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(OHFWULFDO FRQGXFWLYLW\ PHDVXUHPHQWV RQ DTXHRXV VROXWLRQV RI WKH OLWKLXP VDOW RI

IXOOHUHQHKH[DPDORQLF DFLG� 7K�&���&22/L���� ZHUH FDUULHG RXW DW IRXU WHPSHUDWXUHV� �� ���

��� DQG ��q&� DQG LQ WKH FRQFHQWUDWLRQ UDQJH IURP DERXW ��� WR ������� PRO �&22
�
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7KH OLPLWLQJ HTXLYDOHQW FRQGXFWLYLWLHV RI WKH IXOOHUHQHKH[DPDORQDWH DQLRQ ZHUH HVWLPDWHG DW

WKH WHPSHUDWXUHV RI RXU PHDVXUHPHQWV� 7HPSHUDWXUH GHSHQGHQFH RI WKH PRODU FRQGXFWLYLW\

RI 7K�&���&22/L��� FDQ EH VDWLVIDFWRULO\ H[SODLQHG E\ FKDQJHG YLVFRVLW\ RI WKH VROXWLRQ�

0RODU FRQGXFWLYLWLHV RI OLWKLXP IXOOHUHQHKH[DPDORQDWH DUH FRPSDUHG ZLWK WKRVH RI VRGLXP

DQG FDOFLXP IXOOHUHQHKH[DPDORQDWHV�

,QWURGXFWLRQ��

)XOOHUHQHV�� WKHLU� FKHPLVWU\� DQG� SRWHQWLDO� DSSOLFDWLRQV� KDYH� VWLPXODWHG� QXPHURXV�

VWXGLHV� LQ� FKHPLVWU\�� SK\VLFV�� ELRORJ\� DQG� RWKHU� QDWXUDO� VFLHQFHV� RYHU� WKH� SDVW� VHYHUDO�

\HDUV�
���
�'XH�WR�LQFUHDVHG�LQWHUHVW�LQ�ELRORJLFDOO\�DFWLYH�FRPSRXQGV�LQ�UHFHQW�\HDUV��PRUH�

DQG�PRUH�UHVHDUFK�LV�GRQH�LQ�WKH�ILHOG�RI�ZDWHU�VROXEOH�IXOOHUHQH�FRPSRXQGV�
���
�,Q�YLHZ�

RI� WKH� H[SHULPHQWDO� DQG� WKHRUHWLFDO� VWXGLHV� ZLWK� VROXWLRQV� RI� HOHFWURO\WHV�� WDNLQJ�

DGYDQWDJH� RI� WKH� GLVFRYHU\� RI� IXOOHUHQHKH[DPDORQLF� DFLG
�
�� 7K�&���&22+����� DQG� � LWV�

GHULYDWLYHV�GLVSOD\LQJ�SURSHUWLHV�RI�VWURQJ�HOHFWURO\WH��SK\VLFR�FKHPLFDO�VWXGLHV�RI�WKHVH�

FRPSRXQGV�DUH�HVSHFLDOO\�DWWUDFWLYH�VLQFH�WKH\�ILOO�XS�WKH�JDS�EHWZHHQ�VLPSOH�HOHFWURO\WHV�

DQG�PDFURPROHFXODU� HOHFWURO\WHV� �� SRO\HOHFWURO\WHV�
���
�(OHFWURO\WH�RI� WKLV� NLQG�PLJKW�EH�

LQWHUHVWLQJ�DW�OHDVW�IRU�WZR�UHDVRQV��2QH�RI�WKHP�LV�WKH�HQFKDQWLQJ�VSKHULFDO�V\PPHWU\�RI�

WKH� IXOOHUHQH� LRQ�� $QRWKHU� RQH� LV� WKDW� WKLV� VROXWH� LV� D� JRRG� H[DPSOH� RI� D� KLJKO\�

DV\PPHWULF�HOHFWURO\WH�GXH�WR�WKH�KLJK�FKDUJH�QXPEHU�RI�WKH�EXON\�LRQ��

,Q� D� VHULHV�RI� UHFHQW�SDSHUV
������

� IURP�RXU� ODERUDWRU\�ZH�KDYH� UHSRUWHG�RQ� WKH� ILUVW�

SK\VLFRFKHPLFDO� VWXGLHV� RI� DTXHRXV� VROXWLRQV� RI� 7K� V\PPHWULF� IXOOHUHQHKH[DPDORQLF�

DFLG��7K�&���&�&22+������DQG�LWV�VRGLXP�VDOW��7K�&���&221D�����&RPSRXQGV�KDYH�EHHQ�

LVRODWHG�DQG�FKDUDFWHUL]HG�E\�VRPH�IXQGDPHQWDO�GDWD�DQG�SURSHUWLHV��
��
&�105�FKHPLFDO�
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VKLIWV�� VROXELOLW\�GDWD��SRWHQWLRPHWULF�DQG�FRQGXFWRPHWULF� WLWUDWLRQ�FXUYHV�� WKH�HOHFWULFDO�

FRQGXFWLYLW\��WKH�RVPRWLF�FRHIILFLHQW��DQG�WKH�DSSDUHQW�PRODU�YROXPH��
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)LJXUH �� 6WUXFWXUDO GUDZLQJ RI IXOOHUHQHKH[DPDORQLF DFLG� 7K�&���&22+����

,W�KDV�EHHQ�IRXQG�WKDW�IXOOHUHQHKH[DPDORQLF�DFLG��&���&22+�����KDV�SURSHUWLHV�RI�D�

GLSURWLF�DFLG��7KH�ILUVW�FDUER[\OLF�JURXS�RI�WKH�PDORQLF�DFLG�IXQFWLRQDO�JURXS�EHKDYHV�DV�

DQ� DOPRVW� VWURQJ� DFLG�� ZKHUHDV� WKH� VHFRQG� JURXS� LV� D� ZHDN� DFLG�� 7KH� VRGLXP� VDOW��

&���&221D�����KDV�WKH�SURSHUWLHV�RI�D�KLJKO\�FKDUJHG�VWURQJ�HOHFWURO\WH���

,Q� WKH� SUHVHQW� SDSHU� ZH� UHSRUW� RQ� VWXGLHV� RI� HOHFWULFDO� FRQGXFWLYLW\� LQ� DTXHRXV�

VROXWLRQV�RI� WKH� OLWKLXP�VDOW��7K�&���&22/L����� DW� IRXU� WHPSHUDWXUHV�������������DQG����

�&��DQG�DW�FRQFHQWUDWLRQV�IURP�DERXW�����WR���������PRO��&22
±

��GP
�
��([SHULPHQWDO�GDWD�

DUH� ILWWHG� LQWR� HPSLULFDOO\� SURYHQ� HTXDWLRQ� WR� REWDLQ� PRODU� FRQGXFWLYLWLHV� DW� LQILQLWH�

GLOXWLRQ�� $� UHDVRQDEOH� DJUHHPHQW� EHWZHHQ� HTXLYDOHQW� LRQLF� FRQGXFWLYLW\� RI�

IXOOHUHQHKH[DPDORQDWH� DQLRQ� REWDLQHG� IURP� OLPLWLQJ�PRODU� FRQGXFWLYLW\� RI� WKH� OLWKLXP�

DQG�VRGLXP�VDOWV�KDV�EHHQ�REVHUYHG�
��
�'HSHQGHQFH�RI�WKH�PRODU�FRQGXFWLYLW\�RI�DTXHRXV�

VROXWLRQV� RI� OLWKLXP� IXOOHUHQHKH[DPDORQDWH� RQ� WHPSHUDWXUH� LV� H[DPLQHG� DJDLQVW�

GHSHQGHQFH� RI� VROYHQW� YLVFRVLW\� RQ� WHPSHUDWXUH�� 0RODU� FRQGXFWLYLW\� RI� OLWKLXP�

IXOOHUHQHKH[DPDORQDWH� LV� FRPSDUHG� ZLWK� WKRVH� RI� VRGLXP� DQG� FDOFLXP�

IXOOHUHQHKH[DPDORQDWH�
��
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([SHULPHQWDO�

0DWHULDOV��7KH�7K�IXOOHUHQHKH[DPDORQLF�DFLG��7K�&���&22+���� �)+0$���KDV�EHHQ��

V\QWKHVL]HG�DFFRUGLQJ�WR�DOUHDG\�GHVFULEHG�SURFHGXUH�
�
�7KH�SURGXFW�ZDV�FKHFNHG�E\�

�
+�

DQG�
��
&�105�VSHFWURVFRS\��89�9,6�VSHFWURVFRS\�DQG�LRQ�FKURPDWRJUDSK\���

7KH�OLWKLXP�VDOW��7K�&���&22/L�����/L)+0���ZDV�SUHSDUHG�IURP�WKH�DFLG�VROXWLRQ�E\�

DGGLQJ�DTXHRXV� VROXWLRQ�RI�/L2+�XQWLO� WKH�S+�ZDV�DERXW����)RU� WKH�SUHSDUDWLRQ�RI� WKH�

DTXHRXV� VROXWLRQ� RI� /L2+�ZH� XVHG� WULSOH� GLVWLOOHG� ZDWHU� DQG� /L2+�+�2� �6LJPD8OWUD��

6LJPD���3UHSDUHG�VROXWLRQ�RI�/L)+0�ZDV�FRQFHQWUDWHG�E\�IUHH]H�GU\LQJ��7KH�VROXELOLW\�

RI�&���&22/L���� LV�HVWLPDWHG�WR�EH��DV�LQ�WKH�FDVH�RI��VRGLXP�VDOW�&���&221D�����RYHU�

����PJ�&���&22/L����SHU���J�RI�+�2����

7KH� FRQFHQWUDWLRQ� RI� WKH� FRQFHQWUDWHG� VROXWLRQ� RI� &���&22/L���� ZDV� GHWHUPLQHG�

VSHFWURSKRWRPHWULFDOO\��XVLQJ�IRU�WKH�H[WLQFWLRQ�FRHIILFLHQW�DW�����QP�WKH�YDOXH�H��� QP� �

�����Â���
�
�GP

�
��FP�PRO�/L)+0����

6ROXWLRQV� RI� ORZHU� FRQFHQWUDWLRQV� ZHUH� SUHSDUHG� E\� ZHLJKLQJ�� 'HQVLWLHV� RI� WKH�

DTXHRXV� VROXWLRQV� ZHUH�PHDVXUHG� ZLWK� D� 3DDU� GLJLWDO� GHQVLW\�PHWHU�'0$� ���ZLWK� DQ�

H[WHUQDO�PHDVXULQJ�FHOO�'0$������7KH�FRQFHQWUDWLRQ�F�LV�H[SUHVVHG�LQ�PROHV�RI�&22
�

�

JURXSV�GP
�
��

$SSDUDWXV�� 0HDVXUHPHQWV� RI� HOHFWULFDO� FRQGXFWLYLW\� RI� DTXHRXV� VROXWLRQV� ZHUH�

FDUULHG� RXW� ZLWK� PHDVXULQJ� DVVHPEO\� FRQVLVWLQJ� RI� D� FROG� EDWK� �/DXGD�:.� ������� D�

SUHFLVLRQ�JO\FHURO�WKHUPRVWDW���/DXGD�8%���-��ZLWK�LPPHUVHG�FRQGXFWDQFH�FHOO��RU�D�VHW�

RI� FHOOV�� DQG� D� KLJKO\� SUHFLVH� FRQGXFWDQFH� EULGJH� �/HHGV�	�1RUWKUXS�&R�� ������� 7KH�

WHPSHUDWXUH�RI�WKH�WKHUPRVWDW�ZDV�VHW�WR�WKH�GHVLUHG�YDOXH�ZLWK�D�UHSURGXFLELOLW\�RI�OHVV�

WKDQ�������.���

,Q�RXU�H[SHULPHQWV�ZH�XVHG�GHPLQHUDOL]HG�ZDWHU�ZKLFK�ZDV�WZR�WLPHV�GLVWLOOHG�LQ�D�

TXDUW]�� 7KH� ILQDO� SURGXFW�ZLWK� VSHFLILF� FRQGXFWDQFH� �� �Â��
��
�

��
� FP

��
�ZDV� WUDQVIHUUHG�

LQWR� WKH�PHDVXULQJ� FHOO� XQGHU� DQ� DWPRVSKHUH� RI� QLWURJHQ�� 7KH� FRQGXFWLYLWLHV� RI� GLOXWH�

VROXWLRQV� ZHUH� GHWHUPLQHG� ZLWK� WKH� KHOS� RI� WKUHH�HOHFWURGH� PHDVXULQJ� FHOO�� GHVFULEHG�

HOVHZKHUH�
�����

� $W� WKH� EHJLQQLQJ� RI� HYHU\� PHDVXULQJ� F\FOH�� WKH� FHOO� ZDV� ILOOHG� ZLWK� D�

ZHLJKHG� DPRXQW�RI�ZDWHU��$IWHU�PHDVXUHPHQW�RI� WKH�ZDWHU�FRQGXFWLYLW\�DW� DOO� VHOHFWHG�

WHPSHUDWXUHV��ZHLJKHG�DPRXQWV�RI�D�VWRFN�VROXWLRQ�ZHUH�DGGHG�XVLQJ�D�JDV�WLJKW�V\ULQJH���
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&RQGXFWLYLW\� PHDVXUHPHQWV� DW� FRQFHQWUDWLRQV� KLJKHU� WKDQ� ������ PRO�GP
�
� ZHUH�

SHUIRUPHG�ZLWK�D�VHW�RI�QLQH�FDSLOODU\�FHOOV�IRU�FRQFHQWUDWHG�VROXWLRQV
��
�RI�GLIIHUHQW�FHOO�

FRQVWDQWV����d�%�FP
��
�d�����DV�WKHVH�DUH�UHTXLUHG�IRU�FRQFHQWUDWHG�VROXWLRQV���

7KH� PHDVXULQJ� FHOOV� ZHUH� FDOLEUDWHG� ZLWK� DTXHRXV� SRWDVVLXP� FKORULGH� VROXWLRQV�

DFFRUGLQJ�WR�VWDQGDUG�SURFHGXUH�
��
�

5HVLVWDQW�PHDVXUHPHQWV�ZHUH�PDGH�DW�GLIIHUHQW�IUHTXHQFLHV�IURP�ZKLFK�WKH�YDOXH�DW�

LQILQLWH�IUHTXHQF\�ZDV�REWDLQHG�E\�OLQHDU�H[WUDSRODWLRQ�
�����

�

7DNLQJ�LQWR�DFFRXQW�WKH�VRXUFHV�RI�HUURU��FDOLEUDWLRQ��PHDVXUHPHQWV��LPSXULWLHV��WKH�

VSHFLILF� FRQGXFWLYLWLHV� DUH� FHUWDLQ� ZLWKLQ� ������ DW� GLOXWH� DQG� ����� DW� KLJK�

FRQFHQWUDWLRQV��

5HVXOWV�DQG�GLVFXVVLRQ�
([SHULPHQWDO� PRODU� FRQGXFWLYLW\� RI� WKH� OLWKLXP� IXOOHUHQHKH[DPDORQDWH�� /�� DW�

WHPSHUDWXUHV� ��� ���� ���� DQG� ��� �&�� LV� VKRZQ� DV� D� IXQFWLRQ� RI� WKH� VTXDUH� URRW� RI� WKH�
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)LJXUH �� &RQFHQWUDWLRQ GHSHQGHQFH RI WKH PRODU FRQGXFWLYLW\ RI OLWKLXP IXOOHUHQHKH[DPDORQDWH�

/ >����&���&22/L���@� LQ DTXHRXV VROXWLRQV DW �� ��� �� DQG ��q&�

FRQFHQWUDWLRQ�� F� �)LJXUH� ���� $� VWHHS� LQFUHDVH� RI�/� DW� KLJK� GLOXWLRQ� FDQ� EH� VHHQ�� 6XFK�

EHKDYLRXU�LV�FKDUDFWHULVWLF�IRU�VWURQJ�HOHFWURO\WHV�RI�KLJKHU�YDOHQFH��,W�KDV�WR�EH�VWUHVVHG��

WKDW�WKH�VDOWV�RI�IXOOHUHQHKH[DPDORQLF�DFLG�ZLWK�VWURQJ�EDVHV�VKRXOG�EH�WUHDWHG�DV�KLJKO\�



$FWD�&KLP��6ORY���������������������

-� &HUDU� -� âNHUMDQF� 0RODU &RQGXFWLYLW\ RI $TXHRXV 6ROXWLRQV RI /LWKLXP )XOOHUHQHKH[DPDORQDWH«

����

DV\PPHWULF� VWURQJ� ����� YDOHQW� HOHFWURO\WHV�
���

$OWKRXJK� VRPH� SURJUHVV� LQ� WKHRUHWLFDO�

H[SODQDWLRQ
��

RI� HOHFWULFDO� FRQGXFWLYLW\� RI� VLPSOH� HOHFWURO\WH� VROXWLRQV� DW� ORZ� DQG�

PRGHUDWH�FRQFHQWUDWLRQV IRU�DV\PPHWULFDO�HOHFWURO\WHV��VXFK�DV�%D&O��RU�/D&O���KDV�EHHQ�

PDGH� UHFHQWO\�� WKH� WKHRU\� VWLOO� IDLOV� WR� GHVFULEH� FRQFHQWUDWLRQ� GHSHQGHQFH� DW� WKH�

TXDQWLWDWLYH�OHYHO��7KHUHIRUH�ZH�XVHG�WKH�HPSLULFDO�HTXDWLRQ��

/ / � � � � ���
�

�

�

�

�$ F % F &F � � � ������������������

ZKLFK� KDV� EHHQ� IRXQG� WKDW� IDLUO\� ZHOO� UHSUHVHQWV� WKH� FRQGXFWLYLW\� GDWD� IRU� VWURQJ�

HOHFWURO\WHV�DW�PRGHUDWH�FRQFHQWUDWLRQV�
��
�

� ,Q�RXU�FDVH�ZH�WULHG�WR�UHSUHVHQW�H[SHULPHQWDO�GDWD�E\�WKH�ILUVW�IRXU�WHUPV�RI�HTQ��

�����$V�D�UHVXOW�ZH�JRW�WKH�IROORZLQJ�YDOXHV�RI�/�� WKH�PRODU�FRQGXFWLYLW\�RI�/L)+0�DW�

LQILQLWH� GLOXWLRQ�� ������ ������� ������� DQG� ������:
��
FP

�
PRO

��
� DW� ��� ���� ���� DQG� ��� �&��

UHVSHFWLYHO\�� 7KH� LRQLF� OLPLWLQJ� FRQGXFWLYLWLHV� RI� WKH� IXOOHUHQHKH[DPDORQDWH� DQLRQ� DW�

WHPSHUDWXUHV� RI� RXU� PHDVXUHPHQWV�� /�� >
�
��� &��� �&22

�

���@�� FDQ� EH� REWDLQHG� LI�

FRUUHVSRQGLQJ�PRODU� FRQGXFWLYLWLHV� RI� WKH� OLWKLXP� LRQ� �/� >/L
�
@� �������� ������� �������

DQG� ����� :
��
FP

�
PRO

��
�� DUH� VXEWUDFWHG� IURP� WKH� OLPLWLQJ� YDOXHV� RI� /�� IRU� /L)+0��

$FFRUGLQJ� WR� WKLV�SURFHGXUH�ZH�JRW� WKH� IROORZLQJ�YDOXHV� IRU� WKH�PRODU�FRQGXFWLYLW\�RI�

WKH�IXOOHUHQHKH[DPDORQDWH�DQLRQ���/��>
�
��� &����&22

�

���@� ��������������������DQG��������

:
��
FP

�
PRO

��
�DW������������DQG�����&��UHVSHFWLYHO\��7KHVH�YDOXHV�DUH�DSSUR[LPDWHO\������

ORZHU� WKDQ� WKRVH� REWDLQHG� SUHYLRXVO\� IURP� WKH� FRQGXFWLYLW\�PHDVXUHPHQWV� RI�1D)+0��

�/�� >
�
��� &��� �&22

�

���@�  � ������ ������ ������� DQG� ������:
��
FP

�
PRO

��
��
��
� ,W� VKRXOG� EH�

VWUHVVHG� WKDW� H[WUDSRODWLRQ� RI�PRODU� FRQGXFWLYLW\� WR� LQILQLWH� GLOXWLRQ� LV� GHOLFDWH� GXH� WR�

VWHHS�DQG�QRQ�OLQHDU�LQFUHDVH�RI�PRODU�FRQGXFWLYLW\�ZKHQ�VTXDUH�URRW�RI�FRQFHQWUDWLRQ�LV�

GHFUHDVLQJ�� $QRWKHU� SRVVLEOH� H[SHULPHQWDO� HUURU� LV� SDUWLDO� DGVRUSWLRQ� RI�

IXOOHUHQHKH[DPDORQDWH� LRQ� WR�JODVV\� VXUIDFHV�±� WKH�SKHQRPHQRQ�SUHVXPDEO\�FDXVHG�E\�

DFWLYH�K\GUR[\O�JURXSV�LQ�JODVV��D�SUHYLVLRQ�ZKLFK�KDV�WR�EH�SURYHQ���

%HWWHU�DJUHHPHQW�EHWZHHQ�PRODU�FRQGXFWLYLW\�RI�1D)+0�DQG�/L)+0�LV�REWDLQHG�DW�

WKH� ORZHVW� FRQFHQWUDWLRQV�� ,Q� WKLV� FRQFHQWUDWLRQ� UHJLRQ� GHJUHHV� RI� DVVRFLDWLRQ� EHWZHHQ�

IXOOHUHQHKH[DPDORQDWH�DQG�FRXQWHULRQV��LQ�WKH�ILUVW�FDVH�/L
�
�LRQV�DQG�LQ�WKH�VHFRQG�FDVH�

1D
�
�LRQV��GR�QRW�GLIIHU�VLJQLILFDQWO\���
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)LJXUH �� &RPSDULVRQ EHWZHHQ />/L)+0@ ± /�>/L
�
@ DQG />1D)+0@ ± /�>1D

�
@ DW ���&�

,Q�)LJXUH���WKH�FRPSDULVRQ�RI�� />/L)+0@�±�/�>/L
�
@�DQG�/>1D)+0@�±�/�>1D

�
@�LV�

VKRZQ��,W�FDQ�EH�VHHQ�WKDW�LQ�WKH�FRQFHQWUDWLRQ�UHJLRQ�EHWZHHQ�F&22�� ��������PRO�GP
�
�

DQG� F&22��  � ������ PRO�GP
�
� ERWK� YDOXHV� DUH� SUDFWLFDOO\� HTXDO�� +RZHYHU�� ERWK� YDOXHV�

VKRXOG�EH�LGHQWLFDO�DW�LQILQLWH�GLOXWLRQ��/�>)+0
�
@� �/�>/L)+0@�±�/�>/L

�
@� �/�>1D)+0@�

±�/�>1D
�
@����

7KH� LQFUHDVHG� PRODU� FRQGXFWLYLW\� DW� KLJKHU� WHPSHUDWXUHV� FDQ� EH� VDWLVIDFWRULO\�

H[SODLQHG� ZLWK� GHFUHDVHG� YLVFRVLW\� RI� VROYHQW� DQG� WKHUHIRUH� LQFUHDVHG� LRQLF� PRELOLW\��

$SSUR[LPDWH�FRQVWDQF\�RI�WKH�SURGXFW�RI�WKH�OLPLWLQJ�HTXLYDOHQW�LRQLF�FRQGXFWLYLW\�� �

L
/ ��

DQG� VROYHQW� YLVFRVLW\��K�� ZDV� HPSLULFDOO\� GLVFRYHUHG� E\�:DOGHQ�� ,W� LV� NQRZQ� WKDW� WKH�

SURGXFW� ��/
�

L
� LV� SUDFWLFDOO\� LQGHSHQGHQW� RI� WKH� WHPSHUDWXUH�� 7KH�:DOGHQ¶V� UXOH� LV� D�

GLUHFW�FRQVHTXHQFH�RI�WKH�DSSOLFDWLRQ�RI�6WRNHV¶�ODZ�WR�WKH�PRWLRQ�RI�LRQV�
��
�

����������������������������������
L

L

L

U

)H]

S�

��
 �/ � ��� �������������������� � � �����



$FWD�&KLP��6ORY���������������������

-� &HUDU� -� âNHUMDQF� 0RODU &RQGXFWLYLW\ RI $TXHRXV 6ROXWLRQV RI /LWKLXP )XOOHUHQHKH[DPDORQDWH«

����

ZKHUH�HR�LV�WKH�SURWRQ�FKDUJH��)�LV�WKH�)DUDGD\�FRQVWDQW��DQG�]L�LV�WKH�FKDUJH�QXPEHU�RI�

WKH� LWK� LRQ�RI� UDGLXV� UL��(TXDWLRQ��� LV�RULJLQDOO\�SRVWXODWHG�RQO\�DW� LQILQLWH�GLOXWLRQ�EXW�

ZLWK� GLPLQLVKHG� YDOLGLW\� FDQ� EH� H[WHQGHG� WR� ILQLWH� FRQFHQWUDWLRQV�� ,Q� RUGHU� WR� FKHFN�

ZKHWKHU� LQFUHDVHG� PRODU� FRQGXFWLYLW\� DW� KLJKHU� WHPSHUDWXUHV� LV� D� FRQVHTXHQFH� RI�

GHFUHDVHG� VROXWLRQ�YLVFRVLW\��ZH�PXOWLSO\�YLVFRVLW\�RI� VROYHQW�DW�GLIIHUHQW� WHPSHUDWXUHV�

ZLWK� FRUUHVSRQGLQJ� PRODU� FRQGXFWLYLWLHV�� $V� FDQ� EH� VHHQ� RQ� )LJXUH� ��� WKH� H[WHQGHG�

:DOGHQ¶V� UXOH� LV� SUDFWLFDOO\� YDOLG� DW� DOO� WHPSHUDWXUHV� RI� RXU�PHDVXUHPHQWV� DQG� LQ� WKH�

ZKROH�FRQFHQWUDWLRQ�UDQJH�VWXGLHG��,W�LV�WKHUHIRUH�UHDVRQDEO\�WR�DGRSW�WKDW�WKH�GLIIHUHQFH�

LQ�PRODU�FRQGXFWLYLW\�RI�/L)+0�DW�GLIIHUHQW� WHPSHUDWXUHV� VWXGLHG� LV� LQIOXHQFHG�DOPRVW�

H[FOXVLYHO\�E\�WKH�YLVFRVLW\�RI�VROXWLRQ��
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)LJXUH �� 3URGXFW RI PRODU FRQGXFWLYLW\ RI /L)+0 DQG VROYHQW YLVFRVLW\� /�K� DV D IXQFWLRQ RI WHPSHUDWXUH

DQG D VTXDUH URRW RI FRQFHQWUDWLRQ�

&RPSDULVRQ�RI�PRODU�FRQGXFWLYLWLHV�RI�OLWKLXP��VRGLXP�DQG�FHVLXP�VDOWV�LQ�)LJXUH���

VKRZV�� DV� H[SHFWHG�� WKDW�PRODU� FRQGXFWLYLW\��/�� IRU� WKH� GLYDOHQW� FDOFLXP� VDOW� LV�PXFK�

ORZHU� WKDQ� /� IRU� PRQRYDOHQW� VDOWV�� GXH� WR� WKH� PRUH� H[WHQVLYH� ELQGLQJ� RI� GLYDOHQW�

FRXQWHULRQV��
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)LJXUH �� 0RODU FRQGXFWLYLWLHV RI OLWKLXP� VRGLXP DQG FDOFLXP VDOWV RI IXOOHUHQHKH[DPDORQLF DFLG DW ��q&�

0RODU FRQGXFWLYLWLHV DW LQILQLWH GLOXWLRQ IRU /L)+0 DQG 1D)+0 ZHUH REWDLQHG E\ H[WUDSRODWLRQ�

�

&RQFOXVLRQV�

'HSHQGHQFH� RI� WKH� PRODU� FRQGXFWLYLW\� RI� OLWKLXP� IXOOHUHQHKH[DPDORQDWH��

&���&22/L���� �� RQ� FRQFHQWUDWLRQ� VKRZV� IHDWXUHV� ZKLFK� DUH� FKDUDFWHULVWLF� IRU� VWURQJ�

HOHFWURO\WHV� RI� KLJKHU� YDOHQFH�� )XUWKHUPRUH�� FRQFHQWUDWLRQ� GHSHQGHQFH� RI� PRODU�

FRQGXFWLYLW\�RQ�FRQFHQWUDWLRQ�REVHUYHG�IRU�PRQRYDOHQW�VDOWV�RI�IXOOHUHQHKH[DPDORQDWHV�

LV�GLVWLQFWLYHO\�GLIIHUHQW�IURP�WKDW�RI�FRUUHVSRQGLQJ�GLYDOHQW�VDOW��

7HPSHUDWXUH� GHSHQGHQFH� RI� WKH� PRODU� FRQGXFWLYLW\� RI� OLWKLXP�

IXOOHUHQHKH[DPDORQDWH�FDQ�EH�DOPRVW�H[FOXVLYHO\�DVFULEHG�WR�WKH�WHPSHUDWXUH�GHSHQGHQW�

YLVFRVLW\�RI�WKH�VROYHQW��

/LPLWLQJ� HTXLYDOHQW� FRQGXFWLYLW\� RI� IXOOHUHQHKH[DPDORQDWH� LRQ�� /�� >
�
���

&���&22
�

���@��REWDLQHG�IURP�WKH�PHDVXUHPHQWV�RI�WKH�OLWKLXP�IXOOHUHQHKH[DPDORQDWH��LV�

DERXW� ����� ORZHU� WKDQ� WKDW�� REWDLQHG� IURP� WKH� VRGLXP�VDOW��$GGLWLRQDO� HIIRUWV�ZLOO� EH�

QHHGHG�WR�FROOHFW�PRUH�GDWD�DQG�HVWDEOLVK�PRUH�DFFXUDWH�YDOXHV��
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$FNQRZOHGJHPHQWV�

:H� DUH� JUDWHIXO� WR� WKH� 0LQLVWU\� RI� 6FLHQFH� DQG� 7HFKQRORJ\� RI� WKH� 5HSXEOLF� RI�

6ORYHQLD�IRU�SDUWLDO�ILQDQFLDO�VXSSRUW�RI�WKLV�ZRUN��

5HIHUHQFHV�DQG�1RWHV�
�� $� +LUVFK� 7KH &KHPLVWU\ RI WKH )XOOHUHQHV� *HRUJ 7KLHPH 9HUODJ� 6WXWWJDUW� �����
�� 'UHVVHOKDXV� 0� 6�� 'UHVVHOKDXV� *�� (NOXQG� 3� &� 6FLHQFH RI )XOOHUHQHV DQG &DUERQ 1DQRWXEHV�

$FDGHPLF 3UHVV� 6DQ 'LHJR� �����

�� 6� +� )ULHGPDQ� '� /� 'H&DPS� 5� 3� 6LMEHVPD� )� :XGO� *� /� .HQ\RQ� -� $P� &KHP� 6RF� ����� ����

�����

�� 5� 6LMEHVPD� *� 6UGDQRY� )� :XGO� -� $� &DVWRUR� &� /� :LONLQV� 6� +� )ULHGPDQ� '� /� 'H&DPS� *� /�
.HQ\RQ� -� $P� &KHP� 6RF� ����� ���� �����

�� ,� /DPSDUWK� &� 0DLFKOH�0|VVPHU� $� +LUVFK� $QJHZ� &KHP� ,QW� (G� (QJO� ����� ��� ����������
�� -� &HUDU� -� &HUNRYQLN� -� âNHUMDQF� -� 3K\V� &KHP� % ����� ���� ����������
�� 9� 9ODFK\� $QQX� 5HY� 3K\V� &KHP� ����� ��� ��������
�� -� âNHUMDQF� -� &KHP� 3K\V� ����� ���� ����������
�� -� &HUDU� -� âNHUMDQF� -� 3K\V� &KHP� % ����� ���� ��������
��� -� âNHUMDQF� '� 'RODU� $FWD &KLP� 6ORY� ����� ��� ��������
��� $� 9UKRYãHN� -� &HUDU� 0� %HãWHU�5RJDþ� -� âNHUMDQF� 3K\V� &KHP� &KHP� 3K\V� ����� �� ����������
��� -� %DUWKHO� 5� :DFKWHU� +� -� *RUHV� 0RGHUQ $VSHFWV RI (OHFWURFKHPLVWU\� 9RO� ��� HG� %� (� &RQZD\

DQG -� 2¶0� %RFNULV� 3OHQXP 3UHVV� 1HZ <RUN� ����� SS� ����
��� 5� :DFKWHU� -� %DUWKHO� %HU� %XQVHQJHV� 3K\V� &KHP� ����� ��� ��������
��� -� %DUWKHO� +� *UDPO� 5� 1HXHGHU� 3� 7XUT� 2� %HUQDUG� &XUUHQW 7RSLFV 6RO� &KHP� ����� �� ��������
��� -� %DUWKHO� )� )HXHUOHLQ� 5� 1HXHGHU� 5� :DFKWHU� -� 6ROXWLRQ &KHP� ����� �� ��������
��� 2� %HUQDUG� :� .XQ]� 3� 7XUT� /� %OXP� -� 3K\V� &KHP� ����� ��� ����������

��� +� 6� +DUQHG� %� %� 2ZHQ� 7KH 3K\VLFDO &KHPLVWU\ RI (OHFWURO\WLF 6ROXWLRQV� 5HLQKROG� 1HZ <RUN�

����� SS� ���� ���� ����

3RY]HWHN�
,]PHULOL VPR PROVNH SUHYRGQRVWL YRGQLK UD]WRSLQ OLWLMHYH VROL IXOHUHQKHNVDPDORQVNH NLVOLQH�

7K�&���&22/L���� SUL WHPSHUDWXUDK �� ��� �� LQ ��q& WHU Y REPRþMX NRQFHQWUDFLM PHG

SULEOLåQR ��� LQ ������� PRO �&22
�
��GP

�
� 2FHQLOL VPR PROVNH SUHYRGQRVWL SUL QHVNRQþQHP

UD]UHGþHQMX SUL YVHK ãWLULK WHPSHUDWXUDK� 7HPSHUDWXUQR RGYLVQRVW PROVNH SUHYRGQRVWL

/L)+0 MH PRJRþH ]DGRYROMLYR SRMDVQLWL ] YSOLYRP WHPSHUDWXUH QD YLVNR]QRVW UD]WRSLQH�

0ROVNH SUHYRGQRVWL OLWLMHYHJD IXOHUHQKHNVDPDORQDWD VPR SULPHUMDOL ] PROVNLPL

SUHYRGQRVWPL QDWULMHYHJD LQ NDOFLMHYHJD IXOHUHQKHNVDPDORQDWD� NL VPR MLK GRORþLOL åH SUL

SUHMãQMLK UD]LVNDYDK�


