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$NLQRVR 5 25DMEHBD - &(IIHFWV RI FRASWHWWLYHHGLQJ UDWH |
VSHHG RI URWDWLRQLRQGSD®RWHU® RO )RRB #QIJLQHHULQJ

$2&6 21 ILFLDO OHWKRGYVY DQG 5HFRPPHQGHG 3UDFWLFHV RI W
6RFLEMNG6 3UHVV &KDPSDLJQ ,/

%DLO 6 B6WXHELJHU * _ULVW 6 8QWH WBKHDIHLFWHULY%XEKRRXI
YDULRXV JUDSH VHHG RLOV E\ YRODWLOH FRPSRXQGV WULDF\O.
DQWLR[LGDQW FDSBBEL®KHPRXWQDG RI )R
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%DNKVKDEDGL + OLU]DHL + 2 *KRGVYDOIDWDQEBKOWL 6 0 =L
7KH HIIHFW Rl PLFURZDYH SUHWWHKHDPWRPHQW RSHVWRRHVSRQYGEG FRL
%ODFN FXPLQ VHHGWREBY ®D Q QG BXRVW X EMY

&EKHLIENRKXXKRX 6 %YHVEHV 6 +HQWDWL % %OHFNHU & '"HUR
VDWLYRKHPLFDO FRPSRVLWLRQ DQG SK\WVLFRFKHPLFDO FKDUDF\
JRRG &KHPLVWU\

*LROYQQD 1 7KHUPDO R[LGOWLHHWESWDRFHYVYLQ ROLYH RLOV -R
FKHPLVWU\

*XGHUMDQ 0DUWREH] 3 .QR¥SSOLFDWLRQ RI SXOVHG HOHFW
\LHOG DQG FRQWHQW RI IXQPWLW®H OS URRKEX LVQPLUR & GRIHQS HV H H
JRRG 6FLHQFH DQG (PHUJLQX 7THFKQRORJLHV

*XGHUMDQ 0 7RSIO 6 $QJHUVEDFKSDFW RQRXWDVHG HOHFW!
WUHDWPHQW RQ WKH UHFRYHU\ DOQRRGXMILWHRUIS®DQW RLOV -

+DURQ*UDFH)Q & 6KDK®U &RPSDULVRQ RI 3K\WLFRFKHPLFDO $
$QWLR[LGDQW $EWHLOYQWEWUBBRYDQG 2LOV IURP <HPHQ ,UDQ D
3HUEDQGLQJDQ $QDOLVLV BQUWNRNVRIGD GGEP GNRIFEHMOBDQ 0L
VDWALIDL <HPHQ ,UDQ GDQ ODOD\VLD + 6DLQV 0DOD\VLDQD

/L + SRUGHVLPR / HHLUIKVL QVOHQVIDWRAY® HG HIWUDFWLRQ RI
VREHD@QRXUQIRRRISHVHDUFK ,QWHUQDWLRQDO

ODVRQ 7 -3RZHU XOWUDVRXQG LKHIRBGIBURBH®GVLQJ3RYH\ 0 -
ODVRQ 7 - (GV 8OWUDVRXQG LQ )RRG 3URFHVVL@RQ%ODFNLH

ODWWKDXV 8WLOL]DWHERQ HRIFKURSGIVIRHB®HHBLQJ RI JUHQFK IU
FRPSDUHG WR RWKHU FRPPRQO\ XVHGRHGLBDG &AIOWQ FEHX LDRSGA
7HFKQRORJ\

OXDQGD )1 6RXOLPBQL 'EFNRR$6WXG\ RQ FRMPR¥DWLRQ DQG
ELRORJLFDO DFWLYLWLHV RI HVVHCHEIDXGE LROL@D DWQKEU M[RVQLD P\N B Y
JRRG 6FLHQFH DQG 7HFKQRORJ\

4LQ % / &KDQJ&)LQRDDERYD® %ZDQVRAQWKHUPDO LQDFWLYD)\
6DFFKDURP\FHV FHUHYLVLDH LQDSSOM BXQ ¥ FLLYWMBY FSKODIWH G H C
7HFKQRORJLH

5RPEDXW 1 6DYRLUH 5 7TKRPDVVHW % &DVWHOOR - 9DQ
2SWLPL]DWLRQ RI RLO \LHOG DQG RLO WRWDO SKHQROLF FRQW
,QGXVWULDO &URSV DQG 3URGXFWYV

6DOHP 0/ +RVVDLQUBWHFWLYH HIIHFW RI EODFN VHHG RLO |1
DIJDLQVW PXULQUXM W@ RERMHIFQOLW LRQDO -RXUQDO RI ,PPXQRSKE

6DOHP 0/ ,PPXQRPRGRQGWRKNUDSHXW_H BULIRMSHODNVYBW LRMDW V
,QWHUQDWLRQDO ,PPXQRSKDUPDFRORJ\

BFKURHGHU 6 %XFNRZ 5 1X@PRHKULFDODWLRQ RI 3XOVHG (OHF)\
3()3URFHVVLQJ IRU &KDPEHU 'HVLJQ DQRQ28WH O EHORYREY' ,QWH
OLQHUDGY DQG 3URFHVWW,IQGHMWILHYL®E,5 2
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KLWH 3 - OHWKRGV IRU PHOL\QX GHIBVS FKILQJHRLOV )RRG 7THFKQROT

=HQJ ; +DQ = =(IHFW Rl 3XOVH (OHFWULF )LHOGXWUHDWPHQV
2LO )RRG &RQWURO
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2SWLPL]LQW WKFWRREZVORIURP &G D&M GV E\
8VLG@IOVGEHFWMHIFG 3() 3UHWUHDWPHQW

+DPLBDNKVKDEDBRE ODKU]DHD LUKRGV YEHQEGD K G L
-DIDGPDQ RKDPPHEDLLIBHOERIEDLH

3K' Rl )RRG ODWHULDOV DQG 3URFHVVLQJ 'HVLJQ (QJLQHF
$JULFXOWXUDO 6FLHQFHVRW®QDWXOUWD O 5HVRXUFHV
&RUUHVSRQGK @D BKWKRED G RP\D KR

$VVRFLDWH 3URIHVVRU 'HSDUWPHQW RI )RRG 6FLHQFH DQG 7
BFLHQFHEBWXQEDO 5HVRXUFHV *RUJDQ ,UDQ

$VVRFLDWH 3URIHVVRU $JULFXOWXUDO (QJLQHHULQJ 5HVHD
DQG 1DWXWB® 5HVRPUWFK DQG (GXFDWLRQ &HQWHU $5((2 *R!
$VLVWDQW 3URIHVVRU )RRBHKBRIEKW, QWVWIS\WWXWRHQWRR
DQG 7THFKQBORKIDNG ,UDQ

$SEVWUDFW

,Q WKLV VWXG\ GLITHUHQW H O HFQGJ LN9 PE HDADGS LAIWIHHQ\HIQW Q X P E
RI SXOVHDQG ZHUH XVHG IRU RSWLPL]LQJ WKH SURFHVV RI RLC
VHHGV XVLQJ SXOVHG HOHFWULF ILHOG SUHWUHDWPHQW DQG
VHHGV ZDV H[WUDFWHBLWKVNGLVIHUIHQYUHRWQ®UB O VKAV

SDUDPHWHUV LQFOXGLQJ RLO H[WUDFWLRQ \LHOG FRORU LQG
DQG WRWDO SKHQROLF RI WKH HIWUDFWHG RLO ZHRI® VWXGLHC
ZDV SHUIRUPHG ZLWK WKH XVH Rl UHVSRQVH VXUIDFH PHWKRC
RLO FRORU LQGH[ LQFUHDVHG ZLWK LQFUHDVLQJ Rl HOHFWULF
R[LGDWLYH VWDELOLW)\ Rl REWD L &K B ZRIIGO WGK-TFW DKM @ WKIGH. K G
KDG YRIQLILFDQW HIIHFWV RQ WKH UHIUDFWLYH LQGH[ PRUHR
LQFUHDVLQJ WKH URWDWLRQDO VSHHG Rl WKH VFUHZ SUHVV
QXPEHU RI SKDYANM WRHHRLO H[WUDFWLRQ \LHOG DQG WRWDO S
RI WKHVH YDULDEOHV WKH WZR SDUDPHWHUV GHFUHDVHG $F
LW PLJKW EH VWDWHG WKDW ZLWK DSSO\LNUPFHIX-PFEMWL RITLHO ¢
SXOVBQG VWFRWRWLRQ VSHHG RUSWKHWEKBWHRN[IRRXP RLO H[WUDF\
R[LGDWLYH VWDELOLW\ DQG WRWDO SKHQROLF FRPSRQHQWYV Z

H\ZRUGAMNODENPLBIHEGY 2SWRROIDWLBRFWLRQ 3XO8MAH (OHFWUL
5RWDWLRQ 6SHHG



