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*DSRQRY�6� 9��([WUHPH�8OWUDYLROHW�/LWKRJUDSK\�Û�)XWXUH�RI�WKH�1D�
QRHOHFWURQLFV �����������������������������������������������������������������������������

7KH�TXHVWLRQV�RI�GHYHORSPHQW�RI�OLWKRJUDSK\�ZLWK�XVH�RI�H[WUHPH
XOWUDYLROHW�UDGLDWLRQ�ZLWK�OHQJWK�RI�WKH�ZDYH������QP�DUH�FRQVLGHUHG�

'HVSRWXOL�$� /���$QGUHHYD�$� 9���5DPEDEX�%��1DQRLRQLFV�
RI�6XSHULRQLF�&RQGXFWRUV�Û�WKH�%DVLV�IRU�WKH�&UHDWLRQ�
RI�1RYHO�'HYLFHV�IRU�067 �����������������������������������������������������������

$�QHZ�FODVV�RI�VXSHULRQLF�FRQGXFWRUV��6,&��Û�DGYDQFHG�VXSHUL�
RQLF�FRQGXFWRUV��$6,&V��ZLWK�WKH�DFWLYDWLRQ�HQHUJ\�RI�LRQLF�FRQGXF�
WLYLW\�(�|�����H9�Û�LV�PDUNHG�RXW��$�QHZ�GLUHFWLRQ�RI�QDQRLRQLFV�Û
QDQRLRQLFV�RI�$6,&V�Û�LV�SURSRVHG��1DQRV\VWHPV�RI�VROLG�VWDWH�LRQLF
FRQGXFWRUV�DUH�GLYLGHG�LQWR�WZR�FODVVHV�GLIIHULQJ�E\�RSSRVLWH�LQIOXHQFH
RI�VXUIDFH�OD\HU�GLVRUGHULQJ�RQ�LRQLF�FRQGXFWLYLW\�VL�DQG�(��,��QDQR�
V\VWHPV�RQ�WKH�EDVLV�RI�FRPSRXQGV�ZLWK�DQ�LQLWLDOO\�VPDOO�VL��ODUJH�YD�
OXHV�RI�(���,,��QDQRV\VWHPV�RQ�WKH�EDVLV�RI�$6,&V��QDQR�$6,&V���,W
LV�SURSRVHG�WKDW�D�IXQGDPHQWDO�FKDOOHQJH�RI�QDQRLRQLFV�Û�FRQVHUYD�
WLRQ�RI�IDVW�LRQ�WUDQVSRUW��),7��LQ�QDQR�$6,&�VKRXOG�EH�VROYHG�E\�WKH
FUHDWLRQ�RI�VWUXFWXUH�RUGHUHG��FRKHUHQW��$6,&�LQGLIIHUHQW�HOHFWURGH
�,Q(O��KHWHURERXQGDULHV��,Q�WKH�ZRUN�IRU�QDQR�$6,&V�DUH�LQWURGXFHG�
�L��D�FKDUDFWHULVWLF�SDUDPHWHU�3  G�O4��G�Û�WKH�WKLFNQHVV�RI�D�OD\HU
RI�$6,&�ZLWK�GLVRUGHUHG�FU\VWDO�VWUXFWXUHV�LQ�WKH�DUHD�RI�D�KHWHUR�
ERXQGDU\��O4�Û�WKH�VFUHHQLQJ�OHQJWK�IRU�PRELOH�LRQV�LQ�WKH�EXON�RI
$6,&��DQG��LL��D�FULWHULRQ�RI�WKH�FRQVHUYDWLRQ�RI�),7��,W�LV�VKRZQ�WKDW
LQ�QDQR�$6,&V�DW�WKH�OHYHOLQJ�RI�)HUPL�OHYHOV��WKH�FRQWDFW�SRWHQWLDOV
9�DW�WKH�$6,&�,Q(O�FRKHUHQW�KHWHURMXQFWLRQV�VDWLVI\�WKH�FRQGLWLRQ
9 Q�N%7�H��7KH�SRVVLELOLW\�IRU�WKH�FUHDWLRQ�RI�QDQRLRQLF�VXSHUFDSDF�
LWRUV��16&��ZLWK�VXEPLFURQ�VL]HV�RQ�WKH�EDVLV�RI�$6,&�,Q(O�FRKHUHQW
KHWHURMXQFWLRQV�DQG�VSHFLILF�FDSDFLW\�a��Ü��)�FP���ZRUN�IUHTXHQFLHV
a���Û����+]�IRU�D���*ELW�FDSDFLWRU�'5$0��K\EULG�VRXUFHV�RI�HQHUJ\
DQG�SRZHU�RI�PLFURV\VWHP�WHFKQRORJ\�DQG�ZLUHOHVV�VHQVRU�QHWZRUNV
LV�SRLQWHG�RXW�

%DUKRWNLQ�9� $���0LQDNRY�(� ,��,QWHOOHFWXDO�*DXJHV�RI�9LEUDWLRQ ����
,Q�ZRUN�QHFHVVLW\�DQG�VRPH�ZD\V�RI�LQWHOOHFWXDOL]DWLRQ�RI�JDXJHV

DUH�FRQVLGHUHG��H[DPLQHG��E\�H[DPSOH�RI�RQH�RI�SURXEOHP�IRU�JDXJHV
RI�YLEUDWLRQ�

.RVPRGHP\DQVND\D�*� 1���6RURNLQD�6� ,��)HDWXUHV�
RI�'HILQLWLRQV�RI�D�3UHVVXUH�)LHOG�LQ�D�&OHDUDQFH�DW�'ULYLQJ�
0LFURFDSVXOH LQ�3LSHV�RI�D�6PDOO�'LDPHWHU ��������������������������������� ��

7KH�ILHOG�RI�SUHVVXUH�LQ�D�FOHDUDQFH�LV�FUHDWHG�DW�IRUZDUG�PRYH�
PHQW�RI�WKH�LQFOLQHG�PLFURFDSVXOH�DORQJ�DQ�D[LV�RI�D�SLSH�RI�D�VPDOO
GLDPHWHU�ZLWK�YLVFRXV�OLTXLG��7KH�PHWKRG�RI�WKH�HTXLYDOHQW�HTXDWLRQ�
DV�RQH�RI�DQDO\WLFDO�PHWKRGV�RI�WKH�GHFLVLRQ�RI�WKH�QRQ�XQLIRUP�HTXD�
WLRQV�RI�WKH�VHFRQG�RUGHU�LQ�SULYDWH�GHULYDWLYH�ZLWK�YDULDEOH�IDFWRUV�LV
XVHG�

6WDUNRY�9� 9��0LFUR�)DEULFDWLRQ�8VLQJ�2[LGL]HG�3RURXV�
6LOLFRQ�������������������������������������������������������������������������������������

2Q�DQ�H[DPSOH�RI�PDQXIDFWXULQJ�RI�D�PDWUL[�6L2��SUREHV�DQG
VLOLFRQ�HOHFWURGHV�RI�PLFUR�IXHO�FHOO�HOHPHQWV�WKH�WHFKQRORJ\�RI�PL�
FUR�IDEULFDWLRQ�ZLWK�DSSOLFDWLRQ�R[LGL]HG�PDFURSRURXV�VLOLFRQ�LV�RI�
IHUHG�

/DQG\VKHY�$� 9���/DYUHQW\HY�$� $���/DQG\VKHY�9� $��
(OHFWURQ�3UREH�5HVHDUFKHV�RI�0LFURPRGXODU��7KHUPRHOHFWULF�
%ORFNV �������������������������������������������������������������������������������������

(OHFWURQ�SUREH�PHWKRGV�ZHUH�XVHG�WR�UHVHDUFK�RI�FKHPLFDO�LQ�
WHUDFWLRQ�RQ�FRQWDFWV�RI�PLFURPRGXODU�WKHUPRHOHFWULF�EORFNV�RQ�WKH
EDVLV�RI�DOOR\V�RI�VWUXFWXUH�%L�6H���7H����DQG�%L����6E����7H���3URGXFWV
RI�LQWHUDFWLRQ�DQG�NLQHWLF�SDUDPHWHUV�RI�WKHLU�JURZWK�DUH�GHWHUPLQHG�
,W�LV�VKRZQ��WKDW�FKHPLFDO�LQWHUDFWLRQ�FUHDWHV�FRQGLWLRQV�IRU�HYROXWLRQ
RI�FUDFNV�LQ�FRQWDFWV�DQG�WR�JURZWK�RI�LQWHUQDO�HOHFWULF�UHVLVWDQFH�RI
WKH�EORFN��2Q�WKH�EDVLV�RI�WKH�UHFHLYHG�GDWD�WKH�IRUHFDVW�RI�LWV�GXUD�
ELOLW\�DQG�UHOLDELOLW\�LV�GRQH�

6KLORY�,��3���*ULJRUMDQWV�9��9���.RFKPDUHY�/��<D���.O\XFKQLN�1��7���
-DNRYOHY�0��<D��+LJK�$SHUWXUH�2SWLFDO�)LEHU�6WUXFWXUHV�%DVHG�
RQ�6LOLFD�'RSHG�E\�)OXRULQH�3URGXFHG�LQ�0LFURZDYH�3ODVPD�
DW�/RZ�3UHVVXUH ������������������������������������������������������������������������

2SWLFDO� ILEHU� VWUXFWXUHV� �6L2��)�6L2��FRPSRVLWLRQ�� ZLWK� KLJK
QXPHULFDO�DSHUWXUH�XS�WR������SURGXFHG�LQ�WKH�PLFURZDYH�SODVPD�DW
ORZ�SUHVVXUH�DUH�H[DPLQHG��7KH�ZDYHJXLGH�W\SH�+���PRGH�PLFUR�
ZDYH�SODVPRWURQ�DV�D�SODVPD�VRXUFH�LV�XVHG��6RPH�SURSHUWLHV�RI�WKH
KLJK�DSHUWXUH�SUHIRUPV�DQG�OLJKWJXLGHV�EDVHG�RQ�VLOLFD�GRSHG�E\�IOX�
RULQH�DUH�LQYHVWLJDWHG��7KH�PDLQ�DSSOLFDWLRQV�RI�WKHVH�VWUXFWXUHV�DUH
SUHVHQWHG�

'DULQWVHY�2� 9���0LJUDQRY�$� %��7KH�0DQLSXODWLRQ�0LFURURERWRWHFK�
QLFDO�6\VWHPV�DQG�3UREOHPV�RI�0DQXIDFWXUH�+\EULG�0(06 ������������

4XHVWLRQV�RI�XVH�PDQLSXODWLRQ�PLFURURERWRWHFKQLFDO�V\VWHPV�IRU
DVVHPEO\�DQG�SDFNLQJ�K\EULG�PLFURV\VWHPV�DUH�FRQVLGHUHG��7KH�EDVLF
SUREOHPV�RI�PDQXIDFWXUH�0(06�LQWR�ZKLFK�WRXFK��FRQWURO��H[HFX�
WLYH�DQG�LQIRUPDWLRQ�IXQFWLRQV�DUH�LQWHJUDWHG�DUH�GHVFULEHG��7KH�EULHI
DQDO\VLV�RI�D�PRGHUQ�FRQGLWLRQ�RI�PLFURDVVHPEO\�WHFKQRORJLHV�LV�JL�
YHQ��)HDWXUHV�RI�UHDOL]DWLRQ�RI�NQRZQ�PLFURWHFKQRORJLFDO�V\VWHPV�DUH
JHQHUDOL]HG�

/RNKLQ�9� 0���0DQ�NR�6� 9���5RPDQRY�0� 3���
*DUWVHHY�,� %���.ROLDGLQ�.� 6��7KH�7UHQGV�LQ�WKH�0LQL��
DQG�0LFUR��FODVV�8QPDQQHG�$HULDO�9HKLFOH�'HYHORSPHQW�����������������

7KH�DUWLFOH�SUHVHQWV�D�VXUYH\�RI�WKH�H[LVWLQJ�DQG�SURPLVLQJ�PRGHOV
RI�FRPSDFW�8$9V��WRJHWKHU�ZLWK�DQ�DQDO\VLV�RI�WKH�PDMRU�WUHQGV�DQG
SUREOHPV�LQ�WKHLU�GHYHORSPHQW�
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