
��6HVVLRQ����%UDNH�DQG�W\UH�ZHDU�SDUWLFOHV��3DUW����7DON 6���
��
+HDY\�GXW\�EUDNH�ZHDU�HPLVVLRQV��DQ�RQ�URDG�PHDVXUHPHQW�FDPSDLJQ�XVLQJ�D�QRYHO�IXOO\�RSHQ�VDPSOLQJ�V\VWHP��

0��6WHLQPHW]���4��9URRP���-��$VFKHUVOHEHQ���5��*LMVHPDQ���$��3DQDJLRWLGRX�

�712��1/��

,Q 81(&( *75�� D WHVW SURFHGXUH IRU EUDNH ZHDU HPLVVLRQV RI OLJKW GXW\ YHKLFOHV KDV EHHQ GHWHUPLQHG� ,Q WKH (XUR �
UHJXODWLRQ OLPLW YDOXHV KDYH EHHQ DJUHHG XSRQ IRU OLJKW GXW\ EUDNH ZHDU HPLVVLRQV� 0HDQZKLOH� RIILFLDO WHVW SURFHGXUHV RU
(XUR � OLPLW YDOXHV IRU KHDY\ GXW\ KDYH QRW \HW EHHQ GHWHUPLQHG� $ ORW RI UHVHDUFK LV FXUUHQWO\ RQJRLQJ RQ KHDY\�GXW\ WHVW
SURFHGXUHV DQG OLPLW YDOXHV� 7KH UHVHDUFK SURYLGHV LPSRUWDQW LQVLJKW LQWR UHDO�ZRUOG KHDY\ GXW\ EUDNH ZHDU HPLVVLRQV E\
WDNLQJ�D�QRYHO�DSSURDFK�WR�RQ�URDG�PHDVXUHPHQWV�ZLWK�D�IXOO\�RSHQ�VDPSOLQJ�V\VWHP�

&XUUHQW UHVHDUFK LQWR RQ�URDG EUDNH ZHDU HPLVVLRQV DOPRVW H[FOXVLYHO\ LQYROYHV VRPH IRUP RI HQFDSVXODWLQJ WKH EUDNLQJ
V\VWHP� $OWKRXJK WKLV SURYLGHV FOHDU DGYDQWDJHV Z�U�W� KLJK HPLVVLRQV FDSWXUH UDWH DQG HOLPLQDWLRQ RI H[WHUQDO SDUWLFOH
VRXUFHV� WKLV ZLOO LQIOXHQFH WKH KHDWLQJ DQG FRROLQJ EHKDYLRXU RI WKH EUDNLQJ V\VWHP FRPSDUHG WR WKH RULJLQDO FRQILJXUDWLRQ�
7KH RSHQ GHVLJQ PHDVXUHPHQW VHWXS SURYLGHV WKH SRVVLELOLW\ WR PHDVXUH WKH EUDNH ZHDU HPLVVLRQV DQG YHKLFOH FRQGLWLRQV LQ
DQ RQ�URDG VHWWLQJ� ZLWKRXW DUWLILFLDOO\ LQIOXHQFLQJ WKH V\VWHP WHPSHUDWXUH VLJQLILFDQWO\� 0RVW LPSRUWDQWO\ D QR]]OH LV
GHVLJQHG IRU VXFNLQJ LQ WKH EUDNH ZHDU HPLVVLRQV QHDUE\ WKH VRXUFH ZKLOH DOVR ILWWLQJ ZLWKLQ WKH ZKHHO RI WKH YHKLFOH� 7KH
GHVLJQ�RI�WKH�QR]]OH�WRJHWKHU�ZLWK�KLJK�IORZ�VXFWLRQ�SURYLGH�WKH�RSSRUWXQLW\�WR�PHDVXUH�WKH�WRWDO�EUDNH�ZHDU�HPLVVLRQV�

([WHQVLYH DQDO\VLV RI WKH RQ�URDG PHDVXUHPHQW FDPSDLJQ KDV SURYLGHG YDOXDEOH LQVLJKWV LQ WHPSHUDWXUH GLVWULEXWLRQV DQG
FRUUHVSRQGLQJ SDUWLFOH HPLVVLRQV RI RQ�URDG EUDNH ZHDU HPLVVLRQV DOORZLQJ IRU WKH FDOFXODWLRQ RI HPLVVLRQ IDFWRUV� +LJKHVW
SDUWLFOH QXPEHU HPLVVLRQV SHU NLORPHWUH ZHUH VHHQ GXULQJ XUEDQ GULYLQJ DQG WKH ORZHVW GXULQJ PRWRUZD\ GULYLQJ� 0RUHRYHU�
DGGLWLRQDO DQDO\VHV ZHUH SHUIRUPHG WR VWXG\ EUDNH ZHDU HPLVVLRQV GXULQJ D W\SLFDO GHOLYHU\ URXWH� KLOO\ GULYLQJ DQG
FRQJHVWHG PRWRUZD\ GULYLQJ� $IWHU VRPH ILOWHULQJ� EUDNH WHPSHUDWXUH KHDWLQJ DQG FRROLQJ PRGHOV ZHUH ILWWHG DQG D PRGHO
IRU�WKH�QXPEHU�RI�HPLWWHG�EUDNH�ZHDU�SDUWLFOHV�ZDV�GHULYHG�

7KLV�UHVHDUFK�ZDV��LQ�SDUW��IXQGHG�E\�WKH�(8�3LORW�3URMHFW�33�������>�@�

>�@ (XURSHDQ &RPPLVVLRQ� )HDVLELOLW\ VWXG\ RQ UHGXFWLRQ RI WUDIILF�UHODWHG SDUWLFXODWH HPLVVLRQV E\ PHDQV RI YHKLFOH�
PRXQWHG�ILQH�GXVW�ILOWUDWLRQ��33�������3LORW�SURMHFW�
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(IIHFW�RI�SDG�PDWHULDO�DQG�UHJHQHUDWLYH�EUDNLQJ�RQ�EUDNH�ZHDU�HPLVVLRQV�

$��-lUYLQHQ���-��+RLYDOD���6��6DDULNRVNL���0��$XUHOD���6��+DUQL���.��.\OlPlNL���7��5|QNN|���3��$DNNR�6DNVD�

�977�7HFKQLFDO�5HVHDUFK�&HQWUH�RI�)LQODQG��(VSRR��)LQODQG���$HURVRO�3K\VLFV�/DERUDWRU\��3K\VLFV�8QLW��7DPSHUH
8QLYHUVLW\��7DPSHUH��)LQODQG���$WPRVSKHULF�&RPSRVLWLRQ�5HVHDUFK��)LQQLVK�0HWHRURORJLFDO�,QVWLWXWH��+HOVLQNL��)LQODQG�

1RQ�H[KDXVW VRXUFHV� LQFOXGLQJ EUDNH� WLUH DQG URDG ZHDU� KDYH EHHQ LGHQWLILHG DV D PDMRU VRXUFH RI FXUUHQW WUDIILF�UHODWHG
SDUWLFOH HPLVVLRQV >�@� %UDNH ZHDU SDUWLFOH FKDUDFWHULVWLFV DQG TXDQWLW\ GHSHQG RQ IDFWRUV VXFK DV YHKLFOH SURSHUWLHV� EUDNH
PDWHULDO FRPSRVLWLRQ DQG GULYLQJ FKDUDFWHULVWLFV� 5HFHQW VWXGLHV KDYH EHHQ FRQGXFWHG WR DQDO\]H HIIHFW RI WKHVH WRSLFV� )RU
LQVWDQFH� FRPSRVLWLRQ DQG VWUXFWXUH RI EUDNH ZHDU SDUWLFOHV KDV EHHQ DQDO\]HG >�@ DV ZHOO DV WKH HIIHFW RI UHJHQHUDWLYH
EUDNLQJ�RQ�SDUWLFOH�HPLVVLRQV�>�@��ZKLFK�LV�LPSRUWDQW�WRSLF�GXH�LQFUHDVLQJ�QXPEHU�RI�K\EULG�DQG�HOHFWULF�YHKLFOHV�RQ�URDGV�

,Q RXU VWXG\� D VHW RI EUDNH SDGV� IURP GLIIHUHQW PDQXIDFWXUHV� ZDV SXUFKDVHG IURP ORFDO VSDUH SDUW VXSSOLHUV� ,Q WRWDO RI �
SDGV ZHUH WHVWHG ZLWK ;�UD\ IOXRUHVFHQFH �2O\PSXV 9DQWD 905� WR REWDLQ WKHLU HOHPHQWDO FRPSRVLWLRQ� 7ZR RI WKH SDGV
ZHUH�VHOHFWHG�IRU�WHVWLQJ�LQ�D�G\QDPRPHWHU�EHQFK��RULJLQDO�SDGV�DQG�SDGV�ZLWK�ORZ�&X�DQG�)H�FRQWHQW�

%UDNH SDUWLFOH HPLVVLRQV ZHUH WHVWHG LQ D PHDVXUHPHQW FDPSDLJQ XVLQJ D G\QDPRPHWHU ZLWK :/73 EUDNH F\FOH DQG ZLWK
UHSHWLWLYH IURP FRQVWDQW VSHHG WR VWRS F\FOH� ,QFUHDVHG PDVV RI WKH YHKLFOH ZDV VLPXODWHG E\ LQFUHDVLQJ WKH EUDNH WRUTXH
GHPDQG DQG HIIHFW RI UHJHQHUDWLRQ E\ GHFUHDVLQJ WKH WRUTXH GHPDQG� 6HYHUDO W\SH RI SDUWLFOH SURSHUWLHV ZHUH PHDVXUHG� IRU
LQVWDQFH�30����31���DQG�VL]H�GLVWULEXWLRQ�

7KHUH ZHUH VLJQLILFDQW GLIIHUHQFHV LQ WKH FKHPLFDO FRPSRVLWLRQ RI WKH DQDO\]HG SDGV� /LJKW HOHPHQWV �/(�0J� ZHUH WKH
PRVW DEXQGDQW DQG FRXOG QRW EH VSHFLILHG ZLWK WKH ;5)� $PRXQW RI )H ���������� &X �������� =Q ������� DQG %D
����������YDULHG�VLJQLILFDQWO\�EHWZHHQ�WKH�SDGV��0J��$O��6L�DQG�6�ZHUH�GHWHFWHG�IURP�DOO�WKH�SDGV�

7KH EUDNH SDGV ZLWK ORZ &X DQG )H FRQWHQW ZHUH FRQVLVWHQWO\ IRXQG WR SURGXFH ORZHU ����«����� 30 DQG 31 HPLVVLRQV
WKDQ WKH RULJLQDO SDGV� 5HJHQHUDWLYH EUDNLQJ UHGXFHG 30�� DQG 31�� HPLVVLRQV VLJQLILFDQWO\ LQ PRVW FDVHV� RIWHQ PRUH WKDQ
����� +RZHYHU� LQ VRPH FDVHV� UHODWLYHO\ KLJK 31�� FRQFHQWUDWLRQV ZHUH REVHUYHG GXULQJ UHJHQHUDWLYH EUDNLQJ DOWKRXJK WKH
EUDNH SUHVVXUHV DQG UHVXOWLQJ WRUTXHV ZHUH ORZ FRPSDUHG WR QRUPDO EUDNLQJ� $OVR GXULQJ KHDY\ EUDNLQJ� ZKHUH WKH VKDUH RI
WKH�UHJHQHUDWLRQ�LV�ORZ��WKH�SDUWLFOH�FRQFHQWUDWLRQV�ZHUH�FORVH�WR�FRQYHQWLRQDO�EUDNLQJ�

7KLV UHVHDUFK ZDV FRQGXFWHG DV SDUW RI 1(;�(/ SURMHFW �ZZZ�QH[HO�IL� IXQGHG E\ %XVLQHVV )LQODQG �JUDQW QXPEHU
������������� DQG )LQQLVK FRPSDQLHV� $XWKRUV DFNQRZOHGJH SURMHFW SDUWQHU 'HNDWL IRU SURYLGLQJ LQVWUXPHQWV WR WKH
PHDVXUHPHQWV�

>�@�5��0��+DUULVRQ��-��$OODQ��'��&DUUXWKHUV��HW�DO���$WPRVSKHULF�(QYLURQPHQW��������������������
>�@�&��1HXNLUFKHQ��0��5��6DUDML�%R]RUJ]DG��0��0lGHU��HW�DO���-RXUQDO�RI�+D]DUGRXV�0DWHULDOV��������������������
>�@�+��+DJLQR��$WPRVSKHUH���������������
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%H\RQG�(PLVVLRQ�)DFWRUV��%UHPER¶V�3URWRFRO�IRU�&KHPLFDO�DQG�7R[LFRORJLFDO�$QDO\VLV�RI�%UDNH�:HDU�3DUWLFOHV�

%��7V\XSD�����$��0DQFLQL���3��'HOOD�%HOOD���6��5XVVR���$��%RQIDQWL��

�'HSDUWPHQW�RI�&KHPLVWU\��0DWHULDOV�DQG�&KHPLFDO�(QJLQHHULQJ��*��1DWWD���3ROLWHFQLFR�GL�0LODQR��,WDO\���0DWHULDOV
(QJLQHHULQJ�	�/DERUDWRULHV��*&)�5HVHDUFK�	�'HYHORSPHQW��%UHPER�1�9���6WH]]DQR��,WDO\�

$LU TXDOLW\ UHPDLQV RQH RI WKH VLJQLILFDQW ULVNV WR ERWK KXPDQ KHDOWK DQG HQYLURQPHQW� 7R DGGUHVV WKLV FKDOOHQJH� UHJXODWLRQV
OLNH (852 � KDYH EHHQ LQWURGXFHG WR UHGXFH KDUPIXO HPLVVLRQV DQG LPSURYH DLU TXDOLW\� 1RWDEO\� LQWURGXFWLRQ RI (852 �
PDUNV D WXUQLQJ SRLQW E\ LQFOXGLQJ� IRU WKH ILUVW WLPH� OLPLWDWLRQV RQ QRQ�H[KDXVW HPLVVLRQV� VXFK DV WKRVH JHQHUDWHG E\
EUDNHV� +RZHYHU� WKH HPLVVLRQ IDFWRU GHILQHG LQ (852 �� H[SUHVVHG LQ WHUPV RI PDVV RI 30�� SDUWLFOHV JHQHUDWHG SHU
NLORPHWHU� SURYLGHV RQO\ D SDUWLDO XQGHUVWDQGLQJ RI WKH LPSDFW RI EUDNH HPLVVLRQV RQ DLU SROOXWLRQ� 7R IXOO\ DVVHVV WKHLU
HIIHFWV� LW LV HVVHQWLDO WR JR EH\RQG TXDQWLW\ DQG LQYHVWLJDWH WKH FKHPLFDO FRPSRVLWLRQ DQG WR[LFRORJLFDO UHVSRQVH RI WKHVH
HPLVVLRQV��RIIHULQJ�GHHSHU�LQVLJKWV�LQWR�WKHLU�SRWHQWLDO�ULVNV�WR�KHDOWK�DQG�HQYLURQPHQW�

7KLV ZRUN SUHVHQWV DQDO\WLFDO SURWRFROV IRU WKH FKHPLFDO DQG WR[LFRORJLFDO FKDUDFWHUL]DWLRQ RI EUDNH HPLVVLRQV� (PLVVLRQV
DUH FROOHFWHG XVLQJ D *75�FRPSOLDQW G\QDPRPHWULF EHQFK DW WKH %UHPER 7HVWLQJ 'HSDUWPHQW� VLPXODWLQJ VWDQGDUG GULYLQJ
DQG EUDNLQJ FRQGLWLRQV XQGHU WKH :/73 �:RUOGZLGH +DUPRQL]HG /LJKW 9HKLFOH 7HVW 3URFHGXUH� F\FOH� .H\ SDUDPHWHUV
VXFK�DV�HPLVVLRQ�IDFWRUV��UHODWLYH�ZHDU�RI�SDGV�DQG�GLVFV��DQG�SDUWLFOH�QXPEHU��31��DUH�UHFRUGHG�GXULQJ�VDPSOLQJ�

)RU FKHPLFDO FKDUDFWHUL]DWLRQ� HPLVVLRQV DUH DQDO\]HG XVLQJ D UDQJH RI WHFKQLTXHV� 6(0�('6 IRU PRUSKRORJ\ DQG HOHPHQWDO
FRPSRVLWLRQ� ;5' IRU FU\VWDOOLQH FRPSRXQGV� 5DPDQ VSHFWURVFRS\ IRU FU\VWDOOLQH DQG DPRUSKRXV FRPSRXQGV� ;$1(6 IRU
PHWDO VSHFLDWLRQ� ,&3�06 IRU WUDFH HOHPHQW TXDQWLILFDWLRQ� DQG 6(0 ZLWK ,PDJH $QDO\VLV IRU SDUWLFOH VL]H GLVWULEXWLRQ� 7KH
SUHVHQFH RI VSHFLILF RUJDQLF FRPSRXQGV� VXFK 3$+V DQG 3&%V� LV DOVR HYDOXDWHG XVLQJ DGGLWLRQDO DQDO\WLFDO PHWKRGV� VXFK
DV�*&�06�DQDO\VLV�

7R[LFRORJLFDO FKDUDFWHUL]DWLRQ DVVHVVHV ERWK F\WRWR[LFLW\ DQG HFRWR[LFLW\� )RU F\WRWR[LFLW\� $��� OXQJ HSLWKHOLDO FHOOV DUH
H[SRVHG WR HPLVVLRQV LQ VXEPHUJHG FRQGLWLRQV YLD GURS GHSRVLWLRQ� ZLWK HQGSRLQWV VXFK DV FHOO YLDELOLW\ �$ODPDU %OXH�� 526
JHQHUDWLRQ� PLWRFKRQGULDO PHPEUDQH SRWHQWLDO �-&���� DQG FDVSDVH DFWLYLW\� (FRWR[LFLW\ HYDOXDWLRQV LQFOXGH D FKURQLF
DTXDWLF WR[LFLW\ WHVW ZLWK 5DSKLGRFHOLV VXEFDSLWDWD �2(&' ���� ������ DQ DFXWH LPPRELOL]DWLRQ WHVW ZLWK 'DSKQLD PDJQD
�2(&' ���� ����� DQG DVVHVVPHQWV XVLQJ 9LEULR ILVFKHUL �,62 �������� ������ 3K\WRWR[LFLW\ LV H[DPLQHG XVLQJ /HSLGLXP
VDWLYXP�LQ�DFFRUGDQFH�ZLWK�81,&+,0�JXLGHOLQH�������������

7KLV FRPSUHKHQVLYH SURWRFRO SURYLGHV D UREXVW IUDPHZRUN IRU XQGHUVWDQGLQJ WKH HQYLURQPHQWDO DQG KHDOWK LPSDFWV RI EUDNH
HPLVVLRQV� )RU HDFK PHWKRGRORJ\ SUHVHQWHG DERYH H[DPSOH RI UHVXOWV REWDLQHG IRU 30��� EUDNH ZHDU HPLVVLRQV XVLQJ IULFWLRQ
FRXSOH�FRPSRVHG�E\�JUH\�FDVW�LURQ�EUDNH�GLVF�DQG�(&(�5���/RZ�0HWDOOLF�EUDNH�SDGV�ZLOO�EH�SUHVHQWHG�DQG�GLVFXVVHG�
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&KDUDFWHUL]DWLRQ�RI�8)3�(PLVVLRQV�DW�D�5DLOZD\�%UDNH�7HVW�%HQFK�

'��2EDQGR���8��9RJW���'��6WUDXE���-��0��'XUDQ�

�8QLYHUVLWlW�6WXWWJDUW��,QVWLWXW�I�U�)HXHUXQJV��XQG�.UDIWZHUNVWHFKQLN�±�,).�

,QWURGXFWLRQ� $OWKRXJK QRQ�H[KDXVW HPLVVLRQV KDYH EHHQ WKH IRFXV RI DWWHQWLRQ LQ UHFHQW \HDUV� HYHQ PRUH VR ZLWK WKH
LQWURGXFWLRQ RI WKH (XUR�� YHKLFOH OHJLVODWLRQ� WKHVH HPLVVLRQV LQ UDLO WUDQVSRUW KDYH EHHQ QHJOHFWHG RU OLWWOH LQYHVWLJDWHG�
HVSHFLDOO\�LQ�WKH�UDQJH�RI�8)3>�@�

$ UHSRUW SXEOLVKHG E\ WKH *HUPDQ )HGHUDO (QYLURQPHQWDO $JHQF\ FRPSDUHG 30 HPLVVLRQV IURP YDULRXV SDVVHQJHU DQG
IUHLJKW WUDQVSRUW PRGHV �ODQG� VHD� DQG DLU�� :KLOH UDLO WUDQVSRUW HPLWV IHZHU SROOXWDQWV WKDQ URDG WUDQVSRUW� LW VWLOO KDV
HQYLURQPHQWDO LPSDFWV� +RZHYHU� WKLV DQDO\VLV RPLWWHG QRQ�H[KDXVW HPLVVLRQV FUHDWLQJ D VLJQLILFDQW GDWD JDS UHJDUGLQJ UDLO
WUDQVSRUW
V�WRWDO�30�FRQWULEXWLRQ�>�@�

7KH�SUHVHQW�VWXG\�IRFXVHV�RQ�DGGUHVVLQJ�WKLV�LVVXH�E\�GHWHUPLQLQJ�WKH�EUDNH�UHODWHG�HPLVVLRQV�

0HWKRGRORJ\� 0HDVXUHPHQWV RI 8)3 ZHUH FDUULHG RXW RQ D UDLOZD\ EUDNH WHVW EHQFK XVLQJ D PHDVXULQJ SURJUDP EDVHG RQ
WKH WHFKQLFDO VWDQGDUG 8,& ����� >�@ DQG ',1 (1 ���������� >�@� � EUDNLQJ F\FOHV ZHUH SHUIRUPHG� FRQVLVWLQJ RI ��
UHSHWLWLRQV HDFK� LQ ZKLFK RSHUDWLQJ SDUDPHWHUV VXFK DV LQLWLDO VSHHG ���� �� DQG ��� NP�K�� PDVV WR EH EUDNHG �ORDGHG DQG
HPSW\�WUDLQ��DQG�FRQWDFW�IRUFH����DQG����N1��ZHUH�FRQVLGHUHG�

7R PHDVXUH 8)3 ���±��� QP� ZLWKLQ WKH H[KDXVW WXEH� D GLIIXVLRQ FKDUJHU �',6&PLQL IURP 7HVWR� ZDV HPSOR\HG� )LQH DQG
FRDUVH SDUWLFOH FRQFHQWUDWLRQV ZHUH GHWHUPLQHG XVLQJ DQ LPSDFWRU �� OHYHOV IURP 'HNDWL� DQG DQ DHURVRO VSHFWURPHWHU
�*5,00�('0�������$�3UDQGWO�SLSH�ZDV�XVHG�IRU�IORZ�PHDVXUHPHQW�

5HVXOWV� $ SHDN LQ 8)3 FRQFHQWUDWLRQV ZDV FOHDUO\ REVHUYHG LQ HDFK UHSHWLWLRQ RI WKH EUDNLQJ LQ DOO F\FOHV� :KLOH� IRU WKH
ORZHVW LQLWLDO VSHHGV� WKH FRQFHQWUDWLRQ RI SDUWLFOHV HPLWWHG ZDV DURXQG �(� ��FP�� LQ WKH FDVH RI WKH KLJKHVW VSHHGV� DQ
H[SRQHQWLDO LQFUHDVH LQ WKH HPLVVLRQ ZDV HYLGHQFHG DQG UHDFKHG RXWVLGH WKH XSSHU PHDVXUHPHQW OLPLW RI WKH GHYLFH �! �(�
��FP��� :LWK UHVSHFW WR WKH DYHUDJH SDUWLFOH VL]H� ZKHQ WKH LQLWLDO VSHHG ZDV �� NP�K� WKH DYHUDJH SDUWLFOH VL]H ZDV VOLJKWO\
UHGXFHG LQ WKH ILUVW VHFRQGV RI WKH EUDNLQJ� UHDFKLQJ �� QP DQG WKHQ LQFUHDVLQJ GXULQJ WKH UHVW RI WKH EUDNLQJ WR PRUH WKDQ
����QP�

:KHQ WKH LQLWLDO VSHHGV ZHUH �� DQG ��� NP�K� WKH EUDNLQJ WLPHV ZHUH FRQVLGHUDEO\ ORQJHU� OHDGLQJ WR PRUH FRPSOH[
UHODWLRQVKLSV EHWZHHQ WKH WZR YDULDEOHV DQDO\]HG �QXPEHU DQG DYHUDJH SDUWLFOH VL]H�� 7KH DYHUDJH VL]H ZDV UHSHDWHGO\ EHORZ
���QP�DQG�WKH�QXPEHU�FRQFHQWUDWLRQV�DERYH��(����FP��

&RQFOXVLRQV DQG RXWORRN� 7KLV VWXG\ SURYLGHV GDWD WR ILOO WKH JDS E\ XVLQJ VWDQGDUGL]HG WHVW IRU WKH TXDQWLILFDWLRQ RI 8)3
HPLVVLRQV XQGHU YDU\LQJ EUDNLQJ FRQGLWLRQV� 7KH UHVXOWV VKRZ H[SRQHQWLDO UHODWLRQ EHWZHHQ LQLWLDO VSHHG DQG SDUWLFOH QXPEHU
HPLVVLRQ ZLWK FRPSOH[ YDULDWLRQV LQ SDUWLFOH VL]HV� $GGLWLRQDO UHVHDUFK LV UHTXLUHG WR IXOO\ FKDUDFWHUL]H WKH 8)3 HPLVVLRQV
LQFOXGLQJ GLIIHUHQW NLQG RI EUDNLQJ SDGV� DV ZHOO DV WKH FKHPLFDO FRPSRVLWLRQ RI SDUWLFOHV LQ WKH XOWUDILQH UDQJH� WR DVVHVV
WKHLU�LPSDFW�DQG�GHYHORS�VROXWLRQV�WR�UHGXFH�WKHLU�HPLVVLRQ�

>�@ )UXKZLUW '� 1|VW 7� /HRQKDUGW 3� /HLWQHU 0� %UXQQKRIHU 3� %RGH *� 0LFKDHO 6� 5RGOHU -� 7UDQVSRUWDWLRQ 5HVHDUFK 3DUW '� 7UDQVSRUW DQG (QYLURQPHQW� '2,�
��������M�WUG������������

>�@ $OOHNRWWH 0� $OWKDXV +� %HUJN )� %LHPDQQ .� .Q|UU :�� 6XWWHU '� 8PZHOWIUHXQGOLFK 0RELO�� (LQ |NRORJLVFKHU 9HUNHKUVDUWHQYHUJOHLFK I�U GHQ 3HUVRQHQ� XQG *�WHUYHUNHKU LQ
'HXWVFKODQG��'HVVDX�5R�EODX������

>�@�,QWHUQDWLRQDO�8QLRQ�RI�5DLOZD\V��8,&������������%UDNHV���&RPSRVLWH�EUDNH�EORFNV��*HQHUDO�FRQGLWLRQV�IRU�FHUWLILFDWLRQ�DQG�XVH������

>�@ 'HXWVFKHV ,QVWLWXW I�U 1RUPXQJ� ',1 (1 ���������� 5DLOZD\ DSSOLFDWLRQV � %UDNLQJ � %UDNH EORFNV� ������� ��������� �������� %U�VVHO� (XURSHDQ &RPPLWWH IRU
6WDQGDUGL]DWLRQ������
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3K\VLFDO�DQG�FKHPLFDO�FKDUDFWHUL]DWLRQ�RI�EUDNH�DQG�W\UH�ZHDU�PHDVXUHG�RQ�D�FXVWRP�EXLOW�FRPELQHG�G\QDPRPHWHU�

&��1HXNLUFKHQ���0��5H]D�6DUDML�%R]RUJ]DG���0��0lDGHU���$��3��0XGDQ���7��$GDP��
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$XWRPRWLYH QRQ�H[KDXVW HPLVVLRQV� VXFK DV EUDNH� DQG W\UH ZHDU DUH RI ULVLQJ LQWHUHVW� VLQFH WKH\ ZLOO EH UHJXODWHG IRU WKH
ILUVW WLPH ZLWK WKH (852 � UHJXODWLRQ� :KLOH WKH PDMRULW\ RI WKH SDUWLFOH PDVV RI WKHVH DEUDVLRQ GHULYHG SDUWLFOHV LV EHWZHHQ
� DQG �� �P� D FRQVLGHUDEOH SHUFHQWDJH RI WKH SDUWLFOH QXPEHU LV DOVR JHQHUDWHG LQ WKH QDQRSDUWLFOH UDQJH >�@� 7KHVH
SDUWLFOHV FDQ SHQHWUDWH GHHS LQWR WKH OXQJV� ZKHUH WKH\ GHSRVLW LQ WKH DOYHROL DQG HYHQWXDOO\ UHDFK WKH EORRGVWUHDP YLD WKH
EORRG�DLU�EDUULHU�>�@�

,Q WKLV VWXG\ SDUWLFOHV JHQHUDWHG IURP QRQ�DVEHVWRV RUJDQLF EUDNH SDGV �1$2� DQG VR FDOOHG ORZ PHWDOOLF EUDNH SDGV �/0��
DV ZHOO DV VXPPHU� ZLQWHU DQG DOO�VHDVRQ W\UHV ZHUH FKDUDFWHUL]HG UHJDUGLQJ WKHLU HPLWWHG SDUWLFOH PDVV �30�� SDUWLFOH
QXPEHUV �31�� DV ZHOO DV WKHLU VL]H DQG PRUSKRORJ\ XWLOL]LQJ WKH :/73 EUDNH F\FOH� $ QHZO\ GHYHORSHG FXVWRP�EXLOW
G\QDPRPHWHU WKDW LV FDSDEOH RI LQGLYLGXDO DQG VLPXOWDQHRXV PHDVXUHPHQW RI EUDNH DQG W\UH ZHDU� ZDV HPSOR\HG� 7KLV
XQLTXH FRPELQHG WHVWLQJ DSSURDFK� ZKLFK LV WKH ILUVW G\QDPRPHWHU RI LWV NLQG ZRUOGZLGH� DOORZV IRU D PRUH DFFXUDWH
FRPSDULVRQ RI FRQWULEXWLRQV IURP WKH LQGLYLGXDO VRXUFHV� FRPSDUHG WR VWXGLHV IURP VLQJOH VRXUFH G\QDPRPHWHUV� ZKLFK HDFK
KDYH YDU\LQJ GHVLJQV DQG SDUWLFOH WUDQVSRUW HIILFLHQFLHV� 7R PLQLPL]H SDUWLFOH ORVVHV DQG HQVXUH UHDOLVWLF WHVWLQJ SURFHGXUHV�
WKH G\QDPRPHWHU FRPSRQHQWV� ZKHUH DSSOLFDEOH� ZHUH GHULYHG IURP WKH *75�� VSHFLILFDWLRQV WKDW UHJXODWH EUDNH ZHDU
HPLVVLRQ�WHVWLQJ�DV�SDUW�RI�WKH�(852����7KH�FXVWRP�EXLOW�EUDNH�DQG�W\UH�ZHDU�G\QDPRPHWHU�LV�GHSLFWHG�LQ�ILJXUH���
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(OHPHQWDO�DQDO\VLV�FDUULHG�RXW�YLD�,&3�06�ZDV�XVHG�WR�GHWHUPLQH�KHDY\�PHWDO�HPLVVLRQ�IDFWRUV�IRU�LQGLYLGXDO�VRXUFHV�
)XUWKHUPRUH�6(0�(';�DQDO\VLV�ZDV�FRQGXFWHG�WR�VWXG\�WKH�GLVWULEXWLRQ�RI�HOHPHQWV�DPRQJ�GLIIHUHQW�VL]H�UDQJHV�WKDW
ZHUH�JHQHUDWHG���([WUDFWV�RI�W\UH�SDUWLFOH�FRQWDLQLQJ�ILOWHUV�ZHUH�IXUWKHU�DQDO\]HG�IRU����RUJDQLF�W\UH�PDUNHU�PROHFXOHV�
'LVWLQFW�FKHPLFDO�FKDQJHV��FDXVHG�E\�SURFHVVHV�VXFK�DV�WKHUPDO�GHJUDGDWLRQ�DQG�WULER�R[LGDWLRQ��WKDW�VLJQLILFDQWO\
FKDQJHG�FRPSRVLWLRQV�IURP�WKH�LQLWLDO�PDWHULDO�WR�HPLWWHG�SDUWLFOHV��DV�ZHOO�DV�D�ODUJH�FRQWULEXWLRQ�RI�WKH�EUDNH�GLVF�ZHUH
REVHUYDEOH�EDVHG�RQ�FKHPLFDO�SDWWHUQV�
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