FULWH�
ULD�RI�GHVLJQHG�DWWHQXDWLRQ�OHYHO�RI�SULPDU\
IOX[HV� J�UDGLDWLRQ� OLPLW� WKH� SUDFWLFDO� XVH
SRVVLELOLW\� VXFK� VWUXFWXUHV�� 7KLV� IXQFWLRQDO
OLPLWDWLRQ�RI�SURWHFWLQJ� VWUXFWXUHV�PDGH�RI
WUDGLWLRQDO� KRPRJHQHRXV� PDWHULDOV� PD\� EH
VXUPRXQWHG� E\� LQVHUWLRQ� RI� KHWHURJHQHRXV
PDWHULDOV�LQWR�WKHLU�FRPSRVLWLRQ��7KH�XVH�RI
PXOWLSOH� VFDWWHULQJ� DQG� EDFNVFDWWHULQJ� RI
SKRWRQV� RQ� ERXQGDULHV� RI� GLIIHUHQW� VWUXF�
WXUH�SKDVH� FRPSRQHQWV� RI� KHWHURJHQHRXV
PDWHULDO�LV�VXSSRVHG�

,Q� WKLV� FRQQHFWLRQ�� RI� LQWHUHVW� LV� WKH
PDQXIDFWXULQJ� RI� VSDWLDO� VWUXFWXUHV� FRQ�
WDLQLQJ� VHSDUDWH� UHVWULFWHG� YROXPHV� RI� WZR
RU�PRUH�KRPRJHQHRXV�VXEVWDQFHV��ZKHUH�WKH
UHIOHFWLQJ� FKDUDFWHULVWLFV� RI� RQH� VXEVWDQFH
DUH� KLJKHU� ZKLOH� WKH� DEVRUELQJ� FKDUDF�
WHULVWLFV� DUH� ORZHU� WKDQ� WKRVH� RI� DQRWKHU
VXEVWDQFH�� -RLQLQJ� RI� VXEVWDQFHV� ZLWK� ORZ
DWRPLF�QXPEHU� �KLJKO\�UHIOHFWLQJ��DQG�ZLWK
KLJK� DWRPLF� QXPEHU� �KLJKO\� DEVRUELQJ�� LQ
RQH� KHWHURJHQHRXV� VWUXFWXUH� SURYLGHV� WKH
FRQGLWLRQV�IRU�PXOWLSOH�UHIOHFWLRQ�RI�SKRWRQV
IURP� LQWHUIDFH� RI� WKHVH� VXEVWDQFHV� DQG� UH�
WXUQ�RI� WKH�SKRWRQV� LQWR�WKH�YROXPHV�ILOOHG
ZLWK�KLJKO\�DEVRUELQJ�VXEVWDQFH�QRW�OHDYLQJ
WKH�ERXQGDULHV�RI�WKH�VWUXFWXUH�DV�D�ZKROH�
6XFK� VWUXFWXUH� KDV� KLJKHU� SURWHFWLQJ� FKDU�
DFWHULVWLFV�LQ�FRPSDULVRQ�ZLWK�KRPRJHQHRXV
VXEVWDQFHV� EHLQJ� LWV� FRQVWLWXHQWV��7KH�VFDW�
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WHULQJ�PHFKDQLVPV� DW� DWRPLF� OHYHO� LQKHUHQW
LQ� KRPRJHQHRXV� VXEVWDQFHV� DUH� FRPSOH�
PHQWHG� LQ� KHWHURJHQHRXV� PDWHULDOV� E\
PDFURVWUXFWXUDO� PHFKDQLVPV�� $V� DQ� H[DP�
SOH� RI� VXFK� VWUXFWXUH�� WKH� KHWHURJHQHRXV
VWUXFWXUH� RI� OD\HUHG� W\SH�� ZKHUH� HDFK� SDLU
RI� WKH� QHLJKERXULQJ� OD\HUV� FRQVLVWV� RI� GLI�
IHUHQW� KRPRJHQHRXV� PDWHULDOV�� UHIOHFWLQJ
DQG�DEVRUELQJ��FRXOG�EH�FRQVLGHUHG�

$QDO\WLFDO� GHVFULSWLRQ� RI� VXFK� D� VWUXF�
WXUH� >�@�WHVWLILHV�WKDW� LWV�WRWDO�WUDQVPLVVLRQ
FRHIILFLHQW� ZLOO� EH� PLQLPXP�ZKHQ�PLQLPDO
WUDQVPLVVLRQ�FRHIILFLHQWV�IRU�DEVRUELQJ�FRP�
SRQHQWV� DUH� LQ� FRPELQDWLRQ� ZLWK� PD[LPDO
UHIOHFWLRQ� FRHIILFLHQWV� IRU� UHIOHFWLQJ�FRPSR�
QHQWV��7KLV�DJUHHV�ZLWK�WKH�NQRZQ�FULWHULRQ
IRU�RSWLPDO�PDWHULDO�VHOHFWLRQ�IRU�PXOWLOD\HU
VWUXFWXUHV� DFFRUGLQJ� WR�PD[LPDO� GLIIHUHQFH
LQ�UHIOHFWLRQ�FRHIILFLHQWV�RI�QHLJKERULQJ�OD\�
HUV�>�@��7KLV�ZRUN�LV�DLPHG�DW�DQDO\WLFDO�DQG
H[SHULPHQWDO�VWXG\�RI�J�UDGLDWLRQ�DEVRUSWLRQ
E\�ODPLQDU�KHWHURVWUXFWXUHV�

7KH�DWWHQXDWLRQ�ODZ�RI�LUUDGLDWLRQ�LQWHQ�
VLW\��GRVH��GRVH�UDWH�RU�IOX[�GHQVLW\��E\�KR�
PRJHQHRXV�SURWHFWLRQ�LQ�D�QDUURZ�EHDP�JH�
RPHWU\�IRU�VLQJOH�GLUHFWHG�VRXUFH�PD\�EH�GH�
VFULEHG�DV

6� �6����H�PG�� ���
ZKHUH� 6�� DQG�6� DUH� WKH�PHDVXUDEOH� YDOXHVRI� LUUDGLDWLRQ� LQWHQVLW\� ZLWKRXW� DQG� ZLWK
VKLHOGLQJ�� UHVSHFWLYHO\�� G�� WKH� VKLHOG� WKLFN�
QHVV�� P�� WKH� OLQHDU� DWWHQXDWLRQ� FRHIILFLHQW�
:KHQ�VROYLQJ�WKH�SUREOHPV�RI�VKLHOGLQJ��RQH
KDV�WR�FRQVLGHU�D�EURDG�EHDP�ZKHUH�ERWK�WKH
SULPDU\�� QRQ�VFDWWHUHG�� DQG� PXOWLSO\� VFDW�
WHUHG�SKRWRQV�VKRXOG�EH�WDNHQ�LQWR�DFFRXQW�

3KRWRQV�PXOWLSO\� VFDWWHUHG� LQWR� WKH�PH�
GLXP�DUH�WDNHQ�LQWR�DFFRXQW�E\�LQWURGXFWLRQ
RI�DFFXPXODWLRQ�IDFWRU�%�>�@�LQWR�WKH�ODZ�RI
LUUDGLDWLRQ� DWWHQXDWLRQ� LQ� QDUURZ� EHDP� JH�
RPHWU\�� WKLV� IDFWRU� FKDUDFWHUL]HV� WKH� UDWLR
RI�GHWHFWRU�UHDGLQJ�LQ�EURDG�EHDP�JHRPHWU\
WR�WKDW�LQ�QDUURZ�EHDP�RQH��$WWHQXDWLRQ�RI
J� UDGLDWLRQ� RQ� SDVVLQJ� WKURXJK� WKH� VKLHOG
FRPSRVHG�RI�P� OD\HUV� RI�SURWHFWLQJ�PDWHUL�
DOV�RFFXUV�DFFRUGLQJ�WR�WKH�ODZ�
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ZKHUH� EL{PL�GL� LV� D� GLPHQVLRQOHVV� TXDQWLW\FKDUDFWHUL]LQJ� WKH� L�WK� FRPSRQHQW� RI� WKH
VKLHOG�ZLWK�WKH�WKLFNQHVV�GL��PL��OLQHDU�FRHI�ILFLHQW� RI� UDGLDWLRQ� DWWHQXDWLRQ� LQ� WKH� L�WK
VKLHOG�PDWHULDO� GHWHUPLQHG� E\� WKH� WRWDO� LQ�

WHUDFWLRQ� FURVV�VHFWLRQ� RI� J� UDGLDWLRQ� ZLWK
DWRP�RI�WKH�SURWHFWLQJ�PDWHULDO��%��DFFXPX�
ODWLRQ� IDFWRU� GHSHQGLQJ�� RWKHU� FRQGLWLRQV
EHLQJ� WKH� VDPH�� RQ� J� UDGLDWLRQ� HQHUJ\� (JDQG�WKH�SURWHFWLQJ�PDWHULDO�WKLFNQHVV�EL�)RU� PXOWLOD\HU� VKLHOG�� WKH� DFFXPXODWLRQ
IDFWRU� GHSHQGV� RQ� WKH� DUUDQJHPHQW� RI� SUR�
WHFWLQJ�OD\HUV��QDPHO\�>�Ü�@�
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ZKHUH� WKH� OD\HUV� DUH� QXPEHUHG� VWDUWLQJ
IURP� WKH� VRXUFH� VLGH�� 6R�� Q� ��� UHIHUV� WR
ILUVW� OD\HU� IURP� WKH� VRXUFH��Q� �P�� IRU� WKH
ODVW��%Q
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KRPRJHQHRXV� PHGLXP� IRU� PDWHULDO� RI� Q�WK
OD\HU�DW�D�WKLFNQHVV�HTXDO�WR�WKH�WRWDO�WKLFN�
QHVV�RI�DOO�OD\HUV�XS�WR�Q��RU�WKH�WRWDO�WKLFN�
QHVV�XS�WR��Q�Ü����WK�OD\HU�

,W� LV� LPSRUWDQW� WR� HPSKDVL]H� ZKDW� IRO�
ORZV��7KH�VXPPDWLRQ�LQ�����LV�PDGH�VWDUWLQJ
IURP�Q� ����WKDW�LV�IURP�WKH�ILUVW�SURWHFWLQJ
OD\HU� IDFHG� WR� WKH� VRXUFH� DQG� IXUWKHU� LQ
RUGHU�RI� LQFUHDVLQJ� OD\HU�QXPEHUV��7KDW� LV�
WKH� DFFXPXODWLRQ� IDFWRU� RI� D� PXOWLOD\HU
VKLHOG�GHSHQGV�RQ�WKH�DUUDQJHPHQW�RUGHU�RI
OD\HUV�� 6R�� WKH� GHJUHH� RI� HTXDOLW\� ���� FRP�
SOHWLRQ� PD\� EH� XVHG� DV� D� PHDVXUH� RI� WKH
SURWHFWLRQ�HIILFLHQF\����

/HW�D�FDVH�EH�FRQVLGHUHG�ZKHQ�WKH�VKLHOG
FRQVLVWV�RI�WZR�PDWHULDOV�RQO\��IRU�H[DPSOH�
:�DQG�$O��ZLWK�FRUUHVSRQGLQJ�DFFXPXODWLRQ
IDFWRUV�%:� DQG�%$O��/HW�&� WR�EH� D� FRQVWDQWWKLFNQHVV�RI�VKLHOG��E��WKH�WRWDO�WKLFNQHVV�RI
RQH� RI�PDWHULDOV� �H�J��� WXQJVWHQ��� 7KHQ� WKH
WRWDO� WKLFNQHVV� RI� RWKHU� PDWHULDO� LV� HTXDO
&�Ü�E��)LJ������:ULWH�1�IRU�QXPEHU�RI�SHUL�
RGV� RU� QXPEHU� RI� OD\HU� SDLUV� LQ� WKH� VKLHOG
DQG� FRQVLGHU� WKH� DFFXPXODWLRQ� IDFWRUV� IRU
WZR� VKLHOG� PRGLILFDWLRQV�� QDPHO\�� �L�� WKH
KHDY\�PDWHULDO��%
1��DQG��LL��WKH�OLJKW�PDWH�ULDO��%
1��OD\HU�IDFHG�WR�WKH�VRXUFH�,W�IROORZV�IURP�����WKDW
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ZKHUH�.� LV�D�FRQVWDQW�LQGHSHQGDQW�RI�QXP�
EHU� RI� SHULRGV�1�� 6R�� NQRZLQJ� WKH� GHSHQG�
HQFH�RI�DFFXPXODWLRQ�IDFWRU�%1�RQ�WKH�QXP�EHU� RI� SHULRGV� 1�� ZH� FDQ� MXGJH� WKH� HIIL�
FLHQF\�GHJUHH�RI�D�PXOWLOD\HU�VKLHOG�

,�,�$NVHQRY�HW�DO����/DPLQDWHG�PDWHULDO�����
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+HUH� WKH� LQWURGXFHG� IXQFWLRQ� I�[�� 
%$O�[��Ü��%:�[��!����ZKHUH�[�LV�WKH�PDWHULDOWKLFNQHVV��KDV�WKH�REYLRXV�SURSHUWLHV�

I�[��o��� DW� [� �o���� EHFDXVH� %$O�[��o��DQG�%:�[��o���DW�[�o���DQG�I�[���D��!�I�DWD�!����VHH��IRU�LQVWDQFH��YDOXHV�RI�DFFXPXOD�
WLRQ�IDFWRUV�LQ�>�@��

,Q�WKH�SDUWLFXODU�FDVH�DW�1� ����ELOD\HUHG
PRGLILFDWLRQ���ZH�KDYH�

%
,� �%$O��&����I�E�� �����

%
,� �%:��&����I��&���E�� �����

%
,���%
,� �I�&����I�E����I�&���E�� �����

&RQVLGHUDWLRQ� RI� IXQFWLRQV� ���Ü���
VKRZV�WKDW�DW�DQ\�YDOXHV�RI�WRWDO�WKLFNQHVV
E� RI� KHDY\� PDWHULDO�� WKDW� LV�� ZLWKLQ� WKH
OLPLWV�����E���&��WKH�IROORZLQJ�UHODWLRQVKLSV
DUH�VDWLVILHG�

�L��%
1�����%
1��WKDW�LV��LQ�WKH�FDVH�ZKHQWKH�KHDY\�PDWHULDO�RI�WKH�VKLHOG�LV�IDFHG�WR
WKH� UDGLDWLRQ� VRXUFH�� WKH� DFFXPXODWLRQ� IDF�
WRU�%
� DQG� WKXV� WKH� PHDVXUHG� YDOXH� 6
� DW
WKH�RXWHU� VKLHOG� VLGH�GHFUHDVHV�ZLWK� WKH� LQ�
FUHDVLQJ�QXPEHU�RI�OD\HUV�

6
1�����6
1��RU��.
1���!�.
1�� �����
+HUH�.1� �6��61� LV� UDWLR� RI� J� UDGLDWLRQDWWHQXDWLRQ�LQ�WKH�VKLHOGLQJ�PDWHULDO�
�LL�� %
1���!�%
1�� WKDW� LV�� LQ� WKH� FDVHZKHQ� WKH� OLJKW� PDWHULDO� RI� WKH� VKLHOG� LV

IDFHG�WR�WKH�UDGLDWLRQ�VRXUFH��WKH�DFFXPXOD�
WLRQ�IDFWRU�%
�DQG�WKXV�WKH�PHDVXUHG�YDOXH
6
� LQFUHDVH� ZLWK� WKH� LQFUHDVLQJ� QXPEHU� RI
OD\HUV�

6
1���!�6
1��RU��.
1�����.
1 �����
�LLL��%
1�!�%
1��WKDW�LV��LQ�WKH�FDVH�ZKHQWKH�KHDY\�PDWHULDO�RI�WKH�VKLHOG�LV�IDFHG�WR

WKH� UDGLDWLRQ� VRXUFH�� WKH� DFFXPXODWLRQ� IDF�
WRU� DQG� WKXV� WKH� PHDVXUHG� YDOXH� 6
� LV� DO�
ZD\V�KLJKHU�WKDQ�ZKHQ�WKH�OLJKW�PDWHULDO�LV
IDFHG�WR�WKH�VRXUFH�

6
1�!�6
1��RU��.
1���.
1� �����
7KXV�� IRU� DQ\� QXPEHU� RI� OD\HUV� WKH

VKLHOGLQJ�HIILFLHQF\�LV�KLJKHU�ZKHQ�WKH�OLJKW
PDWHULDO� LV� IDFHG� WR� WKH� UDGLDWLRQ� VRXUFH�
�$V� LW� LV� VKRZQ� LQ� >�@�� IRU� PXOWLSHULRG
VKLHOG� FRVLVWLQJ� RI� WZR� RU� PRUH� GLIIHUHQW
PDWHULDOV��WKH�DFFXPXODWLRQ�IDFWRU�GRHV�QRW
H[FHHG�WKH�PD[LPXP�DQG� LV�QRW� ORZHU�WKDQ
WKH�PLQLPXP�DFFXPXODWLRQ�IDFWRU�YDOXHV�RI
KRPRJHQHRXV�PDWHULDOV��WDNHQ�RYHU�WKH�WRWDO
WKLFNQHVV�RI�PXOWLSHULRGLF�VKLHOG�LQ�WKH�IUHH
SDWK�OHQJWKV���
%
1���%
1�!�%
1�����%
1���o����DW��1�o�f
6
1�6
1!6
1���6
1��o��DW��1of���������

,QHTXDOLWLHV� LQ� ������ IROORZ� IURP� ���� DQG
���� DQG� WKH� OLPLW� HTXDO� WR� ]HUR� PHDQV� WKH
WUDQVLWLRQ� WR� WKH� KRPRJHQHRXV� PL[WXUH� RI
KHDY\�DQG�OLJKW�PDWHULDOV�

,W� LV� LPSRUWDQW� WR� QRWH�ZKDW� IROORZV�� ,Q
>����@� WKH� IRUPXOD� ���� LV� VWDWHG� WR� EH�DSSOL�
FDEOH� IRU� HQHUJLHV� IURP� �� WR� ��� 0H9�� 5H�
VWULFWLRQ� RI� WKH� WRS� HQHUJ\� OLPLW� LV� H[�
SODLQHG� E\� WKH� IDFW� WKDW� DW� pJ�!����lH9�WKH�IRUPDWLRQ�RI�SDLUV�LV�GHILQLWLYH�LQWHUDF�
WLRQ� NLQG� RI� JDPPD� UDGLDWLRQ� ZLWK� VXE�

)LJ�����6FKHPH�RI�H[SHULPHQW�ZLWK�1�SHULRGLF
VKLHOG�� ��� RI� JDPPD�UDGLDWLRQ� VRXUFH�� ��� GH�
WHFWRU�UHFRUGLQJ�WKH�UDGLDWLRQ�LQWHQVLW\�61��

,�,�$NVHQRY�HW�DO����/DPLQDWHG�PDWHULDO�����

��� )XQFWLRQDO�PDWHULDOV�������������



VWDQFHV� �JDPPD� TXDQWD� LQWHUDFW� QRW� ZLWK
HOHFWURQV� RI� DWRPV� RI� SURWHFWLQJ� PDWHULDO�
EXW�ZLWK�&RXORPE�ILHOG�RI� WKHLU�QXFOHL���$W
HQHUJLHV� pJ����� lH9�� WKH� FURVV�VHFWLRQ� RISKRWRHOHFWULF� LQWHUDFWLRQ� KDYLQJ� WKH� UHVR�
QDQFH�FKDUDFWHU�FRQWULEXWHV�WR�WKH�FURVV�VHF�
WLRQ� RI� JDPPD� UDGLDWLRQ� LQWHUDFWLRQ� ZLWK
WKH�WDUJHW�DWRPV�WRJHWKHU�ZLWK�FURVV�VHFWLRQ
RI� &RPSWRQ� VFDWWHULQJ� KDYLQJ� WKH� VPRRWK
FKDUDFWHU� RI� WKH� GHSHQGHQFH� RQ� (J�� 7KHUH�IRUH��IRU�HQHUJLHV��O\LQJ�EHWZHHQ�UHVRQDQFHV
RI� SKRWRHOHFWULF� LQWHUDFWLRQ�� WKH� UDWLR� ���
ZLOO�EH�DOVR�YDOLG�

7R�FKHFN�WKH�UHODWLRQVKLSV� ����Ü������WKH
H[SHULPHQW� ZDV� SHUIRUPHG� ZLWK� H[DPLQD�
WLRQ� RI� D� VKLHOG� FRPSRVHG� RI� WZR�PDWHULDOV
�:� DQG� $O�� DQG� FRPELQHG� LQ� VL[� PRGLILFD�
WLRQV��VLQJOH�SHULRGLF��RQH�:�OD\HU�DQG�RQH�$O
OD\HU���WZR���WKUHH���IRXU��VL[��DQG�WZHOYH�SH�
ULRGLF�� 7KH� WRWDO� WKLFNQHVV� RI� HDFK� PDWHULDO
DQG�� FRQVHTXHQWO\�� WKH� WRWDO� VKLHOG� WKLFNQHVV
ZDV� FRQVWDQW� �����PP� WKLFN�:� DQG� ����PP
WKLFN� $O��� $� IUDJPHQW� RI� VSHQW� QXFOHDU� IXHO
�61)��ZDV�XVHG� DV� WKH�UDGLDWLRQ�VRXUFH�ZLWK
PLQLPXP� UHJLVWHUDEOH� J�TXDQWD� HQHUJ\� RI
�� NH9�� 7KH� PHDVXUHPHQWV� ZDV� FDUULHG� RXW
XVLQJ�D�6(*���3�VSHFWURPHWHU�ZLWK�'5*���
GHWHFWRU� LQ� RSHQ� JHRPHWU\� �WKH� EHDP� ZDV
QRW�FROOLPDWHG���(QHUJ\�LQWHUYDO�IURP����WR
���� NH9� ZDV� VWXGLHG�� 7KH� H[SHULPHQW
VFKHPH�LV�VKRZQ�LQ�)LJ����

)LJ���� VKRZV� WKH� ORZ�HQHUJ\� ���Ü
���� NH9�� SDUW� RI� PHDVXUHG� VSHFWUD�� VSHF�
WUXP� ZLWKRXW� WDUJHW� ����� VSHFWUXP� DIWHU
SDVVLQJ�WKURXJK�D�WDUJHW�FRPSRVHG�RI�RQH�:
OD\HU� DQG� RQH�$O� OD\HU�ZLWK� WXQJVWHQ� IDFHG
WR� WKH� VRXUFH� ���� DQG� WKH� VDPH�ZLWK�DOXPL�
QXP�IDFHG�WR�WKH�VRXUFH������,Q�WKLV�)LJXUH�
WKH� HIIHFW� GHVFULEHG� DERYH� LV� PRUH� SUR�
QRXQFHG��)LJ����VKRZV�WKH�GHSHQGHQFH�RI�DW�
WHQXDWLRQ�UDWLR��LQ�UHODWLYH�XQLWV��RI�SKRWRQ
UDGLDWLRQ� RQ� WKH� QXPEHU� RI� OD\HU� SDLUV
�QXPEHU� RI� SHULRGV�� ZLWK� DOXPLQXP� �XSSHU
FXUYH�� DQG� WXQJVWHQ� �ORZHU� FXUYH�� IDFHG� WR
WKH�VRXUFH��,W�FDQ�EH�VHHQ�WKDW�WKH�HIIHFW�RI

DWWHQXDWLRQ�LV�PRUH�SURQRXQFHG�ZLWK�DOXPL�
QXP�IDFHG�WR�WKH�VRXUFH�

6LPLODU� PHDVXUHPHQWV� ZHUH� FDUULHG� RXW
ZLWK� D� WKUHH�OD\HUHG�:±0R±7L� FRPSRVLWLRQ�
7KH� VDPSOHV� ZHUH� SUHSDUHG� E\� VXEVHTXHQW
GHSRVLWLRQ�RI�PRO\EGHQXP�DQG�WLWDQLXP�OD\�
HUV� ����� PP� WKLFN� HDFK�� RQ� ���� PP� WKLFN
WXQJVWHQ� IRLO� XVLQJ� WKH� YDFXXP�DUF�PHWKRG
>�@��7KH�VSHFWUD�W\SLFDO�RI�VXFK�D�VWUXFWXUH
DUH�VKRZQ�LQ�)LJ�����,W�LV�VHHQ�WKDW�HYHQ�IRU
VXFK� WKLQ� WDUJHWV�� D� UDWKHU� FOHDU�GLIIHUHQFH
LQ�VSHFWUD�REWDLQHG�DW�WZR�GLIIHUHQW�RULHQWD�
WLRQV�RI�WDUJHW�LV�REVHUYHG�DJDLQVW�WKH�EDFN�
JURXQG�RI�LQVLJQLILFDQW�DEVRUSWLRQ�

&RQVLGHUDWLRQ� RI� UHVXOWV� REWDLQHG� VKRZV
WKDW� DEVRUELQJ� SURSHUWLHV� RI� PXOWLSHULRG
WDUJHW�LQ�WKH�UDQJH�RI�SKRWRQ�HQHUJLHV�IURP
��� WR� ���� NH9� LV� REYLRXVO\� KLJKHU� ZKHQ

)LJ�����'LDJUDP�RI�H[SHULPHQWDO�VHWXS�

)LJ����� 'HSHQGHQFHV� RI� UDGLDWLRQ� DWWHQXDWLRQ
UDWLR� RQ� QXPEHU� RI� OD\HU� SDLUV� ZLWK� DOXPL�
QXP��XSSHU�FXUYH��DQG�WXQJVWHQ��ORZHU�FXUYH�
IDFHG�WR�WKH�VRXUFH�

)LJ�����/RZ�HQHUJ\��WR�����NH9��SDUW�RI�PHDV�
XUHG� VSHFWUD����� VSHFWUXP�ZLWKRXW� WDUJHW����
VSHFWUXP� DIWHU� SDVVLQJ� WKURXJK� WZR�OD\HUHG
�:���$O�� IRLO� WDUJHW� IDFHG� WR� WKH� VRXUFH� E\
WXQJVWHQ�OD\HU����Û�WKH�VDPH�ZLWK�DOXPLQXP
IDFHG�WR�WKH�VRXUFH��

,�,�$NVHQRY�HW�DO����/DPLQDWHG�PDWHULDO�����

)XQFWLRQDO�PDWHULDOV������������� ���



OLJKWHU�PHWDO� LV�IDFHG�WR�WKH�VRXUFH�WKDQ�DW
LQYHUVH�RULHQWDWLRQ�RI�OD\HUV�ZLWK�UHVSHFW�WR
WKH�UDGLDWLRQ�VRXUFH��7KLV�HIIHFW�LV�OHVV�SUR�
QRXQFHG� DW� KLJKHU� HQHUJLHV� ZLWKLQ� WKH� LQ�

YHVWLJDWHG� UDQJH�� 7KH� PD[LPXP� GHYLDWLRQ
RI� SURWHFWLYH� SURSHUWLHV� IURP� WKRVH� W\SLFDO
RI�KRPRJHQHRXV�PL[WXUH�RI�PDWHULDOV�LV�RE�
VHUYHG� LQ� WKH� FDVH� RI� RQH�SHULRG� WDUJHW� �LQ
H[SHULPHQW��WKH�ELOD\HU�WDUJHW��

5HIHUHQFHV
� ���9�$�%HORXV�� $�2�.RPDURY�� %�$�6KLO\DHY�

9$17��1R����������������S�����
� ���$�9�7LNKRQUDYRY��$SSO��2SW�������������������
� ���9�)�.R]ORY�� 5HIHUHQFH� %RRN� IRU� 5DGLDWLRQ

6DIHW\�� $WRPHQHUJRL]GDW�� 0RVFRZ� ������� >LQ
5XVVLDQ@�

� ���'�/�%URGHU�� <X�3�.D\XULQ�� $�$�.XWX]RY
�HGV���� 3UREOHPV� RI� 5HDFWRU� 3URWHFWLRQ� 3K\V�
LFV��&ROOHFWHG�DUWLFOHV��*RVDWRPL]GDW��0RVFRZ
�������>LQ�5XVVLDQ@�

� ���/�5�.LPHO�� 9�3�0DVKNRYLFK�� 3URWHFWLRQ
DJDLQVW� ,RQL]LQJ� 5DGLDWLRQV�� $� 5HIHUHQFH
%RRN��$WRPL]GDW��0RVFRZ��������>LQ�5XVVLDQ@�

� ���9�3�0DVKNRYLFK�� $�9�.XGU\DYWVHYD�� 3URWHF�
WLRQ�DJDLQVW�,RQL]LQJ�5DGLDWLRQV��$�5HIHUHQFH
%RRN�� ��WK� (G��� (QHUJRDWRPL]GDW�� 0RVFRZ
�������>LQ�5XVVLDQ@�

� ���,�,�$NVHQRY�� 9DFXXP� $UF� LQ� (URVLRQ� 3ODVPD
6RXUFHV��16&�.,37�3XEO���.KDUNLY��������>LQ
5XVVLDQ@�
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)LJ����� /RZ� HQHUJ\� ���Ü���� NH9�� SDUW� RI
PHDVXUHG�DSSDUDWXV�VSHFWUD�IRU�WKUHH�OD\HUHG
�7L±0R±:�� WDUJHW�� ��� VSHFWUXP� ZLWKRXW� WDU�
JHW�� ��� VSHFWUXP� DIWHU� SDVVLQJ� WKURXJK� WKH
WDUJHW�IDFHG�WR�WKH�VRXUFH�E\�WXQJVWHQ�OD\HU�
�� Û� WKH� VDPH� ZLWK� WLWDQLXP� IDFHG� WR� WKH
VRXUFH��
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