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8VWLQLY�9� 0���.RS�HY�3� 6���DQG�$OIHURY�=K��,��([FLWHG�VWDWHV�LQ
VHOI�RUJDQL]HG�,Q$V�*D$V�TXDQWXP�GRWV��7KHRU\�DQG�H[SHULPHQW���
$SSO��3K\V��/HWW��������9RO� ����1 ���3� ���Û����
��� 7ULEH�:� 5���6WHHU�0� -���0RZEUD\�'� -���6NROQLFN�0� 6��

)RUVKDZ�$� 1���5REHUWV� -� 6���+LOO�*��� 3DWH�0� $���:KLWH�
KRXVH &� 5���:LOOLDPV�*� 0��(PLVVLRQ�PHFKDQLVPV�DQG�EDQG
ILOOLQJ�HIIHFWV�LQ�*D$V�$O*D$V�9�JURRYH�TXDQWXP�ZLUHV����$SSO�
3K\V��/HWW��������9RO� ����1 ���3� ���Û����
��� /H�5X�(� &���)DFN�-���DQG�0XUUD\�5��7HPSHUDWXUH�DQG

H[FLWDWLRQ�GHQVLW\�GHSHQGHQFH�RI� WKH�SKRWROXPLQHVFHQFH� IURP
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0DOWVHY�3� 3��7HUPLQRORJ\�RI�0(06�067�DQG�1(06�167�LQ
5XVVLD��������������������������������������������������������������������������������������

3HUVSHFWLYHV�WHUPLQRORJ\�RI�0(06�067�DQG�1(06�167�GH�
YHORSHG�

9HUQHU�9� '��7R�7HUPLQRORJ\�LQ�0LFURV\VWHPV�7HFKQRORJ\ ��������������
7HUPLQRORJ\�LQ�ILHOG�RI�0LFURV\VWHPV�7HFKQRORJ\��7HFKQLTXH�

VXEMHFW�WR�H[LVWLQJ�GHILQLFLRQV�DV�WHFKQLTXHV��FRQQHFWHG�ZLWK�PLQLD�
WXUL]DWLRQ�RI�HOHPHQWV�VL]H�PLFURPHWHUV�GLDSDVRQ�LV�SUHVHQWHG�

9DUVKDYVNL�$� (��&RHIILFLHQW�RI�6FLHQFH�'HYHORSPHQW�LQ�5XVVLD���������
3HUVSHFWLYHV�RI�6FLHQFH�XVH��ZKLFK�LV�WKH�PRVW�UDSLG�GHYHORSHG

JOREDO�VFLHQWLILF�WHFKQLFDO�GLUHFWLRQ�DUH�FRQVLGHUHG�

6WUHOFKXN�9� 9���9DODNK�0� <D���*XOH�(� *���.RORP\V�$� )���
/LVLWVD�0� 3���0D]XU�<X� ,���:DQJ�=� 0��DQG�6DODPR�*� -�
0RGLILFDWLRQ�RI�3URSHUWLHV�RI��,Q��*D�$V�*D$V�0XOWLOD\HU�1DQRVWUXF�
WXUHV�ZLWK�4XDQWXP�:LUHV�E\�8VLQJ�7KHUPDO�$QQHDOLQJ ���������������� ��

2SWLFDO�LQYHVWLJDWLRQV�RI����SHULRG�,Q����*D����$V�*D$V�VWUXF�
WXUHV�ZLWK�TXDQWXP�ZLUHV��4:5V��KDYH�EHHQ�SHUIRUPHG�DIWHU�UDSLG
WKHUPDO�DQQHDOLQJ��57$��DW�WKH�WHPSHUDWXUHV�����WR�����Å&�IRU����V��,W
KDV�EHHQ�VKRZQ�WKDW�57$�UHVXOWV�LQ�WKH�KLJK�HQHUJ\�VKLIW�RI�SKRWR�
OXPLQHVFHQFH��3/��EDQG�SHDNV�LQKHUHQW�WR��,Q��*D�$V�4:V�DQG��'
�,Q��*D�$V� OD\HU��ZKLFK� LV�FDXVHG�E\�FKDQJHV�RI� WKHLU�FRPSRQHQW
FRPSRVLWLRQ�DQG�VWUDLQ�YDOXHV�DV�D�FRQVHTXHQFH�RI�,Q�*D�DWRPLF�LQ�
WHUGLIIXVLRQ�SURFHVVHV��7KH�FKDQJH�RI�WKH�DFWLYDWLRQ�HQHUJ\�GHVFULELQJ
WKH�WKHUPDO�GHFD\�RI��,Q��*D�$V�4:�3/�EDQG�LQ�WKH�DQQHDOHG�VDP�
SOHV�LQ�WKH�GHSHQGHQF\�RQ�WKH�DQQHDOLQJ�WHPSHUDWXUH�KDYH�EHHQ�H[�
SODLQHG�E\�WKH�FKDQJH�RI�WKH�TXDQWXP�GLPHQVLRQDO�SRWHQWLDO�LQ�WKH
UHVXOW�RI�LQWHUGLIIXVLRQ��7KH�KLJK�HQHUJ\�VKLIW�RI��,Q��*D�$V�4:5V
3/�SHDN�ZLWK�LQFUHDVLQJ�WKH�H[FLWDWLRQ�LQWHQVLW\�LV�LQGLFDWLYH�RI�WKH
SUHVHQFH�RI�SLH]RHOHFWULF�ILHOG�ZLWKLQ�4:5V��:H�IRXQG�D�VWURQJ�RS�
WLFDO�DQLVRWURS\�RI�3/�VSHFWUD��ZKLFK�LV�D�UHVXOW�RI�4:5V�VKDSH�DQL�
VRWURS\�DV�ZHOO�DV�DQLVRWURS\�RI�VWUDLQ�UHOD[DWLRQ��,W�KDV�EHHQ�VKRZQ
WKDW�57$�RI��,Q��*D�$V�PXOWLOD\HU�VWUXFWXUHV�ZLWK�4:5V�FDQ�EH�XVHG
WR�LPSURYH�VL]H�KRPRJHQHLW\�RI�4:V��LQFUHDVH�WKH�GHJUHH�RI�OLQHDU
SRODUL]DWLRQ�DQG�FKDQJH�WKH�HPLVVLRQ�HQHUJ\�

/HYRQ\DQ�/� 9��;�UD\�3KDVH�&RQWUDVW�)RUPLQJ�XQGHU�WKH
&RQGLWLRQV�RI�6SKHULFDO�:DYH�'LIIUDFWLRQ�)RFXVLQJ ������������������������

7KH�SRVVLELOLW\�RI�UHFRQVWUXFWLQJ�WKH�LQQHU�VWUXFWXUH�RI�RQH�GL�
PHQWLRQDO� SKDVH� REMHFWV� XQGHU� WKH� FRQGLWLRQV� RI�;�UD\� VSKHULFDO�
ZDYH�GLIIUDFWLRQ�IRFXVLQJ�LV�GLVFXVVHG��6WURQJ�DEVRUELQJ�ZDGJH�OLNH
FU\VWDO�ZLWK�ULE�SDUDOOHO�WR�GLIIUDFWLRQ�YHFWRU�LQ�V\PPHWULFDO�/DXH�JHR�
PHWU\�LV�XVHG�DV�D�PRQRFU\VWDO�DQDO\]HU��'LVSODFLQJ�WKH�SKDVH�REMHFW
DORQJ�WKH�GLUHFWLRQ�RI�GLIIUDFWLRQ�YHFWRU�ZLWK�VPDOOHU�VWHSV�WKDQ�WKH

VL]HV�RI�WKH�IRFXV�DUH�RQH�FDQ�EULQJ�GLIIHUHQW�SDUWV�RI�SKDVH�REMHFW�LQWR
WKH�IRFXVLQJ�FRQGLWLRQV��5HJLVWUDWLQJ�WKH�ZKROH�GDWD�PDS�RQH�FDQ�UH�
FRQVWUXFW�ZDYH�SKDVH�VKLIW�REWDLQHG�LQ�SKDVH�REMHFW�

.DUWDVKHY�9� $���%XUXKLQD�7� )��'HSHQGHQFH�RI�7LS�'LVSODFHPHQWV�
RQ 670�$[LV�,QFOLQDWLRQ ������������������������������������������������������������

'HSHQGHQFH�RI�WLS�GLVSODFHPHQWV�RQ�670�D[LV�LQFOLQDWLRQ�LV�XQ�
GHU� LQYHVWLJDWLRQ��7KLV�GHSHQGHQFH� LV�FDXVHG�E\�HODVWLFLW\�RI�670
VWUXFWXUH��([SHULPHQWV�VKRZ�WKDW�UHVXOWV�RI�FDOFXODWLRQV�H[SODLQ�FRU�
UHFWO\�REVHUYHG�GHSHQGHQFH�

%XFKLQ�(��<X���'HQLVHQNR�<X� ,��7KH�8VH�RI�7KHUPRPLJUDWLRQ
3URFHVVLQJ�LQ�0(06�7HFKQRORJ\�������������������������������������������������

7KH� WHFKQLFDO� DSSURDFKHV� ZLWK� WKH� XVH� RI� WKHUPRPLJUDWLRQ
SURFHVVLQJ�LQ�0(06�WHFKQRORJ\�DUH�SUHVHQWHG��7KH�VSHFLILF�H[DP�
SOHV�RI�XVLQJ�WKH�SURFHVV�DV�DSSOLHG�WR�VLOLFRQ�PLFURPDFKLQLQJ��SÛQ
MXQFWLRQ�LVRODWLRQ��HOHFWULFDO�FRPPXWDWLRQ�DQG�PRQROLWKLFDO�DVVHP�
EOLQJ�RI�VLOLFRQ�SDUWV�DUH�GHVFULEHG�

/DPDQRY�$� 0���,EUDJLPRY�5� 0���1LNROVNL�.� 1���5HGNLQ�$� 1���
7FKHVRY�5� *���6KHVKLQ�(� 3��)LHOG�(PLVVLRQ�&DWKRGHV�3UHSDUHG�
E\ /RZ�7HPSHUDWXUH�&KHPLFDO�9DSRU�'HSRVLWLRQ�0HWKRG�IURP�
(WKDQRO 9DSRU ��������������������������������������������������������������������������

$W�WKLV�SDSHU�LQYHVWLJDWLRQ�UHVXOWV�RI�HPLVVLRQ�SURSHUWLHV�FDUERQ
QDQRWXEHV�FDWKRGHV�DUH�UHSUHVHQWHG��7KHVH�FDWKRGHV�ZHUH�SURGXFHG
E\�ORZ�WHPSHUDWXUH�FKHPLFDO�YDSRU�GHSRVLWLRQ�PHWKRG��WHPSHUDWXUH
����Å&��IURP�HWKDQRO�YDSRU��WKDW�DOORZHG�WR�XVH�D�JODVV�DV�D�FDWKRGH
VXEVWUDWH��,QYHVWLJDWHG�VDPSOHV�GLIIHU�E\�JHRPHWU\�RI�GHSRVLWHG�OD\HU
RI�WKH�FDUERQ�QDQRWXEHV��ZLWK�FRPSOHWH�FRYHU�DQG�FRYHU�ZLWK�LVODQGV
RI�GLIIHUHQW�GLDPHWHUV�

*UDGHWVN\�9� *���.Q\D]NRY�0� 0���.UDYFKXN�/� 1���6HPHQRY�(� $��
0HWKRGV�RI�WKH�0RWLRQ�IRU�WKH�0LQLDWXUH�,QVLGH�7XEH�&RQWURO
5RERWV �������������������������������������������������������������������������������������

7KH�UHVXOWV�RI�WKH�VWDWXV�DQG�HYROXWLRQ�RI�PLQLDWXUH�FRQWURO�PXO�
WLOLQN�URERW�PRWLRQ�LQVLGH�RI�VPDOO�GLDPHWHU�WXEHV�DUH�SUHVHQWHG��7KH
PRVW�SHUVSHFWLYH�VFKHPHV�WHFKQLFDO�VROXWLRQV�DQG�FRQWURO�PRWLRQ�UH�
DOL]DWLRQV�DUH�FRQVLGHUHG�IRU�PLQLDWXUH�LQVLGH�WXEH�URERWV��GHYHORSHG
RQ�WKH�EDVH�RI�FRPSXWHU�VLPXODWLRQ�DQG�SK\VLFDO�PRGHOLQJ�

7KH�DGYDQFHG�WHQGHQFLHV�LQ�5�	�'�DQG�PLQLDWXUH�URERW�DSSOL�
FDWLRQV�DUH�LPSRUWDQW�IRU�SUREOHP�VROYLQJ�LQ�WKH�DUHD�RI�DXWRPDWLRQ
WHFKQRORJ\�

7KLV�ZRUN�UHDOL]HG�LQ�WKH�IUDPH�RI�5XVVLDQ�)RXQG�IRU�%DVLF�5H�
VHDUFK��5)%5��DQG�ZDV�VXSSRUWHG�SDUWLDOO\�E\�WKH�3URJUDPPH����RI
5$6��7KH�SUREOHPV�RI�DQDO\]HV�DQG�V\QWKHVLV�RI�LQWHJUDWHG�WHFKQR�
ORJLFDO�DQG�VRFLDO�FRQWURO�V\VWHP��
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