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����EH]HQHGLFDUER[DOGHK\GH ��E� ����� J� �� PPRO� DQG

PHWK\O F\DQRDFHWDWH ����� J� �� PPRO� LQ ��� P/ RI Q�

EXWDQRO ZLWK VWLUULQJ DW � R& XQGHU QLWURJHQ� $IWHU VWLUULQJ IRU

� KU DW � R&� WKH UHDFWLRQ PL[WXUH ZDV FRROHG WR ��� R& IRU

FU\VWDOOL]DWLRQ� 7KH SURGXFW ZDV ILOWHUHG DQG ZDVKHG VXFFHV�

VLYHO\ ZLWK FROG ��EXWDQRO ��� P/�� ZDWHU ��� P/�� DQG FROG

��EXWDQRO ��� P/�� 7KH REWDLQHG SDOH \HOORZ SURGXFW ZDV

UHFU\VWDOOL]HG IURP ��EXWDQRO WR JLYH ���� J ���� \LHOG� RI

�E� 0S� ����� R&� �+ 105 �&'&O�� δ ���� �V� �+� &+���

���� �V� �+� �&2�&+��� ��������� �P� �+� &+� � �2�&+��

&+��2��� ��������� �P� �+�  &+�2��� ���� �V� �+� DUR�

PDWLF�� ���� �V� �+� DURPDWLF�� ,5 �.%U� ���� �Z�  &�+��

���� �P� &�+�� ���� �V� &1�� ���� �YV� & 2�� ����� ����

�YV� & &� FP−�� $QDO� &DOFG IRU &��+��1�2�� &� ������ +�

����� 1� ����� )RXQG� &� ������ +� ����� 1� �����

5DGLFDO SRO\PHUL]DWLRQV RI PRQRPHUV ���� )UHH UDGLFDO

SRO\PHUL]DWLRQV RI PRQRPHUV ��� ZHUH FDUULHG RXW DFFRUG�

LQJ WR WKH OLWHUDWXUH SURFHGXUH������ ��D� ,5 �.%U� ���� �Z�

 &�+�� ����� ���� �P� &�+�� ���� �Z� &1�� ����� ���� �V�

& &� FP−�� $QDO� &DOFG IRU �&��+��1�2��Q� &� ������ +�

����� 1� ����� )RXQG� &� ������ +� ����� 1� ����� 3RO\PHU
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�Z� &1�� ���� �YV� & 2�� ����� ���� �YV� & &� FP−�� $QDO�

&DOFG IRU �&��+��12��Q� &� ������ +� ����� 1� ����� )RXQG�

&� ������ +� ����� 1� �����

5HVXOWV DQG 'LVFXVVLRQ

6\QWKHVLV RI PRQRPHUV ���� 0RQRPHUV ��� ZHUH SUHSDU�

HG E\ WKH FRQGHQVDWLRQ RI WKH FRUUHVSRQGLQJ EHQ]DOGHK\GH

��� ZLWK PDORQRQLWULOH RU PHWK\O F\DQRDFHWDWH� DFFRUGLQJ WR

WKH OLWHUDWXUH SURFHGXUH������ &RPSRXQGV ��� ZHUH REWDLQHG

LQ KLJK \LHOG DQG ZHUH SXULILHG E\ UHFU\VWDOOL]DWLRQ LQ ��

EXWDQRO IRU SRO\PHUL]DWLRQ� 7KH FKHPLFDO VWUXFWXUH RI WKH

FRPSRXQGV ZDV LGHQWLILHG E\ �+ 105� ,5 VSHFWUD� DQG HOH�

PHQWDO DQDO\VLV� $OO WKH DQDO\WLFDO GDWD ZHUH PDWFKHG ZHOO

ZLWK WKH H[SHFWHG FKHPLFDO VWUXFWXUH�

5DGLFDO SRO\PHUL]DWLRQV RI PRQRPHUV ���� 0RQRPHUV

��� ZHUH SRO\PHUL]HG LQ γ�EXW\URODFWRQH VROXWLRQ DW �� R&

ZLWK $,%1 DV UDGLFDO LQLWLDWRU� 7KH SRO\PHUL]DWLRQ UHVXOWV

DUH VXPPDUL]HG LQ 7DEOH �� 0RQRPHUV �� �� DQG � ZHUH TXLWH

UHDFWLYH WRZDUG UDGLFDO LQLWLDWRU DQG SRO\PHUL]HG UHDGLO\

ZLWK KLJK \LHOGV� 7KH FKHPLFDO VWUXFWXUHV RI WKH SRO\PHUV

ZHUH LGHQWLILHG E\ ,5 VSHFWUD DQG HOHPHQWDO DQDO\VHV� 7KH ,5

VSHFWUD FRQILUPHG WKH FKHPLFDO VWUXFWXUHV� H[KLELWLQJ DOO WKH

DEVRUSWLRQ EDQGV DWWULEXWDEOH WR WKH IXQFWLRQDO JURXSV FRP�

SULVLQJ WKH SRO\PHUV� 7KH WULVXEVWLWXWHG WHUPLQDO GRXEOH ERQG

SDUWLFLSDWHG LQ WKH YLQ\O SRO\PHUL]DWLRQ� DQG UDGLFDO SRO\�

PHUL]DWLRQ RI �� �� DQG � OHG RQO\ WR RSWLFDOO\ WUDQVSDUHQW

VZHOOLQJ SRO\PHUV ��� ��� DQG ��� 7KH UHVXOWLQJ SRO\PHUV

��� ��� DQG �� ZHUH QRW VROXEOH LQ DQ\ RUJDQLF VROYHQWV GXH

WR FURVV�OLQNLQJ� +RZHYHU� FRPSRXQGV �� �� DQG � GLG QRW

SRO\PHUL]H E\ UDGLFDO LQLWLDWRUV VXFK DV $,%1 DQG '7%3

�GL�WHUW�EXW\OSHUR[LGH�� SUREDEO\ GXH WR WKH VWHULF KLQGUDQFH�

$OO WKH DWWHPSWV WR VHFXUH D SRO\PHU VDPSOH IDLOHG VR IDU�

2XU H[SHULPHQWDO UHVXOWV VKRZ WKDW YLQ\O FRPSRXQGV KDYLQJ

RQH RI YLQ\O HWKHU JURXS RU HOHFWURQ GHILFLHQW ROHILQ JURXS LV

ORFDWHG EHWZHHQ WZR QHLJKERULQJ VXEVWLWXHQWV VXFK DV �� ��

DQG � GR QRW SRO\PHUL]H ZLWK UDGLFDO LQLWLDWRUV GXH WR WKH

VWHULF KLQGUDQFH� 7KHVH H[SHULPHQWDO UHVXOWV PHDQ WKDW VWHULF

6FKHPH �

6FKHPH �
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HIIHFW LV RQH RI WKH FRQFOXVLYH IDFWRU WR WKH IUHH UDGLFDO SRO\�

PHUL]DWLRQ RI WKH SUHVHQW SRO\PHU V\VWHPV�

3URSHUWLHV RI SRO\PHUV� 7KH SRO\PHUV ��� ��� DQG ��

ZHUH QRW VROXEOH LQ FRPPRQ VROYHQWV VXFK DV PHWKDQRO� HWK�

DQRO� GLHWK\O HWKHU� EHQ]HQH� WROXHQH� DFHWRQH� PHWK\O HWK\O

NHWRQH� F\FORKH[DQRQH� GLFKORURPHWKDQH� FKORURIRUP� '0)�

DQG '062 GXH WR FURVVOLQNLQJ� 3RO\PHUV ��� ��� DQG �� LVR�

ODWHG IURP PHWKDQRO ZHUH ZKLWH FRORUHG DPRUSKRXV PDWHUL�

DOV� 7KH WKHUPDO EHKDYLRU RI WKH SRO\PHUV ZHUH LQYHVWLJDWHG

E\ WKHUPRJUDYLPHWULF DQDO\VLV �7*$� DQG GLIIHUHQWLDO VFDQ�

QLQJ FDORULPHWHU �'6&� WR GHWHUPLQH WKH WKHUPDO GHJUDGD�

WLRQ SDWWHUQ DQG JODVV WUDQVLWLRQ WHPSHUDWXUH �7J�� 7KH UHVXOWV

DUH VXPPDUL]HG LQ 7DEOH �� 3RO\PHUV ��� ��� DQG �� VKRZHG

D JRRG WKHUPDO VWDELOLW\ DQG GLG QRW GHFRPSRVH EHORZ ���
R& DV VKRZQ LQ 7DEOH �� 7KH SRO\PHUV VKRZ D GRXEOH SKDVH

GHJUDGDWLRQ SDWWHUQ LQ WKHLU 7*$ WKHUPRJUDPV� SUREDEO\

GXH WR FURVVOLQNLQJ� &URVVOLQNHG SRO\PHUV ��� ��� DQG ��

VKRZHG EURDG HQGRWKHUPLF EDQGV DURXQG ������ R& ZLWKRXW

DQ\ FKDUDFWHULVWLF 7J SHDNV LQ '6& WKHUPRJUDPV DV H[SHFWHG�

&RQFOXVLRQV

:H SUHSDUHG WZHOYH YLQ\O HWKHU FRPSRXQGV ��� KDYLQJ

HOHFWURQ�GHILFLHQW EHQ]\OLGHQHPDORQRQLWULOH RU EHQ]\OLGHQH�

F\DQRDFHWDWH JURXS� DQG FRPSDUHG WKHLU UDGLFDO SRO\PHUL]�

DELOLWLHV� 9LQ\O FRPSRXQGV �� �� DQG � ZLWK IUHH YLQ\O HWKHU

DQG�RU HOHFWURQ GHILFLHQW ROHILQ JURXS SRO\PHUL]HG ZHOO ZLWK

IUHH UDGLFDO LQLWLDWRUV� 7KH WULVXEVWLWXWHG WHUPLQDO GRXEOH ERQG

SDUWLFLSDWHG LQ WKH YLQ\O SRO\PHUL]DWLRQ DQG UDGLFDO SRO\PHU�

L]DWLRQ RI �� �� DQG � OHG WR FURVVOLQNHG SRO\PHUV ��� ��� DQG

�� LQ KLJK \LHOGV� +RZHYHU� FRPSRXQGV KDYLQJ YLQ\O HWKHU

JURXS RU HOHFWURQ GHILFLHQW ROHILQ JURXS LV ORFDWHG EHWZHHQ

WZR QHLJKERULQJ VXEVWLWXHQWV VXFK DV �� �� DQG � GLG QRW

SRO\PHUL]H E\ UDGLFDO LQLWLDWRUV GXH WR WKH VWHULF KLQGUDQFH�

7KHVH H[SHULPHQWDO UHVXOWV VKRZ WKDW WKH PRVW LPSRUWDQW IDF�

WRU WR WKH UDGLFDO SRO\PHUL]DWLRQ RI WKHVH YLQ\O FRPSRXQGV LV

WKH VWHULF HIIHFW� :H DUH QRZ H[SORULQJ IXUWKHU WKH SRO\PHU�

L]DWLRQ RI RWKHU GRQRU�DFFHSWRU V\VWHPV DQG WKH UHVXOWV ZLOO

EH UHSRUWHG HOVHZKHUH�

$FNQRZOHGJPHQW� 7KLV VWXG\ ZDV VXSSRUWHG E\ WKH DFD�

GHPLF UHVHDUFK IXQG �%.��� +(.6,0 '����� RI 0LQLVWU\

RI (GXFDWLRQ� 5HSXEOLF RI .RUHD�
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