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7KH�PDLQ�ELRFKHPLFDO�PHFKDQLVPV�RI�PHWDEROLF�GLVRU�
GHUV�GHYHORSPHQW�LQ�FKLOGUHQ�ZLWK�DFHWRQHPLF�VWDWHV
FDXVHG�E\�VHYHUH�LQIHFWLRQV�KDYH�EHHQ�GHVFULEHG��7KH
GDWD�DERXW�WKH�OLPLWDWLRQ�RI�XVLQJ�JOXFRVH�VROXWLRQV�IRU
LQWHUUXSWLRQ�RI�NHWRJHQHVLV�LQ�VWUHVV�KDYH�EHHQ�UHSUH�
VHQWHG��7KH�UHVHDUFK�GDWD�DERXW�WKH�SDUWLFXODULWLHV�RI
[\OLWRO�V�PHWDEROLVP�LQ�KXPDQ�RUJDQLVP�LQ�WKH�VWDWH
RI� VWUHVV� KDYH� EHHQ� VXPPDUL]HG�� 7KH�PDLQ�PHFKD�
QLVPV� RI� [\OLWRO�V� DQWLNHWRJHQLF� DFWLRQ� KDYH� EHHQ
GHVFULEHG�LQ�GHWDLO��7KH�UHVXOWV�RI�RXU�RZQ�LQYHVWLJD�
WLRQV�RI�XVLQJ�Ù;\ODWµ�[\OLWRO�VROXWLRQ�LQ�FKLOGUHQ�ZLWK
DFHWRQHPLF� VWDWHV�FDXVHG�E\� VHYHUH� LQIHFWLRQV�KDYH
EHHQ� UHSUHVHQWHG�� 7KH� FKDQJHV� RI� DFLG�EDVLF� VWDWH�
VRPH�SDUDPHWHUV�RI�FDUERK\GUDWH�DQG�SURWHLQ�PHWDER�
OLVP��ZDWHU�EDODQFH�LQ�FKLOGUHQ�ZLWK�DFHWRQHPLF�VWDWHV
FDXVHG� E\� VHYHUH� LQIHFWLRQV� KDYH� EHHQ� VKRZQ�� 7KH
HIIHFWLYHQHVV�DQG�VDIHW\�RI�WKH�LQIXVLRQ�WKHUDS\�XVLQJ
WKH�FRPELQDWLRQ�RI�JOXFRVH�DQG�Ù;\ODWµ�[\OLWRO�VROXWLRQ
IRU�LQWHUUXSWLRQ�RI�NHWRJHQHVLV�DQG�FRUUHFWLRQ�RI�PH�
WDEROLF�GLVRUGHUV� LQ� FKLOGUHQ�ZLWK�DFHWRQHPLF� VWDWHV
KDYH�EHHQ�GHPRQVWUDWHG��
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7KH�JHQHUDOL]HG�OLWHUDU\�GDWD�FRQFHUQLQJ�WKH�DSSOLFDWLRQ�RI
VROXWLRQV�IRU�SHULWRQHDO�GLDO\VLV�LQ�WKH�WUHDWPHQW�RI�FKURQLF
UHQDO�LQVXIILFLHQF\�KDYH�EHHQ�SUHVHQWHG��7KH�ZRUOG�PHGLFDO
SUDFWLFH� LV� VKRZQ� WR� XVH� WKH� VROXWLRQV� IRU� SHULWRQHDO
GLDO\VLV��ZKLFK�GLIIHU�LQ�DQ�RVPRWLF�DFWLYH�DJHQW��VXFK�DV
GH[WURVH��GH[WURVH�SRO\PHU��DPLQR�DFLG��FKRQGURLWLQ�VXO�
IDWHV�DQG�LWV�GHULYDWHV��K\DOXURQLF�DFLG�DQG�LWV�SURGXFWV�RI
GHSRO\PHUL]DWLRQ��SURGXFWV�RI�FKHPLFDO�WUDQVIRUPDWLRQ�RI
RWKHU� JO\FRVDPLQRJO\FDQV�� DFHW\ODWHG� DQG� GHDFHW\ODWHG
DPLQR�VXJDUV�RU�WKHLU�FRPELQDWLRQV���LQ�LWV�FRQFHWUDWLRQ�
LQ�HOHFWURO\WLF�FRPSRVLWLRQ��WKH�SUHVHQFH�RU�DEVHQFH�RI
SRWDVVLXP�LRQV��KLJK�RU�ORZ�FRQWHQW�RI�FDOFLXP��PDJQH�
VLXP�LRQV��WKH�FRQWHQW�RI�FKORULGH���ODFWDWH���K\GURFDUERQ�
DWH��LRQV��DQG�LQ�S+��7KH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV
RI�SHULWRQHDO�GLDO\VLV�VROXWLRQV��ZKLFK�GLIIHU�LQ�DQ�RVPRWLF
DFWLYH�DJHQW�KDYH�EHHQ�VKRZQ��7KH�RZQ�PDUNHWLQJ�DQG
WHFKQRORJLFDO�LQYHVWLJDWLRQV�RI�JOXFRVH�ODFWDWH�VROXWLRQV�IRU
SHULWRQHDO�GLDO\VLV�KDYH�EHHQ�JLYHQ�EULHIO\��(LJKW�LPSRUWHG
VROXWLRQV�IRU�SHULWRQHDO�GLDO\VLV�KDYH�EHHQ�UHJLVWHUHG
LQ�8NUDLQH��7KHVH�VROXWLRQV�DUH�JOXFRVH�ODFWDWLYH��7KH
DXWKRU�VKRZV�WKDW�ZKHQ�GHYHORSLQJ�WKH�WHFKQRORJ\�RI
JOXFRVH��FRQWDLQLQJ�VROXWLRQV�IRU�SHULWRQHDO�GLDO\VLV�LW
LV�QHFHVVDU\�WR�VHOHFW�VXFK�FRQGLWLRQV��ZKLFK�SURPRWH
WKH�IRUPDWLRQ�RI�SURGXFWV�RI�JOXFRVH�WKHUPDO�GHVWUXF�
WLRQ�DV�OLWWOH�DV�SRVVLEOH��
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7KH�UROH�RI�LQGLYLGXDO�VWXGLHV�LQ�WUDLQLQJ�RI�VWXGHQWV
ZKLOH�UHIRUPLQJ�KLJKHU�HGXFDWLRQ�LV�LOOXVWUDWHG�LQ�WKH
FRQWH[W� RI� WKH� %RORJQD� SURFHVV�� 7KH� HVVHQFH� DQG
IXQFWLRQV�RI�VWXGHQWV��LQGLYLGXDO�VWXGLHV�DQG�WKH�SULQ�
FLSOHV�RI�WKHLU�RUJDQLVDWLRQ�LQ�KLJKHU�HGXFDWLRQ�LQVWL�
WXWLRQV�KDYH�EHHQ�IRUPXODWHG��7KH�UROH�RI�D�WHDFKHU�LQ
SURYLGLQJ�WKH�HIIHFWLYH�LQGLYLGXDO�VWXGLHV�RI�VWXGHQWV�
DQG�WKHLU�SV\FKRORJLFDO�DVSHFWV�KDYH�EHHQ�VXEVWDQWL�
DWHG��7KH�PHWKRGLF�DSSURDFKHV�KDYH�EHHQ�JHQHUDOLVHG�
DQG�WKH�PHWKRGV�RI�UHDOLVLQJ�WKH�LQGLYLGXDO�VWXGLHV�RI
VWXGHQWV�ZKHQ�VWXG\LQJ�D�QHZ�VXEMHFW�Û�SKDUPDFRH�
FRQRPLFV�Û�DUH�JLYHQ��7KH�H[DPSOHV�GHPRQVWUDWH�WKH
XVH� RI� GLIIHUHQW� IRUPV� �OHFWXUHV� DQG� H[WUDFXUULFXODU
DFWLYLWLHV�� DQG� W\SHV� RI� LQGLYLGXDO� VWXGLHV� �VROYLQJ
LQGLYLGXDO�DQG�JURXS�WDVNV��ZULWLQJ�WHUP�DQG�FRPSX�
WDWLRQDO�JUDSKLF�SDSHUV��VFLHQWLILF�DEVWUDFWV��WHVWV��VWX�
GHQWV��UHSRUWV�UHSUHVHQWLQJ�WKH�UHVXOWV�RI�WKHLU�UHVHDUFK
DW� WKH� ZRUNVKRSV�� SUDFWLFDO� FODVVHV� DQG� OHFWXUHV� DW
VWXGHQWV��VFLHQWLILF�FRQIHUHQFHV���7KH�WHFKQLTXHV�RI�VWL�
PXODWLQJ� PRWLYDWLRQ� IRU� VWXGHQWV�� LQGLYLGXDO� VWXGLHV�
ZKLFK�LQYROYH�YDULRXV�ZD\V�DQG�PHWKRGV�RI�WUDLQLQJ�DQG
DGYDQFHG�HGXFDWLRQDO�WHFKQRORJLHV�KDYH�EHHQ�UHYLHZHG�
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7KH�VHDUFK�RI�HIIHFWLYH�DJHQWV�IRU�FKURQLF�JORPHUX�
ORQHSKULWHV� SDWKRJHQHWLF� WKHUDS\� LV� DQ� DFWXDO� DQG
FXUUHQWO\�XQVROYHG�SUREOHP�RI�PRGHUQ�QHSKURORJ\�
,W�LV�NQRZQ�WKDW�WKH�PDMRU�FRPSRQHQW�RI�D�NLGQH\
EDVHPHQW�PHPEUDQH�LV�WKH�DPLQRVXJDU�JOXFRVDPL�
QH��ZKLFK�LV�D�SDUW�RI�LWV�SURWHFWLYH�OD\HU�IRUPHG�E\
JO\FRVDPLQRJO\FDQV��'XH�WR�WKLV� IDFW�JOXFRVDPLQH
DQG� VRPH� RI� LWV� GHULYDWLYHV� UHYHDO� WKH� PDUNHG
QHSKURSURWHFWLYH�SURSHUWLHV��ZKLFK�KDYH�EHHQ�FRQ�
ILUPHG�LQ�WKH�H[SHULPHQWDO�VWXGLHV�RQ�DQLPDOV�ZLWK
GR[RUXELFLQH�QHSKURSDWK\��7KH�SKDUPDFRORJLFDO�UH�
VHDUFK�UHVXOWV�RI�JOXFRVDPLQH�K\GURFKORULGH�DQG�1�
DFHW\OJOXFRVDPLQH� LQ� WKH�FRQGLWLRQV�RI� WKH�H[SHUL�
PHQWDO�DXWRLPPXQH�JORPHUXORQHSKULWLV�LQ�UDWV�KDYH
EHHQ�SUHVHQWHG�LQ�WKLV�ZRUN��7KH�LQIOXHQFH�RI�WKHVH
VXEVWDQFHV�RQ�WKH�IXQFWLRQDO�NLGQH\�SDUDPHWHUV�DQG
VRPH�FOLQLFDO� EORRG� LQGLFHV�RI�DQLPDOV�ZLWK�D�JOR�
PHUXORQHSKULWLV�KDYH�EHHQ�GHWHUPLQHG�LQ�WKH�FRXUVH
RI� WKH� UHVHDUFK�� 7KH� UHVXOWV� RI� WKH� H[SHULPHQW
GHPRQVWUDWH�WKDW�LQ�FRPSDULVRQ�ZLWK�WKH�UHIHUHQFH
GUXJV� WKH�DJHQWV� VWXGLHG�DXWKHQWLFDOO\� UHGXFH� WKH
QHSKURWLF�DQG�K\GURSLF�V\QGURPH�SUHVHQWDWLRQV��LQ�
WHQVLI\� D� JORPHUXODU� ILOWUDWLRQ� DQG� D� WXEXODU� UHDE�
VRUSWLRQ�� DV� ZHOO� DV� LPSURYH� WKH� FOLQLFDO� EORRG
LQGLFHV�� 7KH� VLPLODU� FRPSOH[� RI� SKDUPDFRORJLFDO
DFWLYLW\� DOORZV� UHFRPPHQGLQJ� WKHVH� KH[RVDPLQHV
IRU�XVLQJ�WKHP�LQ�WKH�FRPSOH[�WKHUDS\�RI�SDWLHQWV
ZLWK�FKURQLF�JORPHUXORQHSKULWHV��
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7KH� VWXG\� RI� KHSDWR�SURWHFWLYH� SURSHUWLHV� RI� JUDSH
OHDYHV�H[WUDFW�FRPSDULQJ�ZLWK�VLOLERU�KHSDWRSURWHFWRU
XQGHU�DFXWH�WR[LF�KHSDWLWLV�LQ�UDWV�FDXVHG�E\�WHWUDFKORU�
PHWKDQH�KDV�EHHQ�FDUULHG�RXW��7KH�VXEVWDQFH�LQYHVWL�
JDWHG�KDV�EHHQ�VKRZQ�WR�UHYHDO�D�PDUNHG�WKHUDSHXWLF
HIIHFW�LQ�WKH�FRQGLWLRQV�RI�WKH�PRGHO�SDWKRORJ\��7KH
H[WUDFW�VWXGLHG�LV�FDSDEOH�WR�LQKLELW�IUHH�UDGLFDO�R[LGD�
WLRQ� SURFHVVHV�� WR� LPSURYH� WKH� DQWLR[LGDQW� V\VWHP
IXQFWLRQDO�VWDWH�DQG�GHFUHDVH�F\WRO\WLF�V\QGURPH�� LW
KDV�EHHQ�UHYHDOHG�LQ�GHFUHDVLQJ�7%$�UHDJHQWV�FRQWHQW�
LQ�QRUQDOL]LQJ�WKH�UHGXFHG�JOXWDWLRQ�OHYHO�DQG�FDWDODVH
DFWLYLW\�LQ�OLYHU�WLVVXHV�DQG�LQ�GHFUHDVLQJ�DPLQRWUDQV�
IHUDVHV�DFWLYLW\�LQ�EORRG�VHUXP��7KH�KHSDWR�SURWHFWLYH
SURSHUWLHV�RI�JUDSH�OHDYHV�H[WUDFW�KDV�EHHQ�FRQILUPHG
E\�WKH�KLVWRPRUSKRORJLFDO�GDWD�DQDO\VLV��7KH\�WHVWLI\
WKH�DELOLW\�RI�WKH�H[WUDFW�VWXGLHG�WR�OLPLW�QHFURWLF�DQG
G\VWURSKLF�FKDQJHV� LQ� OLYHU�GHYHORSHG�E\�WHWUDFKORU�
PHWKDQH�DFWLRQ�
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7KH� FDUGLR�SURWHFWLYH� SURSHUWLHV� RI� (OJDFLQ� Û� DQ
RULJLQDO�FDUGLR��SURWHFWLYH�DQWLR[LGDQW�ZLWK�PHWDEROLF
DFWLRQ�RQ�WKH�EDVLV�RI�SODQW�HOODJRWDQQLQV�KDYH�EHHQ
VWXGLHG�RQ�WKH�PRGHO�RI�WKH�H[SHULPHQWDO�LVFKHPLD�RI
WKH� P\RFDUGLXP� LQ� GRJV�� ,W� KDV� EHHQ� SURYHQ� WKDW
SUHYHQWLYH� DSSOLFDWLRQ� RI� (OJDFLQ� SURPRWHV� WKH� GH�
FUHDVH� RI� P\RFDUGLXP� LVFKHPLF� GDPDJH�� LW� KDV� D
SRVLWLYH� HIIHFW� RQ� VRPH� KHPRG\QDPLF� DQG� HOHFWUR�
FDUGLRJUDSKLF�SDUDPHWHUV��'XH�WR�(OJDFLQ�WKHUH�ZDV�D
FHUWDLQ�WHQGHQF\�WR�WKH�UHVWRUDWLRQ�RI�YROXPHWULF�VSHHG
RI� WKH� FRURQDU\� EORRG� VWUHDP�� WKH� UK\WKP� DQG� IUH�
TXHQF\�RI�WKH�KHDUWEHDW��WKH�GHFUHDVH�RI�YHQWULFXODU
H[WUDV\VWROLD�FRPSDUHG�ZLWK�WKH�QRQ�WUHDWHG�DQLPDOV�
2Q�WKH�EDVLV�RI�WKH�UHVXOWV�REWDLQHG�WKH�FRQFOXVLRQ�KDV
EHHQ�PDGH� WKDW� WKH� FDUGLR�SURWHFWLYH� DFWLYLW\� RI�(O�
JDFLQ� LV� UHDOL]HG�E\�PHDQV�RI�PRGHUDWHO\�H[SUHVVHG
DQWL��DUUK\WKPLF�SURSHUWLHV�DQG�DQWL�DQJLQDO�DFWLRQV�
7KH�HOODJRWDQQLQV�V�DELOLW\�WR�QRUPDOL]H�WKH�R[LGDWLRQ
PHWDEROLVP�G\VIXQFWLRQ�LQ�WKH�LVFKHPLF�P\RFDUGLXP
GXH�WR�WKH�SUHVHQFH�RI�DQWL�R[LGDWLYH�SURSHUWLHV�OLHV�LQ
WKH� EDVLV� RI� WKH� PHFKDQLVP� RI� WKH� GUXJ�V� FDUGLR�
SURWHFWLYH�DFWLYLW\��
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$�FRPSDUDWLYH�DQDO\VLV�RI�YHVWLEXOR�SURWHFWLYH�HIIHFW
RI�VFRSRODPLQH�DQG���PHUFDSWREHQ]LPLGD]RO�EHPLWK\O
GHULYDWLYH�RQ�WKH�PRGHO�RI�WKH�H[SHULPHQWDO�PRWLRQ
GLVRUGHU� �RSWRNLQHWLF� VWLPXODWLRQ�� KDV� EHHQ� FDUULHG
RXW��7KH�LQIOXHQFH�RI�EHPLWK\O�LQ�GRVHV�RI����PJ�NJ�
����PJ�NJ������PJ�NJ�DQG�WKH�UHIHUHQFH�GUXJ�Û
VFRSRODPLQH� LQ� WKH� GRVH� RI� �� PJ�NJ� RQ� JUDSKLF
LQGH[HV�RI�RSWRNLQHWLF�Q\VWDJPXV�Û�DPSOLWXGH�DQG
IUHTXHQF\�IRU�VL[W\�PLQXWHV�DIWHU�LQWUD�DEGRPLQDO�LQIX�
VLRQ�RI�WKH�DTXRXV�VROXWLRQV�RI�WKH�VXEVWDQFHV�KDV�EHHQ
VWXGLHG��7KH�DPSOLWXGH�DQG�IUHTXHQF\�FKDUDFWHULVWLFV
RI� RSWRNLQHWLF� Q\VWDJPXV�KDYH� EHHQ� UHYHDOHG� WR� EH
LQKLELWHG� E\� WKH� VXEVWDQFHV� VWXGLHG�� 7KH� UHYHUVLYH
SRVWRSWRNLQHWLF� Q\VWDJPXV� VHUYHV� DV� D� SRVWLPSXOVH
DFWLYLW\��WKH�LQIOXHQFH�RI�WKH�VXEVWDQFHV�LQYHVWLJDWHG
RQ�LWV�LQGH[HV�KDV�EHHQ�VWXGLHG��7KH�PRVW�LPSRUWDQW
LQKLELWLRQ� RI� RSWRNLQHWLF� Q\VWDJPXV� DQG� UHYHUVLYH
SRVWRSWRNLQHWLF� Q\VWDJPXV�ZDV� REVHUYHG� XQGHU� WKH
LQIOXHQFH�RI�EHPLWK\O�LQ�WKH�GRVH�RI�����PJ�NJ��7KH
GLUHFWLRQ�RI�WKH�LQYHVWLJDWLRQV�FRQGXFWHG�LV�SURPLVLQJ
ERWK� LQ� IXQGDPHQWDO�WKHRUHWLFDO� DQG� LQ� SUDFWLFDO� UH�
VSHFW� DQG� WKH� UHVXOWV� REWDLQHG� UHTXLUH� IXUWKHU� DQG
SURIRXQG�VWXG\�DQG�DQDO\VLV��
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