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5HFHLYHG�0DUFK���������
7KH� FRPELQDWLRQ� RI�39'� DQG� SXOVHG� SODVPD� WUHDWPHQW� KDV� EHHQ� DSSOLHG� WR� �1G±)H±%

EDVHG�PDJQHWV�WR�SURYLGH�HQKDQFHG�FRUURVLRQ�UHVLVWDQFH��7KH�FRUURVLRQ�EHKDYLRU�RI�SODVPD
WUHDWHG�1G±)H±%�VLQWHUHG�PDJQHWV�ZLWK�)H��%���ILOP�LQ�QDWXUDOO\�DHUDWHG�VRGLXP�VXOSKDWHVROXWLRQV�KDYH� EHHQ� VWXGLHG��7KH� FRUURVLRQ�EHKDYLRU�ZDV� HVWLPDWHG�XVLQJ� HOHFWURFKHPLFDO
PHWKRGV��,W�KDV�EHHQ�HVWDEOLVKHG�WKDW�WKH�VDPSOH�FRUURVLRQ�UHVLVWDQFH�LV�LQIOXHQFHG�FRQVLG�
HUDEO\�E\�SUH�WUHDWPHQW�SUHFHGLQJ�WKH�SODVPD�WUHDWPHQW�RU�)H��%���GHSRVLWLRQ��
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7KH�LQFUHDVLQJ�XVH�RI�UDUH�HDUWK�PDJQHWV
LQ� WKH� PLFURPDJQHWLF� GHYLFHV� �VR� FDOOHG
0$*0$6� GHYLFHV�� PDNHV� HYHU� WRXJKHU� UH�
TXLUHPHQWV�WR�WKH�PDJQHW�VL]H��WKXV�UHVWULFW�
LQJ�VRPHZKDW��WKH�XVH�RI�FRQYHQWLRQDO�PHWK�
RGV�IRU�FRUURVLRQ�SURWHFWLQJ�RI�1G±)H±%�UDUH�
HDUWK� PDJQHWV�� %HFDXVH� RI� ORZ� FRUURVLRQ
UHVLVWDQFH�� 1G±)H±%� PDJQHWV� QHHG� FRUURVLRQ
FRQWURO� PHWKRGV� WR� LPSURYH� WKHLU� YLDELOLW\
DQG�WR�SURYLGH�WKH�XVH�WKHUHRI�DV�D�FRQVWUXF�
WLRQ� PDWHULDO�� $WWHPSWV� ZHUH� PDGH� WR� LP�
SURYH� FRUURVLRQ� UHVLVWDQFH� RI� WKHVH� PDJQHWV
XVLQJ� PHWDO� DQG� RUJDQLF� FRDWLQJV� >�Ü�@� RU
DOOR\LQJ� WKH� LQLWLDO� PDWHULDOV� >�Ü�@�� :KLOH
W\SLFDO�WKLFNQHVV�RI�RUJDQLF�FRDWLQJV�FDQ�YDU\
IURP� ��� WR� ��� PP�� WKLV� YDOXH� IRU� PHWDOOLF

FRDWLQJV� LV� UHVWULFWHG� GRZQ� WR� �Ü��� PP� IRU
DOXPLQXP� FRDWLQJV� DQG� ��Ü��� PP� IRU� 1L
DQG�=Q�RQHV��7KH�SKRVSKDWH�FRQYHUVLRQ�FRDW�
LQJ�PHWKRG� ZDV� SURSRVHG�� EXW� WKH� WHFKQRO�
RJ\� WXUQHG� RXW� WR� EH� WRR� FRPSOLFDWHG� IRU
ODUJH�VFDOH�SURGXFWLRQ�>�@�
1HRG\PLXP�� EHLQJ� D� EDVLF� FRPSRQHQW� RI

UDUH�HDUWK� 1G±)H±%� PDJQHWV�� LV� YHU\� UHDF�
WLYH�DOOR\�HOHPHQW��,WV�IUDFWLRQ�FDQ�YDU\�EH�
WZHHQ� ��� DQG� ���ZW����ZKLFK�PDNHV�PDJ�
QHWV�KLJKO\�VXVFHSWLEOH�WR�FRUURVLRQ�DQG�FRU�
URVLRQ� DWWDFNV� UHVXOW� LQ� WKH� RI� PDJQHWLF
SURSHUWLHV��$W�ILUVW��WKH�FRUURVLRQ�DWWDFN�UH�
VXOWV� LQ�GHJUDGDWLRQ�RI�PDJQHWLF� SURSHUWLHV
�PDJQHWLF� IOX[�� DQG� WKHQ� WR� WKH� SDUWLDO� RU
IXOO�IDLOXUH�RI�PDJQHWV��

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV

)XQFWLRQDO�PDWHULDOV������������� ���



,W� ZDV� VKRZQ� SUHYLRXVO\� WKDW� WUHDWPHQW
RI� VWUXFWXUDO� VWHHOV� ZLWK� KLJK�LQWHQVLW\
SODVPD� IORZV� �HQHUJ\� GHQVLW\� �Ü��� -�FP���
JHQHUDWHG�E\�SXOVHG�SODVPD�DFFHOHUDWRUV��UH�
VXOWV� LQ� KDUGHQLQJ� RI� WKH� VXUIDFHV� DQG� LQ�
FUHDVLQJ� WKH� ZHDU� UHVLVWDQFH� >��Ü��@�� 6XFK
VXUIDFH�PRGLILFDWLRQ�LV�UHDOL]HG�GXH�WR�FRP�
ELQDWLRQ�RI�WKH�IROORZLQJ�SK\VLFDO�SURFHVVHV�
KLJK� VSHHG� FRROLQJ�TXHQFKLQJ� ����Ü
���� z�V��� VWUXFWXUDO�SKDVH� WUDQVIRUPDWLRQ
LQ�VROLG�VWDWH��GHFD\�RI�VROLG�VROXWLRQV��PHOW�
LQJ�� DQG� GLIIXVLRQ� RI� WKH� SODVPD� VWUHDP
DWRPV� LQWR� WKH� PDWHULDO�� $V� D� UHVXOW� RI
WKHVH�SURFHVVHV��D�VROLG�OD\HU�ZLWK�LQFUHDVHG
KDUGQHVV� DQG� H[FHOOHQW� DGKHVLRQ� LV� IRUPHG
RQ� WKH� VDPSOH� VXUIDFH�� 7KDW� LV� ZK\� RQH� RI
WKH� DOWHUQDWLYHV� LV� H[SHFWHG� WR� EH� SODVPD
WUHDWPHQW� RI� HDVLO\� DPRUSKL]LQJ� FRDWLQJV�
7KH� IHUURERURQ� FRDWLQJ� )H��%��� FDQ� EH� RQHRI� WKH� SRWHQWLDO� FDQGLGDWHV�� ZKLFK� ZDV
SURYHG� LQ� WKH� ODVHU� WUHDWPHQW� DSSOLFDWLRQV
>��@��$FFRUGLQJ�WR�6(0�DQG�;�UD\�DQDO\VHV�
DQ� DPRUSKRXV� OD\HU� ZDV� HDVLO\� IRUPHG� RQ
WKH�VXUIDFH�RI�IHUURERURQ�FRDWHG�DOOR\V�DIWHU
ODVHU� WUHDWPHQW�� 7KH�PRGLILHG� OD\HU� PLFUR�
KDUGQHVV� UHDFKHG� LWV� KLJKHVW� YDOXH� RI
������ 03D� DW� WKH� GHSWK� RI� ��� PP� XQGHU�
QHDWK� WKH� VXUIDFH��0RUHRYHU��D� VDWLVIDFWRU\
DGKHVLRQ� RI� DPRUSKRXV� OD\HUV� WR� WKH� VXE�
VWUDWH�ZDV�REVHUYHG�XQGHU�EHQGLQJ�DQG�FRP�
SUHVVLRQ� ORDGLQJV�� 7KXV�� WKH� KLJK�VSHHG
FU\VWDOOL]DWLRQ� XQGHU� SXOVHG� SODVPD� WUHDW�
PHQW� LQ� QHDU�VXUIDFH� UHJLRQ�� FDXVLQJ� WKH
IRUPDWLRQ�RI�DPRUSKRXV�RU�ILQHO\�GLVSHUVHG
VWUXFWXUH� RI� VWUHQJWKHQHG� SKDVHV�� ZLOO� GH�
ILQH� WKH� KLJK� SHUIRUPDQFH� RI� QHDU�VXUIDFH
OD\HU�>��@�
7KH�H[SHULPHQWV�ZHUH�FDUULHG�RXW�XVLQJ�D

SXOVHG� SODVPD� DFFHOHUDWRU� �33$��� 7KH� 33$
GHYLFH� FRQVLVWV� RI� FRD[LDO� VHW� RI� HOHFWURGHV
ZLWK� DQRGH� RI� ��� FP� GLDPHWHU� DQG� FDWKRGH

RI� �� FP�GLDPHWHU� � DQG� YDFXXP� FKDPEHU� RI
���� FP� OHQJWK� DQG� ���� FP� GLDPHWHU�� 7KH
SRZHU� VXSSO\� V\VWHP� LV� D� FDSDFLWRU� EDQN
ZLWK�VWRUHG�HQHUJ\�RI����N-��DW����N9���7KH
GLVFKDUJH�FXUUHQW�DPSOLWXGH�LV�����N$��WKH
SODVPD�VWUHDP�GXUDWLRQ��Ü��PV��7KH�SXOVHG
SODVPD� DFFHOHUDWRU� JHQHUDWHV� SODVPD
VWUHDPV� ZLWK� LRQ� HQHUJ\� XS� WR� �� NH9�
SODVPD� GHQVLW\� �������FPÜ��� DYHUDJH� VSH�
FLILF�SRZHU����0:�FP�� DQG�SODVPD�HQHUJ\
GHQVLW\� LQ� WKH� UDQJH� RI��� WR����-�FP���1L�
WURJHQ�� KHOLXP�� K\GURJHQ�� DQG� RWKHU� JDVHV
FDQ� EH� XVHG� DV�ZRUNLQJ�PHGLD�� 7KH� SODVPD
WUHDWPHQW� FRQGLWLRQV� ZHUH� FKRVHQ� E\� YDUL�
DWLRQ� RI� ERWK� DFFHOHUDWRU� GLVFKDUJH� YROWDJH
DQG� WKH� WDUJHW� VXUIDFH� GLVWDQFH� IURP� WKH
33$�RXWSXW��
7KH� 39'� GHSRVLWLRQ� RI� IHUURERURQ

)H��%��� �ZW�� ��� FRDWLQJV� ZDV� FDUULHG� RXW
XWLOL]LQJ� SODQDU� (&5� SODVPD� VRXUFH� >��@�
7KH� VSXWWHUHG� �� PP� WKLFN� DPRUSKRXV
)H��%��� ILOPV� ZLWK� KLJK� DGKHUHQFH� ZHUHIRUPHG�RQ� WKH�VXUIDFH�RI�1G±)H±%� VLQWHUHG
PDJQHWV�� 7KH� LQLWLDO�1G±)H±%�PDJQHW� VDP�
SOHV�ZHUH�VXEMHFWHG�WR�YDULRXV�SUH�WUHDWPHQW
SURFHGXUHV�DV� VKRZQ� LQ�7DEOH����6RPH�VDP�
SOHV�ZHUH�39'�FRDWHG�ZLWK�)H��%���DQG�WKHQSODVPD� WUHDWHG� LQ� YDULRXV� FRQGLWLRQV� �VDP�
SOHV�����������/RQJ�SODVPD�H[SRVXUHV�DW�RQH
DQG� WZR�VWDJH� PRGHV� ZHUH� DSSOLHG� WR� WKH
LQLWLDO�VXUIDFHV�RI�VDPSOHV���DQG����6DPSOHV
��� ��� ��� DQG� �� ZHUH� VHDOHG� ZLWK� )H��%��FRDWLQJ�DIWHU�SODVPD�LUUDGLDWLRQ��7KH�PLFUR�
VWUXFWXUH� RI� WUHDWHG� VXUIDFHV� DQG� FURVV�VHF�
WLRQV� RI� VDPSOHV� ZHUH� H[DPLQHG� XVLQJ� D
005���RSWLFDO�PLFURVFRSH�
7KH� FRUURVLRQ� EHKDYLRU� RI� WKH� PDJQHWV

�VHH� 7DEOH���� ZDV�PHDVXUHG� XQGHU� FRPSOHWH
LPPHUVLRQ� RI� VDPSOHV� LQ� WKH� QDWXUDOO\� DHU�
DWHG� VRGLXP� VXOSKDWH� VROXWLRQV�� 7KH� HOHF�
WURGHV�ZHUH�SRODUL]HG�XVLQJ�D�3,������SRWHQ�

7DEOH����&KDUDFWHULVWLFV�RI�WKH�WUHDWHG�1G±)H±%�PDJQHWV

6DPSOH 3UH�WUHDWPHQW
SURFHGXUH

�VW�SURWHFWLYH
FRDWLQJ

3ODVPD�WUHDWPHQW�FRQGLWLRQV �QG�SURWHFWLYH
FRDWLQJ

(&5�VRXUFH (QHUJ\�GHQVLW\�
-�FP� 1XPEHU�RI�SXOVHV (&5�VRXUFH

� 3ROLVKHG Ü Ü Ü Ü
� Ü Ü Ü Ü Ü
� Ü )H��%�� �� � Ü
� 3ROLVKHG )H��%�� �� � )H��%��
� 2[LGL]HG Ü �� �� )H��%���
� 3ROLVKHG Ü �� � )H��%��
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WLRVWDW�DQG�35���SURJUDPPHU�LQ�WKH�FRQWURO�
OHG� SRWHQWLDO� FRQGLWLRQV� XVLQJ� D� WKUHH�HOHF�
WURGH� VFKHPH�� 7KH� WKUHH�HOHFWURGH� FHOO� DU�
UDQJHPHQW�ZDV�XVHG�IRU�WKH�HOHFWURFKHPLFDO
PHDVXUHPHQWV�� ZLWK� SODWLQXP� QHHGOH�OLNH
HOHFWURGH�DV�WKH�DX[LOLDU\�RQH�DQG�D�UHPRWH
VDWXUDWHG� VLOYHU� FKORULGH� KDOI�FHOO� ZLWK� SR�
WHQWLDO� RI� ������ 9� DV� WKH� UHIHUHQFH� HOHF�
WURGH�� 7KH� UHIHUHQFH� HOHFWURGH� ZDV� FRQ�
QHFWHG�ZLWK� WKH�FHOO� YLD�HOHFWURO\WLF� VZLWFK�
7KH� FRUURVLRQ� SURFHVV�ZDV� HYDOXDWHG�E\�SR�
ODUL]DWLRQ� UHVLVWDQFH� 5S�� ZKLFK� LV� HTXDO� WR�'(�',��
7DEOH��� VKRZV� WKH� FRUURVLRQ� FKDUDF�

WHULVWLFV�RI�YDULRXV� VDPSOHV� LQ�����VRGLXP
VXOSKDWH�VROXWLRQ��7KH�UHVXOWV�ZHUH�REWDLQHG
IURP� WKH� SRODUL]DWLRQ� GDWD� IRU� WKH� VHW� RI
H[SHULPHQWV� ZLWK� VDPSOHV� DFFRUGLQJ� WR
7DEOH����7KH�FRUURVLRQ�SRWHQWLDO�LV�VFDOHG�WR
VWDQGDUG� K\GURJHQ� HOHFWURGH�� )LJ���� SUH�
VHQWV� H[DPSOHV� RI� SRODUL]DWLRQ� FXUYHV� IRU
WKH�XQWUHDWHG�DQG�SODVPD�SURFHVVHG�VDPSOHV
�VHH� GHVLJQDWLRQ� LQ� 7DEOH����� )RU� WKH� SUH�
VHQWHG� VDPSOHV�� WKH� SRODUL]DWLRQ� FXUYHV� DUH
VKLIWHG��7KH�FRUURVLRQ�FXUUHQW� �,F��DV�PHDV�

XUHG� XVLQJ� 7DIHO� FRQVWDQWV� DQG� FRUURVLRQ
SRWHQWLDO� �(FRUU�� DUH� VKLIWHG� VLJQLILFDQWO\�7KH�KLJKHVW�DQG�ORZHVW�,F�ZHUH�REVHUYHG�IRUSROLVKHG� XQWUHDWHG� VDPSOH� DQG� R[LGL]HG
VDPSOH�ZLWK�)H��%���FRDWLQJ��UHVSHFWLYHO\�7KH�SRODUL]DWLRQ�GDWD�VKRZ�WKDW�WKH�VDP�
SOH� SROLVKLQJ� UHVXOWV� LQ� D� GHFUHDVHG� FRUUR�
VLRQ�UHVLVWDQFH��)RU�H[DPSOH��WKH�XQSROLVKHG
VDPSOH���GHPRQVWUDWHV�DQ�LQKLELWLRQ�RI�ERWK
DQRGLF� DQG� FDWKRGLF� FRUURVLRQ� UHDFWLRQV� DV
FRPSDUHG� WR� WKH� SROLVKHG� VDPSOH� ��� 0RUH�
RYHU�� WKH� LQKLELWLRQ� RI� FDWKRGLF� FRUURVLRQ
UHDFWLRQ� QHDU� WKH� FRUURVLRQ� SRWHQWLDO� LV
KLJKHU���G(�G,�N� �������WKDQ�IRU�DQRGLF�UH�DFWLRQ� ��G(�G,�È� �������� 7KH� YDOXHV� RI7DIHO�FRQVWDQWV�IRU�FDWKRGLF��EN��DQG�DQRGLF�ED�� UHDFWLRQV� IRU� VDPSOHV� �� DQG� ��SRLQW� WRWKH� SUHVHQFH� RI� D� SURWHFWLYH� ILOP� RI� FRUUR�
VLRQ� SURGXFWV� RQ� WKH� VDPSOH� VXUIDFH� ZKLFK
SUHYHQWV�R[\JHQ�VXSSO\�DQG�SURYLGHV�D�EDU�
ULHU�IRU�GHSRODUL]HU��&RUURVLRQ�FXUUHQWV�DQG
FRUURVLRQ� FRHIILFLHQWV� DUH� D� VWURQJ�HYLGHQFH
WKHUHIRU��VHH�7DEOH����
0RUSKRORJ\� RI� WKH� SROLVKHG� VDPSOH� �

DIWHU� FRUURVLRQ� WHVW� LV�SUHVHQWHG� LQ�)LJ���D�
7KH�H[DPLQDWLRQ�RI�SROLVKHG�DQG�XQSROLVKHG

)LJ�����3RODUL]DWLRQ�FXUYHV�IRU�WKH�VDPSOHV��VHH�GHVLJQDWLRQV�LQ�7DEOH�����

7DEOH����7KH�FRUURVLRQ�FKDUDFWHULVWLFV�RI�YDULRXV� VDPSOHV� �VHH�7DEOH���� LQ�����VRGLXP�VXOSKDWH
VROXWLRQ

1R� pFRUU��9 5S��2P 7DIHO�FRQVWDQW��9 ,FRUU�����k�GP�
NK��PP�\HDU
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VDPSOHV� DIWHU� DQRGLF� SRODUL]DWLRQ� DOORZV� WR
FRQFOXGH�WKDW�VXUIDFHV�RI�ERWK�VDPSOHV�ZHUH
FRDWHG� ZLWK� WKH� FRUURVLRQ� VSRWV�� +RZHYHU�
WKH� SROLVKHG� VDPSOH� �� VKRZV�D�KLJKHU� OHYHO
RI�IDLOXUH�ZLWK�VSRWV�VSUHDG�KRPRJHQHRXVO\
RYHU�WKH�VXUIDFH��ZKLOH�WKH�XQSROLVKHG�VDP�
SOH� �� LV� FRDWHG� ZLWK� R[LGHV� RI� UHG�EURZQ
FRORU��,W�LV�VXSSRVHG�WKDW�WKH�URXJK�VXUIDFH
ZLWK� ODUJH�DQG�UHDFWLYH� VXUIDFH�DUHD�JHQHU�
DWHG� E\� SODVPD� WUHDWPHQW� RI� R[LGL]HG� VXU�
IDFH� RU� SUHYLRXVO\� GHSRVLWHG� IHUURERURQ
FRDWLQJ� FDQ� UHVXOW� LQ� FRQWLQXRXV� SRURXV
OD\HU� ZKLFK� FRXOG� HYHQWXDOO\� LQFUHDVH� WKH
ELQGLQJ� VWUHQJWK� EHWZHHQ� WKH� ILQDO� IHU�
URERURQ�FRDWLQJ�OD\HU�DQG�WKH�PRGLILHG�VXE�
VWUDWH��
7KH� FRUURVLRQ� FKDUDFWHULVWLFV� RI� SODVPD

WUHDWHG� VDPSOHV� FDQ� EH� FRPSDUHG� ZLWK� XQ�
SROLVKHG� VDPSOH� ��� &RQVLGHUDWLRQ� RI� 7DIHO
FRQVWDQWV� GHPRQVWUDWHV� WKDW� LQKLELWLRQ� RI
FDWKRGLF�DQG�DQRGLF�UHDFWLRQV�IRU�VDPSOHV���
��� ��� DQG� �� LV� LGHQWLFDO�� :KLOH� VDPSOH� �
VKRZV� D� WKLFN� OD\HU� RI� FRUURVLRQ� SURGXFWV
�VHH� )LJ���E��� ZKLFK� EORFN� LWV� VXUIDFH� DQG
GHFUHDVHV� WKH� FRUURVLRQ� UDWH�� VXFK� W\SLFDO
ORRVH� OD\HU� EHLQJ� DEVHQW� RQ� WKH� VXUIDFH� RI
WKH�VDPSOH����
'HVSLWH�WKH�KDOYHG�5S�YDOXH�IRU�VDPSOH��DV� FRPSDUHG� WR� WKDW� IRU����ZKLFK�SRLQWV� WR

ORZHU�FRUURVLRQ�UHVLVWDQFH�RI�WKH�ODWWHU��WKH
7DIHO� FRQVWDQWV� VKRZ� WKH� OHVV� KLQGUDQFH� RI
FDWKRGLF� UHDFWLRQV� DQG�� DV� D� UHVXOW�� DQ� LQ�
FUHDVHG� JHQHUDO� FRUURVLRQ� UDWH�� 7KH� SROLVK�
LQJ� RI� WKH� VDPSOH� �� SULRU� WR� SODVPD� WUHDW�
PHQW�SURPRWHV�DQ�LQFUHDVHG�FRUURVLRQ�UHVLV�
WDQFH� DV� FRPSDUHG� WR� VDPSOH� �� �6HH� 7DEOH
����7KH�FRUURVLRQ�SRWHQWLDO�RI�WKHVH�VDPSOHV
LV� PRUH� HOHFWURQHJDWLYH� WKDQ� WKH� VWDQGDUG
LURQ�SRWHQWLDO��7KLV�FDQ�EH�DWWULEXWHG�WR�WKH
IRUPDWLRQ� RI� QHRG\PLXP� FRPSRXQGV� LQ� WKH

QHDU�VXUIDFH� OD\HUV��GHVSLWH� WKH�SUHVHQFH�RI
SURWHFWLYH�IHUURERURQ�OD\HU�
7KH� FRQWLQXRXV� HIIRUWV� WR� HQKDQFH� WKH

VXUIDFH�SURSHUWLHV�RI�WKH�UDUH�HDUWK�PDJQHWV
KDYH�UHVXOWHG�LQ�WKH�GHYHORSPHQW�RI�YDULRXV
SURFHVVLQJ�WHFKQLTXHV��8WLOLW\�RI�KLJK�SRZHU
SODVPD�PRGLILFDWLRQ�WR�WUDQVIRUP�WKH�HDVLO\
DPRUSKL]LQJ� IHUURERURQ� FRDWLQJV� LQWR�GXUD�
EOH�DQG�KDUG�FRDWLQJ�LV�GHPRQVWUDWHG�
$OOR\V�ZLWK�ODFN�RI�DWRPLF�ORQJ�UDQJH�RU�

GHULQJ� DUH� DOZD\V� RI� LQWHUHVW� IRU� WKHLU�PH�
FKDQLFDO�� FKHPLFDO�� RSWLFDO�� WKHUPDO�� DQG
HOHFWULFDO� SURSHUWLHV�� &RPSDUDWLYH� DQDO\VLV
RI� YDULRXV� SURSHUWLHV� RI� FU\VWDOOLQH� DQG
DPRUSKRXV�DOOR\V�VKRZV�WKDW�WKH�ODWWHU�KDYH
KLJKHU� VWUHQJWK�� FRUURVLRQ� UHVLVWDQFH�� GXF�
WLOLW\� DQG� UDGLDWLRQ� UHVLVWDQFH� >������@��'H�
VSLWH�KLJK�HQHUJ\�ORDGV�XQGHU�SODVPD�WUHDW�
PHQW�DQG�KLJK�VSHHG�TXHQFKLQJ�RI�WKH�PRGL�
ILHG� OD\HU�� WKHUH� LV� QR� GHVLUDEOH� HQKDQFHG
FRQWDFW�EHWZHHQ�OLTXLG�SKDVH�DQG�WKH�EDVH�RI
WKH�VDPSOH�DQG�D�WKLQ�OD\HU�RI�DEVRUEHG�JDV
LPSXULWLHV� LV� SUHVHQW�� ZKLFK� DOVR� H[LVWV
XQGHU� FRQYHQWLRQDO� TXHQFKLQJ� WHFKQLTXHV�
UHVXOWLQJ� LQ� GHVWUXFWLYH� HIIHFWV�� $OWKRXJK
FRROLQJ� DQG� KHDWLQJ� UDWHV� RI� QHDU�VXUIDFH
OD\HUV� FDQ� EH� FRQWUROOHG� E\� YDU\LQJ� WKH
SODVPD� SDUDPHWHUV�� DFFXPXODWHG� JDVHV� KLQ�
GHU� DPRUSKL]DWLRQ� DQG� SURPRWH� WKH� IRUPD�
WLRQ� RI� LQKRPRJHQHRXV� PRGLILHG� OD\HU� LQ�
FOXGLQJ�FUDFNV��ZKLFK�PD\�OHDG�WR�WKH�ZHDN
ELQGLQJ�EHWZHHQ�WKH�VHFRQG�IHUURERURQ�FRDW�
LQJ�DQG�WKH�SODVPD�PRGLILHG�VXEVWUDWH�
7KXV��WKH�FRUURVLRQ�SURSHUWLHV�RI�1G±)H±%

PDJQHWV�ZLWK�)H��%���FRDWLQJV�YDU\�GHSHQG�LQJ� RQ� WKH� SUH�WUHDWPHQW� SURFHGXUH� DQG
SODVPD� SURFHVVLQJ� FRQGLWLRQV�� ,W� KDV� EHHQ
UHYHDOHG� WKDW� SROLVKLQJ� RI� WKH� LQLWLDO� VDP�
SOHV� EHIRUH� SODVPD� WUHDWPHQW� GRHV� QRW� SUR�
YLGH� D� JRRG� ELQGLQJ� ZLWK� IHUURERURQ� FRDW�
LQJ�� 7KH� VDPSOH� VXUIDFH� URXJKQHVV� FDXVHG

)LJ����� 6XUIDFH� RI� WKH�1G±)H±%� PDJQHWV� DIWHU� FRUURVLRQ� WHVWV�� �D�� SROLVKHG� VXUIDFH�� �E�� R[LGL]HG
1G±)H±%�PDJQHWV�WUHDWHG�ZLWK�KHOLXP�SODVPD����-�FP��IRU����SXOVHV�FRDWHG�ZLWK�)H��%���ILOP�
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E\�R[LGDWLRQ� LV�DPRQJ� LPSRUWDQW� IDFWRUV� WR
HQKDQFH� WKH� ELQGLQJ� VWUHQJWK� GXH� WR� ODUJH
DQG� UHDFWLYH� VXUIDFH� DUHD�� ZKLFK� FRXOG� UH�
VXOW�LQ�D�VWURQJ�PHFKDQLFDO�LQWHUORFNLQJ�DQG
FKHPLFDO� ELQGLQJ� DIWHU� WKH� VHFRQG� IHU�
URERURQ� FRDWLQJ� GHSRVLWLRQ�� 7KH� SODVPD
WUHDWPHQW� LQFUHDVHV� WKH�VDPSOH�SRODUL]DWLRQ
DELOLW\�WKDW�LV�D�NLQHWLF�FRUURVLRQ�SDUDPHWHU�
$V� WR� WKDW� SDUDPHWHU�� WKH� VDPSOHV� FDQ� EH
UDQNHG� DV� IROORZV�� ��� ������� ������� ������
&RPSDUDWLYH� DQDO\VLV� RI� WKH�SODVPD� WUHDWHG
VDPSOHV� XQGHU� YDULRXV� SRODUL]DWLRQ� FRQGL�
WLRQV� DOORZV� WR� FRQFOXGH� WKDW� SODVPD� WUHDW�
PHQW�RI�1G±)H±%�PDJQHWV�GRHV�QRW�VLJQLIL�
FDQWO\� LQIOXHQFH� RQ� WKHLU� FRUURVLRQ� UHVLV�
WDQFH��

$FNQRZOHGJHPHQWV�� 7KLV� ZRUN� ZDV� VXS�
SRUWHG�E\�WKH�8�6��&LYLOLDQ�5HVHDUFK�	�'H�
YHORSPHQW� )RXQGDWLRQ� �&5')��� *UDQW� 1R�
8.(�������..����

5HIHUHQFHV
� ���)�7�&KHQJ��+�&�0DQ��:�0�&KDQ�HW�DO���-��$SSO�
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� ���&�'�4LQ�� $�6�.�/L�� '�+�/�1J�� -��$SSO��3K\V��
����������������

� ���/�4�<X�� <�+�:HQ�� 0�<DQ�� -��0DJ��0DJQ�
0DW�������������������

� ���3�0LWFKHOO��0DJQHWLFV�,(((�7UDQV�����������
�������

� ���$�6�zLP�� )�(�&DPS�� (�-�'XOLV�� 0DJQHWLFV
,(((�7UDQV�������������������

� ���-�)LGOHU�� 7�6FKUHIO�� -��$SSO��3K\V��� ���� ����
�������

� ���-�5XELQ��,�)ORWDWV��LQ��3URF����WK�:RUNVKRS�RI
+LJK�3HUIRUPDQFH�0DJQHWV�DQG�WKHLU�$SSOLFD�
WLRQ��$QQHF\��)UDQFH���������S�����

����,�(�*DUNXVKD�� 2�9�%\UND�� 9�9�&KHERWDUHY� HW
DO���9DFXXP�����������������

����-�/DQJQHU�� -�3LHFRV]HZVNL�� =�:HUQHU� HW� DO��
6XUI��DQG�&RDW��7HFKQ������Ü�����������������

����2�9�%\UND�� 9�9�&KHERWDUHY�� ,�(�*DUNXVKD� HW
DO���3URF��;;,9�,&3,*��:DUVDZ���������S����

����7�6XG]XNL��$PRUSKRXV�0DWHULDOV��0HWDOOXUJ\�
0RVFRZ��������>LQ�5XVVLDQ@�

����$�0�%RYGD��9�$�%RYGD��2�9�%\UND�HW�DO���$G�
YDQFHV�LQ�$SSO��3ODVPD�6FL������������������

����/DVHU�DQG�(OHFWURQ�%HDP�3URFHVVLQJ�RI�0DWH�
ULDOV�� $� 5HIHUHQFH� %RRN�� 0DVKLQRVWURHQLH�
0RVFRZ��������>LQ�5XVVLDQ@��
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