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PRVW�HIIHFWLYH�LQ�LPSURYLQJ�IOXRUHVFHQFH�LQWHQVLW\��7KLV�VXJ�

JHVWV� WKDW� WKH� 1L�,,��%,13+7� FRPSOH[� LQWHUDFWV� ZLWK� WKH

QRQLRQLF� VXUIDFWDQW� DQG� IRUPV� WKH� PLFHOODU� PHGLXP� LQ

K\GURSKRELF� VROYDWLRQ�RI� WKH�FKHODWH�� LPSURYLQJ�VROXELOLW\�

7KH�IOXRUHVFHQFH�LQWHQVLW\�LQFUHDVHG�JUHDWO\�ZLWK�DQ�LQFUHDVH

LQ�7ULWRQ�;�����FRQFHQWUDWLRQ�XQWLO���������P/��������Y�Y��

EXW�WKH�IOXRUHVFHQFH�LQWHQVLW\�LQFUHDVHG�PRUH�VORZO\�ZLWK�IXU�

WKHU�LQFUHDVHV�LQ�7ULWRQ�;������7KHUHIRUH������P/�RI�7ULWRQ

;�����ZDV�VHOHFWHG�IRU�IXUWKHU�LQYHVWLJDWLRQV��

7KH� PRODU� UDWLR� RI� WKH� 1L�,,��%,13+7� FRPSOH[� LQ� WKH

SUHVHQFH�RI����× ��−��0�7ULWRQ�;�����ZDV�DOVR�GHWHUPLQHG

XVLQJ�WKH�FRQWLQXRXV�YDULDWLRQ�PHWKRG��7KH�PD[LPXP�IOXR�

UHVFHQFH�LQWHQVLW\�ZDV�REWDLQHG�DW�� � ��PRODU�UDWLR�RI�1L�,,�

DQG�%,13+7��7KDW�LV��WKH�PRODU�UDWLR�RI�1L�,,��DQG�%,13+7

LQ� WKH� 1L�,,��%,13+7� FRPSOH[� ZLWK� WKH� 7ULWRQ� ;����� LV

� � ��� 7KLV� PHDQV� WKDW� ELYDOHQW� 1L�,,�� LRQ� ERQGV� ZLWK� WZR

%,13+7�PROHFXOHV�DFWLQJ�DV�D�OLJDQG�WR�IRUP�WKH�PRVW�VWD�

EOH�FKHODWH�FRPSRXQG��ZKLFK�VKRZV�WKH�PD[LPXP�IOXRUHV�

FHQFH�LQWHQVLW\�

&DOLEUDWLRQ� UDQJH�� VHQVLWLYLW\� DQG� SUHFLVLRQ � 8QGHU

WKH�DERYH�RSHUDWLQJ�FRQGLWLRQV��WKHUH�ZDV�D�VDWLVIDFWRU\�OLQ�

HDU� UHODWLRQVKLS� EHWZHHQ� IOXRUHVFHQFH� LQWHQVLW\�DQG� 1L�,,�

FRQFHQWUDWLRQ�LQ�WKH�UDQJH������QJ�P/��7KH�UHVXOWV�DUH�SORWWHG

LQ�)LJXUH����7KH�GHWHFWLRQ�OLPLW�ZDV�����QJ�P/�DQG�WKH�UHOD�

WLYH�VWDQGDUG�GHYLDWLRQ��Q ���ZDV������IRU�GHWHUPLQDWLRQV�RI

���QJ�P/�1L�,,��

(IIHFW�RI�IRUHLJQ�LRQV� 7R�DVVHVV� WKH�XVHIXOQHVV�RI� WKLV

PHWKRG��WKH�HIIHFWV�RI�IRUHLJQ�LRQV��ZKLFK�RIWHQ�LQWHUIHUH�WKH

GHWHUPLQDWLRQ�RI�1L�,,���ZHUH�VWXGLHG��7KH�WROHUDQFH�OLPLWV�RI

VRPH�LRQV�IRU�WKH�GHWHUPLQDWLRQ�RI����QJ�P/�1L�,,��E\�WKH

DERYH�PHQWLRQHG�SURFHGXUH�ZHUH�VWXGLHG��DQG�WKH�UHVXOWV�DUH

JLYHQ� LQ�7DEOH� ���7KH� UHODWLYH� HUURU�ZDV� OHVV� WKDQ�� �����

7KLV� VKRZV� WKDW� PRVW� RI� IRUHLJQ� LRQV� H[DPLQHG� GLG� QRW

JUHDWO\�LQWHUIHUH��HYHQ�ZKHQ�SUHVHQW�LQ�ODUJH�DPRXQWV��+RZ�

HYHU��&X�,,��DQG�)H�,,,�� LRQV��ZKLFK�IRUP�VWURQJ�FRPSH[HV

ZLWK�%,13+7��FDXVHG�VHYHUH�LQWHUIHUHQFH��7KH�PRVW�LQWHUIHU�

HQFH� IRU� DOO� WKH� V\VWHPV�ZDV� IRXQG� DW� ;� FRQFHQWUDWLRQ� RI

FRSSHU�DQG��;�FRQFHQWUDWLRQ�RI�LURQ�IRU�;�FRQFHQWUDWLRQ�RI

QLFNHO��EXW�WKH�LQWHUIHUHQFH�FRXOG�EH�UHPRYHG�E\�DGGLQJ�DQ

H[FHVVLYH�DPRXQW�RI�VRGLXP�WKLRVXOIDWH�DQG�SRWDVVLXP�F\D�

QLGH�VROXWLRQ�DV�D�PDVNLQJ�DJHQW��UHVSHFWLYHO\�

3UDFWLFDO� DSSOLFDWLRQ� 7KH� SURSRVHG�PHWKRG� KDV� EHHQ

VDWLVIDFWRULO\�DSSOLHG�WR� WKH�GHWHUPLQDWLRQ�RI�1L�,,�� LQ�IRRG

DQG�KXPDQ�KDLU�VDPSOHV�

'HWHUPLQDWLRQ� RI� QLFNHO� LQ� IRRG� DQG� KXPDQ� KDLU

VDPSOHV� 7KH� UHTXLUHG� DPRXQW� RI� VDPSOH� ����� J� RI� WKH

SRZGHUHG�FRIIHH�DQG����J�RI�DQ�RUDQJH�IUXLW��ZDV�GLJHVWHG�LQ

D�.MHOGDKO� IODVN�ZLWK� D�+�62��+12��PL[WXUH� �� � ���� 7KH

H[FHVV�DFLG�ZDV�WKHQ�QHXWUDOL]HG�ZLWK�FRQFHQWUDWHG�VRGLXP

K\GUR[LGH��WKH�VROXWLRQ�ZDV�WUDQVIHUUHG�WR�D����P/�FDOLEUDWHG

IODVN�DQG�GLOXWHG�WR�PDUNHG�YROXPH�ZLWK�GLVWLOOHG�ZDWHU��7KH

UHVXOWV�DUH�VKRZQ�LQ�7DEOH����:H�XVHG��P/�RI�WKLV�YROXPH�WR

SHUIRUP�WKH�DERYH�PHQWLRQHG�H[SHULPHQWDO�SURFHGXUH�

7KH�SURSRVHG�PHWKRG�ZDV�DOVR�DSSOLHG�WR�WKH�DQDO\VLV�RI

KDLU�VDPSOHV��$IWHU�WKH�KDLU�VDPSOH�ZDV�ZDVKHG�ZLWK�ZDWHU�

LW� ZDV� LPPHUVHG� LQ� DFHWRQH� IRU� D� GD\�� WKHQ�ZDVKHG� DJDLQ

7DEOH �� )OXRUHVFHQW�FKDUDFWHULVWLFV�RI�1L�,,��%,13+7�LQ�WKH�GLI�
IHUHQW� VXUIDFWDQW�� �1L�,,������QJ�P/��%,13+7�����× ��−��0��S+�
����

�6XUIDFWDQW
&RQFHQWUDWLRQ λPD[� )OX��,QWHQVLW\ 5),

�>�0�@� �QP�� >(P�@ �>(P@�

�1RQH� − ���� ����� ����

�&70$%� ��×���−� ���� ����� �����

�'70$%� ��×���−� ���� ����� �����

�070$% ��×���−� ���� ����� ����

�&3&� ��×���−� ���� ����� ����

�7ULWRQ�;����� ��×���−� ���� ����� ����

�%ULM��� ��×���−� ���� ����� ����

�%ULM����� ��×���−� ���� ���� ����

�6'6� ��×���−� ���� ����� ����

)LJXUH �� &DOLEUDWLRQ� FXUYH� RI� 1L�,,��%,13+7�7ULWRQ� ;����� DW
S+�����XVLQJ�RSWLPL]HG�SURFHGXUH�

7DEOH �� 7ROHUDQFH�RI�IRUHLJQ�LRQV�LQ�WKH�GHWHUPLQDWLRQ�RI����QJ�
P/�1L�,,�

,RQV�DGGHG� 7ROHUDQFH�UDWLR��:�:�

�1D�,���12�
− ����

�.�,���&O− ����

�&LWULF�DFLG� ����

�0J�,,���62�
�− �0DORQLF�DFLG ���

�3U�,,,���&\DQLGH� ���

�0Q�,,���&G�,,���&LWULF�DFLG� ���

�=Q�,,���&R�,,���6Q�,,���3E�,,�� ��

�3W�,,,���=U�,9�� ��

�3G�,,���$X�,,,�� ��

�0R�9,���6P�,,,�� �

�6F�,,,���&U�,,,�� �

�*H�,9�� �

�)H�,,,�� �

�&X�,,�� �



��������%XOO��.RUHDQ�&KHP��6RF��������9RO������1R��� &KDQ�,O�3DUN�HW�DO�

ZLWK�ZDWHU�DQG�GULHG�XQGHU�DQ�LQIUD�UHG�ODPS��$IWHU�FRROLQJ�

DQ�DSSURSULDWH�DPRXQW�RI�WKH�VDPSOH�ZDV�EXUQHG�DW�ORZ�WHP�

SHUDWXUH� WKHQ� FDUERQL]HG� LQ� D� IXUQDFH� DW� ����R&� IRU� �����

PLQ��$IWHU� WKH� UHVLGXH�ZDV� FRROHG� WR� URRP� WHPSHUDWXUH�� LW

ZDV�H[WUDFWHG�E\�KHDWLQJ�LQ�����P/�RI���0�+�62���7KH�VROX�

WLRQ�ZDV�ILQDOO\�WUDQVIHUUHG�WR�D����P/�YROXPHWULF�IODVN�DQG

GLOXWHG�WR�WKH�PDUNHG�YROXPH�ZLWK�ZDWHU�DQG�DQDO\]HG�LQ�D

SURFHGXUH� VLPLODU� WKH� RQH� XVHG� IRU� WKH� IRRG� VDPSOH�� 7KH

UHVXOWV�DUH�JLYHQ�LQ�7DEOH����

:H�VFDQQHG� WKH�EDFNJURXQG�VSHFWUXP�WR� LQYHVWLJDWH� IDF�

WRUV� LQWHUIHULQJ�ZLWK�GHWHUPLQLQJ�WKH�1L�,,�� LQ�KDLU�VDPSOHV

ZLWKLQ� WKH� EDFNJURXQG� VROXWLRQ� LWVHOI�� :H� IRXQG� WKDW� WKH

EDFNJURXQG�VSHFWUXP�ZDV�DOPRVW�XQLIRUP�ZLWKRXW�UHPDUN�

DEO\�REVHUYHG�H[FLWDWLRQ�DQG�HPLVVLRQ�SHDNV��)URP�WKH�UHVXOW

RI�WKLV�EDFNJURXQG�VSHFWUXP��ZH�GHWHUPLQHG�WKDW�WKH�EDFN�

JURXQG�VROXWLRQ�JDYH�ULVH�WR�QR�VHULRXV�WURXEOH�LQ�DQDO\]LQJ

WKH�1L�,,��RI�VDPSOHV�

5HVXOWV�IURP�WKH�SURSRVHG�H[SHULPHQWDO�PHWKRG��WKH�1L�,,�

FRQWHQW�ZDV� ��� � ���� SSP� �56'� ������ IRU� WKH� SRZGHUHG

FRIIHH����� � ����SSP��56'�������IRU� WKH�RUDQJH�IUXLW�DQG

��� � �������� � ����SSP��56'�������������UHVSHFWLYHO\��IRU

WKH� KXPDQ�KDLU��7KHVH�YDOXHV� DUH� LQ� UHDVRQDEOH� DJUHHPHQW

ZLWK�WKRVH�GHWHUPLQHG�E\�WKH�,&3�$(6�

&RQFOXVLRQ�

$�VLPSOH��VHQVLWLYH�DQG�VHOHFWLYH�VSHFWURIOXRULPHWULF�PHWKRG

IRU�WKH�GHWHUPLQDWLRQ�RI�1L�,,��LQ�PHWKDQRO�������Y�Y��PHGLXP

KDV�EHHQ�GHYHORSHG��,Q�WKH�SUHVHQFH�RI�7ULWRQ�;������1L�,,��

%,13+7� FRPSOH[� KDV� H[FLWDWLRQ� DQG� HPLVVLRQ�PD[LPD� DW

����QP�DQG�����QP��UHVSHFWLYHO\��7KHUH�ZDV�D� OLQHDU�UHOD�

WLRQVKLS� EHWZHHQ� 1L�,,�� FRQFHQWUDWLRQ� DQG� IOXRUHVFHQFH

LQWHQVLW\�RYHU�WKH�UDQJH�����QJ�P/�1L�,,���$PRQJ�WKH�GLIIHU�

HQW� IRU� H[SHULPHQWDO�PHWKRGV� GHWHUPLQJ�1L�,,��� WKH� LQVWUX�

PHQWDO�V\VWHP�VXFK�DV�,&3�RU�$$6�PD\�GHWHFW�1L�,,��RQ�WKH

QJ�P/� OHYHO�� EXW� WKLV� FDOOV� IRU� VNLOOHG� RSHUDWLRQ�� 7KH� SUR�

SRVHG�PHWKRG�FDQ�EH�XVHG�WR�GHWHUPLQH�1L�,,��RQ�WKH�����QJ�

P/�OHYHO�VLPSO\�DQG�VHOHFWLYHO\�ZLWKRXW�XVLQJ�LQVWUXPHQWDO

V\VWHPV��$OWKRXJK� IXUWKHU� LQYHVWLJDWLRQ�PD\� EH� QHFHVVDU\�

WKLV� VWHDG\� VXSSRUWV� SURSRVHG� PHWKRGV� IRU� DVVD\� RI� WUDFH

DPRXQWV�RI�1L�,,��LRQV�LQ�IRRG�DQG�KXPDQ�KDLU�VDPSOHV�

�5HIHUHQFHV

���� 6LQJK��+��%���$JQLKRWUL��1��.���6LQJK��9��.��7DODQWD������
���������

���� 0RUL��,���.DZDNDWVX��7���)XMLWD��<���0DWVXR��7��7DODQWD������
����������

���� 6LQJK��+��%���$JQLKRWUL��1��.���6LQJK��9��.��7DODQWD������
���������

���� .KDOLID��0��(���+DIH]��0��$��+��7DODQWD���������������
���� *DLQ]D��$��+��7DODQWD���������������
���� 0RUL��,���)XMLWD��<���7R\RGD��0���+DVHJDZD��<��7DODQWD������

���������
���� 6LFLOLD��'���5XELR��6���3HUH]�%HQGLWR��'��$QDO��&KLP��$FWD

��������������
���� =KX��*���6L��=���<DQJ��-���'LQJ��-��$QDO��&KLP��$FWD������

����������
���� %KDWWDFKDU\D��6���5R\��6��.��7DODQWD����������������
��� 0DUF]HQNR��=���.DORZVND��+��$QDO��&KLP��$FWD�����������

�����
��� 3DO��%��.���6DKHGXU�5DKPDQ��0��7DODQWD�����������������
��� &DR��4��(���:DQJ��.���+X��=���;X��4��7DODQWD���������������
��� -LH��1���=KDQJ��4���<DQJ��-���+XDQJ��;��7DODQWD���������������
��� &ULVORIRO��(���6DQFKH]�5RMDV��)���&DQR�SDYRQ��-��0��7DODQWD

��������������
��� 6LQJK��5��%���*RUJ��%��6���6LQJ��5��3��7DODQWD���������������
��� <DQ��*��)���6KL��*��5���/LX��<��0��$QDO��&KLP��$FWD������

����������
��� 6DQWDQD��-��-���:LQHIRUGQHU��-��'��7DODQWD���������������
��� )DQ��<��;���=KHQJ��<��;��$QDO��&KLP��$FWD����������������
��� *DUFLD��-��+���6DQWDQD��-��-��$QDO��&KLP��$FWD����������������
��� $O�.LQG\�� 6��0���$EGHO�.DGHU��0��+��$QDO��&KLP��$FWD

����������������
��� 3DUN��&�� ,���.LP��+��6���&KD��.��:��%XOO��.RUHDQ�&KHP�

6RF����������������

7DEOH �� 'HWHUPLQDWLRQ�RI�1L�,,��LQ�IRRG�DQG�KXPDQ�KDLU�VDPSOHV

�6DPSOH

7KLV�PHWKRG ,&3

�1L�,,���)RXQG

��SSP�

56'

���

1L�,,���IRXQG

�SSP�

�SRZGHUHG�FRIIHH

��FRPPHUFLDO�EUDQG�

���������� ��� ���

�2UDQJH ���������� ����� �����

�+XPDQ�KDLU�, ���������� ��� ����

�+XPDQ�KDLU�,, ���������� ����� ����

&X�,,�� DQG� )H�,,,�� DUH� PDVNHG� E\� WKLRVXOSKDWH� ���� × ��−� 0�� DQG
F\DQLGH����� × ��−��0���UHVSHFWLYHO\�


