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3DUWLFOH�QXPEHU�HPLVVLRQV�IURP�EUDNHV�RI�SDVVHQJHU�FDUV�

-��3LHOHFKD���,��3LHOHFKD���-��6REF]DN�

�3R]QDQ�8QLYHUVLW\�RI�7HFKQRORJ\��)DFXOW\�RI�&LYLO�DQG�7UDQVSRUW�(QJLQHHULQJ��3R]QDQ��3RODQG�

7KLV DUWLFOH SUHVHQWV WKH FXUUHQW OHJDO IUDPHZRUN DQG XSFRPLQJ UHJXODWLRQV UHODWHG WR SDUWLFXODWH PDWWHU HPLVVLRQV UHVXOWLQJ
IURP WKH ZHDU RI DXWRPRWLYH EUDNH FRPSRQHQWV� %UDNH GXVW HPLVVLRQV DUH D UHFXUULQJ WRSLF LQ VFLHQWLILF OLWHUDWXUH GXH WR WKHLU
GHWULPHQWDO LPSDFW RQ ERWK WKH HQYLURQPHQW DQG KXPDQ KHDOWK� %UDNH GXVW KDV EHHQ VKRZQ WR H[KLELW FDUFLQRJHQLF
SURSHUWLHV VLPLODU WR WKRVH RI H[KDXVW�GHULYHG SDUWLFXODWH PDWWHU� 7KLV LVVXH DOVR DIIHFWV HOHFWULF YHKLFOHV� ZKLFK DUH RIWHQ
KHDYLHU WKDQ LQWHUQDO FRPEXVWLRQ HQJLQH YHKLFOHV� :KHQ UHJHQHUDWLYH EUDNLQJ LV XQGHUXWLOL]HG� WKH LQFUHDVHG YHKLFOH PDVV
PD\ UHVXOW LQ HOHYDWHG EUDNH GXVW HPLVVLRQV� &RQVHTXHQWO\� IRUWKFRPLQJ UHJXODWLRQV VXFK DV (XUR � ZLOO PDQGDWH WKH
DVVHVVPHQW�DQG�OLPLWDWLRQ�RI�VXFK�HPLVVLRQV�IRU�ERWK�FRQYHQWLRQDO�DQG�HOHFWULF�YHKLFOHV��

�

�

7KH�DXWKRUV�FRQGXFWHG�D�VHULHV�RI�EUDNLQJ�VFHQDULRV�RQ�D�VSHFLDOL]HG�WHVW�EHQFK��PHDVXULQJ�GXVW�HPLVVLRQ�SDUDPHWHUV�DQG
GHWHUPLQLQJ�WKH�PDVV�ORVV�RI�EUDNH�SDGV�DIWHU�HDFK�WHVW��7KH�VFHQDULRV�YDULHG�LQ�WHUPV�RI�VLPXODWHG�LQLWLDO�YHKLFOH�VSHHG�
EUDNH�SHGDO�IRUFH��LQFOXGLQJ�HPHUJHQF\�EUDNLQJ�FRQGLWLRQV���DQG�SUH�HVWDEOLVKHG�EUDNLQJ�SURWRFROV��7KH�VWXG\�LQFOXGHG
PHDVXUHPHQWV�RI�SDUWLFXODWH�PDWWHU�FRQFHQWUDWLRQ�DQG�SDUWLFOH�QXPEHU�DFURVV�YDULRXV�VL]H�UDQJHV��7KH�$9/�0LFUR�6RRW
6HQVRU�ZDV�XVHG�IRU�SDUWLFXODWH�PDWWHU�FRQFHQWUDWLRQ�PHDVXUHPHQWV��ZKLOH�D�76,�(QJLQH�([KDXVW�3DUWLFOH�6L]HU��((36�
VSHFWURPHWHU�ZDV�HPSOR\HG�WR�PHDVXUH�SDUWLFOH�QXPEHU�DQG�VL]H�GLVWULEXWLRQ��FRYHULQJ�GLDPHWHUV�IURP���QP�WR�����QP��
7KH�UHVXOWV�HQDEOHG�D�TXDOLWDWLYH�FRPSDULVRQ�RI�SDUWLFXODWH�HPLVVLRQV�DQG�DQ�DQDO\VLV�RI�SDUWLFOH�VL]H�GLVWULEXWLRQ�DFURVV
GLIIHUHQW�EUDNLQJ�FRQGLWLRQV��7KH�QH[W�SKDVH�RI�WKH�VWXG\�ZLOO�HYDOXDWH�WKH�SDUWLFOH�VL]H�XQGHU�VLPLODU�RSHUDWLQJ�FRQGLWLRQV
EXW�XVLQJ�YDULRXV�W\SHV�RI�IULFWLRQ�OLQLQJV�

>�@ 4� =KDQJ� 7� )DQJ� =� 0HQ� 1� :HL� -� 3HQJ� 7� 'X� ;� =KDQJ� <� 0D� /� :X� +� 0DR� 6FLHQFH RI 7KH 7RWDO
(QYLURQPHQW��������������������
>�@ &� =KRQJ� -� 6XQ� =� /LX� +� 1LX� -� =KDQJ� ;� /LDQJ� -� <LQ� /� :X� -� 3HQJ� 4� =KDQJ� +� 0DR� )URQWLHUV LQ )XWXUH
7UDQVSRUWDWLRQ�������������������
>�@�-��/L��&��:DQJ��;��&KHQ��$��/L��<��*H��<��:DQJ��-RXUQDO�RI�(QYLURQPHQWDO�6FLHQFHV���������������������
>�@�%��*LHFKDVNLHO��7��*ULJRUDWRV��3��'LODUD��7��.DUDJHRUJLRX��/��1W]LDFKULVWRV��=��6DPDUDV��$WPRVSKHUH������������������
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(PLVVLRQ�RI�SDUWLFXODWH�PDWWHU�GXULQJ�EUDNLQJ�RI�D�UDLO�YHKLFOH�RQ�D�WHVW�VWDQG�

/��5\PDQLDN���:��6DZF]XN���1��6]\POHW�
�

�3R]QDQ�8QLYHUVLW\�RI�7HFKQRORJ\��)DFXOW\�RI�&LYLO�DQG�7UDQVSRUW�(QJLQHHULQJ�

7KLV VWXG\ DGGUHVVHV WKH SUREOHP RI SDUWLFXODWH PDWWHU HPLVVLRQV UHOHDVHG LQWR WKH DWPRVSKHUH GXULQJ WKH EUDNLQJ SURFHVV RI
D UDLO YHKLFOH WHVWHG RQ D ODERUDWRU\ VWDQG� 7KH H[SHULPHQWDO WHVWV ZHUH GHVLJQHG WR UHSOLFDWH UHDO RSHUDWLQJ FRQGLWLRQV� 7KH
DQJXODU YHORFLWLHV WR ZKLFK WKH IO\ZKHHO PDVV RI WKH WHVW VWDQG ZDV DFFHOHUDWHG FRUUHVSRQGHG WR OLQHDU YHKLFOH VSHHGV RI ���
NP�K�DQG�����NP�K��7KH�PDVV�WKDW�KDG�WR�EH�GHFHOHUDWHG�E\�WKH�EUDNLQJ�V\VWHP�ZDV������NJ�

$Q ((36 ���� PDVV VSHFWURPHWHU ZDV XVHG WR PHDVXUH WKH SDUWLFOH VL]H GLVWULEXWLRQ DQG PDVV RI SDUWLFXODWH PDWWHU
JHQHUDWHG DV D UHVXOW RI IULFWLRQ EHWZHHQ WKH EUDNH SDG DQG WKH EUDNH GLVF RI WKH UDLO YHKLFOH� $IWHU HDFK EUDNLQJ F\FOH� WKH
EUDNH�SDGV�ZHUH�UHPRYHG�IURP�WKH�WHVW�VWDQG��ZHLJKHG��DQG�UHLQVWDOOHG�LQ�WKHLU�RULJLQDO�SRVLWLRQV�

)LJXUH � SUHVHQWV WKH QXPEHU FRQFHQWUDWLRQ RI SDUWLFXODWH PDWWHU HPLWWHG LQ WKH LPPHGLDWH YLFLQLW\ RI WKH EUDNH SDGV IRU
EUDNLQJ VSHHGV RI ��� NP�K DQG ��� NP�K� 7KH PD[LPXP LQVWDQWDQHRXV SDUWLFOH QXPEHU FRQFHQWUDWLRQV UHDFKHG ���� î ���

��FP� DQG ���� î ��� ��FP�� UHVSHFWLYHO\� ,Q DGGLWLRQ� SDUWLFOH VL]H GLVWULEXWLRQV ZHUH GHWHUPLQHG� )RU WKH ORZHU EUDNLQJ
VSHHG� WKH KLJKHVW SDUWLFOH FRQFHQWUDWLRQV ZHUH REVHUYHG LQ WKH GLDPHWHU UDQJHV RI ����±���� QP� )RU WKH EUDNLQJ VSHHG RI
����NP�K��WKH�KLJKHVW�FRQFHQWUDWLRQV�RFFXUUHG�LQ�WKH�SDUWLFOH�GLDPHWHU�UDQJH�RI�����±�����QP�

�

�

8VLQJ�WKH�VSHFWURPHWHU�GDWD��WKH�PDVV�ORVV�RI�WKH�DQDO\]HG�VDPSOHV�ZDV�GHWHUPLQHG��)RU�WKH�EUDNLQJ�VSHHG�RI�����NP�K�
WKH�PDVV�ORVV�DPRXQWHG�WR��������J��ZKLOH�IRU�����NP�K�LW�UHDFKHG��������J��0HDVXUHPHQWV�RI�WKH�WRWDO�PDVV�RI�WKH�EUDNH
SDGV�XVLQJ�D�SUHFLVLRQ�EDODQFH�VKRZHG�WKDW�WKH�RYHUDOO�SDG�ZHDU�GXULQJ�WKH�WHVWV�FRUUHVSRQGHG�WR���J�DQG����J�IRU�WKH
UHVSHFWLYH�EUDNLQJ�VSHHGV�

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

http://www.tcpdf.org


��6HVVLRQ����3RVWHU�6HVVLRQ�%��3RVWHU �&
��

2Q�URDG�WLUH�ZHDU�SDUWLFOH�HPLVVLRQV�IURP�D�OLJKW�GXW\�YHKLFOH�

(��'H)UDQFH���=��7RXPDVDWRV���*��.DUDYDODNLV�
�

�8QLYHUVLW\�RI�&DOLIRUQLD��%RXUQV�&ROOHJH�RI�(QJLQHHULQJ��&HQWHU�IRU�(QYLURQPHQWDO�5HVHDUFK�DQG�7HFKQRORJ\��&(�&(57��
�����&ROXPELD�$YHQXH��5LYHUVLGH��&$��������86$�

7KH WRSLF RI QRQ�H[KDXVW HPLVVLRQV KDV UHFHLYHG LQFUHDVHG DWWHQWLRQ RYHU UHFHQW \HDUV GXH WR WKH FRQWLQXRXV UHGXFWLRQ RI
FRPEXVWLRQ�JHQHUDWHG �WDLOSLSH� HPLVVLRQV IURP PRELOH VRXUFHV DQG WKHLU UHOHYDQFH WR DLU TXDOLW\ DQG KHDOWK� &XUUHQW
HPLVVLRQ UHJXODWRU\ HIIRUWV DUH IRFXVLQJ RQ UHGXFLQJ SDUWLFXODWH QRQ�H[KDXVW HPLVVLRQV WKDW RULJLQDWH IURP WKH ZHDU RI
EUDNHV DQG WLUHV� 7LUH�ZHDU SDUWLFOHV DUH VPDOO SDUWLFOHV DEUDGHG IURP WLUHV GXULQJ GULYLQJ GXH WR IULFWLRQ ZLWK WKH URDG
VXUIDFH DQG FDQ FRQWULEXWH WR DPELHQW XOWUDILQH SDUWLFOH HPLVVLRQV� DV ZHOO DV WR 30��� DQG 30�� HPLVVLRQV� 7KLV VWXG\ XVHG
D QRYHO VDPSOLQJ V\VWHP WR DVVHVV WLUH�ZHDU UHDO�WLPH SDUWLFOH QXPEHU� SDUWLFOH VL]H GLVWULEXWLRQV� DQG JUDYLPHWULF 30��� DQG
30�� PDVV IURP D OLJKW�GXW\ WUXFN GXULQJ RQ�URDG GULYLQJ� � 7LUH�ZHDU WHVWLQJ ZDV SHUIRUPHG RQ VL[ GLIIHUHQW WLUHV IURP ILYH
GLIIHUHQW PDQXIDFWXUHUV RYHU PXOWLSOH URXWHV UHSUHVHQWLQJ XUEDQ DQG KLJKZD\ GULYLQJ� DQG FRQFUHWH DQG DVSKDOW URDG
SDYHPHQW� 7KH WHPSHUDWXUH RI WKH WLUHV ZDV PRQLWRUHG ZLWK DQ ,5 FDPHUD� ,Q DGGLWLRQ WR WKH UHDO�WLPH SDUWLFOH
PHDVXUHPHQWV� SDUWLFOH PRUSKRORJ\ IRU 30��� DQG 30�� ZDV SHUIRUPHG E\ HPSOR\LQJ D VFDQQLQJ HOHFWURQ PLFURVFRS\
�6(0� ZLWK (QHUJ\ 'LVSHUVLYH ;�UD\ �(';�� 7UDFH HOHPHQWV DQG PHWDOV ZHUH DQDO\]HG ZLWK DQ ;�UD\ IOXRUHVFHQFH �;5)�
PHWKRG� DFFRUGLQJ WR 86 (3$ ,2����� 30 HPLVVLRQ VDPSOHV ZHUH DOVR FKHPLFDOO\ FKDUDFWHUL]HG IRU RUJDQLF UXEEHU
FRPSRXQGV� LQFOXGLQJ 1������GLPHWK\OEXW\O��1
�SKHQ\O�S�SKHQ\OHQHGLDPLQH ��33'�� �33'�TXLQRQH�
GLSKHQ\OTXDQLGLQH�����GLSKHQ\OXUHD���+�EHQ]RWULD]ROH����PLQREHQ]RWKLD]ROH��DQG�PDQ\�PRUH�
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%UDNH�ZHDU�SDUWLFOH�HPLVVLRQV�PHDVXUHPHQW�DQG�FKDUDFWHUL]DWLRQ�GXULQJ�RQ�URDG�YHKLFOH�WHVWLQJ�

(��'H)UDQFH���=��7RXPDVDWRV���*��.DUDYDODNLV�
�

�8QLYHUVLW\�RI�&DOLIRUQLD��%RXUQV�&ROOHJH�RI�(QJLQHHULQJ��&HQWHU�IRU�(QYLURQPHQWDO�5HVHDUFK�DQG�7HFKQRORJ\��&(�&(57��
�����&ROXPELD�$YHQXH��5LYHUVLGH��&$��������86$�

%UDNH�ZHDU SDUWLFXODWH HPLVVLRQV ZHUH DVVHVVHG GXULQJ RQ�URDG GULYLQJ ZLWK D OLJKW�GXW\ YHKLFOH RYHU GLIIHUHQW URXWHV LQ WKH
6RXWK &RDVW $LU %DVLQ RI &DOLIRUQLD� 7KH WHVW URXWHV LQFOXGHG D PL[ RI GULYLQJ FRQGLWLRQV� VXFK DV KLJKZD\ DQG XUEDQ
GULYLQJ� IUHTXHQW VWRS�DQG�JR HYHQWV� DQG GHFHOHUDWLRQ HYHQWV� $ QRYHO VDPSOLQJ V\VWHP ZDV GHVLJQHG WR IXOO\ HQFORVHG WKH
EUDNH URWRU DQG FDOLSHU� 7KH PHDVXUHPHQW SULQFLSOH ZDV EDVHG RQ WKH &96 WHFKQLTXH LQ ZKLFK WKH DLUIORZ UDWH WKURXJK WKH
V\VWHP LV KHOG FRQVWDQW� )LOWHUHG DLU ZDV GLUHFWHG LQWR WKH HQFORVXUH DQG DQ RXWOHW IRU WKH VXVSHQGHG SDUWLFOHV ZDV GUDZQ LQWR
WKH RQERDUG VDPSOLQJ WXQQHO� (PLVVLRQ PHDVXUHPHQWV IURP PXOWLSOH EUDNH SDGV LQFOXGHG JUDYLPHWULF PDVV IRU 30��� DQG
30��� 30��� DQG 30�� ILOWHUV ZHUH DQDO\]HG IRU PHWDOV DQG WUDFH HOHPHQWV XVLQJ WKH ;�UD\ IOXRUHVFHQFH �;5)� PHWKRG�
DFFRUGLQJ WR (3$ ,2����� 5HDO�WLPH 30��� HPLVVLRQV ZHUH PHDVXUHG ZLWK D 76, 'XVW7UDN '5; $HURVRO 0RQLWRU �����
7RWDO SDUWLFOH QXPEHU DQG SDUWLFOH VL]H GLVWULEXWLRQ ZHUH PDGH ZLWK D 'HNDWL KLJK�UHVROXWLRQ (/3,�� ,Q DGGLWLRQ WR WKH
HPLVVLRQ PHDVXUHPHQWV� VHYHUDO WKHUPRFRXSOHV ZHUH XVHG WR PRQLWRU WHPSHUDWXUH FKDQJHV DFURVV WKH EUDNH GLVF� 7KH UHVXOWV
RI�WKLV�VWXG\�ZLOO�EH�GLVFXVVHG�DV�D�IXQFWLRQ�RI�EUDNH�GLVF�WHPSHUDWXUH��GULYLQJ�RSHUDWLQJ�FRQGLWLRQV��DQG�EUDNH�HQHUJ\�
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0LWLJDWLQJ�7KH�(QYLURQPHQWDO�5HOHDVH�RI�0HWDO�:HDU�3DUWLFOHV�WKURXJK�6XVWDLQDEOH�/XEULFDQW�

1��)��0RKG�<XVRI�����6��$KPDG�����&��;��:DL�����=��<��)RR�����1��$��$ZDQJ���

�6FKRRO�RI�0HFKDQLFDO�(QJLQHHULQJ���8QLYHUVLWL�6DLQV�0DOD\VLD��������1LERQJ�7HEDO��3HQDQJ�0DOD\VLD���6FKRRO�RI�&LYLO
(QJLQHHULQJ�

0HWDO ZHDU SDUWLFOHV DUH SURGXFHG DV D UHVXOW RI ZHDU SURFHVVHV DQG PD\ DFFXPXODWH LQ JUHDVH�OXEULFDWHG UDLOZD\
FRPSRQHQWV� LQFOXGLQJ D[OH EHDULQJV DQG ZKHHO±UDLO LQWHUIDFH OXEULFDWLRQ V\VWHPV >�@� 7KHVH SDUWLFOHV PD\ EH UHOHDVHG LQWR
WKH HQYLURQPHQW GXULQJ OHDNDJH DQG GLVSRVDO� FRQWULEXWLQJ WR VRLO DQG ZDWHU FRQWDPLQDWLRQ� 3DUWLFOHV LQ JUHDVH KDYH EHHQ
VKRZQ WR SURPRWH VXUIDFH GDPDJH DQG ZHDU SURJUHVVLRQ LQ OXEULFDWHG FRQWDFWV >�@� DQG ZKHHO±UDLO LQWHUDFWLRQV DOVR SURGXFH
DLUERUQH�ZHDU�SDUWLFOHV�WKDW�FDQ�FRQWULEXWH�WR�HQYLURQPHQWDO�FRQWDPLQDWLRQ�>�@��

7KLV VWXG\ SUHVHQWV D VXVWDLQDEOH OXEULFDQW VWUDWHJ\ DLPHG DW PLWLJDWLQJ WKH HQYLURQPHQWDO UHOHDVH RI PHWDO ZHDU
SDUWLFOHV WKURXJK VRXUFH UHGXFWLRQ YLD OXEULFDQW IRUPXODWLRQ� $ ELR�EDVHG JUHDVH IRUPXODWHG XVLQJ SDOP RLO ZDV GHYHORSHG
DQG HYDOXDWHG DJDLQVW D FRQYHQWLRQDO PLQHUDO�EDVHG JUHDVH� 7ULERORJLFDO SHUIRUPDQFH ZDV DVVHVVHG XQGHU ERXQGDU\
FRQWDFW FRQGLWLRQV XVLQJ D WULERPHWHU� IRFXVLQJ RQ IULFWLRQ EHKDYLRU� ZHDU UHVSRQVH� DQG ZHDU SDUWLFOH JHQHUDWLRQ� 7KH
VXVWDLQDEOH JUHDVH H[KLELWHG VLJQLILFDQWO\ ORZHU IULFWLRQ FRHIILFLHQWV DQG UHGXFHG ZHDU FRPSDUHG WR WKH FRQYHQWLRQDO
PLQHUDO�JUHDVH��LQGLFDWLQJ�LPSURYHG�OXEULFDWLQJ�HIILFLHQF\�DQG�VXUIDFH�SURWHFWLRQ�

:HDU SDUWLFOH DQDO\VLV UHYHDOHG D VXEVWDQWLDOO\ ORZHU FRQFHQWUDWLRQ RI PHWDO ZHDU SDUWLFOHV LQ WKH IRUPXODWHG
JUHDVH� GHPRQVWUDWLQJ HIIHFWLYH VXSSUHVVLRQ RI SDUWLFOH JHQHUDWLRQ DW WKH WULERORJLFDO LQWHUIDFH� %LRGHJUDGDELOLW\ ZDV
HYDOXDWHG XVLQJ )RXULHU WUDQVIRUP LQIUDUHG VSHFWURVFRS\ �)7,5� DQG JDV FKURPDWRJUDSK\ �*&�� ZKLFK VKRZHG DFFHOHUDWHG
FKHPLFDO GHJUDGDWLRQ RI WKH SDOP RLO±EDVHG JUHDVH UHODWLYH WR WKH PLQHUDO FRXQWHUSDUW� 7KH FRPELQDWLRQ RI UHGXFHG PHWDO
ZHDU SDUWLFOH IRUPDWLRQ DQG HQKDQFHG ELRGHJUDGDELOLW\ KLJKOLJKWV WKH SRWHQWLDO RI WKH SURSRVHG VXVWDLQDEOH OXEULFDQW WR
PLQLPL]H WKH HQYLURQPHQWDO LPSDFW DVVRFLDWHG ZLWK JUHDVH ZDVWH� 7KLV ZRUN GHPRQVWUDWHV WKDW VXVWDLQDEOH OXEULFDQW
IRUPXODWLRQ RIIHUV D YLDEOH SDWKZD\ IRU FRQWUROOLQJ PHWDO ZHDU SDUWLFOHV ZKLOH LPSURYLQJ HQYLURQPHQWDO FRPSDWLELOLW\ LQ
KHDY\�GXW\�PDFKLQHU\�DSSOLFDWLRQV�

�

5HIHUHQFHV

>�@ &KLK�/LQJ /LQ� 3DXO $� 0HHKDQ� 0RUSKRORJLFDO DQG HOHPHQWDO DQDO\VLV RI ZHDU GHEULV QDWXUDOO\ IRUPHG LQ JUHDVH
OXEULFDWHG�UDLOZD\�D[OH�EHDULQJV��:HDU��������9ROXPHV����±����

>�@ 7KL�1D 7D� -HQJ�+DXU +RUQJ� 0LQJ�:HL +XDQJ� (OHQD 9� 7RUVND\D� &KXQ�:HL .XR� 7ULERORJLFDO FKDUDFWHULVWLFV DQG
YLEUDWLRQ UHVSRQVH RI JUHDVH OXEULFDWHG FRQWDFWV XQGHU HQYLURQPHQWDO SDUWLFOHV DQG ZDWHU LPSDFW� :HDU� ����� 9ROXPHV
���±����

>�@ +\XQ:RRN /HH� 7KH HIIHFW RI ZDWHU OXEULFDQW RQ UHGXFLQJ WKH JHQHUDWLRQ RI DLUERUQH ZHDU SDUWLFOHV IURP ZKHHO±UDLO
FRQWDFWV�XQGHU�YDULRXV�WUDLQ�YHORFLWLHV��7ULERORJ\�,QWHUQDWLRQDO��������9ROXPH�����
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,1'2$,572;��3URMHFW�2YHUYLHZ�DQG�([SHULPHQWDO�'HVLJQ�IRU�,QGRRU�8OWUDILQH�3DUWLFOHV²6RXUFHV��'\QDPLFV��DQG

7R[LFLW\�

.��<HK���5��=KX���.��6KDUDI�'LQ���,��(O�+DGGDG���5��+H���%��5RWKHQ�5XWLVKDXVHU���1��:DQJ���-��:LOOLDPV���'��/LFLQD�
�

�+XPDQ�2ULHQWHG�%XLOW�(QYLURQPHQW�/DERUDWRU\��ÊFROH�3RO\WHFKQLTXH�)pGpUDOH�GH�/DXVDQQH�������)ULERXUJ��6ZLW]HUODQG���

3DXO�6FKHUUHU�,QVWLWXWH�������9LOOLJHQ��6ZLW]HUODQG���$GROSKH�0HUFNOH�,QVWLWXWH��8QLYHUVLWp�GH�)ULERXUJ�������)ULERXUJ�
6ZLW]HUODQG���0D[�3ODQFN�,QVWLWXWH�IRU�&KHPLVWU\��������0DLQ]��*HUPDQ\�

,QKDODWLRQ H[SRVXUH WR SDUWLFXODWH PDWWHU �30� LV NQRZQ WR FDXVH DGYHUVH LPSDFWV RQ KXPDQ KHDOWK� 0XFK RI WKLV H[SRVXUH LV
LQFXUUHG LQGRRUV� ZKHUH SHRSOH VSHQG WKH PDMRULW\ RI WKHLU WLPH� ([LVWLQJ UHVHDUFK RQ DLU TXDOLW\ DQG KHDOWK LPSDFWV RI 30
W\SLFDOO\ IRFXV RQ DWPRVSKHULF ILQH DQG FRDUVH SDUWLFOHV �30��� DQG 30��� UHVSHFWLYHO\�� 0RUH UHFHQW VWXGLHV KDYH VKLIWHG
WKHLU IRFXV WR XOWUDILQH SDUWLFOHV �8)3V�� ZLWK GLDPHWHUV OHVV WKDQ ��� QP�� 5HODWLYH WR ODUJHU SDUWLFOHV� 8)3V SRVH FRQFHUQV
IRU KXPDQ KHDOWK GXH WR WKHLU VPDOO VL]H DQG KLJK VXUIDFH DUHD�WR�PDVV UDWLR�� 7KLV IDFLOLWDWHV WKH WUDQVSRUW RI SDUWLFOH�ERXQG
FKHPLFDOV GHHS LQWR WKH UHVSLUDWRU\ V\VWHP� 'HVSLWH WKH SRWHQWLDO IRU LQFUHDVHG DGYHUVH KHDOWK HIIHFWV IURP H[SRVXUH WR 8)3V
UHODWLYH�WR�ODUJHU�SDUWLFOHV��VWXGLHV�RI�8)3V�RI�LQGRRU�RULJLQ�UHPDLQ�VSDUVH�

,QGRRU 8)3 VRXUFHV W\SLFDOO\ IDOO LQWR WKUHH FDWHJRULHV� FRPEXVWLRQ� YRODWLOL]DWLRQ�QXFOHDWLRQ�FRQGHQVDWLRQ �91&�� DQG
R[LGDWLRQ� 9DULRXV VWXGLHV KDYH FKDUDFWHUL]HG WKH QXPEHU FRQFHQWUDWLRQ RI LQGRRU 8)3V HPLWWHG E\ GLIIHUHQW LQGRRU
DFWLYLWLHV VXFK DV FRRNLQJ� KHDWLQJ� DQG KXPDQ RFFXSDQF\���� +RZHYHU� WKH FRPSRVLWLRQ RI 8)3V� WKHLU G\QDPLFV� DQG WKH
KHDOWK LPSDFWV UHVXOWLQJ IURP H[SRVXUH WR 8)3 IURP GLIIHUHQW VRXUFHV UHPDLQV XQFOHDU� ,Q WKLV ZRUN� LQGRRU 8)3 VRXUFHV�
G\QDPLFV� DQG WR[LFLW\ ZLOO EH V\VWHPDWLFDOO\ LQYHVWLJDWHG XVLQJ D PXOWLGLVFLSOLQDU\ DSSURDFK� $ VWDWH�RI�WKH�VFLHQFH
HQYLURQPHQWDO FKDPEHU IRU FRQWUROOHG 8)3 JHQHUDWLRQ DQG WUDQVIRUPDWLRQ H[SHULPHQWV ZLOO EH XVHG� LQ FRPELQDWLRQ ZLWK
DGYDQFHG FKHPLFDO FKDUDFWHUL]DWLRQ WHFKQLTXHV �375�7R)�06� ((6,�06�� DQG D OXQJ�WLVVXH H[SRVXUH FKDPEHU� 7KLV
SUHVHQWDWLRQ�IRFXVHV�RQ�WKH�SURMHFW�RYHUYLHZ�DQG�KLJKOLJKWV�RI�WKH�H[SHULPHQWDO�GHVLJQ�

,QGRRU 8)3 VRXUFHV RI LQWHUHVW LQFOXGH FRRNLQJ �IRU GLIIHUHQW GLHWV� DQG E\ GLIIHUHQW PHWKRGV�� KHDWLQJ� DQG R]RQH
LQWHUDFWLRQV ZLWK HPLVVLRQV IURP FOHDQLQJ� KXPDQ RFFXSDQWV� DQG SHUVRQDO FDUH SURGXFWV� ,W LV K\SRWKHVL]HG WKDW GLIIHUHQW
VRXUFHV ZLOO JHQHUDWH FKHPLFDOO\ GLVWLQFW SDUWLFOH SRSXODWLRQV� SURGXFLQJ YDU\LQJ WR[LFRORJLFDO HIIHFWV� 7KH LPSDFWV RI
YDULRXV HQYLURQPHQWDO FRQGLWLRQV DQG EXLOGLQJ RSHUDWLRQDO VHWWLQJV RQ 8)3 IRUPDWLRQ� G\QDPLFV� DQG OLIHWLPH ZLOO DOVR EH
LQYHVWLJDWHG� 7KLV XQLTXH DSSURDFK ZLOO HQDEOH D PHFKDQLVWLF XQGHUVWDQGLQJ RI 8)3 EHKDYLRU DQG WR[LFLW\� )LQGLQJV IURP
WKLV SURMHFW ZLOO LPSURYH RXU XQGHUVWDQGLQJ RI 8)3 FRPSRVLWLRQ� KRZ 8)3V IURP YDULRXV LQGRRU VRXUFHV LQWHUDFW ZLWK
KXPDQ OXQJ WLVVXHV� DQG LQIRUP WKH GHVLJQ DQG RSWLPL]DWLRQ RI EXLOGLQJ YHQWLODWLRQ DQG DLU SXULILFDWLRQ V\VWHPV WR PLQLPL]H
LQGRRU�8)3�H[SRVXUH�

7KLV�VWXG\�LV�VXSSRUWHG�E\�WKH�6ZLVV�1DWLRQDO�6FLHQFH�)RXQGDWLRQ��&5�������������

>�@�:LOOLDP�:��1D]DURII��%XLOGLQJ�DQG�(QYLURQPHQW��������������������
>�@�'HDQ�(��6FKUDXIQDJHO��([SHULPHQWDO�	�0ROHFXODU�0HGLFLQH��������������������
>�@ 4XQIDQJ =KDQJ� 5RMD +� *DQJXSRPX� 'DYLG 5DPLUH]� <LIDQJ =KX� ,QWHUQDWLRQDO -RXUQDO RI (QYLURQPHQWDO 5HVHDUFK
DQG�3XEOLF�+HDOWK���������������������
>�@�$OLUH]D�$VKIDUL��8YH�0DWVRQ��/DUV�(NEHUJ��,QGRRU�$LU�������������������
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��6HVVLRQ����3RVWHU�6HVVLRQ�%��3RVWHU �%
��

3DUWLFOH�SROOXWLRQ�IURP�RYHQV�LQ�'DQLVK�NLWFKHQV�

5��%RJHER���.��3UHVV�.ULVWHQVHQ���7��6LJVJDDUG���.��5��/DXUVHQ���.��%��-RKDQQVHQ���$��1¡UJDDUG�

�+HDOWK\�,QGRRU�(QYLURQPHQW���,QVWLWXWH�RI�3XEOLF�+HDOWK��8QLYHUVLW\�RI�$DUKXV���+HDOWK�DQG�6XVWDLQDELOLW\��$UWHOLD�$�6�

%DFNJURXQG� ,Q GHYHORSHG FRXQWULHV� SHRSOH VSHQG D ODUJH SURSRUWLRQ RI WKHLU OLYHV DW KRPH� ZKHUH VPRNH IURP RYHQV
FRQWULEXWHV VLJQLILFDQWO\ WR LQGRRU SDUWLFOH SROOXWLRQ� WKHUHE\ LQFUHDVLQJ WKH ULVN RI FDUGLRYDVFXODU GLVHDVHV� EORRG FORWV� OXQJ
GLVHDVHV� FDQFHU� HWF� *RRG NLWFKHQ KDELWV DQG WKH FRUUHFW XVH RI HIILFLHQW FRRNHU KRRGV RU YHQWLODWLRQ UHGXFH SROOXWLRQ DQG
WKH FRQQHFWHG ULVN RI PRUELGLW\� +RZHYHU� D <RX*RY VXUYH\ FRQGXFWHG IRU %ROLXV LQ 'HFHPEHU ���� VKRZHG WKDW MXVW ��
SHUFHQW RI 'DQHV VZLWFK RQ WKH FRRNHU KRRG ZKHQ XVLQJ WKHLU RYHQ� $W WKH VDPH WLPH� WKHUH LV D IDVW ULVH LQ WKH VDOH RI RYHQV
EXLOW LQWR NLWFKHQ FDELQHWV RXWVLGH WKH UDQJH RI WKH FRRNHU KRRG� 3XUSRVH� 7KH SXUSRVH RI WKLV VWXG\ ZDV WR SHUIRUP GHWDLOHG
LQYHVWLJDWLRQV RI SDUWLFOH SROOXWLRQ IURP FRRNLQJ IRRG LQ VL[ WUDGLWLRQDO RYHQV XQGHU FRRNHU KRRGV DQG VL[ RYHQV EXLOW LQWR
NLWFKHQ FDELQHWV �QRW XQGHU KRRGV� LQ 'DQLVK NLWFKHQV�0HWKRGV� 3DUWLFOHV �31 DQG 30���� ZHUH PHDVXUHG ZLWK FDOLEUDWHG 3�
7UDNV DQG 'XVW7UDNV IURP 76, LQ �� 'DQLVK NLWFKHQV� %HIRUH PHDVXUHPHQWV� RYHQV ZHUH FOHDQHG DQG WKH HIILFLHQF\ RI WKH
FRRNHU KRRGV ZHUH WHVWHG� 1R RWKHU SROOXWLRQ VRXUFHV ZHUH DFWLYH GXULQJ WKH PHDVXUHPHQWV� $ UHSURGXFLEOH VWDQGDUG IU\LQJ
VHWXS SUHSDULQJ WZR SLHFHV RI EDFRQ LQ WKH RYHQ ZDV XVHG XQGHU WKH IROORZLQJ WKUHH WHVW FRQGLWLRQV� D� QRW XVLQJ WKH KRRG� E�
XVLQJ WKH KRRG DW WKH KLJKHVW OHYHO� F� XVLQJ YHQWLODWLRQ �WKURXJK GUDXJKW YHUVXV RSHQ NLWFKHQ ZLQGRZ�� 5HVXOWV� )RU RYHQV
SODFHG XQGHU FRRNHU KRRGV� HIILFLHQW KRRGV DQG YHQWLODWLRQ ZLWK WKURXJK GUDXJKW DUH URXJKO\ HTXDOO\ HIIHFWLYH DW UHPRYLQJ
31 SROOXWLRQ� ZKLOH WKH KRRGV DUH PRUH HIIHFWLYH WKDQ YHQWLODWLRQ ZLWK MXVW WKH NLWFKHQ ZLQGRZ RSHQ� (IILFLHQW KRRGV DUH
EHWWHU WKDQ YHQWLODWLRQ DW UHPRYLQJ 30���� )RU RYHQV QRW SODFHG XQGHU NLWFKHQ KRRGV �RYHQV EXLOW LQWR NLWFKHQ FDELQHWV��
YHQWLODWLRQ FDQ EH WKH PRVW HIILFLHQW PHWKRG IRU UHPRYLQJ ERWK 31 DQG 30���� )U\LQJ WZR SLHFHV RI EDFRQ XQGHU VWDQGDUG
FRQGLWLRQV LQ DQ RYHQ ZLWKRXW WKH XVH RI D FRRNHU KRRG RU YHQWLODWLRQ FDQ FRQWULEXWH PRUH WKDQ �� WLPHV DV PXFK WR WKH
SROOXWLRQ ZLWK 31 DQG 30��� LQ WKH NLWFKHQ DV WKH ORFDO WUDIILF FRQWULEXWHV WR WKH SROOXWLRQ RQ WKH PRVW SROOXWHG VWUHHW LQ
&RSHQKDJHQ GXULQJ UXVK KRXUV� 7KLV LV EHFDXVH PRVW GLHVHO FDUV KDYH SDUWLFXODWH ILOWHUV DQG SROOXWLRQ IURP WUDIILF LV GLOXWHG
LQ D ODUJH YROXPH RI DLU� ZKLOH WKH VPRNH IURP WKH RYHQ LV FRQFHQWUDWHG LQ WKH NLWFKHQ LI QR KRRG RU YHQWLODWLRQ LV LQ XVH�
6LJQLILFDQWO\ KLJKHU SROOXWLRQ OHYHOV ZRXOG EH H[SHFWHG ZKHQ WKH RYHQ� EDNLQJ WUD\V HWF� DUH QRW FOHDQHG SURSHUO\� DQG PRUH
WKDQ WZR SLHFHV RI EDFRQ DUH FRRNHG� 7KH SROOXWLRQ VSUHDGV WR WKH UHVW RI WKH KRPH LI WKH NLWFKHQ GRRU LV OHIW RSHQ�
&RQFOXVLRQ� 7KLV VWXG\ FRQILUPV WKDW SROOXWLRQ IURP XVLQJ RYHQV ZLWKRXW XVLQJ FRRNHU KRRGV RU YHQWLODWLRQ ZLOO H[SRVH
'DQHV WR KLJK OHYHOV RI 31 DQG 30��� SROOXWLRQ� ([SRVXUH FDQ EH UHGXFHG VLJQLILFDQWO\ LI XVLQJ DQ HIILFLHQW FRRNHU KRRG
�HVSHFLDOO\ IRU RYHQV SODFHG XQGHU D FRRNHU KRRG� RU YHQWLODWLQJ GXULQJ FRRNLQJ� 7KURXJK GUDXJKW LV JHQHUDOO\ PRUH HIILFLHQW
LQ UHPRYLQJ SDUWLFOH SROOXWLRQ WKDQ MXVW DQ RSHQ NLWFKHQ ZLQGRZ� 3HUVSHFWLYHV� 7KHUH LV DQ XUJHQW QHHG IRU PXFK PRUH
LQIRUPDWLRQ RQ WKH LPSRUWDQFH RI XVLQJ DQ HIILFLHQW FRRNHU KRRG� RU DW OHDVW YHQWLODWLRQ� ZKHQ FRRNLQJ LQ RYHQV� LQ RUGHU WR
SUHYHQW KHDOWK GDPDJLQJ SROOXWLRQ LQ 'DQLVK KRPHV� 7KH 'DQLVK %XLOGLQJ &RGH VKRXOG LQFOXGH VSHFLILF UHTXLUHPHQWV WR
LPSURYH SXEOLF KHDOWK E\ UHGXFLQJ SDUWLFOH SROOXWLRQ IURP FRRNLQJ� )LQDOO\� UHTXLUHPHQWV DUH QHHGHG WR HQVXUH WKDW NH\
SROOXWLRQ VRXUFHV� VXFK DV RYHQV� DUH SODFHG XQGHU HIIHFWLYH KRRGV ZKHQ LQVWDOOLQJ QHZ NLWFKHQV DQG ZKHQ FKDQJLQJ
RZQHUVKLS�RI�KRPHV��$FNQRZOHGJHPHQW��7KLV�VWXG\�LV�IXQGHG�E\�WKH�SKLODQWKURSLF�RUJDQLVDWLRQ�5HDOGDQLD�
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��6HVVLRQ����3RVWHU�6HVVLRQ�%��3RVWHU �&
��
'LVWLQJXLVKLQJ�7RWDO�DQG�6ROLG�3DUWLFOH�(PLVVLRQV�IURP�+RXVHKROG�DQG�2IILFH�'HYLFHV�XVLQJ�D�&DWDO\WLF�6WULSSHU�

3��6��%DXHU���$��7RSX]���9��%HUJHU���0��'ROOQHU���+��6FKXO]���$��%RLHV���
��-��6ZDQVRQ���
�

�&DWDO\WLF�,QVWUXPHQWV�*PE+�	�&R�.*��������5RVHQKHLP��*HUPDQ\���6WDQIRUG�8QLYHUVLW\��'HSDUWPHQW�RI�(QJLQHHULQJ�
6WDQIRUG��&$��������8QLWHG�6WDWHV���0LQQHVRWD�6WDWH�8QLYHUVLW\��0DQNDWR��01��������8QLWHG�6WDWHV�

3HRSOH VSHQG PRVW RI WKHLU WLPH LQGRRUV� ZKHUH WKH\ DUH H[SRVHG WR D YHU\ FRPSOH[ PL[WXUH RI DHURVRO� 7KHLU VL]H DQG
FKHPLFDO FRPSRVLWLRQ GHSHQGV RQ YDULRXV IDFWRUV� H�J� WKH URRP� IXUQLWXUH� DQG DFWLYLW\ RI WKH SHRSOH DQG FDQ UDQJH IURP
XOWUD�ILQH SDUWLFOHV �8)3V� WR FRDUVH PRGH DHURVRO� (VSHFLDOO\ KRXVHKROG DSSOLDQFHV ZKLFK SURGXFH KHDW� VXFK DV WRDVWHUV�
KDLU GULHUV >�@� DQG DOVR SULQWHUV >�@� DUH SURQH WR JHQHUDWH D ODUJH QXPEHU RI SDUWLFOHV� 0RVW RI WKH 8)3V SURGXFHG DUH VHPL�
YRODWLOH RUJDQLF FRPSRXQGV �692&V� >�@� EXW� H�J�� D WRDVWHU FDQ EH VHHQ DV D KRW ZLUH JHQHUDWRU� ZKLFK DOVR SURGXFHV VROLG
�PHWDO��SDUWLFOHV�

$ FDWDO\WLF VWULSSHU �&6� LV FRPPRQO\ XVHG WR VHSDUDWH WKH YRODWLOH DQG VHPL�YRODWLOH IUDFWLRQ RI WKH DHURVRO IURP WKH VROLG
DHURVRO SDUW >�@� ,W KDV WKH DGYDQWDJH RYHU D QRUPDO WKHUPDO GHQXGHU WKDW WKH YRODWLOH VXEVWDQFHV JHW FDWDO\WLFDOO\ WUDQVIRUPHG
DQG FDQQRW FRQGHQVH DJDLQ LQWR SDUWLFOHV DIWHU WKH WUHDWPHQW� 7KH &6 KDV VXFFHVVIXOO\ EHHQ XVHG LQ PDQ\ 3DUWLFOH
0HDVXUHPHQW 3URJUDPPH �303� FRPSOLDQW VWXGLHV >�� �� �@� KRZHYHU QRW LQ PDQ\ LQGRRU DHURVRO VWXGLHV� ZKHUH WKLV VLPSOH
GLVWLQFWLRQ�EHWZHHQ�YRODWLOH�DQG�VROLG�SDUWLFOHV�PLJKW�DOVR�EH�DQ�LPSRUWDQW�IDFWRU�IRU�KHDOWK�DQG�PLWLJDWLRQ�VWUDWHJLHV�

+HUH ZH SUHVHQW YDULRXV VWXGLHV RQ KRXVHKROG DQG RIILFH GHYLFHV� ZKHUH ZH XVHG D &6 WR GHWHUPLQH WKH DPRXQW DQG VL]H RI
VROLG DQG VHPL�YRODWLOH SDUWLFOHV� 2QH H[DPSOH LV WKH SULQWHU� ZKLFK KDV LPSRUWDQW LPSOLFDWLRQV IRU KRPH DQG ZRUN SODFH DLU
TXDOLW\� )RU H[DPSOH� D ODVHU SULQWHU ZDV SODFHG LQ D ER[ ZLWK SDUWLFOH�IUHH DLU VXSSO\� 7KH VROLG DQG WRWDO SDUWLFOH QXPEHU
FRQFHQWUDWLRQ ZDV PRQLWRUHG ZLWK WZR FRQGHQVDWLRQ SDUWLFOH FRXQWHUV �&3&V� ZLWK RU ZLWKRXW D &6� UHVSHFWLYHO\� 7KH SULQWHU
SURGXFHG DOUHDG\ SDUWLFOHV EHIRUH WKH DFWXDO SULQWLQJ SURFHVV VWDUWHG ZLWK FRQFHQWUDWLRQV JRLQJ EH\RQG ����FPñ� $ERXW ���
RI�WKH�SDUWLFOHV�DUH�IURP�692&V��$QRWKHU�H[DPSOH�LV�WKH�WRDVWHU��ZKHUH�DERXW�����RI�WKH�SDUWLFOHV�ZHUH�VROLG�

7KHVH H[DPSOHV GHPRQVWUDWHV WKH VLPSOLFLW\ RI GLVWLQJXLVKLQJ EHWZHHQ VROLG DQG YRODWLOH SDUWLFOHV XVLQJ WKH &6� ZKLFK LV
DOVR SRVVLEOH IRU RWKHU LQGRRU DHURVRO VRXUFHV� 7KLV LQIRUPDWLRQ FRXOG KHOS WR GHYHORS QHZ PLWLJDWLRQ VWUDWHJLHV DQG IRVWHU
IXWXUH�SDUWLFOH�HPLVVLRQ�UHJXODWLRQV�IRU�KRXVHKROG�DQG�RIILFH�GHYLFHV�

>�@ $PDQDWLGLV� 6�� 1W]LDFKULVWRV� /�� .DUMDODLQHQ� 3�� 6DXNNR� (�� 6LPRQHQ� 3�� .XLWWLQHQ� 1�� $DNNR�6DNVD� 3�� 7LPRQHQ� +��
5|QNN|��7���DQG�.HVNLQHQ��-����������$HURVRO�6FL��7HFKQRO�������������
>�@�*LHFKDVNLHO��%���0HODV��$�'���/lKGH��7���DQG�0DUWLQL��*����������9HKLFOHV�����������
>�@�+H��&���0RUDZVND��/���DQG�7DSOLQ��/����������(QYLURQ��6FL��7HFKQRO���������������
>�@�6FKULSS��7���.LUVFK��,���DQG�6DOWKDPPHU��7����������6FL��7RWDO�(QYLURQ����������������
>�@�6ZDQVRQ��-��DQG�.LWWHOVRQ��'����������-��$HURVRO�6FL���������������
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��6HVVLRQ����3RVWHU�6HVVLRQ�%��3RVWHU �'
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&RPSDUDWLYH�DQDO\VLV�RI�SDUWLFXODWH�PDWWHU�HPLVVLRQV�IURP��'�SULQWLQJ�DQG�WKH�LQWHUQDO�FRPEXVWLRQ�HQJLQH�

1��6]\POHW���/��5\PDQLDN�

�3R]QDQ�8QLYHUVLW\�RI�7HFKQRORJ\��)DFXOW\�RI�&LYLO�DQG�7UDQVSRUW�(QJLQHHULQJ�

7KH DLP RI WKH VWXG\ ZDV WR FRPSDUH SDUWLFXODWH PDWWHU HPLVVLRQV LQ WHUPV RI ERWK FRQFHQWUDWLRQ DQG QXPEHU GXULQJ WKH
RSHUDWLRQ RI D �' SULQWHU DQG D PRWRU YHKLFOH� 7KH UHVHDUFK REMHFWV LQFOXGHG D GHVNWRS �' SULQWHU ZLWK D FORVHG FKDPEHU DQG
QR ILOWUDWLRQ V\VWHP� DV ZHOO DV D SDVVHQJHU FDU HTXLSSHG ZLWK D VSDUN�LJQLWLRQ HQJLQH� )RU FRPSDULVRQ SXUSRVHV� WKH SULQWLQJ
SURFHVV RI D FDUDELQHU XVLQJ EODFN $%6 ILODPHQW ZDV DQDO\]HG� ZKLOH WKH YHKLFOH ZDV GULYHQ XQGHU UHDO RSHUDWLQJ FRQGLWLRQV
RQ XUEDQ DQG VXEXUEDQ URDGV� 7KH KLJKHVW LQWHQVLW\ RI SDUWLFXODWH PDWWHU HPLVVLRQV GXULQJ WKH �' SULQWLQJ SURFHVV RFFXUUHG
DW WKH UDIW SULQWLQJ VWDJH DQG DW WKH LQLWLDO SKDVH RI WKH DFWXDO SULQWLQJ� ,Q WKH FDVH RI SDVVHQJHU FDU RSHUDWLRQ� SDUWLFXODWH
HPLVVLRQV ZHUH VWURQJO\ GHSHQGHQW RQ GULYLQJ FRQGLWLRQV� ZLWK WKH KLJKHVW YDOXHV UHFRUGHG GXULQJ UDSLG YHKLFOH DFFHOHUDWLRQ�
:KHQ FRPSDULQJ ERWK UHVHDUFK REMHFWV� LW FDQ EH DVVXPHG WKDW� LQ TXDQWLWDWLYH WHUPV� WKH QXPEHU�EDVHG SDUWLFXODWH PDWWHU
HPLVVLRQV JHQHUDWHG GXULQJ D � NP GULYH LQ D PRGHUQ SDVVHQJHU FDU DUH HTXLYDOHQW WR WKRVH SURGXFHG E\ IRXU �' SULQWHUV
RSHUDWLQJ�FRQWLQXRXVO\�IRU�RQH�KRXU�

�

�

$�WHQGHQF\�WRZDUG�LQFUHDVHG�FRQFHQWUDWLRQV�RI�SDUWLFXODWH�PDWWHU�LQ�SRRUO\�YHQWLODWHG�LQGRRU�HQYLURQPHQWV�ZLWKRXW
DGGLWLRQDO�DLU�ILOWUDWLRQ�SRVHV�D�VLJQLILFDQW�KHDOWK�ULVN��*LYHQ�WKH�JURZLQJ�SRSXODULW\�RI�GHVNWRS��'�SULQWHUV�DPRQJ�KRPH
XVHUV��IXUWKHU�UHVHDUFK�LV�UHFRPPHQGHG��)XWXUH�VWXGLHV�VKRXOG�LQFOXGH�D�ZLGHU�UDQJH�RI�PDWHULDOV�XVHG�LQ�DGGLWLYH
PDQXIDFWXULQJ�DQG�DVVHVV�WKH�LQIOXHQFH�RI�HQYLURQPHQWDO�FRQGLWLRQV²VXFK�DV�DLU�KXPLGLW\�DQG�ILODPHQW�SURSHUWLHV²RQ
WKH�KHDOWK�ULVNV�DVVRFLDWHG�ZLWK�LQGLYLGXDO�XVH�RI��'�SULQWHUV�
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��6HVVLRQ����3RVWHU�6HVVLRQ�%��3RVWHU �(
��
3DUWLFOH�1XPEHU�&RQFHQWUDWLRQ�DQG�6L]H�'LVWULEXWLRQ�LQ�WKH�&DELQ�RI�D�/LJKW�$LUFUDIW�GXULQJ�5HDO�:RUOG�)OLJKW

2SHUDWLRQV�

5��-DVLĔVNL�

�3R]QDQ�8QLYHUVLW\�RI�7HFKQRORJ\��,QVWLWXWH�RI�3RZHUWUDLQV�DQG�$YLDWLRQ�

3HRSOH VSHQG D VLJQLILFDQW SRUWLRQ RI WKHLU WLPH LQ HQFORVHG HQYLURQPHQWV� LQFOXGLQJ YHKLFOH FDELQV� ZKHUH H[SRVXUH WR
DLUERUQH SDUWLFXODWH PDWWHU PD\ SRVH KHDOWK ULVNV� :KLOH LQGRRU SDUWLFOH FRQFHQWUDWLRQV KDYH EHHQ H[WHQVLYHO\ VWXGLHG LQ
EXLOGLQJV DQG JURXQG YHKLFOHV� GDWD IRU VPDOO DLUFUDIW FDELQV UHPDLQ VFDUFH� 7KLV VWXG\ LQYHVWLJDWHV SDUWLFOH QXPEHU
FRQFHQWUDWLRQ�DQG�VL]H�GLVWULEXWLRQ�LQVLGH�WKH�FDELQ�RI�D�OLJKW�DLUFUDIW��&HVVQD��XQGHU�UHDO�RSHUDWLRQDO�FRQGLWLRQV�
0HDVXUHPHQWV ZHUH FRQGXFWHG GXULQJ VHYHUDO GR]HQ IOLJKW KRXUV XVLQJ D SRUWDEOH DHURVRO VSHFWURPHWHU� FRYHULQJ D ZLGH
UDQJH RI IOLJKW SKDVHV DQG PDQHXYHUV� LQFOXGLQJ WD[LLQJ� WDNH�RII� FOLPE� FUXLVH� GHVFHQW� DQG ODQGLQJ� DV ZHOO DV VHOHFWHG
G\QDPLF PDQHXYHUV� 3DUWLFOH QXPEHU FRQFHQWUDWLRQV DQG VL]H GLVWULEXWLRQV LQ WKH VXEPLFURQ DQG XOWUDILQH SDUWLFOH UDQJHV
ZHUH FRQWLQXRXVO\ UHFRUGHG DQG DQDO\]HG LQ UHODWLRQ WR IOLJKW SKDVH� HQJLQH RSHUDWLQJ FRQGLWLRQV� FDELQ YHQWLODWLRQ VHWWLQJV�
DQG�DLUFUDIW�G\QDPLFV�

7KH�UHVXOWV�UHYHDO�SURQRXQFHG�YDULDELOLW\�LQ�SDUWLFOH�FRQFHQWUDWLRQV�GHSHQGLQJ�RQ�IOLJKW�SKDVH��ZLWK�HOHYDWHG�OHYHOV
REVHUYHG�GXULQJ�JURXQG�RSHUDWLRQV�DQG�VSHFLILF�LQ�IOLJKW�PDQHXYHUV��&KDQJHV�LQ�SDUWLFOH�VL]H�GLVWULEXWLRQV�VXJJHVW
GLIIHULQJ�VRXUFH�FRQWULEXWLRQV��LQFOXGLQJ�LQILOWUDWLRQ�RI�RXWGRRU�DLU��HQJLQH�UHODWHG�HPLVVLRQV��DQG�UHVXVSHQVLRQ�SURFHVVHV
LQGXFHG�E\�DLUFUDIW�PRWLRQ�DQG�DLUIORZ�SDWWHUQV�ZLWKLQ�WKH�FDELQ��7KH�ILQGLQJV�KLJKOLJKW�WKH�LQIOXHQFH�RI�YHQWLODWLRQ
HIIHFWLYHQHVV�DQG�RSHUDWLRQDO�SDUDPHWHUV�RQ�SDVVHQJHU�DQG�SLORW�H[SRVXUH�
7KLV�VWXG\�SURYLGHV�RQH�RI�WKH�IHZ�FRPSUHKHQVLYH�GDWDVHWV�RQ�SDUWLFXODWH�PDWWHU�LQ�VPDOO�DLUFUDIW�FDELQV�DQG�FRQWULEXWHV�WR
D�EHWWHU�XQGHUVWDQGLQJ�RI�LQGRRU�DLU�TXDOLW\�LQ�DYLDWLRQ�HQYLURQPHQWV��7KH�UHVXOWV�PD\�VXSSRUW�WKH�GHYHORSPHQW�RI�WDUJHWHG
PLWLJDWLRQ�VWUDWHJLHV��LQFOXGLQJ�LPSURYHG�YHQWLODWLRQ�DQG�ILOWUDWLRQ�VROXWLRQV��WR�UHGXFH�SDUWLFOH�H[SRVXUH�LQ�JHQHUDO
DYLDWLRQ�

�

�

>�@�1��<X��<��=KDQJ��0��=KDQJ��+��/L��6XVWDLQDELOLW\��6ZLW]HUODQG�����������������

>�@�<��-LD��=��:HL��-��*XDQ��3URFHHGLQJV�RI�WKH���WK�&RQIHUHQFH�RI�WKH�,QWHUQDWLRQDO�6RFLHW\�RI�,QGRRU�$LU�4XDOLW\�DQG
&OLPDWH��,1'225�$,5������������

>�@�0��&��/DSRUWH��-��8��0XOORW��5��+ODO��0��.OHUOHLQ��,��0RPDV��HW�DO���(QYLURQPHQW�,QWHUQDWLRQDO�������������������

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

http://www.tcpdf.org


��6HVVLRQ����3RVWHU�6HVVLRQ�%��3RVWHU �)
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,QGXVWULDO�:DVWH�'HULYHG�)LOWUDWLRQ�6\VWHPV�IRU�0LWLJDWLQJ�,QGRRU�792&�([SRVXUH�IURP�+RXVHKROG�&RRNLQJ�

$��/DZUHQFH�

�'HSDUWPHQW�RI�&KHPLVWU\��,VDEHOOD�7KREXUQ�&ROOHJH��/XFNQRZ��,QGLD�

,QGRRU DLU SROOXWLRQ IURP ELRPDVV EDVHG FRRNLQJ UHPDLQV D PDMRU SXEOLF KHDOWK FRQFHUQ LQ UXUDO KRXVHKROGV� ZKHUH ZRPHQ
H[SHULHQFH GLVSURSRUWLRQDWHO\ KLJK H[SRVXUH WR WRWDO YRODWLOH RUJDQLF FRPSRXQGV �792&V�� 7KLV VWXG\ LQYHVWLJDWHV WKH
SHUIRUPDQFH RI D FDVFDGHG LQGXVWULDO ZDVWH GHULYHG ILOWUDWLRQ V\VWHP GHVLJQHG WR VHTXHQWLDOO\ UHPRYH 792&V HPLWWHG GXULQJ
W\SLFDO KRXVHKROG FRRNLQJ� 7KH V\VWHP LQWHJUDWHV WKUHH ORZ�FRVW� VXVWDLQDEOH OD\HUV L�H� D FRFRQXW KXVN PDW �PDFUR�SRURXV��
IO\ DVK EDVHG SRURXV SHOOHWV �PHVR�SRURXV�� DQG HOHFWURVSXQ QDQRILEHU PDWV �QDQR�SRURXV�� /DERUDWRU\ H[SHULPHQWV ZHUH
FRQGXFWHG XVLQJ D JODVV H[SRVXUH FKDPEHU OLQNHG WR D WUDGLWLRQDO PXG FKXOKD� DQG SDUDOOHO RQVLWH WULDOV ZHUH SHUIRUPHG LQ
UXUDO KRXVHKROGV� 792& FRQFHQWUDWLRQV EHIRUH DQG DIWHU ILOWUDWLRQ ZHUH PHDVXUHG XVLQJ D %5�60$57 92& DQDO\]HU WR
GHWHUPLQH UHPRYDO HIILFLHQF\� DGVRUSWLRQ FDSDFLW\� NLQHWLF FRQVWDQW �N�� DQG WHPSRUDO GHFD\ EHKDYLRXU� )LYH FRPSRVLWLRQ
FRFRQXW KXVN� IO\ DVK SHOOHWV� QDQRILEHU PDW� IO\ DVK � QDQRILEHU� DQG WKH IXOO WUL�OD\HU V\VWHP ZHUH HYDOXDWHG� /DERUDWRU\
UHPRYDO HIILFLHQFLHV UDQNHG DV IROORZV� WUL�OD\HU ��������� IO\ DVK � QDQRILEHU ��������� QDQRILEHU �������� IO\ DVK SHOOHWV
��������� DQG FRFRQXW KXVN ��������� 2QVLWH PHDVXUHPHQWV VKRZHG VLPLODU VWUDWLILFDWLRQ ZLWK VOLJKWO\ ORZHU YDOXHV
�������� ������� ������ ������ DQG ������ UHVSHFWLYHO\�� UHIOHFWLQJ HQYLURQPHQWDO YDULDELOLW\� 5HVSRQVH 6XUIDFH
0HWKRGRORJ\ �560�� FRQWRXU SORWV� DQG ZLUHIUDPH GHFD\ FXUYHV GHPRQVWUDWHG WKDW DGVRUEHQW PDVV� LQLWLDO FRQFHQWUDWLRQ�
SRUH VWUXFWXUH� DQG DGVRUEHG PDVV VWURQJO\ LQIOXHQFH UHPRYDO G\QDPLFV� 3HDUVRQ FRUUHODWLRQ DQDO\VLV LGHQWLILHG WKH NLQHWLF
FRQVWDQW N DV WKH GRPLQDQW GULYHU RI 792& UHGXFWLRQ XQGHU ERWK ODERUDWRU\ DQG ILHOG FRQGLWLRQV �U § ������ ZKHUHDV
DGVRUSWLRQ FDSDFLW\ H[KLELWHG ZHDN FRUUHODWLRQ GXH WR VKRUW H[SRVXUH GXUDWLRQ� 7KH FDVFDGHG PXOWLOD\HU GHVLJQ H[KLELWHG
V\QHUJLVWLF EHKDYLRXU E\ FRXSOLQJ PDFUR�� PHVR�� DQG QDQR�VFDOH DGVRUSWLRQ PHFKDQLVPV� HQKDQFLQJ PDVV WUDQVIHU� VXUIDFH
LQWHUDFWLRQV� DQG EUHDNWKURXJK UHVLVWDQFH�7KH ILQGLQJV FRQILUP WKDW FRPELQLQJ QDWXUDO ELRPDVV PDWHULDOV ZLWK LQGXVWULDO
ZDVWH GHULYHG DGVRUEHQWV DQG HQJLQHHUHG QDQRILEHUV SURYLGHV DQ HIIHFWLYH� DGDSWDEOH� DQG HFRQRPLFDOO\ YLDEOH VROXWLRQ IRU
UHGXFLQJ�ZRPHQ¶V�LQGRRU�H[SRVXUH�WR�KD]DUGRXV�92&V�LQ�ELRPDVV�GHSHQGHQW�UXUDO�FRPPXQLWLHV�
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��

$�QHZ�LQVWUXPHQW�WR�H[DPLQH�WKH�R[LGL]LQJ�SURSHUWLHV�RI�SROOXWHG�DLU�LQ�ERWK�WKH�JDV�DQG�SDUWLFOH�SKDVHV��*3�
223$$,��

(��&KDPRW���0��+DUGHU���.��<��&KHXQJ���%��8WLQJHU���0��.DOEHUHU�
�

�'HSDUWPHQW�RI�(QYLURQPHQWDO�6FLHQFHV��8QLYHUVLW\�RI�%DVHO��%DVHO��������6ZLW]HUODQG�

7KH FRPSOH[LW\ RI WKH DLU¶V FRPSRVLWLRQ PDNHV LW GLIILFXOW WR LGHQWLI\ ZKLFK FRPSRXQGV DUH PRVW KDUPIXO� 7R DVVHVV WKH
LQIOXHQFH RI DWPRVSKHULF FRPSRVLWLRQ RQ KXPDQ KHDOWK� WKH R[LGDWLYH SRWHQWLDO �23� UHSUHVHQWV D NH\ PHWULF� DV LW UHIOHFWV
WKH FDSDFLW\ RI SDUWLFXODWH PDWWHU WR JHQHUDWH UHDFWLYH R[\JHQ VSHFLHV �526�� ZKLFK SOD\ D FHQWUDO UROH LQ R[LGDWLYH VWUHVV
DQG UHODWHG ELRORJLFDO UHVSRQVHV LQ WKH KXPDQ ERG\� $Q LPEDODQFH EHWZHHQ 526 RU RWKHU H[RJHQRXV R[LGDQWV DQG
DQWLR[LGDQWV OHDGV WR R[LGDWLYH VWUHVV� ZKLFK FRQWULEXWHV WR WKH GHYHORSPHQW RI YDULRXV GLVHDVHV� 23 KDV UHFHQWO\ EHHQ
SURSRVHG DV D QHZ SDUDPHWHU WR EH PHDVXUHG DW DLU PRQLWRULQJ VWDWLRQV DFURVV (XURSH LQ WKH QHZ (XURSHDQ $LU 4XDOLW\
'LUHFWLYH� 1XPHURXV VWXGLHV KDYH IRFXVHG RQ 23 JHQHUDWHG E\ SDUWLFXODWH PDWWHU �30�� ZKLFK KDV EHHQ SURYHQ WR KDYH
VLJQLILFDQW LPSDFWV RQ KXPDQ KHDOWK >�@� +RZHYHU� JDVHRXV SROOXWDQWV LQ WKH DLU ² VXFK DV 12�� 62�� 2�� DQG UHDFWLYH
RUJDQLF JDVHRXV FRPSRXQGV ² DOVR FRQWULEXWH VXEVWDQWLDOO\ WR WKH SURGXFWLRQ RI 526 >�@�7R EHWWHU XQGHUVWDQG WKH
FRPELQHG R[LGDWLYH LPSDFW RI ERWK SKDVHV� LW LV QHFHVVDU\ WR GHYHORS DQDO\WLFDO LQVWUXPHQWV FDSDEOH RI PHDVXULQJ WKH
R[LGDWLYH SRWHQWLDO RI JDVHV DQG SDUWLFOHV VLPXOWDQHRXVO\ DQG ZLWK KLJK WLPH UHVROXWLRQ WR FDSWXUH WKH KLJKO\ G\QDPLF
FKDQJHV LQ DWPRVSKHULF FRPSRVLWLRQ� 2YHU WKH SDVW WZR GHFDGHV� VHYHUDO DQWLR[LGDQWV KDYH EHHQ XVHG IRU 23 PHDVXUHPHQWV�
WKH PRVW FRPPRQ EHLQJ '&)+� '77� DQG $$ �DVFRUELF DFLG�� $PRQJ WKHVH� $$ LV RIWHQ SUHIHUUHG EHFDXVH LW LV D QDWXUDOO\
RFFXUULQJ DQWLR[LGDQW LQ WKH KXPDQ OXQJ� PDNLQJ LW SDUWLFXODUO\ UHOHYDQW IRU UHSUHVHQWLQJ UHDO ELRORJLFDO R[LGDWLRQ SURFHVVHV�
5HFHQW GHYHORSPHQWV KDYH HQDEOHG RQOLQH PHDVXUHPHQWV RI WKH R[LGDWLYH SRWHQWLDO RI WKH SDUWLFXODWH SKDVH DV FKDUDFWHUL]HG
ZLWK�$$�LQ�DPELHQW�DLU�ZLWK�D�WLPH�UHVROXWLRQ�RI�D�IHZ�PLQXWHV�>�@�

�,Q�WKLV�VWXG\��D�QHZ�LQVWUXPHQW�LV�EHLQJ�GHYHORSHG�WR�PHDVXUH�RQOLQH�WKH�R[LGDWLYH�SRWHQWLDO�RI�ERWK�WKH�JDV�DQG�SDUWLFOH
SKDVHV�RI�DPELHQW�DLU��XVLQJ�D�0HWURKP�$H5RVRO�6DPSOHU��0$56��DQG�DVFRUELF�DFLG��$$���7KH�REMHFWLYH�LV�WR�GHYHORS
DQ�DQDO\WLFDO�PHWKRG�FDSDEOH�RI�HVWLPDWLQJ�WKH�R[LGL]LQJ�SURSHUWLHV�RI�SROOXWHG�DLU�LQ�ERWK�SKDVHV��$LU�LV�VDPSOHG�XVLQJ
WKH�0$56�V\VWHP��ZKHUH�DQ�DVFRUELF�DFLG��$$��DTXHRXV�VROXWLRQ�LV�FRQVWDQWO\�SXPSHG�WKURXJK�D�ZHWWHG�ZDOO�DQQXODU
GHQXGHU��7KLV�VHWXS�HQDEOHV�WKH�WUDQVIHU�RI�UHDFWLYH�JDVHRXV�PROHFXOHV�LQWR�WKH�OLTXLG�SKDVH��ZKHUH�WKH\�UHDFW�ZLWK�$$�WR
IRUP�GHK\GURDVFRUELF�DFLG��'+$���3DUWLFOHV�DUH�QRW�UHWDLQHG�LQ�WKH�GHQXGHU�EXW�DUH�FROOHFWHG�VHSDUDWHO\�LQ�D�3,/6�XQLW
EHKLQG�WKH�GHQXGHU�LQ�DQ�$$�VROXWLRQ��7KH�FRQFHQWUDWLRQ�RI�'+$��LQGLFDWLQJ�WKH�DPRXQW�RI�$$�R[LGL]HG�E\�JDVHV�DQG
SDUWLFOHV��DUH�WKHQ�VHSDUDWHO\�PL[HG�ZLWK�R�SKHQ\OHQHGLDPLQH��23'$���'+$�UHDFWV�ZLWK�23'$�WR�IRUP
����GLK\GUR[\IOXRUHQH��')4���D�IOXRUHVFHQW�FRPSRXQG��)LQDOO\��E\�PHDVXULQJ�WKH�IOXRUHVFHQFH�LQWHQVLW\�RI�')4��WKH
R[LGDWLYH�SRWHQWLDO�RI�WKH�DLU�VDPSOH�FDQ�EH�TXDQWLILHG�LQ�WKH�JDV�DQG�SDUWLFOH�SKDVH��)ORZ�FKDUDFWHULVWLFV�RI�WKH�$$
VROXWLRQ�LQ�WKH�GHQXGHU�DQG�WKH�UHDFWLRQ�HIILFLHQF\�RI�WKH�$$�WRZDUGV�12���2���DQG�JDVHRXV�SHUR[LGHV�DUH�EHLQJ
GHWHUPLQHG�WR�FKDUDFWHUL]H�WKH�UHVSRQVH�RI�R[LGL]LQJ�JDVHV�LQ�UHODWLRQ�WR�WKH�RYHUDOO�23�RI�D�SROOXWHG�DWPRVSKHUH�

>�@�0XGZD\��,�6��.HOO\��)�-��DQG�+ROJDWH��6�7��������)UHH�5DGLFDO�%LRORJ\�DQG�0HGLFLQH�������SS���

>�@�8WLQJHU��%���&DPSEHOO��6�-���%XNRZLHFNL��1���%DUWK��$���*IHOOHU��%���)UHVKZDWHU��5���5�HJJ��+��5��DQG�.DOEHUHU��0�
�������$WPRVSKHULF�0HDVXUHPHQW�7HFKQLTXHV����������SS������±����

>�@�=KDQJ��=��+���+DUWQHU��(���8WLQJHU��%���*IHOOHU��%���3DXO��$���6NORU]��0���&]HFK��+���<DQJ��%�;���6X��;�<���-DNREL��*��
2UDVFKH��-���6FKQHOOH�.UHLV��-���-HRQJ��6���*U|JHU��7���3DUGR��0���+RKDXV��7���$GDP��7���.LHQGOHU�6FKDUU��$���5XGLFK��<��
=LPPHUPDQQ��5��DQG�.DOEHUHU��0���������$WPRVSKHULF�&KHPLVWU\�DQG�3K\VLFV���������SS������±����

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

http://www.tcpdf.org


��6HVVLRQ����3RVWHU�6HVVLRQ�%��3RVWHU ��%
��
&RPSDULQJ�HIIHFWV�RI�IUHVKO\�JHQHUDWHG�EUDNH�ZHDU�SDUWLFOHV�ZLWK�SDUWLFOHV�FROOHFWHG�RQ�7HIORQ�ILOWHUV�LQ�DQ�DGYDQFHG

LQ�YLWUR�OXQJ�PRGHO�

/��3DWK���*��*XQDVLJDP���1��-XQJ���-��%HFNHU���&��1HXNLUFKHQ���7��$GDP���6��'L�%XFFKLDQLFR���$��3HWUL�)LQN�
��%��5RWKHQ�
5XWLVKDXVHU�
�

�$GROSKH�0HUNOH�,QVWLWXWH��8QLYHUVLW\�RI�)ULERXUJ��)ULERXUJ��6ZLW]HUODQG���,QVWLWXWH�RI�&KHPLVWU\��'HSDUWPHQW�/LIH��/LJKW
	0DWWHU��8QLYHUVLW\�RI�5RVWRFN��5RVWRFN��*HUPDQ\���8QLYHUVLW\�RI�WKH�%XQGHVZHKU�0XQLFK��)DFXOW\�IRU�0HFKDQLFDO

(QJLQHHULQJ��,QVWLWXWH�RI�&KHPLVWU\�DQG�(QYLURQPHQWDO�(QJLQHHULQJ��1HXELEHUJ��*HUPDQ\�

1RQ�H[KDXVW HPLVVLRQV KDYH JDLQHG LQFUHDVLQJ DWWHQWLRQ LQ OLJKW RI WKH XSFRPLQJ (XUR � UHJXODWLRQ IRU YHKLFOHV� ZKLFK
GHILQHV PD[LPXP SDUWLFXODWH PDWWHU �30� HPLVVLRQ IDFWRUV IRU WLUH DQG EUDNH ZHDU� 30 � ��� �P �30���� LV RI VSHFLDO
LQWHUHVW VLQFH LW FDQ HQWHU� GHSRVLW DQG DFFXPXODWH GHHS LQ WKH OXQJV ZKHUH LW FDQ OHDG WR LQIODPPDWRU\ UHDFWLRQV� 7R DQDO\]H
EUDNH GXVW PRUH LQ GHSWK� D FXVWRP�EXLOW EUDNH G\QR ZDV XVHG WR JHQHUDWH EUDNH ZHDU HPLVVLRQV >�@� &KHPLFDO DQDO\VLV RI
WKH EUDNH GXVW UHYHDOHG KLJKO\ PHWDOOLF FRQWHQW ZLWK ! �� � RI 30��� HPLWWHG DV LURQ DQG RWKHU KHDY\ PHWDOV LQ YDU\LQJ
FRQFHQWUDWLRQV GHSHQGLQJ RQ WKH EUDNH SDG XVHG� 3DUWLFOHV IURP ORZ�PHWDOOLF EUDNH SDGV ZHUH SURGXFHG XQGHU UHDO�ZRUOG
FRQGLWLRQV DQG GLUHFWO\ H[SRVHG WR OXQJ FHOOV� DV ZHOO DV FROOHFWHG LQ SDUDOOHO RQ 7HIORQ ILOWHUV� 'LUHFW H[SRVXUH WR D �' OXQJ
FHOO PRGHO FRPSRVHG RI EURQFKLDO HSLWKHOLDO FHOOV �&DOX���� HQGRWKHOLDO FHOOV �($�K\����� DQG PDFURSKDJHV �7+3��� UHVXOWHG
LQ D GRVH�GHSHQGHQW LQFUHDVH RI F\WRWR[LFLW\� DQG RWKHU HQGSRLQWV DUH FXUUHQWO\ EHLQJ DQDO\]HG� ,Q WKLV VWXG\� ZH H[WUDFWHG
WKH SDUWLFOHV FROOHFWHG RQ 7HIORQ ILOWHUV WR FRPSDUH WKH HIIHFWV RI GLUHFW SDUWLFOH H[SRVXUH� 7RWDO SDUWLFOH PDVV WKDW ZDV
H[WUDFWHG IURP WKH ILOWHUV ZDV GHWHUPLQHG E\ PHDQV RI D 4XDUW] &KULVWDO 0LFUREDODQFH� 6FDQQLQJ (OHFWURQ 0LFURVFRS\ ZDV
XVHG WR FRPSDUH WKH PRUSKRORJ\ RI ILOWHU�H[WUDFWHG SDUWLFOHV ZLWK WKH IUHVKO\ JHQHUDWHG SDUWLFOHV DQG WKH PRUSKRORJ\ RI WKH
SDUWLFOHV ZDV VLPLODU� 3UHOLPLQDU\ ���KRXU H[SRVXUH H[SHULPHQWV XQGHU TXDVL�$/, FRQGLWLRQV WR H[WUDFWHG EUDNH ZHDU
SDUWLFOHV LQGLFDWH GRVH�GHSHQGHQW F\WRWR[LF HIIHFWV �/'+ UHOHDVH�� 3DUWLFOHV PD\ SRWHQWLDOO\ FDXVH GLVWXUEHG PHPEUDQH
LQWHJULW\��7((5���DV�ZHOO�DV�UHOHDVH�RI�LQIODPPDWRU\�F\WRNLQHV��,/�����

7KH HIIHFWV RI GLUHFW EUDNH ZHDU SDUWLFOH H[SRVXUHV ZLWK SDUWLFOHV FROOHFWHG RQ 7HIORQ ILOWHUV ZLOO EH FRPSDUHG� LQFOXGLQJ D
SDUWLFOH�GHSRVLWLRQ�FDOFXODWLRQ��

$FNQRZOHGJHPHQWV�

/RZ�&�IURP�WKH�(XURSHDQ�8QLRQ¶V�+RUL]RQ������UHVHDUFK�DQG�LQQRYDWLYH�SURJUDP�XQGHU�JUDQW�DJUHHPHQW�1R
���������
8/75+$V�IURP�WKH�(XURSHDQ�8QLRQ¶V�+RUL]RQ������UHVHDUFK�DQG�LQQRYDWLYH�SURJUDP�XQGHU�JUDQW�DJUHHPHQW�1R
������
$GROSKH�0HUNOH�)RXQGDWLRQ

>�@ 1HXNLUFKHQ &� 6DUDML�%R]RUJ]DG 05� 0lGHU 0� HW DO� &RPSUHKHQVLYH HOHPHQWDO DQG SK\VLFDO FKDUDFWHUL]DWLRQ RI YHKLFOH
EUDNH ZHDU HPLVVLRQV IURP WZR GLIIHUHQW EUDNH SDGV IROORZLQJ WKH *OREDO 7HFKQLFDO 5HJXODWLRQ PHWKRGRORJ\� - +D]DUG
0DWHU�������������������GRL���������M�MKD]PDW������������
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3KRWRDFRXVWLF�VSHFWURVFRS\�IRU�DPELHQW�EODFN�FDUERQ�PRQLWRULQJ�

-��0XUJ���3��.RWQLN���+��5HLQJUXEHU���0��$UQGW���%��7VFKRIHQLJ�

�$9/�/LVW�*PE+�+DQV�/LVW�3ODW]���������*UD]���2IILFH�RI�WKH�6W\ULDQ�3URYLQFLDO�*RYHUQPHQW��/DQGKDXVJDVVH���������*UD]

%ODFN FDUERQ �%&� LV DQ LPSRUWDQW DLU SROOXWDQW SURGXFHG E\ FRPEXVWLRQ SURFHVVHV VXFK DV URDG WUDIILF� LQGXVWULDO DFWLYLW\�
DQG UHVLGHQWLDO KHDWLQJ� ,W LV LQFOXGHG LQ WKH (XURSHDQ $PELHQW $LU 4XDOLW\ 'LUHFWLYH �(8 ����������� KLJKOLJKWLQJ WKH QHHG
IRU UHOLDEOH %& PHDVXUHPHQWV DW ORZ DPELHQW FRQFHQWUDWLRQV� )LOWHU�EDVHG $HWKDORPHWHUV DUH ZLGHO\ XVHG IRU DPELHQW %&
PRQLWRULQJ� 7KHLU PHDVXUHPHQW SULQFLSOH LV EDVHG RQ WKH DWWHQXDWLRQ RI OLJKW WUDQVPLWWHG WKURXJK D SDUWLFOH�ORDGHG ILOWHU� $V
D UHVXOW� %& DEVRUSWLRQ LV QRW PHDVXUHG GLUHFWO\ EXW LV GHULYHG XVLQJ HPSLULFDO FRUUHFWLRQ IDFWRUV WR DFFRXQW IRU ILOWHU ORDGLQJ
HIIHFWV� PXOWLSOH VFDWWHULQJ� DQG LQVWUXPHQW�VSHFLILF FDOLEUDWLRQ DVVXPSWLRQV� 3KRWRDFRXVWLF VSHFWURVFRS\ �3$6� SURYLGHV D
ILOWHU�IUHH DOWHUQDWLYH E\ GLUHFWO\ PHDVXULQJ WKH OLJKW DEVRUSWLRQ RI %& SDUWLFOHV LQ VLWX� ,Q WKLV VWXG\� 3$6 ZDV DSSOLHG ZLWK
KLJK DFFXUDF\ XVLQJ WKH $9/ %ODFN &DUERQ 0RQLWRU IRU DPELHQW DLU PHDVXUHPHQWV� 7KH LQVWUXPHQW DOORZV WLPH�UHVROYHG
%& PHDVXUHPHQWV LQ WKH QDQRJUDP SHU FXELF PHWHU UDQJH DQG LV VXLWDEOH IRU ORQJ�WHUP XVH LQ XUEDQ HQYLURQPHQWV� 7KH $9/
%ODFN &DUERQ 0RQLWRU RSHUDWHV DW PXOWLSOH RSWLFDO ZDYHOHQJWKV� HQDEOLQJ WKH FDOFXODWLRQ RI ZDYHOHQJWK�GHSHQGHQW
DEVRUSWLRQ FRHIILFLHQWV DQG WKH DEVRUSWLRQ cQJVWU|P H[SRQHQW �$$(�� 7KHVH SDUDPHWHUV SURYLGH TXDQWLWDWLYH LQIRUPDWLRQ RQ
WKH VSHFWUDO GHSHQGHQFH RI %& DEVRUSWLRQ DQG FDQ EH XVHG WR VXSSRUW VRXUFH DSSRUWLRQPHQW E\ GLIIHUHQWLDWLQJ FRQWULEXWLRQV
IURP IRVVLO IXHO FRPEXVWLRQ DQG ELRPDVV EXUQLQJ� )LHOG PHDVXUHPHQWV ZHUH FDUULHG RXW DW VHYHUDO XUEDQ PRQLWRULQJ VLWHV LQ
WKH FLW\ RI *UD]� $XVWULD� FRYHULQJ ORFDWLRQV ZLWK GLIIHUHQW WUDIILF LQIOXHQFH DQG UHVLGHQWLDO HPLVVLRQ FKDUDFWHULVWLFV� 7KH
PHDVXUHG %& GDWD VKRZ WHPSRUDO FKDQJHV DQG VSDWLDO GLIIHUHQFHV FRQVLVWHQW ZLWK YDU\LQJ XUEDQ HPLVVLRQ FRQGLWLRQV� 7KLV
ZRUN VKRZV WKDW 3$6�EDVHG %& PHDVXUHPHQWV DUH D XVHIXO DOWHUQDWLYH WR HVWDEOLVKHG ILOWHU�EDVHG PHWKRGV IRU DPELHQW DLU
TXDOLW\�PRQLWRULQJ�DQG�HPLVVLRQ�DVVHVVPHQW�
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��6HVVLRQ����3RVWHU�6HVVLRQ�%��3RVWHU ��%
��
7KHUPDOO\�VWDEOH�DQG�VSKHULFDO�VLOYHU�SDUWLFOHV�DV�WUDQVIHU�VWDQGDUG�IRU�WKH�FDOLEUDWLRQ�RI�SDUWLFOH�QXPEHU�FRXQWHUV�

$��1RZDN���$��0DNHONR���-��5RVKDO���0��'ROOQHU���9��%HUJHU���3��6��%DXHU���+��6FKXO]�

�3K\VLNDOLVFK�7HFKQLVFKH�%XQGHVDQVWDOW��37%���%UDXQVFKZHLJ���������*HUPDQ\���&DWDO\WLF�,QVWUXPHQWV�*PE+�	�&R�.*�
������5RVHQKHLP��*HUPDQ\�

3DUWLFOH QXPEHU FRQFHQWUDWLRQ LV RQH RI WKH NH\ SK\VLFDO SDUDPHWHUV WDUJHWHG E\ VHYHUDO YHKLFXODU HPLVVLRQV UHJXODWLRQV >��
�� �� �@� DQG DPELHQW DLU TXDOLW\ JXLGHOLQHV >�� �@� 'LIIHUHQW FDOLEUDWLRQ DHURVROV� VXFK DV VROLG VRRW� HPHU\ RLO� DQG VLOYHU
SDUWLFOHV� DUH XVHG WR FDOLEUDWH SDUWLFOH QXPEHU FRXQWHUV LQ WHUPV RI FRXQWLQJ HIILFLHQF\ DQG OLQHDULW\� +RZHYHU� WKLV OHDGV WR
D ODFN RI FRPSDUDELOLW\ RI WKH UHVXOWV� )RU FDOLEUDWLRQ IDFLOLWLHV LW LV FUXFLDO WR KDYH D VWDEOH DQG ZHOO�FKDUDFWHUL]HG DHURVRO
VRXUFH WKDW SURGXFHV VROLG� LQHUW� LQVROXEOH� DQG WKHUPDOO\ VWDEOH VSKHULFDO SDUWLFOHV� 6LOYHU SDUWLFOHV JHQHUDOO\ VDWLVI\ DOO RI
WKHVH UHTXLUHPHQWV� 37% DQG &DWDO\WLF ,QVWUXPHQWV DUH ZRUNLQJ FORVHO\ WRJHWKHU WR RSWLPL]H WKH 6LOYHU 3DUWLFOH *HQHUDWRU
�63*� WR IXOILO D EURDG VSHFWUXP RI FDOLEUDWLRQ SURWRFROV� H�J�� IRU DPELHQW DQG DXWRPRWLYH VSHFLILFDWLRQV� 7KH JRDO LV WR
HVWDEOLVK�D�FDOLEUDWLRQ�DHURVRO�WKDW�FRXOG�VHUYH�DV�WUDQVIHU�VWDQGDUG�DFURVV�GLIIHUHQW�FRPPXQLWLHV�
6LQFH 2FWREHU ����� VHYHUDO WHVWV KDYH EHHQ SHUIRUPHG DW 37% WR LQYHVWLJDWH WKH ORQJ�WHUP VWDELOLW\ DQG GD\�WR�GD\
YDULDELOLW\ RI WKH 63*� $W RQH RSHUDWLQJ SRLQW WKH *HRPHWULF 0HDQ 'LDPHWHU �*0'� �DW � QP� H[KLELWV DQ DSSDUHQW ORQJ�
WHUP VWDELOLW\ RI DSSUR[LPDWHO\ ��� QP RYHU WZR PRQWKV� 'XULQJ WKLV WLPH� IOXFWXDWLRQV LQ SDUWLFOH VL]H ZHUH REVHUYHG WR
FRUUHODWH ZLWK YDULDWLRQV LQ DPELHQW SUHVVXUH� ,Q DGGLWLRQ� WKH 63* VHWWLQJV ZLOO EH RSWLPL]HG WR IXOILO WKH &(1�&3&
FDOLEUDWLRQ SURWRFRO IRU OLQHDULW\ DQG FRXQWLQJ HIILFLHQF\ WHVWLQJ� $Q LQLWLDO &3& FDOLEUDWLRQ WHVW ZDV SHUIRUPHG E\ YDU\LQJ
WKH 63* WHPSHUDWXUH� GHPRQVWUDWLQJ JRRG VWDELOLW\� D VWUDLJKWIRUZDUG VHWXS� DQG PLQLPDO WLPH HIIRUW� 7KH VPRRWK RSHUDWLRQ
RI WKH 63* LV WKH DELOLW\ IRU FRQWUROOLQJ WKH KHDWHU WHPSHUDWXUH LQ SUHFLVH ��& VWHSV WKDW DOORZV D VWDEOH SURGXFWLRQ RI QDUURZ
VL]H�GLVWULEXWLRQV�RI�VSKHULFDO�VLOYHU�SDUWLFOHV�EXW�DOVR�HQDEOHV�WKH�DELOLW\�WR�VKLIW�WKHVH�GLVWULEXWLRQV�
:LWK WKLV SURMHFW ZH ZLOO GHPRQVWUDWH WKH IHDVLELOLW\ RI SURGXFLQJ VSKHULFDO VLOYHU SDUWLFOHV EH\RQG ��� QP LQ GLDPHWHU� 7KLV
SURYLGHV WKH EDVLV WR HVWDEOLVK D KDUPRQL]HG FDOLEUDWLRQ VWDQGDUG DFURVV GLIIHUHQW FRPPXQLWLHV� 1H[W WR WKH LPSURYHPHQWV RI
WKH 63* SHUIRUPDQFH� D 37%�GHYHORSHG GLOXWLRQ XQLW DQG D FRDJXODWLRQ FKDPEHU ZLOO EH RSWLPL]HG WR JXDUDQWHH VSKHULFDO
VLOYHU�SDUWLFOHV�DW�KLJK�FRQFHQWUDWLRQV�HYHQ�EH\RQG�����QP�
7KH SURMHFW KDV UHFHLYHG IXQGLQJ IURP 37%
V 7UDQV0HW �7UDQVIHU RI 0HWURORJLFDO 7HFKQRORJ\� SURJUDPPH� ZLWK WKH
REMHFWLYH RI IRVWHULQJ WKH UHVHDUFK FDSDELOLWLHV DQG FRPSHWLWLYH HGJH RI VPDOO DQG PHGLXP�VL]HG HQWHUSULVHV �60(V� LQ
*HUPDQ\�

>�@ 'LUHFWLYH �(8� ��������� RI WKH (XURSHDQ 3DUOLDPHQW DQG RI WKH &RXQFLO RI �� 2FWREHU ���� RQ DPELHQW DLU TXDOLW\ DQG
FOHDQHU DLU IRU (XURSH� >�@ (1 ����� ������ $PELHQW DLU � 'HWHUPLQDWLRQ RI WKH SDUWLFOH QXPEHU FRQFHQWUDWLRQ RI
DWPRVSKHULF DHURVRO� *HUPDQ YHUVLRQ� >�@ 81 5HJXODWLRQ 1R ��� ���������� ± 8QLIRUP SURYLVLRQV FRQFHUQLQJ WKH DSSURYDO
RI OLJKW GXW\ SDVVHQJHU DQG FRPPHUFLDO YHKLFOHV ZLWK UHJDUGV WR UHDO GULYLQJ HPLVVLRQV �5'(�� >�@ 'LUHFWLYH �(8�
��������� RI WKH (XURSHDQ 3DUOLDPHQW DQG RI WKH &RXQFLO RI �� 2FWREHU ���� RQ DPELHQW DLU TXDOLW\ DQG FOHDQHU DLU IRU
(XURSH� >�@ 1U� ��� 5LFKWOLQLH ]XU .DOLEULHUXQJ YRQ $EJDVPHVVJHUlWHQ� GLH I�U GLH 8QWHUVXFKXQJ GHU $EJDVH YRQ
.UDIWIDKU]HXJHQ QDFK 1XPPHU ����� GHU $QODJH 9,,,D 6W9=2 HLQJHVHW]W ZHUGHQ �Ä$8 *HUlWH .DOLEULHUULFKWOLQLH³�� $EVDW]
�������)DVVXQJ�YRP�0DL������
>�@ 37%�$QIRUGHUXQJHQ ����� Ä3DUWLNHO]lKOHU³ ���������� 3K\VLNDOLVFK�7HFKQLVFKH %XQGHVDQVWDOW� %UDXQVFKZHLJ XQG
%HUOLQ��'2,��KWWSV���GRL�RUJ���������������������

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

http://www.tcpdf.org


��6HVVLRQ����3RVWHU�6HVVLRQ�%��3RVWHU ��&
��
7UDFHDEOH�&DOLEUDWLRQ�RI�0366�LQ�)DVW�6FDQ�0RGH��5HFRPPHQGDWLRQV�IRU�3DUWLFOH�1XPEHU�6L]H�0HDVXUHPHQW�DW

8UEDQ�7UDIILF�+RW�6SRWV�

$��0DOLN���-��5RVDKO���6��3ODW]OHU���$��1RZDN�
�

�$LUERUQH�1DQRSDUWLFOHV��:*���������3K\VLNDOLVFK�7HFKQLVFKH�%XQGHVDQVWDOW��37%���%UDXQVFKZHLJ���������*HUPDQ\�

8OWUD ILQH SDUWLFOHV �8)3V�� RZLQJ WR WKHLU GRFXPHQWHG KHDOWK LPSDFWV DQG WKH (XUR � UHYLVLRQ �ORZHUHG SDUWLFOH�VL]H
WKUHVKROG IURP �� QP WR �� QP�� KDYH HPHUJHG DV SROOXWDQWV RI SULPDU\ FRQFHUQ� &RQVHTXHQWO\� WR EHWWHU UHSUHVHQW UHDO�
ZRUOG HPLVVLRQV WKHUH LV D JURZLQJ HPSKDVLV RQ PHDVXULQJ VROLG DQG WRWDO �VROLG � YRODWLOH� 8)3V E\ HVWDEOLVKLQJ WKH
PRQLWRULQJ QHWZRUNV VWUDWHJLFDOO\ ORFDWHG QHDU WUDQVSRUW�UHODWHG HPLVVLRQ KRWVSRWV� &XUUHQWO\� WKH 8)3V DUH PRQLWRUHG LQ
(XURSH DV SDUW RI SDUWLFOH QXPEHU DQG VL]H GLVWULEXWLRQ �316'� PHDVXUHPHQWV RYHU WKH UDQJH ������ QP E\ XVLQJ D PRELOLW\
SDUWLFOH VL]H VSHFWURPHWHU �0366�� 7KH DVVRFLDWHG TXDOLW\ DVVXUDQFH SURFHGXUHV DUH VWDQGDUGL]HG E\ &(1�76 �����������
ZKLFK SUHVFULEHV YDOLGDWLRQ RI D FDOLEUDWHG 0366 �WR EH GHSOR\HG IRU WKH ILHOG PHDVXUHPHQWV� DJDLQVW D UHIHUHQFH 0366
�PHDVXULQJ 316'� DQG &3& �PHDVXULQJ 3DUWLFOH 1XPEHU L�H�� 31&3&� RYHU WKLV IXOO VFDQ UDQJH XVLQJ DPELHQW DHURVRO�
+RZHYHU� WKLV ZLGH VFDQ UDQJH LV QRW LGHDO IRU PHDVXUHPHQWV DW XUEDQ WUDIILF VLWHV ZKHUH WKH 316'V W\SLFDOO\ SHDNV DURXQG
����� QP ZLWK QHJOLJLEOH QXPEHU DERYH ��� QP� 6SHFLILFDOO\� WKH ORQJ VFDQ WLPH UHTXLUHG IRU IXOO�UDQJH PHDVXUHPHQWV OHDGV
WR GHJUDGHG WHPSRUDO UHVROXWLRQ OLPLWLQJ GHWHFWLRQ RI WUDQVLHQW HYHQWV VXFK DV SDVVLQJ RI KLJK�HPLWWHU YHKLFOHV� 0RUHRYHU�
WKH�FDOLEUDWLRQ�XVLQJ�DPELHQW�DHURVRO�PD\�QRW�UHSUHVHQW�WUDIILF�UHODWHG�HPLVVLRQ�FKDUDFWHULVWLFV�DGHTXDWHO\�

7R DGGUHVV WKHVH JDSV� WKLV VWXG\ SXW IRUZDUG DQ HYROYHG FDOLEUDWLRQ DQG YDOLGDWLRQ SURFHGXUH VSHFLILFDOO\ GHVLJQHG IRU WKH
316'V PHDVXUHPHQWV DW XUEDQ WUDIILF VLWHV� )RU YDOLGDWLRQ DQG FRPSOLDQFH ZLWK WKH H[LVWLQJ QRUPV� WKH SHUIRUPDQFH RI D
FDQGLGDWH 0366 �WKH UHIHUHQFH 0366 DW 37%� LV HYDOXDWHG DV SHU WKLV PRGLILHG SURFHGXUH� 7KH 0366 LV HYDOXDWHG XQGHU
IDVW�VFDQ PRGH �� PLQXWH VFDQ WLPH DQG VFDQ UDQJH ������ QP� XVLQJ WKH ODE JHQHUDWHG VROLG�WRWDO VRRW 316'V ZLWK YDU\LQJ
RSHUDWLQJ SRLQWV �*HRPHWULF 0HDQ 'LDPHWHUV a ����� QP DQG 31&3&� ������ ± ������ FP

���� 0RUHRYHU� D FRPSDUDWLYHO\
WUDFHDEOH DQG IOH[LEOH XQFHUWDLQW\ EXGJHW VFKHPH �LQFRUSRUDWLQJ XQFHUWDLQW\ GHSHQGHQF\ RQ WKH SDUDPHWHUV RI WHVW DHURVRO� LV
SURSRVHG�EDVHG�RQ�H[LVWLQJ�OLWHUDWXUH�DQG�WKH�H[SHULPHQWDO�REVHUYDWLRQV�

7KH UHSHDWHG ORQJ�WHUP '0$ FDOLEUDWLRQV UHVXOWV FRQILUPHG WKDW WKH PRELOLW\ GLDPHWHUV PHDVXUHPHQWV E\ UHIHUHQFH 0366
DUH UHSURGXFLEOH WR EH ZLWKLQ �� � RI WKH FHUWLILHG 36/ GLDPHWHUV� 0RUHRYHU� WKH FXPXODWLYH 31 PHDVXUHG E\ WKH UHIHUHQFH
0366 �310366� UHPDLQHG ZLWKLQ ��� RI WKH 31&3& PHDVXUHG E\ D SDUDOOHOO\ UXQQLQJ UHIHUHQFH &3&� 7KH XQFHUWDLQW\ OLPLWV
RI WKH UHIHUHQFH 0366 IRU SDUWLFOH QXPEHU �31� SHU VL]H ELQ DW D QRPLQDO 316' �31&3& § ������ DQG '3� 0($1 § �� QP�
DSSUR[� UHSUHVHQWDWLYH RI WUDIILF VLWH FRQGLWLRQV� ZHUH DOVR ZLWKLQ WKH &(1 ����� EHORZ �� QP� ���� LQ WKH UDQJH ������
QP� DQG ���� DERYH ��� QP� FULWHULD� $ERYH ILQGLQJV LPSOLHV WKDW WKH UHIHUHQFH 0366 IXOILOV DOO WKH H[LVWLQJ &(1 FULWHULD
IRU D UHIHUHQFH 0366 FRQILUPLQJ LWV XVDELOLW\ IRU WKH VXEVHTXHQW YDOLGDWLRQ RI WKH WHVW 0366 XQGHU IDVW�VFDQ PRGH DQG ODE
JHQHUDWHG VRRW SDUWLFOHV� &RQVHTXHQWO\� D PRGLILHG 0366 FDOLEUDWLRQ SURFHGXUH KDV EHHQ LPSOHPHQWHG DW 37%� IHDWXULQJ D
��PLQXWH VFDQ WLPH� D VFDQ UDQJH RI ��±��� QP� DQG VRRW SDUWLFOHV DV WKH WHVW DHURVRO� )XUWKHUPRUH� WKH LQYHVWLJDWLRQV LQ
FXUUHQW VWXG\ KLJKOLJKWV WKDW WKH XQFHUWDLQWLHV LQ 316' PHDVXUHPHQWV E\ D 0366 FDQ EH KLJKHU WKDW WKH &(1 FULWHULD XQGHU
VSHFLILF FRQGLWLRQV VXFK DV '0$ RSHUDWLQJ ZLWK KLJK�YROWDJH QHJDWLYH SRODULW\ RU ZKHQ 31&3& DUH ORZ� &RQVHTXHQWO\� D
PRGLILHG�FULWHULD�LQ�WKH�IRUP�RI�ZHOO�HVWDEOLVKHG�(Q�VFRUH�PHWULF�LV�SURSRVHG�IRU�YDOLGDWLRQ�RI�WHVW�0366�FDOLEUDWHG�DW�37%�
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