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7KH�VWXG\�RI�WKH�SK\VLRORJ\�RI�ZRRG\�SODQWV�RFFXSLHV�D�SUHGRPLQDQW�SODFH�LQ�
XQGHUVWDQGLQJ�WKH�SURFHVVHV�RI�WKHLU�JURZWK�DQG�GHYHORSPHQW��2QH�RI�WKH�GLUHFWLRQV�
RI�VXFK�UHVHDUFK�LV�WKH�VWXG\�RI�SKRWRV\QWKHVLV��7KHUH�LV�D�ODUJH�DPRXQW�RI�ZRUN�LQ�
WKLV�GLUHFWLRQ��1HYHUWKHOHVV��WKHUH�DUH�VLJQLILFDQWO\�IHZHU�ZRUNV�UHODWHG�WR�WKH�VWXG\�
RI�WKH�UHDFWLRQ�RI�SKRWRV\QWKHVLV�RI�SODQWV�FRQFHUQLQJ�WKH�GDLO\�YDULDWLRQV�RI�QDWXUDO�
LOOXPLQDWLRQ� � FLUFDGLDQ� UK\WKPV� >�@�� RU� GHSHQGLQJ� RQ� WKH� VSHFWUDO� FRPSRVLWLRQ� RI�
OLJKW� >�@�� 7KH� DXWKRU� GLG� QRW� UHYHDO� DQ\� ZRUNV� DERXW� SODQWV� WKDW� JURZ� LQ� D�
VXEHTXDWRULDO�WURSLFDO�PRQVRRQ�FOLPDWH��'LSWHURFDUSXV�WXUELQDWXV�LV�D�ODUJH�WUHH�ZLWK�
D�KHLJKW�RI�������P��ZLWK�D� WUXQN�XS� WR����FP��EHORQJLQJ� WR� WKH�'LSWHURFDUSDFHDH�
IDPLO\�� ORFDWHG� LQ� WKH� HFRORJLFDOO\� GRPLQDQW� VWUDWXP� DQG� UHODWLYHO\� FRPPRQ� LQ�
IRUHVWV�LQ�&DW�7LHQ�1DWLRQDO�3DUN�

���0(7+2'6�$1'�0$7(5,$/6

�����3ODQW�PDWHULDO�DQG�JURZLQJ�FRQGLWLRQV

7KH�UHVHDUFK�ZDV�FDUULHG�RXW�E\�WKH�6RXWK�%UDQFK�RI�WKH�5XVVLDQ�9LHWQDPHVH�
7URSLFDO�5HVHDUFK�DQG�7HFKQRORJLFDO�&HQWHU�DW� D�VFLHQWLILF�EDVH� ORFDWHG� LQ� WKH�&DW�
7LHQ�1DWLRQDO�3DUN�>�@�

6HHGOLQJV�RI�'LSWHURFDUSXV�WXUELQDWXV JURZQ�LQ�SRWV�ZHUH�FKRVHQ�DV�WKH�REMHFW�
RI�WKH�VWXG\��)RU�SODQWLQJ��JHUPLQDWHG�IUXLWV�ZHUH�XVHG��)LJ�����FROOHFWHG�LQ�D�QDWXUDO�
SODQWDWLRQ�XQGHU� WKH�PRWKHU� WUHH��3ODVWLF�ERWWOHV�FXW� IURP� WKH� WRS�ZLWK�KROHV� LQ� WKH�
ERWWRP�ZHUH�XVHG�DV�YHJHWDWLRQ�YHVVHOV��%URNHQ�EDNHG�EULFNV�DQG�VDQG�ZHUH�XVHG�DV�
GUDLQDJH��)RU�FXOWLYDWLRQ��D�UHG�\HOORZ�IHUUDOLWH�VRLO�ZDV�XVHG��ZKLFK�ZDV�VLHYHG�DQG�
PL[HG�ZLWK�D�VPDOO�DPRXQW�RI�VDQG��7KH�IUXLWV ZHUH�SODQWHG�RQ�$SULO����������

)LJXUH����)UXLWV�RI�'��WXUELQDWXV XVHG�IRU�SODQWLQJ
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�����0HDVXUHPHQWV�RI�WKH�LQWHQVLW\�RI�SKRWRV\QWKHVLV�DQG�H[SHULPHQWDO�FRQGLWLRQV

7KH� SKRWRV\QWKHVLV� UDWH� ZDV� GHWHUPLQHG� XVLQJ� D� 3RUWDEOH� 3KRWRV\QWKHVLV�
6\VWHP�/,�������/,�&25��,QF��/LQFROQ��1(���7R�LOOXPLQDWH�WKH�REMHFW�XQGHU�VWXG\��D�
�� î� �� FP� OLJKW� VRXUFH� ZDV� XVHG�� VXSSOLHG� E\� WKH� /,������ PDQXIDFWXUHU� DV� DQ�
DGGLWLRQDO�GHYLFH�WR�WKH�GHYLFH��7KH�HPLVVLRQ�VSHFWUXP�RI�WKH�OLJKW�VRXUFH�FRQVLVWV�RI�
UHG��Ȝ� �����QP��DQG�EOXH��Ȝ� �����QP��FRORUV��)RU�WKH�VWXG\��IRUPHG�LQWDFW�OHDYHV�
ZHUH�XVHG��7KH�PHDVXUHPHQWV�ZHUH�FDUULHG�RXW�RQ�WKH�SDUW�RI�WKH�VKHHW�ERXQGHG�E\�
WKH�IUDPH�RI�WKH�PHDVXULQJ�FKDPEHU�RI�WKH�GHYLFH�ZLWK�DQ�DSHUWXUH�RI��[��FP�

'XULQJ� WKH� UHVHDUFK�� WKH� VWXGLHG�SDUW�RI� WKH� OHDI�ZDV� LOOXPLQDWHG�ZLWK�D� OLJKW�
LQWHQVLW\� RI� ����� �PROāP��āV���� 7KH� PHDVXUHPHQWV� ZHUH� FDUULHG� RXW� DW� D� FDUERQ�
GLR[LGH�FRQFHQWUDWLRQ�LQ� WKH�/,������PHDVXULQJ�FKDPEHU�HTXDO� WR������PROāPRO���
DQG� UHODWLYH� DLU� KXPLGLW\� RI� a� ����� 'XULQJ� WKH� H[SHULPHQW�� WKH� VHHGOLQJV� ZHUH�
SODFHG�XQGHU�DUWLILFLDO�VKDGLQJ�IURP�GLUHFW�VXQOLJKW�

$� VWXG\� UHODWHG� WR� WKH� GDLO\� G\QDPLFV� RI� SKRWRV\QWKHVLV� DW� WKH� VDPH�
LOOXPLQDWLRQ�RI� WKH� OHDI�ZDV� FDUULHG�RXW�RQ�2FWREHU�����������'XULQJ� WKLV� WHVW�� WKH�
IROORZLQJ� SDUDPHWHUV� ZHUH� PDLQWDLQHG� LQ� WKH� /,������ PHDVXULQJ� FKDPEHU�� WKH�
VWXGLHG�SDUW�RI�WKH�OHDI�DW�HDFK�PHDVXUHPHQW�ZDV�LOOXPLQDWHG�ZLWK�OLJKW�FRQVLVWLQJ�RI
UHG�DQG�EOXH�FRORUV�LQ�D�UDWLR�RI�����WR������WKH�WHPSHUDWXUH�RI�WKH�DLU�VXUURXQGLQJ�WKH�
VKHHW�ZDV����&��7KH�PHDVXUHPHQWV�ZHUH�FDUULHG�RXW�RQ�GLIIHUHQW�OHDYHV�RI�GLIIHUHQW�
VHHGOLQJV�GXULQJ�WKH�WZHQW\�IRXU�KRXUV�ZLWK�DQ�LQWHUYDO�RI�DERXW���KRXUV�

$� VWXG\� UHODWHG� WR� WKH� GHSHQGHQFH� RI� WKH� LQWHQVLW\� RI� SKRWRV\QWKHVLV� RQ� WKH�
VSHFWUDO� FRPSRVLWLRQ� RI� OLJKW� ZDV� FDUULHG� RXW� RQ� -XO\� ���� ������ DW� QRRQ�� ,Q� WKLV�
SURFHVV�RI� WKH�H[SHULPHQW�� WKH�UDWLR�RI�UHG� LQ� WKH�VSHFWUXP�RI� UDGLDWLRQ�ZDV�YDULHG�
IURP���WR�������ZLWK�D�VWHS�RI������$�WHPSHUDWXUH�RI����&�ZDV�PDLQWDLQHG�LQ�WKH�
/,������PHDVXULQJ�FKDPEHU��0HDVXUHPHQWV�ZHUH�FDUULHG�RXW�RQ�GLIIHUHQW�OHDYHV�RI�
WZR�VHHGOLQJV�ZLWK�YDULRXV�FRPELQDWLRQV�RI�LQFUHDVLQJ�RU�GHFUHDVLQJ�WKH�SURSRUWLRQ�
RI�FRORU�LQ�WKH�OLJKW�VSHFWUXP�

���5(68/76�$1'�',6&866,21

�����'LXUQDO�G\QDPLFV�RI�WKH�LQWHQVLW\�RI�SKRWRV\QWKHVLV�XQGHU�FRQGLWLRQV�
RI�WKH�VDPH�LOOXPLQDWLRQ�RI�WKH�OHDI

7KH�UHVXOWV�VKRZHG� WKDW� WKH�GDLO\�G\QDPLFV�RI� WKH� LQWHQVLW\�RI�SKRWRV\QWKHVLV�
ZHUH�REWDLQHG�E\�XV�DW�WKH�VDPH�LOOXPLQDWLRQ�RI�WKH�VWXGLHG�SDUW�RI�WKH�OHDI��WKH�EDUV�
RQ� WKH� JUDSK� UHSUHVHQW� WKH� DEVROXWH� PHDVXUHPHQW� HUURU�� �)LJ�� ���� 7KH� VWUDLJKW�
KRUL]RQWDO�EROG� OLQH�RQ� WKH�JUDSK�GHQRWHV�WKH� OLJKW� LQWHQVLW\�ZLWK�ZKLFK� WKH�VWXGLHG�
SDUW�RI�WKH�OHDI�ZDV�LOOXPLQDWHG��7KH�GRWWHG�OLQH�UHSUHVHQWV�WKH�QDWXUDO�33)'�REWDLQHG�
RQ�2FWREHU�����������IURP�D�ZHDWKHU�VWDWLRQ�ORFDWHG���NP�IURP�WKH�VWXG\�VLWH�

6WDWLVWLFDO� SURFHVVLQJ� RI� WKH� PHDVXUHPHQW� UHVXOWV� VKRZHG� WKDW� WKH� GDLO\�
G\QDPLFV�RI� WKH� LQWHQVLW\� RI�SKRWRV\QWKHVLV�ZDV� UDWKHU� FORVHO\� DVVRFLDWHG�ZLWK� WKH�
G\QDPLFV� RI� 33)'�� N�  � ����� ,Q� SDUWLFXODU� FDVHV�� WKH� IROORZLQJ� DVVRFLDWLRQ� RI� WKH�
YDOXHV� XQGHU�FRQVLGHUDWLRQ�ZDV�WUDFHG��IURP��DP�WR��DP��N� ������IURP��DP�WR��SP��
N� ������IURP��SP�WR��SP��N� ���
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$W� QLJKW�� XQGHU� DUWLILFLDO� LOOXPLQDWLRQ� RI� WKH� VWXGLHG� SDUW� RI� WKH� OHDI��
SKRWRV\QWKHVLV�ZDV�DEVHQW�LQ�'��WXUELQDWXV�>�@��7KH�EHJLQQLQJ�RI�SKRWRV\QWKHVLV�ZDV�
REVHUYHG�RQO\�WRZDUGV�WKH�HQG�RI�WKH�QLJKW��IURP�DERXW���DP��$W�WKH�VDPH�WLPH��WKH�
RQVHW�RI�SKRWRV\QWKHVLV�ZDV�DKHDG�RI�WKH�EHJLQQLQJ�RI�GDZQ��DW�a���DP��)LJ����

)LJXUH��� 'LXUQDO�G\QDPLFV�RI�WKH�LQWHQVLW\�RI�SKRWRV\QWKHVLV��$��DW�WKH�VDPH�
LOOXPLQDWLRQ�RI�WKH�VWXGLHG�SDUW�RI�WKH�OHDI��4��DV�ZHOO�DV�GLXUQDO�G\QDPLFV�RI�QDWXUDO�

33)'��7KH�EDUV�RQ�WKH�JUDSK�UHSUHVHQW�WKH�DEVROXWH�PHDVXUHPHQW�HUURU

%\�DERXW���DP��WKH�LQWHQVLW\�RI�SKRWRV\QWKHVLV� LQFUHDVHG�LQ�SURSRUWLRQ�WR�WKH�
LQFUHDVH� LQ� VRODU� UDGLDWLRQ� �LQ� WKH� SHULRG� IURP� �� DP� WR� �� DP�� WKH� FRUUHODWLRQ�
FRHIILFLHQW� LV� N�  � ������ 'XULQJ� GD\OLJKW� KRXUV�� IURP� DERXW� �� DP� WR� �� SP�� WKH�
GHSHQGHQFH�RI�SKRWRV\QWKHVLV�RQ�VRODU�UDGLDWLRQ�QRWLFHDEO\�GHFUHDVHG��N� �������7KLV�
REVHUYDWLRQ� VXJJHVWV� WKDW� LQ� WKLV� WLPH� RI� GD\�� WKH� LQWHQVLW\� RI� SKRWRV\QWKHVLV� ZDV�
PRUH�KHDYLO\�LQIOXHQFHG�E\�OHDI�OLJKWLQJ�FRQGLWLRQV��)XUWKHU��ZLWK�VXQVHW��IURP���SP�
WR���SP��GHVSLWH�WKH�LOOXPLQDWLRQ�RI�WKH�OHDI��SKRWRV\QWKHVLV�GHFUHDVHG�LQ�SURSRUWLRQ�
WR�WKH�GHFUHDVH�LQ�QDWXUDO�LOOXPLQDWLRQ��N� �����GRZQ�WR�QHJDWLYH�YDOXHV�

6XPPDUL]LQJ� WKH� UHVXOWV� REWDLQHG�� ZH� FDQ� PDNH� DQ� XQMXVWLILHG� DVVXPSWLRQ�
WKDW�� LQ� RXU� FDVH�� WKH� SURFHVVHV� RI� SKRWRV\QWKHVLV ZHUH� FRQWUROOHG� E\� VXFK� DQ�
HQYLURQPHQWDO�IDFWRU�DV�QDWXUDO�LOOXPLQDWLRQ��WKH�GLXUQDO�G\QDPLFV�RI�WKH�LQWHQVLW\�RI�
SKRWRV\QWKHVLV�XQGHU�DUWLILFLDO� LOOXPLQDWLRQ�RI�WKH� OHDI�ZDV�TXLWH�FORVHO\�DVVRFLDWHG�
ZLWK�WKH�GLXUQDO�G\QDPLFV�RI�QDWXUDO�33)'��N� ������

7KXV�� LQ� RXU� FDVH�� ZH� DUH� GHDOLQJ�ZLWK� FLUFDGLDQ� UK\WKPV�� L�H�� ZLWK� F\FOLFDO�
IOXFWXDWLRQV� LQ� WKH� LQWHQVLW\� RI� YDULRXV� ELRORJLFDO� SURFHVVHV� DVVRFLDWHG� ZLWK� WKH�
FKDQJH� RI� GD\� DQG� QLJKW�� &LUFDGLDQ� UK\WKPV� DUH� RI� HQGRJHQRXV� RULJLQ�� WKXV�
UHSUHVHQWLQJ�WKH�ERG\
V�ELRORJLFDO�FORFN�>�@��

&RQVHTXHQWO\�� FRQFHUQLQJ� WKH� VWXGLHV� UHODWLQJ� WR� SODQW� SKRWRV\QWKHVLV�� LQ�
DGGLWLRQ� WR� JHQHUDOO\� DFFHSWHG� HQYLURQPHQWDO� IDFWRUV� �LOOXPLQDWLRQ�� ZDWHU� VXSSO\��
FDUERQ� GLR[LGH� FRQFHQWUDWLRQ�� DLU� KXPLGLW\�� WHPSHUDWXUHV� RI� DLU�� SODQW� RUJDQV� DQG�
VRLO���ZKLFK� DUH� WUDGLWLRQDOO\� WDNHQ� LQWR� DFFRXQW�ZKHQ� FRQGXFWLQJ� UHOHYDQW� VWXGLHV�
FLUFDGLDQ�UK\WKPV�VKRXOG�DOVR�EH�FRQVLGHUHG�
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+HUH�� ZH� FDQ� FRQFOXGH� WKDW� SKRWRV\QWKHVLV� ZDV� QRW� REVHUYHG� GXULQJ� QLJKW�
PHDVXUHPHQWV�XQGHU�DUWLILFLDO�LOOXPLQDWLRQ�DV�IRU�OHDYHV�RI�PDQJURYH�WUHHV�

����� 'HSHQGHQFH� RI� WKH� LQWHQVLW\� RI� SKRWRV\QWKHVLV� RQ� WKH� VSHFWUDO�
FRPSRVLWLRQ�RI�OLJKW

)LJ���� VKRZV� WKDW� WKH�YDOXHV�RI� WKH� LQWHQVLW\�RI�SKRWRV\QWKHVLV�GHSHQGLQJ�RQ�
WKH�SURSRUWLRQ�RI�UHG�LQ� WKH�WRWDO�UDGLDWLRQ�VSHFWUXP�H[SUHVVHG�DV�D�SHUFHQWDJH��)RU�
H[DPSOH��WKH�SURSRUWLRQ�RI�UHG��ZKLFK�LV������PHDQV�WKDW�LQ�WKH�WRWDO�UDGLDWLRQ�VSHFWUXP��
����RI�WKH�UDGLDWLRQ�IDOOV�RQ�WKH�VKDUH�RI�UHG��DQG�����RI�WKH�EOXH��UHVSHFWLYHO\��7KH�
FXUYH�DSSUR[LPDWLQJ�WKH�H[SHULPHQWDO�SRLQWV�DQG�WKH�TXDGUDWLF�HTXDWLRQ�GHVFULELQJ�
WKH�REWDLQHG�UHJXODULW\�ZLWK� WKH�DSSUR[LPDWLRQ�FRQILGHQFH�FRHIILFLHQW�5���7KH�EDUV�
RQ�WKH JUDSK�UHSUHVHQW�WKH�DEVROXWH�PHDVXUHPHQW�HUURU��)LJ�����

0RUHRYHU��ZLWK�DQ�LQFUHDVH�LQ�WKH�SURSRUWLRQ�RI�UHG�LQ�WKH�UDGLDWLRQ�VSHFWUXP��
WKH� LQWHQVLW\� RI� SKRWRV\QWKHVLV� LQFUHDVHV�� ,Q� WKLV� FDVH�� ZLWK� DQ� LQFUHDVH� LQ� WKH�
SURSRUWLRQ�RI�UHG�IURP���WR�������DQ�LQFUHDVH�LQ�WKH�LQWHQVLW\�RI�SKRWRV\QWKHVLV�E\�
���� ZDV� UHFRUGHG�� 7KH� VWHDG\� LQFUHPHQW� RI� WKH� SKRWRV\QWKHWLF� LQWHQVLW\� FDQ� EH�
GHVFULEHG�WKURXJK�D�TXDGUDWLF�HTXDWLRQ��)LJ����

)LJXUH��� 9DOXHV�RI�WKH�SKRWRV\QWKHWLF�LQWHQVLW\�GHSHQGLQJ�RQ�WKH�UHG�SURSRUWLRQ�LQ�
WKH�WRWDO�UDGLDWLRQ�VSHFWUXP��D�FXUYH�GHVFULELQJ�WKH�H[SHULPHQWDO�SRLQWV��DQG�D�

TXDGUDWLF�HTXDWLRQ�GHVFULELQJ�WKH�REWDLQHG�UHJXODULW\�ZLWK�5���7KH�EDUV�UHSUHVHQW�WKH�
DEVROXWH�PHDVXUHPHQW�HUURU

,Q� JHQHUDO�� LQ� UHVHDUFK� RQ� WKH� GHSHQGHQFH� RI� SKRWRV\QWKHWLF� LQWHQVLW\� RQ� WKH�
VSHFWUDO�FRPSRVLWLRQ�RI� OLJKW� LQ�'�� WXUELQDWXV�� LW�ZDV�IRXQG� WKDW� WKH�UHG�SDUW�RI� WKH�
OLJKW� VSHFWUXP�ZDV�PRUH� FRQGXFLYH� WR� WKH� SKRWRV\QWKHWLF� SURFHVVHV� WKDQ� WKH� EOXH��
6LPLODU�UHVXOWV�KDYH�EHHQ�REWDLQHG�E\�RWKHU�UHVHDUFKHUV��)RU�H[DPSOH��ZKHQ�VWXG\LQJ�
WKH� HIIHFW� RI� OLJKW� VSHFWUDO� FRPSRVLWLRQ� RQ� WKH� HFR�SK\VLRORJLFDO� SURSHUWLHV� RI�
VSLQDFK�>�@�� LW�ZDV�VXJJHVWHG�WKDW�SODQWV�JURZQ�LQ�WKH�UHG�OLJKW�VSHFWUXP�VKRZHG�D�
KLJKHU�SKRWRV\QWKHWLF� DELOLW\� FRPSDUHG� WR�SODQWV�ZHUH� JURZQ� LQ�RWKHU� LOOXPLQDWLRQ�
FRQGLWLRQV�
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)URP�D�SK\VLFDO�SRLQW�RI�YLHZ��WKH�H[SODQDWLRQ�RI�WKHVH�UHJXODULWLHV�W\SHV�ZDV�
EDVHG�RQ�D�ZLGHVSUHDG�DVVHVVPHQW�RI� WKH�HIIHFW� RI� OLJKW�TXDOLW\�RQ�SKRWRV\QWKHVLV��
REWDLQHG�EDVHG�RQ� WKH�SKRWRQ�IOX[�FXUYH�ZDV�DEVRUEHG�E\�SODQWV� >�@��$FFRUGLQJ� WR�
WKLV�FXUYH��SKRWRQV�ZLWK�D�ZDYHOHQJWK�RI���������QP��FRUUHVSRQGLQJ�WR�RUDQJH�DQG�
UHG�FRORUV��KDYH�DERXW��������KLJKHU�SKRWRV\QWKHWLF�HIILFLHQF\�WKDQ�SKRWRQV�ZLWK�D�
ZDYHOHQJWK�RI���������QP��FRUUHVSRQGLQJ�WR�WKH�EOXH�FRORU�JDPXW�

7KH�GHSHQGHQFH�ZDV�GHVFULEHG E\�D�TXDGUDWLF�HTXDWLRQ�ZLWK�D�KLJK�GHJUHH�RI�
DFFXUDF\�RI�DSSUR[LPDWLRQ��5�a������)LJ������$W�WKLV�VWDJH��ZH�FDUULHG�RXW�WKLV�VWXG\�
ZLWK� WKH� VDPH�SDUDPHWHUV� RI� WKH� H[WHUQDO� HQYLURQPHQW�� FKDQJLQJ�RQO\� WKH� VSHFWUDO�
FRPSRVLWLRQ� RI� WKH� OLJKW�� 2EYLRXVO\�� ZLWK� RWKHU� SDUDPHWHUV� RI� WKH� H[WHUQDO�
HQYLURQPHQW� DQG� FRQGLWLRQV� RI� WKH� H[SHULPHQW�� ZH� ZLOO� JHW� GLIIHUHQW� UHVXOWV� >�@��
+RZHYHU��LQ�WKLV�FDVH��WKH�PDLQ�TXHVWLRQ�DSSHDUV�WR�EH��:LOO�WKH�FRHIILFLHQWV�RI�WKH�
TXDGUDWLF�HTXDWLRQ�FKDQJH�� DQG� LI� VR��KRZ�PXFK"� ,Q�RWKHU�ZRUGV�� WR�ZKDW�H[WHQW�D�
JLYHQ� VSHFWUDO� FRPSRVLWLRQ� RI� OLJKW� ZLOO� DIIHFW� SKRWRV\QWKHVLV� XQGHU� YDULRXV�
HQYLURQPHQWDO�FRQGLWLRQV�DQG�H[SHULPHQWV�

���&21&/86,21

,Q� WKLV� ZRUN�� ZH� SUHVHQWHG� WKH� UHVXOWV� RI� VWXGLHV� UHODWHG� WR� WKH� UHDFWLRQ� RI�
SKRWRV\QWKHVLV� LQ� '�� WXUELQDWXV VHHGOLQJV� WR� OLJKW� ZLWK� GLIIHUHQW� SDUDPHWHUV��
$FFRUGLQJ�WR�WKH�UHVXOWV�REWDLQHG��WKH�IROORZLQJ�ZDV�UHYHDOHG�

� 3KRWRV\QWKHVLV�RI�'��WXUELQDWXV ZDV�SUREDEO\�FRQWUROOHG�E\FLUFDGLDQ�F\FOHV�

� ,Q�RXU�FDVH��WKH�UHG�SDUW�RI�OLJKW�VSHFWUXP�ZLWK�D�ZDYHOHQJWK�RI�����QP�KDG�
WKH�JUHDWHVW�LQIOXHQFH�RQ�WKH�SKRWRV\QWKHVLV�RI�'��WXUELQDWXV��7KH�GHSHQGHQFH�RI�WKH�
SKRWRV\QWKHWLF� LQWHQVLW\� RQ� WKH� UHG� SURSRUWLRQ� RI� WKH� WRWDO� UDGLDWLRQ� VSHFWUXP�ZDV�
GHVFULEHG�E\�D�TXDGUDWLF�HTXDWLRQ�ZLWK�D�KLJK�GHJUHH�RI�DFFXUDF\�RI�DSSUR[LPDWLRQ�
�5� a������

� ,Q� WKH� VWXGLHV� UHODWHG� WR� SODQW� SKRWRV\QWKHVLV�� LQ� DGGLWLRQ� WR� WKH� JHQHUDOO\�
HQYLURQPHQWDO� IDFWRUV� ZHUH� DFFRXQWHG� ZKHQ� FRQGXFWHG� WKH� UHOHYDQW� VWXGLHV�� WKHLU�
FLUFDGLDQ�UK\WKPV�VKRXOG�EH�WDNHQ�LQWR�DFFRXQW�

5()(5(1&(6

�� Ʉɪɚɫɚɜɢɧ�ȼ� Ⱥ���Ʌɟɛɟɞɟɜ�Ⱥ� ɇ���Ȼɨɞɪɨɜ�ȼ� Ⱥ���Ʌɭɝɨɜɨɣ�Ʌ� Ⱥ���Ⱦɨɫɤɢɧ�ȼ� Ⱥ���
Ʌɚɜɪɟɧɬɶɟɜɚ� ɇ� Ⱥ��� Ɋɨɦɚɧɨɜ� ɘ� Ⱥ��� Ȼɢɨɥɨɝɢɱɟɫɤɢɟ� ɪɢɬɦɵ�� Ȼɨɥɶɲɚɹ�
ɦɟɞɢɰɢɧɫɤɚɹ� ɷɧɰɢɤɥɨɩɟɞɢɹ�� ɜ� ��� ɬ��� ɝɥ�� ɪɟɞ�� Ȼ� ȼ�� ɉɟɬɪɨɜɫɤɢɣ�� �� ɢɡɞ���
Ɇɨɫɤɜɚ��ɋɨɜɟɬɫɤɚɹ�ɷɧɰɢɤɥɨɩɟɞɢɹ������� ������

�� 1HOVRQ� -�� $��� %XJEHH� %��� (FRQRPLF� DQDO\VLV� RI� JUHHQKRXVH� OLJKWLQJ�� /LJKW�
HPLWWLQJ� GLRGHV� YV�� KLJK� LQWHQVLW\� GLVFKDUJH� IL[WXUHV�� 3/R6� 21(�� ������
�����������

�� ɇɝɭɟɧ�ȼɚɧ�Ɍɯɢɧɶ��Ⱥɧɢɱɤɢɧ�Ⱥ� ȿ���ɇɚɰɢɨɧɚɥɶɧɵɣ�ɩɚɪɤ�Ʉɚɬ�Ɍɶɟɧ�± ɨɛɳɢɟ�
ɫɜɟɞɟɧɢɹ�� ȼ� ɤɧɢɝɟ ɋɬɪɭɤɬɭɪɚ� ɢ� ɮɭɧɤɰɢɢ� ɩɨɱɜɟɧɧɨɝɨ� ɧɚɫɟɥɟɧɢɹ�
ɬɪɨɩɢɱɟɫɤɨɝɨ� ɦɭɫɫɨɧɧɨɝɨ� ɥɟɫɚ� �ɧɚɰɢɨɧɚɥɶɧɵɣ� ɩɚɪɤ� Ʉɚɬ� Ɍɶɟɧ��ɘɠɧɵɣ�
ȼɶɟɬɧɚɦ���Ɍɨɜɚɪɢɳɟɫɬɜɨ�ɧɚɭɱɧɵɯ�ɢɡɞɚɧɢɣ�ɄɆɄ��Ɇɨɫɤɜɚ��������F��������
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�� &RSH�.��5���6QRZGHQ�0��&���%XJEHH�%���3KRWRELRORJLFDO� ,QWHUDFWLRQV�RI�EOXH�
OLJKW� DQG� SKRWRV\QWKHWLF� SKRWRQ� IOX[�� (IIHFWV� RI� PRQRFKURPDWLF� DQG� EURDG�
VSHFWUXP�OLJKW�VRXUFHV��3KRWRFKHPLVWU\�DQG�3KRWRELRORJ\����������������������

�� 0F&UHH� .�� -��� 7KH� DFWLRQ� VSHFWUXP�� DEVRUSWDQFH� DQG� TXDQWXP� \LHOG� RI�
SKRWRV\QWKHVLV�LQ�FURS�SODQW��$JULFXOWXUDO�0HWHRURORJ\������������������

�� 9LWDOH�/���9LWDOH�(���*XHUFLD�*���7XUDQR�0���$UHQD�&���(IIHFWV RI GLIIHUHQW OLJKW
TXDOLW\ DQG ELRIHUWLOL]HUV� RQ VWUXFWXUDO DQG SK\VLRORJLFDO WUDLWV RI VSLQDFK
SODQWV��3KRWRV\QWKHWLFD����������������������

6800$5<

620(�$63(&76�2)�7+(�/,*+7�5($&7,21�2)�3+2726<17+(6,6
,1�'LSWHURFDUSXV�WXUELQDWXV�&��)��*$(571 6(('/,1*6�

,1�&$7�7,(1�3$5.��9,(71$0

7KH�VWXGLHV�ZHUH�FDUULHG�RXW�RQ���DQG���PRQWK�ROG�VHHGOLQJV�RI�'LSWHURFDUSXV�
WXUELQDWXV �&�)��*DHUWQ��ZHUH�JURZQ�LQ�WKH�SRWV��5HVHDUFK�RQ�WKH�GLXUQDO�G\QDPLFV�
RI� WKH� OHDI� SKRWRV\QWKHWLF� LQWHQVLW\� XQGHU� WKH� VDPH� LOOXPLQDWLRQ� FRQGLWLRQV� KDYH�
VKRZQ� WKDW� WKH�SKRWRV\QWKHVLV�RI� WKH�VHHGOLQJV�ZDV�FRQWUROOHG�E\�FLUFDGLDQ�F\FOHV��
7KH� VWXGLHV� UHODWHG� WR� WKH� GHSHQGHQFH� RI� WKH� SKRWRV\QWKHVLV� LQWHQVLW\� RQ� WKH� OLJKW�
VSHFWUDO�FRPSRVLWLRQ�VKRZHG�WKDW�WKH�UHG�SDUW�RI�OLJKW�VSHFWUXP�ZLWK�D�ZDYHOHQJWK�RI�
���� QP� KDG� WKH� JUHDWHVW� HIIHFW� RQ� SKRWRV\QWKHVLV� LQ�'�� WXUELQDWXV�� 7KH� UHVXOWV� RI�
GHSHQGHQFH�ZDV�GHVFULEHG�E\�D�TXDGUDWLF�HTXDWLRQ�ZLWK�D�KLJK�GHJUHH�RI�DFFXUDF\�RI�
WKH� DSSUR[LPDWLRQ� �5� a� ������ 7KH�PDLQ� FRQFOXVLRQ� WKDW�� LQ� WKH� VWXGLHV� UHODWHG� WR�
SODQW�SKRWRV\QWKHVLV�� LQ�DGGLWLRQ� WR�JHQHUDOO\�HQYLURQPHQWDO� IDFWRUV� WKDW�KDYH�EHHQ�
WUDGLWLRQDOO\� FRQVLGHUHG� IRU� LQ� SUHYLRXV� VLPLODU� VWXGLHV�� WKHLU� FLUFDGLDQ� UK\WKPV�
VKRXOG�EH�WDNHQ�LQWR�DFFRXQW�

.H\ZRUGV� 3KRWRV\QWKHWLF� LQWHQVLW\�� OLJKW� LQWHQVLW\�� VSHFWUDO� FRPSRVLWLRQ� RI�
OLJKW��FLUFDGLDQ�UK\WKP�

1K̵Q�EjL�QJj\����WKiQJ���QăP�����

3K̫Q�EL͏Q�[RQJ�QJj\����WKiQJ����QăP�����

+RjQ�WKL͏Q�QJj\����WKiQJ����QăP�����

����$�1��6HYHUWVRY�,QVWLWXWH�RI�(FRORJ\�DQG�(YROXWLRQ��5XVVLDQ�$FDGHP\�RI�6FLHQFHV��
/HQLQVN\�3URVSHFW
��� -RLQW�5XVVLDQ�� 9LHWQDPHVH�7URSLFDO�6FLHQWLILF�5HVHDUFK�DQG�7HFKQRORJLFDO�&HQWHU


