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¹ãËÓº}� �lik�|ik� Ò� ikin|�3� ¹Sºmº�ÒãÒ� ¹º
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ÓÈ«�SË�
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°�S�}��S©�lz�äË�ÈããÈ�¹º°ãË�º��
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���jäËË�°«�SÈÏmÒ�È«�}ÈmÒ�È�Ò«
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ÓËË� Ò°¹ºã
ÏºmÈ�
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	ËÓÒ«�� ¹ºã��ËÓÓ©Ë� °� ¹ºäº�
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z sSÖ´Ñ�×SÖÌÎÍÎÕÑÉ�´ÖÕÛÎSÎÕÝÑÑ���¸���ÙÎÕÚÉËSÉ�����

nÎÙÚÖ�Ñ�ÍÊÚÊ�×SÖÌÎÍÎÕÑÉ�´ÖÕÛÎSÎÕÝÑÑ

lÖÕÛÎSÎÕÝÑÉ��wÑÔÑÉ�ÚÌÎSÍÖ�Ö�ÚÎÓÊ�Ñ�ÙÖÌSÎÔÎÕÕâÎ�ÔÑ´�
SÖ��Ñ�ÕÊÕÖÚÎÜÕÖÓÖ�ÑÑ��ÙÖÙÚÖÑÚÙÉ�Ù����×Ö����ÙÎÕÚÉËSÉ�������ÖÍÊ
Ì� ÙÊÕÊÚÖSÑÑ� �xÎÓÎËÕâÒ�ÕÊSÐÊÕ��� ��� lÑÙÓÖÌÖÍÙ´�� sÚÊÌSÖ×ÖÓã�
Ù´ÑÒ�´SÊÒ��3ÖÙÙÑÉ�

p×ÓÊÚÊ�×SÖÎÐÍÊ��×SÖÏÑÌÊÕÑÉ�Ñ�×ÑÚÊÕÑÉ�̧ �ÐÊ�ÙÞÎÚ�ÁÞÊÙÚÕÑ�
´ÖÌ�´ÖÕÛÎSÎÕÝÑÑ��pÍÕÖÌSÎÔÎÕÕÖ�ÌÖÐÔÖÏÎÕ�ËÎÙ×ÓÊÚÕâÒ�´ÁSÙ
ÓÎÞÎÕÑÉ�Ì�ÙÊÕÊÚÖSÑÑ��×SÑ�×SÖÏÑÌÊÕÑÑ�ÕÎ�ÔÎÕÎÎ���ÍÕÎÒ��

pS�ÊÕÑÐÊÝÑÖÕÕâÒ� ÌÐÕÖÙ� ÕÊ� ×SÖÌÎÍÎÕÑÎ� ´ÖÕÛÎSÎÕÝÑÑ
ÙÖÙÚÊÌÓÉÎÚ������SÁË�

lÖÕÚÊ´ÚÕâÎ�ÚÎÓÎÛÖÕâ�

lÊS�ÑÕ�oÑ´ÖÓÊÒ�jÌÊÕÖÌÑÞ ����������������
wÖSÖßÑÓÖÌ�bÓÎ´ÙÊÕÍS�bÓÎ´ÙÎÎÌÑÞ ����������������
3ÖÍÕâÒ�bÓÎ´ÙÊÕÍS�bÓÎ´ÙÊÕÍSÖÌÑÞ ����������������

(�PDLO��NRQI#VWY�UXQQHW�UX� UHFWRU#QFVWX�UX

��¨­´®°¬ ¶¨¿� �
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%DEDHYVN\�3� *���=KXNRY�$� $���=KXNRYD�6� $��(IIHFW�
RI�&KHPLFDO�7UHDWPHQW�RQ�6WUXFUWXUH�3URSHUWLHV�RQ�7KLQ
3RO\LPLGH�)LOPV�DQG�&RDWLQJV�DQG�RQ�+)�SODVPD�(WFKLQJ�5DWH�
RI��6DFULILFLDO��/D\HUV�LQ�0LFURV\VWHP�7HFKQRORJ\ ���������������������������

7KH�UHVHDUFK�GHDOV�ZLWK�SUREOHP�RI�RSWLPL]DWLRQ�RI��VDFULILFLDO�
SRO\LPLGH�OD\HU�HWFKLQJ�SURFHVV�LQ�PDQXIDFWXUH�RI�0LFURV\VWHPV�RQ
WKH�EDVLV�RI�PXOWLOHYHO�SDWWHUQV��,W�LV�GHWHUPLQHG��WKDW�WKH�SK\VLFR�
FKHPLFDO�PRGLILFDWLRQ�RI�WKLQ�SRO\LPLGH�ILOPV�DQG�FRDWLQJV�E\�SODV�
PD�FKHPLFDO� KH[DPHWW\OHGLVLOD]DQH� YDSRU� WUHDWPHQW� SURSDJDWHV
WKURXJK�WR�DOO�WKHLU�WKLFNQHVV��FKDQJLQJ�WKHLU�ERQG�FKDUDFWHU��VXUIDFH
DQG�EXON�SURSHUWLHV�DQG�QDWXUH�RI�LQWHUSKDVH�LQWHUDFWLRQ�

'UDJXQRY�9� 3��1RQOLQHDULW\�RI�(ODVWLF�(OHPHQWV�
RI�0LFURPHFKDQLFDO�6\VWHPV ��������������������������������������������������������

'HIOHFWLRQ�RI�WKLQ�GLDSKUDJPV�RI�WKH�FLUFXODU��VTXDUH��WULDQJXODU
DQG�KH[DJRQDO�IRUPV�ZLWK�FODPSHG�HGJHV�XQGHU�YDULRXV�ORDGV�LV�VWXG�
LHG��7KLV�UHVHDUFK�LV�OLPLWHG�WR�GHIOHFWLRQ�: P K��,W�LV�VKRZQ��WKDW�
FKDQJLQJ�WKH�VL]HV�GLDSKUDJPV�006��LW�LV�SRVVLEOH�WR�FKDQJH�D�SDULW\
HIIHFWLYH�ULJLGLW\�DQG�PD[LPDO�GHIOHFWLRQV�RI�GLDSKUDJPV�RI�WKH�GLI�
IHUHQW�IRUP��,V�HVWDEOLVKHG��WKDW�LQ�QRQOLQHDU�DSSURDFK�XQGHU�LQIOX�
HQFH� RI� DQ� HOHFWULFDO� ILHOG� WKH� VL]H� RI� D� FULWLFDO� GHIOHFWLRQ�RI� GLD�
SKUDJPV�LV�GHWHUPLQHG�QRW�RQO\�LQLWLDO�JDS�EHWZHHQ�HOHFWURGHV��EXW�DO�
VR�WKLFNQHVV�RI�GLDSKUDJP�

(YO\XNKLQ�$� %���*HUNH�0� 1���(YO\XNKLQD�(� 9��7KHRUHWLFDO�
0RGHO�RI�3UREH�5DGLDWLRQ�LQ�1HDU�)LHOG�2SWLFDO�0LFURVFRS\�
RI�6LQJOH�/D\HU�1DQRVWUXFWXUH �������������������������������������������������� ��

0RGHOLQJ� RI� UDGLDWLRQ� GLVWULEXWLRQ� LQVLGH� WKLQ� GLHOHFWULF� OD\HU
EDVHG�LQ�QHDU�ZDYH�]RQH�RI�VPDOO�VRXUFH�KDV�EHHQ�FDUULHG�RXW��1HDU�
ILHOG�UDGLDWLRQ�LV�FRQVLGHUHG�WR�EH�WKH�VHFRQG�ZDYHV�HPPLWHG�E\�PH�
VRVFRSLF�GLHOHFWULF�REMHFW�ZKLFK�LQWHUDFWV�ZLWK�H[WHUQDO�HOHFWURPDJ�
QHWLF�ZDYH��7KHRUHWLFDO�PRGHO�LV�EDVVHG�RQ�WKH�LQWHJUDO�HTXDWLRQV�RE�
WDLQHG�IURP�0D[ZHOO�HTXLDWLRQV�E\�*UHHQ�V�IXQFWLRQ�PHWKRG��1X�
PHULFDO�UHVXOWV�DUH�REWDLQHG�LQ�XQUHWDUGDWLRQ�DSSURDFK�GXH�WR�WKH�IDFW
WKDW� DOO� GLVWDQFHV� LQ�TXHVWLRQ� V\VWHP�DUH�PXFK� VPDOOHU� WKDQ�ZDYH
OHQJWK�RI�WKH�H[WHUQDO�ILHOG��,W�ZDV�VKRZQ�WKDW�WKH�GLVWULEXWLRQ�RI�HOHF�
WULF�ILHOG�LQWHQVLW\�LQ�WKH�OD\HU�FDQ�QRWDEO\�GHSHQG�RQ�WKH�ILHOG�FRP�

SRQHQWV�ZKLFK�DUH�SHUSHQGLFXODU� WR� VXUIDFHV�RI� WKH� OD\HU�� ,W� WDNHV
SODFH�HYHQ�ZKHQ�WKHVH�FRPSRQHQWV�DUH�DEVHQW�LQ�WKH�H[WHUQDO�ZDYHV�

1RNKULQ�$� 9���0DNDURY�,� 0���/RSDWLQ�<X� *��3HFXOLDULWLHV�
RI�5HVHDUFK�7HFKQLTXH�IRU�,QYHVWLJDWLRQ�RI�'HIRUPDWLRQ�,QGXFHG�
*UDLQ�*URZWK�LQ�1DQR��DQG�0LFURFU\VWDOOLQH�6XSHUSODVWLF�
$OXPLQXP�$OOR\V�8VLQJ�$WRPLF�)RUFHG�0LFURVFRS\ �������������������������

7KH�EDVLF�PHWKRGLFDO�DQG�WHFKQLFDO�DSSURDFKHV�IRU�LQYHVWLJDWLRQ
RI�JUDLQ�VWUXFWXUH�HYROXWLRQ�RI�QDQR��DQG�PLFURFU\VWDOOLQH�PDWHULDOV
XVLQJ�DWRPLF�IRUFHG�PLFURVFRS\�KDYH�EHHQ�GHYHORSHG��,Q�SDUWLFXODU�
VWUXFWXUH� HYROXWLRQ� RI� $OÛ0JÛ6FÛ=U� DQG�$OÛ=QÛ0JÛ6FÛ=U
DOOR\V�SURGXFHG�E\�HTXDO�FKDQQHO�DQJXODU�SUHVVLQJ�KDV�EHHQ�VWXGLHG�
$V�D�SUHOLPLQDU\�WUHDWPHQW��WKH�VDPSOHV�RI�$OÛ0JÛ6FÛ=U�DQG�$OÛ
=QÛ0JÛ6FÛ=U�DOOR\V�ZHUH�H[SRVHG�WR�KHDW�WUHDWPHQWV��DQQHDOLQJV�
DQG�VXSHUSODVWLF�GHIRUPDWLRQ�

'DOLGFKLN�)� ,���*ULVKLQ�0� 9���.RYDOHYVNLL�6� $��)HDWXUHV�
RI�(OHFWURQLF�6WUXFWXUHV�RI�,QWHUDFWLQJ�1DQRFDUERQ�3DUWLFOHV�������������

1HZ�WRSRJUDSKLF�DQG�VSHFWURVFRSLF�SKHQRPHQD�GXH�WR�ZHDN�H[�
FKDQJH�LQWHUDFWLRQ�RI�FDUERQ�DWRPV�RI�GLIIHUHQW�ORZ�GLPHQVLRQDO�QD�
QRV\VWHPV��SRLQW�GHIHFWV��HQVHPEOHV�RI�RUGHUHG�QDQRWXEHV�RQ�JUDSKLWH�
0RLUH�SDWWHUQV��DUH�IRXQG�DQG�H[SODLQHG�

$GDPRY�<X� )���6RPRY�2� $���6KHYFKHQNR�(� $��6\VWHPV�RQ
&KLS�LQ�0RGHUQ�0LFURHOHFWURQLFV �������������������������������������������������

$QDO\WLFDO�VXUYH\�RI�9/6,�V\VWHPV�DQG�GHVLJQ�PHWKRGRORJ\�OLWH�
UDWXUH�LV�SURSRVHG�LQ�WKLV�SDSHU��7KH�GHVLJQ�V\VWHPV�HYROXWLRQ�IRUHFDVW
LV�PDGH��7KH\�ZLOO�SURJUHVV�LQ�GLUHFWLRQ�RI�GHVLJQ�IORZV�FRQVROLGDWLRQ
EHWZHHQ�V\VWHPV�RQ�FLUFXLW�ERDUGV�DQG�V\VWHPV�RQ�FKLSV�EDVHG�RQ
VWDQGDUG�0DFUREORFNV��,3�EORFNV��XVLQJ�

(URNKLQ�9� 9��$UFKLWHFWXUH�6SHFLILF�%,67�IRU�,3�%ORRNV �����������������

3RVVLEOH�DSSURDFKHV�WR�EXLOW�LQ�VHOI�WHVWLQJ��%,67��RI�PLFURSUR�
FHVVRUV�DUH�GLVFXVVHG��0LFUR�3URJUDP�6WLPXOL�6RXUFH�%,67�PHWKRG
�066�%,67��LV�SUHVHQWHG��3RVVLEOH�DSSOLFDWLRQV�RI�WKH�PHWKRG�IRU
QRQ�PLFURSURJUDP�FRQWUROOHG�,3V��)60�EDVVHG��DUH�GLVFXVVHG��7KH
066�%,67�PHWKRG�FRPELQHG�ZLWK�PHWKRG�RI�VLPXODWLQJ�RI�H[WHUQDO
HQYLURQPHQW�SURYLGHV�KLJK�IDXOW�FRYHUDJH�SHUFHQWDJH�DQG�VPDOO�KDUG�
ZDUH�RYHUKHDG�
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)RU�IRUHLJQ�VXEVFULEHUV�

-RLQWãVWRFN�FRPSDQ\�0.ã3HULRGLFD��(ãPDLO��LQIR#SHULRGLFDOV�UX� 7HO��������������ã������)D[��������������ã����

7KH�MRXUQDO�ERXJKW�VLQFH�QRYHPEHU������

(GLWRUãLQã&KLHI�3K��'��3HWU�3��0DOWVHY

,661�����å�����

$GGUHVV�LV�����6WURP\QVN\�/DQH��0RVFRZ����������5XVVLD��7HO��)D[�������������ã�����

(ãPDLO��LW#QRYWH[�UX�� KWWS���ZZZ�PLFURV\VWHPV�UX


