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�	 � �PLFUR�ZLUHV�DW�KLJK�IUHTXHQF\�UDQJH�IURP�����0+]�XS�WR���*+]�RI�DQ�DF�FXUUHQW�IORZLQJ�DORQJ
WKH�ZLUH�DQG�DW�YDU\LQJ�D[LDO�GF�PDJQHWLF� ILHOG� LQ� LWV� UDQJH�RI������2H��7KH�ZLUHV��DERXW���� P� LQ�GL�
DPHWHU��ZHUH�IDEULFDWHG�E\�D�JODVV�FRDWHG�PHOW�VSLQQLQJ�WHFKQLTXH��7KH�VKDSHV�RI� WKH� LPSHGDQFH�FXUYHV
SORWWHG�YV��D�GF�ILHOG�FKDQJH�GUDPDWLFDOO\�ZLWK�WKH�IUHTXHQF\��7KH�SKDVH�DQJOH�ZDV�DOVR�VWURQJO\�GHSHQG�
HQW� RQ� WKH� ILHOG�� 7KH� PD[LPXP� YDOXH� RI� *0,�� DURXQG� ������ ZDV� UHDFKHG� DW� WKH� IUHTXHQF\� RI� DERXW
����0+]��7KH�H[WHUQDO�GF�PDJQHWLF�ILHOG�FKDQJHV�WKH�FLUFXPIHUHQWLDO�SHUPHDELOLW\�DV�ZHOO�DV�WKH�SHQHWUD�
WLRQ�GHSWK��ERWK�LQ�WXUQ�FKDQJH�WKH�LPSHGDQFH�RI�WKH�VDPSOH��7KH�LQFUHPHQWV�RI�*0,�DW�KLJK�IUHTXHQF\
FDQ� EH� XQGHUVWRRG� LQ� WHUPV� RI� WKH�/&�UHVRQDQFH� SKHQRPHQD��$� VXGGHQ� FKDQJH� RI� WKH� SKDVH� DQJOH�� DV
ODUJH�DV���� � ��HYLGHQFHG�WKH�RFFXUUHQFH�RI�WKH�UHVRQDQFH�DW�D�JLYHQ�LQWHQVLW\�RI�WKH�H[WHUQDO�GF�ILHOG�
.H\�ZRUGV��PDJQHWRLPSHGDQFH�HIIHFW��PLFURZLUHV��PDJQHWLF�VHQVRUV

���,QWURGXFWLRQ
*LDQW�PDJQHWRLPSHGDQFH��*0,��HIIHFW�KDV�EHHQ�LQWHQVLYHO\�VWXGLHG�EHFDXVH�RI�WKH

LQFUHDVLQJ�SURVSHFWV�RI�QRYHO�DSSOLFDWLRQV�LQ�PDJQHWLF�VHQVRUV�>�@��7KH�SKHQRPHQRQ
KDV�D�FODVVLFDO�HOHFWURPDJQHWLF�RULJLQ�DQG�LV�GXH�WR�D�VLPXOWDQHRXV�RFFXUUHQFH�RI�WKH
VNLQ�HIIHFW�DQG�WKH�FKDQJHV�RI�WKH�WUDQVYHUVH�RU�FLUFXPIHUHQWLDO�SHUPHDELOLW\�XQGHU�WKH
LQIOXHQFH�RI�DQ�H[WHUQDO�GF�PDJQHWLF�ILHOG�DSSOLHG�DORQJ�D�PDJQHWLF�HOHPHQW�>�@��$V
D�FRQVHTXHQFH��WKH�LPSHGDQFH�RI�D�ZLUH��=� �5���L;��LV�DOWHUHG�E\�WKH�H[WHUQDO�D[LDO
PDJQHWLF�ILHOG��ERWK� LWV�FRPSRQHQWV�� WKH�UHVLVWDQFH�5� DQG� WKH� UHDFWDQFH�;�YDU\�ZLWK
WKLV�ILHOG���$�PDMRULW\�RI�VWXGLHV�FDUULHG�RXW�VR�IDU�KDYH�PDLQO\�EHHQ�GHYRWHG�WR�LQYHV�
WLJDWLRQV�RI�WKH�PHFKDQLVPV�RI�WKHVH�FRPSOH[�SKHQRPHQD�DW�UHODWLYHO\�ORZ�IUHTXHQF\
�UDGLR�IUHTXHQF\�UDQJH��RI� WKH�DF�FXUUHQW� IORZLQJ�WKURXJK�WKH�VDPSOH� LQ� WKH� IRUP�RI
D�WKLQ� ULEERQ�RU�ZLUHV��+RZHYHU�� LW� KDV� EHHQ� VKRZQ� WKDW� WKLV� HIIHFW� LV� RI� YHU\� ODUJH
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PDJQLWXGH� LQ� WLQ\� PDJQHWLF� ZLUHV� RI� D� PLFURPHWHU�GLDPHWHU�� 7KH� EHKDYLRXU� RI� WKH
*0,�HIIHFW�DW�YHU\�KLJK�IUHTXHQFLHV�KDV�QRW�EHHQ�KLWKHUWR�VWXGLHG�LQWHQVLYHO\�LQ�VSLWH
RI� WKHLU� LPSRUWDQFH�IURP�WKH�YLHZ�SRLQW�RI�ERWK��EDVLF�NQRZOHGJH�DQG� WHFKQRORJLFDO
DSSOLFDWLRQV��+LJK�IUHTXHQF\�VRXUFHV�DUH�QRZDGD\V�HDVLO\�DYDLODEOH�LQ�FRPPXQLFDWLRQ
HOHFWURQLFV�VXFK�DV�3&V��FHOOXODU�SKRQHV��*36��HWF��,W�PLJKW�EH�H[SHFWHG�WKDW�WKH�*0,
VHQVRUV�RSHUDWHG�DW�VXFK�KLJK�IUHTXHQFLHV�FRXOG�ZHOO�EH�DGDSWHG�WR�WKHVH�HOHFWURQLFV�
EHLQJ�SURILWDEOH�VLQFH�DW�KLJK�IUHTXHQFLHV�WKH�SHQHWUDWLRQ�GHSWK�LV�YHU\�VPDOO�
)RU�D�F\OLQGULFDO�PDJQHWLF�FRQGXFWRU��LWV�LPSHGDQFH�FDQ�EH�H[SUHVVHG�DV
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ZKHUH�5 �
� � LV� WKH�GF�UHVLVWDQFH�RI� WKH�ZLUH��- 
 �� DQG�- � � DUH� WKH�%HVVHO� IXQFWLRQV�RI� WKH
ILUVW�NLQG��N� � ����� L��d��ZKHUH�d� LV� WKH�SHQHWUDWLRQ�GHSWK�d� �F���pwsm � � � � � ��D� ±� WKH
UDGLXV�RI� WKH�ZLUH�� �±� WKH�DQJXODU� IUHTXHQF\��s�±� WKH�FRQGXFWLYLW\�RI� WKH�ZLUH��DQG
m � �±�WKH�HIIHFWLYH�FRPSOH[�PDJQHWLF�SHUPHDELOLW\�LQ�WKH�FLUFXPIHUHQWLDO�GLUHFWLRQ�>�@�
$W� KLJK� IUHTXHQF\� UDQJH� ZLWKLQ� ZKLFK� d� ��� D�� WKH� FKDQJHV� RI� WKH� LPSHGDQFH� DUH
URXJKO\� SURSRUWLRQDO� WR�=��� �wm � � � � � � >��� �@�� 7KHUHIRUH�� LQ� WKLV� IUHTXHQF\� UDQJH�� WKH
WRWDO�LPSHGDQFH�RI�D�PDJQHWLF�ZLUH�LV�SURSRUWLRQDO�WR�WKH�VTXDUH�URRW�RI�WKH�FLUFXPIHU�
HQWLDO�SHUPHDELOLW\�m � �

7R�DFKLHYH�ODUJH�*0,��WKH�SHQHWUDWLRQ�GHSWK�VKRXOG�EH�YHU\�VPDOO�LQ�WKH�DEVHQFH�RI�DQ
H[WHUQDO�PDJQHWLF�ILHOG��/DUJH�FLUFXPIHUHQWLDO�SHUPHDELOLW\�DORQJ�ZLWK�D�ORZ�YDOXH�RI�WKH
UHVLVWLYLW\�JLYHV� ULVH� WR�D� VPDOO�SHQHWUDWLRQ�GHSWK�DW�D�KLJK� IUHTXHQF\� UDQJH��$� ODUJH� LQ�
FUHDVH�RI�WKH�FLUFXPIHUHQWLDO�SHUPHDELOLW\�FDQ�EH�DFKLHYHG�DSSO\LQJ�DQ�DF�FXUUHQW�RI� WKH
IUHTXHQF\�VXIILFLHQWO\�KLJK�WR�H[FLWH�WKH�UHVRQDQFH�RI�WKH�VDPSOH��ZKLFK�FRQVWLWXWHV�D�/&�
UHVRQDWRU� DW� WKLV� IUHTXHQF\� UDQJH�� 7KLV� ODUJH� FLUFXPIHUHQWLDO� SHUPHDELOLW\� VWURQJO\� GH�
FUHDVHV�WKH�SHQHWUDWLRQ�GHSWK�DQG��WKHUHIRUH�LQFUHDVHV�WKH�LPSHGDQFH�RI�WKH�VDPSOH�

6LQFH�WKH�FLUFXPIHUHQWLDO�SHUPHDELOLW\�HTXDOV
����� +wcm +=

�WKH�LQGXFWDQFH / RI�D�PLFURZLUH�EHFRPHV
( )������ +// wc+= �

ZKHUH
������
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LV� D� FRPSOH[� VXVFHSWLELOLW\� GHSHQGHQW� RQ�w� DQG�+�� 7KHUHIRUH�� WKH� LPSHGDQFH� =� RI
D�PLFURZLUH�LQ�WKH�YLFLQLW\�RI�WKH�UHVRQDQFH�EHFRPHV

��� ����� 5/L/= +ëë+ë+= cwcw
5HFHQWO\�GHYHORSHG�DPRUSKRXV�PLFURZLUHV�ZHUH�IRXQG�WR�EH�PRUH�SURPLVLQJ�IRU

VHYHUDO� DSSOLFDWLRQV� FRPSDUHG� WR� DPRUSKRXV� WKLFNHU� ZLUHV� DQG� ULEERQV� EHFDXVH� RI
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WKHLU�WLQ\�GLPHQVLRQV��VXSHULRU�PDJQHWLF�SURSHUWLHV�DQG�D�SURWHFWLYH�JODVV�FRDWLQJ��,Q
WKLV� VWXG\��ZH� KDYH� LQYHVWLJDWHG� WKH� KLJK�IUHTXHQF\�*0,� HIIHFW� LQ� WKH� JODVV�FRDWHG
&R ����� � % ��� � 6L ��� � 0Q ��� 	 �PLFURZLUHV�

���([SHULPHQWDO
*ODVV�FRDWHG� DPRUSKRXV� PLFURZLUHV� RI� QRPLQDO� FRPSRVLWLRQ� &R ����� � % ��� � 6L ��� � 0Q ��� 	

ZHUH�IDEULFDWHG�XVLQJ�WKH�7D\ORU±8OLWRVN\�PHWKRG��7KH�GLDPHWHU�RI�WKH�PHWDOOLF�FRUH
RI�WKH�VDPSOH��PHDVXUHG�XQGHU�DQ�RSWLFDO�PLFURVFRSH��ZDV�DERXW���� P�DQG�WKH�WKLFN�
QHVV�RI�WKH�LQVXODWLQJ�JODVV�FRDWLQJ�ZDV�HTXDO�WR�a�� P�

7KH�VDPSOHV�ZHUH�DQQHDOHG� IRU���KRXU� LQ�YDFXXP�DW�YDULRXV� WHPSHUDWXUHV� LQ� WKH
UDQJH�RI����±�����&�LQ�RUGHU� WR�VHWWOH�RSWLPXP�DQQHDOLQJ�FRQGLWLRQV� WR�DFKLHYH� WKH
EHVW�PDJQHWLF�VRIWQHVV�E\�UHGXFLQJ�UHVLGXDO�LQWHUQDO�VWUHVVHV��VWUHVV�UHOD[DWLRQ��

$OO�WKH�PHDVXUHPHQWV�RI�*0,�ZHUH�FDUULHG�RXW�DW�D�URRP�WHPSHUDWXUH��$�QHWZRUN
DQDO\]HU� �$JLOHQW�� ����(7�� ���� 0+]±���� *+]�� DQG� DQ� LPSHGDQFH� DQDO\]HU
�+3����$����0+]±��*+]��� ERWK� FRQQHFWHG� WR� D� FRPSXWHU� GDWD� DFTXLVLWLRQ� V\VWHP�
ZHUH�XVHG�IRU�WKHVH�PHDVXUHPHQWV��7KH�SRZHU�OHYHO�RI�WKH�LPSHGDQFH�DQDO\]HU�IRU�WKH
0,�PHDVXUHPHQW�ZDV�IL[HG�DW�±���G%P��$�GF�PDJQHWLF�ILHOG��DSSOLHG�LQ�DQ�D[LDO�GL�
UHFWLRQ��ZDV�VZHSW�WKURXJK�WKH�HQWLUH�F\FOH�EHWZHHQ�±����2H�DQG�����2H�

7KH� UDWLR� RI� WKH�PDJQHWRLPSHGDQFH� �0,5��� GHSHQGHQW� RQ� WKH� H[WHUQDO�PDJQHWLF
GF�ILHOG��LV�XVXDOO\�H[SUHVVHG�DV
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ZKHUH�+ ����� LV�WKH�PD[LPXP�LQWHQVLW\�RI�WKH�GF�ILHOG�DSSOLHG��LQ�WKH�SUHVHQW�H[SHULPHQW
+ �����  � ����2H��� (TXDWLRQ� ����ZDV� DSSOLHG� WR� FDOFXODWH� WKH�PDJQHWRLPSHGDQFH� UDWLR
0,5�XVLQJ�WKH�GDWD�REWDLQHG�LQ�WKH�H[SHULPHQW�

���5HVXOWV�DQG�GLVFXVVLRQ
,W�ZDV�IRXQG�WKDW�WKH�VDPSOH�DQQHDOHG�DW���� �&�GLVSOD\HG�WKH�EHVW�PDJQHWLF�VRIW�

QHVV��KHQFH�WKLV�ZLUH�VSHFLPHQ�ZDV�XVHG�LQ�WKH�H[SHULPHQW�
)LJXUH���VKRZV�WKH�0,5�FXUYHV�FDOFXODWHG�XVLQJ�WKH�H[SHULPHQWDO�GDWD�REWDLQHG�DW

GLIIHUHQW�IUHTXHQFLHV�DQG�SORWWHG�DV�D�IXQFWLRQ�RI�WKH�H[WHUQDO�D[LDO�GF�ILHOG��$V�LV�VHHQ
LQ�WKH�ILJXUH��WKH�PD[LPXP�YDOXH�RI�0,5�LQFUHDVHV�GUDVWLFDOO\�ZLWK�DQ�LQFUHDVH�RI�WKH
IUHTXHQF\�XS�WR�����0+]��7KLV�LV�PDLQO\�GXH�WR�D�GHFUHDVH�RI�WKH�SHQHWUDWLRQ�GHSWK�
ZKRVH�YDOXH�LV�HVWLPDWHG�VPDOOHU�WKDQ��� P�DW�WKH�IUHTXHQFLHV�XVHG�LQ�WKH�H[SHULPHQW�

7KH�GRPLQDWLQJ�FRQWULEXWLRQ� WR� WKH� HIIHFWLYH�SHUPHDELOLW\� FRPHV�HLWKHU� IURP� WKH
URWDWLRQ�RI�PDJQHWL]DWLRQ�RU�IURP�WKH�GRPDLQ�ZDOO�PRWLRQ�>�@��,Q�JHQHUDO��GHSHQGLQJ
RQ� WKH� IUHTXHQF\�� WKUHH� PDLQ� PHFKDQLVPV� RI� WKH� *0,�HIIHFW� FDQ� EH� GLVWLQJXLVKHG�
QDPHO\�� �L�� DW� UHODWLYHO\� ORZ� IUHTXHQFLHV� WKH� FKDQJHV� RI� WKH� LPSHGDQFH� DUH� HQWLUHO\
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DVFULEHG�WR�WKH�PDJQHWRLQGXFWLYH�HIIHFW�DULVLQJ�IURP�WKH�FLUFXODU�PDJQHWL]DWLRQ�SURF�
HVVHV���LL��DW�KLJK�IUHTXHQFLHV��WKH�VNLQ�HIIHFW�EHFRPHV�GRPLQDQW�EHFDXVH�RI�WKH�ODUJH
SHUPHDELOLW\�� DQG� �LLL�� DW�YHU\�KLJK� IUHTXHQFLHV�� D�PRWLRQ�RI�GRPDLQ�ZDOOV� LV� WRWDOO\
GDPSHG� DQG� WKH� SHUPHDELOLW\� UDSLGO\� GHFUHDVHV� XQWLO� WKH� UHVRQDQFH� SKHQRPHQD� DUH
UHDFKHG�>�@�
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)LJ�����0,5�FXUYHV�PHDVXUHG�DW�YDULRXV�IUHTXHQFLHV�������������������������������0+]�

%HFDXVH�WKH�IUHTXHQFLHV�RI�WKH�DF�FXUUHQW�IORZLQJ�DORQJ�WKH�ZLUH�VDPSOH�DUH�YHU\�KLJK�
WKH�REWDLQHG�H[SHULPHQWDO�GHSHQGHQFLHV�RI�*0,�FDQ�EH�LQWHUSUHWHG�LQ�DFFRUGDQFH�ZLWK�WKH
FDVH��LLL���ZKHUH�WKH�GRPDLQ�ZDOOV�DUH�LPPRYDEOH��7KHUHIRUH��WKH�0,5�FXUYH�REWDLQHG�DW
���� 0+]� FDQ� EH� XQGHUVWRRG� FRQVLGHULQJ� WKH� DERYH� FDVH�� $W� WKH� IUHTXHQFLHV� DERYH
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����0+]��D�GUDPDWLF�LQFUHDVH�RI�WKH�0,5�YDOXH�LV�REVHUYHG��GXH�WR�WKH�RFFXUUHQFH�RI�WKH
UHVRQDQFH��$W�YHU\�KLJK�IUHTXHQF\�UDQJH��WKH�VDPSOH�EHKDYHV�OLNH�D�5/&�HOHFWULF�FLUFXLW�
ZKHUH�5�LV�LWV�UHVLVWDQFH��/�±�WKH�LQGXFWDQFH�DQG�&�±�FDSDFLWDQFH��7KHUHIRUH��WKH�UHVRQDQFH
IUHTXHQF\�RI�WKH�VDPSOH�FDQ�EH�JLYHQ�E\�WKH�ZHOO�NQRZQ�H[SUHVVLRQ
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ZKHUH�w��LV�WKH�DQJXODU�IUHTXHQF\�RI�WKH�DF�FXUUHQW�IORZLQJ�DORQJ�WKH�ZLUH�VDPSOH�
6LQFH� WKH� LQGXFWDQFH�/�w��+��GHSHQGV�RQ� WKH�H[WHUQDO�GF�ILHOG� DV�ZHOO� DV�RQ� WKH

IUHTXHQF\�� WKH� UHVRQDQFH� IUHTXHQF\�RI� WKH� VDPSOH� GHSHQGV� DOVR� RQ� WKHVH� TXDQWLWLHV�
7KLV�LV�UHIOHFWHG�E\�WKH�FRPSOH[�VKDSHV�RI�WKH�0,5�FXUYHV�VKRZQ�LQ�)LJ����

,Q�RUGHU�WR�VLPXODWH�WKH�*0,�EHKDYLRXU�EDVHG�RQ�WKH�FRQFHSW�RI�D�/&�UHVRQDWRU��LW
FDQ�URXJKO\�EH�DVVXPHG�WKDW�WKH�LQGXFWDQFH�/�GRHV�QRW�GHSHQG�RQ�WKH�IUHTXHQF\�LQ�LWV
UDQJH�XVHG�LQ�WKH�H[SHULPHQW��,W�FDQ�EH�H[SUHVVHG�DV( )�
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ZKHUH�/ � LV�WKH�LQGXFWDQFH�DW�+� ����DQG�a�LV�D�FRQVWDQW��7KH�LQGXFWDQFH�VLPXODWHG�LQ
VXFK�D�ZD\�LV�VKRZQ�LQ�)LJ����DV�D�IXQFWLRQ�RI�WKH�GF�ILHOG�

7KH�LPSHGDQFH�DQG�WKH�SKDVH�DQJOH�FDQ�EH�JLYHQ�E\
�

� ������ ²Õ
±ª½

» -+= &+/5+= www ���D�

²²
²²

Õ

±

ªª
ªª

½

»

-
= �

�

�

���WDQ���
w

wwq
+/&

5+ ���E�

7KH�LPSHGDQFLHV�=�w��+��FDOFXODWHG�DFFRUGLQJ�WR�(T����D��DQG�SORWWHG�DV�D�IXQF�
WLRQ�RI� IUHTXHQF\�DW�YDULRXV� LQWHQVLWLHV�RI� WKH� H[WHUQDO�GF�ILHOG� DUH� VKRZQ� LQ�)LJ����
ZKHUH�&�LV�WDNHQ�DV������S)�HVWLPDWHG�IURP�F\OLQGULFDO�FRQGHQVHUV�RI�HOHFWULF�WHUPL�
QDOV� DW� WKH� HQGV� RI� D�PLFURZLUH��$V� FDQ� EH� H[SHFWHG�� WKH� LPSHGDQFH� DW� IUHTXHQFLHV
KLJKHU�WKDQ�WKH�UHVRQDQFH�IUHTXHQF\��w�!!�w 	 ��GHFUHDVHV�ZLWK�DQ�LQFUHDVH�RI�WKH�H[WHU�
QDO�PDJQHWLF�GF�ILHOG��,Q�WKH�IUHTXHQF\�UDQJH�ORZHU�WKDQ�WKDW�RI�WKH�UHVRQDQFH��w����w 	 ��DQ
RSSRVLWH�HIIHFW�LV�REVHUYHG��WKH�PDJQHWRLPSHGDQFH�LQFUHDVHV�ZLWK�WKH�LQFUHDVH�RI�WKH
H[WHUQDO�PDJQHWLF�GF�ILHOG�

7KH�FDOFXODWHG�LPSHGDQFH�FXUYHV�SORWWHG�DV�D�IXQFWLRQ�RI�WKH�GF�ILHOG�DW�GLIIHUHQW
��IUHTXHQFLHV�DUH�VKRZQ�LQ�)LJ�����$V�FDQ�HDVLO\�EH�QRWLFHG��WKH�VKDSHV�RI�WKHVH�VLPX�
ODWHG�PDJQHWRLPSHGDQFH�FXUYHV� DUH�PXFK� WKH� VDPH� DV� WKH� VKDSHV� RI� WKRVH� REWDLQHG
H[SHULPHQWDOO\��VHH�)LJ������6LPLODUO\��WKH�FDOFXODWHG�ILHOG�GHSHQGHQFH�RI�WKH�SKDVH
DQJOH� �(T�� ��E���� VKRZQ� LQ� )LJ�� ��� UHVHPEOHV� WKH� H[SHULPHQWDO� RQH� REWDLQHG� DW
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����0+]��FORVH�WR�WKH�UHVRQDQFH�IUHTXHQF\���7KH�VXGGHQ�FKDQJH�RI�WKH�SKDVH�DQJOH
DV�ODUJH�DV������JLYHV�HYLGHQFH�WKDW�WKH�UHVRQDQFH�LQ�IDFW�RFFXUV�DW�D�VSHFLILF�LQWHQ�
VLW\�RI�WKH�GF�ILHOG�
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+RZHYHU��D�GUDVWLF�LQFUHDVH�RI�WKH�DF�FXUUHQW�WDNHV�SODFH�DW�WKH�UHVRQDQFH�IUHTXHQF\�
7KLV�HIIHFW�ZDV�QRW�WDNHQ�LQWR�DFFRXQW�LQ�WKH�SHUIRUPHG�FDOFXODWLRQ�RI�WKH�LPSHGDQFH��7KH
ODUJH�FXUUHQW�JHQHUDWHV�D�ODUJH�FLUFXPIHUHQWLDO�PDJQHWLF�DF�ILHOG�LQ�WKH�ZLUH�VDPSOH�UHVXOW�
LQJ�LQ�DQ�LQFUHPHQW�RI�WKH�FLUFXPIHUHQWLDO�SHUPHDELOLW\�m Í ��7KHUHIRUH��D�GUDVWLF�ULVH�RI�WKH



+LJK�IUHTXHQF\�PDJQHWRLPSHGDQFH�HIIHFW ���

PDJQHWRLPSHGDQFH� LQ� WKH� YLFLQLW\� RI� WKH� UHVRQDQFH� IUHTXHQF\� FDQ� EH� H[SHFWHG�� 7KLV� LV
FOHDUO\�YLVLEOH�LQ�WKH�0,5�FXUYH�PHDVXUHG�DW�����0+]��VHH�)LJ�����

���&RQFOXVLRQV
,Q�WKLV�VWXG\��WKH�JLDQW�PDJQHWRLPSHGDQFH��*0,��HIIHFW�ZDV�LQYHVWLJDWHG�LQ�DPRU�

SKRXV�&R ����� � % ��� � 6L ��� � 0Q 	�� 
 �PLFURZLUH�LQ�D�YHU\�KLJK�IUHTXHQF\�UDQJH�XS�WR���*+]��7KH
VKDSHV�RI� WKH�GF�ILHOG�GHSHQGHQFLHV�RI� WKH� LPSHGDQFH�FKDQJHG�GUDPDWLFDOO\�ZLWK� DQ
LQFUHDVH�RI� WKH� IUHTXHQF\�RI� WKH� DF�FXUUHQW� IORZLQJ�DORQJ� WKH� VDPSOH��7KH�REVHUYHG
LQFUHPHQWV�RI�WKH�PD[LPXP�RI�WKH�PDJQHWRLPSHGDQFH�UDWLR��0,5��ZLWK�DQ�LQFUHDVH�RI
WKH� IUHTXHQF\� FDQ� EH� LQWHUSUHWHG� LQ� WHUPV� RI� WKH� /&�UHVRQDQFH� SKHQRPHQD�� 7KH
PD[LPXP�YDOXH�RI�0,5�UHDFKHG�LQ� WKH�H[SHULPHQW�HTXDOV������DW� WKH�IUHTXHQF\�RI
DURXQG�����0+]��7KH�VXGGHQ�FKDQJH�RI�WKH�SKDVH�DQJOH��DV�ODUJH�DV�������SURYHG�WKH
RFFXUUHQFH�RI�WKH�UHVRQDQFH�DW�WKH�VSHFLILHG�LQWHQVLW\�RI�WKH�H[WHUQDO�GF�ILHOG�

$FNQRZOHGJHPHQW
7KLV�ZRUN�ZDV�VXSSRUWHG�E\� WKH�.RUHD�6FLHQFH� DQG�(QJLQHHULQJ�)RXQGDWLRQ� WKURXJK� WKH�5HVHDUFK

&HQWUH�IRU�$GYDQFHG�0DJQHWLF�0DWHULDOV�DW�&KXQJQDP�1DWLRQDO�8QLYHUVLW\�
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