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&RPSDUDWLYH�6WXG\�RI�6WUXFWXUH��0RUSKRORJ\�DQG�7KHUPDO�
3URSHUWLHV�RI�$OOR�DQG�&RWWRQ�)LEHUV�RQ�&KHPLFDO�0RGLILFDWLRQ��

1HWUD�/DO�%KDQGDUL


'HSDUWPHQW�RI�&KHPLVWU\��7UL�&KDQGUD�0XOWLSOH�&DPSXV��7ULEKXYDQ�8QLYHUVLW\��.DWKPDQGX��
1HSDO�

(�PDLO��QOEKDQGDUL#\DKRR�FRP

$EVWUDFW�

1HSDO� LV�YHU\�ULFK� LQ�ELRGLYHUVLW\�GXH�WR� WKH�YDULDWLRQ�RQ� ODQG�DOWLWXGH�DQG�FOLPDWH��3ODQW� ILEHUV�DUH�
PDLQO\� FRPSRVHG� RI� FHOOXORVH�� KHPLFHOOXORVH� DQG� OLJQLQ�� 7KLV� SDSHU� H[SODLQV� WKH� FKHPLFDO� DQG�
PRUSKRORJLFDO� FKDQJHV� RQ� SODQW� ILEHUV� DIWHU� FKHPLFDO� WUHDWPHQW� VXFK� DV�PHUFHUL]DWLRQ� DQG� EOHDFKLQJ��
0HUFHUL]DWLRQ�RI� ILEHUV�ZDV�FDUULHG�RXW�E\�FDXVWLF� VRGD�DQG�EOHDFKHG�E\�K\GURJHQ�SHUR[LGH�RU� VRGLXP�
FKORULWH��7KH�HIIHFW�RI�FKHPLFDO�WUHDWPHQW�RQ�VWUXFWXUH��PRUSKRORJ\��WKHUPDO��DQG�G\LQJ�SURSHUWLHV�RI�DOOR�
�*LUDUGLQLD� GLYHUVLIROLD�� DQG� FRWWRQ� �*RVV\SLXP� DUERUHWXP�� ILEHUV� ZHUH� FRPSDUHG�� )LEHUV� ZHUH�
FKDUDFWHUL]HG�E\�)RXULHU�WUDQVIRUP�LQIUDUHG��)7,5��VSHFWURVFRS\��VFDQQLQJ�HOHFWURQ�PLFURVFRS\��6(0���
RSWLFDO�PLFURVFRS\��23��DQG�WKHUPRJUDYLPHWULF�DQDO\VLV��7*$���5HVXOWV�VKRZ�WKDW�DOOR�ILEHUV�KDYH�EHWWHU�
PHFKDQLFDO� DQG� WKHUPDO� SURSHUWLHV� WKDQ� FRWWRQ� ILEHUV�� )XUWKHU�� WUHDWHG� DOOR� ILEHUV� DUH� IRXQG� WR� EH�
WKHUPDOO\�PRUH�VWDEOH�WKDQ�UDZ�ILEHUV�������

.H\ZRUGV��3ODQW�ILEHUV��FHOOXORVH��ILEHU�WUHDWPHQW��FRWWRQ�ILEHUV����

,QWURGXFWLRQ�

1HSDO�LV�EOHVVHG�ZLWK�D�ODUJH�YDULHW\�RI�IORUD�LQFOXGLQJ�ZLGH�YDULHWLHV�RI�ILEHUV�\LHOGLQJ�SODQWV�GXH�WR�
LWV�ZLGH�JHRJUDSKLFDO�DQG�FOLPDWLF�YDULDWLRQV��1DWXUDO�ILEHUV�KDYH�EHHQ�XVHG�LQ�WKH�WH[WLOH�LQGXVWU\�VLQFH�D�
ORQJ� WLPH� >�@��)LEHUV�FDQ�EH�H[WUDFWHG� IURP� WKH�EDUN�RI� VRPH�SODQWV� OLNH� UDPLH�� MXWH�� QHWWOH��KHPS�� IURP�
VWHP�OLNH�EDQDQD��EDPERR��IURP�OHDI�VXFK�DV�SDOP��VLVDO��IURP�KXVN�VXFK�DV�FRLU�DQG�IURP�VHHG�VXFK�DV�
FRWWRQ������'LIIHUHQW�W\SHV�RI�IDEULFV�DUH�GHYHORSHG�IURP�ILEHUV�ZKLFK�DUH�XVHG�LQ� WH[WLOH� LQGXVWU\�IRU� WKH�
SUHSDUDWLRQ� RI� GLIIHUHQW� W\SHV� RI� FORWKHV�� &RWWRQ�� MXWH�� OLQHQ� DQG� VLON� DUH� DOVR� XVHG� LQ� WH[WLOH� LQGXVWU\��
&RWWRQ�KDV�EHHQ�ZRUQ�LQ�,QGLD�DQG�(J\SW�IRU�RYHU������\HDUV��&RWWRQ�ZDV�JURZQ�E\�1DWLYH�$PHULFDQV�DV�
HDUO\�DV������\HDUV��1DWXUDO�ILEHUV�DUH�WKH�PDMRU�VRXUFHV�RI�UHDGLO\�DYDLODEOH�ELRSRO\PHU��1RZDGD\V��WKH�
XVH�RI�QDWXUDO�ILEHU�DV�ILOOHU�KDV�EHHQ�LQFUHDVHG�GXH�WR�WKH�QXPEHU�RI�DGYDQWDJHV�RI�QDWXUDO�ILEHUV��7KHVH�
HFR�IULHQGO\� ILEHUV� DUH� RI� ORZ� GHQVLW\� DQG� ZLWK� KLJK� VSHFLILF� SURSHUWLHV� ����� 1DWXUDO� ILEHUV� DUH� PDLQO\�
FRPSRVHG� RI� FHOOXORVH�� KHPLFHOOXORVHV� DQG� OLJQLQ� DORQJ� ZLWK� RWKHU� VXEVWDQFHV� OLNH� SHFWLQ�� ZD[� HWF��
1RUPDOO\�� SODQW� ILEHU� FRQWDLQV� �������FHOOXORVH�� ������� OLJQLQ�� �������KHPLFHOOXORVHV� DQG� RWKHUV� E\�
ZHLJKW����� $QQXDOO\�����������WRQV�RI�FHOOXORVH�LV�SURGXFHG�E\�QDWXUH��,W�LV�WKH�PRVW�LPSRUWDQW�ELRSRO\PHU�
RQ�WKH�HDUWK��&RWWRQ�ILEHU� LV� WKH�SXUHVW�IRUP�RI�QDWXUDO�FHOOXORVH�ZKLFK�FRQWDLQV�RQO\�DERXW����RI�RWKHU�
VXEVWDQFHV�EHVLGH�FHOOXORVH��7KH�FKHPLFDO�FRPSRVLWLRQ�RI�QDWXUDO� ILEHUV�YDULHV�DFFRUGLQJ� WR� WKH�VSHFLHV��
DJH��FOLPDWH��VRLO�FRQGLWLRQV�DQG�LWV�JHRJUDSKLFDO�GLVWULEXWLRQ�>���@��


 &RUUHVSRQGLQJ�DXWKRU�
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7KH�HVVHQWLDO�FRPSRQHQW�RI�DOO�QDWXUDO�ILEHU�LV�FHOOXORVH��6WUXFWXUDOO\��FHOOXORVH�LV�D�OLQHDU�SRO\PHU�RI�
'�DQK\GUR� JOXFRS\UDQRVH� XQLWV� OLQNHG� WRJHWKHU� E\� ȕ�������JOXFRVLGLF� ERQGV�� 7KH� GHJUHH� RI�
SRO\PHUL]DWLRQ��'3��RI�FHOOXORVH�LV�IRXQG�WR�EH�����WR���������+HPLFHOOXORVH�LV�EUDQFKHG�SRO\PHU�ZKLFK�
LV�FRPSRVHG�RI�YDULRXV� ILYH� DQG� VL[� FDUERQ�VXJDUV�� WKH�PROHFXODU�ZHLJKW� RI�KHPLFHOOXORVHV� LV� OHVV� WKDQ�
WKDW� RI� FHOOXORVH� >���@�� 7KH\� FRQVLVW� RI� D� JURXS� RI� SRO\VDFFKDULGHV� �H[FHSW� SHFWLQ�� ZKLFK� VWLOO� UHPDLQ�
DVVRFLDWHG�ZLWK�FHOOXORVH�HYHQ�DIWHU�WKH�UHPRYDO�RI�OLJQLQ��/LJQLQ�LV�DQ�DPRUSKRXV��FURVVOLQNHG�SRO\PHU�
QHWZRUN� FRQVLVWLQJ� RI� DQ� LUUHJXODU� DUUD\� RI� YDULRXVO\� ERQGHG�K\GUR[\O� DQG�PHWKR[\� VXEVWLWXWHG� SKHQ\O�
SURSDQH�XQLWV��7KHVH�DUH�VROXEOH�LQ�VRGLXP��K\GUR[LGH�DQG�KHQFH�OLJQLQ�FDQ�EH�UHPRYHG�WR�VRPH�H[WHQW�E\�
DONDOL� WUHDWPHQW� DQG� EOHDFKLQJ����� /LJQLQ� LV� K\GURSKRELF� LQ� QDWXUH�� 7KH� PRLVWXUH� FRQWHQW� RI� WKH� ILEHUV�
GHSHQGV�RQ�WKH�FRQWHQW�RI�QRQ�FU\VWDOOLQH�SDUWV�DQG�YRLG�FRQWHQW�RI�WKH�ILEHU�ZKLFK�DPRXQWV�XS�WR����ZW���
XQGHU� VWDQGDUG� FRQGLWLRQV�� 7KH� K\GURSKLOLF� QDWXUH� RI� QDWXUDO� ILEHUV� LQIOXHQFHV� WKH� RYHUDOO� PHFKDQLFDO�
SURSHUWLHV�DV�ZHOO�DV�RWKHU�SK\VLFDO�SURSHUWLHV�RI�WKH�ILEHU�LWVHOI� �����9DULRXV�FKHPLFDO�PRGLILFDWLRQV�DQG�
WUHDWPHQWV� VXFK� DV� JUDIW� FRSRO\PHUL]DWLRQ�� PHUFHUL]DWLRQ�� VLODQH� WUHDWPHQW�� DFHW\ODWLRQ�� EHQ]R\ODWLRQ��
SHUPDQJDQDWH�WUHDWPHQW�HWF��KDYH�EHHQ�XVHG�WR�RYHUFRPH�WKH�GLVDGYDQWDJHV�DVVRFLDWHG�ZLWK�QDWXUDO�ILEHUV���
3UHSDUDWLRQ�RI�ELR�FRPSRVWLQJ�SRO\PHU�FRPSRVLWH�PDWHULDO�WR�SUHVHUYH�WKH�HQYLURQPHQW�LV�DOVR�RQH�RI�WKH�
JRDOV�RI�WKLV�UHVHDUFK��7KH�DSSOLFDWLRQV�RI�QDWXUDO�ILEHU�SRO\PHU�FRPSRVLWHV�DUH�LQFUHDVLQJ�GLIIHUHQW�ILHOGV�
VXFK�DV�FDUSHWLQJ��HOHFWULFDO�LQVWUXPHQW��SDFNLQJ��VSRUWV�DQG�PDQ\�RWKHUV�>����@���

7KH� DLP� RI� WKLV� VWXG\� LV� WR� LQYHVWLJDWH� WKH� IHDVLELOLW\� RI� H[WUDFWLRQ� RI� FHOOXORVH� ILEHUV� IURP� QDWXUDO�
ILEHUV�VXFK�DV�$OOR��*LUDUGLQLD�GLYHUVLIROLD���%DPERR��%DPEXVD�QXWDQV���FRWWRQ��*RVV\SLXP�DUERUHWXP��
HWF�� E\�GLIIHUHQW�SURFHGXUHV�DQG� VWXG\� WKH�FKDQJHV� LQ� WKHLU�PRUSKRORJ\�� VWUXFWXUH�� WKHUPDO� VWDELOLW\�DQG�
G\LQJ� IDVWQHVV� SURSHUWLHV��1RZDGD\V�� SUHSDUDWLRQ� RI� FRPSRVLWH�PDWHULDOV� E\� XVLQJ� GLIIHUHQWO\�PRGLILHG�
ILEHUV� DV�ZHOO� DV� WKH� XVH� RI� ILEHUV� LQ� YDULRXV� WH[WLOH� DQG� FORWK� LQGXVWULHV� KDYH� EHHQ� LQ� XVH� GXH� WR� KLJK�
HQYLURQPHQWDO�FRQVFLRXVQHVV����

([SHULPHQWDO�0HWKRGV

&KHPLFDOV�DQG�0DWHULDOV

+\GURJHQ� SHUR[LGH� �+�2��� 6'� )LQH�&KHP�/WG��� ,QGLD��� 6RGLXP�K\GUR[LGH� �1D2+��7KHUPR� )LVFKHU�
6FLHQWLILF�,QGLD�3YW��/WG����$FHWLF�DFLG��&+�&22+��7KHUPR�)LVFKHU�6FLHQWLILF�,QGLD�3YW��/WG����6XOSKXULF�
DFLG��+�62���7KHUPR�)LVFKHU�6FLHQWLILF�,QGLD�3YW��/WG���)RUPLF�DFLG��+&22+��7KHUPR�)LVFKHU�6FLHQWLILF�
,QGLD� 3YW�� /WG��ZHUH� SXUFKDVHG� IURP� FKHPLFDO� VXSSOLHUV� LQ�.DWKPDQGX� YDOOH\��'LIIHUHQW� QDWXUDO� ILEHUV�
IURP�GLIIHUHQW�SODQWV�ZHUH�FROOHFWHG�IURP�WKH�YLOODJH�QHDUE\�.DWKPDQGX�YDOOH\�DQG�DOVR�IURP�VXSSOLHUV�LQ�
.DWKPDQGX��1HSDO����

([WUDFWLRQ�RI�3ODQW�)LEHUV

5DZ�DOOR�ILEHU�ZDV�WUHDWHG�ZLWK�K\GURJHQ�SHUR[LGH�IROORZHG�E\�FDXVWLF�VRGD�WUHDWPHQW��7KH�ILEHU�ZDV�

GULHG�DW����q&�IRU����KRXUV��&RWWRQ�ILEHU�ZDV�FROOHFWHG�IURP�6\DQJMD�GLVWULFW�RI�1HSDO��,W�ZDV�SXUHO\�ZKLWH��
SXUH�DQG�LV�QRW�WUHDWHG�ZLWK�DONDOLHV��

&KDUDFWHUL]DWLRQ�RI�)LEHUV

3ODQW� ILEHUV�ZHUH� FKDUDFWHUL]HG� E\� WKH� GLIIHUHQW� VSHFWURVFRSLF� DQG�PLFURVFRSLF� WHFKQLTXHV�� 7KHUPDO�
DQG� PLFURVFRSLF� VWXG\� RI� ILEHU� ZDV� FDUULHG� RXW� DW� /HLEQL]�,QVWLWXW� I�U� 3RO\PHUIRUVFKXQJ�� 'UHVGHQ��
*HUPDQ\� DQG� ,QVWLWXWH� RI� 3K\VLFV��0DUWLQ� /XWKHU�8QLYHUVLW\��+DOOH�*HUPDQ\� UHVSHFWLYHO\�� 7KH� )RXULHU�
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WUDQVIRUP� LQIUDUHG� VSHFWURVFRS\� ZDV� FDUULHG� RXW� LQ� $FDGHP\� RI� 6FLHQFH� DQG� 7HFKQRORJ\� �1$67���
.KXPDOWDU�� /DOLWSXU�� 7KH�:DWHU� DEVRUSWLRQ� DQG� RSWLFDO� PLFURVFRS\� ZDV� GRQH� LQ� 5HVHDUFK� &HQWHU� IRU�
$SSOLHG�6FLHQFH�DQG�7HFKQRORJ\��5(&$67���7ULEKXYDQ�8QLYHUVLW\��.DWKPDQGX���

5HVXOWV�DQG�'LVFXVVLRQ�

)LJXUH����UHSUHVHQWV�WKH�VWHSV�RI�PRGLILFDWLRQ�RI�DOOR�ILEHUV�WR�H[WUDFW�WKH�ZKLWH�DOOR�ILEHUV�FRQWDFWLQJ�KLJKHU�
SURSRUWLRQ�RI�FHOOXORVH�IURP�LW��7KH�WUHDWHG�DOOR�ILEHUV�DUH�SXUHO\�ZKLWH� LQ�FRORU�DOPRVW�VLPLODU�WR� WKDW�RI� WKH�
FRWWRQ�ILEHUV��VKRZQ� LQ�)LJXUH��D���1RZDGD\V� WKHVH�ILEHUV�DUH�ZLGHO\�XVHG� LQ� WH[WLOH� LQGXVWULHV�DV�ZHOO�DV� LQ�
SRO\PHU�FRPSRVLWH�PDQXIDFWXULQJ�LQGXVWULHV�DV�ILOOHUV�WR�PDNH�HFR�IULHQGO\�FRPSRVLWHV���)LJXUH��E�VKRZV�WKH�
VLPSOH�FRWWRQ�ILEHUV�ZKLFK�DUH�FROOHFWHG�GLUHFWO\�ZLWKRXW�DQ\�IXUWKHU�FKHPLFDO�WUHDWPHQWV���

)LJXUH����6WHSV�IRU�H[WUDFWLRQ�SURFHVV�RI�D��WUHDWHG�DOOR�ILEHUV�IURP�UDZ�DOOR�ILEHUV�DQG�E��FRWWRQ�ILEHUV�

7KH� VWUXFWXUDO� FKDQJHV� LQ� WUHDWHG� DOOR� ILEHUV� ZHUH� VWXGLHG� E\� )RXULHU� WUDQVIRUP� LQIUDUHG� �)7,5��
VSHFWURVFRS\�DQG�FRPSDUHG�ZLWK�QHDW�DOOR�ILEHUV�DQG�FRWWRQ�ILEHUV�DV�VKRZQ�LQ�)LJXUH�����

)LJXUH����&RPSDULVRQ�RI�)7,5�VSHFWUD�RI�D��QHDW�DQG�WUHDWHG�DOOR�ILEHU�DQG�E��QHDW�DOOR�ILEHUV�DQG�FRWWRQ�
ILEHUV

)LJXUH��D�VKRZV�WKH�VSHFWUXP�RI�DOOR�ILEHUV�ZKLFK�ZDV�FRPSDUHG�ZLWK�FRWWRQ�ILEHUV��,W�VKRZV�WKDW�WKH�
DPRXQW�RI�FHOOXORVH�LQ�DOOR�ILEHU�DQG�FRWWRQ�DUH�QHDUO\�HTXDO�GXH�WR�VLPLODU�SHDN�SRVLWLRQV�LQ�WKH�VSHFWUD��
3HDNV� DW� ����� FP��� ��2+� VWUHWFKLQJ��� ����� FP��� �&�+� VWUHWFKLQJ�� DQG� ����� FP��� �&�2�&� VWUHWFKLQJ�
YLEUDWLRQV�RI�S\UDQRVH�ULQJ��DUH�WKH�FKDUDFWHULVWLF�SHDNV�RI�FHOOXORVH�LQ�QDWXUDO�ILEHUV�>���@���
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)LJXUH����6(0�LPDJH�RI�D��DOOR�ILEHUV��$)��DQG�E��WUHDWHG�DOOR�ILEHUV��7$)��XQGHU�ORZ�DQG�KLJK�PDJQLILFDWLRQV�

$IWHU� FKHPLFDO� WUHDWPHQW� RI� DOOR� ILEHUV�� VRPH� SHDNV� ZHUH� GLVDSSHDUHG� ZKLOH� VRPH� RI� WKHP� ZHUH�
UHGXFHG�VXJJHVWLQJ� WKH�GHFUHDVH� RI� OLJQLQ�DQG� KHPLFHOOXORVHV�FRQWHQW��7KH� LQFUHDVH� LQ�SHDN� LQWHQVLW\�DW�
����� FP��� DQG� ����� FP��� DQG� GLVDSSHDUDQFH� RI� SHDNV� DW� ����� FP��� �& &+���� ����� FP

��� �&�2&+�

VWUHWFKLQJ�� DQG� ���� FP��� �&�2�VWUHWFKLQJ�� UHSUHVHQW� WKH� LQFUHDVH� LQ� FHOOXORVH� DQG� GHFUHDVH� LQ� SKHQROLF�
FRQWHQW�RI�OLJQLQ�DQG�KHPLFHOOXORVHV�RI�ILEHUV�>�@��7KH�PRUSKRORJLFDO�FKDQJHV�DIWHU�WKH�FKHPLFDO�WUHDWPHQW�
RI�DOOR�ILEHU�ZDV�DOVR�REVHUYHG�E\�WKH�VFDQQLQJ�HOHFWURQ�PLFURVFRS\�DV�VKRZQ�LQ�)LJXUH����

7KH� VXUIDFH�PRUSKRORJ\� RI� ILEHUV�ZDV� VWXGLHG� E\� VFDQQLQJ� HOHFWURQ�PLFURVFRSLF� DQDO\VLV�� )LJXUH� ��
VKRZV� WKH� PRUSKRORJLFDO� GLIIHUHQFHV� LQ� EHWZHHQ� WKH� QHDW� DQG� WUHDWHG� DOOR� ILEHUV�� 7KH� ILJXUH� RQ� ULJKW�
UHSUHVHQWV� WKH� LPDJH� RI� VLQJOH� ILEHU� XQGHU� KLJK�PDJQLILFDWLRQ�� ,Q� FKHPLFDOO\�PRGLILHG� ILEHUV�� FHOOXORVH�
PLFURILEULOOV�DUH�OLQHDUO\�DOLJQHG�DQG�FOHDUO\�YLVLEOH�ZLWK�WKHLU�VPRRWK�VXUIDFHV�ZKLFK�PLJKW�EH�GXH�WR�WKH�
GHOLJQLILFDWLRQ� GXULQJ� FKHPLFDO� WUHDWPHQW�� ,Q� QHDW� ILEHUV�� WKH� FHOOXORVH� ILEHUV� DUH� LQ� EXQGOHV�ZLWK� URXJK�
VXUIDFHV��7KH� OLJQLQ�PLJKW�KHOS� WR�ELQG� WKHVH�FHOOXORVH�ILEHUV� WR� IRUP� WKH�EXQGOHV� >���@�� ,W�VKRZV� WKDW� WKH�
FKHPLFDO�WUHDWPHQW�KHOSV�WR�LPSURYH�WKH�VXUIDFH�PRUSKRORJ\�RI�QDWXUDO�ILEHUV��

)LJXUH����7*$�DQG�'7*�DQDO\VLV�RI�DOOR�DQG�FRWWRQ�ILEHUV���
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3\URO\VLV�RI�DOOR�ILEHUV�DQG�WUHDWHG�DOOR�ILEHUV�ZHUH�DQDO\]HG�E\�WKHUPRJUDYLPHWULF�DQDO\VLV��7*$��DQG�
GLIIHUHQWLDO� WKHUPRJUDYLPHWU\� �'7*��� 7KH� WKHUPDO� VWDELOLW\� RI� ILEHUV�ZDV� FRPSDUHG�ZLWK� FRWWRQ� ILEHUV��
%RWK�QHDW�DQG�WUHDWHG�DOOR�ILEHUV�ZHUH�IRXQG�WR�EH�WKHUPDOO\�PRUH�VWDEOH�WKDQ�WKDW�RI�SXUH�FRWWRQ�ILEHUV�DV�
VXJJHVWHG�E\�)LJXUH��D�DQG�)LJXUH��E��7KH�GHJUDGDWLRQ�RI� FHOOXORVH� LQ�FRWWRQ�ILEHUV�VWDUWV�IURP������&�
DQG�WKH�PD[LPXP�S\URO\VLV�RFFXUV�DW������&�>���@��0DVV�ORVV�LQ�DOOR�ILEHUV�DQG�WUHDWHG�DOOR�ILEHUV�VWDUWV�DW�
�����&�DQG�DW������&�UHVSHFWLYHO\��7KH�PD[LPXP�PDVV�ORVV�RI�QHDW�DQG�WUHDWHG�DOOR�ILEHUV�ZDV�REVHUYHG�
DW������&�DQG������&� UHVSHFWLYHO\�� ,W� VKRZV� WKDW� WUHDWHG�DOOR� ILEHUV�DUH�IRXQG� WR�EH�VWDELOL]HG�E\�����&�
WKDQ�UDZ�DOOR�ILEHUV�DQG�DERXW�����&�WKDQ�FRWWRQ�ILEHUV��)XUWKHU�WKH�UHVLGXDO�PDVV�LQ�WUHDWHG�ILEHU�LV�����
ZKHUHDV�LQ�QHDW�ILEHUV�LW�LV�DERXW������$OOR�ILEHUV�DUH�WKHUPDOO\�PRUH�VWDEOH�WKDQ�FRWWRQ�ILEHUV����
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