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SWHIDFH

‘H VHH LW KHUH ZH VHH LW WKHUH ZH VHH LW HYHU\Z
\HW ZKR WDNHV DQ\ QRWLFH Rl WKH SOHWKRUD RI FRO
VXUURXQGV XV LQ RXU GDLO\ DFWLYLWLHV 7KHUH LV
RQH DVSHEW RI RXU OLYHV ZKLFK UHPDLQV XQWRXFKH
FRORXU )JURP SKRWRV\QWKHVLV WR ZDWFKLQJ 7KXQG
79 ZH DUH GHSHQGHQW RQ OLJKW DQG FRORXU /LJKW
LQLWLDWH D ZLGH YDULHW\ RI SKRWRSK\VLFDO DQG
SKRWRFKHPLFDO SKHQRPHQD IRU WKH FKHPLVW WR VW
QXPEHU RI LQYHVWLIJDWLRQV KDYH EHHQ FDUULHG RXV
YLHZ WR XQGHUVWDQGLQJ WKH DFWLRQ RI OLJKW RQ F
7KHUH DUH PDQ\ WH[WERRNV ZKLFK SURYLGH H[FHOOH
RQ SKRWREKHPLVWU\ DQG WKLV FKDSWHU ZLOO JLY
EDVLF LQWURGXFWLRQ WR SKRWRFKHPLVWU\ DQG WKH
RI FRORXU

(OHFWURQLF 6WUXFWXUH RI OROHFXOHYV

OROHFXODU RUELWDOV 02V SUREDEO\ DIIRUG WKH FC
XQGHUVWDQGLQJ RI WKH HOHFWURQLF VWUXFWXUH RI

DQG RI WKH FKDQJHV LQ HOHFWURQLF VWUXFWXUH EUI
E\ WKH DEVRUSWLRQ RI OLJKW OROHFXODU RUELWI

IRUPHG E\ D FRPELQDWLRQ RI DWRPLF RUELWDOV $2V
PRVW FRPPRQ EHLQJ D OLQHDU FRPELQDWLRQ RI DWRF
/1&$2 $ JLYHQ QXPEHU RI DWRPLF RUELWDOV DOZD\V
ULVH WR WKH VDPH QXPEHU RI PROHFXODU RUELWDOV
HIDPSOH WKH LQWHUDFWLRQ RI WZR LGHQWLFDO DWR



. DQG £¢%WLYHV ULVH WR WZR PROHFXODU RUELWDOYV
LQ HTXDWLRQ

9 -1$
HT

A a s = «

2Q0H PROHFXODU RUELWDO LV ERQGLQJ LH PRUH VWD
ORZHU LQ HQHUJ\ WKDQ WKH LQLWLDO $2 DQG WKH RW
DQWLERQGLQJ RI KLJKHU HQHUJ\ WKDQ WKH LQLWLDO
VLWXDWLRQ LV UHSUHVHQWHG LQ )LIJXUH

A $ %
$ %
(1(5*< A $
JLIXUH JQWHUDFWLRQ RI WZR LGHQWLFDO DWRPLF

7TKRVH RUELWDOV ZKLFK DUH FRPSOHWHO\ V\PHWULFDQ
LOQOWHUQXFOHDU D[LV DUH GHVLIJQDWHG VLIJPIR D ERQG

2 2 S

L Ul A Waw

JLIXUH SHSUHVHQWDWLRQ RI WZR LQWHUDFWLQJ LC

$2 V WR JLYH HQG RQ DQG SDUDOOHO RYHUOI



VWUPD VWDU DQWLERQGLQJ OROHFXODU RUELWDOV G
PLILQJ WZR SDUDOOHO S RUELWDOYV BUHDRIE OHG

SL VWDU %RWK SRVVLELOLWLHYVY DUH JLYHQ LQ )LJXL
OROHFXODU RUELWDOV FDQ HQFRPSDVV PRUH WKDQ WZ
FHQWUHY DQG WKLV OHDGV WR GHORFDOLVDWLRQ $ F

t

< <
P aFZ2 F22 F

W W uu |
F2 E22 F22 F
& )
_ F2 F22 _2;E
- 77 ’ &— ﬁ !
:
111
F F FFFF FF
JLIXUH Q PROHFXODU RUELWDOV DQG HQHUJLHYV |

EXWDGLHQH

7ZR HOHFWURQV DUH DVVLJQHG WR HDFK 02 VXFK WKDW
VSLQV DUH SDLUHG DQG LQ JHQHUDO D PROHFXOH LQ
JURXQG VWDWH *6 KDV DOO LWV HOHFWURQV VSLQ SD

,Q FHUWDLQ FRPSRXQGVY QRWDEO\ WKRVH FRQWDLQLQ
RI *URXS 9 9, DQG 9,, WKHUH DUH QRQ ERQGLQJ YDOHQ!I
HOHFWURQV GHVLJQDWHG Q ZKLFK DUH QRW LQYROYH
ERQGLQJ DQG FDQ EH UHJDUGHG DV EHLQJ ORFDOLVHG
DWRPLF QXFOHL 7KH HQHUJ\ RI VXFK HOHFWURQV LV P.



WPH DV WKDW RI HOHFWURQV RFFXS\LQJ WKH FRUUHVSI
DWRPLF RUELWDOV RQ WKH LVRODWHG DWRP

$EVRUSWLRQ RI 5DGLDWLRQ

7KH %HHU /DPEHUW /DZ

7TKH EXON DEVRUSWLRQ FKDUDFWHULVWLFV RI D VROXW|
UHSUHVHQWHG E\ WKH IROORZLQJ HTXDWLLRQ

R
/IRJ $ (HO

LV WKH LQWHQVLW\ Rl WKH PRQRFKURPDWLF UDGLDYV

LV WKH LQWHQVLW\ Rl WUDQVPLWWHG UDGLDWLRQ

F FRQFHQWUDWLRQ LQ XQLWV RI PRO /
SDWK OHQJWK LQ XQLWV RI FP

$ DEVRUEDQFH

( PRODU H[WLQFWLRQ FRHIILFLHQW LQ XQLWV RI / P
FP DQG LV D PHDVXUH RI WKH DEVRUSWLRQ LQWHQ
D VLQJOH ZDYHOHQJWK

7KH HTXDWLRQ LV QRW YDOLG ZKHQ FRQFHQWUDWLRQV

VROXWH DUH JUHDWHU WKDQ PRO DQG YHU\ KLJK
LOQWHQVLW\ UDGLDWLRQ LH ODVHU OLJKW LV HPSOR\HG

OROHFXODU $EVRUSWLRQ



KHQ D SKRWRQ SDVVHV FORVH WR D PROHFXOH WKHUH
LOWHUDFWLRQ EHWZHHQ WKH HOHFWULF ILHOG DVVRFLI
WKH PROHFXOH DQG WKDW DVVRFLDWHG ZLWK WKH UDG
WKH SKRWRQ LV DEVRUEHG E\ WKH PROHFXOH LW FHDVFE
DQG LWV HQHUJ\ LV WUDQVIHUUHG WR WKH PROHFXOH Z
HOHFWURQLF VWUXFWXUH FKDQJHV ,Q VLPSOH WHUPYV
HOHFWURQ LV SURPRWHG IURP RQH PROHFXODU RUELWI
DRQRWKHU RI KLJKHU HQHUJ\

7\SHV Rl 7UDQVLWLRQV

7KH W\SHV Rl HOHFWURQLF WUDQVLWLRQ XVXDOO\ EHW.
RUELWDOV GHVFULEHG DERYH DUH JLYHQ LQ )LJXUH

G Q 1
Q
(QHUJ\ Q
R
WUDQVLWLRQ Q & &, &* * x
H[FLWHG VWDWH Q . Q2  *=x
)LIXUH (OHFWRQLF PROHFXODU HQHUJ\ OHYHOV DQG

WKH HOHFWURQ WUDQVLWLRQV EHWZHHQ WKH
OHYHOV WKDW DUH IRXQG LQ RUJDQLF FRPSR’

** +HUH DQ HOHFWURQ LQ D ERQGLQJ * RUELWDO LV H



WR WKH FRUUHVSRQGLQJ DQWLERQGLQJ RUELWDO SHC
RWKHU SRVVLEOH WUDQVLWLRQV WKH HQHUJ\ UHTXLUH:
WKLV WUDQVLWLRQ LV ODUJH FRUUHVSRQGLQJ WR UDG
I[UHTXHQFLHYV LQ WKH YDFXXP XOWUDYLROHW $EVRUSYV
GXH WR DR WUDQVLWLRQV DUH QHYHU REVHUYHG LQ W
DFFHVVLEOH 89 UHJLRQ

QT 6DWXUDWHG FRPSRXQGV FRQWDLQLQJ QRQERQGL
DUH FDSDEOH RI Q T WUDQVLWLRQV ,Q JHQHUDO WKH"
WUDQVLWLRQV UHTXLUH OHVV HQHUJ\ WKDQ WKH TT W
EH EURXJKW DERXW E\ UDGLDWLRQ LQ WKH UHJLRQ EHW
DQG QP 7KH WUDQVLWLRQ LV SDUWO\ IRUELGGHQ |
WKH PRODU DEVRUSWLYLWLHV ( DVVRELDWHG ZLWK Wi
DEVRUSWLRQ DUH ORZ DQG UDQJH EHWZHHQ DQG

FP $Q H[DPSOH LV WKH ILUVW DEVRUSWLRQ EDQG RI D
KDOLGH ZKLFK LV GXH WR WKH SURPRWLRQ RI D QRQ EF
HOHFWURQ LQWR WKH T DQWLERQGLQJ & ; ERQG 2 WK
FRPSRXQGV ZLWK KHWHUR DWRPV VLQJO\ OLQNHG WR F
VKRZ WKLV W\SH RI DEVRUSWLRQ EXW WKLV WHQGV WR
ZDYHOHQJWKY ORZHU WKDQ QP 0DQ\ RI WKHVH FRP

DEVRUE LQ D UHJLRQ RI WKH VSHFWUXP ZKLFK LV QRW
DFFH\L/VLEOH

QQ DQ® Q 7KH HQHUJLHV UHTXLUHG WR LQGXFH D
WUDQVLWLRQ IRU QHDRBWURQ W& WWIBWH EULQJ WKH
DEVRUSWLRQ ZDYHOHQJWKV LQWR D FRQYHQLHQW VSHI
QP %RWK WUDQVLWLRQV UHTXLUH WKH SUHYV
RI DQ XQVDWXUDWHG IXQFWLRQDO JURXSQWR SURYLGH
RUELWDOV 7KH ORZHVW HQHUJ\ WUDQVLWLRQ ZKHWK



W& ZLOO GHSHQG RQ WKH VWUXFWXUH RI WKH PROHF:

7KH PRODU DEVRUSWLYLWLHYV DVWRNF IVDWHBLY FZWWRQ V
JHQHUDOO\ KDYH D YDOXH RI FP PRO 7TKH VLPSO
HIDPSOH RI D FRPSRXQG VKRZLQJ WKLV W\SH ORZHVW t
WUDQVLWLRQ LV HWK\OHQH

2Q WKH RWKHU KDQG PRODU DEVRUSWLYLWLHYV DVVRFI
SHDNV UHVSRQVLEOH IRU Q & WUDQVLWLRQV DUH ORZ

YDOXHV IURP FP PRO 6XFK D ORZ UDQJH DUL
IURP WKH WUDQVLWLRQ EHLQJ V\PPHWU\ IRUELGGHQ (
ZLWK GRXEO\ ERQGHG KHWHURDWRPV HJ & &1 &6

1 H[KLELW FKDUDFWHULVWLF Q-W DEVRUSWLRQ

&KDUJH 7UDQVIHU 7UDQVLWLRQV 7KLV W\SH RI WUDQ\
FDQQRW EH UHSUHVHQWHG E\ UHIHUHQFH WR )LJXUH
ERWK DQ DQ HOHFWURQ GRQRU JURXS DQG DQ HOHFWU
JURXS DUH FRQQHFWHG ZLWK DQ HOHFWURQ V\VWHP LV
SRVVLEOH WR FRQVLGHU WKH WUDQVLWLRQ WR WKH H]
DV WKH PRYHPHQW RI RQH HOHFWURQ EHWZHHQ WZR R!
BHYHUDO NLQGV RI RQH HOHFWURQ WUDQVLWLRQ KDYH
UHJDUGHG DV FRQWULEXWLQJ WR WKH WUDQVLWLRQ W
REEXUV 3RUWHU DQG 6XSSDQ KDYH FODVVLILHG WK
VWDWH RI ORZHVW HQHUJ\ WKDW UHVXOW IURP VXFK V
DV &KDUJH 7UDQVIHU 7KH JURXQG VWDWH DQG H[FLW
RI D 'RQRU $FFHSWHU &RPSOH[ '$& FDQ EH GHVFULE}
WKH ZDYHIXQFWLRQV



7© D <bp g3 '$

,'$ FRUUHVSRQGV WR D VWUXFWXUH LQ ZKLFK QR HOHF
WUDQVIHU WDNHV SODEBH DR&SUKVHQWY D VWUXFWXUH L
ZKLFK DQ HOHFWURQ KDV EHHQ WRWDOO\ WUDQVIHUHG
WR DFFHSWRU JRU WKH PDMRULW\ RI '$& V E D VRV
<HV2 3 <epD DQG < VL DL ¥ 7KXV WKH

VSHFWURVFRSLF WUDQVLWLRQ FRUUHVSRQGV DSSURJ[LP
OLJKW LQGXFHG WUDQVIHU RI DQ HOHFWURQ IURP WKH
WKH DFFHSWRU 7KH HQHUJ\ GLDJUDP LQ )LIJXUH

DGHTXDWHO\ GHVFULEHV WKLV SURFHVYV ,Q WKH JURX
6 '$&
7.
KY
!
'$&
YLIXUH JLJKW LQGXFHG HOHFWURQ WUDQVLWLRQ LQ

FRPSOH[HYV

WKHUH LV YHU\ OLWWOH FKDUJH WUDQVIHU 7KH DEVRL
PD[LPLXP PRYHV WR ORQJHU ZDYHOHQJWK DV WKH GRQF
DFFHSWRU SRZHUV LQFUHDVH 7KH HIWLQFWLRQ FRHII
IRU '$& FRPSOH[HV LV KLJK / FP PRO



(ITHFW Rl &RQMXJIJDWLRQ RQ WKH $EVRUSWLRQ :DY!

,Q WKH 02 WUHDW®HQMFWURQV DUH FRQVLGHUHG WR E
IXUWKHU GHORFDOLVHG E\ FRQMXJDWLRQ 7KH RUELWLE
LQYROYH VHYHUDO DWRPLF FHQWUHV DQG WKLV HIIHFW
ORZHU WKH HQHUJ\ EHWZHHQ WKH KLJKHVW RFFXSLHG |
RUELWDO +202 DQG WKH ORZHVW XQRFEXSLHG PROHFJ
RUELWDO /802 +HQFH WKH WUDQVLWLRQ HQHUJ\ LV C
DQG WKH DEVRUSWLRQ SHDN LV PRYHG WR ORQJHU ZDY
7KLV EHKDYLRXU LV UHDOLVHG IRU EWWK Q W DQG

WUDQVLWLRQV )RU H[DPSOH WKH EDWKRFKURPLF VKL
PRYLQJ IURP EXWDGLHQH QP WR KH[DWULHQ

QP LV QP 6LPLODUO\ WKH Q W WUDQVLWLRQV

DOGHK\GHY DQG NHWRQHYV QP LV PRYHG E\ QP RU
ZKHQ FRQMXJDWHG DV DQ D L XQVDWXUDWHG FRPSRXQC

6ROYHQW (IIHFWV RQ $EVRUSWLRQ OD[LPD

'KHQ DEVRUSWLRQ VSHFWUD DUH PHDVXUHG LQ VROYHC
LQFUHDVLQJ SRODULW\ LW LV (RIO® GVKRWUJH
WUDQVIHU V\VWHPV XQGHU JR D EDWKRFKURPLF VKLIW
ORQJ ZDYHOHQJWK SHDN &RQYHUVHO\ QUF V\VWHPYV
DQ DEVRUSWLRQ SHDN PRYHPHQW WR D VKRUWHU ZDYH
K\SVRFKURPLF VKLIW $ VROXWH KDYLQJ DQ H[FLWHC
PXFK PRUH SRODU WKDQ WKH JURXQG VWDWH ZLOO EH
PRUH E\ VROYHQWY RI LQFUHDVLQJ SRODULW\ WKDQ WK
VWDWH 7TKHUHIRUH WKH WUDQVLWLRQ HQHUJ\ ZLOO EF&
OHDGLQJ WR D UHG VKLIW 7KH K\SVRFKURPLF HIIHFW



WVWHPV DULVHV IURP WKH LQFUHDVHG VROYDWLRQ RI
XQERQGHG HOHFWURQ SDLU ZKLFK ORZHUV WKH HQHUJ
RUELWDO ,Q YHU\ SRODU VROYHQWYV VXFK DV ZDWHU R
DOFRKROV K\GURJHQ ERQGLQJ EHWZHHQ VROXWH DQG V
H[WHQVLYH 3URPRWLRQ RI WKH QRQ ERQGLQJ HOHFWU
WKH L HOHFWURQ V\WWHP UHGXFHV WKH K\GURJHQ ERQ
WKH H[FLWHG VWDWH EXW GRHV QRW VLJQLILFDQWO\ D¢
VROYDWLRQ HQHUJ\ 7KXV FKDQJH WR D SRODU VROYHC
WKH HQHUJ\ Rl WKH JURXQG VWDWH WR D JUHDWHU GHJ
WKDW RI WKH H[FLWHG VWDWH 7KHUHIRUH DV WKH VR
SRODULW\ LQFUHDVHV K\SVRFKURPLF VKLIWV EHFRPH P
DQG WKH PRVW GUDPDWLF HIIHFWV DUH VHHQ ZLWK SRC
VROYHQWYV

3RODU VROYHQWY VWDELOL]H &W DQG GHVWDELOL]JH
VWDWHY ZLWK UHVSHFW WR WKH VLWXDWLRQ LQ K\GURF

1RQ 3RODU VROYHQW SRODU VROYHQW

JLIXUH 7KH HIITHFW RI VROYHQW SRODULW\ RQ WKH
RUGHULQJ ®RIL DQGLW VWDWHYV



VROYHQWYV  7KXV LI WKH WZR VWDWHYV PXWXDOO\ KDYH
HQHUJLHVY WKHQ FKDQJLQJ WKH VROYHQW FDQ LQYHUW
RI WKH VWDWHY EDVHG RQ WKHLU HQHUJLHV $ VEFHQD
JLYHQ LQ )LIXUH $QWKUDFHQH FDUER[DOGHK\GH
SURYLGHVY D GUDPDWLF H[DPSOH VLQFH LW LV IOXRUHYV
HWKDQRO DQG QRQ IOXRUHVFHQW LQ KHSWDQH

,GHQWLILFDWLRQ RI QW DQG W& 6WDWHYV

7TKH FRXUVH RI D SKRWRFKHPLFDO UHDFWLRQ LV GHSHC
WKH PXOWLSOLFLW\ VHH QH[W VHFWLRQ RI WKH H[FLW
DQG LV XVXDOO\ D IXQFWLRQ RI WKH ORZHVW VLQJOHW
WULSOHW HQHUJ\ OHYHO 7TKHUHIRUH LW LV QHFHVVDU

Q Wu W &

L QWHQVLW\ RI ZHDN VWURQJ

DEVRUSWLRQ

VROYHQW HIIHFW¥OXH VKLIW LQ UHG VKLIW LQ
SRODU VROYHQWVSRODU VROYHQWYV

7TDEOH URSHUWLHYV RI VLQJOHW WUN DQG
VWDWHYV

DEOH WR LGHQWLI\ WKLV VWDWH 7KH GLIITHUHQFHV EH
WZR VWDWHYV GLVFXVVHG DERYH DUH VHW RXW LQ 7DEC



6SLQ OXOWLSOLFLW\

1HDUO\ DOO PROHFXOHYVY KDYH DQ HYHQ QXPEHU RI HOHF
WKH JURXQG VWDWH ZKLFK RFFXS\ RUELWDOV LQ SDLUV
RQH RI WKH HOHFWURQV LV SURPRWHG WR DQ XSSHU RU
vSLQ PD\ EH RULHQWDWHG SDUDOOHO RU RSSRVLWH WR
UHPDLQLQJ HOHFWURQ 7KH DUUDQJHPHQW ZLWK WKH \
SDLUHG LV WHUPHG D VLQJOHW VWDWH DQG WKDW ZLWK
VSLQ D WULSOHW VWDWH 6XFK VWDWHY DUH GLVWLQF
ZLWK GLITHUHQW FKHPLFDO DQG SK\VLFDO SURSHUWLHV
QRPHQFODWXUH IROORZV WKH PXOWLSOLFLW\ 0 ZKLFK
GHILQHG DV 6 ZKHUH 6 LV WKH WRWDO VSLQ RI WKH V
7KH ILUVW H[FLWHG VLQJOHW VWDWH LV WKXV WHUPHG
ILUVW H[FLWHG WULSOHW VWDWH LV 7[ 7KH VWDWH L
LQ HQHUJ\ WKDQ WKH 6L VWDWH EHFDXVH RI WKH UHSX(
QDWXUH RI VSLQ VSLQ LOWHUDFWLRQV EHWZHHQ HOHF
WKH VDPH VSLQ +XQGV 5XOH 7KH PDIJQLWXGH RI 6[ 7
HQHUJ\ GLIIHUHQFH YDULHVY DFFRUGLQJ WR WKH GHJUHF
vVSDWLDO LQWHUDFWLRQ EHWZHHQ WKH RUELWDOV LQYF
2UELWDOV ZKLFK RFFXS\ GLIITHUHQW UHJLRQV RI VSDFF
HIDPSOH QW DQG FKDUJH WUDQVIHU KDYH OLWWOH F
RYHUODS DQG WKH VLQJOHW WULSOHW HQHUJ\ VSOLW)\
TXLWH VPDOO ORUH RYHUODS RFFXUV IRU RUELWDOV R
VLPLODU UHJLRQV RIWSDP®G WKH GLIITHUHQFH LV
ODUJHU

2QH RI WKH VHOHFWLRQ UXOHV IRU DQ HOHFWURQLF WU
VWDWHYV WKDW WKH PXOWLSOLFLW\ VKRXOG UHPDLQ XQI
7TKXV VLQJOHW VLQJOHW DQG WULSOHW WULSOHW WU



DUH IXOO\ DOORZHG EXW VLQJOHW WULSOHW WUDQVL\
VWURQJO\ IRUELGGHQ 7TKHUHIRUH WKH H[FLWHG VWDV
LQLWLDOO\ SURGXFHG LV DOPRVW DOZD\V D VLQJOHW \
+RZHYHU VLQJOHW WULSOHW WUDQVLWLRQV GR RFFX
LV GXH WR VSLQ RUELW FRXSOLQJ

([FLWHG 6WDWHYVY DQG WKHLU '"HDFWLYDWLRQ

([FLWHG VWDWHY DUH VKRUW OLYHG DQG ORVH WKHLU
HQHUJ\ LQ D VKRUW SHULRG RI WLPH 7TKHUH DUH FRPS
SDWKzD\V IRU D PROHFXOH WR ORVH LWV H[FHVV HQHU
UHWXUQ WR WKH JURXQG VWDWH 7TKHVH SDWKzD\V DU
GHSHQGHQW DQG GHWHUPLQH WKH PROHFXODU SKRWRF
7TKH UHODWLYH PDJQLWXGH RI WKH UDWH FRQVWDQW IF
SURFHVV GHWHUPLQHVY WKH FRQWULEXWLRQ PDGH E\ D
SDWKZD\

7KH ([FLWHG 6WDWH

7KH WUDQVLWLRQV EHWZHHQ WKH JURXQG VWDWH DQG
VWDWHY LQ D PROHFXOH DUH EHVW GHVFULEHG E\ UHIF
DQ HQHUJ\ OHYHO RU -DEORQVNL GLDJUDP

W VKRXOG EH QRWHG WKDW HDFK HOHFWURQLF VWDWEF
VHULHV RI YLEUDWLRQDO DQG URWDWLRQDO HQHUJ\ Ol
DVVRFLDWHG ZLWK LW 7KH URWDWLRQDO HQHUJ\ OHY
VKRZQ IRU FODULW\ :KHQ D WUDQVLWLRQ WDNHV SODF



DON D FKDQJH LQ WKHVH OHYHOV DQG VR WKH DEVRUSW

7,21

$%6253

)LIXUH -DEORQVNL GLDJUDP VKRZLQJ VRPH RI WKH
UDGLDWLYH DQG QRQ UDGLDWLYH SURFHVVHYV
HQHUJ\ OHYHOV ,& LQWHUQDO FRQYHUVLRQ
LOQWHUV\VWHP FURVVLQJ 95 YLEUDWLRQDC
UHOD[DWLRQ

VSHFWUD RI PROHFXOHV FRQVLVWY RI EDQGYV UDWKHU \
$IWHU H[FLWDWLRQ WKH SURPRWHG HOHFWURQ FDQ HL'
UDGLDWLYH RU QRQ UDGLDWLYH GHFD\



1RQ 5DGLDWLYH '"HDFWLYDWLRQ 3DWKZD\V

7TKHUH DUH IRXU QRQ UDGLDWLYH SDWKZD\V

L 9LEUDWLRQDO 5HOD[DWLRQ 95 7KH PROHFXOH PD\ E
SURPRWHG WR DQ\ RI VHYHUDO YLEUDWLRQDO OHYHOV C
HIFLWDWLRQ SURFHVYV ,Q VROXWLRQ KRZHYHU WKLV H]J
YLEUDWLRQDO HQHUJ\ LV ORVW LQ FROOLVLRQ ZLWK WK
7KH UHOD[DWLRQ SURFHVV LV YHU\ HIILFLHQW DQG WKH
OLIHWLPH RI D YLEUDWLRQDOO\ HI[FLWHG PROHFXOH LV
SHULRG PXFK VKRUWHU WKDQ WKH DYHUDJH OLIHWLPH R
HIFLWHG VWDWH &RQVHTXHQWO\ IOXRUHVFHQFH

SKRVSKRUHVFHQFH RU FKHPLFDO UHDFWLRQ ZLOO RFFXL
IURP WKH ORZHVW YLEUDWLRQDO OHYHO RI DQ H[FLWHG

LL ,QWHUQDO &RQYHUVLRQ & GHVFULEHV WKH SURF}
ZKLFK D PROHFXOH SDVVHV IURP D KLJKHU HOHFWURQLF
D ORZHU RQH ZLWKRXW D FKDQJH RI PXOWLSOLFLW\ VL(
VLQJOHW RU WULSOHW WULSOHW WUDQVLWLRQV ,& L\
HITLFLHQW ZKHQ WZR HOHFWURQLF HQHUJ\ OHYHOV DUH
VXIILFLHQWO\ FORVH IRU YLEUDWLRQDO RYHUODS 7 KX\
WUDQVLWLRQ 6 WR 6 LV UDSLG a 0&7 V ZKLOVW Wi
WR 6 LV VORZHU a &7 V &RQVHTXHQWO\ DQ\

SKRWRFKHPLFDO SURFHVVHV LQ VROXWLRQ DUH DUH OLI
RFFXU IURP WKH ORZHVW H[FLWHG HOHFWURQLF VWDWH

LLL ([WHUQDO &RQYHUVLRQ LV WKH GHDFWLYDWLRQ RI
HOHFWURQLFDOO\ H[FLWHG VWDWH E\ HQHUJ\ WUDQVIHU
WKH H[FLWHG PROHFXOH DQG WKH VROYHQW RU RWKHU



LY , QWHUV\VWHP &URVVLQJ ,6& LV WKH SURFHVV LQ
WKH VSLQ RI bQ H[FLWHG HOHFWURQ LV UHYHUVHG DQG
RI PXOWLSOLFLW\ UHVXOWYV $V ZLWK ,& WKH SUREDELC
WUDQVLWLRQ LV HQKDQFHG ZKHQ VLPLODU YLEUDWLRQLEL
WKH WZR VWDWHY RYHUODS 7KH WLPH IRU VXFK D WUL
LV Rl WKH RUGHU 3 V

W LV FOHDU IURP WKH DERYH GLVFXVVLRQ WKDW DQ HJ
PROHFXOH ZLOO EH UDSLGO\ FRQYHUWHG WR LWV ORZH’
VWDWH ZKLFK FDQ HLWKHU EH WKH VLQJOHW RU WULSO
WKLV ORZHVW H[FLWHG VWDWH VHYHUDO SURFHVVHV FFR
ZKLFK FDQ EH UDGLDWLYH RU QRQ UDGLDWLYH 7KH QR
UDGLDWLYH SDWKZzZD\V DUH ,& DQG 95 ZKLFK KDYH EHHQ
GLVFXVVHG DERYH &KHPLFDO UHDFWLRQV FDQ DOVR R
WKH VLQJOHW DQG WULSOHW VWDWH

5DGLDWLYH (PLVVLRQV

7KH UDGLDWLYH SDWKzZD\ IURP WKH VLQJOHW VWDWH L\
IOXRUHVFHQFH DQG WKDW IURP WKH WULSOHW VWDWH |
SKRVSKRUHVFHQFH %RWK DUH GLVFXVVHG EHORZ

L )OXRUHVFHQFH LV FDXVHG E\ D UDGLDWLYH WUDQVL
EHWZHHQ VWDWHV RI WKH VDPH PXOWLSOLFLW\ DQG LW
SURFHVV 7KLV W\SH RI HPLVVLRQ LV VHOGRP REVHU"
WKH D D WUDQVLWLRQ LQVWHDG LW LV FRQILQHG WR W
HQHUJHWLF 7& QLDG&®RFHVVHV ([SHULPHQWDOO\ LW K
EHHQ REVHUYHG WKDW WKH VWURQJHU IOXRUHVFHUV D!



ZKEK KDYHWIN UDWKHU WKDQ QW VWDWHYV DQG WKLV
EHHQ UDWLRQDOLVHG LQ WZR ZD\V )LUVW  WKH PRODI
DEVRUSWLYLW\WIuD VWDWH LV XVXDOO\ WLPHV
JUHDWHU WKDQ WKH QW VWDWH DQG WKLV TXDQWLW
D PHDVXUH RI WUDQVLWLRQ SUREDELOLW\ LQ HLWKHU
+HQFH WKH UDWH FRQVWDQW IRU IOXRUHVFHQFH ZLOQO
IRU WKH . VWDWH V FRPSDUHG WR WR WKH Q
VWDWH Vv 6HFRQGO\ WKH VLQJOHW WULSO'
HQHUJ\ GLITHUHQFH LV ODUJHW IRUVWIOIWH DQG WKH
SUREDELOLW\ RI LQWHUV\VWHP FURVVLQJ LV VPDOOHU

7KH PRVW LQWHQVH IOXRUHVFHQFH LV IRXQG LQ FRPSF
FRQWDLQLQJ DURPDWLF IXQFWLRQDO JURXSV ZLWK OR.
.Q WUDQVLWLRQ OHYHOV BXEVWLWXWLRQ RQ WKH D
VIVWHP FDQ DIIHFW WKH IOXRUHVFHQFH HIILEFLHQF\ +
GHFUHDVH WKH IOXRUHVFHQFH E\ D PHFKDQLVP FDOOH
DWRP HIIHFW ZKLFK LQFUHDVHV WKH SUREDELOLW\ RI .
WULSOHW VWDWH 1LWUR JURXSV KDYH HDVLO\ UXSWX
ZKLFK FDQ DEVRUE WKH H[FLWDWLRQ HQHUJ\ EXW PRU
LPSRUWDQWO\ WKH\ FDQ XQGHUJR QUF WUDQVLWLRQYV
QL VWDWH LV ORZHU LQ HQHUJ\LWKDQWDKAHH WKHQ

WKH IOXRUHVFHQFH ZLOO EH TXHQFKHG &DUER[\OLF I
FDUERQ\O JURXSV JHQHUDOO\ LQKLELW WKH HPLVVLRQ
WKH\ DOVR LQWURGXFHWDWHY Rl OHVV HQHUJ\ WKDQ W

VWDWH

JOXRUHVFHQFH LV IDYRXUHG LQ PROHFXOHV WKDW SRV
VWUXFWXUH JRU H[DPSOH WKH TXDQWXP HIILFLHQFLH
IOXRUHQH DQG ELSKHQ\O DUH QHDUO\ DQG UHVSEH



XQGHU VLPLODU FRQGLWLRQV RI PHDVXUHPHQW (QKI
IOXRUHVFHQFH IUHTXHQWO\ UHVXOWV ZKHQ IOXRUHVFL
DGVRUEHG RQ D VROLG VXUIDFH 7KH DGGHG ULJLGLW\
E\ WKH VROLG VXUIDFH LV WKRXJKW WR DFFRXQW IRU W
REVHUYHG HIIHEW

7KH TOXRUHVFHQFH HPLVVLRQ RI D PROHFXOH FDQ EH G
E\ VHYHUDO RWKHU IDFWRUYV $Q LQFUHDVH LQ WHPSHI
LPSDUWV PRUH HQHUJ\ WR WKH V\VWHP DQG WKH VROX)\
XQGHUJRHV D JUHDWHU QXPEHU RI FROOLVLRQV ZLWK V
VROYHQW ORYHPHQW WR OHVV SRODU VROYHQWYV PD\
GHFUHDVH WKH IOXRUHVFHQFH HIILFLHQF\ VHH VHFWR(
6ROYHQWYV FRQWDLQLQJ KHDY\ DWRPV VXFK DV FDUERQ
WHWUDEURPLGH RU HWK\O LRGLGH SURPRWH LQWHUV\V
WR WKH WULSOHW VWDWH 'LVVROYHG R[\JHQ FDQ
SKRWRFKHPLFDOO\ R[LGLVH WKH IOXRUHVFLQJ VSHFLHYV
IXQGDPHQWDO LPSRUWDQFH LV WKH SDUDPDJQHWLF SU
PROHFXODU R[\JHQ ZKLFK FDXVHV LQWHUV\VWHP FURVYV
WULSOHW VWDWH 2ZWKHU SDUDPDJQHWLF VSHFLHV VXI
HDUWK LRQV H[HUW VLPLODU HIIHFWYV

7KH IROORZLQJ HTXDWLRQ GHILQHV WKH TXDQWXP \LHO
LV D PHDVXUH RI WKH HIILFLHQF\ RI D SKRWRFKHPLFDO
SURFHVYV

QXPEHU RI PROHV RI SURGXFW IRUPHG

SURGXFW

QXPEHU RI SKRWRQV DEVRUEHG

UDWH RI IRUPDWLRQ RI SURGXFW
LOQWHQVLW\ RI DEVRUEHG UDGLDWLRQ



7KLV GHILQLWLRQ LV UHDGLO\ PRGLILHG WR JLYH DQ H]J
IRU WKH ITOXRUHVFHQFH TXDQWXP \LHOG

UDWH RI HPPLVLRQ E\ 6L

UDWH RI DEVRUSWLRQ RI SKRWRQV E\ 6

3KRVSKRUHVFHQFH LV WKH UHVXOW RI D WUDQVLWLRQ

VWDWHV RI GLIIHUHQW PXOWLSOLFLW\ XVXDOO\ 7[2 6

WULSOHW VLQJOHW WUDQVLWLRQ LV PXFK OHVV SURE

VLQJOHW VLQJOHW FRQYHUVLRQ DQG WKH DYHUDJH O

WKH H[FLWHG WULSOHW ZLWK UHVSHFW WR HPLVVLRQ L
WR VHYHUDO VHFRQGV

7KH SKRWRSK\VLFDO SDWKZD\V DQG WKHLU UHVSHFWLY
DYDLODEOH WR D PROHFXOH DUH VXPPDULVHG LQ 7DEO

3URFHVYV /LPH 6

$EVRUSWLRQ 3

6

9LEUDWLRQDO[BWLRQ

,QWHUQDO FRQYHWBV&RQ

,QWHUQDO &RQYHWBVE&RQ A
JOXRUHVFHQFH 3. v a
,QWHUV\VWHP &URB{VLQJ 3
,QWHUV\VWHP &URMW¥RQJ
3KRVSKRUHVFHQFH 4 v

7TEOH 7LPHVSDQ IRU WKH SKRWRSK\VLFDO SDWKZD'
DYDLODEOH WR D PROHFXOH



AXHQFKLQJ RI ([FLWHG 6WDWHYV

'KHQ DQ HOHFWURQLFDOO\ H[FLWHG VWDWH XQGHUJRH\
DFFHOHUDWHG GHFD\ WR D ORZHU H[FLWHG VWDWH RU
VWDWH LW LV VDLG WR KDYH EHHQ TXHQFKHG 7KH VXE
WKDW EULQJV DERXW WKLV HIIHEW LV D TXHQFKHU 2W
FHUWDLQ HOHFWURQ HQHUJ\ WUDQVIHU PHFKDQLVPV T
SURFHVVHV VHHP WR EH FROOLVLRQDO DQG DUH RIWHQ
ELPROHFXODU HYHQWY 7KH HQWLW\ LQ ZKLFK WKH TXI
REFFXUV FDQ EH HLWKHU DQ HQFRXQWHU FRPSOH[ RU DC
H[EFELPHU H[FLSOH[ (QFRXQWHU FRPSOH[HV KDYH UDQC
UHODWLYH RULHQWDWLRQV DQG WKH FRPSRQHQWYV DUH
$ RU PRUH WKH RQO\ UHTXLUHPHQW EHLQJ VRPH RUEL
RYHUODS ([FLPHU H[FLSOH[HVY DUH H[ELWHG VWDWHYV
KDYH GHILQLWH JHRPHWULHYV

.LQHWLFV RI 4XHQFKLQJ

7KH NLQHWLFV RI TXHQFKLQJ LV JLYHQ E\ WKH 6WHUQ
HTXDWLRQ EHORZ

NT W 4

ZKHH

2 |OXRUHVFHQFH TXDQWXP \LHOG LQ WKH DEVHQFH R
TXHQFKHU

T I1OXRUHVFHQFH TXDQWXP \LHOG LQ WKH SUHVHQFH
TXHQFKHU

NT UDWH FRQVWDQW IRU TXHQFKLQJ

= IOXRUHVFHQW OLIHWLPH LQ WKH DEVHQFH RI TXHQ

4 TXHQFKHU FRQFHQWUDWLROQ



JRU PDQ\ VA\VWHPV WKH UDWH FRQVWDQWY DUH LQ WKH
, 2

(OHFWURQ 7UDQVIHU 4XHQFKLQJ

7TKH TXHQFKLQJ RI H[FLWHG VWDWHV E\ HOHFWURQ WUD!
ZHOO GRFXPHQWHG ,Q SRODU VROYHQWYV FRPSOHWH
WUDQVIHU RFFXUV OHDGLQJ WR WKH IRUPDWLRQ RI VRO
VHSDUDWHG UDGLFDO LRQ SDLUV ,Q QRQ SRODU VROYI
LQFRPSOHWH HOHFWURQ WUDQVIHU PD\ RFFXU WR IRUP
LOWHUPROHFXODU FKDUJH WUDQVIHU FRPSOH[ LQ DQ H
VWDWH ZKLFK PD\ UHOD[ E\ HLWKHU D UDGLDWLYH RU Q
UDGLDWLYH SDWKZD\ 7KH SRVVLEOH SURFHVVHV DUH
LQ 6FKHPH ‘HOOHU SURYLGHG H[FHOOHQW HYLGHQF

' ' $
HQFRXQWHU FRPSOH]

UDGLDWLYH

6FKHPH 3DWKzD\V DYDLODEOH IRU WKH GHDFWLYDW
DQ H[FLWHG VWDWH E\ HOHFWURQ WUDQVIHU



IODVK SKRWRO\VLV H[SHULPHQWY RI DURPDWLF K\GURF
ZLWK DPLQHV WR VKRZ WKH WUDQVLHQW JHQHUDWLRQ
K\GURFDUERQ UDGLFDO DQLRQ DQG WKH DPLQH UDGLFI
6LQFH WKLV SLRQHHULQJ ZRUN LQWHUPROHFXODU DQ
LOQWUDPROHFXODU HOHFWURQ WUDQVIHU KDYH EHHQ
VWXGLHG

&RQFHQWUDWLRQ 4XHQFKLQJ

$V WKH FRQFHQWUDWLRQ RI D IOXRUHVFLQJ VROXWH L
WKHQ LWV HPLVVLRQ VLJQDO GHFHDVHV 2QH IDFWRU
UHVSRQVLEOH LV VHOI DEVRUSWLRQ ZKHQ DQ HPLVV
ZDYHOHQJWK RYHUODSY WKH DEVRUSWLRQ ZDYHOHQJW
IDFWRU LV VHOI TXHQFKLQJ ZKLFK FRPPRQO\ LQYROY]|
LQWHUDFWLRQ RI H[FLWHG PROHFXOHV ZLWK JURXQG \
PROHFXOHV ,W KDV EHHQ IRXQG WKDW VXFK TXHQFKL
RIWHQ DFFRPSDQLHG E\ WKH DSSHDUDQFH RI QHZ HPLYV
ORQJHU ZDYHOHQJWK )RU H[DPSOH WKH TXHQFKLQJ
IOXRUHVFHQFH RQ LQFUHDVLQJ WKH FRQFHQWUDWLRQ
KDV EHHQ VKRZQ WR IROORZ WKH 6WHUQ 9ROPHU ODZ
TXHQFKLQJ ZDV DFFRPSDQLHG E\ DQ LQFUHDVHG LQWH
WKH IOXRUHVFHQW EDQG DWWULEXWHG WR H[FLWHG G
IRUPDWLRQ 7KDW LV DQ H[FLWHG VLQJOHW VWDWH S\
PROHFXOH LQWHUDFWYV ZLWK D JURXQG VWDWH S\UHQH
WR IRUP DQ H[FLWHG WUDQVLHQW LQWHUPHGLDWH ZK
EDFN WR WKH JURXQG VWDWH E\ UDGLDWLYH GHFD\ E\
IROORZLQJ UHDFWLRQ VFKHPH
KY '

' s 9 a ' K'Y
H[EPHU



+HDY\ $WRP DQG 2[\JHQ 4XHQFKLQJ

7KH TXHQFKLQJ RI PROHFXODU IOXRUHVFHQFH E\ FRPSI
FRQWDLQLQJ KHDY\ DWRPV DQG WKH SUHVHQFH RI SDU
VSHFLHV QDPHO\ R[\JHQ ZDV EULHIO\ PHQWLRQHG LQ \

7KLV SKHQRPHQRQ LV QRZ GLVFXVVHG LQ VOLJKW
GHWDLO ,W VHHPV WKDW DQ H[FLWHG FRPSOH[ RI GHI
VWRLFKLRPHWU\ XVXDOO\ LV IRUPHG EHWZHHQ DQ
VROXWH VSHFLHV DQG RQH RU PRUH GLIIHUHQW PROHF
JURXQG VWDWH 7KH H[FLWHG FRPSOH[ LV FDOOHG DQ
,Q WKLV H[FLWHG VSHFLHV WKH PDJQHWLF PRPHQW RI
VSLQQLQJ HOHFWURQ FRXSOHV ZLWK WKH RUELWDO P|
ILHOG WR LQGXFH D FKDQJH RI HOHFWURQ VSLQ 7KH
LOQWHUDFWLRQ LV NQRZQ DV VSLQ RUELW FRXSOLQJ
7KH UHVXOW LV HQKDQFHG LQWHUV\VWHP FURVVLQJ Wi
WULSOHW H[FLSOH[ ZKLFK WKHQ GLVVRFLDWHV LQWR L
FRPSRQHQWY $ VLPSOLILHG VFKHPH IRU WKLV SURFH\
JLYHQ EHORZ

,6&
; 4 4 a '4 r 4

H[FLSOH[  H[FLSOH]

4XHQFKLQJ E\ (QHUJ\ 7UDQVIHU

$Q H[FLWHG PROHFXOH GRQRU FDQ EH TXHQFKHG E\

WUDQVIHULQJ LWV HOHFWURQLF HQHUJ\ WR D JURXQG
VSHFLHVY DFFHSWRU &RQVHTXHQWO\ WKH GRQRU LV
WR WKH JURXQG VWDWH DQG WKH DFFHSWRU LV SURPR
HI[FLWHG VWDWH 7TKH DFFHSWRU PXVW KDYH ORZHU O
VLQJOHW RU WULSOHW HQHUJ\ OHYHOV WKDQ WKH GRQ



VLWDWLRQ FDQ EH UHSUHVHQWHG E\ WKH IROORZLQJ H-

TKHSURFHVV FDQ HLWKHU EH FRQVLGHUHG DV D GRQRU
VHQVLWLVLQJ DQ H[FLWHG VWDWH RI WKH DFFHSWRU F
DFFHSWRU TXHQFKLQJ WKH GRQRU H[FLWHG VWDWH Y
RQO\ WKUHH FRPPRQ PRGHV RI HQHUJ\ WUDQVIHU LQ RL
SKRWRFKHPLVWU\ DQG WKHVH DUH JLYHQ EHORZ

6LQJOHWLQJIJOHW ' O$ o $
TULSOHWG6LQJOHW ' $ 9 O$
TULSOHW7ULSOHW ' $ ' $

7KH WKUHH PRGHV RI HQHUJ\ WUDQVIHU DQG WKH IRUPL
VLQJOHW R[\JHQ DUH QRZ GLVFXVVHG LQ PRUH GHWDLO

L 6LQJOHW VLQJOHW $ GRQRU LQ DQ H[FLWHG VLQJ
VWDWH UDGLDWLYHO\ GHFD\V WR WKH JURXQG VWDWH |
HPLWWHG SKRWRQV DUH SUHIHUHQWLDOO\ UHDEVRUEH:!
DFFHSWRU SURPRWLQJ LW WR DQ H[FLWHG VLQJOHW V!
IRUP RI UDGLDWLYH HQHUJ\ WUDQVIHU LV IUHTXHQWO\
DV WKH WULYLDO PHFKDQLVP EHFDXVH RI LWV FRQFHS
VLPSOLFLW\ 'HDFWLYDWLRQ RI WKH GRQRU DQG H[FLW
WKH DFFHSWRU DUH LQGHSHQGHQWO\ VSLQ DOORZHG
RI HQHUJ\ WUDQVIHU GHSHQGV RQ

L IOXRUHVFHQFH HIILFLHQF\ RI WKH GRQRU
LL WKH OLJKW DEVRUELQJ SRZHU RI WKH DFFHSWRU



LLL WKH H[WHQW RI RYHUODS EHWZHHQ WKH GRQR
HPLVVLRQ VSHFWUXP DQG WKH DEVRUSWLRQ VSHFWUXP
DFFHSWRU

7KLV NLQG RI HQHUJ\ WUDQVIHU FDQ RFFXU RYHU VKRU
LPPHQVH GLVWDQFHYV

LL 7ULSOHW VLQJOHW $ GRQRU LQ DQ H[FLWHG WUL
VWDWH WUDQVIHUV LWV HQHUJ\ YLD GLSROH GLSROH L
WR D JURXQG VWDWH DFFHSWRU WKXV SURPRWLQJ LW \
H[FLWHG VLQJOHW VWDWH 7KH WUDQVLWVRSLQ

IRUELBGQ DQG VR UHGXFHV WKH UDWH RI HQHUJ\ WUDQYV
FRQVHTXHQWO\ WKLY SKHQRPHQD LV UDUHO\ REVHUYHG

LLL 7ULSOHW WULSOHW $ GRQRU LQ DQ H[FLWHG W
VWDWH LQWHUDFWY RYHU D GLVWDQFH FRPSDUDEOH WI|
GLDPHWHUV ZLWK D JURXQG VWDWH DFFHSWRU VXEVHT
SURPRWLQJ LW WR WKH WULSOHW VWDWH %HEDXVH F
LOQWHUYHQWLRQ RI D ELPROHFXODU LQWHUPHGLDWH Wt
DOORZHG $Q HIIHFWLYH WULSOHW VHQVLWLVHU VKRXZ¢
DOO WKH LUUDGLDWHG OLJKW DQG KDYH D WULSOHW H(¢
WKDQ WKH VXEVWUDWH 6XFK FRQGLWLRQV DUH VDWL\
WKH HQHUJ\ OHYHOV DUH GLVSRVHG DV LQ )LIJXUH

JRU H[SHULPHQWDO REVHUYDWLRQ RI WKH SKHQRPHQD
XVHG WR UHPRYH WKH VKRUW ZDYHOHQJWK OLJKW WKD
H[FLWH WKH DFFHSWRU WR LWV VLQJOHW VWDWH 6XE)
ZLWK VPDOO VLQJOHW WULSOHW VSOLWWLQJ EXW D W
HQHUJ\ OHYHO EHWZHHQ WKH ORZHVW H[FLWHG VWDWH



RR WKH DFFHSWRU DUH LGHDO VHQVLWLVHUYV 7KH LPSRUW

JLOWHU
6
70
70
(QHUJ\
6R 6
$FFHSWRU BHQVLWLVHU
YJLIXUH (QHUJ\ OHYHOV IRU DVHQVLWLVHU DQG DFF

V\VWHP WKDW ZRXOG H[KLELW WULSOHW HQF
WUDQVIHU

WKLV SURFHVV VKRXOG QRW EH RYHUORRNHG DV LW SU
PHWKRG RI H[FOXVLYHO\ SRSXODWLQJ WKH WULSOHW V

LY )RUPDWLRQ RI 6LQJOHW 2[\JHQ 2[\JHQ LQ LWV JL
VWDWH KDV D WULSOHW HOHFWURQLF FRQILIXUDWLRQ
FROOLGHV ZLWK DQ H[FLWHG WULSOHW VSHFLHV HQHUJ
PD\ WDNH SODFH SURPRWLQJ WKH R[\JHQ PROHFXOH WF
H[FLWHG VLQJOHW VWDWH 7KLV VWDWH LV YHU\ UHDF
SKRWR R[LGLVHV D YDULHW\ Rl RUJDQLF VXEVWUDWHYV
7KH UHDFWLRQ URXWH LV NQRZQ DV WKH 7\SH ,, PHEKD
LV LPSRUWDQW LQ WKH QH[W FKDSWHU ZKHQ WKH SKRW
RI SURWHLQV LV GLVFXVVHG



SKRWRVHQVLWLVHG 3URFHVVHYV

)W RIWHQ KDSSHQV WKDW WKH VLQJOHW DQG WULSOHW
PROHFXOH XQGHUJRH GLIIHUHQW FKHPLFDO UHDFWLRQ\
7KHUHIRUH WR GULYH WKH UHDFWLRQ LQ D SDUWLFXOD
LW LV QHFHVVDU\ WR SUHIHUHQWLDOO\ SRSXODWH WK
H[ELWHG VWDWH &RQWURO RI WKH SURGXFWV FDQ EF}
PDLQWDLQHG E\ VHQVLWLVDWLRQ DQG TXHQFKLQJ WHFI
7KH LGHD LV UHDGLO\ VHHQ E\ UHIHUHQFH WR 6FKHPH

6 ' WULSOHW
VHQVLWLVDWLRQ

$ WULSOHW
SURGXFW SURGXFW TXHQFKLQJ
3, 3
6FKHPH SBURGXFW VHOHFWLRQ E\ FRQWUROOHG SRS

RI' D GHVLUHG H[FLWHG VWDWH

+HQFH WKH H[FOXVLYH IRUPDWLRQ RI SURGXFW 3, FDQ
REWDLQHG E\ DGGLWLRQ RI D WULSOHW TXHQFKHU ZKR
LV OHVV WKDQ WKDW RI ' 7TKH IRUPDWLRQ RI SURGXF\
PD[LPLVHG E\ VSHFLILFDOO\ SURGXFLQJ ' E\ WULSOHW
WUDQVIHU IURP D SKRWRVHQVLWL]HU 6 RI KLIJKHU WUL
HQHUJ\ WKHUHE\ E\SDVVLQJ WKH VLQJOHW VWDWH

7KH SKHQRPHQD 21 &RORXU

ORVW DYHUDJH KXPDQV DUH UHFHSWLYH WR OLJKW EHMW



DQ G QP DQG WKLV UDQJH LV NQRZQ DV WKH YLVLEO
VSHEWUXP 7KH ZDYHOHQJWK RI OLJKW LV UHVSRQVLI
VHQVDWLRQ RI FRORXU DQG WKH YLVLEOH VSHFWUXP
GLYLGHG LQWR QLQH EURDG VSHFWUDO UHJLRQV (DF
UHDGLO\ GLVWLQJXLVKDEOH IURP WKH RWKHUV DQG W
GHSLFWHG LQ WKH IRUP RI D FRORXU FLUFOH YLIXU}

W VKRXOG EH QRWHG WKDW HDFK VHFWRU KDV DQRW
GLDPHWULFDOO\ RSSRVLWH WR LW DQG WKH FRORXU &
UHSUHVHQWHG E\ D ZDYHOHQJWK UHJLRQ 7KH FLUFO

PQ QP

JLIXUH 7TKH FRORXU FLUFOH

EH XVHG WR GLVFXVV DGGLWLYH DQG VXEWUDFWLYH F

PL[LQJ

$GGLWLYH &RORXU OL[LQJ

, bOO WKH FLUFOH FRORXUV DUH PL[HG LQ WKH FRUU]

DPRXQWV WKHQ ZKLWH OLJKW LV SURGXFHG 6LPLODL
PRQRFKURPDWLF ZDYHOHQJWKYV IURP DQ\ SDLU RI RSS



VHFWRUV DUH PL[HG WKH H\H SHUFHLYHV ZKLWH 6 XFK
FRORXUV DUH VDLG WR EH FRPSOHPHQWDU\ 7KH FROR?
JRQH FDQ EH GXSOLFDWHG E\ PL[LQJ OLJKW IURP ERWK
VHFWRUV JRU HI[DPSOH LI UHG DQG \HOORZ DUH PL[H!
RUDQJH LV IRUPHG

7KH YDVW PDMRULW\ RI FRORXUV WKDW SHUYDGH RXU |
DUH QRW IRUPHG LQ WKLV PDQQHU EXW DULVH IURP VX
FRORXU PL[LQJ

6 XEWUDFWLYH &RORXU OL[LQJ

7KLV SKHQRPHQD LV HVVHQWLDOO\ WKH RSSRVLWH RI I
PL[ILQJ ,I RQH Rl WKH FRPSRQHQWYV IURP ZKLWH OLJKV
UHPRYHG WKHQ WKH H\H ZLOO SHUFHLYH WKH FRPSOHF
FRORXU Rl WKH UDGLDWLRQ UHPRYHG 7KLV LV LQ VSL
IDFW WKDW WKH UHPDLQLQJ UDGLDWLRQ LV D FRPSOH]
ZDYHOHQJWKY 7R WDNH RQH H[DPSOH LI D PROHEXOF
D EDQG RI ZDYHOHQJKWYV LQ WKH UHJLRQ QP
EOXLVK JUHHQ OLJKW LV UHPRYHG DQG WKH FRORXU U
E\ WKH H\H LV UHG 7KH HPHUJHQFH RI JUHHQ UHTXLL
UHPRYDO RI SXUSOH OLJKW ZKLFK GRHV QRW H[LVW
PRQRFKURPDWLFDO\ EXW LV D PL[WXUH RI UHG DQG YL
UDGLDWLRQ 7KXV ILOWUDWLRQ RI WKH WZR ZDYHOHQ
DQG QP SURGXFHV WKH GHVLUHG HIIHEW '\HV D
SLJPHQWY DSSHDU FRORXUHG EHFDXVH PROHEXOHV VH
DEVRUE FHUWDLQ ZDYHOHQJWKYV IURP GD\OLJKW 7KH
HOHFWURQLF VWUXFWXUH RI PROHEXOHV DQG WKH DE
OLJKW KDV EHHQ GLVFXVVHG LQ HDUOLHU VHEWLRQV



5()(5(1&(6

-$ %DUOWURS DQG -' &R\OH ([FLWHG 6WDWHV LQ
2UJDQLF &KHPLVWU\ -RKQ :LOH\ 1HZ <RUN

1- 7XUUR ORGHUQ OROHFXODU 3KRWRFKHPLVWU\

%HQMDPLQ &XPPLQJV 6DQ )UDQVLVFER

- &DOYHUW DQG - 3LWWV 3KRWRFKHPLVWU\ -RKQ
:LOH\ 1HZ <RUN

-0 &R[RQ DQG % +DOWRQ 2UJDQLF 3KRWRFKHPLV\
:LOOLDP &0ORZHV DQG 6RQV /WG &DPEULGJH 8QLYH)
3UHVV

$ 6WUHLWZHLVHU OROHFXODUHORUELW?2 7KHRU\ IRU
&KHPLVWV :LOH\ /RQGRQ &KDSWHU

++ -DIIH DQG 0 2UFKLQ 7KHRU\ DQG $SSOLFDWLR
8 9 6SHFWURVFRS\ :LOH\ /RQGRQ &KDSWHU
5H1 S

* 3RUWHU DQG 3 6XSSDQ 7UDQV )DUBGD\ 6RF

* %ULHJOHE (OHNWURQHQ 'RQDWRU $FFHSWRU
.RPSOH[HV 6SULQJHU %HUOLQ

"$ 6NRRJ DQG '0 :HVW BULQFLSOHV RI ,QVWUXPH
$QDO\VLV +ROW 6DXQGHUV -DSDQ S

$ -DEORQVNL = 3K\VBN

SHI S

% O6WHYHQV $GY 3KRWRFKHP
6WHUQ DQG 0 9ROPHU = 3KBVLN



56 'DYLGVRQ $GYDQFHV LQ 3K\VLFDO 2UJDQLF
&KHPLVWU\ 9RO $FDGHPLF 3UHVV /RQGRQ

$ HOOHU 3XUH DQG $SSOLHG &KHP

0 *RUGRQ DQG : 5 :DUH 7KH ([FLSOH[ $FDGHPLF
3UHVV 1HZ <RUN

- 9HUKRHYHQ 3XUH DQG $SSOLHG &KBHP 9RO

7+ )J)RUVWHU DQG . .DVSHU = (OHFWURFKHP

& $ 3DUNHU DQG & * +DWFKDUG 7UDQV )DUDGD\ 6F

. *ROOQLFN DQG * 2 B6FKHQEN &\FORDGGLWLRQ
SHDFWLRQV  7KH 'LHOV $OGHU 5HDFWLRQ LQ 2UJD:
6\QWKHVLY $FDGHPLF 3UHVV 1HZ <RUN

. *ROOQLFN $GYDQFHV LQ 3KRWRFKHPLVWU\ 9RO
,QWHUVFLHQFH 1HZ <RUN S

- *ULIILWK &RORXU DQG &RQVWLWXWLRQ RI 2UJDC
OROHEXOHV $FDGHPLF 3UHVV /RQGRQ S

6 3DWDL 7KH &KHPLVWU\ RI )XQFWLRQDO *URXSV

3HUR[LGHV -RKQ :LOH\ DQG 6RQV /WG &KDSW|
S
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&KHPLFDO 6WUXFWXUH RI :RRO

:RRO ZKLFK KDV EHHQ FOHDQHG LV HVVHQWLDOO\ SXUH
DQG VR H[KLELWV WKH FKHPLVWU\ DVVRFLDWHG ZLWK L!
FRQVWLWXHQW DPLQR DFLGYV +\GURO\WLF GHJUDGDW
FKURPDWRJUDSKLF DQDO\VLV KDV VKRZQ WKH SUHVHQF]
HLJKWHHQ DPLQR DFLGV FRPPRQO\ IRXQG LQ WKH K\GUF
RI PRVW SURWHLQV 7KH UHVLGXHV DUH JLYHQ LQ WDE!
$V ZLWK RWKHU SURWHLQV ZRRO FRQWDLQV ERWK DFLC
EDVLF JURXSV DQG LV WKHUHIRUH DPSKRWHULF 7KHUF
DSSUR[LPDWH EDODQFH EHWZHHQ WKH DFLGLF DQG EDV
7KH DFLGLF SURSHUWLHVY DUH IURP DVSDUWLE JOXWDP
WHUPLQDO UHVLGXHV DQG WKH EDVLF FKDUDFWHU LV G
DUJLQLQH O\WLQH DQG KLVWLGLQH VLGHFKDLQV 7KH I
DFLG FRPSRVLWLRQ RI ZRRO LV GHSHQGHQW XSRQ VHYH
IDFWRUV $OWHUDWLRQV LQ WKH GLHW DQG KHDOWK R
DQG LWV H[WHUQDO HQYLURPHQW DUH SDUWLFXODUO\ L
&\WWLQH UHVLGXHV DUH YLWDO FURVVOLQNLQJ DJHQWYV
EULGJH GLIIHUHQW SURWHLQ FKDLQV ,W KDV EHHQ VX.
WKDW DOO RI WKH SRO\SHSWLGH FKDLQV LQ ZRRO PD\ E
FURVVOLQNHG VR WKDW WKH ZKROH ZRRO ILEUH LV RQ
SURWHLQ PROHEXOH 'LVXOSKLGH UHGXFWLRQ DQG F
WKH WKLROV ZLWK LRGRDFHWDWH DOORZV WKH H[WUDF
VROXEOH SURWHLQV 7KH LVRODWHG SURWHLQV FDQ &
VHSDUDWHG LQWR WKUHH IUDFWLRQV GHSHQGHQW RQ V
FRQWHQW 2QH JURXS FRQWDLQV D JURXS RI ORZ VXO!
SURWHLQVY VR FDOOHG EHFDXVH WKHLU VXOSKXU FRQW
WKDQ WKDW RI ZRRO $QRWKHU IUDFWLRQ FRQWDLQV W
WKH KLJK VXOSKXU DQG XOWUDKLJK VXOSKXU SURWH



10PH 6WUXFWXUH &+ & + $EUpYLDWLRQ

*O\FLQH + *0O\
$ODQLQH &+ $0D
9DOLQH &+ &+ 9DO
/IHXFLQH &+ &+&+ /IHX
,ZVROHXFLQH &+ &+ &+ &+ + H
OHWKLRQLQH &+ 6&+ &+ OHW
6HULQH +2&+ 6HU
7TKUHRQLQH &+ +2 &+ 7KU
$VSDUWLF DFLG + &&+ $VS
*OXWDPLF DFLG + &+ &+ *OX
/\VLQH +1 &+ I\V

SUJLOLQH +1&1+ &+ $UJ

1+

SKHQ\ODODQLQH 3KH
7\URVLQH 7\U
+LVWLGLQH +LV

TU\SWRSKDQ

UROLQH 3UR

7TDEOH $PLQR DFLGV LQ :RRO



ZKRVH VXOSKXU FRQWHQW LV KLIKHU WKDQ WKH RULJL
$ WKLUG IUDFWLRQ IRXQG WR EH HVSHFLDOO\ ULFK LQ
DQRG WA\URVLQH LV FDOOHG KLJK *O\ 7\U SURWHLQ

SKRWRFKHPLVWU\ RI :RRO 3URWHLQ

7KH SKRWRDFWLYH UHVLGXHV LQ SURWHLQV LQFOXGH (
ERQGY DQG WKH DURPDWLF VLGHFKDLQV W\URVLQH W
DQG SKHQ\ODODQLQH 7TKH FKHPLFDO FRQVWLWXWLRQ
SURWHLQ LV LPSRUWDQW DV WKLV ZLOO LQIOXHQFH WK
SKRWRFKHPLFDO SURSHUWLHYV ,Q JHQHUDO OLJKW DII
SURWHLQV LQ WKUHH GLIITHUHQW ZD\V

LQ WKH HDUO\ VWDJHV RI H[SRVXUH QHZ FURVVOLC
EH IRUPHG

SURORQJHG LUUDGLDWLRQ EULQJV DERXW SKRWRG
GXH WR PDLQ FKDLQ DPLGH DQG GLVXOSKLGH ERQG UX(

SKRWRGLVFRORXUDWLRQ DFFRPSDQLHV WKH DERYI
UHDFWLRQV

7KH VLIQLILFDQFH DQG H[WHQW RI WKH DERYH UHDFWL

RQ WKH LQWHQVLW\ DQG HQHUJ\ RI WKH LUUUDGLDWLR(
WHPSHUDWXUH DQG KXPLGLW\

8OWUDYLROHW $EVRUSWLRQ

7KH XY DEVRUSWLRQ VSHFWUXP RI ZRRO EHWZHHQ D



JLIXUH 7KH XOWUDYLROHW DEVRUSWLRQ VSHFEWUXP
L D _LPUDGLDO VHFWLRQ RI PHULQR ZRRC
NHUDWLQ
LL WKH DEVRUSWLRQ VSHEWUXP FDOFEXODW|
IURP WKH DPLQR DFLG FRPSRVLWLRQ
LLL WKH UHODWLYH VSHFWUDO LQWHQVLW\ F
6\GQH\ VRXWK OLJKW DW QRRQ

(IWUDFWHG IURP UHI



LV GXH HVVHQWLDOO\ WR WKH SUHVHQFH RI WKH DPLQR
WV\URVLQH DQG WU\SWRSKDQ ZLWK PLQRU FRQWULEXWL
SKHQ\ODODQLQH DQG F\WWLQH $W ZDYHOHQJWKV DER
WKH ZRRO ILEUH KDV D PXFK KLJKHU DEVRUSWLRQ WKD
DFFRXQWHG IRU E\ DPLQR DFLG DEVRUSWLRQ LQGLFDW
SUHVHQFH Rl RWKHU VSHFLHV ZKLFK DEVRUE LQ WKLV |
)LIXUH $OWKRXJK ZRRO DEVRUSWLRQ LQ WKH

QP UHJLRQ LV VPDOO WKH DPRXQW RI HQHUJ\ UHDF!
HDUWK LQ WKLV ZDYHOHQJWK UDQJH LV PXFK JUHDWHU
EHORZ QP 7KHUHIRUH WKH SKRWRFKHPLVWU\ RI WK
XQNQRZQ VSHFLHV PXVW EH WDNHQ LQWR FRQVLGHUDW
GLVFXVVLQJ WKH LQWHUDFWLRQ RI ZRRO SURWHLQV ZL
UDGLDWLRQ LQ WKH UHJLRQ QP 7KLV QRQ SUR
VSHELHV KDV QRW EHHQ LGHQWLILHG EXW LW LV SRVW)
SKRWRGHFRPSRVLWLRQ SURGXFWV RU QDWXUDO SLJP|
SUHFXUVRUV

IXPLQHVFHQFH RI :RRO

,ZUUDGLDWLRQ RI ZRRO LQ WKHQP ZDYHOHQJWK UHJLRQ
OHDGV WR D IOXRUHVFHQFH VLIJQDO ZKLFK LV ODUJHO\
DWWULEXWDEOH WR WU\SWRSKDQ HYHQ WKRXJK W\URV
VWURQJO\ LQ WKH VDPH UDQJH 7KH ODFN RI WAURVLC
HPLVVLRQ LV DWWULEXWHG WR DQ HQHUJ\ PLIJUDWLRQ
WA\URVLQH WR WU\SWRSKDQ YLD DQ DFFHSWRU GRQRU F
(OHFWURQ WUDQVIHU EHWZHHQ WKH DURPDWLF UHVLG X
RFFXUV /IDVHU IODVK SKRWR@FLWI 7US 7\U OHDGV

WR DQ REVHUYDWLRQ RI WKH UDGLFDO FDWLRQ 7US 7



SKHRJ\ UDGLFDO GXH WR SURWRQ DQG HOHFWURQ ORVV
WV\URVLQH UHVLGXH SHGXFWLRQ RI WKH GLVXOSKLGH
ZRRO E\ WUHDWPHQW ZLWK WULEXW\O SKRVSKLQH ZDV |
GRXEOH WKH RULJLQDO IOXRUHVFHQFH 7KH 10OXRUHVI
TXHQFKLQJ E\ WKH GLVXOSKLGHV LV LQ SDUW YLD DQ H
WUDQVIHU PHFKDQLVP 7KXV 10ODVK SKRWRO\VLV R
WU\SWRSKDQ LQ WKH SUHVHQFH RI F\WVWLQH JDYH WKH |
DQLRQ RI F\WVWLQH  %HQW DQG +D\RQ VKRZHG WKDW W
WULSOHW VWDWH RI W\URVLQH ZDV TXHQFKHG E\ GLVXO
ZLWK WKH IRUPDWLRQ RI UDGLFDO DQLRQV RI WKH GLVX
6LQJOHW HQHUJ\ WUDQVIHU IURP W\URVLQH WR GLWKLR
DFLG ZDV SURSRVHG DIWHU VLPLODU SURGXFWV ZHUH II
WKH GLUHFW DQG W\URVLQH VHQVLWLVHG SKRWRO\VLYV
GLVXOSKLGH

JROORZLQJ WKH UHFRJQLWLRQ WKDW WKH IOXRUHVFHQF
ZDV GXH HVVHQWLDOO\ WR HPLVVLRQ IURP WU\SWRSKDC
VRRQ UHFRJQLVHG WKDW WKH URRP WHPSHUDWXUH SKR
ZDV DOVR HVVHQWLDOO\ GXH WR WU\SWRSKDQ .RQHY

LQWHQVH VKRUW OLYHG HPLVVLRQ ZKLFK ZDV DVVLJQHCG
WU\SWRSKDQ WULSOHW DQG D ORQJHU OLYHG VLJQDO Z
SURSRVHG WR RFFXU IURP WKH UHFRPELQDWLRQ RI D

SKRWRHMHFWHG HOHFWURQ ZLWK WKH WU\SWRSKDQ UD
$ VWXG\ E\ *KLJJLQR FRQFOXGHG WKDW XQGHU GU\ QLW
SKRVSKRUHVFHQFH H[FLWDWLRQ DW QP GHFD\ zZDV

DSSDUHQWO\ VHFRQG RUGHU DQG WKH UDWH GHWHUPLQ
ZDV D UDGLDWLRQOHVV WU\SWRSKDQ WU\SWRSKDQ WU
TXHQFKLQJ +RZHYHU LQ WKH SUHVHQFH RI R[\JHQ DQ
PRLVWXUH WKH WULSOHW VWDWH RI WU\SWRSKDQ LV TX



R[\JHQ ZLWK WKH SRVVLEOH IRUPDWLRQ RI VLQJOHW RJ[

$ VHFRQG SKRVSKRUHVFHQFH GHFD\ VWXG\ ZLWK WKH V

XQGHU GU\ QLWURJHQ H[FLWDWLRQ DW QP LQYRNHC

SDUWLFLSDWLRQ RI DQ XQNQRZQ VSHFLHV DEVRUELQJ [
QP DQG WKH WULSOHW VWDWH RI WU\SWRSKDQ

SKRWRFKHPLFDO 5SHDFWLRQV

8SRQ LUUDGLDWLRQ WKH ZRRO SURWHLQ FDQ XQGHUJR
SKRWRFKHPLFDO SURFHVVHV 7KHVH SURFHVVHV DUH
RQ SDUDPHWHUV VXFK DV LUUDGLDWLRQ ZDYHOHQJWK
DEVHQFH RI R[\JHQ DQG IUHTXHQWO\ FRPSHWH ZLWK HI
RWKHU ,Q RUGHU WR VLPSOLI\ WKH PXOWLWXGH RI
SKRWRFKHPLFDO UHDFWLRQV WKH\ DUH FODVVLILHG LQ
FDWDJRULHYV L IUHH UDGLFDO DQG LL UHDFWLRQV
WR WKH \HOORZLQJ WR ZRRO 7KLV FODVVLILFDWLRQ L
IRU FRQYHQLHQFH DQG LV QRW DEVROXWHO\ VWULFW
H[DPSOH WKH IRUPDWLRQ RI GLW\URVLQH LV SURSRVHC
E\ D UDGLFDO PHFEKDQLVP EXW LW LV WKRXJKW WR LQIO
SKRWR\HOORZLQJ Rl ZRRO DQG LV WKHUHIRUH GLVFXVV
VHEWLRQ

SDGLFDO 5HDFWLRQV

7KH LGHQWLILFDWLRQ RI VPDOO DPRXQWV RI S\UXYLF D
JO\R[\OLF DFLGV LQ WKH SURWHLQ K\GURO\VDWH RI VLF
PRGHO SHSWLGHYV LQGLFDWH DPLGH ERQG ILVVLRQ DW '



DQG DODQLQH UHVLGXHYV W ZDV DOVR IRXQG WKDW
SKHQ\ODODQLQH LQFUHDVHG WKH SKRWRO\VLV RI WKH\
GHULYDWLYHYV 7KH FDWDO\WLF DFWLYLW\ RI DQ DURP
DFLG ZzDV SURSRVHG WR RFFXU E\ SKRWRLRQLVDWLRQ

SKHQ\O JURXS 7TKH PHFKDQLVP VXJIJHVWHG WKDW SHS
UDGLFDOV DUH IRUPHG ZKLFK WKHQ UHDFW ZLWK R[\JH
D NHWRDFHW\O JURXSYV 7KH UHDFWLRQ SDWKZD\ FDQ

HQYLVDIJHG E\ WKH IROORZLQJ HTXDWLRQV
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7KHLGHQWLILFDWLRQ Rl RWKHU RF NHWR DFLGV VXJJHV
PDLQ FKDLQ EUHDNGRZQ LV QRW FRQILQHG WR JO\FLQF
DODQLQH EXW FDQ RFFXU DGMDFHQW WR PDQ\ DPLQR L
UHVLGXHV ,Q IDFW LW KDV EHHQ VXJJHVWHG WKDW
GRQRUV VXFK DV DURPDWLF DPLQR DFLGV ZLOO VHQVL!
DEFHSWRUV VXFK DV SHSWLGH ERQGV E\ HQHUJ\ WUDQ"
ZLWKRXW DFWXDOO\ UHOHDVLQJ HOHEFWURQYV

,UUDGLDWLRQ RI FA\VWLQH FDQ OHDG WR D SOHWKRUD I
GHSHQGLQJ RQ WKH LUUDGLDWLRQ ZDYHOHQJWK % R



6 6 ERQG ILVVLRQ KDYH EHHQ REVHUYHG ,Q SURWHLQ)
F\VWLQH LV EHOLHYHG WR IRUP WKL\O UDGLFDOV E\ KR
ILVVRQ RI WKH GLVXOSKLGH ERQG RU E\ WKH UHDUUDQ.
D F\WWLQ\O UDGLFDO DQLRQ YLD WKH IROORZLQJ UHDF
VFKHPH

KY
5 &+ 6 6 &+ 5 A 5 &+ 26 6 &+ 5 H
S & 6 6 &+ 5 H U FK2V2v FK U
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SKRWRH[FLWHG W\URVLQH FDQ FOHDYH GLVXOILGHV YLI
HOHFWURQ WUDQVIHU SURFHVYV

(YLGHQFH IRU WKH SDUWLFLSDWLRQ Rl WKL\O UDGLEDO
REWDLQHG E\ HOHFWURQ VSLQ UHVRQDQFH VSHFWURVF
HV U 7KH VSHFWUXP KDV QRW EHHQ VDWLVIDFWRU
DVVLJQHG DQG FRQIOLFWLQJ GHVLJQDWLRQV UHPDLQ

SURSRVDO LV WKH IRUPDWLRQ RI D JO\FLQ\O DQG DODQ
UDGLFDO ZKLFK DJUHHV ZLWK WKH FKHPLFDO HYLGHQI
VHFRQG VXJJHVWLRQ LV WKDW WKH XQSDLUHG HOHEFWU
DVVRFLDWHG ZLWK SHSWLGH FDUERQ\O FDUERQ EXW
FKHPLFDO HYLGHQFH VXSSRUWV WKLV GHVLJQDWLRQ

7U\SWRSKDQ DOVR IRUPV D IUHH UDGLFDO VSHFLHV ZKL
EHHQ LGHQWLILHG DV WKH LQGRO\O UDGLFDO ,W LV
E\ UHDUUDQJHPHQW RI WKH LQGRO\O UDGLFDO IROOR:
ERQG ILVVLRQ DQG RU SKRWRHMHFWLRQ RI DQ HOHFW
VXEVHTXHQW GHSURWRQDWLRQ 7KH IRUPDWLRQ LV Z



GBHQGHQW LQ DTXHRXV PHGLD ZLWK RQO\ 1 + ERQG IL\
RFFXULQJ DW ! QP 6WXGLHV RI WKH UDGLFDO IRUP
SURSHUWLHV RI WU\SWRSKDQ LQ SRO\ YLQ\ DOFRKRO |
LQGLFDWHY WKDW WKLV SDWKZD\ DSSHDUV WR SOD\ RQ
UROH ZLWK LUUDGLDWLRQ ZDYHOHQJWKYV ! QP DQG
GHGXFWLRQ LQ ZRRO XQGHU WKH VDPH UDGLDWLRQ FR
RRO KDV EHHQ LUUDGLDWHG LQ WKH SUHVHQFH RI WUL
ZDWHU ZLWK WKH LGHD WKDW WKH IUHH UDGLFDOV SUR
LUUDGLDWLRQ ZLOO DEVWUDFW WULWLXP DQG VR UDGL
RULJLQDO DPLQR DFLG UHVLGXH $IWHU UHGXFWLRQ
FDUER[\PHWK\ODWLRQ DQG HQ]J\PDWLF GHJUDGDWLRQ
UDGLRODEHOOHG WU\SWRSKDQ W\URVLQH SKHQ\ODODQ
DQG V FDUER[\PHWK\OF\VWHLQH ZHUH LGHQWLILHG

,W DSSHDUV WKDW IUHH UDGLFDO UHDFWLRQV DUH PDL
UHVSRQVLEOH IRU WKH UXSWXUH RI GLVXOSKLGH ERQG
SRO\SHSWLGH EDFNERQH EUHDNGRZQ

SKRWR\HOORZLQJ RI :RRO

7KH IRUPDWLRQ RI D NHWR DFLGV ZDV ILUVW SURSRV}
DFFRXQW IRU WKH LQFUHDVHG ZRRO \HOORZQHVV EHFD
WKHLU YLVLEOH OLJKW DEVRUSWLRQ +RZHYHU +ROV
OLOOLJDQ KDYH SURYLGHG HYLGHQFH WR UHIXWH WKLV
7TU\SWRSKDQ LV WKH DPLQR DFLG PRVW VXVFHSWLEC
VXQOLIJKW \HOORZLQJ LQ DTXHRXV PHGLD $ VWURQJ
FRUUHODWLRQ ZDV IRXQG IRU WKH UDWHV RI \HOORZLQ
GLITHUHQW NHUDWLQ VDPSOHV ZLWK WKHLU LQLWLDO



FRQFHQWUDRVLWVRQ\SWRSKDQ DQG ZLWK WKH GHVWUXFWL
WU\SWRSKDQ 7KH LQFRUSRUDWLRQ RI WU\SWRSKDQ |
FDXVHV D VLJQLILEFDQW LQFUHDVH LQ \HOORZLQJ 6 R
\HOORZ SURGXFWV IURP SKRWRGHJUDGHG ZRRO KDYH E
LVRODWHG EXW RQO\ N\QXUHQLQH D UHFRJQLVHG RJ[LGC
SURGXFW RI WU\SWRSKDQ FRXOG EH LGHQWLILHG ) X
PRUH LW ZDV IRXQG WKDW WKH SKRWRSURGXFWV ZHUH
ERXQG WR WKH SURWHLQ 7R DYRLG WKH SUREOHPV DV
ZLWK WKH LVRODWLRQ Rl SHSWLGH ERXQG SURGXFWV Il
LQVROXEOH ZRRO VXEVWUDWH WKH SKRWREFKHPLVWU\ |
WU\SWRSKDQ DQG LWV GHULYDWLYHV KDV EHHQ ZLGHO\
LQYHVWLIJDWHG 7KH VWXGLHV KDYH HLWKHU LQYROYH
SKRWRO\VLV RU UHDFWLRQ RI WKH DPLQR DFLG UHVLGX
VLQJOHW R[\JHQ IRUPHG E\ G\H VHQVLWLVDWLRQ
JROORZLPJ SURORQJHG LUUDGLDWLRQ RI WU\SWRSKDQ
IROORZLQJ SURGXFWV KDYH EHHQ LVRODWHG DQG LGHQ
IRUP\ON\QXUHQLQH 1). YL N\QXUHQLQH YLL D
K\GURSHUR[\S\UUROLGLQRLQGROH LY DQG D
K\GUR[\S\UUROLGLQRLQGROH Y 7R DFERXQW IRU WK
SURGXFWV 6XQ DQG =LJPDQ KDYH GHYLVHG WKH UHDF)
VEKHPH VKRZQ LQ )LJXUH 7KH LQLWLDO UHDFWLRQ
LQYROYHVY WKH LQWHUDFWLRQ Rl WKH LQGROH QXFOHX\
R[\JHQ WR JLYH D VKRUW OLYHG LQGROHQLQH K\GURSHL
LL ,W LV QRW FOHDU LI WKLV VSHFLHV LV IRUPHG YLI
LQGRO\O UDGLFDO DQG UDGLFDO FDWLRQ D SURFHVV L
7US 6 7US 7M RU UHDFWLRQ RI VLQJOHW R[\JHQ ZLW!
WU\SWRSKDQ 3UHVXPDEO\ DW ZDYHOHQJWKY JUHDWH!
QP WKH VLQJOHW R[\JHQ PHFKDQLVP LV LQ VROH RSHUD
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DHUDWHG DTXHRXV VROXWLRQ 6XQ DQG =L.



bW KLJKHU HQHUJ\ LUUDGLDWLRQ WKHQ RWKHU SDWKZC
FRQWULEXWH WR WKH LQWHUPHGLDWH IRUPDWLRQ , Q
DWWDFN E\ WKH D QLWURJHQ ORQH SDLU RI HOHFURQV
LOWHUPROHFXODU DGGLWLRQ RI ZDWHU LV SRVVLEOH
LVRODWLRQ RI LY LQGLFDWHV WKLV LV D PRUH VWDEC
SURGXFW ,W LV OLNHO\ WKDW LY SOD\V RQO\ D PLQF
LQ WKH SKRWRFKHPLVWU\ RI SURWHLQ ERXQG WU\SWRS
VWHULF IDFWRUV DQG ORVV RI QXFOHRSKLOLF DFWLYL)
DVVRFLDWHG ZLWK WKH DPLGH ERQG ZLOO UHWDUG LW
,Q IDFW 1 DFHW\OWU\SWRSKDQ \HOORZV PRUH VORZO\
WU\SWRSKDQ LQ DTXHRXV VROXWLRQ

7KH SURGXFWV REWDLQHG E\ WKH G\H VHQVLWLVHG SK
R[LGDWLRQ RI WU\SWRSKDQ KDYH LQFOXGHG 1). YL

LY DQG Y+ 3DUDOOHO WR WKH GLUHFW SKRWRO!
DQ LQGROHQLQH K\GURSHUR[LGH ZDV IRUPXODWHG DV
SURGXFW ZKLFK FRQYHUWY WR 1). RU LY E\ DOWHUQL
SDWKZD\V 7KH IROORZLQJ UHDFWLRQ VFKHPH KDV EHI
SURSRVHG



7KH UHDFWLRQ VFKHPH LV YHU\ VLPLODU WR WKDW SUR
6XQ DQG =LJPDQ DQG WKH UHVWULFWLRQV IRU SURWHL
WU\SWRSKDQ DUH DOVR DSSOLFDEOH 2QH Rl WKH SKF
ZRXOG EH 1). IRUPHG YLD WKH HQHUJHWLFDOO\ XQIDYF
GLR[HWDQH DQG WKLV FRPSRXQG LV LQWHQVHO\ \HOOF
FRORXUHG

$ SKRVSKRUHVFHQFH TXDQWXP \LHOG RI IRU WKH

WU\SWRSKDQ HPLVVLRQ RI ZRRO DW . LQGLFDWHV Wk
FRQVLGHUDEOH LQWHUV\VWHP FURVVLQJ WR WKH WU\S
WULSOHW RFEXUV W KDV EHHQ SURSRVHG WKDW WK
H[EFLWHG VWDWH RI WU\SWRSKDQ DQG DQ XQLGHQWLILI
DEVRUELQJ DW QP UHDFW ZLWK JURXQG VWDWH RI[\J
SURGXFH VLQJOHW H[FLWHG R[\JHQ E\ HQHUJ\ WUDQVIt

7KHVLQJOHW H[FLWHG VWDWH R[\JHQ WKHQ GLIIXVHV W
WKH ZRRO NHUDWLQ WR UHDFW ZLWK WKH DPLQR DFLG
WU\SWRSKDQ DQG PHWKLRQLQH $SSOLFDWLRQ RI D
VLQJOHW R[\JHQ TXHQFKHU VRGLXP DJLGH WR ZRRO U
WKH UDWH RI WU\SWRSKDQ GHJUDGDWLRQ

IHQQR] VXJIJHVWYV WKDW R[LGDWLRQ FDQ WDNH SODF}
EHQ]JHQH ULQJ RI WU\SWRSKDQ WR JLYH D K\GUR[\WU\S
ZKLFK RQ UXSWXUH RI WKH LQGROH ULQJ ZRXOG \LHOG
K\GUR[\N\QXUHQLQH SUHVXPDEO\ YLD K\GUR[\1). 7Kt
K\GUR[\N\QXUHQLQH LV D \HOORZ SLJPHQW LVRODWHG
EXWWHUIO\ ZLQJV $PLQRSKHQROV VXFK DV



K\GUR[\N\QXUH®@IQBHGLK\GUR[\WU\SWRSKDQ UHDGLO\ JL

GHHSO\ FRORXUHG WDUU\ SURGXFWYVY DQG SRO\PHUV UH(¢
PHODPLQ

7\URVLQH FDQ EH SKRWRR[LGLVHG WR GLW\URVLQH DQ(
SRVVLELO\ WUL DQG SRO\ W\URVLQHV LQ SURWHLQV
SRVVLEOH PHFKDQLVP LV WKH FRXSOLQJ RI SKHQR[\ UDC
7KH UHDFWLRQ LV VKRZQ VFKHPDWLFDOO\ EHORZ

2+ 2+ 2+
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'LWA\URVLRB\ EH WKH XQNQRZQ DEVRUELQJ VSHFLHV DW



$EVRUSWLRQ

IOVOROOY

YLIXUH

$EVRUSWLRQ VSHFWUD RI ELW\URVLQH DW
GLIIHUH@WYDOXHVD S+
E 3+
F S+
/HKUHDQQDI[PDQ



QP ,WV 89 VSHFWUXP LV S+ GHSHQGDQW KDYLQJ D
ORQJZDYHOHQJWK PD[LPDO DEVRUSWLRQ DW S+ DQG
DQG D KLJKHU HQHUJ\ DEVRUSWLRQ DW S+ 7KH VSF
DUH JLYHQ LQ )LJXUH 'LW\URVLQH ZDV IRXQG WR E|
SURGXFHG RQ KHDWLQJ ZRRO DV ZHOO DV E\ LUUDGLDW
:KHQ GLW\URVLQH ZDV DSSOLHG WR ZRRO DQG LUUDGLI
VDPH UDWH RI SKRWR\HOORZLQJ DV DQ XQWUHDWHG VL
UHVXOWHG )URP WKLV HYLGHQFH LW DSSHDUV WKDW
GRHV QRW LQLWLDWH VHFRQGDU\ SKRWRFKHPLFDO UHL

:KLOH WKHUH LV FRQVLGHUDEOH HYLGHQFH WR VXSSRU
WKHRU\ WKDW VLQJOHW R[\JHQ LV LQYROYHG LQ WKH \]
RI' ZRRO LW PXVW EH VWUHVVHG WKDW WKH SKRWRFKHF
UHDFWLRQV DUH YHU\ FRPSOH[ DQG RWKHU UHDFWLRQ\
FRQWULEXWLQJ WR WKH GLVFRORUDWLRQ

SKRWRFKHPLVWU\ 21 )OXRUHVFHQW %ULJKWHQLQJ $

JOXRUHVFHQW %ULJKWHQLQJ $JHQWV )%$V DUH HVVH
FRORXUOHVV IOXRUHVFHQW G\HV XVHG IRU ZKLWHQLQJ
QDWXUDO FUHDP FRORXU RI ZRRO SDSHU DQG SODVWL
DEVRUE LQ WKH QHDU 89 DQG UH HPLW WKH DEVRUEHG
YLVLEOH OLJKW 8QIRUWXQDWHO\ WKHLU LQFRUSRUD!
QDWXUDO SURWHLQ ILEUHV VXFK DV ZRRO LQYDULDEO\
SKRWRGHJUDGDWLRQ DQG GLVFRORXUDWLRQ RI WKHVH
ILEUHV 8QGRXEWHGO\ WKH PRVW SRSXODU W\SH F
IRU ZRRO FRQWDLQV WKH VWLOEHQH FKURPRSKRUH

7KHUH LV JRRG HYLGHQFH WKDW VWLOEHQHV RQ WKH V



ZRRO FDQ VHQVLWLVH WKH IRUPDWLRQ RI VLQJOHW RJ[\JI
WKHQ UHDFWV ZLWK WU\SWRSK\O UHVLGXHV ORFDWHG V
GLVWDQFH IURP WKH )%$ $ IXUWKHU VWXG\ VKRZHG
VWLOEHQHYVY FDQ ERWK VHQVLWLVH DQG TXHQFK VLQJOH
7KH FRQFOXVLRQ KRZHYHU ZzZDV WKDW VWLOEHQH )%$ V
SKRWRVHQVLWLVH WKH \HOORZLQJ RI ZRRO DQG ZLOO G
XSRQ LUUDGLDWLRQ LUUHVSHFWLYH RI ZKHWKHU WKH\
RU TXHQFK VLQJOHW R[\JHQ

7KH SKRWRO\VLVY DW ZDYHOHQJWKYV ! QP RI D SXUH

FRPHUFLDO 6WLOEHQH )%$ ZDV VWXGLHG LQ DQ DTXHRX
DQRG RQ ZRRO 7TKUHH PDLQ SURGXFWV ZHUH LGHQWLILF
FDVHYV 7KH UHDFWLRQ LV JLYHQ E\ WKH IROORZLQJ VFlI

YLIXUH
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JLIXUH SKRWRO\VLV RI 6WLOEHQH )%$ LQ DTXHRXV

VROXWLRQ DQG RQ ZRRO



7KH UHVXOWYV IURP SKRWRO\VLV RI DTXHRXV VROXWLRQ
GLVFXVVHG ILUVW ,VRPHULVDWLRQ IURP WKH IOXRUH\
WUDQV WR WKH QRQ IOXRUHVFHQW FLV FRQILIXUDWLRC
PDLQ UHDFWLRQ SURGXFW DIWHU VKRUW LUUDGLD!
WLPHV PLQXWHV 7KH \LHOG RI WKH FLV LVRPHU
GHFUHDVHV DV WKH UHDFWLRQ SURFHHGV 7R D PXFK °
HIWHQW WKH DOGHK\GH LV IRUPHG DIWHU Pl
LUUDGLDWLRQ ,W LV SRVWXODWHG WR DULVH IURP W
R[LGDWLRQ Rl WKH DONHQH ERQG SUHVXPDEO\ YLD D
F\FORDGGLWLRQ ZLWK VLQJOHW R[JHQ WR JLYH D GLRJ[}
ZKLFK WKHQ UHDUUDQJHV WR WKH DOGHK\GH )XUWKH L
R[LGDWLRQ LV WKRXJKW WR SURGXFH WKH FDUER[\OLF
(YHQ VR ZKHQ WKH LUUDGLDWLRQ ZDV SHUIRUPHG IRU
XQGHU QLWURJHQ DSSUR[LPDV(/YHO\ RI WKH $OGHK\GH
IRXQG WKXV TXHVWLRQLQJ WKH SURSRVHG PHFKDQLVP
OLOOLJDQ KDYH FRQFOXGHG WKDW LW ZDV XQOLNHO\ W
IRUPDWLRQ RI FDUERQ\O JURXSY ZHUH UHVSRQVDEOH I
\HOORZLQJ +RZHYHU WKH\ ZLOO XQGRXEWHGO\ DFW
WULSOHW VHQVLWLVHUV 3KRWRUHGXFWLRQ RI VWLOEH
SUHVHQFH RI VHFRQGDU\ DPLQHV KDV EHHQ UHSRUWHG

GLSKHQ\OHWKDQHVY DQG LW KDV EHHQ VKRZQ WR RI
DQ HOHFWURQ WUDQVIHU PHFKDQLVP LW ZDV IRX:
WKH IRUPDWLRQ R IURP WUDQVSLUHV HTXDOO\ Zt
WKH SUHVHQFH RU DEVHQFH RI R[\JHQ

"KHQ FRPSRXQG ZDV DSSOLHG WR ZRRO DQG LUUDGL
VDPH SKRWRO\VLV SURGXFWY ZHUH H[WUDFWHG DOEHL\
GLITHUHQW SURSRUWLRQV W ZDV QRWLFHDEOH WKDW
VLIQLILFDQW SURSRUWLRQ RI WKH ):$ EHFDPH UHVLVWI



HIWDFWLRQ SUHVXPDEO\ GXH WR FRYDOHQW ELQGLQJ W
ZRRO ,Q IDFW WKH GLK\GUR GHULYDWLYH DQG
QRQH[WUDFWDEOH PDWHULDO FRQVWLWXWHG RI WKI
SKRWRO\VLV SURGXFWV DIWHU KRXUV LUUDGLDWLRQ

'LWK UHVSHFW WR WKH QXPEHU DQG GLYHUVLW\ RI VWI
):$ V LW VHHPVY DSSURSULDWH WR GLVFXVV WKH UHDF\
VLQJOHW R[\JHQ ZLWK WKLV &KURPRSKRUH ,Q RUJDQL
VROYHQWYV WKH SURGXFWV LVRODWHG IURP WKH LUUDG
WUDQV VWLOEHQH XVLQJ WHWUDSKHQ\OSRUSK\ULQ DV \
\LHOGHG D GLHQGRSHUR[LGH WUDQV VWLOEHQH R[LGH
VWLOEHQH DQG EHQ]J]DOGHK\GH 7TKH UHDFWLRQ VFKHF
JLYHQ EHORZ

7UDQV 6WLOEHQH

KY 733
5 7 && A

9
%HQ]DOGHK\GH

B8QLGHQWLILHG
BURGXFWV

$ IXUWKHU SURGXFW LVRODWHG IURP WKH EDVH FDWDO
UHDUUDQJHPHQWY Rl WKH GLHQGRSHUR[LGH ZDV WKH K
NHWRQH



7R H[SODLQ WKH IRUPDWLRQ RI VRPH SURGXFWV WKH
ZDV SURSRVHG WR SURFHHG WKURXJK D JZLWWHULRQ

DGGLWLRQ FRPSRXQG ZDV SURSRVHG DV WKH VROYHC
SURGXFW W ZRXOG EH RI LQWHUHVW WR VWXG\ WKH

VLQJOHW R[\JHQ ZLWK D FRPPHUFLDO )%$ LQ RUGHU W
WKH SULPDU\ UHDFWLRQ SURGXFWYV 7KH SRVVLEOH U
WKHVH SKRWRSURGXFWV ZLWK DPLQR DFLGV FDQ EH V
HYDOXDWHG 7TKXV WKH PHFKDQLVP E\ ZKLFK WKH )% $
WR WKH SURWHLQ PD\ EH IXUWKHU HOXFLGDWHG

SURWHFWLRQ RI :RRO $JDLQVW 3KRWR\HOORZLQJ

$ QXPEHU RI DWWHPSWV KDYH EHHQ PDGH WR GHYLVH
WR SURWHFW ZRRO IURP SKRWR\HOORZLQJ TKHVH KD
89 DEVRUEHUV DQWLR[LGDQWY DQG UHGXFLQJ DJHQW

8OWUD 9LROHW $EVRUEHUYV

8OWUD YLROHW DEVRUEHUV DUH DSSOLHG WR DEVRUE
XY UDGLDWLRQ DQG GLVVLSDWH WKH H[FHVV HQHUJ
KDUPOHVVO\ XVXDOO\ LQ UDGLDWLRQOHVYVY GHFD\ KH
HIDPSOH 7TKUHH FODVVHV RI FRPSRXQG KDYH EHHQ
LOQYHVWLIDWHG DV SRWHQWLDO DEVRUEHUV XQGHU Ql
SURFHVVLQJ FRQGLWLRQV TKH VWUXFWXUHV Rl WK
SURPLVLQJ FRPSRXQGV DUH JLYHQ EHORZ
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7TDEOH VXPPDUL]JHV WKH YDULRXV DGYDQWDJHV DQG
GLVDGYDQWDJHYV 7TKHVH FRPSRXQGV KDYH EHHQ SUHS
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6 XSHULRULW\ LV LQGLFDWHG E\ DGGLWLRQDO



RQ D VPDOO VFDOH DQG WKHUH LV DV \HW QR FRPPHUFL
SURGXFWLRQ &RPPHUFLDOO\ DYDLODEOH 89 DEVRUEH!
LPSDUW PXFK SURWHFWLYH HIIHFW DQG LQ IDFW GR QR
FRQWDLQ WKH LPSRUWDQW VXOSKRQDWH JURXS ZKLFK
VROXELOLW\ DQG SURWHLQ VXEVWDQWLYLW\ XQGHU DF
FRQGLWLRQV

8QIRUWXQDWHO\ 89 DEVRUEHUV FDQQRW EH XVHG WR S
):$V VLQFH WKH\ FRPSHWH ZLWK WKH DJHQW IRU 89 OL
WKXV UHGXFH LWV ZKLWHQLQJ HIIHFW

SQWLR[LGDQWY DQG 5HGXFLQJ $JHQWYV

7KH \HOORZLQJ RI ZRRO LV SUHGRPLQDQWO\ DQ R[LGDW
UHDFWLRQ DQG VR PDQ\ WUHDWPHQWY LQFOXGH WKH X
UHGXFLQJ DJHQWV RU FRPSRXQGV ZKLFK UHDFW ZLWK \
WR JLYH UHGXFLQJ DJHQWYV $ ZLGH UDQJH Rl FRPSRXC
EHHQ HPSOR\HG LQFOXGLQJ PHWK\O LVRWKLRF\DQDWH
WKLRFDUER[\OLF DFLGV DQG ELVXOSKLWH 7KLRXUI
IRUPDOGHK\GH KDV SURYHG D PRUH HIIHFWLYH DQWL \F
DJHQW WKDQ RWKHU UHGXFLQJ DJHQWYV 7KH SURFH\
PLQLPLVHV WKH SKRWR\HOORZLQJ RI IOXRUHVFHQWO\ Z
DV ZHOO DV XQZKLWHQHG ZRRO 8QIRUWXQDWHO\ WKH
HITHFW LV LV FRQVLGHUDEO\ UHGXFHG ZKHQ WKH ZRRO
ULQVHG EXW QR IXUWKHU UHGXFWLRQ RFFXUV RQ IXUW
ODXQGHULQJ



5()(5(1&(6

-$ ODFODUHQ DQG % 0OLOOLJDQ 'RRO B6FLHQFH
&KHPLVWU\ DQG 5HDFWLYLW\ Rl WKH :RRO )LEUH
ODUULFNYLOOH 6FLHQFH 3UHVYV

'RRO 6FLHQFH 5HYLHZ 1R

+ /LQGOH\ DQG 5: &UDQVWRQ %LRFKHP -

'5 *RGGDUG DQG / OLFKDHOLV - %LRO &KHP

& + 1LFKROOV DQG 70 3DLOWKRUSH - 7H[W ,QVW

(* %HQGLW - 7H[W ,QVW
& + ILFKROOV DQG - , 'XQORS 1DWXUH

6 9 .RQHY )OXRUHVFHQFH DQG 3KRVSKRUHVFHQFH
B3URWHLQV DQG 1XFOHLF $FLGV 30HQXP 3UHVV 1}
<RUN

- : /IRQJZRUWK ([FLWHG 6WDWHV RI 3URWHLQV DQG
1XFOHLF $FLGV 30OHQLHP 3UHVV 1HZ <RUN

- ) %DXJKHU DQG / , *URVVZHLQHU - 3K\V &KHP

, + /HDYHU 3KRWRFKHP 3KRWRELRO B
- /IRQJZRUWK DQG & +HOLQL ([FLWHG VWDWHV RI
%LRORJLFDO OROHFXOHV :LOH\ /RQGRQ

S
/[, *URVVZHLQHU DQG < 8VXL 3KRWRFKHP 3KRWREL



% 9 %HQW DQG ( +D\RQ - $P &KHP 6RF

$ 6KDIIHUPDQ DQG * 6WHLQ 3KRWRFKHP 3KRWRELR

69 .RQHY JOXRUHVFHQFH DQG 3KRVSKRUHVFHQFF
SURWHLQV DQG 1XFOHLF $FLGV 30HQXP 3UHVV 1H

.3 *KLJIJLQR & + 1LFKROOV DQG 0 7 3SDLOWKRUSH
- 3BKRWRFKHPLVWU\ B

-+ /HYHU SKRWRFKHP 3KRWRELRO
$ %H\EHFN DQG - OD\EHFK SKRWRFKHP BKRWRELRO

/' $ +ROW DQG % OLOOLJDQ 7H[W 5HV -
5) 6WHLQHU DQG (3 .LUE\ - 3K\V &KHP B

: ) )RUEHV DQG : ( 6DYDJH 3KRWRFKHP 3KRWRELRO
0 7 3DLOWKRUSH DQG & + 1LFKROOV 3KRWRFKHP 3K
- )JHLWHOVRQ DQG ( +D\RQ - 3K\V &KHP B

- )JHLWHOVRQ DQG ( +D\RQ 3KRWRFKHP 3KRWRELRO
. *RUG\ DQG + 6KLHOGVY 5DGB5HV

% & %DUNDNDO\ DQG - + .HLJKOH\ 3URF ,QW :RRO

7H[W 5HV &RQI $DFKHQ +
0 7 3DLOWKRUSH DQG & + 1LFKROOV 3KRWRFKHP

SKRWRELRO



5 6DQWXV DQG / , *"URVVZHLQHU 3KRWRFKHP 3KRW

( $PRUL]JHO $ %HUQDQ DQG ' *UDQG 3KRWRFKHP
3KRWRELRO

/ $ +ROW DQG % 0LOOLJDQ %LRFKHP %LRSK\V $FW|

$ 6 ,QJOLVWV , + /[HDYHU DQG ) * /HQQR] UG
,QWHUQDWLRQDO :RRO 7H[WLOH 5HVHDUFK &RQI 3D
BHFWLRQ

) * /JHQQR[ DQG 5 - 5RZODQGY 3KRWRFKHP 3KRWREL

/ $ +ROW DQG % OLOOLJDQ - 7H[W ,QVW

/| $ +ROW DQG % OLOOLJDQ $XVW - %LRO 6FLHQFH

' &UHHG 3KRWRFKHP 3KRWRELRO

56 $VTXLWK DQG ' 5LYHWW %LRFKHP %LRSK\ $FWLC
* ODWVXGD DQG 1DJXVDNL =JDNNDL =DVVKL

0 6XQ DQG 6 =LJPDQ SKRWRFKHP 3KRWRELRO

, + /HDYHU DQG ) * /THQQR] SKRWRFKHP 3KRWRELRO

: & 6DYLJH $XVW - &KHP

O IDNHJDQHUD + :DWDPXEH ©6 .XGDWR + 2NMLPD +
- / )OLSSHUV DQG % :LWKRS 3URF 1DWO $FDG 6FL



:(6DYLJH 3URF ,QWL :RRO 7H[W 5HV &RQI $DFK
LL
O 1DNDJDZD 7 .DQHNR + <RVKLNDZD DQG 7 +LQR -

&KHP 6RF
& % , ODWKHVRQ DQG - /HH 3KRWRFKHP 3KRWRELRO

*/HQQR[ HW DO $SSO 3RO\PHU 6\PS

56 %URZQ DQG ' WHFKHU 7HW /HWWYV
7 TRNX\DP HW DO - $P &KHP 6RF

+) /IDXQHU 7HFK :RRO &RQI 6DQ JUDQFLVFR DQG
$OEDQ\ &DOLIRUQLD WK 0D\ 86'$ $UV

: ( 6DYLJH B3URF 9WK ,QW :RRO 7H[W 5HV &RQI

$DFKHQL
0 6 2WWHUEXUQ DQG 3 ( *DUJDQ - &KURPDWRJ

* 'REVRQ DQG / , *URVVZHLQHU 7UDQV )DUDGD\ 6RF

, + /HDYHU DQG * & 5DPVD\ 3KRWRFKHP 3KRWRELRO

56 'DYLGVRQ ' .LQJ 'O /HZLV DQG 6 . -RQHV
-6'&

0 =DKUDGQLN 7KH 3URGXFWLRQ DQG $SSOLFDWLRQ
JOXRUHVFHQW %ULJKWHQLQJ $JHQWV &KLFKHVWHU
6XVVH[ -RKQ :LOH\ DQG 6RQ

+ /[HDYHU 3KRWRFKHP 3KRWRELRO



56 'DYLGVRQ * 0 ,vPDLO DQG 'O /HZLV -6'&

0 .DLYDQLQL DQG . ODWVXQDJD &KHP &RPP

) " /HZLV DQG 7, ,WR - $P &KHP 6RF

) " /HZLV $FF &KHP 5HV
6 6 /HKUHU DQG * ' )D[PDQ %LRFKHPLVWU\

$ ( 6LHJULVW + +RIWL + 5 OH\HU DQG ( 6FKPLGW
5HY 3URJ &RORUDWLRQ

/ $ +ROW , + /[HDYHU % 0LOOLJDQ 3 - :DWHUV DQG
- ) . :LOVKLUH 3URF WK ,QWL :RRO 5HV &RQI
7RN\R LY

% - &DO0GZDOO DQG % 0LOOLJDQ 7H[W 5HV -RXUQDO

- ( 7XENHU 7H[W 5HV -RXUQDO

/ $ +ROW % O0LOOLJDQ DQG / - :ROIUDP 7H[W 5HV
-RXUQDO

% OLOOLJDQ DQG - ( 7XEFNHU 7H[W 5HV -RXUQDO

. 5RSHU DQG ( )LQQLPRUH 3URF WK ,QW :RRO 7H]
5HV &RQ 7RN\R LY
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5HDFWLYH G\HV DQG )OXRUHVFHQW %ULJKWHQLQJ $Jt
ZLGHO\ XVHG IRU G\HLQJ WH[WLOH ILEUHV 7KH\ DL
GHVLJQHG WR IRUP FRYDOHQW ERQGV ZLWK WKH ILEU
DXJPHQW RWKHU ERQGLQJ IRUFHV VXFK DV HOHFWUR)
SRODU 9DQ GHU :DDO DQG K\GURJHQ ERQG LQWHUDF
UHDFWLYH JURXSY KDYH EHHQ GHYHORSHG DQG WKR\
FRPPHUFLDOO\ DYDLODEOH IRU G\HLQJ ZRRO DUH JLY

,Q SUDFWLFH QRW DOO WKH G\H LV FRYDOHQWO\ ERX
ILEUH 7KHUH DUH WZR SULQFLSOH UHDVRQV IRU WK
WKH UHDFWLYH JURXS LV GHDFWLYDWHG E\ K\GURO\V
G\H EDWK DQG LL VRPH RI WKH RULJLQDO G\H PD\ I!
UHDFW HLWKHU ZLWK WKH ILEUH RU ZLWK ZDWHU % |
K\GURO\VHG DQG XQUHDFWHG G\H DUH OHVV ILUPO\ E
ZRRO WKDQ WKH FRYDOHQWO\ ERXQG G\H 7TKHUHIRU
UHDFWLYH G\HV DUH WKRVH ZKLFK UHDFW SULPDULO\
ILEUH 7KLV SURSHUW\ LV UHDGLO\ TXDQWLILHG E\ H
G\H ILIDWLRQ DQG LV HDVLO\ IRXQG E\ VXEWUDFWLQJ
DPRXQW RI XQERXQG G\H IURP WKH WRWDO G\H XSWD

6WXGLHYVY ZLWK PRGHO FRPSRXQGV VXFK DV DPLQHV

SKHQROV DOFRKROV DQG DPLQR DFLG GHULYDWLYHYV
XVHG WR DVFHUWDLQ ZKLFK RI WKH IXQFWLRQDO VLG
ZRRO DUH FDSDEOH RI UHDFWLRQ ZLWK UHDFWLYH G\
JHQHUDO FRQFOXVLRQ ZDV WKDW F\VWHLQH O\VLQH
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7TDEOH 6WUXFWXUH RI WKH UHDFWLYH JURXS LQ P

RI WKH FRPPHUFLDOO\ DYDLODEOH UHDFWLY
G\HV ZKLFK FDQ EH DSSOLHG WR ZRRO
ODFODUHQ DQG 0OLOOLJDQ



DQG 1 WHUPLQDO UHVLGXHV ZHUH WKH PDLQ VLWHV RI
UHJDUGOHVV RI WKH W\SH RI UHDFWLYH G\H XVHG 77
OHVVHU H[WHQW WKUHRQLQH VHULQH DQG W\URVLQH
IRUP FRYDOHQW ERQGYV

7KH UHDFWLRQ RI ZRRO ZLWK WKH UHDFWLYH G\HV LQ
FDQ EH GLYLGHG LQWR WZR PHFKDQLVWLF FODVVHV 0
UHDFWLRQ PHFKDQLVPV DUH GLVFXVVHG EHORZ

L 1XFOHRSKLOLF 6XEVWLWXWLRQ 5HDFWLRQV 7KH
UHDFWLRQV DUH EHVW GHVFULEHG DV QXFOHRSKLOLF

ORQH SDLU RI HOHFWURQV IURP DQ DPLQR DFLG LQ WK
DQ HOHFWURQ GHILFLHQW FDUERQ DWRP LQ WKH UHDF
8VXDOO\ WKH FDUERQ FHQWUH LV DFWLYDWHG E\ HOHF
ZLWKGUDZLQJ PRLHWLHY DGMDFHQW WR LW VXFK DV &
GLUHFW ERQGLQJ WR D JRRG OHDYLQJ JURXS 7KH OH

v?
+

'2 &2 &+ 2 15

+12 5 +12 5

7TUDQVLWLRQ VWDWH

"2 &KURPRSKRULF FHQWUH

6FKHPH SHDFWLRQ RI D FKORURDFHWDPLGH G\H
ZLWK DQ DPLQH



JURXS LV QRUPDOO\ D KDOLGH

JRU HIDPSOH VXFK D VA\VWHP LV JLYHQ LQ 6FKHPH ZK
VKRZV WKH UHDFWRLAF®EORURDFHW®\PLGHWK D

SULPDU\ DPLQH 7TKH PHFKDQLVP LV ELPROHFXODU DQG
QDPHG DQ 61 UHDFWLRQ IRU VXEVWLWXWLRQ QXFOHRS
ELPROHFXODU

LL OLFKDHO $GGLWLRQ 7KLV LV DWWDFN E\ D ORQH
RI HOHFWURQV IURP D QXFOHRSKLOLF VLWH LQ DQ DPLC
WKH HQG RI D FRQMXJDWHG V\VWHP 7KH GRXEOH ERQ(
QHFHVVDULO\ DFWLYDWHG E\ WKH SUHVHQFH RI HOHFW!
ZLWKGUDZLQJ XQLWV VXFK DV & &1 RU 6 $Q H[DPSO

JLYHQ LQ B6FKHPH ZKLFK VKRZV WKH DGGLWLRQ
2 4+
'2 g2 &2 &+ '2 g2 &+ &+ Y265
22 ? Z
+ 625 R

"2 FKURPRSKRULF FHQWUH

6FKHPH OLFKDHO DGGLWLRQ RI D WKLRODWH DQLE
YLQ\O VXOSKRQH

RI D WKLRODWH DQLRQ WR D YLQ\O VXOSKRQH G\H 7K
RYHUDOO UHDFWLRQ LV WHUPHG D DGGLWLRQ

SHDFWLYH G\HV IRU ZRRO KDYH QRZ EHHQ DYDLODEOH |



W Z®IW\ \HDUV DQG WKHLU XVH LV FRQWLQXLQJ WR LQFL
DOEHLW VORZO\ $GYDQWDJHV LQFOXGH WKHLU EULOC
VKDGH KLJK ZHW IDVWQHVV UHSURGXF ELOLW\ RI VKD
SRVVLEOH SURWHFWLRQ RI WKH ILEUH DJDLQVW K\GUR
GDPDJH GXULQJ G\HLQJ 'LVDGYDQWDJHV DUH SUREO
FOHDULQJ XQIL[HG G\HV WR DFKLHYH PD[LPLXP IDVWQF
IXOO GHSWKV DQG UHVWULFWLRQV GXH WR ODFN RI OF
ZKHQ G\HLQJ ZRRO LQ SLHFH IRUP ORVW UHDEWLYH G
SRZGHUV DQG WKLV LQWURGXFHV KD]DUGV IRU ZRUNH
WKHVH FRPSRXQGV 7KH 56& LV LQ WKH SURFHVV RI ¢
D VDIHW\ ERRNOHW UHJDUGLQJ WKH VDIH XVH RI WKHYV
)W LV HQYLVDJHG WKDW WKH WH[WLOH LQGXVWU\ ZLOC
PRUH VDIHW\ FRQVFLRXV ZLWK WKH XVH RI SRWHQWLD
KD]JDUGRXV FKHPLFDOV '\H EDWK HIIOXHQW GLVFKDUJ
DOVR FRPLQJ XQGHU VWULFWHU FRQWURO DV HQYLUR!
LVVXHV LQFUHDVH LQ LPSRUWDQFH ,PSURYHPHQWV D
HLWKHU E\ LPSURYLQJ WKH GHJUHH RI FRYDOHQW ERQ
EHWZHHQ G\H DQG ILEUH WKXV UHGXFLQJ WKH QHHG IF
DONDOLQH DIWHU WUHDWPHQW RU E\ GHVLJQLQJ QRYH
GDPDJLQJ DIWHU WUHDWPHQWYV +RZHYHU WKLV VWL
RYHUFRPH WKH KD]JDUGRXV QDWXUH RI UHDFWLYH G\HV

‘H KDYH WDNHQ D QRYHO DSSURDFK LQ DWWHPSWLQJ \
ERWK SUREOHPV 2XU VWUDWHI\ LV WR WDNH D UHDF\
DQG IRUP G\H SRO\DPLQH DGGXFWV ZKLFK FDQ EH FUR
WR WKH ILEUH 6HYHUDO DGYDQWDJHV ZHUH SUHGLFW

L WKH KD]DUGRXV QDWXUH RI WKH UHDFWLYH JURXS
UHPRYHG



LL QRQ FURVVOLQNHG G\H FDQ EH UHDGLO\ UHPRYHG
DTXHRXV ZDVK WKXV PDNLQJ DQ DIWHU WUHDWPHQW X
LLL JRRG ZDVK IDVWQHVY GXH WR KLJK G\H ILEUH EF
LY WKH SRO\DPLQH ZLOO DLG G\H XSWDNH

Y ZDWHU LQVROXEOH G\HV FDQ EH PRGLILHG WKXV
LQFUHDVLQJ WKH UDQJH DQG W\SH RI G\HV DYDLODEOH

'RRO KDV SUHYLRXVO\ EHHQ SUHWUHDWHG ZLWK
WHWUDHWK\OSHQWDPLQH XQGHU PLOG FRQGLWLRQV D¢
ORZ DGG RQ OHYHOV FD RZI KDYH EHHQ VKRZQ WR
LQFUHDVH VLJQLILFDQWO\ WKH UDWH RI H[KDXVWLRQ F
SUHPHWDOOLVHG G\H DSSOLHG XQGHU LVRWKHUPDO FF
$SSOLFDWLRQ Rl & ODEHOOHG VSHUPLQH KDV VKRZQ V
VPDOO DPRXQW UHPDLQV IL[HG WR WKH ILEUH DIWHU H
H[WUDFWLRQ

7KLV FKDSWHU GHVFULEHV WKH VI\QWKHVLV RI D UHDFW
IOXRUHVFHQW EULJKWHQLQJ DJHQW DQG DQ D]R G\H
WKHQ UHDFWHG ZLWK D VHULHV RI SRO\DPLQHV DSSOL
DQG FURVVOLQNHG ZLWK IRUPDOGHK\GH 7KH G\H XSW
PHDVXUHG VSHFWURSKRWRPHWULFDOO\ DQG ZDVK IDVV
DVVHVVHG E\ H{WUDFWLRQ ZLWK VROYHQWV RI GLIIHUL
VHYHULW\

5(68/76

\QWKHVLV RI JOXRUHVFHQW %ULJKWHQLQJ $JHQ



$ UDQJH RI JOXRUHVFHQW %ULJKWHQLQJ $JHQWV )%$ V
RQ WKH GLDPLQRVWLOEHQH GLVXOSKRQLF DFLG
ZHUH VV\QWKHVLVHG DFFRUGLQJ WR 6FKHPH 7KH
LQWHUPHGLDWH GLFKORURDFHWDPLGRVWLOEHQH
VXOSKRQLF DFLG VRGLXP VDOW '&'$6 ZDV REWDLQHG L
\LHOG DQG FKDUDFWHULVHG E\ QPU DQG LU VSHFWU

2+

3$ SRO\DPLQH

6FKHPH 6\QWKHWLF VFKHPH IRU (*-$V FRQWDLQLQJ
SRO\DPLQH VLGHFKDLQV L & &+ && 1D+&

8
2

LL 3% 1D2+

+RZHYHU DFFHSWDEOH HOHPHQWDO DQDO\VLV GDWD ZI
WR REWDLQ GXH WR WKH SUHVHQFH RI ZDWHU HYHQ DIV
ULJRXURXV GU\LQJ $QDO\WLFDO 7KLQ /D\HU &KURPDW!
7/1& RQ VLOLFD SODWHV DQG SDSHU VWULSYVY SURYHG G



EHFDXWH H[WHQVLYH WDLOLQJ 7KLY WDLOLQJ ZDV
DWWULEXWHG WR WKH FRPSRXQG EHLQJ SUHVHQW DV L\
VDOW OS5HYHUVHG 3KDVH 7RWDO ,RQ 3DLULQJ +LJK 3HUI
ILTXLG &KURPDWRJUDSK\ 537,3+3/& KDV SUHYLRXVO\ E
DSSOLHG WR WKH DQDO\VLV RI VXOSKRQDWHG FRPSRXQ
VHULHV RI FKURPDWRJUDPV VKRZLQJ WKH SRZHU RI WKL
WHFKQLTXH LV JLYHQ LQ )LJXUH 7TKH ILUVW WZR
FKURPDWRJUDP VKRZV WKDW WKH VWDUWLQJ PDWHULDC
PDMRU LPSXLWLHV DQG WKDW '&'$6 ZDV SXUH

7KH UHDFWLRQ RI '&'$6 ZLWK DPLQHV ZHQW VPRRWKO\ X

PLOG FRQGLWLRQV 7KX®GXFWY ZHUH IRUPHG ZLWK WK
IROORZLQJ DPLQHV

+1&+ &+ 1+ GLDPLQRHWKDQH
KQFKFKFKQK GLDPLQRSURSDQH

+ 1 &+ &+ 1K GLHWK\OHQHWULDPLQH

+1 &+ &+ 1K WULHWK\OHQHWHWUDPLQH

KQ &+ &+ 1+K WHWUDHWK\OHQHSHQWDPLQH

$QDO\WVLYV RI WKH UHDFWLRQ PL[WXUHV E\ 7,3+3/& LQGLF
WKDW RQH PDMRU a DQG VHYHUDO PLQRU SURGXF'
SUHVHQW $Q H[DPSOH RI WKH GLDPLQRHWKDQH DGGXF
J)LIXUH $V WKH QXPEHU RI DPLQH JURXSYV LQFUHDVF
WKH QXPEHU RI LPSXULWLHV LQFUHDVHG $V EHIRUH
DGGXFWV FRXOG EH FKDUDFWHULVHG E\ QPU DQG LU
VSHFWURVFRS\ EXW QR UHSURGXFDEOH HOHPHQWDO D
REWDLQHG SRVVLEO\ EHFDXVH RI WKH SUHVHQFH RI LQ
LPSXULWLHYV



YLIXUH

L

LL

LLL

&KURPDWRJUDPV RI
VWDUWLQJ PDWHULDO GLDPLQRVWLOEHC

GLVXOSKRQLF DFLG VRGLXP VDOW
'$6

GLFKORURDFHW\ODPLQRVWLOEHQH
GLVXOSKRQLF DFLG VRGLXP VDOW '&'$6
'&"'$6 GLDPLQRHWKDQH DGGXFW



$SSOLFDWLRQ RI )%$ V WR :RRO

7KH UHVXOWY DUH YHU\ VLPLODU DQG DUH SUHVHQWHG
DSSHQGL] 7TKHUHIRUH UDWKHU WKDQ SUHVHQW WKHF
UHSUHVHQWDWLYH H[DPSOH ZKLFK JLYHVY DYHUDJH YDO:
FKRVHQ WR LOOXVWUDWH WKH VDOLHQW SRLQWYV

7KH DGGXFWV FRXOG EH DSSOLHG WR EOHDFKHG ZRRO [
VWDQGDUG H[KDXVWLRQ PHWKRG DQG G\H XSWDNHV RI

ZHUH UHFRUGHG *HQHUDOO\ WKH WUHDWHG ZRRO DSE
\HOORZHU WKDQ XQWUHDWHG ZRRO 7RWDO GLIIXVH UF
VSHFWUD Rl WUHDWHG DQG XQWUHDWHG ZRRO VKRZV W
LV LQ VRPH ZD\ ERXQG WR WKH ZRRO VXUIDFH $ W\SLF
VSHFWUXP LV JLYHQ LQ )LJXUH )W FDQ EH FOHDUO\
WKDW WKH G\H UHIOHFWLRQ WDLOV VWURQJO\ LQWR WK
UHJLRQ RI WKH VSHFWUXP DQG WKLV DFFRXQWYV IRU WK
\HOORZ DSSHDUDQFH $ PRUH TXDQWLWDWLYH DSSURD!
FRPSDUH WKH \HOORZQHVV LQGH[ <, YDOXHV DQG WKE
JLYHQ LQ 7DEOH /IRZ <, QXPEHUV DUH LQGLEDWLYH
ZKLWH ZRRO ZKHUH DV KLJK YDOXHV UHSUHVHQW GLVFF
ZRRO 6LPSOH REVHUYDWLRQ RI WKH VDPSOHV XQGHU

OLJKW VKRZHG WKDW WKH\ ZHUH IOXRUHVFHQW 6ROLG
IOXRULPHWU\ FDWDORJXHG WKH HPLVVLRQ DV D EURDG
VWUXFWXUHOHVV VLIJQDO ZLWK D PD[LPXP DW QP Tk
IOXRUHVFHQFH HPLVVLRQ ZDV OHVV LQWHQVH WKDQ WK
FRPPHUFLDOO\ DYDLODEOH SURGXFW 3KRWLQH +9

JLIDWLRQ RI WKH )%$ ZzDV DFKLHYHG E\ FURVVOLQNLQJ
SRO\DPLQH VLGH FKDLQV ZLWK IRUPDOGHK\H DQG D WKI



YLIXH 7RWDO 'LIIXVH 5HIOHFWDQFH VSHFWUXP |
DQG WKH '&'$6 GLDPLQRHWKDQ
DGGXFW DBSOWR ZRRO



IRUPDOGHK\GH 78) SUHFRQGHQVDWH XQGHU 3DG %D
FRQGLWLRQKHFURVVOLQNLQHDWPHQW VOQREWOHN G

$SSOLFDW&RQH <HOORZQHVV ,QGH]
2 1) %HIRUH )RUPDOGHK\GHS8)
J)LIDWLRQ )L[DWLRQ )L[IDWLRQ

7TDEOH <, UHVXOWV IRU WKH GLDPLQRHWK\OHQH
WUHDWHG ZRRO

WKH <, YDOXHV 7DEOH (IWUDFWLRQ RI WKH ):$ Z
FDUULHG RXW ZLWK ERLOLQJ DTXHRXV S\ULGLQH |
VDPSOH IOXRUHVFHQFH FOHDUO\ VKRZV WKH LQFUHDVF
FURVVOLQNHG )%$ UHPDLQLQJ RQ WKH ZRRO VXUIDFH
WR XQFURVVOLQNHG )%$ $Q H[DPSOH RI WKH VSHFWU
DUH JLYHQ LQ )LJXUH 2QH VXUSULVLQJ REVHUYDW!|
HPHUJHG IURP WKH OLJKW IDVWQHVV WHVWV ZDV WKDYV
WUHDWHG ZRRO ZKLWHQHG RQ LUUDGLDWLRQ 8VXDOC
WUHDWHG ZRRO GLVFRORXUV YHU\ TXLFNO\ DQG WKLV
IRU WKH IRUPDOGHK\GH FURVVOLQNHG DGGXFWV &RPS
WKH OLJKWIDVWQHVV UHVXOWV DW VWDQGDUG IRU FL
DQG XQFURVVOLQNHG GLDPLQRHWKDQH )%$ DUH JLYHQ



YLIXUH

6ROLG VDPSOH IOXRUHVFHQW VSHFWUD RI

WUHDWHG ZLWK '&'$6?2 GLDPLQRHWKDQH
XQFURVVOLQNHG DQG XQH[WUDFWHG
FURVVOLQNHG ZLWK IRUPDOGHK\GH DQG
HIWUDFWHG ZLWK DTXHRXV S\ULGLQH
XQFURVVOLQNHG DQG H[WUDFWHG ZLWK |
S\ULGLQH



,Q ERWK FDVHV QR IOXRUHVFHQFH ZDV REVHUYHG
UHWXUQHG VDPSOHYV ZHUH SODFHG XQGHU QP OLJKW
LQGLFDWLQJ WKH IOXRURSKRUH KDG EHHQ GHVWUR\HG

)%$ ERQFHQWUDWLRQ /LIKWIDVWQHVY 5HVXOWYV

2 ) ) % $ )%$ JRUP )%$ 78)
” %
7EOH ILJIKWIDVWQHVY UHVXOWV DW 6WDQGDUG

GLDPLQRHWKDQH )%$

7KH SRO\DPLQH VLGH FKDLQV GHFUHDVHG WKH IOXRUH
LOQWHQVLW\ RI WKH )%$ WR VXFK DQ H[WHQW WKDW WK
DSSHDUHG \HOORZ 7KXV WKH REMHFW RI DQ ):$ KDG E
GHIHDWHG KRZHYHU WKLV SURSHUW\ ZLOO QRW DIIH]
DEVRUSWLRQ FKDUDFWHULVWLFV RI D G\H DQG VR WKH
FKURPRSKRUHV VKRXOG EH UHDGLO\ ©DPHQDEOH WR W
WUHDWPHQW 7R WHVW WKLV LGHD D ZDWHU LQVROXE
ZDV VI\QWKHVLVHG UHDFWHG ZLWK GLHWK\OHQHWULDP
WR ZRRO IURP DQ DTXHRXV PHGLD DQG FURVVOLQNHG
IRUPDOGHK\GH DV DERYH

6\QWKHVLV Rl 3RO\DPLQH $]R '\H



LLL

6FKHPH 6\QWKHVLV RI SRO\DPLQH D]R G\H
SHDJHQWVL +& 1D1 LL 1D2+ LLL 1D2+ +
LY & &+ & & Y 'LHWK\OHQHWULDPLQH



7KH UHDFWLYH G\H ZDV V\QWKHVLVHG LQ WKUHH VWHS
WR 6FKHPH (DFK VWHS JDYH KLJK FUXGH \LHOGV T
SXULILFDWLRQ ZDV UHDGLO\ DFKLHYHG E\ UHFU\VWDO
*RRG DQDO\WLFDO GDWD ZDV REWDLQHG RQ HDFK SUR
$OWHUQDWLYHO\ WKH FUXGH LQWHUPHGLDWHV FRXOG
ZLWKRXW SXULILEFDWLRQ DQG WKH SXUH UHDEWLYH G\
LQ \LHOG 7KH G\H UHDFWHG VPRRWKO\ ZLK D IF
H[FHVV RI GLHWK\OHQHWULDPLQH DW URRP WHPSHUDYV
D ZDWHU VROXEOH SURGXFW 8QIRUWXQDWHO\ WKH
SRO\DPLQH DGGXFW SURYHG LPSRVVLEOH WR LVRODW
VWDWH 1R ZD\ FRXOG EH IRXQG WR UHPRYH H[FHVV ¢
IURP WKH UHDFWLRQ PL[WXUH 7KH SRO\DPLQH LPSDL
SURSHUWLHV WR WKH G\H WKDW DUH FKDUDFWHULVWL
GLHWK\OHQHWULDPLQH WKXV VROYHQW H[WUDFWLRQ
EHEDXVH ERWK FRPSRXQGV ZHUH VROXEOH LQ WKH VD
'KHQ VXEMHFWHG WR FROXPQ FKURPDWRJUDSK\ VRPH
GLHWK\OHQHWULDPLQH HOXWHG ZLWK WKH G\H SRO\
DGGXFW $QDO\WLFDO 7/& RQO\ JDYH RQH VSRW DQG
DVVXPHG WKDW WKH UHDFWLRQ PL[WXUH FRQWDLQHG
SUHGRPLQDQWO\ WKH PRQR DON\ODWHG DPLQH 7KH
XVHG DV D VROXWLRQ LQ H[FHVV SRO\DPLQH ZKHQ DS
ZRRO

$SSOLFDWLRQ RI 3BRO\DPLQH '"\H 7R :RRO

7KH SRO\DPLQH DJR G\H ZDV DSSOLHG IURP DTXHRXV
S+ ZLWK QR G\H EDWK DGGLWLYHV XQGHU H[KDXVWLF
FRQGLWLRQV DW DQG f& ‘\H XSWDNH ZDV PHDVX!



VHFWURVFRSLFDOO\ DQG IRXQG WR EH DW f& DQC
DW f& 7KH G\H IL[IDWLRQ ZLWK IRUPDOGHK\GH DQ
2:) ZDV FDUULHG RXW E\ HIKDXVWLRQ DW WKH
WHPSHUDWXUH RI DSSOLFDWLRQ 'XULQJ WKLV SURFHV
ZDV H[WUDFWHG IURP WKH ZRRO DV VHHQ E\ WKH SDOH
DSSHDUDQFH RI WKH UHPDLQLQJ EDWK OLTXRU ([WUDF
ZHUH FDUULHG ZLWK ERLOLQJ VROYHQWYV RI GLIIHULQJ
7TKH WKUHH VROYHQWYV ZHUH L ZDWHU LL ZDWHU PF

Q EXWDQRO LLL ZDWHU Q EXWDQRO JODFLDC(
DFHWLF DFLG DQG WKH UHVXOWV DUH VXPPDULVH
7DEOH DQG $ JHQWOH VROYHQW VXFK DV ZDWHU
(IWUDFWLRQ 6ROYHQW "\H ([ WUDFWHG

8QFURVVOLQNHG &URVVOLQNH

K R
+ Q %X2+0H2+
K R Q %X2+$F2+g'—|\s-n

7TEOH (I WUDFWHG G\H IURP ZRRO WUHDBWHG DW

UHPRYHG D VPDOO DPRXQW RI G\H IURP WKH ZRRO WUF

f& 7KH PRUH RUJDQLF EDVHG VROYHQW ZDWHU PHW
EXWDQRO UHPRYHG DSSUR[LPDWHO\ Rl WKH G\H $O(
G\H zDV UHPRYHG ZKHQ VDPSOHV ZHUH H[WUDFWHG ZLW
VHYHUH VROYHQW ZDWHU Q EXWDQRO JODFLDO DFHWLF

'KHQ WKH G\HLQJ DQG FURVVOLQNLQJ ZDV FDUULHG RX
f& WKHQ WKH G\H SURYHG PRUH UHVLVWDQW WR H[WI



WHVH VROYHQWY WKDQ WKH ORZHU WHPSHUDWXUH DS
7KH GDWD LV JLYHQ LQ 7DEOH 1R G\H ZDV UHPRYHC
ERLOLQJ ZDWHU DQG XQGHU PRUH VHYHUH FRQGLWLRQ
SURSRUWLRQ RI WKH G\H UHPDLQHG ERXQG WR WKH ZR

(IWUDFWLRQ BROYHQW "\H ([WUDFWHG
8QFURVVOLQNHG &URVVOLQNE

+

+ OH2+ Q %X2+
K Q WX2+$F2+
7EOH ([ WUDFWHG G\H IURP ZRRO WUHDWHG DW

LV UHDGLO\ VHHQ LQ WKH GLIIXVH UHIOHFWDQFH VSHF\
LQ )LIXUH 7KH H[DPSOH JLYHQ LV WKDW RI ZRRO G
f& GLYLGHG LQWR WZR VDPSOHV RQH RI ZKLFK ZDV
FURVVOLQNHG DQG WKHQ H[WUDFWHG ZLWK ZDWHU Q I
JODFLDO DFHWLF DFLG 7KH XQFURVVOLQNHG G\H LV L
UHPRYHG DQG LWV VSHFWUXP FORVHO\ UHVHPEOHV XQ!
&RQYHUVHO\ D ODUJH SURSRUWLRQ RI WKH G\H UHPDL
IRUPDOGHK\GH FURVVOLQNHG VDPSOH $Q LQLWLDO H]
VKRZHG WKDW WKH SURFHGXUH FRXOG EH SHUIRUPHG |
ZLWK H[FHOOHQW G\H XSWDNH 1R HIWUDFWLRQ H[SHU
ZHUH SHUIRUPHG DQG LW LV QRW FOHDU KRZ HIILFLHQ\

G\H ZDV ERXQG

YROORZLQJ RQ IURP WKH HDUOLHU ZRUN LW ZDV GHFLG
H[DPLQH WKH HIIHFW RI DQWL \HOORZLQJ DJHQWV RQ C



0

zz2.~LIXS )L & WX

JLIXUH 7TRWDO GLIIXVH UHIHFWDQFH VSHFWUD RI
ZRRO G\HG ZLWK WKH D]J]R SRO\DPLQH DGGXFW DW
FURVVOLQNHG DGGXFW ZKLFK KDV EHHQ H[WUDFWFE

ZDWHU PHWKDQRO JODFLDO DFHWLF DFLG
XQFURVVOLQNHG DGGXFW ZKLFK KDV EHHQ H[WUDF
DERYH

ZRRO



VWDELOLW\ 7TKXV WKH G\H SRO\DPLQH DGGXFW ZDV V
ZLWK 78) SUHFRQGHVDWHYV D SKRVSRQRXV DFLG IRUP
VROXWLRQ DQG YDULRXV PL[WXUHV RI WKLRXUHD IRUPI
SKRVSKRQRXV DFLG E\ D 3DG %DWFK WHFKQLTXH DQG
HIKDXVWLRQ FRQGLWLRQV 7KH VDPSOHV ZHUH VXEPL
 HQRWHVW OLJKW IDVWQHVY WHVWYV DW VWDQGDUG Dt
DQWL\HOORZLQJ VROXWLRQV DUH JLYHQ LQ 7DEOH W
ZLWK WKH OLJKWIDVWQHVYV UHVXOWYV $W VWDQGDUG

WUHDWHG VDPSOHV IDGHG VOLJKWO\ PRUH WKDQ WKH >

$SQWL\HOORZLPJ 6RO®SSOLFDWLRIQKWIDVWQHVV WHVW

FRQH 2 :) PHWKRG 6WG VWG
S8QWUHDWHG 3DG %DWFK
7KLRXUHD JRUP 3DG %DWFK
7KLRXUHD JRUP 3DG %DWFK
7KLRXUHD JRUP 3DG %DWFK
+ 3 JRUP 3DG %DWFK
7KLR +32 3DG EDWFK
JRUP
7KLRXUHD JRUP  ([KDXVWLRQ
7KLR JRUP ([KDXVWLRQ
+ 3
+3 JRUP ([KDXVWLRQ
7DEOH $SOOLFDRWIDRQNL\HOORZLQJ VRWRWLRIQV

G\H SRO\DPLQH WUHDWHG ZRRO DQG WKH
OLIKWIDVWQHVV UHVXOWYV JRUP IRUPDOGHK
TKLR WKLRXUHD



8@GHU WKH WHVW FRQGLWLRQV WKHUH VHHPV WR EH Q
RQ WKH DQWLR[LGDQW FRQFHQWUDWLRQ IRU H[DPSO}
WUHDWHG ZLWK WKLRXUHD DW DQG 2 :) IDGHV WF
VDPH GHJUHH +RZHYHU D PRUH SURQRXQFHG HIIHFW
REVHUYHG DW VWDQGDUG ZKHUH WKH WUHDWHG G\HC
PXFK PRUH WKDQ XQWUHDWHG ZRRO 9LVXDOO\ WKLV
TXLWH VWULNLQJ DW KLIJIK WKLRXUHD FRQFHQWUDWLRC
DQG 2:) DV WKH G\H KDV EHHQ FRPSOHWHO\ GHVYV
DQG WKH ZRRO DSSHDUV ZKLWH ZLWK QR WLQJH RI \HC
7TKHUH DUH VRPH WUDFHV RI G\H UHPDLQLQJ DIWHU WK
WUHDWPHQWYV 7KH G\H GHVWUXFWLRQ GRHV QRW DSS
GHSHQG RQ WKH PHWKRG RI DQWL\HOORZLQJ VROXWLR
DSSOLFDWLRQ %RWK WUHDWPHQWY HQG ZLWK WKH G
IDGHG WKDQ WKH EODQN 9LVXDOO\ DQG VXEVWDQWLI
ILIJXUHV LW HPHUJHV WKDW KLIJKHU WKLRXUHD FRQFH
LQIOLFW JUHDWHU G\H GDPDJH

',6&866,21

6\QWKHVLY DQG +3/& $QDO\VLV 21 7KH )%$ V

'$6 EDVHG G\HV KDYH WZR QHJDWLYHO\ FKDUJHG FHQW
DUH KLJKO\ SRODU HQWLWLHV 7KH 7/& DQDO\VLV RQ
IDLOHG WR JLYH DQ\ VHSDUDWLRQ EHFDXVH RI WKLV F
QDWXUH 7R VHSDUDWH LRQLF RU LRQLVDEOH PROFXC
SDUWLWLRQ FKURPDWRJUDSK\ LV WKH WHFKQLTXH RI F
+HQFH $QDO\WLFDO 5HYHUVH 3KDVH ,RQ 3DLU 3DUWLW
FKURPDWRJUDSK\ VHHPHG WR EH DGYDQWDJHRXV LQ G



WKIHJ SXULW\ 7KLV WHFKQLTXH XVHV D FKHPLFDOO\ ER(
VLOLFD VXSSRUW ZLWK DQ DTXHRXV SKDVH FRQWDLQLQ.
UHTXLUHG EDVLF FRXQWHU LRQ 7TKH FRXQWHU LRQ XVH
WHWUDEXW\ODPPRQLXP EURPLGH 7%$%U ZKLFK LV D TX
DPPRQLXP VDOW 7KLY LV DWWUDFWHG WR WKH ERQGHC(
9pQ GHU :DDOV IRUFHVY DQG FDQ EHFRPH DWWDFKHG 71
FKHPLVWU\ RI WKH SDUWLWLRQLQJ LV FRPSOH[ DQG KDV
EHHQ IXOO\ HOXFLGDWHG EXW LW LV WKRXJKW WR EH G?
RQH RU ERWK RI WKH IROORZLQJ PHFKDQLVPYV

L ,RQ ([FKDQJH

$3 '$6 B

7%% %U U $%7 7T%$ %U U $%7

& J & J &J

6,/,&% &2/801

7KH ERQGLQJ RI 7%$%U WR WKH & FROXPQ K\GURFDUER
IRUPV LQ VLWX LRQ H[FKDQJH VLWHV $W WKHVH VLWH
'$6 G\HV XQGHUJR LRQ H[FKDQJH RI WZR VRGLXP DWRPV
WHWUDEXW\ODPPRQLXP FDWLRQV 6HSDUDWLRQ LV DFK
G\QDPLF LRQ H[FKDQJH PDFKDQLVP

LL ,RQ SDLU SDUWLWLRQ



7TKH WHWUDEXW\ODPPRQLXP EURPLGH XQGHUJRHV LRQ |
ZLWK WKH VRGLXP VDOW RI WKH '$6 G\HV WR JLYH VRGL

EURPLGH DQG WHWUDEXW\ODPPRQLXP '$6 DGGXFWV LQ
PHGLXP

7%%$ %U 3% '$6 1D 1D%U 3% '$6 7%$

7TKHLRQV FDQ WKHQ SDUWLWLRQ EHWZHHQ WKH VWDWLF
PRELOH SKDVHV

3% '$6 7T%$

7%% 3% '$6 7T%$

6,/,&8% &2/801

JURP WKH DERYH PHFKDQLVP LW LV WKRXJKW WKDW WK
LRQ SDLU IRUPHG LQ WKH HOXHQW ERQGV WR WKH K\GL
WKH FROXPQ 7KLY UHVXOWYV LQ D G\QDPLF LRQ SDLU .
PHFKDQLVP RSHUDWLQJ

SHIHUHQFH WR WKH FKURPDWRJUDPV LQ )LJXUH LOO
WKH UHVROXWLRQ DVVRFLDWHG ZLWK WKLV WHFKQLJXHE
vwbuwLQJ PDWHULDO LV UHVROYHG LQWR RQH PDMRU
SHDN ZKLFK DUH SRVWXODWHG DV WKH WUDQV DQG FL\
UHVSHFWLYHO\ W LV XQOLNHO\ WKDW LPSXULWLHV D

EHFDXVH WKH VWDUWLQJ PDWHULDO JDYH D FRUUHFW |
DQDO\VLYV



7KH H[SHFWHG JURXS IUHTXHQFLHV ZHUH IRXQG LQ WKH
VSHFWUXP IRU GLFKORURDFHWDPLGRVWLOEHQH GLV)
DFLG VRGLXP VDOW '&'$6 ORVW SURPLQHQW ZHUH WKE
DQG 6 VWUHWFKHV 7KH + QPU VSHFWUXP GHPRQVWUL
RQO\ RQH SURGXFW ZDV SUHVHQW 7KLV ZDV FRQILUPH(
DQDO\VLV )LIXUH

7KH VDPH GLDJQRVWLF , 5 SHDNV DV DERYH ZHUH IRXQG
)%$ SRO\DPLQH DGGXFWV VSHFWUD 7KH ;+ QPU VSHFWU
VHYHUDO SHDNV DSSHDULQJ DV EURDG RYHUODSSLQJ VL
ZKLFK VLIQLILHY VRPH LPSXULWLHYV 7KLV ZDV FRQILUP
+3/& OLQRU SHDNV IRXQG LQ WKH FKURPDWRJUDSKLF D
Rl WKH '&'$6 SRO\DPLQH UHDFWLRQ PL[WXUH FDQ SRVW
DV WKH SURGXFWYV RI VHYHUDO FRPSHWLQJ UHDFWLRQV
HIDPSOH RQH UHDFWLYH JURXS PD\ XQGHUJR K\GURO\V
UHDFW ZLWK WKH SRO\DPLQH WKURXJK D VHFRQGDU\ DP
ZKLOVW WKH VHFRQG JURXS UHDFWYV YLD D SULPDU\ DPL
'LPHUV DQG SRVVLEO\ WULPHUV FDQ EH IRUPHG IURP W.
FKURPRSKRUHV DQG D SRO\DPLQH 7KH SRO\DPLQH LV S

U

' 8&+ & ' &&+ &0 G FFKRK &O
2+
2+
7UDQLWLRQ VWDWH
' &KURPRSKRULF FHQWUH

6FKHPH %DVH K\GURO\VLV RI WKH FKORURDFHWDP
UHDFWLYH JURXS



LQ VXFK D ODUJH H[FHVV WKDW FRQVWUXFWLRQ RI WULI
ZLOO EH YHU\ LPSUREDEOH DQG GLPHU IRUPDWLRQ ZLC
RFFXU WR D VPDOO H[WHQW 7KHUHIRUH WKH PRVW SU
UHDFWLRQ OHDGLQJ WR WKH LPSXULWLHV LV EDVH FDW
K\GURO\VLV Rl WKH UHDFWLYH JURXS 7KLV LV KDUGO\
VXUSULVLQJ FRQVLGHULQJ WKH QXPEHU RI EDVLF JURX!
SUHVHQW 7KH PHFKDQLVP LQ 6FKHPH SDUDOOHOV V
JLYHQ HDUOLHU LQ 6FKHPH DQG LV WKHUHIRUH FODYV
6Q UHDFWLRQ

$SSOLFDWLRQ 21 7KH )%$ 3RO\DPLQHV 7R :RRO

W LV QRW FOHDU LI WKH SRO\DPLQH VLGH JURXSV DUH

+ + Q
"\H2 12782 2+ "\H2 12 &+ 2 ;
/1L ?
+ +

2 I1XFOHRSKLOLF FHQWUH IURP HLWKHU DQ DPLQR DF

SRO\DPLQH

6FKHPH &URVVOLQNLQJ RI D G\H ZLWK SRO\DPLQH V
FKDLQV WR HLWKHU DPLQR DFLG UHVLGXHV F
RWKHU G\H PROHFXOHYV



FRYDHQWO\ ERQGHG WR QXFOHRSKLOLF FHQWUHV LQ W
SRO\SHSWLGH FKDLQ RU IRUP D ODUJH FURVVOLQNHG
IXUWKHU )%$ PROHFXOHYV 7TKH PHFKDQLVP RI ERQG |
SURSRVHG LQ 6FKHPH DOORZVY HLWKHU SRVVLELOLW
WKH SRO\DPLQH KDV RQO\ D VPDOO QXPEHU RI DPLQH
SUHVHQW WKHQ LQWXLWLYHO\ ZH FDQ H[SHFW WKH PD
WKH )%$ WR EH FRYDOHQWO\ ERXQG WR WKH SURWHLQ
QXPEHU RI SRO\DPLQH JURXSV LQFUHDVHV WKHQ WKH
IRUPDWLRQ EHFRPHVY PRUH IHDVLEOH

&RPSDULVRQ RI WKH )%$ SRO\DPLQH WUHDWHG ZRRO
3KRWLQH +9 WUHDWHG ZRRO VHHPV WR LQGLFDWH WKI
SUHVHQFH RI DPLQH JURXSV ZKLFK TXHQFK WKH IOXRU
‘H FDQQRW EH VXUH WR ZKDW H[WHQW WKH SRO\DPLQ}
UHDFW ZLWK WKH FURVVOLQNLQJ DJHQW DQG LI DQ\ S|
VHFRQGDU\ DPLQH JURXSV UHPDLQ 1HLWKHU LV LW S
SUHGLFW ZKHWKHU WKHVH DPLQHV DUH LQ FORVH SUR
WKH VWLOEHQH 7KHUHIRUH LW LV SUXGHQW WR GLVF
VROXWLRQ SKRWRFKHPLVWU\ DQG DVVXPH WKDW SDUD
UHDFWLRQV FDQ RFFXU LQ WKH SURWHLQ PDWUL]

7KH FRXUVH RI D SKRWRFKHPLFDO UHDFWLRQ EHWZHH
WUDQV VWLOEHQH 76 DQG VLPSOH DON\O DPLQHV GH
WKH W\SH RI DPLQH DQG VROYHQW SRODULW\ $Q HJ
LQWHUPHGLDWH KDV EHHQ SURSRVHG WR H[SODLQ WK
H[SHULPHQWDO REVHUYDWLRQV 2Q0\ WKH UHOHYH
WUDQVIRUPDWLRQV DUH SUHVHQWHG

BWLOEHQH GRHV QRW IRUP SURGXFWV ZLWK VLPSOH W
DPLQHV LQ QRQ SRODU VROYHQWY ,Q SRODU VROYHQ



RR WKH DPLQH D & + ERQG LV DFFRPSDQLHG E\ WKH
IRUPDWLRQ RI GLSKHQ\OHWKDQH DQG
WHWUDSKHQ\OEXWDQH 7KH UHDFWLRQ LV JLYHQ EHC

76 (W 1 © 3K&+ &+3K (W 18&+&+
K&+ &+3K 3K&+ &+ 3K 3K&+ &+3K
? ?
+& 1 (W 3K&+ &+3K
F K

'LWK VHFRQGDU\ DPLQHV DGGLWLRQ Rl WKH 1 + ERQC
VWLOEHQH RFFXUV DFFRPSDQLHG E\ WKH IRUPDWLRQ

GLSKHQ\OHWKDQH DQG WHWUDSKHQ\OEXWDQH
76 51+ 3K&+ &+3K 51
3K&+ &+3K 3K&+ &+ 3BK&+ &+3K
?
QU 3K&+ &+3K

3ULPDU\ DPLQHV VKRZ VLPLODU EHKDYLRXUWR WKDW
DPLQHV EXW DUH PXFK OHVV UHDFWLYH

7KH 78) WUHDWPHQW RULJL QDOO\ GHYHORSHG IRU XV
KDV GUDPDWLFDOO\ UHWDUGHG WKH SKRWR\HOOR:
WUHDWHG ZLWK )%$ V +HQFH WKH WUHDWPHQW ZD
IRU FRPPHUFLDO DSSOLFDWLRQ EXW KDV WKH VHUL
GLVDGYDQWDJH WKDW WKH SURWHFWLYH HIIHFW LV J|I
GLPLQLVKHG ZKHQ WKH ZRRO LV ZDVKHG TKLRXUHD
UHGXFLQJ DIJHQW DQG KDV EHHQ XVHG WR UHGXFH HQ



W FLV GLROV +\GURSHUR[LGHV KDYH VLPLODUO\ EH|
UHGXFHG WR DOFRKROV SHDFWLRQ RI WKLRXUHD ZL
K\GURJHQ SHUR[LGH LV D FRQYHQLHQW PHWKRG RI SU}
WKLRXUHD GLR[LGH BHQVLWLVHG SKRWR R[\JHQDW
FKORURSK\OO KDV WUDQVIRUPHG WKLRXUHD LQWR F\D
VXOSKXULF DFLG YLD DQ LQWHUPHDGLDWH WKLRXUHI
$ VLPLODU UHDFWLRQ LV IRXQG IURP WKH HRVLQ VHQV
SKRWR R[LGDWLRQ RI DOO\OWK LRXUHD LQ DQ HWK\O F
SRO\PHU W KDV UHFHQWO\ EHHQ SURSRVHG WKDW
LQWHUPH GLDWH WKLRXUHD GLR[LGH LV K\GURO\VHG V

6 KY 6 +
52 12 '§2 1+ 52 12 & 1+ 51& 1 + 6
?
+ V)V + +
5 + 7KLRXUHD VHQVLWLVHU FKORURSK\O
&+ &+ &+ $OO\OWKLRXUHD HRVLQ
6FKHPH 3KRWRVHQVLWLVHG R[LGDWLRQ RI WKLRXL

DOO\OWKLRXUHD

XUHD DQG VXOSKLQLF DFLG 7TKH VXOSKLQLF DFLG W|
DV D FDWDO\VW IRU SKRWREOHDFKLQJ DQ\ \HOORZ VSt
IRUPHG GXULQJ SKRWR\HOORZLQJ SLFSNMWGRVFRS
RI WKH 78) WUHDWPHQW OHDGV WR WKH SURSRVDO WK
WKUHH SRVVLEOH SURFHVVHV RFFXULQJ L TXHQFI
WKH H[FLWHG VWDWHV RI SKRWRODELOH WU\SWRSK\O
DW WKH VKRUW ZDYHOHQJWK WKUHVKROG RI WKH VRO

QP LL LOQKLELWLRQ RI SKRWRSURFHVVHV W



DUH LQLWLDWHG DW ORQJHU ZDYHOHQJWKV LQ WKH QHD
UHJLRQ QP RI WKH VSHFWUXP LLL
VHQVLWLVDWLRQ RI WKH ZRRO WR EOHDFKLQJ ZKHQ LW
WR YLVLEOH UDGLDWLRQ

7KH GUDPDWLF ORVV RI SURWHFWLYH HIIHEFW XSRQ ZDVk
SUHYLRXV 78) WUHDWPHQWY VXJJHVWV WKDW D ODUJH ¢
RI WKH WKLRXUHD LV UHPRYHG 7KLV H[WUDFWHG WKLR
REYLRXVO\ QRW ERXQG WR WKH ZRRO DQG XQOLNHO\ WF
SRO\PHULF IRUP WUDSSHG LQVLGH WKH SURWHLQ VWUXF
6XEVHTXHQWO\ LW FDQ EH DUJXHG WKDW WKHUH DUH R
OLPLWHG QXPEHU RI UHDFWLYH VLWHV DYDLODEOH IRU
SUHFRQGHQVDWH WR ELQG $ SULPH VLWH IRU UHDFWLI
H DPLQR WHUPLQDO DPLQR JURXS RI O\WLQH ,W KDV Et
VKRZQ WKDW SULPDU\ DON\ODPLQHV UHDGLO\ UHDFW ZL
WKLRXUHD DQG IRUPDOGHK\GH DW URRP WHPSHUDWXUH
WHWUDK\GUR DON\O WKLR O WULD]JLQHYV ,QFUHD
WKH DPLQH JURXSV E\ LQWURGXFWLRQ RI SRO\DPLQH VL
WKHUHIRUH H[SDQGV WKH UHDEFWLYH VLWHV IRU WKH 78
SUHFRQGHQVDWH 7KH WKLRXUHD FDQ EH ERXQG E\ VH"
PHDQV EHWZHHQ ZRRO )%$ RU DV )%$ )%$ SRO\PHUV I
PRUH WKLRXUHD ZLOO EH UHWDLQHG LQ WKH ZRRO VWU.
LV LPSRVVLEOH WR GHWHUPLQH WKH H[DFW WKLRXUHD

FRQFHQWUDWLRQ DV WKLV FDQ YDU\ GHSHQGLQJ RQ WK|
VLGH FKDLQ 6XFK D KLJK IL[HG FRQFHQWUDWLRQ ZLOO
VHYHUHO\ UHWDUG WKH SKRWRR[LGDWLYH SURFHVVHV F
XSRQ LUUDGLDWLRQ 7KH REVHUYHG ORVV RI IOXRUHVF
DIWHU WKH WHVW VLJQLILHV WKH ) $ FKURPRSKRUH LV

SUHGRPLQDQWHO\ GHVWUR\HG E\ D UHGXFWLYH PHFKDQ



6\QWKHVLY DQG $SOLFDWLRQ RI 7KH $]R 3RO\DPL

7KH FKRLFH RI PHWK\OSKHQR O DV FRXSOLQJ FRPSRQH
GLD]R VDOW OHDGV WR D UHJLRVSHFLILF UHDFWLRQ
SKHQRODWH DQLRQ LV VWURQJO\ RUWKR DQG SDUD GL!
WKH SRVLWLRQ LV EORFNHG OHDYLQJ RQO\ WKH RU
SRVLWLRQ DYDLDEOH IRU UHDEWLRQ +\GUR[\D]JR G\H\
EHHQ VKRZQ E\ QPU WR H[LVW FRPSOHWHO\ DV WKH D]F
VWUXFWXUH LQ VROXWLRQ ,Q HTXDWLRQ WKH HTXL
EHWZHHQ WKH WDXWRPHULF D]JR DQG TXLQRQH K\GUD]R
RYHU WR WKH OHIW 7KH K\GUR[\ JURXS DW & XQGHU.
LQWUDPROHEXODU K\GURJHQ ERQGLQJ WR DQ DJR QLW

UHLQIRUFHV WKH WUDQV GRXEOH ERQG JHRPHWU\ %]
FRQGLWLRQV ZHUH FKRVHQ WR K\GURO\VH WKH DPLGH
DPLQH VR WKH SKHQRODWH DQLRQ IRUPHG ZRXOG DLG
GLVVROXWLRQ $F\ODWLRQ Rl WKH DURPDWLF DPLQH
VPRRWKO\ DQG LQ KLJK \LHOGV XQGHU 6FKRWWHQ %D X
FRQGLWLRQV $PLQDWLRQ RI WKH DFWLYDWHG DON\O
GLHWK\OHQHWULDPLQH DOVR SURFHHGHG UHDGLO\ DW
WHPSHUDWXUH 8QIRUWXQDWHO\ SXUH VDPSOH ZDV Q
GXH WR WKH UHDVRQV PHQWLRQHG HDUOLHU

7KH REVHUYHG KLJKHU G\H XSWDNH DW f& WKDQ f&
XQH[SHFWHG W LV UHDGLO\ H[SODLQHG E\ DUJXLQJ



VRPH G\H LV H[ WUDFWHG DW WKH VDPH WLPH LW LV WDN
WKH ZRRO XQGHU WKH PRUH YLIJRXURXYV DSSOLFDWLRQ
+HQFH D G\QDPLF HTXOLEULXP EHWZHHQ DGVRUEHG DC
HIWUDFWHG G\H LV VHW X$& WKW G\H ZRRO
LOQWHUDFWLRQV GRPLQDWH VXFK WKDW PRUH G\H UHPD
ZRRO &URVVOLQNLQJ ZLWK IRUPDOGHK\H LV H[SHFWH
IROORZ WKH PHFKDQLVP SXW IRUZDUG LQ 6FKHPH

7KH H{IWUDFWLRQ H[SHULPHQWY GLVSOD\ HYLGHQFH WK
WUHDWPHQW DW f& RQO\ LPSDUWYV RQO\ D VXUIDFH HI
WKH G\H KDG SHQHWUDWHG WKH ILEUH WKHQ LW ZRXOG
HISHFWHG WKDW PRUH FURVVOLQNHG G\H ZRXOG KDYH
IROORZLQJ H[WUDFWLRQ 8SRQ HIWUDFWLRQ HDFK VRO
UHPRYHG VLPLODU DPRXQWYV RI G\H IURP WKH FURVVOL!
XQFURVVOLQNHG G\HG ILEUH 7KH RUJDQLF EDVHG VR
UHPRYHG D ODUJH SHUFHQWDJH RI WKH G\H VKRZLQJ W
OLWWOH ZDV ERXQG WR WKH ILEUH

TUHDWPHQW DW f& LPSDUWV D PXFK PRUH SHUPDQHQ
1R G\H ZzDV UHPRYHG ZLWK ERLOLQJ ZDWHU OXFK OHV\
UHPRYHG IURP IRUPDOGHK\GH WUHDWHG ZRRO WKDQ XC
ZRRO ZKHQ WUHDWHG ZLWK RUJDQLF VROYHQWYV 7KLV
VLIQLI\ WKDW VRPH G\H LV ERXQG WR WKH ZRRO RU LV
LQ SRO\PHULF IRUP

$]R G\HV FDQ XQGHUJR ERWK R[LGDWLYH DQG UHGXFWL
GHSHQGLQJ PDLQO\ RQ WKH G\H DQG VXEVWUDWH VWU X
7KH R[LGDWLYH PHFKDQLVP LQYROYHV ERWK 7\SH , DQC
SURFHVVHV ,W KDV EHHQ VKRZQ WKDW D]JR G\HV FDQ \



WVKH IRUPDWLRQ RI VLQJOHW R[\JHQ DOWKRXJK QRW DV
HITLFLHQW\ DV PHWK\OHQH EOXH 7TKLRXUHD ZLOO UHMW
7\SH ,, PHFKDQLVP E\ UHDFWLQJ ZLWK WKH VLQJOHW R]|
W LV QRW NQRZQ LI WKH H[FLWHG VSHFLHV LQ WKH 7\S
SURFHVYV ZLOO EH GHDFWLYDWHG E\ WKLRXUHD EXW WHK
LOWHUPHGLDWH K\GURSHUR[LGH LV UHDGLO\ LQWHUFH:
WUDQVIRUPHG WR D SKRWRLQDFWLYH DOFRKRO

$ UHGXFWLRQ PHFKDQLVP KDV EHHQ VKRZQ WR LQYRO
GRQDWLRQ WR WKH G\H E\ SRZHUIXO UHGXFWLYH UDGL
VSHEFLHVY ,Q PRGHO VWXGLHVY PDQGHOLF DFLG 3K&+ 2+
ZDV SKRWRO\VHG WR JLYH WKH FDUER[\ UDGLFDO  &2:
7KH K\GURJHQ RI WKLV UDGLFDO DGGV UHDGLO\ WR WK
IRUP D K\GUD]\O UDGLFDO ZKLFK WKHQ XQGHUJRHV D V
LUUHYHUVLEOH UHDFWLRQV WR GHVWUR\ WKH FKURPRS

6FKHPH
+
$U?2 2 822+ A $U2 1 &
12 $U 12 $U
19
)857+(5 5($&7,21
6EKHPH 5HDFWLRQ RI D FDUER[\ UDGLFDO ZLWK DQ

G\H

SURWHLQ ILEUHV UHDGLO\ DEVRUE QHDU 89 OLJKW WR
UDGLFDO VSHFLHV ZKLFK ZLOO DWWDFN WKH D]R OLQI



WKHUHEBHDGLQJ WR GHVWUXFWLRQ RI WKH G\H

7KH SUHVHQFH RI UHGXFLQJ DIJHQWYV LQFUHDVHV WKH U
ORVV DQG WKLRXUHD VHHPV WR KDYH WKH PRVW GUDPD
$ IHZ VSHFXODWLYH DQVZHUV WR WKH TXHVWLRQ DV WHF
G\H GHJUDGDWLRQ LV TXLFNHU LQ WKH SUHVHQFH RI WI
FRPSRXQGV DUH SXW IRUZDUG 7TKH UHGXFLQJ DJHQW
DWWDFN WKH G\H LQ LWV H[FLWHG VWDWH E\ GRQDWLQ.
K\GURJHQ DWRP %\ DQDORJ\ WR WKH DERYH SDWKZD\

SURSRVHG WKDW D K\GURJHQ DWRP LV GRQDWHG E\ WKI
DIHQW 7TKLRXUHD FDQ WDXWRPHULVH WR WKH WKLRO
LV WKH IRUP ZKLFK SDUWLFLSDWHY LQ WKH UHDFWLRQ

VXIJIJHVWHG SDWKZD\ LV JLYHQ

$U2 1 +2 5 $U2 1+
?7? ?
12 12 $U

K\GUD]\O UDGLFDO

VL
) XUWKHU UHDFWLRQ

1+
5 2 62 & DQG RU 2"32 &+ 2 3URW

?
1+2 &+ 2 3URW 2+

3KRSKRQRXV DFLG FDQ DGG WR DFU\ODPLGH E\ D IUHH
PHEKDQLVP DQG FRPSRXQGV FRQWDLQLQJ D 3 + ERQG
NQRZQ WR XQGHUJRUDGLFDO UHDFWLRQV 7KH 3 + ER
LQWHUDFW ZLWK WKH H[FLWHG G\H OHDGLQJ WR UHGXF
G\H RU DFW DV D UDGLFDO WUDQVIHU DJHQW IURP WKH



SO\SHSWLGH WR WKH G\H 7TKLRXUHD GLR[LGH IRUPHG
UHDFWLRQ RI WKLRXUHD ZLWK VLQJOHW R[\JHQ PD\ GHI
WKH VXOSKLQLF DFLG ZKLFK LV WKH DFWLYH UHGXFLQJ

&21&/86,21

$V H[SHFWHG WKH UHDFWLYH JURXS ZDV UHPRYHG RQ L
ZLWK SRO\DPLQHV WKXV PDNLQJ WKH G\HV OHVV KD]DU
([FHOOHQW ZDVKIDVWQHVV ZDV IRXQG IRU ERWK WKH )
G\H SRO\DPLQH FURVVOLQNHG FRPSRXQGV HYHQ XQG
YLIJRURXV H[WUDFWLRQ FRQGLWLRQV ,W ZRXOG EH LC
WR FRPSDUH WKH FURVVOLQNLQJ UHDFWLRQ HIILEFLHQF
FDUULHG RXW XQGHU H[KDXVWLRQ DQG SDG EDWFK FRC(
7KH WZR VWDJH WUHDWPHQW DOORZV DQ RSWLRQ ZKHV
RU QRW )RU H[DPSOH ZKHQ WKH G\HLQJ ILQLVK LV XQl
LV SRVVLEOH WR UHPRYH WKH G\H DQG VWDUW DJDLQ

DQ REYLRXV DGYDQWDJH RYHU UHDFWLYH G\HV $ GLV
LV WKDW WZR WUHDWPHQWY DUH UHTXLUHG (YHQ VR
IRXQG WKDW G\HLQJ DQG FURVVOLQNLQJ FDQ EH SHUIR
RQH WUHDWPHQW $ PDMRU GUDZEDFN LV WKH XVH RI
IRUPDOGHK\GH DV D FURVVOLQNLQJ DJHQW 2WKHU WK
REQR[LRXV VPHOO IRUPDOGHK\GH LV D SRVVLEOH FDU
7KH D]JR G\H SRO\DPLQH ZDV XVHG DV D FRQFHQWUDW
ZKLFK RYHUFRPHV WKH SUREOHPV RI GXVW DVVREFLDWH
UHDFWLYH G\HV 7KH LQLWLDO ZDWHU LQVROXEOH D]R
DSSOLHG IURP DTXHRXV PHGLD DIWHU DWWDEKPHQW W
SRO\DPLQH ,W LV HQYLVDJHG WKDW PDQ\ RWKHU ZDW
LQVROXEOH UHDEFWLYH G\HV FDQ EH VROXEOLVHG LQ W



,Q G\H VIQWKHVLVY WKH QHHG IRU D VXOSKRQDWLRQ VW
HOLPLQDWHG

7KH XVH Rl 78) SUHFRQGHQVDWHY ZLWK WKH )%$ SRO\
DGGXFWV SUHYHQWYV WKH ZRRO XQGHUJRLQJ VHYHUH
GLVFRORXUDWLRQ +RZHYHU VLPLODU WUHDWPHQWYV I
UDWH RI DJR G\H IDGLQJ W LV QRW FOHDU LI WKH UHC
DIJHQWYV DIIHFW WKH )%$ GHVWUXFWLRQ

ORUH ZRUN LV UHTXLUHG RQ WKH VLQJOH VWDJH SURFH
LQYHVWLIJDWLRQ LQWR KRZ HIILFLHQWO\ WKH G\H LV EF
UHDFWLRQ RI SRO\DPLQHV ZLWK RWKHU UHDFWLYH G\H
VKRXOG EH LQYHVWLIJDWHG ZLWK UHVSHFW WR LPSURY|
HQODUJLQJ WKH XVHIXOQHVYV RI WKHVH DGGXFWYV /HV
FURVVOLQNLQJ DIJHQWY DUH D SULPH WDUJHW KRZHYHL
FKHPLFDOV E\ WKHLU YHU\ QDWXUH ZLOO EH FDUFLQRJ}

,Q VXPPDU\ WKLV FKDSWHU KDV SURYLGHG HYLGHQFH \
QRYHO SRO\DPLQH DGGXFWV DUH DQ DOWHUQDWLYH WHFR
G\HV 7KHVH FRPSRXQGV KDYH VRPH DGYDQWDJHV RYH
UHDFWLYH G\HV DQG XQIRUWXQDWHO\ D IHZ GLVDGYDQ
7TKHUH UHPDLQV PXFK PRUH ZRUN WR EH SHUIRUPHG EH
FRPSOHWH HYDOXDWLRQ RI WKHLU XVHIXOQHVYV LQ WKH
ILHOG LV DVFHUWDLQHG

(;3(5,0(17%/

7KH VWDUWLQJ FKHPLFDOV ZHUH REWDLQHG IURP $0GU



XVEB ZLWKRXW IXUWKHU SXULILEDWLRQ QPU VSHFWL
UHFRUGHG ZLWK D -HRO -01 0+ LQVWUXPHQW XVLQJ
'66 DV LQWHUQDO VWDQGDUGY ,5 VSHEWUD ZHUH UXQ
3HUNLQ (OPHU LQVWUXPHQW 2WKHU LQVWXPHQWDC
WHEKQLTXHV DUH GHVFULEHG LQ WKH DSSURSULDWH V

6<17+(6,6 2) 67,/%,&1( )%$

'LFKORURDFHWDPLGRVWLOEHQH GLVXO:
DFLG VRGLXP VDOW '&'$6

'LDPLQRVWLOEHQH GLVXOSKRQLF DFLG '$6

PPRO DQG VRGLXP ELFDUERQDWH J PPRO ZHU
GLVVROYHG LQ ZDWHU PLY DQG FR&®&OHG WR
&KORURDFHW\O FKORULGH J PPRO LQ DFHWRQH
PLV ZDV DGGHG GURSZLVH ZLWK FRQVWDQW VWLUULQJ
VROXWLRQ 7KH PLIWXUH ZDV VWLUUHG DW f& IRU F
DQG WKHQ DW URRP WHPSHUDWXUH IRU KRXU 7TKH VI
FROOHFWHG E\ ILOWUDWLRQ ZDVKHG ZLWK DFHWRQH D

WR JLYH D \HOORZ SRZGHU <LHOG J

$QDO\VLV

OHOWLQJ 3RLQW ! f&

5 .%U GLVF FP 1+ VWU VHF DPLGH

FP3 & VWU DPLGLF FDUERQ\O DQG FP3 & +
YLE DURPDWLEV DQG FP: 6 VWU VXOSKRQI
DFLG FP: +& &+ GHI WUDQV DONHQH

+ QPU VROYHQW '062 G UHI 706 + EV



DPLGLF 1 + + P DURPDWLF DQG DONHQH
SURWRQV + V PHWK\OHQH SURWRQV
7TKH VLIJQDO DW GLVDSSHDUV DIWHU VKDNLQJ ZLWt

JRUPDWLRQ RI )%$ 3RO\DPLQH $GGXFWYV

7KH SURFHGXUH IRU VIQWKHVLVLQJ WKHVH DGGXFWV L)\
LQGHSHQGHQW RI ZKLFK SRO\DPLQH LV XVHG DQG WKH!
WKH JHQHUDO PHWKRG LV JLYHQ 7TKH VSHFWURVFRSLF
HDFK DGGXFW LV UHFRUGHG

'&'$6 J PPRO ZDV GLVVROYHG LQ DQ DTXHRXV
VROXWLRQ FRQWDLQLQJ D PRODU H[FHVV RI WKH SRO
DQG VRGLXP K\GUR[LGH J PPRO 7TKH VROXWLR
ZDV ZDUPHG WR f& DQG VWLUUHG IRU PLQV 7TKH VI
ZDV FRQFHQWUDWHG WR PLV XQGHU UHGXFHG SUHV
GHSRVLWHG LQ PHWKDQRO ZKLFK SUHFLSLWDWHG D \H(
7KH VROLG ZzDV FROOHFWHG E\ ILOWUDWLRQ DQG ZDVKI
VPDOO DPPRXQW RI DFHWRQH DQG DLU GULHG

'&'$6 'LDPLQRHWKDQH

$QDO\VLYV

5 .%U GLVF FP 1+ VWU VHF DPLGH
VHF DPLQH SULPDU\ DPLQH FP & + VWU
DOLSKDWLF FP & VWU DPLGLF FDUERQ\O

FP 6 VWU VXOSKRQDWH JURXS FP +& &+ GHI



WDQV DONHQH

+ QPU VROYHQW '062 G Y7 0H | + V
DURPDWLF + V DONHQH + $%
TXDUWHW DURPDWLF PHWK\OHQH +

P DON\O IURP GLDPLQRHWKDQH

'&'$6 'LDPLQRHWKDQH

$QDO\VLV

5 .%U GLVF FP 1+ VWU VHF DPLGH

VHF DPLQH SULPDU\ DPLQH FP & + VWU

DON\O FP: & VWU DPLGLF FDUERQ\O

FP 6 VWU VXOSKRQDWH FP: +& &+ GHI WUDQV

DONHQH

+ QPU VROYHQW '062 G ' UHI 706 + 0V

DURPDWLF + V PHWK\OHQH RQ UHDFWLYH JURXS
+ W PHWK\OHQH DGMDFHQW VHF DPLQH + W

&+ DGMDFHQW SULPDU\ DPLQH + W FHQWUDO &-

'&'$6 GLHWK\OHQHWULDPLQH

$QDO\VLV

5 .%U GLVF FP° 1+ VWU VHF DPLGH VHF

DPLQH SULPDU\ DPLQH FP: & + VWU DON\O
FP° & VWU DPLGLF FDUERQ\O DQG FPs

6 VWU VXOSKRQDWH FP: +& &+ GHI WUDQV DONH

A QPU VROYHQW '062 G ' + V DURPDWLF



+ V DONHQH + P DURPDWLF
+ V. PHWK\OHQH + P DON\O IURP
GLHWK\OHQHWULDPLQH

'&'$6 7TULHWK\OHQHWHWUDPLQH

$QDO\VLV
5 .%U GLVF FP 1+ VWU VHEF DPLGH VHF
DPLQH SULPDU\ DPLQH FP &+ VWU DON\O
FP & VWU DPLGLF FDUERQ\O DQG FP
6 VWU VXOSKRQDWH FP: +& &+ GHI WUDQV
DONHQH
+BULPU VROYHQW '062 G + V DURPDWLF
+ V DONHQH + P DURPDWLF
+ V PHWK\OHQH + P DON\O IURP

SRO\DPLQH

'&'$6 THWUDHWK\OHQHSHQWDPLQH

$QDO\VLV
,9 .%U GLVF FPs 1+ VWU VHF DPLGH VHF
DPLQH SULPDU\ DPLQH FP3 & + VWU DON\O
FP3 & VWU DPLGLF FDUERQ\O DQG FPs3
6 VWU VXOSKRQDWH FP3 +& &+ GHI WUDQV DONt
+ QPU VROYHQW '062 G ' + V DURPDWLF
+ V DONHQH + P DURPDWLF

+ V. PHWK\OHQH + P DON\O IURP



SRO\DPLQH

'&'$6 THWUDHWK\OHQHSHQWDPLQH

$QDO\VLV

)5 .%U GLVF FP: 1+ VWU VHF DPLGH

VHF DPLQH SULPDU\ DPLQH FP3 & + VWU

DON\O FP: & VWU DPLGLF FDUERQ\O DQG
FP: 6 VWU VXOSKRQDWH FP: +& &+ GHI WUD(

DONHQH

+BQPU VROYHQW '062 G ']2 UHI 706 + 0V

DURPDWLF + V DONHQH + P

DURPDWLF + V PHWK\OHQH + P

DON\O IURP SRO\DPLQH

+LJK 3BHUIRUPDQFH /LTXLG &KURPDWRJUDSK\ &RQ

7TKH FROXPQ ZDV VWDLQOHVV VWHHO [ PP LG SL
ZLWK IOP +\SHUVLO & 026 7KH &HFLO 89 GHWHFWRU
VHW DW D GHWHFWLRQ ZDYHOHQJWK RI QP $ GXDO
JUDGLHQW SURJUDPPHU ZDV ILWWHG WR WKH FROXPQ

WRWDO IORZ UDWH ZDV PO PLQ3 7KH LQLWLDO HOX
FRQFHQWUDWLRQ ZDV VROQ $ VROQ % ZKLFK ZD
FKDQJHG WR D ILQDO FRQFHQWUDWLRQ RI VROQ $

VROQ % DW PLQ: DQG DQ LOMHFWLRQ YROXPH RI I

(OXHQW $7HWUDEXW\ODPPRQLXP EURPLGH 7%$%U



DV ZHLIJKHG RXW DQG WUDQVIHUUHG WR D OLWUH YF
IODVN 7R WKH IODVN PO RI Y Y DTXHRXV JODFLD
DFHWLF DFLG PO RI ZY DTXHRXV SRWDVVLXP K\GU
ZHUH DGGHG DQG WKH IODVN ZDV PDGH XS WR WKH PD
PHWKDQRO 7TKH FRQWHQWY ZHUH WUDQVIHUUHG WR L
ERWWRPHG IODVN DQG KHDWHG XQGHU UHIOX[ IRU PL
7KH PL[IWXUH ZDV DOORZHG WR FRRO VOLJKWO\ DQG W
ILOWHUHG WKURXJK D *) ) JODVV ILEUH ILOWHU

(OXHQW %7%3$%U J ZDV ZHLJKHG RXW DQG
WUDQVIHUUHG WR D OLWUH YROXPHWULF IODVN $GC
IODVN ZDV PO RI Y Y JODFLDO DFHWLF DFLG PO

ZY SRWDVVLXP K\GUR[LGH VROXWLRQ DQG WKH 10DV
WR WKH PDUN ZLWK GLVWLOOHG ZDWHU 7KH IODVN Z|
ZHOO DQG WKH FRQWHQWY WUDQVIHUUHG WR D URXQG
IODVN 7KH VROXWLRQ ZDV KHDWHG XQGHU UHIOX][ IR
PLQXWHY DOORZHG WR FRRO DQG ILOWHUHG WKURXJK
JODVV ILEUH ILOWHU

$SSOLFDWLRQ RI )%$ V WR :RRO

'RRO %OHDFKLQJ

6DOW VHUJH ZDVWHG IDEULF P JP [ WZLOO

FRQVWUXFWLRQ ZDV EOHDFKHG E\ DQ H[KDXVWLRQ PH
f& IRU KRXU 7TKH EDWK FRQWDLQHG J WHWUDVR

S\URSKRVSKDWH DQG PO K\GURJHQ SHURI[LGH

ZDV IROORZHG E\ ULQVLQJ LQ FROG ZDWHU DQG RYHQ
&



7TUHDWPHQW RI :RRO :LWK ):$ V

$SSOLFDWLRQ WR EOHDFKHG ZRRO ZDV FDUULHG RXW E
H[KDXVWLRQ PHWKRG LQ DQ $KLED 3URFHVV &RQWUROO
RQ VDPSOHYV J ZLWK D OLTXRU ZRRO UDWLR RI
DW S+ 7KH S+ ZDV DOWHUHG E\ WKH DGGLWLRQ RI
JODFLDO DFHWLF DFLG 7KH )%$ FRQFHQWUDWLRQV ZH
2:) 7KH EDWK DOVR FRQWDLQHG PLV
RI ('7$ VROQ 7KH EDWK WHPSHUDWXUH ZDV NHSW
R& IRU PLQXWHV DQG UDLVHG DW f SHU PLQ WR f&
PDLQWDLQHG IRU KRXU DW f& 7KH EDWK ZDV DOOR:
FRRO DQG WKH ZRRO ZDVKHG ZLWK FRSLRXV DPRXQWYV |
ZDWHU DQG RYHQ GULHG DW f& 7KH FRPPHUFLDO )%}§
DSSOLHG E\ WKH VDPH SURFHGXUH

OHDVXUHPHQW RI ):$ 8SWDNH

7KH RSWLFDO GHQVLW\ DW QP RI WKH G\H EDWK OLT>
PHDVXUHG EHIRUH DGGLWLRQ RI WKH ZRRO DQG DIWHU
HIKDXVWLRQ SURFHGXUH ‘\H XSWDNH ZDV H[SUHVVHG
SHUFHQWDJH XVLQJ WKH IROORZLQJ HTXDWLRQ

2" % 2 2' $
'\H XSWDNH [
2" %

2" % 2SWLFDO GHQVLW\ RI G\H EDWK EHIRUH H[KDX
2" $ 2SWLFDO GHQVLW\ RI G\H EDWK DIWHU H[KDXV



&URVVOLQNLQJ RI )%$ V

$ IRUPDOGHK\GH PLV RI VROXWLRQ LQ PLV
VROXWLRQ FRQWDLQLQJ WKH ZHWWLQJ DJHQW 1RQDGHY
ZDV SDGGHG RQ WR )%$ WUHDWWG ZRR@QWLO D

QHW SLFN XS RI Z Z ZDV DFKLHYHG 7KLV WUHDWPF
JLYHV D IRUPDOGHK\GH FRQFHQWUDWLRQ RI 21)

,Q VHSDUDWH H[SHULPHQWY D VROXWLRQ FRQWDLQLQJ

IRUPDOGHK\GH PLV RI VROXWLRQ WKLRXUHD
DQG 1RQDGHW 6+ J PDGH XS WR PLV DQG SDGGHC
WR )%$ WUHDWHG ZRRO W J XQWLO D QHW SLFN

Z Z ZDV DFKLHYHG 7KLY WUHDWPHQW JLYHV D
FROQFHQWUDWLRQ RI IRUPDOGHK\GH 2:) DQG WKLRXU
2:)

$IWHU WKH WUHDWPHQWYV WKH ZRRO zZDV VWRUHG RYHU
URRP WHPSHUDWXUH EHIRUH ULQVLQJ LQ FROG ZDWHU
GU\LQJ DWf&

(IWUDFWLRQ RI )%$ V

6WULSV RI ZRRO L J ZHUH H[WUDFWHG IRU PLQ X
ZLWK DOLTXRWYV [ PO RI ERLOLQJ DTXHRXV
S\ULGLQH LQ D URXQG ERWWRPHG IODVN 7KH H[WUDFW
ZDV ZDVKHG ZLWK FROG ZDWHU XQWLO QR WUDFH S\UL
UHPDLQHG DQG RYHQ GULHG DW (&



<HOORZQHVV ,QGH[ OHDVXUHPHQWYV

6DPSOHVY ZHUH PHDVXUHG LQ D FRPSXWHULVHG , & 6

PLFURSKRWRPHWHU 7KH ORZHU WKH \HOORZQHVV LQG
WKH ZKLWHU LV WKH ZRRO FRORXU

I[LIKWIDVWQHVY OHDVXUHPHQWYV

RRO VDPSOHV ZHUH H[SRVHG WR %OXH VFDOH DQG X
 HQRWHVW DFFRUGLQJ WR ,62 VWDQGDUG SURFHGXUH

7TRWDO 'LIIXVH 5SHIOHFWDQFH 6SHFWUD

7TKH WRWDO GLIIXVH UHIOHFWDQFH DWWDFKPHQW WR D
VSHFWURSKRWRPHWHU ZDV FDOLEUDWHG ZLWK VWDQGD

EDULXP VXOSKDWH SODWHV G6SHFWUD ZHUH UXQ ZLWK
VXOSKDWH DV UHIHUHQFH

6ROLG 6DPSOH J)OXRUHVFHQFH 6SHFWUD

JOXRUHVFHQFH VSHFWUD RI IDEULF ZHUH REWDLQHG XV
SHUNLQ (OPHU 03) IOXRUHVFHQFH VSHFWURSKRWPHWFE
ILWPHQW IRU VROLGV ZDV GHVLJQHG DQG PDGH DW WKH
8QLYHUVLW\ DQG LV VLPLODU WR WKDW GHVFULEHG E\ (
DQG $O0OHQ 7KH VDPSOHV ZHUH SODFHG DW f WR W
LQFLGHQW EHDP WR DYRLG VFDWWHULQJ



6<17+(6,6 2) $=2 32/<$0,1( '<(

$FHWDQLOLGR D]R PHWK\OSKHQRO

6RGLXP QLWULWH J PPRO VROXWLRQ PLV ZD\
DGGHG WR DPLQRDFHWDQLOLGH J PPRO VOXU!
K\GURFKORULF DFLG PLV DW f& 7KH TUHVKO\

SUHSDUHG GLD]R VDOW ZDV VORZO\ DGGHG WR S FUHV|

PPRO GLVVROYHG LQ SRWDVVLXP K\GUR[LGH J
PPRO VROXWLRQ PLV DW f& $ GHHS UHG VROXWL
IRUPHG DQG DIWHU DSSUR[LPDWHO\ UG GLD]R VDOW

D GDUN UHG VROLG SUHFLSLWDWHG 6WLUULQJ ZDV FI
IRU PLQV DW f& DQG WKH WKLFN UHG UHVLGXH FRO
E\ ILOWUDWLRQ XQGHU YDFXXP 7KH ILOWHU FDNH ZD\
ZLWK ZDWHU DQG UHFU\VWDOOLVHG IURP HWKDQRO ZD

© PLV 6PDOO EURZQ QHHGOH VKDSHG FU\WWDOV |
REWDLQHG <LHOG J

$QDO\VLYV

OHOWLQJ SRLQW f&

5 .%U GLVF FP 1+ VWU VHF DPLGH

FP & VWU DPLGLF FDUERQ\O FP & VWU

SKHQROLF

+ QPU VROYHQW &'& UHI 706 + EV
DPLGLF 1 + P DURPDWLF + 0V
DURPDWLE PHWK\O + V DF\O PHWK\O

8Y 9LV VROYHQW (W2RD] QP



(ORPHQWDO $QDO\WIRW F K QR
&DOFXODWHG + 1
JRXQG & + 1

S DQLOLQD]R PHWK\OSKHQRO

S DFHWDQLOLGRD]R PHWK\OSKHQRO J PPRO
VRGLXP K\GUR[LGH J PPRO DQG ZDWHU PLV Z
KHDWHG DW a f& XQGHU UHIOX[ FRQGLWLRQV IRU KR
7/& DQDO\VLV VLOLFD RQ SRO\HVWHU SODWHV HOXHQ)
VKRZHG WKDW WKH UHDFWLRQ ZDV FRPSOHWH DQG WKI
SURGXFW UHPDLQHG $IWHU FRROLQJ WR URRP WHPSH
FROQOFHQWUDWHG K\GURFKORULF DFLG ZDV DGGHG WLOC
GURSSHG WR 7KH SUHFLSLWDWHG VROLG ZDV FROOF
ILOWUDWLRQ XQGHU YDFXXP ZDVKHG ZLWK ZDWHU DQG

UHFU\WWDOOLVHG IURP HWKDQRO ZDWHU 7KH EURZ
VKDSHG FU\WWDOV ZHUH RYHQ GULHG DW f& <LHOC
$QDO\VLV

OHOWLQJ SRLQW f&

,5 .%U GLVF DQG FP 1+ VWU SULPDU\
DURPDWLF DPLQH DQG FP & + YLE DURPDWLF

FP & VWU SKHQROLF

+BQUQU VROYHQW &'& UHI 706 + P
DURPDWLEF + P DURPDWLEF + V
DURPDWLF DPLQH + V DURPDWLF PHWK\O

8Y 9LV VROYHQW (V\;ZFi-D[ QP



(OHPHIMA$QDO\VLYVY IRU & + 1
&DOFXODW H&G + 1
JRXQG & + 1

S FKORURDFHW\ODQLOLGRD]R PHWK\OSKHQRO

&KRURDFHW\O FKORULGH J PPRO ZDV DGGHG RY}
PLOQXWH SHULRG WR D DTXHRXV DFHWRQH VROXWLR
PLV RI S DQLOLQD]R PHWK\OSKHQRO DQG VRGLXP
ELFDUERQDWH J PPRO DW f& 7KH PLIWXUH ZDV
DOORZHG WR ZDUP XS WR URRP WHPSHUDWXUH DQG VWL
KRXU $GGLWLRQ RI WKH PLIWXUH LQWR ZDWHU PLV
SUHFLSLWDWHG D VROLG ZKLFK ZDV FROOHFWHG E\ ILOV
DQG UHFU\VWDOOLVHG IURP HWKDULRO ZDWHU TKH S
\HOORZ QHHGOH OLNH FU\VWDOV ZHUH RYHQ GULHG DW

<LHOG J

$QDO\VLYV

OHOWLQJ SRLQW f&

.5 .%U GLVF FP 1+ VWU VHF DPLGH

FP & VWU DPLGLF FDUERQ\O DQG FP & +
YLE DURPDWLF FP & VWU SKHQROLF FP &

& VWU UHDFWLYH JURXS

+BUPX VROYHQW &' &2 UHI 706 + EV
DPLGLF 1 + + V DURPDWLF + V&

SURWRQ RQ SKHQRO + G - +] & SURWRQ
DGMDFHQW PHWK\O + G - +] & SURWRQ

DGMDFHQW K\GURI\O + V. PHWK\OHQH +



V DURPDWLF PHWK\O

8Y 9LV VROYHQW (W2+ PD]J QP

(OHPHQWDO $QDO\NRW & + & 1
&DOFXODWHEG + 1
YRXQG & + 1

$]R "\H SRO\DPLQH $GGXFW

'LHWK\OHQHWULDPLQH J PPRO DQG S
FKORURDFHWDQLOLGD]R PHWK\ OSKHQRO J PPRO
VWLUUHG DW URRP WHPSHUDWXUH IRU KRXUV 7/1& ZD
SHUIRUPHG RQ VLOLFD SODWHV SRO\HVWHU VXSSRUW
GLFKORURPHWKDQH DV HOXHQW $IWHU WKH GHVLJQDW

RQO\ RQH VSRW UHPDLQHG DQG WKH VROXWLRQ ZDV XVI
DERYH IRUP

$SSOLFDWLRQ RI '\H 3RO\DPLQH WR :RRO

7KH DGGXFW ZDV H[KDXVWHG RQ WR VDOWJVHUJH

[ WZLOO JPM ZLWK D OLTXRU ZRRO UDWLR RI
DW S+ 7KH S+ ZDV DGMXVWHG ZLWK JODFLDO DFH
DFLG $Q DGGXFW FRQFHQWUDWLRQ RI 2:( ZDV HPSOF

7ZR GLITHUHQW DSSOLFDWLRQ SURJUDPV ZHUH XVHG

SURJUDP 7KH EDWK ZDV NHSW DW f&IRU PLQXWHYV
UDLVHG DW f SHU PLQ WR f& DQG NHSW DW f& IR
SURJUDP 7KH EDWK ZDV NHSW DW f&lIRU PLQXWHYV
UDLVHG DW O SHU PLQ WR f& DQGNHSWDW f& IRU



KR X U

7KH IDEULF ZDV ULQVHG LQ FROG ZDWHU DQG RYHQ GUI

f&

OHDVXUHPHQW RI '\H 8SWDNH

7KH SURFHGXUH LV WKH VDPH DV WKDW IRU PHDVXULQJ
XSWDNH H[FHSW WKDW WKH RSWLFDO GHQVLW\ ZDV PRC
QP

'\H )LIDWLRQ

7KH G\H ZDV IL[HG E\ ERWK H[KDXVW DQG SDG EDWFK P/

L ([KDXVWLRQ 6WLSV RI G\HG ZRRO L J ZHU

HIKDXVWHG ZLWK VROXWLRQV RI IRUPDOGHK\GH LQ D O

ZRRO UDWLR RI DW S+ 7TKH S+ ZDV DGMXVWHG ZL\
DPPRQLXP K\GUR[LGH 7KH DPPRXQW RI IRUPDOGHK\GH

ZDV

L EODQN

LL PLV RI +&+2 ZKLFK JLYHV D FRQFHQWUDWL
RI 2:)

LLL PLV RI +&+2 ZKLFK JLYHV D FRQFHQWUDWLR

2:)

7KH H[KDXVWLRQ ZDV FDUULHG RXW XVLQJ WKH VDPH W



SURJUDPIPH IRU WKH G\HLQJ 7KDW LV ZRRO G\HG DW &
ZDV FURVVOLQNHG ZLWK WKH VDPH WHPSHUDWXUH SURJ
WKH f& DSSOLFDWLRQ 6LPLODUO\ ZRRO G\HG DW f&
FURVVOLQNHG DW f&

BWULSV RI G\HG ZRRO J ZHUH H[KDXVWHG DW
IRU KRXU DW D OLTXRU ZRRO UDWLR RI ZLWK WKH
IROORZLQJ UHGXFLQJ UHDJHQWY 7KH FRPSRQHQWYV LQ
UHGXFLQJ DJHQW VROXWLRQ ZHUH

L WKLRXUHD J 2) IRUPDOGHK\H PLV RI
VROXWLRQ 2:)

LL WKLRXUHD J 2:) IRUPDOGHK\GH

PLV RI VROXWLRQ 2:) SKRVSKRQRXV DFLG

PLV RI VROXWLRQ 2:)

LLL SKRVSKRQRXV DFLG PLV RI VROXWLRQ

2) IRUPDOGHK\GH PLV RI VROXWLRQ 2:)

$IWHU WKH WUHDWPHQW WKH ZRRO ZDV ZDVKHG ZLWK FF
DQG RYHQ GULHG DW f&

LL 3DG EDWEFK 7KH IROORZLPJ VROXWLRQV ZHUH SD

RQWR G\HG ZRRO J XQWLOO D QHW SLFN XS RI
ZDV DFKLHYHG

L WKLRXUHD J 2:) GLVVROYHG LQ
IRUPDOGHK\GH PLV RI VROXWLRQ 2:)

LL WKLRXUHD J 2:) IRUPDOGHK\GH PLV
RI VROXWLRQ 2:) PDGH XS WR PLV

LLL WKLRXUHD ald 2:) IRUPDOGHK\GH POV RI
VROXWLR® 2:) PDGH XS WR PLV



LY SKRVSKRQRXV DFLG PLV RI VROQ a

2:) DQG IRUPDOGHK\GH PLV RI aVROQ:)

Y WKLRXUHD J a 2:) IRUPDOGHK\GH PLV
R VROQ a 2:) SKRSKRQRXV DFLG PLV RI
VROQ 2:)

7KH SDGGHG VDPSOHV ZHUH VWRUHG RYHUQLJKW ZDV#
ZDWHU DQG RYHQ GULHG DW f&

((WUDFWLRQ DQG )L[IDWLRQ RI WKH '"\H 3RO\DPLC

$GGXFW
‘RRO J H[KDXVWLYHO\ FURVVOLQNHG ZLWK
IRUPDOGHK\GH 2:) ZDV H[WUDFWHG IRU
PLOQXWHYV SHU DOLTXRW [ PO RI ERLOLQJ VROYHQW

VROYHQWYV ZHUH ZDWHU ZDWHU PHWKDQRO Q EXWDQR
ZDWHU Q EXWDQRO JODFLDO DFHWLF DFLG 7KH
HIWUDFWV ZHUH DGGHG WRJHWKHU DQG PDGH XS WR
YROXPHWULF IODVN 7KH ILIDWLRQ ZDV GHWHUPLQHC
WKH IROORZLQJ HTXDWLRQ

2'W
JLIDWLRQ
2 '-
2 "W RSWLFDO GHQVLW\ RI WKH H[WUDFW IURP FURV)
ZRRO
2 'V 2SWLFDO GHQVLW\ RI H{WUDFW IURP XQFURVVOL

ZRRO

7KH HIWUDFWHG ZRRO ZDV ZDVKHG ZLWK FROG ZDWHU
GULHG



'LIXVH 5SHIOHFWDQFH 6SHFWUD

6SHFWUD ZHUH UHFRUGHG DV IRU WKH )%$ V

[LIKW IDVWQHVYV 7THVWYV

‘RRO VDPSOHV ZHUH H[SRVHG WR EOXH VFDOH DQG
 HQRWHVW DFFRUGLQJ WR ,62 VWDQGDUG SURFHGXUH



5()(5(1&(6

) HHFK JLEUH 5HDFWLYH '"\HV /IRJRV /RQGRQ

0 =DKUDGQLN 7KH 3URGXFWLRQ DQG $SSOLFDWLR
JOXRUHVFHQW %ULJKWHQLQJ $JHQWV &KLFKHVWHU
-RKQ :LOH\ DQG 6RQV

- $ ODFODUHQ DQG % 0LOOLJDQ 'RRO 6FLHQFH 7K
&KHPLFDO 5HDFWLYLW\ Rl WKH :RRO )LEUH ODUULF
6FLHQFH 3UHVV S

"0 /JHZLV - 6 ' &

''0 /HZLV OHOOLDQG 7H[WLOEHBLFKWH

, BWHLQNHQ , 6RXUHQ 8 $ +HQKRIHQ DQG + =DKQ
7H[WLO 3UD[LV ¢

&KHPLVWU\ LQ %ULWLDQ -XO\

( 3UNGH DQG - :LPEXVK 7KH 4XDQWLWDWLYH $QDO\V
D 1HZ :RRO )LEUH 3URWHFWLYH $JHQW %\ 5HYHUVH

JRQ 3DLU +3/& ,:6 ODE UHSRUW 75

$ 3U\GH DQG 0 7 *LOEHUW $SSOLFDWLRQV RI +LJK

3HUIRUPDQFH /LTXLG &KURPDWRJUDSK\ &KDSPDQ L
IRQGRQ S

1 1IDNDMR 3UHYHQWLRQ RI WKH <HOORZLQJ RI 3URV
JLEUH -DSDQHVH 3DWHQW 0DUFK

- ( 7XFNHU B5HGXFWLRQ RI 6XQOLJKW <HOORZLQJ RI
)DEULF 7UHDWHG :LWK )%$ V 7H[W 5HV -RXU ¢ 1R



& 6 , 52 'LY TH[W ,QG $XVW TUHDWPHQW RI :RYHQ
DQG .QLWWHG :RRO )DEULF :LWK 7KLRXUHD JRUPD
WR 5HWDUG 3KRWR\HOORZLQJ 5HSRUW *

& .DQHNR $ 6XJLPRWR DQG 6 7DQDND 6\QWKHVLV

"*XSWD 5 6RPDQ DQG 6 'HY THWUDKHGURAQ

7 2KWDQL &KHP $EV
$ :DUEXUJ DQG 6 6FKRKHQ $UFK BOLRFKHP

*2 6FKHQN DQG + :LUWK IDWXUZLVVHUVFKDIIHQ B

-3 'XERVH & OHUFLD DQG - %RXUGRQ %XOO0 &KHP ¢

)ubQ
56 'DYLGVRQ * 0 ,VPDLO DQG 'O /HZLV -6'&

, + /I[HDYHU 7TH[W 5HV -RXU B

: - %XUNH - $P &KHP 6RF
/ $ )HGRURY QPU 6SHFWURVERS\ RI $]R '"\HV  5XVV
&KHP 5HYV

$ 6BWUHLWZHLVHU DQG & +HDWKFRFN ,QWURGXFWLR
2UJDQLF &KHPLVWU\ QG HGLWLRQ &ROOLHU ODFF
3XEOLVKHUV /RQGRQ

16 $OOHQ 'HYHORSHPHQWYV LQ 3RO\PHU 3KRWRFKH
9RO $SSOLHG 6FLHQFH 3XEOLVKHUV /WG /RQGRC

&KDSWHU

+ & $ 9DQ %HHN 3 0 +HHUWMHQ DQG . 6FKDDIVPD 5
7UDY &KLP 3D\V %DV



5 % &ROHV DQG & + 1LFKROOV -6'&

,VVOHLE : .LW]JURZ DQG , 6 /I XWVHQKR 3KRVSKRU

-) OFNHOODU DQG 1 6 $O0OHQ SKRWRFKHPLVWU\ RI
ODGH )LEUHYV $SSOLHG 6FLHQFH 3XEOLVKHUV /RQ

35 %UDG\ ' ( 5LYHWW DQG ,: 6WDSOHWRQ 3URF ‘
, QW 'RRO 7H[ 5HV &RQI 7RN\R 9RO LY

& :DOOLQJ DQG ( 6 +X\VHU 2UJ 5[QV
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,1752'8&7,21

7KHUH LV H[WHQVLYH OLWHUDWXUH WR VXSSRUW WKH Yl
WU\SWRSK\O UHVLGXHV DUH UHDGLO\ SKRWRIGHJUDGHG
WKH PDQ\ SURGXFWV SURGXFHG 1 IRUP\ON\QXUHQLQH 1
DSSHDUV WR EH SDUWLFXODUO\ LPSRUWDQW 7KH PRVW
SURSHUWLHYV RI 1). DUH LWV QHDU 89 DEVRUSWLRQ DQG
LQWULQVLF SKRWRVHQVLWLVLQJ SURSHUWLHYV ,W KDV
WKDW LQ WKH SUHVHQFH RI 1). ERYLQH FDUERQLF DQK\(
VHYHUDO DPLQR DFLGV DQG QXFOHRVLGHV DUH SKRWRR
LW ZDV SURSRVHG WKDW WZR PHFKDQLVPV DUH LQYROY}
DUH D W\SH , PHFKDQLVP IRU WU\SWRSKDQ WUS SKRWR
R[LGDWLRQ LQYROYLQJ HOHFWURQ WUDQVIHU TXHQFKLQ
7 E\ WUS WR JLYH 1). UDGLFDO DQLRQ ZKLFK UHDFWV
WR JLYH VXSHUR[LGH DQLRQ DQG D W\SH ,, SURFHVV Lt
VLQJOHW R[\JHQ LV WKH UHDFWLYH VSHFLHV 7KH FKHP
1). KDV EHHQ LQYHVWLJDWHG ZLWK D YLHZ WR DVFHUWD
UROH LQ SURGXFLQJ VLQJOHW R[\JHQ WKH VXSHUR[LGH
DQG LWV FRQMXJDWH DFLG WKH K\GURSHUR[\ UDGLFDO
WKHVH VSHFLHV FDQ OHDG WR IXUWKHU SURWHLQ GHJUL

2IWHQ WKH DQDO\VLV RI SKRWRGHJUDGHG SURWHLQDFHE
PDWHULDO UHYHDOV WKH SUHVHQFH RI N\QXUHQLQH DQC
TXHVWLRQ DULVHVY DV WR ZKHWKHU 1). KDV EHHQ GHFDU
E\ D SKRWRFKHPLFDO URXWH RU K\GURO\VLV KDV RFFXU!
7TDEOH VKRZV KRZ VXVFHSWLEOH 1). LV WR K\GURO\VL

"XULQJ SHSWLGH VI\QWKHVLV RSWLPXP FRQGLWLRQV KDY
HPSOR\HG WR UHWDUG WKH FKHPLFDO R[LGDWLRQ DQG V



&RQGLWLRQ S+ SHDFWLRQ WLPH +\GURO\VHG

+ KUV 57
K R UHIOX[ KU
0 1D2+ PLQV 57
1D & PLQV 57
&+ & +
7DEOH 6WDELOLW\ RI 1). LQ YDULRXV VROYHQWYV

((WUDFWHG IURP 5HI

GHJUDGDWLRQ RI WU\SWRSK\O UHVLGXHV (VVHQWLDOO
VLPSOH UHYHUVLEOH PRGLILFDWLRQ RI WKH LQGROH QX
UHTXLUHG 3UHYLHUR KDV IRXQG WKDW 7US LV IRUP\O
WKH LQGROLF QLWURJHQ LQ IRUPLF DFLG K\GURJHQ FKC
VROXWLRQ 8QGHU WKH FRQGLWLRQV HPSOR\HG QR PR(
Rl WKH RWKHU DPLQR DFLGY RFEXUUHG DQG QR FOHDYD
SHSWLGH ERQGV WRRN SODFH ,W ZDV SURSRVHG WKDW
\LHOG RI VSHFLILF IRUP\ODWLRQ FRXOG EH XVHG IRU Wt
VSHFWURSKRWRPHWULF GHWHUPLQDWLRQ RI WU\SWRSK
SURWHLQV $V LQ WKH FDVH RI IRUPDQLOLGHV K\GURO
RFFXUV XQGHU YHU\ PLOG DONDOLQH FRQGLWLRQV 6H
ODERUDWRULHV KDYH UHSRUWHG WKDW 1LQ IRUP\O WU\S
OHVV VXVFHSWLEOH WR FKHPLFDO R[LGDWLRQV WKDQ W
GXULQJ SHSWLGH FRXSOLQJ 7KHUH KDYH EHHQ QR Ut
WKLV VLPSOH PRGLILEFDWLRQ LPSDUWV DQ\ SKRWRSURW



WKH LQGROH QXFOHXV 7KH SKRWRFKHPLVWU\ RI 1LQ DI
LQGROHV KDV EHHQ H[SORUHG ZLWK D YLHZ WR V\QWK
WU\SWRSKDQ GHULYDWLYHV FRQWDLQLQJ DQ DF\O JURX
DURPDWLF PRLHW\ 7KH VWXG\ GLG QRW H[DPLQH 1
IRUP\OLQGROHYV DQG WKLV OHDGV WR WKH TXHVWLRQ R
GHFDUERQ\ODWLRQ RU DURPDWLF ULQJ IRUP\ODWLRQ Z
SUHGRPLQDWH ZLWK WKHVH FRPSRXQGV 3UHYLRXV ZR
IRUPDQLOLGH KDV VKRZQ WKDW QP LUUDGLDWLRQ 2z
SURPRWH GHFDUERQ\ODWLRQ DQG WKH DXWKRUV FRQVt
SURSRVHG WKH XVH RI IRUPDQLOLGHY DV SKRWRVHQVL\
SURWHEFWLQJ JURXSV IRU DQLOLQHV

7KLV FKDSWHU LV FRQFHUQHG ZLWK WKH SKRWRFKHPLF
1 IRUP\ODWHG LQGROHV DQG IRUPDQLOLGHV 21 SDUWL
LQWHUHVW LQ WKH FRPSRXQGV VWXGLHG LV WKH QXPE}
YDULRXV W\SHV Rl FDUERQ\O JURXSV SUHVHQW DQG KR!
DIIHEFW WKH SKRWRFKHPLVWU\ :KHQ RQO\ DQ DPLGLF F
LV SDUW RI WKH FKURPRSKRUH WKHQ WKH QDWXUH RI W
WUDQVLWLRQ ZKHWKHU QW RU 8W LV GLIILEXOW WR
DVFHUWDLQ &RPSRXQGV LQ ZKLFK D NHWRQH FDUERQ\
DVVREFLDWHG ZLWK WKH FKURPRSKRUH ZLOO KDYH 6 DQ
SRVVHVVLQJ QUFpu FKDUDFWHU 1). DOVR KDV DQ DOLS
FDUER[\OLF DFLG JURXS EXW WKLV FKURPRSKRUH DEVR
DW ZDYHOHQJWKV ! QP DQG LV QRW OLNHO\ WR EH
SKRWRDFWLYH 7KH 6L DQG 7[ VWDWHV RI WKH DPLGLF
ZLOO EH DW KLJKHU HQHUJ\ WKDQ WKH FRUUHVSRQGLQ.
WKH NHWRQH FDUERQ\O DQG VR FRPSRXQGV FRQWDLQL
JURXSV 1 IRUP\ODPLQRDFHWRSKHQRQH 1). 1 1D
GLIRUP\ON\QXUHQLQH 1 IRUP\ODPLQRDQWKUD TXL(



KDYH WKH SRVVLELOLW\ RI HIKLELWLQJ FKHPLVWU\ IURF
GLITHUHQW VLQJOHW VWDWHYVY DQG SRVVLEO\ WZR WULS

5(68/76

1LQ IRUP\O PHWK\OLQGROH 10Q IRUP\OWU\SWRSKDQ P/
HVWHU K\GURFKORULGH 1 IRUP\ON\QXUHQLQH 1 13
GLIRUP\ON\QXUHQLQH DQG O IRUP\ODPLQRDQWKUD )
ZHUH VIQWKHVLVHG E\ NQRZQ SURFHGXUHV WR JLYH SX
SURGXFWYVY LQ PRGHVW WR H[FHOOHQW \LHOGYV $ 8Y ¢
VSHFWUXP RI WKH VDPSOH IRUPDQLOLGHYVY VKRZHG D K\
VKLIW RI EHWZHHQ DQG QDQRPHWUHV RI WKH PDLQ
DEVRUSWLRQ EDQGYV ZKHQ FRPSDUHG WR WKH SDUHQW
ORVW QRWLFHDEOH zZDV 1 IRUUQ\ODPLQRDQWKUD TX
ZKLFK WKH $ PD[ FKDQJHG IURP WR QP 1). ZKHQ
VIQWKHVLVHG E\ WKH PHWKRG RI 'DOJOLHVK ZDV HVW
DV SXUH E\ WKH ODFN RI D SHDN DW QP FRUUHVSRQC
N\QXUHQLQH 7KH 89 VSHFWUD RI 1 IRUP\ODWHG LQGR(
VLPLODU WR WKRVH RI'1 DF\ODWHG LQGROHYV DQG VKRZ
EDWKRFKURPLF VKLIW RI WKH PDLQ SHDN RI QP 7KL
JHQHUDO HIIHFW LV REVHUYHG ZKHQ LQGROHYVY DQG 1 V
LQGROHYVY DUH FRPSDUHG 1 )RUP\ODPLQRDFHWRS
LV DQ HDVLO\ SUHSDUHG PRGHO FRPSRXQG IRU 1). 7K
FKDQJHV LQ LWV DEVRUSWLRQ VSHFWUXP DWWHQGDQW
LUUDGLDWLRQ RI DQG QP DUH VKRZQ LQ )LJXUH
W FDQ EH VHHQ WKDW LUUDGLDWLRQ DW QP OHDGYV
HOLPLQDWLRQ RI WKH EDQG DW QP DQG WKH DSSHDL



/2HQ !

QP QP

YLIXUH &KDQJHV LQ 89 DEVRUSWLRQ RI 1
IRUP\ODPLQRDFHWRSKHQRQH GLVVROYHG LQ
DFHWRQLWULOH 6SHFWUD DUH UHFRUGHG D

LUUDGLDWLRQ WLPH W PLQV DW QP
DQG W PLQV DW QP
EDQG DW QP DVVRFLDWHG ZLWK DPLQRDFHWRSKHQ

ORQJHU ZDYHOHQJWK LUUDGLDWLRQ VXFK FKDQJHV DU
DQG RQO\ WKH VORZ IRUPDWLRQ RI XQLGHQWLILHG GHJ
SURGXFWV WDNHV SODFH ,Q DOO FDVHV LGHQWLW\ RI
SKRWRSURGXFWV ZDV DVFHUWDLQHG E\ JDV OLTXLG
FKURPDWRJUDSK\ */& RU KLJK SHUIRUPDQFH OLTXLG
FKURPDWRJUDSK\ +3/& XVLQJ NQRZQ FRPSRXQGV WR G



UHMQWLRQ WLPHYV 6LPLODU EXW QRW DV FOHDU FXW
ZHUH REWDLQHG IRU 1). WKH VSHFWUD IRU ZKLFK DUH
J)LIXUH +3/& VKRZHG XQDPELJXRXVO\ WKDW

QP QP

S99 (/ (17 +

JLIXUH &KDQJHV LQ 89 DEVRUSWLRQ RI 1). GLVVROY
ZDWHU 6SHFWUD ZHUH UHFRUGHG DW W

PLQV
N\QXUHQLQH ZDV D PDMRU SURGXFW RQ QP LUUDGLE
XVH RI ZDYHOHQJWKYV QP JDYH ULVH WR D YDULHW\

SURGXFWYV 7KH 89 VSHFWUD IURP 1 13 GLIRUP\ON\QXU
SKRWRO\VLVY UHDFWLRQ ZHUH VLPLODU WR WKRVH IRU
$QDO\VLV RI WKH FKURPDWRJUDP VKRZHG WKH DSSHDU

WKUHH PDLQ SURGXFWV ZKHQ LUUDGLDWHG DW QP



N\QXUH@H RU 1). ZHUH REVHUYHG LQ WKH UHDFWLRQ F
+RZHYHU LW LV D UHDVRQDEOH DVVXPSWLRQ WKDW

+ +
12 5 1 5
KY
!
QP
+ o+
6FKHPH SKRWRFKHPLFDO GHFDUERQ\ODWLRQ RI 1.)

N\QXUHQLQH

GHFDUERQ\ODWLRQ RFEXUV IURP WKH 1 SRVLWLRQ
IRUP\ODPLQRDQWKUD TXLQRQH RQ SKRWRO\VLV DW

J)LIXUH &KDQJHV LQ 89 DEVRUSWLRQ RI 1
IRUP\OFDUED]ROH GLVVROYHG LQ
DFHWRQLWULYHWKBGLDWHG IRU PLQV DW
HLWKHU ZDYHOHQJWK



JLYHV O DPLQRDQWKUD TXLQRQH WRIJHWKHU ZLWE
DQ XQLGHQWLILHG KLJKO\ SRODU SURGXFW 1R QRWLF
UHDFWLRQ ZDV REVHUYHG GXULQJ D SKRWRO\VLV SHUL
KRXU DW QP LUUDGLDWLRQ

,Q JLIXUH VSHFWUD DUH VKRZQ IRU WKH UHDFWLRQ
IRUP\OFDUED]ROH 2Q LUUDGLDWLRQ DW HLWKHU ZDY|
WKLV FRPSRXQG JLYHV FDUED]ROH LQ KLJK \LHOG (Yt
IRUPDQLOLGH RQO\ DEVRUEV OLJKW ! QP YHU\ ZHDN
HITHFWLYHO\ GHFDUERQ\ODWHYV RQ LUUDGLDWLRQ DW
,QGROLF FRPSRXQGVY DUH LQWHUHVWLQJ LQ WKDW WKF

KY

KY

I z miw

6FKHPH 3RVVLEOH SKRWRFKHPLFDO UHDFWLRQ SDW
IRUP\ODWHG LQGROHYV



LQ WKH SUHVHQFH RI R[\UJHQ PD\ OHDG WR R[LGDWLYH
RI WKH KHWHURF\FOLF ULQJ RU GHFDUERQ\ODWLRQ

SRVVLELOLWLHY DUH GHSLFWHG LQ 6FKHPH ,Q L.
ZH VHH WKH a QP SKRWRO\VLV RI 1LQ IRUP\OWU\SWT
PHWK\O HVWHU K\GURFKORULGH ,Q VSHFWUXP $ WKH

DQG QP KDYH XQGHUJRQH D K\SVRFKURPLF VKLI
QP DIWHU PLQV LUUDGLDWLRQ DQG QRZ FRUUHVSRQ!
LQGROLF DEVRUSWLRQ $OVR REVHUYDEOH LV D QHZ

$ %

:$9(/(1*7+ QP

YLIXUH QP SKRWRO\VLV RI 10Q IRUP\OWU\SWRS|
PHWK\O HVWHU DQG K\GURFKORULGH LQ ZDV

6SHFWUD WDNHQ LQ $ DIWHU W PLQV DG

LQ % DIWHU W PLQV



DSSHDBQULEHWZHHQ DQG QP 6SHFWUXP % VKRZV
IXUWKHU SKRWRO\VLY DQG LW LV UHDGLO\ VHHQ WKDW
LQGROLF DEVRUSWLRQ EDQGYV QP DQG QP JUDG X
ORVH WKHLU ILQH VWUXFWXUH DQG GLVDSSHDU WR EH |
D EURDG VWUXFWXUH OHVV EDQG H[WHQGLQJ LQWR WKF
UHJLRQ 7KH H[SHULPHQWDO REVHUYDWLRQV LQGLFDW
GHFDUERQ\ODWLRQ SURFHHGV IDVWHU WKDQ KHWHURF\
FOHDYDJH ,UUDGLDWLRQ ZLWK QP OLJKW SURGXFH
VLPLODU VSHFWUD DOEHLW VKRUWHU LUUDGLDWLRQ WL
UHTXLUHG 7KH DERYH UHVXOWY DUH PLUURUHG E\ 1 IF
PHWK\OLQGROH

7R GHWHUPLQH D UHDFWLRQ PHFKDQLVP WKH NLQHWLF\
H[DPLQHG XVLQJ GLIIHUHQW SKRWRO\VLV FRQGLWLRQV
SKRWRVWDEOH LQWHUQDO VWDQGDUG ,6 ZDV XVHG DQ
WKDW WKH SHDN KHLJKW RU SHDN DUHD REWDLQHG GXL
FKURPDWRJUDSKLF DQDO\VLV LV SURSRUWLRQDO WR FR
WKHQ D NLQHWLF VWXG\ FDQ EH SHUIRUPHG (TXDWLRCQ

G>%@

GW

N >$@

WK VLPSOHVW UDWH ODZ IRU D ILUVW RUGHU UHDFWLRC
UHDUUDQJHPHQW LOWHJUDWLRQ DQG IXUWKHU UHDUU
>$@ W
/Q N [W
>5@
ZKHUH >3@ LQLWLDO FRQFHQWUDWLRQ
>$@W FRQFHQWUDWLRQ DW WLPH W
NM UDWH FRQVWDQW

W WLPH



HXDWLRQ LV IRUPHG $ SORW RI /Q >$@W >$@4 YV
ZLOO JLYH D VWUDLJKW OLQH LI ILUVW RUGHU NLQHWL
IROORZHG 7KH UHVXOWV IRU IRUPDQLOLGH SKRWRO\
R[\JHQDWHG DQG GHR[\JHQDWHG VROXWLRQ DW DQ
LUUDGDWLRQ DUH VKRZQ JUDSKLFDOO\ LQ )LJXUH

JUDSKV VKRZ WKDW R[\JHQ KDV QR HIIHFW RQ WKH UD
GHFDUERQ\ODWLRQ DQG ILUVW RUGHU NLQHWLEV DUH

QP QP

YLIXUH 5HODWLYH UDWHV RI UHDEFWLRQ IRU IRUP
GHFDUERQ\ODWLRQ LQ R[\JHQDWEG
GHJDVVHG VROXWLRQV

1IRWXUSULVLQJO\ WKH UDWH RI GHFDUERQ\ODWLRQ

JUHDWHU DW QP WKDQ QP LUUDGLDWLRQ $QRW
NLQHWLF VWXG\ XVLQJ IRUP\ODPLQRDFHWRSKHQRQH
VXEVWUDWH \LHOGHG VLPLODU UHVXOWV )LQDOO\ W



R ZDWHU ZDV IRXQG WR KDYH QR HIIHFW RQ WKH UHDF

UDWH 7TKXV XQGHU QP LUUDGLDWLRQ 1

IRUP\ODPLQRDQWKUD TXLQRQH GHFDUERQ\ODWHG L

UDWH ZKHQ LQ DFHWRQLWULOH DQG DTXHRXV DFHWI
',6&866,21

7KH UHVXOWY LQ DFFRUG ZLWK SUHYLRXV ZRUN VKR =
IRUP\O GHULYDWLYHV RI SULPDU\ DURPDWLF DPLQHYV

GHFDUERQ\ODWH XSRQ LUUDGLDWLRQ WR JLYH WKH SD
$ VLPSOH PHFKDQLVP G6FKHPH ZKLFK ILWV WKH REV

VROYHQW FDJH

6FKHPH SKRWRO\VLV RI IRUPDQLOLGHYV

GDWD LV WKDW DEVRUSWLRQ RI D SKRWRQ FDXVHV KR
ILVVLRQ RI WKH DPLGLF & 1 ERQG WR JLYH D IRUP\O DC
DQLOLQR UDGLFDO 7KH UDGLFDOV FDQ HLWKHU UHFR
UHIRUP WKH VWDUWLQJ PDWHULDO RU WKH DQLOLQR U
DEVWUDFWY D K\GURJHQ DWRP WR JLYH DQLOLQH DQG
PRQR[LGH JRUPDWLRQ RI FDUERQ PRQR[LGH SURYLGH
GULYLQJ IRUFH IRU WKH UHDFWLRQ W LV QRW FOHDU
UDSLGO\ DPLGHV VXFK DV IRUPDQLOLGH XQGHUJR LQW



FRVVLQJ DQG WKHUHIRUH RQH FDQQRW VD\ ZKHWKHU V
UHDFWLRQV DUH SUHGRPLQDQWO\ VLQJOHW RU WULSOF
JXUWKHUPRUH LW LV FRQFHLYDEOH WKDW WKH D FOI
UHDFWLRQ FRPSHWHY HIIHFWLYHO\ ZLWK LQWHUV\VWHF
+RZHYHU LW KDV EHHQ VKRZQ HDUOLHU WKDW R[\JHQ |
HITHFW RQ WKH UHDFWLRQ UDWH DQG WKLV LV LQGLFD\
VLQJOHW VWDWH FKHPLVWU\ EXW FDQQRW UXOH RXW S
E\ D VKRUW OLYHG WULSOHW VWDWH 7TKH REVHUYDWL
IRUP\O PHWK\OLQGROH DQG 10Q IRUP\OWU\SWRSKDQ P
HVWHU K\GURFKORULGH GHFDUERQ\ODWHY IDVWHU WKL
R[\JHQDWLRQ RFFXUV VXJJHVWV WKDW LQ WKHVH FRPS
GHFDUERQ\ODWLRQ FRPSHWHY HIIHFWLYHO\ ZLWK HLWE
WULSOHW HQHUJ\ WUDQVIHU WR R[\JHQ DQG WKH UHDF'
VLQJOHW R[\JHQ VR SURGXFHG ZLWK WKH LQGROH , QV
RI D FDUERQ\O LQWR WKH FKURPRSKRUH PRGLILHV WKH
SKRWRFKHPLFDO UHDFWLYLW\ 7KLV LQ SDUW PD\ EH C
DURPDWLF FDUERQ\O JURXS VFUHHQLQJ OLJKW IURP Wtk
JURXS ORUH LPSRUWDQWO\ LW LOQOWURGXFHV VLQJOHW

WULSOHW VWDWHYV RI ORZHU HQHUJ\ )LJXUH DQG
| 6
( $UL+&+2
1 w
(
5
*
<
6L
$U&L2&+ 5
JLIXUH 5HODWLYH HQHUJ\ OHYHOV RI 1 IRUP\ODPLGC

DURPDWLF NHWRQHYV



HIILFLHQWSMJRPRWHV ,6& +HQFH LUUDGLDWLRQ RI WKF
FRPSRXQGV DW QP RQO\ SRSXODWHV D ORZHU 6L VWL
UDSLGO\ XQGHUJRHV ,6& 'HFDUERQ\ODWLRQ GRHV QRV
IURP WKH A VWDWH VR RWKHU SKRWRFKHPLFDO UHDFW
FRPSHWH IRU H[DPSOH WULSOHW HQHUJ\ WUDQVIHU W
DQG WKHUPDO GHDFWLYDWLRQ WR WKH JURXQG VWDWH
NHWRQH FDUERQ\OV DUH SUHVHQW HJ 1 IRUP\ODPLQRLE
TXLQRQH ,6& ZLOO RFFXU ZLWK DOPRVW XQLW\ DQG
VHHQ LQ WKH ODEN RI UHDFWLYLW\ ZKHQ LUUDGLDWHG
,UUDGLDWLRQ DW QP SRSXODWHV WKH XSSHU H[FLW
RI WKH DPLGH IURP ZKLFK GHFDUERQ\ODWLRQ FDQ FRPS
LQWHUQDO FRQYHUVLRQ WR ORZHU H[FLWHG VWDWHYV

&21&/86,21

,Q FRQFOXVLRQ WKH HYLGHQFH SUHVHQWHG VXJJHVWYV
GHFDUERQ\ODWHV IURP DQ XSSHU H[FLWHG VWDWH HL\
7 DQG WKDW WKH HIILFLHQF\ RI WKLV SURFHVV LV ZDY
GHSHQGHQW EHLQJ PRVW HIILFLHQW DW ZDYHOHQJWKYV
7KLY KDV LPSRUWDQW UDPLILFDWLRQV IRU ELRORJLFDO
ZKHUH WKH WUDQVIRUPDWLRQ RI 1). WR N\QXUHQLQH L\
REVHUYHG 7TKH UHVXOWY VKRZ WKDW WKLV FDQQRW EI
SKRWRFKHPLFDO UHDFWLRQ DQG LV WKHUHIRUH OLNHO\)
HQJ\PDWLF SURFHVV 1). ZKHQ LUUDGLDWHG ZLWK OLJK
QP VKRXOG DV SUHYLRVO\ UHSRUWHG VHQVLWLVH WKH
RI VLQJOHW R[\JHQ ZKLFK LV WKH FDVH IRU QRUPDO WU
Q VWDWHY RI DURPDWLF FDUERQ\O FRPSRXQGYV



1 IRUFODWLRQ RI LQGROH QXFOHL GRHV QRW LPSDUW IL
SKRWRSURWHFWLRQ DQG QR HYLGHQFH RI DURPDWLF |
LQGROHV YLD D SKRWR )ULHV UHDUUDQJHPHQW ZDV IR

(:3(5,0(17%/

7KH VWDUWLQJ PDWHULDOV ZHUH REWDLQHG IURP $0C
N\QXUHQLQH 6LIJPD FKHPLFDOV DQG XVHG ZLWKRXW
SXULILEFDWLRQ $00 PHOWLQJ SRLQWYV DUH XQFRUUHF
VSHFWUD ZHUH UHFRUGHG ZLWK D -RHO -01 0+ LQVV
XVLQJ 706 DQG '66 DV LQWHUQDO VWDQGDUGV ,5 VSH
UXQ RQ D 3HUNLQ (OPHU LQVWUXPHQW 0DVV VSHF
UHFRUGHG RQ D .UDWRV 06 (OHFWURQ ,PSDFW ,QVW!
OLQNHG WR D .UDWRV '6 GDWD V\WVWHP OLFURDQDO
SHUIRUPHG RQ D &DUOR (UED ORGHO (OHPHQWDO
8Y 9LV DEVRUSWLRQ VSHFWUD ZHUH REWDLQHG RQ D
(OPHU DQG 3KLOLSV 38 VSHEFWURSKRWRPHWHUYV

6\QWKHVLYVY RI 1 )RUP\ODWHG &RPSRXQGV

10Q?IRUP\O?2 2PHWK\OLQGROH

$ VROXWLRQ RI PHWK\OLQGROH J PPRO LQ IRU
DFLG PLY ZDV KHDWHG XQGHU UHIOX[ IRU PLQV

DFLG ZDV UHPRYHG XQGHU UHGXFHG SUHVVXUH 6RGL
ELFDUERQDWH PLV ZDV DGGHG WR WKH UHPDL
OLTXLG ZKLFK ZDV WKHQ H[WUDFWHG ZLWK HWK\O DFH



PLV [ 7KH HIWUDFWV ZHUH FRPELQHG ZDVKHG ZLWHK
PLV [ DQG GULHG RYHU DQK\GURXV SRWDVVLXP
FDUERQDWH SHPRYDO RI WKH VROYHQW XQGHU UHGX
SUHVVXUH JDYH D VWUDZ FRORXUHG OLTXLG ZKLFK ZD)
E\ YDFXXP GLVWLOODWLRQ 7KH SRUWLRQ GLVWLOOLC

P EDU ZDV FROOHFWHG DV D VWUDZ FRORXUHG OLT.

VROLGLILHG RQ FRROLQJ &U\WVWDOOLVDWLRQ ZDV DFlI
GLVVROYLQJ WKH VROLG LQ DFHWRQH PLV DGGLQJ
PLV DQG VWRULQJ DW f& RYHUQLJKW 7TKH FU\VWD

FROOHFWHG DW f& DQG DLU GULHG <LHOG J
OHOWLQJ SRLQW fa&
$QDO\VLV

5 .%U GLVF FP & VWU IRUP\O JURXS

+ QPU VROYHQW &'& UHI 706 + E G
IRUP\O JURXS + EV & SURWRQ

+ P DURPDWLF DQG HQDPLQH + V. PHWK\O

ObVV VSHF P H 5,
8Y 9LV 6ROYHQW &+ &1 ;. PDI[
VKRXOGHU QPN fRv

(OHPHQWDO $QDO\VLV IRU & +12
&DOFXODWRG + 1
YRXQG & + 1

10Q?IRUP\OWU\SWRSKDQ PHWK\O HVWHU K\GURFK

7TU\SWRSKDQ PHWK\O HVWHU K\GURFKORUPBRIO J
ZDV GLVVROYHG LQ IRUPLF DFLG PLV +\GURJHQ



FKRULGH JDV ZDV LQWURGXFHG XQWLO D VDWXUDWHG
ZDV REWDLQHG 7KLV PLIWXUH ZDV OHIW IRU PLQXW
URRP WHPSHUDWXUH 7TKH VROXWLRQ WXUQHG IURP FF
SXUSOH GXULQJ WKLV SHULRG ([FHVV IRUPLF DFLG ZC
UHPRYHG XQGHU UHGXFHG SUHVVXUH WR OHDYH D SXL
'URSZLVH DGGLWLRQ RI HWKDQRO SUHFLSLWDWHG
VROLG ZKLFK ZzDV FROOHFWHG E\ ILOWUDWLRQ ZDVKHC

DFHWRQH DQG RYHQ GULHG DW f& <LHOG J
OHOWLQJ SRLQW f&

<LHOGV RI ZHUH DFKLHYHG ZKHQ WKH UHDEWLRQ ZC
XS

$QDO\VLV

5 .%U GLVF FP 1+ VWU SULPDU\
DPLQH FP & VWU VDW HVWHU FP & VWU

IRUP\O JURXS

+ QPU VROYHQW UHI 706 + E V IRUP\O
SURWRQ + P DURPDWLF DQG HQDPLQH
+ W - +] D &+ + V PHWK\O HVWHU
+ G - +] PHWKHQH &+

ODVV VSHF P H 5,

8Y 9LV VROYHQW #PD]

VKRXOGHU QP 8fRR

(OHPHQWDO $QDO\MRV & +L& 1
&DOFXODWHG + 1
JRXQG & + 1



12]RUP\OFDUED]ROH

$ VROXWLRQ RI FDUED]ROH J P PRO ZDV KHDWHC
UHIOX[ LQ IRUPLF DFLG IRU PLQV 7TKH VROXWLRQ F/|
IURP FRORXUOHVV WR JUHHQ WR EODFN DIWHU DERXW
UHDFWLRQ WLPH ([FHVV UHDJHQW ZDV UHPRYHG XQG
SUHVVXUH WR OHDYH D JUHHQ VROLG 7KH VROLG ZDV
UHFU\VWDOOLVHG WZLFH IURP HWKDQRO WR JLYH RII =z

FU\WWDOV <LHOG J OHOWLQJ SRLQW f
$QO\VLV

5 .%U GLVF FP & VWU IRUP\O

+BQPU VROYHQW &'& UHI 706 + V IRUP\O
SURWRQ + P DURPDWLFV

ODVV VSHF P H 5,

8Y 9LV VROYHQW &+ &1 ; PD] QP
(OHPHQWDO $QDO\VLV IRU & +12
&DOFXODWHG + 1
YRXQG F + 1

JRUPDQLOLGH

JRUPDQLOLGH zZDV SXUFKDVHG IURP $OGULFK DQG XVH
IXUWKHU SXULILFDWLRQ



JRUP\ODPLQRDFHWRSKHQRQH

$FHWLF DQK\GULGH J P PRO ZDV DGGHG WR IRL
DFLG J P PRO DW f& DQG OHIW WR VWDQG IRU
PLQXWHY ,Q RQH SRUWLRQ DPLQRDFHWRSKHQRQH
P PRO GLVVROYHG LQ IRUPLF DFLG PLV ZDV DGGHC
WKH VROXWLRQ OHIW IRU KRXUV DW URRP WHPSHUDYV
PLV ZDV DGGHG DQG WKH PL[WXUH H[WUDFWHG ZLV
FKORURIRUP [ PLV 7KH RUJDQLF SKDVH ZDV ZDV
ZLWK ZDWHU [ PLVY DQG GULHG RYHU PDJQHVLXP
VXOSKDWH 7KH FKORURIRUP ZDV UHPRYHG XQGHU UH
SUHVVXUH WR OHDYH D EURZQ OLTXLG ZKLFK FU\VWD
WKH IODVN LQWHULRU ZDV VFEUDWFKHG 7KH UHVLGXD
UHFU\WWDOOLVHG IURP DFHWRQH KH[DQH WR JLYH D Z

FU\WWDOOLQH VROLG <LHOG J PHOWLQJ SR
f&

$QDO\VLV

)5 .%U GLVF FP 1+ VWU VHF DPLGH FP

& VWU DPLGH FRR VWU DURPDWLF NHWRQH

+ QPU VROYHQW &U&I 706 +

E G DPLGLF DQG IRUP\O + P DURPDWLF

+ V PHWK\O JURXS
8Y 9LV VROYHQW &+ &AD] QP LU A2GR
ODVV VSHF P H 5,

(OHPHQWDO $QDOIWUWVFKQR
&DOFXODWHG& + 1
YRXQG & + 1



1 )RUP\ON\QXUHQLQH

JRUPLF DFLG J P PRO DQG DFHWLF DQK\GULGH

J P PRO ZHUH PL[HG WRJHWKHU DW f& DQG VYV
IRU PLQXWHV 7KH IRUP\ODWLQJ DJHQW ZDV WKHQ [
GURSZLVH DW f& WR N\QXUHQLQH J P PRO
GLVVROYHG LQ IRUPLF DFLG PLV 7KH UHDFWLRQ ZI
VWLUUHG DW URRP WHPSHUDWXUH DQG IROORZHG E\ +
FRQGLWLRQV VHH EHORZ XQWLO FRPSOHWH 7KH UHD
PL[WXUH ZDV DGGHG GURSZLVH LQWR HWKHU PLV Z
GHSRVLWHG D IDZQ FRORXUHG SRZGHU 7KH SRZGHU :
FROOHFWHG E\ ILOWUDWLRQ DQG ZDVKHG ZLWK DFHWR
LQ D YDEXXP GHVVLEDWRU <LHOG PJV PHOW
SRLOQW f[&

$QDO\VLV

5 .%U GLVF FP 1+ VWU DOLSKDWLF
DPLQH FP & VWU FDUER[\OLF DFLG Fps

& VWU IRUP\O FP: &A2 VWU DURPDWLF NHWRQ

ODVV VSDF H 5,

8Y 9LV  VROYHQGW ;| PD] QP .. IRR

(OHPHQWD®O\VLVIRU &QQR
&DOFXODWHG + 1
YRX G & + 1



1 1D2GLIRUP\ONYQXUHQLQH

JRUPLF DFLG J P PRO ZDV PL[HG ZLWK DFHWLF
DQK\GULGH J P PRO DQG WKHQ DGGHG WR
N\QXUHQLQH J P PRO GLVVROYHG LQ IRUPLF D

PLV $IWHU DERXW PLOQXWHYV D ZKLWH VROLG GUF
RXW RI VROXWLRQ 7KH UHDFWLRQ ZDV OHIW WR VWLL
IXUWKHU KRXUV DQG WKHQ DGGHG WR ZDWHU PLV
ZKLWH VROLG ZDV FROOHFWHG E\ ILOWUDWLRQ ZDVKH
DFHWRQH DQG UHFU\VWDOOLVHG IURP HWKDQRO ZDW

PJV SIF A F
$QDO\VLV
5 .%U GLVF FP & VWU FDUER[\OLF DFLG

FP & VWU DURPDWLF IRUP\O FP & VWU
DOLSKDWLF IRUP\O FP: & VWU DURPDWLF NHWR
8Y 9LV VROYHQW + ? PD] QP RR.

ODVV VSHF P H 5,

(OHPHQWDO $QDO\VLV IRU & + 1

&DOFXODWHG + 1
JRXQG & + 1
O 1 )RUP\ODPLQRDQWKUD TXLQRQH

JRUPLF DFLG J P PRO ZDV PL[HG ZLWK DFHWLF



D&\GULGH J P PRO DQG DGGHG WR DPLQRDQWI
TXLQRQH J P PRO GLVVROYHG LQ IRUPLF DFLG
PLV $ EURZQ VROLG GURSSHG RXW RI VROXWLRQ C

FROOHFWHG E\ ILOWUDWLRQ SHFU\VWDOOLVDWLRQ 11U

\LHOGHG D EURZQ SRZGHU <LHOG SLJIF SF

$QDO\VLV

5 .%U GLVF FP: & VWU DURPDWLF NHWRQH
FP: & VWU IRUP\O FP: & VWU DURPDWLF

NHWRQH DGMDFHQW IRUP\O

+BMLUQU VROYHQW &'& UHI 706 + E V
DPLGLF 1 + + V IRUP\O & + +
P DURPDWLF

8Y 9LV VROYHQW &+ &AD]| QP W LVRR

ODbVV VSHF P H 6&,

(OHPHQWDO $QDO\VLY¥ +IRU
&DOFXODWHG& + 1
JRXQG &a + 1

SKRWRO\VLV ([SHULPHQWYV

7KH VROYHQWYV ZHUH R[\JHQDWHG ZLWK D VWUHDP RI R
GHR[\JHQDWHG E\ EXEEOLQJ QLWURJHQ IRU PLQXWHYV
$ WA\SLFDO SKRWRO\VLV UXQ ZDV FDUULHG RXW DV IRO(
D TXDUW] FXYHWWH FP D VROXWLRQ ZDV PDGH XS W
2SWLFDO '"HQVLW\ 2" RI LQ VSHFWURVFRSLF JUDC(



VROYHQWYV $ 8Y 9LV VSHFWUXP zZDV UHFRUGHG DQG
FXYHWWH SODFHG LQ D FLUFXODU DUUD\ RI [ ZDWW
JHUPLFLGDO ODPSV RU [ ZDWW ODPSV KDYLQJ D PD
HPLVVLRQ RI QP 7KH VDPSOH ZDV LUUDGLDWHG IR
PLQXWH DQG D VHFRQG VSHFWUXP UHFRUGHG 7KLV S
UHSHDWHG WR REWDLQ VSHFWUD WDNHQ DIWHU LUUDC
7 DQG PLQXWHYV

&KURPDWRJUDSKLF &RQGLWLRQV

+LJK 3BHUIRUPDQFH /LTXLG &KURPDWRJUDSK\ + 3

7TKH VROXWLRQV ZHUH PDGH XS WR D FRQFHQWUDWLRC
PRO O DQG LUUDGLDWHG DV DERYH $OLTXRWV RI I
UHPRYHG E\ VA\ULQJH DW WKH GHVLJQDWHG WLPH DQG

+3/& ZDV SHUIRPHG RQ D :DWHUV PRGHO OLTXLG
FKURPDWRJUDSK HTXLSSHG ZLWK D &HFLO 8Y 9LV GH!'
D )LVRQV 9LWDWURQ SULQWHU 7TKH FRRORPQ ZDV D &
+\SHUVLO [ FP UHYHULH SKDVH 7TKH HOXHQW ZD
GHIJDVVHG SULRU WR XVH XQGHU YDFXXP LQ DQ XOWULI
,Q bOO FDVHV WKH HOXHQW ZDV PHWKDQRO ZDWHU D
UDWLRYV DUH JLYHQ LQ WKH IROORZLQJ WDEOH TKH I«
ZDV YDULHG IRU HDFK H[SHULPHQW DQG WKHVH DUH Jl
7TDEOH

'LWK WKHVH FRQGLWLRQV WKH IRUP\ODWHG FRPSRXQC
VHSDUDWHG IURP WKH SDUHQW DPLQH DQG WKH DQDO!



DERXW PLQXWHYV

&RPSRXQG (OXHQW )ORZ 5DWH
OH2+ + PO PLQ

12IRUP\ON\QXUHQLQH

1 IRUP\ODPLQRDFHWRSKHQRQH
1 1° GLIRUP\ON\QXUHQLQH

1 IRUP\ODPLQR O DQWKUD
TXLQRQH

7TEOH +3/& FRQGLWLRQV IRU WKH IRUP\ODWHG FRP

*DV /LTXLG &KURPDWRJUDSK\ */&

6ROXWLRQV ZHUH PDGH XS WR D FRQFHQWUDWLRQ RI
PRO O DQG LUUDGLDWHG DV DERYH $OLTXRWV RI R
ILPO ZHUH UHPRYHG E\ VA\ULQJH IRU WKH DQDO\VLYV

*/& ZDV SHUIRUPHG RQ D 3HUNLQ (OPHU 6LJPD JDV
FKURPDWRJUDSK ILWWHG ZLWK D )ODPH ,RQLVDWLRQ 'F
) L 7KH FROXPQ ,QWHUQDO GLDPHWHU PP OHQJW
FRQWDLQHG OLTXLG SKDVH 6 ( 7KH IORZ UDWH ZDV
PLQ 7KH RYHQ DQG LQMHFWRU WHPSHUDWXUHYV ZHUH
HDFK VDPSOH DQG DUH JLYHQ LQ 7DEOH



&RP R G 2YHQ ,OQMHFWLRQ
&RGLWLRQV f&7HPS f&

JRUPDQLOLGH IRU OPLQ
DW f PLQ
IRU PLQV

1 IRUP\OFDUE]ROH

12|RUP\ODPLQRDFHWRSKHQRQH

1LQ IRUP\ PHWK\OLQGROH

/TDEOH *1& FRQGLWLRQV IRU WKH IRUP\ODWHG FRP S

.LQHWLF 6WXGLHV

6ROXWLRQV ZHUH SUHSDUHG DV DERYH DQG D SKRWRVW
LOQWHUQDO VWDQGDUG DGGHG VHH 7DEOH ,UUDGL|
ZHUH SHUIRUPHG DV GHVFULEHG HDUOLHU DQG DQDO\V|
HLWKHU +3/& RU */& XQGHU WKH FRQGLWLRQV GHSLFWH
7KH UDWLR RI DQDO\WH WR LQWHUQDO VWDQGDUG SHDT
VHUYHG DV WKH DQDO\WLFDO SDUDPHWHU JURP WKLYV
PHDVXUHPHQW WKH FRQFHQWUDWLRQ DW LUUDGLDWLRC
GHWHUPLQHG IRU HLWKHU WKH DSSHDUDQFH RI WKH SU
GLVDSSHDUDQFH RI WKH IRUP\ODWHG VWDUWLQJ PDWHL

FRPSRXQGY DQDO\WVHG XQGHU GLIIHUHQW FRQGLWLRQV
LQ WDEOH



&RPSRXQG &RQGLWLRQV '"HWHFWLR@WHUQDO
OHWKRG 6WDQGDUG

IRUP\ODPLQR,UUDGLDWHG DW */& 3KHQ\O
DFHWRSKHQRQH DQG QP PHWK\O
LQ RI\JHQDWHG +3/& VXOSKRQH

GHR[\JHQDWHG VROQ

JRUPDQLOLGH UUDGLDWHG DW  */& 3KHQ\O
DQG QP LQ VXOSKRQH
R[\JHQDWHG DQG GH
R[\JHQDWHG VROQ

IRUP\ODPLQRUUDGLDWHG DW  +3/& 3KHQ\O
DQWKUD DQG QP LQ PHWK\O
TXLQRQH &+ &1 DQG VXOSKRQH

DTXHRXV &+ &l

7DEOH JRUP\ODWHG FRPSRXQGV DQG WKH FRQGLW
XQGHU ZKLFK NLQHWLF VWXGLHV ZHUH SHUI



5()(5(1&(6

- 'LOORQ 5 &KLHVD DQG $ 6SHFWRU SKRWRFKHP

SKRWRELRG
& 3LIDXOW DQG ' *HUDUG SKRWRFKHP 3KRWRELRC
a

- $ OD&ODUHQ DQG % 0LOOLJDQ 7TKH HITHFWV RI

5SDGLDWLRQ DQG (OHFWULF 'LVFKDUJH 'RRO 6FLH
6FLHQFH 3UHVV ODUULFNYLOOH &KDSWHU
& + 1LFKROOV SKRWRGHJUDGDWLRQ DQG 3KRWR\

RI :RRO 'HYHORSHPHQWYV LQ 3RO\PHU 3KRWRFKHI

9RO HG 1 6 $O00OHQ $SSOLHG 6FLHQFH 3XEOLVKH

/IPWG /RQGRQ

3 :DOUDQW DQG 5 6DQWXYV 3KRWRFKHP 3KRWREL]
4 DQG 4

. 0DQGDO 6 . %XVH DQG % &KDNUDEDUWK SKRWRF
SKRWRELRG

8 3 $QGOH\ DQG % &ODUN SKRWRFKHP 3KRWRELR

a

O 1DNDJDZD < <RNR\DPD 6 6DWR DQG 7 +LWR
7THWUDKHG URQ

$ 3UHYLHUR 0 $ &ROHWWL 3UHYLHUR DQG - & &DYL
%LRFKLP %LRSK\V $F&/D

+ *URVV DQG - OHLHQKRIHU 7KH BHSWLGHV 9RO
$FDGHPLF 3UHVV 1HZ <RUN

0 6RPHL DQG 0 1DWVXPH 7THWB /HWWV



% . %DUQHWW DQG 7 ' 5REHUWYV - &KHP 6RF &KHP

&RPP
& ( 'DOJOHLVK - &KHP 6RF
% * (GZDUG $UFK %LRFKHP %LRSK\V

- '"HUNRVFK 2 ( 3RODQVN\ (5LQJHU DQG
*'"HUIOLQJHU ORQDWVK &XHP

3: $SWNLQV SK\VLFDO &KHPLVWU\ QG HGLWLRQ

2[IRUG 8QLYHUVLW\ 3UHVV /RQGRQ
0 .DVKLPXUD DQG < .LJXJDZD &KHP 3KDUP %XOO

$ $ *RUPDQ DQG 0 $ 5RGJHUV - $P &KH® 6RF
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ORUH WKDQ D FHQWXU\ KDV SDVVHG VLQFH 30RFKO U
DFHWLF DQK\GULGH PHGLDWHG FRQGHQVDWLRQ RI EH!¢
ZLWK EHQ]J]DOGHK\GH +RZHYHU LW ZDV (UOHQPH\HU

HVWDEOLVKHG WKH FRUUHFW VWUXFWXUH DQG QDPHG
DQ $JODFWRQH D WHUP VWLOO HQFRXQWHUHG

JLIXUH 6WUXFWXUH RI XQVDWXUDWHG D]J]ODFWRQH

7KH JHQHUDO VWUXFWXUH DQG QXPEHULQJ V\VWHP LV
JLIXUH $ PRUH V\VWHPDWLF QRPHQFODWXUH LV
PHWK\OHQH DU\O RID]JRO RQH WKXV WKH FRPSRXQ
DERYH LV SKHQ\OPHWK\OHQH SKHQ\OR[D]RO RQH
FODVVLFDO VI\QWKHVLV ZRUNV ZHOO ZLWK DURPDWLF
EXW SRRU \LHOGVY DUH REWDLQHG IRU DOLSKDWLF DO
KRZHYHU LPSURYHPHQWY KDYH EHHQ UHSRUWHG 6
HDUO\ ZRUN RI (UOHQPH\HU VHYHUDO UHYLHZV RQ WK
DQG UHDFWLYLW\ RI $]ODFWRQHV KBDYH DSSHDUHG

2YHU WKH SDVW IHZ GHFDGHV D]ODFWRQHV KDYH HPH
LPSRUWDQW FODVV RI VIQWKHWLF LQWHUPHGLDWH SD
IRU WKH VI\QWKHVLV RI DPLQR DFLGV DQG UHODWHG



FRPSRXQGV 9LJRURXV UHVHDUFK KDV ZLGHQHG WKHLU
KRUL]JRQV DV VIQWKRQV 7TKHLU HDV\ DYDLODELOLW\ I
GLYHUVH UHDFWLRQV RSHQ WKH SRVVLELOLW\ IRU XVL
EXLOGLQJ EORFNV LQ G\H KHWHURF\FOLF QDWXUDO SL
SRO\PHU FKHPLVWU\ 'XULQJ WKH ODVW WHQ \HDUV O
KDV EHHQ SXEOLVKHG RQ WKH XVH RI DJODFWRQH DV G\
UHSRUW GHVFULEHV WKH VI\QWKHVLV RI VHYHUDO S\UHC
GHULYDWLYHYVY DQG WKHLU DSSOLFDWLRQ WR SRO\HVWH
8QIRUWXQDWHO\ QR VSHFWUDO GDWD ZDV JLYHQ TRV
DXWKRUV NQRZOHGJH XQVDWXUDWHG D]J]ODFWRQHV KDY
LQYHVWLIJDWHG LQ YLHZ RI VWXG\LQJ WKHLU SKRWRSK\
SURSHUWLHYV

&RORXU FKHPLVWU\ LV SUHVHQWO\ XQGHUJRLQJ D SHUL
LOQWHQVH LQWHUHVW LQ VSHFLDOW\ G\HV ZKRVH DEVRU
HPLVVLRQ FKDUDFWHULVWLFVY FDQ EH WDLORUHG WR V¢
DSSOLFDWLRQV 1RYHO XVHV LQFOXGH SKRWRFKHPRWK
SKRWRYROWDLF G\HV G\HV IRU RSWLFDO GLVF UHFRUG
GDWD VWRUDJH ODVHU G\HV G\HV IRU OLTXLG FU\VWD(
GLVSOD\V DQG HOHFWURSKRWRJUDSKLFEZKHQ FHFRAWK V
5[DQG 5 )LJIXUH DUH DURPDWLF D FKURPRSKRUH LV
IRUPHG DQG E\ YDU\LQJ WKHVH JURXSV LW ZLOO EH SRV
DOWHU WKH VSHFWUDO SURSHUWLHYV

7KLV FKDSWHU GHVFULEHV WKH VIQWKHVLV Rl YDULRXYV
DJODFWRQHV ZKLFK DUH FODVVLILHG DFFRUGLQJ WR WK
DURPDWLF VXEVWLWXHQWYV 7R SURGXFH VRPH RULJLC
FRPSRXQGY QHZ EHQ]R\OJO\FLQHV DQG DQ DURPDWLF D
DUH VIQWKHVLVHG 7KH ILUVW FODVV RI DJODFWRQH L



VHULHV RI GRQRU DFFHSWRU FRPSRXQGYV 7TKH VHFRQG
RI SRO\F\FOLF DURPDWLFV DW SRVLWLRQ 5 DQG WKH IL¢
DJODFWRQHYVY KDYH D IHUURFHQ\O JURXS DW WKH VDPH &
7KHLU VSHFWUDO FKDUDFWHULVWLFV DUH VWXGLHG DQ
WUDQVLWLRQV JLYLQJ ULVH WR ORQJ ZDYHOHQJWK 8Y
DEVRUSWLRQ EDQGYV DUH DVVLJQHG $ VHOHFWLRQ RI N
UHDFWLRQV WR RWKHU KHWHURF\FOLF DQG DF\FOLF FRF
XQGHUWDNHAQ 7TKH QHZ FRPSRXQGYV ZHUH LQYHVWLJDW
VSHFWURVFRSLFDOO\ EHDULQJ LQ PLQG WKH SURSHUWL
RULJLRQDO D]JODFWRQHY DQG WKH P\ULDG RI QRYHO DS
MXVW PHQWLRQHG

SDWKHU WKDQ QDPH HDFK FRPSRXQG ZKHQ LW LV GLVEFX
UHIHUHQFH QXPEHU LV DOORFDWHG 6LPLODUO\ WKH
FKURPRSKRUHYV DUH JHQHUDOO\ GHVFULEHG E\ PHQWLRC(
JURXSV DW 5[DQG 5 LQ WKH EDVLF VWUXFWXUH DQG W
PROHFXOH LV QRW UHSURGXFHG

5(68/76

SUR\OTO\FLQH DQG $OGHK\GH 6\QWKHVLV

7R LQYHVWLIJDWH WKH VSHEFWURVFRSLF SURSHUWLHV RI
LW ZDV GHHPHG QHFHVVDU\ WR KDYH YDULRXV DURPDWI
DW SRVLWLRQV DQG ,QWURGXFWLRQ RI WKH DU\O JI
SRVLWLRQ LV IURP DQ DURPDWLF DOGHK\GH $FWLYDYV
DUHQHV DUH UHDGLO\ IRUP\ODWHG XQGHU 9LOVPHLHU +
FRQGLWLRQV 8VLQJ WKLV PHWKRG MXOROLGLQH



FDUERQJBHK\GH ZDV REWDLQHG LQ \LHOG HT $Q
DU\O JURXS DW SRVLWLRQ LV GHULYHG IURP WKH LQL

HT

EHQ]JR\OJO\FLQH DQG UHODWLYHO\ IHZ RI WKHVH FRPSR
NQRZQ 7KH VI\QWKHVLV RI DUR\OJO\FLQH GHULYDWLYH
DFKLHYHG E\ WZR PDLQ VWUDWHJILHV WKH UHDFWI
JO\FLQH ZLWK VXEVWLWXWHG DUR\O KDOLGHV DQG

PRGLILFDWLRQ RI HILVWLQJ DUR\VOJO\FLQHV %RWK PH
ZHUH XVHG WR REWDLQ QHZ DUR\OJO\FLQHYV $ UHDGLC
DYDLODEOH VWDUWLQJ PDWHULDO ZDV DPLQREHQ]R\O

HT

8QGHU W\SLFDO 6FKRWWHQ %DXPDQQHDRFRQ\OLWLWRKV

EHQJ\OR[\FKORULGH WR JLYH WKH DPLQH SURWHFWHG
DUR\OJO\FLQHHV ZKLWH FU\WWDOV LQ \LHOG HT



6LPLODU FRQGLWLRQV ZHUH XVHG WR UHDFW
FKORURDFHW\OFKORUL®HHR JLWHK HT LQ

?

& &+ && & &+ &1 A K2 &1&+ & + HT
+ +
PRGHVW \LHOG 5SHDFWLRQ RI WKH K\GURFKORULGH

ZLWK WKLRSKRVJHQH LQ DTXHRXV DFHWRQH JDYH WKH .
LVRWKLRF\DQDWHODOPRVW TXDQWLWDWLYH \LHOG HT

8QGHU DFLG FRQGLWHP@GLO\ IRUPHG D GLD]R VDOW ZKLI
ZDV FRXSOHG LQ EDVLF PHGLD ZLWK QDSKWK RO 7Kl
G\H ZDV REWDLQHG SXUH LQ D \LHOG HT

HT



7KH VHFRQG VWUDWHJ\ ZDV WR UHDFW DQ DURPDWLF DF
FKORULGH ZLWK JO\FLQH XQGHU 6FKRWWHQ %DXPDQQ F

& +1&+ &2+ HJ

7KXV WKLRSKHQH FDUER[\OFKORULGH ZDV UHDFWHG :
JOVFLQH LQ DTXHRXV DFHWRQH WR \LHOG WKLRSKHQ R
LQ DQ H[FHOOHQW \LHOG HT

$]JODFWRQH 6\QWKHVLV DQG 6WUXFWXUH

,Q EURDG WHUPVY WKH D]JODFWRQHV V\QWKHVLVHG FDQ
LOQWR WKUHH FODVVHV ZLWK UHVSHFW WR WKH DURPDW
SRVLWLRQ 7KH VLPSOHVW FODVV KDV D SKHQ\O QXFC(
DOOLHG WR DQ HOHFWURQ GRQRU RU DFFHSWRU JURXS
DUH OLVWHG LQ 7DEOH &RPSROHUBGHVVI\QWKHVLVHG
E\ PHWKRG $ VHH H[SHULPHQWDO LQ PRGHUDWH WR JF
\LHOGV %RWXQG DUH ZHOO FKDUDFWHULVHG
FRPSRXQGV 8QVDWXUDWHG D]JODFWRQHYVY DUH PRUH V
WKHLU VDWXUDWHG FRXQWHUSDUWY DQG FDQ JHQHUDO
SXULILHG E\ UHFU\VWDOOL]DWLRQ ,Q PRVW FDVHV WK
RI FKRLFH ZzDV HLWKHU HWKDQRO RU JODFLDO DFHWLF
PHWK\O JURXSV LQ DQG FRQWDLQ DFWLYH K\GURJHC
DOORZV WKH FKURPRSKRUH WR EH PRGLILHG VHH ODW
$ VHFRQG VHULHV RI DJODFWRQHV FRQWDLQHG D IXVHG



5L 5 &RPS@® QR <LHOG

3K &+
3K 3K
3K 7KLRSKHQ\O
S2M1 3K &+
S (W 1 3K S 1 3K
MOROLGLQH S 1 3K
7DEOH $]ODFWRQH VXEVWLWXHQWY DW SRVLWLRQ

5[DQG 5 ILIJXUH

V\VWHP DW SRVLWLRQ & DQG YDULRXV VXEVWLWXWH:!¢

& B3\ UHQH 3\ zZzDV WKH SRO\F\FOLF PRLHW\ XVHG LQ
5 U &RPSRXQG QRLHOG
3\ FK
3\ 3K
3\ 7KLHQ\O
3\ S 6 &1 3K
3\ S 1 3K
3\ 3K&+ 2&21+ 3K
3\ & &+ & 1+23K
3\ D]R G\H
$QWK 3K

7TDEOH 6XEVWLWXH@EVILHOGYV RI I1XNLIQAG
DJODFWRQHYV



FDVHV H[FHSW IRU RQH DQWKUDFHQ\O FRPSRXQG 7KHVI
DUH OLVWHG LQ 7DEOH ZLWK WKHLU \LHOGYV $V EHIF
WKH PDMRU VI\QWKHWLF PHWKRGRORJ\ IROORZHG VFKF
HISHULPHQWDO SXULILFDWLRQ ZDV DFKLHYHG E\

UHFU\VWDOOL]DWLRQ DQG DJDLQ WKH \LHOGV ZHUH RQC

7KH WKLUG FODVV RI D]ODFWRQHV LQFRUSRUDWH D IHU
JHU JURXS DW & DQG FDQ EH UHJDUGHG DV RUJDQRPF
KHWHURF\FOHV 7KH \LHOGV DQG VXEVWLWXHQWYV DW &
JLYHQ LQ 7DEOH ORGHVW \LHOGV ZHUH REWDLQHG Z
FODVVLFDO PHWKRG ZDV IROORZHG EXW FRXOG EH LPSL

5 U &RPSRXQG QR <LHOG
JHU 3K PHWKRG
PHWKRG
JHU S 1 3K
JHU WKLHQ\O
7TDEOH 6XEVWLWXHQWY DQG \LHOGV RI IHUURFHQ\O

DIJODFWRQHV

IRU XVLQJ D PLOGHU SURFHGXUH PHWKRG % 7KLV |
SUREDEO\ GXH WR EHWWHU LVRODWLRQ DQG SXULILFDW
SURFHGXUHV HPSOR\HG SHFU\VWDOOL]DWLRQ ZDV EHV
FRPSOHWHG E\ WKH VORZ HYDSRUDWLRQ RI DQ DFHWRQ|
KHQ KLJK ERLOLQJ SRLQW OLTXLGV VXFK DV '0) ZHUH
WKH FRPSRXQGYVY GHFRPSRVHG WR D EODFN LQVROXEOH
XQFKDUDFWHULVHG SRZGHU



$JODFWRQH 6SHFWUDO 3URSHUWLHYV

,Q DFFRUGDQFH ZLWK SUHYLRXV OLWHUDWXUH WKH LU
RI WKH D]JODFWRQHVH[KLELWHG D FDUERQ\O VWUHWEFKL
IUHTXHQF\ DW FP ,Q PRVW FDVHV WZR EDQGV ¢
IRXQGPWKLY UHJLRQ $ IXUWKHU FKDUDFWHULVWLF SHEC
FP zZzDV DVVLIQHG WR WKH KHWHURF\FOLF ULQJ & 1 VW
I[UHTXHQF\ 7KH PDVV VSHFWUD RI DOO WKH D]J]ODFWRQ|I
IHDWXUH VLPLODULWLHV $ PROHFXODU LRQ ZDV LGHQ'
DOO WKUHH FODVVHVY DQG WKH SULPDU\ IUDJPHQWDWLR
LOAYROYHG KHWHURF\FOLF ULQJ GHVWUXFWLRQ 7KLV L
FOHDUO\ VKRZQ LQ 6FKHPH FKHKWHHG DV DQ

6FKHPH 3ULPDU\ IUDIJPHQWDWLRQ SDWKZD\ RI D]JODF



HDPSOH 7KH R[D]JRORQH LV FOHDY HGEDWY &E R\ERG V

JLYH FDUERQ PRQR[LGH D VXEVWLWXWHG DURPDWLF DC
D QLWURJHQ KHWHURF\FOH ,W LV QRWLFDEOH WKDW D
ERQG &1 LV FOHDYHG ZKLOVW RWKHU FDUERQ KHWHUF
ERQGYV UHPDLQ LQWDEW

7TKH SURWRQ QPU VSHFWDQ®RI ZHUH LGHQWLFDO WR
WKRVH UHSRUWHG LQ D SUHYLRXV VWXG\ +HQFH D V
DW G ZDV DVFULEHG WR WKH DONHQH K\GURJHQ 7KH
VSHFWUD UHFRUGHEG DOVR GLVSOD\HG WKLV VLJQDO
DQRG ZHUH WKHUHIRUH DVVLIQHG D = FRQILIJXUDWLRQ |
DIJUHHPHQW ZLWK OLWHUDWXUH GDWD 8QIRUWXQDWH
RWKHU FRPSRXQGV ZHUH QRW VXIILFLHQWO\ VROXEOH L
GHXWHUDWHG VROYHQWYV IRU WKHLU VSHFWUD WR EH G|
7KH DEVRUSWLRQ DQG HPLVVLRQ VSHFWUD YDU\ DFFRUC
ERWK 52 5 DQG WKHLU VXEVWLWXHQWYV 7KLY REVHUYL
FRQILUPHG E\ UHIHUULQJ WR WKH VDPSOH DEVRUSWLRQ

&RPSRXQG $EVRUSWLRQ PDJ JOXRUHVFHQFH P
QP ([ QP

1IRWOXRUHVFHQW
YHU\ ZHDN

1IRWOXRUHVFHQW

1IRWOXRUHVFHQW

7TEOH $EVRUSWLRQ DQG HPLVVLRQ PD[LPD IRU FRPS
LQ DFHWRQLWULOH



JLYHQ LQ )LIXUHV DQG 7DEOH OLVWYV
WKH UHOHYDQW GDWD IRU FRPSRXQBY PHWK\O

JURXS LV DW SRVLWLRQ WKH PD[LPDO DEVRUSWLRQ LV
XY UHJLRQ ORYLQJ IURP D PHWK\O WR D SKHQ\0O JURX
LQFUHDVHVY WKH FRQMXJDWLRQQWZFRENRD\EY LQ WKH
YLVLEOH $ VLPLODU FKDQJH RFEXUV ZKHQ DQ XQVXEV\
WKLRSKHQH JURXS UHSODFHV WKH SKHQ\O0 ,QWURGXFL
HOHFWURQ GRQRU DQG DFFHSWRU VXEVWLWXHQWYV PRY
DEVRUSWLRQ PD[LPD WR ORQJHU ZDYHOHQJWKYV  7KH
VSHFWUXP RLQ )LJXUH LV D JRRG LOOXVWUDWLRQ RI
WKLV FRPSRXQG FODVV %HWZHHQ QP WKHUH LV
VSHEFWUDO ZLQGRZ LQ ZKLFK YHU\ OLWWOH DEVRUSWLE
FRPSDUHG WR WKH PDLQ DEVRUSWLRQ EDQG ,Q WKH H
DERYH WKH PDLQ DEVRUSWLRQ EDQG XQGHUJRHV D EDW
VKLIW RI QP FRPSDUHG WR WKH XQVXEVWLWXWHG
DQDORJXH ,W LV RI LQWHUHVW WR QRWH WKDW WKH M
G\H DEVRUEV DW D VOLJKWO\ ORQJHU ZDYHOHQJWK
GLHWK\ODPLQR DQDORJXKH H[WLQFWLRQ FRHIILELHQWYV
DOO KDYH WKH VDPH RUGHU RI PDJQLWXGH 2QO\ FRPS
HPLWWHG D ZHDN IOXRUHVFHQFH WKH RWKHUV ZHUH QI
IOXRUHVFHQW LQ VROXWLRQ

7KLY OHDGV WR WKH TXHVWLRQ RI ZKHWKHU D]J]ODFWRQ
PDGH LQWR IOXRURSKRUHV 7R WHVW WKH LGHD D IOXR
JURXS zZzDV LQVHUWHG LQWR D VHULHV RI DJODFWRQHYV

DEVRUSWLRQ DQG HPLVVLRQ FKDUDFWHULVWLFV DUH JL
7TDEOH $ S\UHQ\O QXFOHXV DW SRVLWLRQ PRYHV V
DEVRUSWLRQ PD[LPD LQWR WKH YLVLEOH HYHQ ZLWK D
JURXS DW & 7KH PD[LPDO DEVRUSWLRQ EDQG KDV



J)LIXUH Y 9LV VSHFWUXP RI FRPSRXQG LQ
DFHWRQLWULOH

JLIXUH Y 9LV VSHFWUXP RI FRPSRXQG LQ
DFHWRQLWULOH



V KL MG QP FRPSDUHG WR WKH HDUOLHU VLPSOH SKH
DQRDORJXH :KHQ WKH PHWK\O LV UHSODFHG E\ D SKHQ\
WKH DEVRUSWLRQ PD[LPD LV PRYHG E\ QP WR ORQJHL
ZDYHOHQIJWKLWSHFWUXRVSOD\H® )LIJXUH

&PSG $EVRUSWLRQ PD[OXRUHVFHQW6WRNHYV
QP (I PD[ QP 6KLIW QP

IRW )OXRUHVFHQW

7TDEOH $EVRUSWLRQ DQG HPLVVLRQ GDWD IRU WKH
SRO\F\FOLF DJ]ODFWRQHV LQ
DFHWRQLWULOH

LV UHSUHVHQWDWLYH RI WKH S\UHQ\O GHULYDWLYHV
VSHFWUDO ZLQGRZ EHWZHHQ QP LV IRXQG 7TKH ¢
VXEVWLWXHQWY DUH DOO HOHFWURQ ZLWKGUDZLQJ DQ
HIHUWHG D IXUWKHU VOLJKW EDWKRFKURPLF VKLIW RI :
QP $ PLVILW RI WKLV VHULHV LV FREKIEXQIEVRUEV

DW QP 7KLV G\H LV HVVHQWLDOO\ WZR FKURPRSKR
MRLQHG WRIJHWKHU DQG VR WKH SUHGLFWHG DEVRUSW|



\anAn

YLIXH 8Y 9LV VSHFWUXP RI DJODFWRQH
LQ DFHWRQLWULOH

J)LIXUH 8Y 9LV VSHFWUXP RI DJODFWRQH
DFHWRQLWULOH
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YLIXUH BROXWLRQ IOXRUHVFHQFH VSHFWUD RI S\UH«
FRPSRXQGV DQG LQ DFHWRQLWULOH

7TKH LQVWUXPHQW VHWWLQJYV DUH WKH VDPH |
DQG EXW WKUHH WLPHV PRUH VHQVLWL"®
IRU



D@WLFLSDWHG WR EH DW PXFK ORQJHU ZDYHOHQJWK $(
S\UHQ\O G\HV KDYH FRPSDUDEOH H[WLQFWLRQ FRHIILFL
7KH DQWKUDFHQ\O DJODFWRQH DEVRUEV DW VKRUWHU 7
WKDQ LWV S\UHQH\O FRXQWHUSDUW DQG KDV D YDVWO\
HIWLQFWLRQ FRHIILFLHQW 7KH XY YLV VSHFWXP RI WK
FRPSRXQG LV GLVSOD\HG LQ )LIJXUH 7R VRPH H[WHQ\
WKH S\UHQ\O DJ]ODFWRQHV DUH IOXRUHVFHQW 6DPSOH

DQG VKRZ FRPSDUDEOH 6WRNHV VKLIWV RI
a QP DQG DUH VWURQJO\ IOXRUHVFHQW

,QWHUHVWLQJOKDY DSSUR[LPDWHO\ GRXEOH WKH 6WRNH
VKLIW Rl WKH DERYH DQG DQ HPLVVLRQ PD[LPD DW Q
VSHFWUXP LV D EURDG EDQG VWDUWLQJ DW QP DQG
RII LQWR WKH QHDU , 5 DW QP 7KH VSHFWUD GR QF
VKRZ DQ\ ILQH VWUXFWXUH WKDW LV DVVRFLDWHG ZLWtk
&RPSRXQGIOXRUHVFHV YHU\ ZHDNO\ DQG KDV D VPDOO 6
VKLIW 8QH[SHFWHGO\ WKH DQWKUDFHQ\O FRPSRXQG Z
IOXRUHVFHQW 7KH IOXRUHVFHQFH VSHFWQ R

DUH JLYHQ LQ )LJXUH

7KH KHWHURF\FOLF RUJDQRPHWDOOLF D]JODFWRQH IL L
SUHSDUHG E\ 3DXVRQ KDV D FRPSOHWHO\ GLIIHUHQW
VSHEWUD 7KH VSHFWUXP LV JLYHQ LQ )LJXUH DQG L
DEVRUSWLRQ PD[LPD LV SUHVHQWHG LQ 7DEOH &RP
WKH SUHYLRXV VDPSOHV WKH PD[LPDO DEVRUSWLRQ ED
VPDOO H[WLQFWLRQ FRHIILFHQWY 7KHUH LV QR VSHF!
ZLQGRZ LGHQWLILHG ZLWK WKHVH FRPSRXQGV 7KH VSH
FRQVLVWYV Rl WKUHH ZHOO VHSDUDWHG EDQGV RI GLPLC
LQWHQVLW)\



&RPXR G $EVRUSWLRQ PP[ ( [02

7TDEOH $SEVRUSWBRRLPDRU WKH KHWHURF\FOLF
RUJDRPRWDOOLF DJODFWRQHV LQ DFHWRQLWU

SHDFWLRQV RI $JODFWRQHYV

+\GUR\OVLYV

'LWK FDUHIXO FRQWURO RI WKH UHDFWLRQ FRQGLWLRC
DJODFWRQHV FDQ EH K\GURO\VHG E\ DFLGVY DQG EDVH \
GLGHK\GURDPLQR DFLGV RU HVWHUYV 7KLY PHWKRG
SURYHG D IDYRXULWH URXWH WR XQVDWXUDWHG DPLQF
7KH EDVH K\GURO\VLMVQRE RFFXUUHG UHDGLO\ LQ
DTXHRXV HWKDQRO HT WR JLYH FRR&SRXQGV

L2+ 5[ +
(W2 + + g
3K & 1 & & 2+ HT
UHIOX] + "

UHVSHFWLYHO\ &RPSRKX@GSULPH VXEVWUDWH WR WHVW
WKH HIILFLHQF\ RI RSWLFDOO\ DFWLYH OLJDQGV LQ WU



PMWDO FDWDO\VHG DV\PPHWULF KRPRIJHQHRXYV K\GURJHC
ORUH IRUFHIRRQGLWLRQQWH UHTXLUHG IRU
ZKLFKDV KHDWHG XQGHU UHIOX[ LQ EDVLF DTXHRXV '0)

JLYH 7KH \LHO®VYH JLYHQ 7DEOH
5L &RPSRXQG <LHOG
3K
$QWK
3\
7TEOH <LHOGV RI K\URO\VHG D]J]ODFWRQHV

1RW VXUSULVLQJO\ WKH , 5 RI WKHVH WKUHH FRPSRXQC(
YHU\ VLPLODU 7KH PRVW SURPLQHQW SHDNV DUH DW
FP ZKLFK DSSHDU DV D GRXEOHW 7KH\ FDQ EH DVV
WR WKH FDUERQ\OV DVVRFLDWHG ZLWK WKH FRQMXJDW |
FDUER[\OLF DFLG DQG D VHFRQGDU\ DPLGH UHVSHFWLYF
+ QPU GDWD LV FRQVLVWHQW ZLWK WKH VWUXFWXUH
LOWHUHVWLQJ WR QRWH WKDW DONHQH SURWRQ LV VKL
GRZQILHOG LQWR WKH DURPDWLF VLIQDOV DW
GRZQILHOG VKLIW LV FRQVLVWHQW ZLWK WKH DURPDWL
wWuUubDQV WR WKH FDUER[\OLF DFLG IXQFWLRQDOLW\ , Q
FRQILIXUDWLRQ WZR RI WKH IXQFWLRQDO JURXSV DUH
GHVKLHOGLQJ 7KH PDVV VSHFWUDO IUDJPHQWDWLRQ S
EH H[SODLQHG E\ WKH ORVV RI &2 DQ DURPDWLF DOGHE
WKH IRUPDWLRQ RI D QLWURJHQ KHWHURF\FOH FI D]JOL

7KH DJODFWRQH FKURPRSKRUH GHVWUXFWLRQ LV UHDGI



FRQILUPH® UHIHUHQFH WR WKH XY YLV VSHFWUD $00
WKUHH PD[LPD KDYH PRYHG WR VKRUWHU ZDYHOHQJWK
D 7KH DQWKUDFHQ\O VSHFWUXPRPSDUDEOH WR

LWV SDUHQW D]JODFWRQH RWKHU WKDQ D QP K\SVREKL
VKLIW RI WKH PDLQ DEVRUSWLRQ EDQG 7KHUH DUH QR
HYHQWV ZLWK +HUH WKH PDLQ EDQG LV UHSODFHG E\ D
ORQJ VKRXOGHU IURP QP ZLWK D ORZ H[WLQFWLR
FRHIILHQW DQG D QHZ LQWHQVH SHDN DW QP 7KH
DQWKUDFHQ\O FRPSRXQG LV ZHDNO\ IOXRUHVFHQW DQG
HPLVVLRQ PD[LPD DW QP ([FLWDWMR QVRR
GLIIHUHQW ZDYHOHQJWKY FDQ UHVXOW LQ WZR GLVWLC
IOXRUHVFHQFH PD[LPD ,UUDGLDWLRQ LQWR WKH EDQG

LQLWLDWHY D ZHDN HPLVVLRQ VLIQDO DW QP $ VHF
&RPSRXQG $EVRUSWLRQ PDJ[ JOXRUHVFHQFH
QP (I QP

VKRXOGBW

7TDEOH D $EVRUSWLRQ DQG HPLVVLRQ GDWD IRU
GLGHK\GURDPLQR DFLGV GLVVROYHG LQ
DFHWRQLWULOH

YHU\ ZHDN VLJQDO DW QP LV IRXQG DIWHU H[FLWDWI
WKH VKRXOGHU DW QP 7TKHUH LV QR ILQH VWUXFWXL
LQ DQ\ RI WKH HPLVVLRQ VSHFWUD 7KH 6WRNH VKLIW



R ERWK FRPSRXQGV ZHUH FRPSDUDEOH RYHU D QP
UDQJH $Q H[FLWDWLRQ VSHFEWUD RI WKH VLJQDO DW
RQO\ JDYH D SHDN DW QP DQG WKHUH ZDV QR EDQG

QP $ VLPLODU VSHFWUD RI WKH VLJQDO DW QP RQ
JDYH D SHDN DW QP

SHDFWLRQ ZLWK 1XFOHRSKLOHYV

7KH EDVH FDWDO\VHG UHDFWLRQ RI WKLRGKHQRO ZLWK
ERLOLQJ HWKDQRO KDV EHHQ UHSRUWHG WR JLYH D GL\

DGGLWLRQ SURGXFW $SSOLFDWLRQ RI VLPLODU FRQ
WR DOVR IXUQLVKHG DQ DQDODJRXV/IOHE GXFW
SURSRVHG VWUXFWXUH LV JLYHQ LQ HT 6XSSRUWLQJ
$QW +
?
&2 63K
3K'&2 12'&2 & 63K HT
] b +
+ +
3K
IURP WKH ,5 GDWD DUH WZR FDUERQ\O SHDNV DW DQ

FP ZKLFK KDYH EHHQ DVVLIJQHG WR D WKLROHVWHU DQ
VHFRQGDU\ DPLGH UHVSHFWLYHO\ 7KH QPU VLIQDOV
FRPSOH[ VHULHV RI PXOWLSOHWY ZKLFK KDYH QRW EHH
LQ GHWDLO 1R PROHFXODU LRQ ZDV IRXQG LQ WKH PD\
VSHFWUXP 7KH EDVH SHDN ZDV DOORWWHG WR DQ DQV
UDGLFDO FDWLRQ & +Q 7KLV ZDV IRUPHG DIWHU WKF
RI WZR WKLRSKHQRO UDGLFDOV WR JLYH D F\FOLF LQWF



YLD DQ LQWUDPROHFXODU UHDUUDQJPHQW 7KH XY YL
VSHFWUXP ZDV WUDQVIRUPHG LQWR D VWUXFWXUHG VSF
LGHQWLFDO WR DQWKUDFHQH 6XEVHTXHQWO\ WKH 10X
VSHFWUXP ZDV LQGLVWLQJXLVKDEOH IURP DQ DXWKHQW
DQWKUDFHQH VDPSOH VHH )LJXUH

7KH UHDFWLRQ RI DJODFWRQHV ZLWK DPLQHV FDQ OHDG
GLITHUHQW SURGXFWV GHSHQGLQJ RQ WKH FRQGLWLRQV
UHIOX[LQJ HWKDQRO UHDFWV ZLWK RQH PROH HTXLYD
EHQJ\ODPLQH HT WR JLYH WKH DPR@HK DPLGH

$QW + $QW +
2

& +

? 3K&+ 1+ L
1 y 3K & 1 & & 1&+ 3K HT

(W2 _

+
3K

FDUERQ\OV DUH IRXQG DW WKH VDPH ZDYHOHQJWK RI

7KH ;+ QPU VSHFWUXP VKRZV D FRPSOH[ VSOLWWLQJ SD\
WKH DURPDWLF UHJLRQ 7KH DEVRUSWLRQ VSHFEWUXP K
LQWHQVH EDQG DW QP ( ! | D ZHDNHU PD[LPD I

QP ( [ DQG D VKRXOGHU DW QP (

[ W LV VLPLODU WR WKH DFLG VDPSOH DERYH
HPLVVLRQ VLJQDO ZLWK D PD[LPD DW QP ZDV IRXQG
([SHULPHQWDOO\ LW ZDV REVHUYHG WKDW WKH DPLGLF

IOXRUHVFHV DERXW IRXU WLPHV PRUH VWURQJO\ Wt
IUHH DFLG ZKHQ H[FLWHG DW QP $ QP VWRNHV VK
IRU WKLV FRPSRXQG SURYHG LGHQWLFDO WR WKH DFLG
IOXRUHVFHQFH VSHFWUD IRU WKH DQWKUDFHQ\O FRPSR
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J)LIXUH 6ROXWLRQ IOXRUHVFHQH RI WKH UHDFWLRQ
SURGXFWV IRUPHG ZLWK WKH DQWKUDFHQ\O DJ]ODFWRAQI
WKLROV DPLQHV DQG ZDWHU 7KH LQVWUXPHQW VHWWL
DPLQDWHG DQG K\GURO\VHG FRPSRXQGV DUH WHQ WLF
VHQVLWLYH WKDQ WKH WKLRO DGGXFW



VKRZQ RQ )LJXUH

7KH UHDFWLRQ RI DJODFWRQHV ZLWK SULPDU\ DURPDWI
LQ JODFLDO DFHWLF DFLG ZLWK WKH SUHVHQFH RI FDWLCL
VRGLXP DFHWDWH OHDGV WR GLDU\O DU\OPHWK\OHC
LPLGD]ROLQ RQHV HT 7TKHVH UHDFWLRQ FRQGLWLRQ

5 DQWKUDFHQH DQG S\UHQH

ZKHQ DSSOLHG WR D]ODFWRQ®WWH WKH QHZ
LPLGD]ROLQ RQHV LQ PRGHVW \LHOGV $ SHDN DW

FP DVVLIJQHG WR WKH DPLGH FDUERQ\O DQG WKH &
VLIQDO DW FP LQGLFDWHG LPLGD]ROLQ RQH IRUPD
ODVV VSHFWUD RI ERWK FRPSRXYKELRZHG PROHFXODU
LRQV EXW WKH IUDJPHQWDWLRQ SDWKZD\ GLIIHUV IURP

&RPSRXQG 5 U $EVRUSWLRQ PDOXRUHVHQFH
QP ([0O2 PDI QP
3\ 3K
$QWK 3K 1RW )OXRUHVFHQW
7TDEOH $EVRUSWLRQ DQG HPLVVLRQ PD[LPD IRU

LPLGD]ROLQ RQHV LQ DFHWRQLWULOH



DJODFWRQHYV DQG ULQJ RSHQHG SURGXFWV 7KH DEVRLU
HPLVVLRQ DUH JLYHQ LQ 7DEOH 7KHUH LV QR VLJQL
GLIIHUHQFH EHWZHHQ WKH ORQJ ZDYHOHQJWK LPLGD]R(
DEVRUSWLRQ DQG HPLVVLRQ PD[LPD FRPSDUHG WR WKH
DJODFWRQH +RZHYHU D QHZ EDQG DW QP ( KDV
DSSHDUHG DQG WKHVH WZR VSHFWUD GR QRW KDYH D Z
([SHULPHQWDOO\ WKH IOXRUHVFHQFH TXDQWXP \LHOG R
LPLGD]JROLQ RQHZDV IRXQG WR EH LGHQWLFDO WR WK#
DJODFWRQH

7KH PHWK\O JURXS DW SRVLWLRQ RI DQ D]JODFWRQH FF
DEFWLYH K\GURJHQ DWRPV DQG LQ WKH SUHVHQFH RI DQ
JLQF FKORULGH FDQ UHDFW ZLWK DOGHK\GHV WR JLYH \
GHULYDWLYHV 'KHQ WKH KHWHURF\FOH LV FKDQJHG '
LPLGD]JROLQ RQH WKH SURWRQV EHFRPH PRUH DFLGLF
D VW\U\OLPLGD]ROLQ RQH FDQ EH FRQVWUXFWHG ZLWHE
OLNH VRGLXP DFHWDWH 7KH VIQWKHVLV FDQ EH FDU!L
E\ PL[LQJ DQ D]JODFWRQH DQ DURPDWLF DOGHK\GH DQG
WRJIJHWKHU LQ UHIOX[LQJ JODFLDO DFHWLF DFLG HT

HT

QHZ FRPSRXQGV VI\QWKHVLVHG E\ WKLY PHWKRGRORJ\ D
LQ 7DEOH 7KH \LHOGV ZHUH PRGHVW WR JRRG $V
GHVFULEHG DERYH WKH KHWHURF\FOLF ULQJ LV UHDGLC
FKDUDFWHULVHG E\ WZR , 5 SHDNV DW DQG FP

hnh



$IJDLQWKHVH DUH DVVLIJQHG WR WKH DPLGLF FDUERQ\O C
ULQJ & 1 UHVSHFWLYHO\ $ WUDQV FRQILIXUDWLRQ LV
WR WKH VW\U\O ERQG RQ WKH EDVLV RI VWURQJ SHDNYV

FP BQIRUWXQDWHO\ WKLV ZDV QRW FRQILUPHC

5 5 5 &RPSRXQ&LHOG

3K 3K 3K
1 3K S (W 13K S 1 3K

3K 3\U 3K
3\U 3\U 3K
7EOH 6W\U\OLPLGD]ROLQ RQHV VI\QWKHVLVHG

E\ -+ QPU GXH WR WKH LQVROXELOLW\ RI WKHVH FRPSRX
FRPPRQ GHXWHUDWHG VROYHQWYV $00 IRXU FRPSRXQG
VWURQJ PROHFXODU LRQV LQ WKH PDVV VSHFWUD DQG I
IUDJPHQWDWLRQ SDWKZD\ 7KH DEVRUSWLRQ DQG IOXR

&RPSRXQG $EVRUSWLRQ PDJ[ JOXRUHVFHQFH 6WF
QP ( [O2 PD[ QP VKLIW QP
LQ '0)
7TEOH $EVRUSWLRQ DQG HPLVVLRQ SURSHUWLHV RI

VW\U\OLPLGD]ROLQ RQHV LQ DFHWRQLWULOH



FKDDFWHULVWLFV DUH UHFRUGHG LQ 7DEOH L QWU
RI D GRXEOH ERQG LQFUHDVHY WKH DEVRUSWLRQ PDJ[LP
DSSUR[LPDWHO\ QP FRPSDUHG WR WKH SDUHQW D]ODI
LQWHQVH EDQG DW QP ORZHU WKDQ WKH ORQJZDYH:
PD[LPD LV DOVR IRXQG 7KH PRVW VWULNLQJ REVHUYD'
DQ DSSHDUHQFH RI D VWURQJ HPLVVLRQ VIBGEWUXP IRU
LWV ODUJH VWRNHV VKLIW &RFSRXWROXEOH LQ
DFHWRQLWULOH SUHVXPDEO\ EHFDXVH WZR QLWUR JUR]
SUHVHQW DQG VR DQ DEVRUSWLRQ VSHFWUXP ZDV UXQ
7KH XY YLV VSHFWUD RQG DUH YHU\ VLPLODU ZLWK
DEVRUSWLRQ EDQGV DW DQG QP 6XEVHTXHQWO\
IOXRUHVFHQFH VSHFWUD ZHUH DOVR DOLNH KDYLQJ VLI
HPLVVLRQ PD[LPD DQG TXDQWXP \LHOGV 8QXVXDOO\ \
DUH SODWHDX SURILOHG DQG WKLV LV QRRWHEBEOH IRU
WKH UDQJH LV QP

$SSOLFDWLRQ RI $JODFWRQHYV

3URWHLQ /DEHOOLQJ

7KH VIQWKHWLEF HDVH ZLWK ZKLFK D UHDEFWLYH JURXS F
LQFRUSRUDWHG LQWR WKH G\H FKURPRSKRUH HQFRXUD
LQYHVWLIJDWLRQ RI WKHVH FRPSRXQGV DV SRVVLEOH O
&RQVHTXHQWO\ WKH DQWLERG\ ,PPXQRJOREXOLQ * +X
ZDV VWLUUHG ZLWK FRPSRXQG LOQ '0) 3KRVSKDWFE
EXIIHU VROXWLRQ DQG VHSDUDWHG RQ 6HSKDGH[ %DQ
XY YLV VSHFWUXP FRUUHVSRQGLQJ WR DURPDWLF DPLQ
DEVRUSWLRQ DW QP DQG D G\H PD[LPD DW QP FOH



VKRZ WKDW VRPH G\H KDV EHHQ ERXQG WR WKH SURWHL(
+RZHYHU IXUWKHU SHDNV DW QP DQG PRUH

J)LIXUH $EVRUSWLRQ VSHFWUD RI SURWHLQ ODEHOO
FRPSRXQG LQ SKRVSKDWH EXIIHU

VXUSULVLQJO\ DW QP LQGLFDWH RWKHU UHDFWLRQV [
RFFXULQJ 7TKH VROXWLRQ ZDV GLOXWHG WR JLYH DQ RS
GHQVLW\ RI DW QP DQG H[FLWDWLRQ DW WKLV

ZDYHOHQJWK OHDGYV WR D EURDG IOXRUHVFHQFH HPLVVL

S $ 9 (/(1*7+ 10

YLIXUH JOXRUHVFHQFH VSHFWUXP RI SURWHLQ ODEH(
ZLWK G\H LQ SKRVSKDWH EXIIHU ([FLWDWLR
ZDYHOHQJIWK QP



QP $ VKRXOGHU IURP QP LV IROORZHG E\
D PD[LPD DW QP ZKLFK WUDLOV RIlI WR QP )LJIXU

] WKH H[FLWDWLRQ ZDYHOHQJWK LV FKDQJHG W
QP D EURDG VWUXFWXUHOHVYV HPLVVLRQ ZLWK D PD[LP!
UHPDLQV 7TKHVH UHVXOWY LQGLFDWH WKDW D VSHFLH
WKDQ G\H SURWHLQ DGGXFWV DUH IRUPHG

‘\HV IRU 3RO\HVWHU

7KH WUDGLWLRQDO XVH RI G\HV LV WR FRORXU IDEULF\
WKH DJODEFWRQHV VI\QWKHVLVHG DUH ZDWHU LQVROXEC
SUHYHQWLQJ WKHLU DSSOLFDWLRQ WR ZRRO $ VXEVW
DPHQDEOH WR G\HLQJ IURP QRQ DTXHRXV PHGLD LV SR
DQG KHQFH D UDQJH RI G\HV ZHUH DSSOLHG WR WKLV |
DSSOLFDWLRQ UDQJH R 2:) JDYH GLIIHUHQW
FRORXU GHSWKV 7KHUH ZDV QR GLIIHUHQFH WR WKH |
PD[LPD LQ WKH VROLG VWDWH IURP WKDW LQ VROXWLR
PRVW RI WKH G\HV ZHUH IOXRUHVFHQW LQ VROXWLRQ |
VXUPLVHG WKDW WKH VDPH HIIHFW ZRXOG EH REVHUYH
VROLG VWDWH 7KLV ZDV WKH FDVH DQG 7DEOH FR
WKH HPLVVLRQ FKDUDFWHULVWLEV W LV LQWHUHVWL
WKH DSSHDUDQFH RI VWUXFWXUHOHVV IOXRUHVFHQFH
G\HV DQG LQ WKH VROLG VWDWH ,Q IDFW WKH SHDI
IURP  WDLOV RIl LQWR WKH ZDYHOHQJWK UHJLRQ EHW
QP ([DPSOHV RI WKH VROLG VWDWH IOXRUHVFH(
DUH JLYHQ LQ )LJXUH 7KH 6WRNHV VKLIW IRU
GHFUHDVHV E\' QP LQ WKH VROLG VWDWH EHFDXVH W
VKDUSHQV 7KH RWKHU G\HV HPLVVLRQ GDWD LQ WKE



6WDWH PLUURU WKHLU VROXWLRQ SURSHUWLHYV

"\H ,Q O6ROXWLRQ 6ROLGWDWH
HPLVRD 6WRNHYV HPLVVLREWRNHYV
PD UXQ VKLIW QP PD[ QP VKLIW QP

1RW IOXRUHVFHQW

1RW )OXRUHVFHQW

7DEOH &RPSDULVRQ RI HPLVVLRQ GDWD IRU D]ODF\
LQ VROXWLRQ DQG LQ WKH VROLG VWDWH

7KH VWDELOLW\ WR OLJKW RI WKH G\HV DSSOLHG WR SR
ZDV DVVHVVHG E\ WKHLU OLJKWIDVWQHVYV UHVXOWYV )
LW LV FOHDU WKDW WKH S\UHQ\O D]J]ODFWRQHV

DQG ZHUH WKH PRVW VWDEOH DQG KDG D KLJK GHJU
OLIJKWIDVWQHVY 7KH WZR LPLGD]RMLG R ZHW H
PRGHUDWHO\ VWDEOH ZKLOVW WKH DQWKUDFHQ\O D (
VXEVWLWXWHG SKHQ\O D]ODHFWRRBIHWLQJ FKDUJH
WUDQVIHU UHDGLO\ GHJUDGHG



"\H ILIKWIDVWQHVV

7TDEOH [LIKWIDVWEHWYOWY IRU WKH G\HV DSSOLH
WR SRO\HVWHU



JLIXIH 6ROLG VDPSOH IOXRUHVFHQFH RI DJODFWRQ
DQG DSSOLHG WR SRO\HVWHU DW D

FROQFHQWUDWLRQ RI 2:) 7KH H[FLWDWL

ZDYHOHQJWKYVY DUH DW WKH DEVRUSWLRQ PD
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$JODFWRQH 6\QWKHVLVY DQG 6SHFWUD

7ZR PHWKRGV ZHUH XVHG WR VIQWKHVLVH WKH D]J]ODFW
FRQGLWLRQV RI GLITHULQJ VHYHULW\ 7KH FODVVLFDO
SURFHGXUH LQ ZKLFK DFHWLF DQK\GULGH VRGLXP DFl}
WKH F\FOLVLQJ PHGLXP EHLQJ PHWKRG $ +RZHYHU LV
XQVXLWDEOH IRU VHQVLWLYH DOGHK\GHY DQG DOFRKRC
IXQFWLRQDOLWLHYV +HQFH D VHFRQG PLOGHU WHFKQL
% LQYROYLQJ WKH F\FORGHK\GUDWLRQ RI 1 DUR\OJO\F
HWK\O FKORURIRUPDWH DQG WULHWK\ODPLQH LQ EHQ]FH
HPSOR\HG LQ FHUWDLQ FDVHV (YHQ WKRXJK HDFK PH\
XWLOL]JHV GLIIHUHQW UHDJHQWYV WKH UHDFWLRQ PHFKL
LGHQWLFDO 7KLV SRLQW LV LOOXVWUDWHG E\ LQVSHEF
PHFKDQLVP IRU PHWKRG % ZKLFK LV JLYHQ LQ 6FKHPH

7KH ILUVW VWDJH LV FRQYHUVLRQ RI WKH FDUER[\OLF |
DQ DQK\GULGH HVWHU E\ UHDFWLRQ ZLWK WKH DF\O FK
7KLY DFWLYDWHYV WKH DFLG WR QXFOHRSKLOLF VXEVWI
IRUPLQJ D JRRG OHDYLQJ JURXS $ EDVH WULHWK\ODP
UHPRYHV WKH DPLGLF K\GURJHQ LQLWLDWLQJ LQWUDPE
F\FOLVDWLRQ WR WKH VDWXUDWHG R[DJRO RQH FDUE
DQG HWKDQRO JRUPDWLRQ RI FDUERQ GLR[LGH SURYL
ODUJH GULYLQJ IRUFH IRU WKH UHDFWLRQ DQG LWV UH
HQDEOHV F\FOLVDWLRQ WR SURFHHG TXDQWLWDWLYHO
PHWKRGY DOORZ LVRODWLRQ RI WKH VDWXUDWHG D]OD
LOWHUPHGLDWH EXW SXULILFDWLRQ LV PXFK HDVLHU Z
FRQGLWLRQV DUH XVHG 7KH D K\GURJHQV LQ WKH VI
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3K
VDWXUDWHG R[D]JRO RQH

6FKHPH OHFKDQLVP IRU WKH IRUPDWLRQ RI DJODFWR



UQJ DUH DFLGLF DQG LQ WKH SUHVHQFH RI EDVH FDQ E
UHPRYHG WR IRUP DQ HQRODWH DQLRQ ZKLFK UHDGLO\
ZLWK DURPDWLF DOGHK\GHV $ 3 K\GUR[\R[D]JRO RQH
SULQFLSOH SURGXFW ZKLFK FDQQRW EH LVRODWHG EHF
UHDGLO\ GHK\GUDWHY WR WKH XQVDWXUDWHG D]ODFWHR
EHHQ REVHUYHG WKDW WKH GLUHFW XVH RI SKHQ\ORJ!
LQ WKH (UOHQPH\HU UHDFWLRQ JDYH PXFK LPSURYHG \
DOLSKDWLF DOGHK\GHV DQG NHWRQHYV  7KH VLPSOH F
RQH KDV D PDLQ DEVRUSWLRQ EDQG LQ WKH XY UHJL
LW LV DVFULEHGQWRWUDQVLWLRQ RI WKH FDUERQ\O
SHUWXUEHG E\ LQWUDPROHFXODU FKDUJH WUDQVIHU IL
DU\OPHWK\OHQH WR WKH SRODULVHG FDUERQ\O JURXS
EDVLV RI WKH H[WLQFWLRQ FRHIILFLHQW

$ \HOORZ SURGXFW zZDV LVRODWHG IURP WKH VIQWKHVL
KRZHYHU LW KDV EHHQ VKRZQ WKDW SXUH LV ZKLWH
FRORXUHG FRQWDPLQDQWY DUH WKH VW\IAU\OR[D]JRO RC

IRUPHG E\ IXUWKHU FRQGHQVDWLRQ RI WKH DFWLYH PH
ZLWK H[FHVV EHQ]DOGHK\GH DQG WKH VW\U\OLPLGD]R
$ VLPSOH LPLGD]ROLQ RQH DQDORJIXH



5L 3 +2 3K 5 0( SUHGLFWHG DV D SURWHLQ FKURPR
LQ WKH MHOO\ILVK DHTXRUHD ZDV IRXQG WR EH QRQ
IOXRUHVFHQW LQ DOO VROYHQWY DQG FRQGLWLRQV

([WUD FRQMXJDWLRQ UHVXOWYVY ZKHQ WKH PHWK\O LV U
DQ DURPDWLF JURXS 7KH ORQJ ZDYHOHQJWK DEVRUS\
DQG QRZ WDLO LQWR WKH Y&VDE®RNH WKH
WUDQVLWLRQ LV DVVLJQHG WR D FKDUJH WUDQVIHU SH
RI WKH FDUERQ\O 7KLV WUDQVLWLRQ PXVW EH VOLJK!
LQ HQHUJ\ WKDQ WKH SRQVLEKHH ODFN RI
IOXRUHVFHQFH LV WKXV UHDGLO\ H[SODLQHG

$GGLQJ GRQRU DFFHSWRU JURXSV WR WKH EDVLF FKU

PRYHVY WKH PDLQ DEVRUSWLRQ EDQG WR ORQJHU ZL
E\ QP ,Q WKLV FDVH WKH KHWHURF\FOLF ULQJ LV
DV D FRQMXJDWLQJ EULGJH EHWZHHQ WKH GRQRU GLH

DQG DFFHSWRU QLWUR JURXSV )LJXUH 7KH YLV
'RQRU &RQMXJDWLQJ EULGJH$FFHSWRU
YLIXUH 6FKHPDWLF UHSUHVHQWDWLRQ RI D VLPSOH

DFFHSWRU FKURPRJHQ

EDQGV WKXV SURGXFHG FRUUHVSRQG WR D PLJUDWLRC
GHQVLW\ I[IURP WKH GLHWK\ODPLQR WR WKH QLWUR JUR
$ PRUH FRPSOH[ VFHQDULR PD\ EH DSSHDULQJ IR
KHWHURF\FOH WKDQ MXVW DFWLQJ DV D FRQMXJDWLQJ
%HFDXVH WKH QLWURJHQ DWRP H[KLELWV VWURQJ
HOHFWURQHJDWLYLW\ LW FDQ DFW DV D VLWH IRU FKD



DFRKPXODWLRQ LQ WKH H[FLWHG VWDWH DQG WKXV WKH

JLIXUH OLJUDWLRQ RI FKDUJH GHQVLW\ XSRQ
LUUDGLDWLRQ LQ GRQRU DFFHSWRU R[D]JRO R

LWV VHOIlI SOD\V WKH UROH RI DQ HOHFWURQ DFFHSWRU
$OWHUQDWLYHO\ WKH FRORXU FDQ EH H[SODLQHG E\ UH
VLPSOH 02 WKHRU\ +HUH WKH FRORXU GHWHUPLQLQJ H
WUDQVLWLRQ LV GHVFULEHG DV D WUDQVLWLRQ EHWZH}!
WKH KLIKHVW RFFXSLHG 02 +202 DQG WKH ORZHVW XQfF
02 /802 7TKH SUHVHQFH RI GRQRU DFFHSWRU JURXSYV
GLPLQLVKHVY WKH HQHUJ\ GLIIHUHQFH EHWZHHQ WKH IUF
RUELWDOV 7TKXV DV WKH +202 /802 HQHUJ\ GLIIHUHQI
GHFUHDVHVY VR DOVR GRHV WKH VSHFWUDO H[FLWDWLR
DQG WKH DEVRUSWLRQ EDQG VKLIWV WR ORQJHU ZDYHO
J)LIXUH 7KH GLHWK\ODPLQR JURXS LV D YHU\ JRRG
GRQDWLQJ JURXS EXW WR JDLQ D PD[LPLXP HIIHFW WKEFE
QLWURJHQ ORQH SDLU PXVW EH RULHQWDWHG WR REWD
RYHUODS ZLWK WKH DURPDWLF QXFOHXV $V WKH QLwWU
URWDWHYVY WKHQ WKLV RYHUODS GLPLQLVKHV DQG VR W



FEDFLW\ GHUHDVHY 7KH MXOROLGLQH VWUXFWXUH KD

/802
KY K'Y
+202 |
GRQRU DFFHSWRU
&KURPRSKRUH
YLIXUH +202 /802 HQHUJ\ VHSDUDWLRQV RI GRQRU

DFHSWRU &KURPRSKRUHV

ULQJ FRQILIJXUDWLRQ ZKLFK SUHYHQWY URWDWLRQ DQGQG
HIILFELHQW RYHUODS EHWZHHQ WKH QLWURJHQ ORQH SD
DURPDWLF HOHFWURQ V\WWHP )LJXUH 7KLV UHDGI
H[SODLQV WKH IXUWKHU QP EDWKRFKURPLF VKLIW RQ

JLIXUH 7KH MXOROLGLQH IL[HG FRQILJXUDWLRQ JL®
PD[LPDO RYHUODS EHWZHHQ WKH ORQH SDLL
DURPDWLF V\VWHP

IURP FRPSRXGR IHLWKHURU DUH IOXRUHVFHQW

LQ VROXWLRQ GXH WR EDFN HOHFWURQ WUDQVIHU SURY
HITLFLHQW QRQ UDGLDWLYH UHOD[DWLRQ SDWKZD\ WR V
VWDWH 7KH VLQJOHW WULSOHW HQHUJ\ GLIIHUHQFH



VPDOO VHFWLRQ LQ GRQRU DFFHSWRU FRPSRXQGYV
LOQWHUV\VWHP FURVVLQJ FDQ UHDGLO\ RFFXU SDUNHU
UHSRUWHG WKDW VRPH LQWUDPROHFXODU FKDUJH WUD
FRPSRXQGV IOXRUHVFH ZHDNO\ DW URRP WHPSHUDWXU|
\LHOG EXW KDYH FRPSDULWLYHO\ LQWHQVH IOXRU|
DQRQG SKRVSKRUHVHQFH LQ ULJLG PHGLD DW ORZ WHPSH

,QWURGXFWLRQ RI D S\UHQH QXFOHL LQWR WKH FKURPF
PRYHV WKH DEVRUSWLRQ PD[LPD WR ORQJHU ZDYHOHQJ
VLPSOH SKHQ\OPHWK\OHQH FRPSRXQG EHFDXVH LW HIIt
LQFUHDVHG FRQMXJDWLRQ 7KHVH FRPSRXQGV KDYH D
HIWLQFWLRQ FRHIILFLHQW DQG WKH EDQGV DUH DVVLJC
VLQJOHIM WUDQVLWLRQV 7KHUH PD\ EH VRPH FKDUJH
PLJUDWLRQ WR WKH QLWURJHQ DWRP LQ WKH H[FLWHG
WKLV LV GRXEWIXO EHFDXVH DWWDFKLQJ VWURQJ HOHF
DFFHSWLQJ JURXSV WR WKH DUHQH KDV OLWWOH HIIHF\
DEVRUSWLRQ VSHEFWUD 3RVVLEOH QUF VWDWHV DVVRI
WKH KHWHURF\FOH DQG VXEVWLWXHQWY RQ WKH SKHQ\
EH DW KLJKHU HQHUJ\ WX DRQ/WHKW H

7KH VHHPLQJO\ KLJKO\ FRQMXJDWHG G\H  ZDV H[SHEW
KDYH D PD[LPD DW PXFK ORQJHU ZDYHOHQJWK ,W LV E
WKLQN RI WKLV G\H DV WZR GLIIHUHQW FKURPRSKRUHV
WRJIJHWKHU EXW DUH QRW FRQMXJDWHG DQG ERWK DEVF
VLPLODU ZDYHOHQJWK UDQJH )RU H[DPSOH D]R G\HV
DEVHQFH RI VWURQJ GRQRU DFFHSWRU JURXSV H[KLELV
ZDYHOHQJWK DEVRUSWLRQ |URP wQLUWDWR/AIHAL R QV

3\UHQH LV D JRRG HOHFWURQ DFFHSWRU EXW WKH K\GLU
LV D SRRU GRQRU DQG VR ZH FDQ SUHGLFW WKDW WKH



WUDQVLWINRQ Q & 7KH S\UHQ\O SKHQ\O D]JODFWRQH
PRLHW\ KDVQDQ WUDQVLWLRQ DQG VR WKH G\H LV RQO\
ZHDNO\ FRQMXJDWHG $ VOLJKW EDWKRFKURPLF VKLIW
FRPSDUHG WR WKH RWKHU S\UHQ\O FRPSRXQGV PD\ EH C
VOLJKW FRQMXJDWLRQ LQFUHDVH RU D FKDUJH WUDQVIH
WUDQVLWLRQ

7KH IOXRUHVFHQFH HPLVVLRQ LV IURP WKH ORZHVW H[FI
VLQJOHW VWDWH DULVLQJIQIWRP@VLWLRQ
'LVDSSHDUDQFH RI S\UHQ\O ILQH VWUXFWXUH LV GXH WF
LQFUHDVHG D]JODFWRQH YLEUDWLRQDO DQG URWDWLRQEL
OHYHOV 7KH H[SODQDWLRQ DERYH JLYHV DQ LQVLJKW |
PHDJUH HPLVVLRQ IRU FRPSRXQ®% EHOLHYHG WKDW
FRPSHWLWLRQ RI WKH WZR FKURPRSKRUHV IRU OLJKW S
GHDFWLYDWLRQ E\ WKH UHODWLYHO\ ORQJ OLYHG Q & \
UHGXFHV WKH IOXRUHVFHQFH HIILFLHQF\ DQG 6WRNHV V
7KH ORQJ ZDYHOHQJWK WUDQV LW LERRWIRIHDGLO\
DVVLIJQHG 7KH H[WLQFWLRQ FRHIILFLHQW LV WRR KLJK
QW WUDQVLWLRQ DQG \HW WR ORZ IRU D FKDQJH WUDQ\
Q WUDQVLWLRQ ; PRH XQGHUJRHV D VOLJKW K\SVRFKURP
VKLIW LQ D OHVV SRODU VROYHQW DQG WKLV VLJQLILHV
WKH ODWWHU WZR SRVVLELOLWLHV 7KHUH LV QR IOXRL
VLIQDO IURP HLWKHU VROYHQWQDIXRWWRWKMLRQ LV
UXOHG RXW 7KH H[WLQFWLRQ FRHIILFLHQW KDV D VLPL
YDOXH WR WKH D]JODFWRBUWHIRUH WKH WUDQVLWLRQ LV
WHQWDWLYHO\ DVVLJQHG WR D FKDUJH WUDQVIHU SHUW
WKH SRODULVHG FDUERQ\O )XUWKHU HYLGHQFH LV VXS
IURP WKHPD[ LQ 7)$ ZKLFK PRYHV WR QP  7KH
QLWURJHQ DWRP EHLQJ SURWRQDWHG LQ WKLV PHGLD E



JRRG HOHFWURQ DFFHSWRU

7KH XY YLV VSHFWUD RIDUH EHVW GHVFULEHG E\
DQDORJ\ WR WKHLU SDUHQW FRPSRXQG IHUURFHQH DQCG
LOQFXUVLRQ LQWR LWV ERQGLQJ DQG VSHFWUD LV UHTXIL
ERQGLQJ LV XVXDOO\ WUHDWHG E\ WKH OLQHDU FRPELQ
DWRPLF RUELWDOV DSSUR[LPDWLRQ /&%2 02 (DFK
F\FORSHQWDGLHQ\O ULQJ FDQ JLYH ULVH WR ILYH 02 V
FDQ EH FRPELQHG ZLWK WKH LURQ DWRP RUELWDOV DQ
TXDQWLWDWLYH HQHUJ\ OHYHO GLDJUDP GUDZQ )LJIJXUF
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JLIXUH $Q DSSUR[LPDWH 02 GLDJUDP IRU IHUURFHQ



2Q WKH OHIW DUH WKH ULQJ 02V DQG RQ WKH ULJKW DU
YDOHQFH VKHOO G V S RUELWDOV ,Q WKH FHQWU
WKH 02 V IRUPHG ZKHQ WKH ULQJ RUELWDOV DQG LURQ
RUELWDOV LQWHUDFW )LJXUH LQGLFDWHY WKDW W
ERQGLQJ LV GXH WR WKH HOJDQG HOX 02 V ZLWK D PLQ
FRQWULEXWLRQ IURP WKH HJ02 7KH D OJ LV HVVHQWL!
QRQ ERQGLQJ 02 RI SUHGRPLQDQWO\ LURQ FKDUDFWHU
JHUURFHQH H[KLELWVY WZR ORZ LQWHQVLW\ EDQGV LQ W
YLVLEOH UHJLRQ DW QP ( DQG QP ( 7KH
WZR EDQGYV KDYH EHHQ DVVLJQHG DV G G LQWHUDEWLF
IURP VSLQ DOORZHG VLQJOH HOHFWURQ WUDQVLWLRQV

HOJ DQG HJ HOJO02 V UHVSHFWLYHO\ $Q LQWHQVH
SHDNWD QP ( ZDV DVVLJQHG DV D /LIJDQG
OHWDO FKDUJH WUDQVIHU EDQG DULVLQH @JRP D HOX
VLQOH HOHFWURQ WUDQVLWLRQ

‘H FDQ QRZ PRYH WR ZKRVH VSHFWUXP LV VKRZQ LQ )
DQG XVH WKH DERYH GHVFULSWLRQ WR DLG LQWHUSI
7KH ORZ LQWHQVLW\ EDQG DW QP ( FDQ EH
DUJXHG DV D G G WUDQVLWLRQ HYHQ WKRXJK WKH H[WL
FRHIILFLHQW LV KLJKHU WKDQ H[SHFWHG $V WKH
F\FORSHQWDGLHQ\O ULQJ FRQMXJDWLRQ LQFUHDVHV Wt
GHQVLW\ DURXQG WKH LURQ GHFUHDVHV DQG VR WKH O
DUH SHUWXUEHG 2YHUDOO WKH 02 RUGHU ZLOO UHPDL
XQFKDQJHG EXW WKHPODWUDQVLWLRQ ZLOO EH ORZHUF
LQHQHUJ\ DQG WKXV DQ LQFURDVHRKQG :KHQ WKH
HQHUJ\ OHYHOV EHFRPH PRUH FRPSDWLEOH LW FDQ EH
WKDW WKH ULQJ RUELWDOV DQG PHWDO G RUELWDOV Zl
JUHDWHU PL[LQJ DQG D ODUJHU WKDQ XVXDO H[WLQFWL



FRHIILFLHQW LV REVHUYHG $ VHFRQG LQWHUSUHWD
DVFULEHV WKH ORQJ ZDYHOHQJWK EDQG DV D G G RU

WUDQVLWLRQ ZKLFK KDV EHHQ SHUWXUEHG E\ D FKDUJF
IURP WKH IHUURFHQ\OPHWK\OHQH WR WKH SRODULVHG
(YLGHQFH IRU WKLV SURFHVV LV WKH VOLJKW K\SVRFKU
VKLIW RQ FKDQJLQJ IURP D SRODU WR QRQ SRODU VROY
)XUWKHUPRUH D ODUJH UHG VKLIW LV REVHUYHG ZKHQ
DW & FRPSRXQG FRQWDLQV D VWURQJ HOHFWURQ I
,Q WKLV ODWWHU H[DPSOH WKH YLVLEOH EDQG ZRXOG
FRUUHVHSRQG WR PLJUDWLRQ RI HOHFWURQ GHQVLW\ |
IHUURFHQ\O D OJ PROHFXODU RUELWDO WR WKH QLWUR

$ VHFRQG EDQG DW QP ( ZDV QRW FUHGLWHG
WKH G G WUDQVLWLRQ EHFDXVH RI LWV ODUJH ( YDOXH
LOQWHUDFWLRQ LV UXOHG RXW IRU VLPLODU UHDVRQV
LV SRVWXODWHG WR DULYH) IWRIDQVLWLRQ DVVRFLDWHC
ZLWK WKH FRQMXJDWHG DURPDWLF V\VWHP 7KH LQWH:
DW QP ( LV GHVLJQDWHG D OLJDQG PHWDO
FKDUJH WUDQVIHU WUDQVLWLRQ DQDORJRXV WR IHUURI
DVVLIQPHQWY DUH DSSOLFDEOH WRDEBPSRXQGYV

SHDFWLRQ :LWK 1XFOHRSKLOHYV

7KH K\GURO\VLV RI DJODFWRQHV XQGHU DFLG FDWDO\VL
EHHQ VKRZQ WR RFFXU DW WKH & 1 ERQG ©6FKHPH
8QGHU EDVLF FRQGLWLRQV WKH PHFKDQLVP KDV QRW E
LQYHVWLIDWHG DQG DWWDFN FRXOG RFFXU DW HLWKHL
& OLQNDJHV
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6FKHPH OHFKDQLVP IRU WKH DFLG FDWDO\VHG K\GUR

RI DJODFWRQHV

7KH DQWKUDFHQ\O XQVDW XU D WLH/GZBIBLNO \

IOXRUHVFHQW DQG LW LV SURSRVHG WKDW WKLV DULVHYV
VLQJOHIM WUDQVLWLRQ 7ZR FDUERQ\O JURXSV FRQMXJ
WR WKH FKURPRSKRUH HIIHFW HIILFLHQW LQWHUV\VWHP
WR WKH WULSOHW VWDWH ZKLFK DFFRXQWV IRU WKH ZHE
VLIJQDO 7KH DEVRUSWLRQ SHDN DW QP RI WKH S\UHGQC
FRPSRXQGLV DVVLIJQHG WRQWUDQVLWLRQ DQG
H[FLWDWLRQ LQWR WKLV EDQG JLYHV DQ HPLVVLRQ VLJQ
QP $EVRUSWLRQ EDQGV ZKLFK H[KLELW ORQJ ZDYHOHQ
WDLOV Rl ORZ LQWHQVLW\ FDQ LQGLFDWH WKH SUHVHQ
LPSXULWLHYV 7KH H[FLWDWLRQ VSHFWUD FRQILUP WKD
DUH WZR GLVWLQFW VSHFLHV 7KHUHIRUH WKH WDLO LV
WR D VPDOO DPRXQW RI UHVLGXDO VWDUWLQJ D]JODFWRC



/KH DGGXFWRUPHG LQ HTXDWLRQ DULVHV IURP LQLWLD
DWWDFN DW WKH &? FHQWUH E\ D WKLRSKHQRO DQLRQ
DQ DI- XQVDWXUDWHG WKLROHVWHU )LJXUH $ VHFI
DQLRQ WKHQ DGGV WR WKH DFWLYDWHG GRXEOH ERQG L
IDVKLRQ 7TKH QRQ LVRODWDEOH HQRO WDXWRPHULVHV
LQVWDQWDQHRXVO\ WR WKH ILQDO SURGXFW 7TKH VSHF
SURSHUWLHV RI WKLV PROHFXOH DUH UHDGLO\ LGHQWLII
WKH LVRODWHG DQWKUDFHQ\O PRLHW\
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JLIXUH 6WHSZLVH DGGLWLRQ RI WKLRSKHQRO DQLRC
WR

7KH ULQJ RSHQHG DPLKBYV VLPLODU DEVRUSWLRQ
FKDUDFWHULVWLFV WR WKH DFLG DQG FRWUHVSRQGLQJOC
WUDQVLWLRQ GHVFULBPHM WKMVY HPLVVLRQ VLJQDO LV
DOVR WKRXJKW WR DULVH IURP WKW W\QDWHW 7KH
LQFUHDVHG IOXRUHVFHQFH \LHOG LV GXH WR WKH DPLG*H



SRPRWLQJ LQWHUV\VWHP FURVVLQJ OHVV HIILFLHQWO\ \
FDUER[\OLF DFLG IXQFWLRQ

JRUPDWLRQ RI WKH LPLGD]ROLQ RQHV LV GHSLFWHG LQ

7KH ILUVW VWHS LV QXFOHRSKLOLF DWWDFN E\ WKF
RQ WKH & WR JLYH DQ DPLGH $Q DFHWDWH DQLRQ WK
UHPRYHV WKH DPLGLF K\GURJHQ ZKLFK LQVWLJDWHYV F\F
$ VDWXUDWHG LPLGD]ROLQ RQH LV WKH F\FOLF LQWHUI
ZKLFK ZDV QRW LVRODWHG EHFDXVH LW XQGHUJRHV VSR

6FKHPH JRUPDWLRQ RI LPLGD]ROLQ RQHV 5 3\ RU $

EDVH FDWDO\VHG GHK\GUDWLRQ WR JLYH WKH ILQDO SUI
7TUDQVIRUPDWLRQ WR WKH DPLGH KDV QHJOLJLEOH HIIHF
ORZ HQHUJ\ YLVLEOH DEVRUSWLRQ SURSHUWLHV EHFDXV
OLWWOH FKDQJH WR WKH &KURPRSKRUH +HQFH WKH HC
WUDQVLWLRQV DQG H[FLWHG VWDWHYV DUH VLPLODU WR



DIODFWRQHV ZKLFK ZHUH GLVFXVVHG DERYH 7KH QHZ E
QP KDV EHHQ DVVLJQHG DV FKDUJH WUDQVIHU IURP
DURPDWLF ULQJ WR WKH DPLGLF FDUERQ\O

,Q WKH VIQWKHVLV RI VW\U\OLPLGD]ROLQ RQHV HT
DJODFWRQH LQLWLDOO\ UHDFWV ZLWK WKH DPLQH DV G
DERYH WR IXUQLVK DQ LPLGD]JROLQ RQH 7KH DFWLY}
JURXS WKHQ XQGHUJRHV EDVH FDWDO\WVHG FRQGHQVDV
DURPDWLF DOGHK\GH $ QRQ LVRODWDEOH K\GURJ[\LP
RQH LV WKH SURSRVHG LQWHUPHGLDWH ZKLFK UHDGLO
WR WKH VW\U\O FRPSRXQG

&RPSRXQGVY DQG DUH GHVLIQDWHG WRXOQYH D
WUDQVLWLRQ UHVSRQVLEOH IRU WKH ORQJ ZDYHOHQJ!
DEVRUSWLRQ 6XEVHTXHQWO\ |IOXRUHVFHQFH LV REVL}
WKLV VWDWH 3buboOOHMD® AMRUJH WUDQVIHU DEVRUSWL
LV FUHGLWHG WR WKH PD[LPDO DEVRUSWLRMWEDQG RI
LV XQFOHDU ZK\ WZR FRPSRXQKNMYH SODWHDX VKDSHG
HPLVVLRQ VSHFWUD

$SSOLFDWLRQ RI $JODFWRQHYV

/IDEHOOLQJ RI 3URWHLQV ZLWK $]ODFWRQHV

$ PD[LPD DW QP FOHDUO\ VKRZV WKDW WKH VRPH RI

DIJODFWRQH &KURPRSKRUH UHPDLQV LQWDFW DQG LV S

ERQGHG WR WKH DQWLERG\ WKURXJK D WKLRXUHD OLQ
SHDN DW QP FRUUHVSRQGVY WR D ULQJ RSHQHG SURC



1XOHRSKLOLF DWWDFN DW WKH & FHQWUH E\ D O\VLC
F\WWHLQH UHVLGXH VHHPV PRVW SUREDEOH &RQGLWL
K\GURO\VLV DUH KDUVK IRU WKLV UHDEFWLRQ WR RFFXU
ODEHOOLQJ 7KH QHZ EDQG DW QP LV IURP HLWKHU
SURWHLQ G\H RU G\H G\H LQWHUDFWLRQ ,I WKH G\H
HQYLURQPHQW LV FKDQJHG LQWR OHVV SRODU PHGLD W
DEVRUSWLRQ PD[LPD ZLOO XQGHUJR D K\SVRFKURPLF V
/JLNHZLVH D PRUH SRODU HQYLURPHQW ZLOO FDXVH D
EDWKRFKURPLF VKLIW KRZHYHU VXFK D ODUJH FKDQJF
XQOLNHO\ WR RFFXUWREWUDQVLWLRQ ([FLSOH]
IRUPDWLRQ EHWZHHQ JURXQG VWDWH DURPDWLF DPLQF
UHVLGXHV DQG WKH G\H LV SRVVLEOH EXW XQOLNHO\
QHZ EDQG LV IURP D G\H G\H LQWHUDFWLRQ ,UUDGLD\
WKH EDQG DW QP JLYHV RQH HPLVVLRQ PD[LPD DQG
VXSSRUWV WKH IRUPDWLRQ RI D QHZ DEVRUELQJ VSHFL
SRWHQWLDO DQVZHU LV WKH IRUPDWLRQ RI G\H GLPHU
SRVWXODWHG LQ 6FKHPH

6
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6FKHPH 3RVWXODWHG IRUPDWLRQ RI D G\H GLPHU |

ODEHOOHG SURWHLQ



$ PDMRU GUDZEDEN RI WKLV VFKHPH LV WKH SURWHLQ \
G\H OLQNDJH GLVVRFLDWLRQ LQWR DQ LVRWKLRF\DQDYV
DPLQH )RU WKLV UHDFWLRQ WR RFEXU LQ VROXWLRQ
FDWDO\VLV E\ DFLGV 7KH G\H FDQ DOVR UHDFW ZLW
DPLQR JURXS DQG F\FOLVH WR D WKLRK\GDQWRLQ DQG
SKRWRFKHPLVWU\ RI WKLV W\SH Rl VSHFLHV VKRXOG El
FRQVLGHUHG 7ZR S\UHQH PRLHWLHV ERXQG WR WKH ¢
EH LQ FORVH SUR[LPLW\ DQG VR LQWHUDEFW WR IRUP D¢
ZKRVH IOXRUHVHQFH PD[LPD LV DW ORQJHU ZDYHOHQJ\
G\H

‘\LQJ 3BRO\HVWHU ZLWK $]ODFWRQH DQG 5HODWH
&RPSRXQGV

7KH DSSHDUDQFH RI IOXRUHVFHQEHWIKURF ROLG VWDWH

LV EHFDXVH LW KDV LQFUHDVHG ULJLGLW\ 7KLV ORVYV
URWDWLRQ WKURXJKRXW WKH PROHFXOH PD[LPLVHV RL
RYHUODS DQG PDNHV FKDUJH WUDQVIHU YHU\ HIILFLHQ
VROXWLRQ WKH WKUHH JURXSY KDYH WR EH DOLJQHG |
HIILFLHQW &7 RWKHUZLVH WKH WUDQVLWLWLRQ FDQ E
DV D VHULHV RI HOHFWURQ MXPSV IURP GRQRU WR DFF
7TKXV LQ WKH VROLG VWDWH WKHUH LV D GLUHFW VLQJ(
IRU GHDFWLYDWLRQ IURP 6 WR WKH JURXQG VWDWH DC
JLYHV ULVH WR WKH REVHUYHG IOXRUHVHQFH VLJQDO

DUJXPHQW LV XVHG IRU WKH DQWKUDFHQ\OKHRPSRXQG
G\HV ZKRVH VROLG VWDWH FKDUDFWHULVWLFV PLUURU
VROXWLRQ SURSHUWLHYV DUH DVVLIJQHG WKH VDPH WUL
H[FLWHG VWDWHYV DV EHIRUH



7/KH JRRG OLJKW IDVWQHVV RI FRPSRXQ@GEM LV

GXH WR WKH LQKHUHQW SKRWRVWDELOLW\ RI WKH S\UH
7TKH QLWUR JURXSMHHPV WR KDYH OLWWOH HIIHFW RQ V
SKRWRVWDELOLW\ RI WKLV G\H ILWWOH ZRUN KDV EHI
UHSRUWHG RQ WKH SKRWRFKHPLFDO UHDFWLRQV RI D]C
7KH G\H ZKLFK FRQWDLQV DQWKUDFHQH DV WKH SRO\F
DURPDWLF KDV D YHU\ SRRU OLJKWIDVWQHVV $QWKUD
NQRZQ WR DFW DV D VHQVLWLVHU IRU VLQJOHW R[\JHQ
DQG WKLV ZKHQ IRUPHG DGGV WR IXUWKHU DQWKUDF|
PROHFXOHYV HT 7KLY DVVHUWLRQ LV UHDGLO\ DSS

HT

WR WKH DQWKUDFHQ\O G\H DQG LW FDQ EH VHHQ WKDW
&KURPRSKRUH LV GHVWUR\HG 7KH FKDUJH WWDQVIHU «
SURQH WR SKRWRGHJUDGDWLRQ W LV SUREDEO\ EHFCLC
QLWUR JURXS LV SKRWRDFWLYH DQG WKH UHVXOWLQJ
SKRWRFKHPLVWU\ GHVWUR\V WKH &KURPRSKRUH

&21&/86,21

W KDV EHHQ VKRZQ WKDW D ZLGH YDULHW\ RI DJODFWR
EH VIQWKHVLVHG DQG SXULILHG E\ WKH VLPSOH PHWKR
HPSOR\HG 7KH PRGHVW \LHOGV DUH JHQHUDOO\ WKH L
RQH H[SHULPHQW DQG KDYH QRW EHHQ RSWLPLVHG

7KH DJODFWRQHV DUH UHDGLO\ FKDUDFWHULVHG E\ WKF



VSHFRMUFRSLF GDWD DQG HOHPHQWDO DQDO\VLV  %RWK
DEVRUSWLRQ DQG HPLVVLRQ FKDUDFWHULVWLFV KDYH E
WR GHSHQG RQ WKH DU\O JURXSV DW SRVLWLRQ DQG
WUDQVLWLRQV DQG H[FLWHG VWDWHV UHVSRQVLEOH IR
IRUPLQJ SURSHUWLHY KDYH EHHQ DVVLJQHG :LWK UHV
FXUUHQW WUHQGV LQ FRORXU FKHPLVWU\ WKH G\HV KD\
WKRURXJKO\ LQYHVWLIJDWHG 7KH HDVH ZLWK ZKLFK Wi
SURSHUWLHY FDQ EH DOWHUHG JLYHV ZLGH VFRSH WR V
SRVVLEOH XVH LQ WKHVH DUHDV 7KH LQKHUHQW FKHPI
UHDFWLYLW\ RI DJODFWRQHV PLWLJDWHY WKHLU XVH DV
IOXRUHVFHQW ODEHOV EHFDXVH RI XQZDQWHG UHDFWL
VR WKLV UDLVHV WKH SRVVLELOLW\ RI WKHLU XVH DV S
)RU H[DPSOH WKH DEVRUSWLRQ DQG HPLVVLRQ SRSHUW
DQWKUDFHQ\OPHWK\OHQH SKHQ\OR[D]JRO RQH FKDQJF
GUDPDWLFDOO\ DQG GLVWLQFWO\ RQ LWV UHDFWLRQ ZL
DPLQHV DQG ZDWHU

%\ YDU\LQJ WKH GRQRU DFFHSWRU JURXSV D ZKROH UI
FRORXUV DQG KXHV VKRXOG EH DFFHVVLEOH 7TKH PRVW
QRWLFHDEOH REVHUYDWLRQ ZDV WKH DSSHDUDQFH RI |
LQ WKH VROLG VWDWH 7KLY PHULWYV DQ LQYHVWLJDWL
ZKHWKHU WKHVH G\HV SKRVSKRUHVFH DW URRP WHPSHL
WKH VDPH HQYLURPHQW 7R LPSURYH WKH OLJKW VWD
VLPSOH GRQRU DFFHSWRU G\HV LW ZRXOG EH DGYLVDE
DYRLG QLWUR JURXSY DQG PRYH WR PRUH SKRWRVWDEC
VXFK DV F\DQR UHVLGXHV

$Q LOQWHUHVWLQJ SURSRVLWLRQ LV WR DGG GRQRU JUR
S\UHQH QXFOHXV DQG WKLV VKRXOG UHG VKLIW WKHLU



PD[LPD 'LWK MXGLFLRXVO\ FKRVHQ JURXSV LW PD\ EH

SRVVLEOH WR JHW DQ DEVRUSWLRQ RU DQ HPLVVLRQ VL
WKH QHDU LQIUD UHG 7TKHLU SKRWRFKHPLFDO VWDELO
TXDOLI\ WKHP DV IXWXUH ODVHU G\HV SURYLGLQJ WKH\
IOXRUHVFHQW

7KH SKRWRVWDELOLW\ RI WKH ITHUURFHQ\O DJ]ODFWRQHYV
EHHQ LQYHVWLJDWHG EXW LW LV H[SHFWHG WKDW WKH
UubsLGO\ GHDFWLYDWH DQ\ HIFLWHG VWDWH 6L RU 7[ D¢
JLYH H[FHOOHQW OLJKWIDVWQHVY 'HYHORSPHQW RI W
FKURPRSKRUH VKRXOG JLYH SKRWRVWDEOH G\HV

7TKHUH LV QR H[WHQVLYH FKDQJH LQ WKH DEVRUSWLRQ

HPLVVLRQ SURSHUWLHV ZKHQ WKH D]JODFWRQH LV FKDQ
LPLGD]ROLQ RQH (VVHQWLDOO\ WKH FKURPRSKRUH L
XQDOWHUHG &KHPLFDOO\ WKH G\H KDV EHHQ VWDELO
EHFDXVH WKH QHZ DPLGH ERQG LV OHVV UHDFWLYH Wtk
RULJLQDO VHPL DQK\GULGH ) WKH DPLQH LV ELIXQFW
WKHQ IXUWKHU PDQLSXODWLRQ FDQ EH SHUIRUPHG ZLW
WRXFKLQJ WKH FKURPRSKRUH 7KLY RSHQV WKH DUHD

FODVV RI ODEHOV SHDFWLRQ ZLWK WKLROV KDV QRW E
LOQYHVWLIDWHG VR WKHLU SHUIRUPDQFH DV SUREHV IRL
IXQFWLRQDOLW\ FDQQRW EH HYDOXDWHG 7TKH SKRWRYV
LPLGD]JROLQ RQHV VHHPV VOLJKWO\ SRRUHU WKDQ R[D
EXW VWLOO DSSHDUV WR EH JRRG 7KLV LV RQO\ IURP !
FRPSDULVRQ RI WZR FRPSRXQGV DQG IXUWKHU ZRUN LV
QHFHVVDU\

6W\U\OLPLGD]ROLQ RQHV DUH HDVLO\ SUHSDUHG DQG



DERUSWLRQ PD[LPD DUH DW ORQJHU ZDYHOHQJWK WKDQ
LPLGD]JROLQ RQHV 7KH LQWURGXFWLRQ RI DQ DONHQ
ERQG LQGXFHV IOXRUHVFHQFH IURP WKHVH FRPSRXQGV
HYLGHQFH RI RQH FRPSRXQG WKH SKRWRVWDELOLW\ LV
DYHUDJH EXW WKLV ZLOO SUREDEO\ LPSURYH LI D S\UHC
LV SUHVHQW

,Q FRQFOXVLRQ WKHUH LV D ULFK GLYHUVLW\ RI QRYHO
FRPSRXQGYV HDVLO\ VIQWKHVLVHG IURP UHDGLO\ DYDLO
VWDUWLQJ PDWHULDOV ZDLWLQJ WR EH LQYHVWLJDWHG
DSSOLFDWLRQ DQG FRPPHUFLDO SRWHQWLDO UHPDLQV
DQG LW FDQ RQO\ EH D PDWWHU RI WLPH EHIRUH WKLV
LV UHFWLILHG

BBBB®B3(5,0(17$/

7KHVWDUWLQJ PDWHULDOV ZHUH REWDLQHG IURP $0GU
XVHG ZLWKRXW IXUWKHU SXULILFDWLRQ $00 PHOWLQJ
DUH XQFRUUHFWHG + QPU VSHFWUD ZHUH UHFRUGHG :
.10 0+ LQVWUXPHQW XVLQJ 706 DQG '66 AV LQWHUQD
VWDQGDUGY ,5 VSHFWUD ZHUH UXQ RQ D .UDWRYV 06
HOHFWURQ LPSDFW LQVWUXPHQW OLQNHG WR D .UDWRYV
VIVWHP OLFURDQDO\VLV ZDV SHUIRUPHG RQ D &DUOR (
PRGHO (OHPHQWDO $QDO\WHU 89 9,6 DEVRUSWLRGC
VSHFWUD ZHUH REWDLQHG DQ D 3KLOLSV 38
VSHFWURSKRWRPHWHU ([WLQFWLRQ FRHIILELHQWYV ZH!
LQ VSHFWURVFRSLF JUDGH VROYHQWY DQG DUH REWDLC
RI PRO FP BROLG VDPSOH XY YLV VSHEWUD ZHUH UFH



RQ D 3HUNLQ (OPHU /DPGD LOQVWUXPHQW XVLQJ WKH 'LII
SHIOHFWDQFH DWWDFKPHQW JOXRUHVFHQFH VSHFWUD
GHR[\JHQDWHG VROXWLRQV PDGH XS WR DQ RSWLFDO GH
DW WKH H[FLWDWLRQ ZDYHOHQJWK LQ VSHFWURVFRSL
VROYHQWYV ZHUH UHFRUGHG RQ D 3HUNLQ (OPHU 03)
VSHFWURIOXRULPHWHU ©6ROLG VDPSOH IOXRUHVFHQW V
ZHUH UHFRUGHG RQ WKH VDPH LQVWUXPHQW XVLQJ D VS
ILWPHQW PDGH DW WKH &LW\ 8QLYHUVLW\ 7KH VDPSOH
SODFHG DW WR WKH LQFLGHQW EHDP WR DYRLG VFDW

7KH ODEHOOLQJ H[SHULPHQW ZDV SHUIRUPHG E\ ' &KDSSES
UHVHDUFK ZRUNHU DW WKH &LW\ 8QLYHUVLW\ $SSOLFD!
WKH G\HV WR SRO\HVWHU DQG VXEVHTXHQW WHVWLQJ ZL
RXW DW ,&, &RORXUV DQG )LQH &KHPLFDOV ODQFKHVWHL

6\QWKHVLV RI 6WDUWLQJ &RPSRXQGV

-XOROLGLQH FDUER[DOGHK\GH B

,Q D PO URXQG ERWWRPHG IODVN SKRVSKRURXV R[\FK
J P PRO ZzZDV DGGHG GURSZLVH WR GU\ '0) J

P PRO 7KH UHVXOWLQJ RUDQJH EURZQ VROXWLRQ =z

OHIW DW URRP WHPSHUDWXUH IRU PLQV -XOROLGLQH

J P PRO zZDV DGGHG DV D VROLG DQG WKH PL[WXUH K|
WR f& XQGHU D VWUHDP RI GU\ QLWURJHQ IRU PLQV

JUHHQ VROXWLRQ ZDV DOORZHG WR FRRO WR URRP WHP!

6RGLXP K\UR[LGH J P PRO DQG ZDWHU PLV ZHU



DGEGHDQRG WKH VROXWLRQ KHDWHG DW f& IRU PLQV
EOXH RLO\ VXEVWDQFH ZDV GHSRVLWHG RQ WKH IODVN
7KH DTXHRXV PL[WXUH ZDV H[WUDFWHG ZLWK GLFKORUF
‘&0 [ PO WR JLYH D JUHHQ VROXWLRQ 7KH RUJDC
SKDVH ZDV GULHG RYHU VRGLXP VXOSKDWH DQG ILOWHL
SHPRYDO RI WKH VROYHQW XQGHU UHGXFHG SUHVVXUH
SDOH JUHHQ VROLG ZKLFK ZDV UHFU\WWDOOLVHG IURP :
DFHWRQH 7KH ILQDO SURGXFW ZDV YHU\ SDOH

FU\WWDOV <LHOG J

$QDO\VLV

OHOWLQJ SRLQW fé&

5 .%U GLVF FP & + VWU DURPDWLF Fps3
& + VWU DOLSKDWLF FP & VWU DURPDWLF

FDUERQ\O

+BQPU VROYHQW &'& UHI 706 O+V DOGHK\GLF
SURWRQ + V DURPDWLF + W - +]
PHWK\OHQH JURXS DGMDFHQW DURPDWLF ULQJ +
- +] &+ DGMDFHQW 1 + TXLQWHW FHQWUDO &+
XY YLV VROYHQW [W2X QP

ODVV 6SHF P H 5,

(OHPHQWDO $QDO\VLV IRU & + 12
&DOFXODWHG & + 1
JRXQG & + 1

BBBBEHQ]\OR[YDFHWDPLGREHQ]R\OTOYFLQH



%HQJ\ORKWRULGH J P PRO LQ DFHWRQH PLV
ZDV DGGHG GURSZLVH WR DQ LFH EDWK FRROHG DTXHRX\
PLV RI DPLQRKLSSXULF DFLG J P PRO DQG
VRGLXP K\GUR[LGH J PPRO 7KH VROXWLRQ zZDV
DOORZHG WR ZDUP XS WR URRP WHPSHUDWXUH DQG WKH!
KRXU $W f & DFHWRQH ZDV UHPRYHG XQGHU UHGXFH
SUHVVXUH WR SURGXFH D ZKLWH VROLG $ IXUWKHU SRU
ZDWHU PLV ZDV DGGHG DQG WKH VROLG FROOHFWHG
ILOWUDWLRQ 7KH SURGXFW ZDV UHFU\WWDOOL]HG IURP

WR JLYH D ZKLWH FU\WWDOOLQH VROLG <LHOG J

$QDO\VLV

,5 .%U GLVF FP 1+ VWU VHF DPLGH FP

& VWU VDW FDUER[\OLF DFLG DQG FP3 &
VWU DPLGH FP & VWU FDUER[\OLF DFLG
ODVV VSHF P H 5,

(OHPHQWDO $QDO\VLV IRU & + 1
&DOFXODWHG & + 1
JRXQG & + 1

BBBB&KORURDFHWDPLGREHQ]RYOTO\FLQH B

&KORURDFHWORULGH J P PRO ZDV DGGHG LQ DQ
LGHQWLFDO zZzD\ WR WKH DERYH VDPSOH DQG ZRUNHG XS
VLPLODUO\ 7KH ILOWHU FDNH ZDV UHFU\VWDOOLVHG IUI
(W + + WR JLYH D ZKLWH SRZGHU <LHOG J



$QDOLV

9 .%U GLVF DQG FP 1+ VWU VHF DPLGH
FP 2+ VWU FDUER[\OLF DFLG FP &
VWU VDW FDUER[\OLF DFLG FP & VWU DPLGHV

FP & VWU FDUER[\OLF DFLG
+ QPU VROYHQW '062 G UHI 706 + V 1 +

EHWZHHQ 3K DQG & + W - +] 1 + DGMDFHQW
&+ + P $$% %% V\VWHP DURPDWLFV +
V &+ IURP FKORURDFHWDPLGH + G - +] &+

I[URP JO\FLQH
ODVV VSHF P H 5,

(OHPHQWDO $QDO\VLV IRU &Q+Q&O1
&DOFXODWHG & + 1
YRXQG & + 1

,VRWKLRFYDQDWREHQ]RYOJO\FLQH B

7KLRSKRVJHQH J P PRO LQ DFHWRQH PLV ZDV
DGGHG LQ RQH SRUWLRQ WR DPLQRKLSSXULF DFLG
PRO GLVVROYHG LQ 0 K\GURFKORULF DFLG PLV ZLW
FRQVWDQW VWLUULQJ 7KH PL[WXUH ZDV OHIW WR VWL
IXPH FXSERDUG WLOO QR RUDQJH WKLRSKRVJHQH UHPD
KRXUV $ FUHDP FRORUHG VROLG GURSSHG RXW RI V
7KH VOXUU\ ZDV JHQWO\ ZDUPHG WR UHPRYH DQ\ UHPDL
DFHWRQH $IWHU FRROLQJ WKH VROLG ZDV FROOHFWH
ILOWUDWLRQ DQG RYHQ GULHG DW f& (OHPHQWDO D¢
WKH FUXGH SURGXFW VKRZHG LW ZDV SXUH +RZHYHU



GHVLUHG UHFU\VWDOOLVDWLRQ FDQ EH HIIHFWHG IURP

WR JLYH FUHDP FRORUHG FU\WWDOV <LHOG J
$QDO\VLV
5 .%U GLVF FP 1+ VWU VHF DPLGH
FP 2+ VWU FDUER[\OLF DFLG FP 6 &1 VWU

FP & VWU FDUER[\OLF DFLG FP & VWU
DPLGH FP & VWU FDUER[\OLF DFLG
+BQPU VROYHQW &' &2 UHI 706 + G -
+] DURPDWLF SURWRQV DGMDFHQW DPLGH + G -
+] DURPDWLFV + 6 PHWK\OHQH SURWRQYV

ObVV VSHF P H §&5,

(OHPHQWDO $QDOINRWY & 6
&DOFXODWHG + 1
JRXQG & + 1

BBBB +\GUR[\QDSKWKRO O D]D EHQ]JR\OJO\FLQH

6RGLX®PLWULWH J P PRO ZzZDV DGGHG VORZO\ ZLWK
FRQVWDQW VWLUULQJ EHWZHHQ f& WR DQ LFH FROG P
S DPLQRKLSSXULF DFLG J P PRO K\GURFKORULF |
J P PRO DQG ZDWHU POV $ EURZQ VROXWLRQ
WKH GLD]JRQLXP VDOW IRUPHG ZKLFK ZDV NHSW EHORZ
VDOW VROXWLRQ ZDV DGGHG DW f& WR DQ DTXHRXV V
PLV RI QDSKWK RO J P PRO DQG SRWDVVLXP
K\GUR[LGH J P PRO KHQ WKH WZR VROXWLRQV .
PL[HG D GHHS UHG VROXWLRQ IRUPHG DQG DIWHU DERX\



D&GELWLRQ D VROLG SUHFLSLWDWHG 7KH UHG VOXUU\ Z
VWLUUHG DW f& IRU PLQVY FROOHFWHG E\ ILOWUDW
ZDVKHG ZLWK ZDWHU 7KH VROLG ZDV UHFU\VWWDOOL]HC
JODFLDO DFHWLF DFLG WR JLYH UHG QHHGOH VKDSHG F

<LHOG J

$QDO\VLV

,5 .%U GLVF FP 1 + VWU VHF DPLGH

FP 2+ VWU FDUER[\OLF DFLG FP & VWU VDW
FDUER[\OLF DFLG FP & VWU DPLGH FP
11 VWU D]R FP & VWU DQG 2 +

EHQG VHYHUDO EDQGYV
89 9LV VROYHQW &+ &1 ; PD] QP
ODVV VSHF P H 5,

(OHPHQWDO $QDO\VLV IRU & + 1
&DOFXODWHG & + 1
JRXQG & + 1

BBBKLRSKHQ R\OJO\FLQH B

7TKLRSKHQHFDUBKRJRW LFG H J P PRO LQ DFHWROQH
PLV ZDV DGGHG GURSZLVH WR D DTXHRXV DFHWRC(
VROXWLRQ RI JO\FLQH J P PRO DQG VRGLXP
ELFDUERQDWH J P PRO 7TKH VROXWLRQ ZDV DOOI
WR vWLU DW URRP WHPSHUDWXUH IRU KRXU 7KH DFI
UHPRYHG XQGHU UHGXFHG SUHVVXUH DW f& WR OHDY'}
FRORXUOHVYVY DTXHRXV VROXWLRQ +\GURFKORULF DFL



DGHG WR S+ DQG DOORZHG WR VWDQG $IWHU D IHZ P
ZKLWH FU\VWDOV EHJDQ WR IRUP DQG WKH PL[WXUH zZD\
f& RYHUQLJKW 7KH FU\VWDOV ZHUH FROOHFWHG E\ IL

DQG RYHQ GULHG DW f& <LHOG J

$QDO\VLV

5 .%U GLVF FP 1+ VWU VHF DPLGH FP
& VWU FDUER[\OLF DFLG FP & VWU DPLGH

FP & VWU FDUER[\OLF DFLG

+BBQPU VROYHQW &' &2 UHI 706 + EV
DPLGLE 1 + + DSSDUHQW W - +] DURPDWLF
SURWRQV DW & DQG & + W - +] DURPDWLF
SURWRQ DW & + G - +] PHWK\OHQH SURWRQYV

ObVV VSHF P H 5,

(OHPHQWDO $QDO\VLV IRU & +1 6
&DOFXODWHG & + 1
JRXQG & + 1

$]ODFWRQH 6\QWKHVLV

OHWKRG $

$ PL[WXUH RI DUR\OJO\FLQH P PRO DQ DURPDWLF
DOGHK\GH P PRO DQK\GURXV VRGLXP DFHWDWH
PRO DQG DFHWLF DQK\GULGH P PRO ZHUH KHDWHG

ZLWK VWLUULQJ XQWLO D VROXWLRQ ZDV REWDLQHG
7KH VROXWLRQ ZDV KHDWHG XQGHU UHIOX[ IRU KR XU



FDVH RI IHUURFHQH GHULYDWLYHV WKH UHDFWLRQ ZDV |
RXW XQGHU GU\ QLWURJHQ DW f& 7TKH VROXWLR(
DOORZHG WR FRRO DQG VWRUHG DW f& RYHUQLJKW ' C
PLY ZDV DGGHG DQG WKH VROLG PDVV ILOWHUHG XQGH!
$IWHU ZDVKLQJ ZLWK FRSLRXV DPRXQWV RI ZDWHU D SX
SURGXFW zZDV REWDLQHG E\ UHFU\VWDOOLVDWLRQ IURP
DSSURSULDWH VROYHQW VHH LQGLYLGXDO FRPSRXQG)
*HQHUDOO\ WKH UHDFWLRQ FDQ EH SHUIRUPHG RQ D OD
VFDOH

OHWKRG %

(WK\O FKORURFDUERQDWH P PRO ZDV DGGHG WR D V
VXVSHQVLRQ RI WKH DUR\OJO\FLQH P PRO LQ GU\ EH
PO J RI WKH DFLG FRQWDLQLQJ WULHWK\ODPLQH
PRO 7KH PL[WXUH VWLUUHG DW URRP WHPSHUDWXUH
DFLG GLVDSSHDUV DQG WULHWK\ODPLQH K\GURFKORULG
VHSDUDWH XXVXDOO\ DERXW DQ KRXU 7ULHWK\ODPL
K\GURFKORULGH ZDV ILOWHUHG XQGHU VXFWLRQ DQG ZI
ZLWK GU\ EHQ]JHQH $Q DURPDWLF DOGHK\GH ZDV DGGH
FRPELQHG EHQ]HQH ILOWUDWHY DQG WKH VROXWLRQ KH
UHIOX[ IRU PLQV 7KH EHQ]JHQH ZDV UHPRYHG XQGHU
UHGXFHG SUHVVXUH DQG WKH UHVLGXH UHFU\VWWDOOLV#

VXLWDEOH VROYHQW

'RQRU $FFHSWRU $]ODFWRQHV

BBBBEHQ]J\OPHWK\OHQH PHWKYOR[D]J]RO RQH



6\QWKHVL¥HBHWKRG $ DQG UHFU\VWDOOLVHG IURP FDU
WHWUDFKORULGH WR JLYH D SDOH \HOORZ FU\VWDOOLQ

<LHOG 3Q SK

$QDO\VLYV

5 .%U GLVF FP &+ VWU DURPDWLFV DQG
FP & VWU R[D]JRORQH ULQJ FP & 1 VWU

R[D]JRORQH ULQJ FP & VWU

R[DJRORQH ULQJ

+BQPU VROYHQW &' &2 UHI 706 + P

DURPDWLFV DGMDFHQW DONHQH + P

DURPDWLEV + V DONHQH SURWRQ + 0V

PHWK\O JURXS
ObVV VSHF P H 5,

8Y 9LV VROYHQW &3+ &D] QP .. 66Rf

(OHPHQWDO $QDO\VLV IRU &Q+1
&DOFXODWHG & + 1
JRXQG & + 1

EHQJ\OPHWK\OHQH SKHQ\OR[D]JRO RQH B

6\QWKHVLVHG E\ PHWKRG $ DQG UHFU\VWDOOLVHG IURP
WR JLYH SDOH \HOORZ QHHGOH VKDSHG FU\VWDOV <LH

$QDO\VLV
5 .%U GLVF FP &+ VWU DURPDWLF DQG

FP & VWU R[DJRORQH ULQJ FP & 1 VWU



R[DRORQH ULQJ FP & VWU R[D]JRORQH ULQJ
+BBQPU VROYHQW &'& UHI 706 + P
DURPDWLFV + P DURPDWLFV + 0V
DONHQH SURWRQ
ODVV VSHF P H 5,
8Y 9LV VROYHQW &+ &1 $ PDJ QP (
(OHPHQWDO $QDO\VLV IRU & +Q1

&DOFXODWHG & + 1

JRXQG & + 1

BBB %HQ]J\OPHWK\OHQH WKLHQ\OR[D]RO RQH

6\QWKHVLVHBHEMKRG $ DQG UHFU\VWDOOLVHG IURP HWK

WR JLYH SDOH \HOORZ FU\VWDOV <LHOG SW ?6R
$QDO\VLV
5 .%U GLVF FP &+ VWU DURPDWLEV DQG
FP & VWU R[D]JRORQH ULQJ FP & 1 VWU
R[D]JRORQH ULQJ FP3 & VWU R[D]JRORQH ULQJ
+BQPU VROYHQW &'& UHI 706 + P SKHQ\O
SURWRQV DGMDFHQW DONHQH + GRIG - DQG
+] WKLRSKHQH + GRIG - DQG +]
WKLRSKHQH + P SKHQ\OV + P

WKLRSKHQH & DQG DONHQH

ODVV VSHF P H &5,

8Y 9LV VROYHQW &+ &1 PD]| QP (
JOXRUHVFHQFH PDJ[ VROYHQW &+ &1 ([FLW



(OHPHQWDO $QDO\WIRW & +1 6
&DOFXODWHG + 1
JRXQG & + 1

BBB QLWURSKHQ\O PHWK\OHQH PHWK\OR[D]RO

RQH

6\QWKHVLVHG E\ PHWKRG $ DQG UHFU\VWDOOLVHG IURP
WR JLYH D SDOH \HOORZ SRZGHU <LHOWG RRfF KLS

$QDO\VLV

5 .%U GLVF FP &+ VWU DURPDWLF FP

& + VWU DON\O DQG FP & VWU R[D]JRORQH
UuLQJ FP &1 VWU R[DJRORQH ULQJ DQG
FP: 1 VWU FRQMXJDWHG FP° & VWU

R[D]JRORQH ULQJ

+ QPU VROYHQW '062 G UHI 706 + $%
VSOLWWLQJ SDWWHUQ - +] DURPDWLFV + V
DONHQH + V. PHWK\O

ObVV VSHF P H &5,

8Y 9LV VROYHQW &+ &1 ; PDJ[ QP
(OHPHQWDO $QDO\VLV IRU &Q+ A2
&DOFXODWHG & + 1

JRXQG & + 1 00



GLHWK\ODPLQRSKHQYO PHWK\OHQH QLWU
SKHQ\O R[D]JRO ROQH

6\QWKHVLVHG E\ PHWKRG $ DQG UHFUV\WDOOLVHG IURF

DFHWLF DFLG WR JLYH VKLQLQJ JUHHQ FU\VWDOV <LH
RQ SI w" HF

$QDO\VLV
,5 .%U GLVF FP &+ VWU DON\O DQG
FP & VWU R[D]JRORQH ULQJ FP & 1 VWU
R[D]JRORQH ULQJ DQG FP 1 VWU FRQMXJDWHC

FP & VWU R[D]JRORQH ULQJ
ObVV VSHF P H 5,

8Y 9LV VROYHQW &+ &1 $ PDRP (
JOXRUHVFHQFH PD] VROYHQW &$ &1 ([FRW
IOXRUHVFHQW

(OHPHQWDO $QDO\VLV IRU & + 1
&DOFXODWHG & + 1
JRXQG & + 1
BBBB -XOROLGLQ\O PHWK\OHQH QLWURSKHQ\

R[D]JRO RQH

6\QWKHVLVHG E\ PHWKRG $ DQG UHFU\VWDOOLVHG IURF
DFHWLF DFLG WR JLYH D JUHHQ EODFN SRZGHU <LHOC
K 'S ’novk

$QDO\VLYV

5 .%U GLVF FP & + VWU DON\O FP &



WU R[D]JRORQH ULQJ FP &1 VWU R[DJRORQH UL
DQG FP 1 VWU FRQMXJDWHG
FP & VWU R[D]JRORQH ULQJ
ODVV VSHF P H 5,

8Y 9LV VROYHQM/&+$PD[ QP
JOXRUHVFHQFH PDJ VROYHQW &+ &1 ([FLW $ QP
IOXRUHVFHQW

(OHPHQWDO $QDO\VLV IRU & + 1
&DOFXODWHG & + 1
JRXQG & + 1

)XVHG 5LQJ $]ODFWRQHV

S\ UHQYOPHWKYOHQH PHWKYOR[D]JRO RQH

6\QWKHVLVHG E\ PHWKRG $ DQG UHFU\VWDOOLVHG IURI
DFHWLF DFLG WR JLYH VPDOO EURZQ QHHGOH VKDSHG

<LHOG PK \ ==R uF

$QDO\VLV

,5 .%U GLVF FP3 & + VWU DURPDWLF FPs3
& + VWU DON\O DQG FP3 & VWU RI[D]JRORQH
uLQJ FP3 & 1 VWU R[DJRORQH ULQJ

FP3 & VWU R[D]JRORQH ULQJ
+BQPU VROYHQW &' &2 UHI 706 + P
S\UHQ\O + V DONHQH + E V PHWK\O
ObVV VSHF P H &5,



8Y 9LV 6ROYHQW &+ BD| QP (

JOXRUHVFHQFH PD[ VROYHQW &+ &1 ([FLW; QP
(OHPHQWDO $QDO\VLV IRU & + 1

&DOFXODWHG & + 1

JRXQG & + 1

3YUHQYOPHWKYOHQH SKHQ\OR[D]JRO RQH

6\QWKHVLVHG E\ PHWKRG $ DQG UHFU\VWDOOLVHG WZLI
JODFLDO DFHWLF DFLG WR JLYH DQ RUDQJH SRZGHU <

[ 4

® <

$QDO\VLV

5 .%U GLVF FPs & + VWU DURPDWLF DQG
FP: & VWU R[DJRORQH ULQJ FP3 & 1 VWU

R[D]JRORQH ULQJ FP: & VWU R[DJRORQH

ULQJ

ObVV VSHF P H 5,

8Y 9LV VROYHQW &+ &PD] QP (

VROYHQW HWK\O DFHWDWH QP ... 90WRRR
JOXRUHVFHQFH PD[ VROYHQW &+ &1 ([FLW QP
(OHPHQWDO $QDO\VLVF kK 4dRU

&DOFXODWHG & + 1
JRXQG & + 1

3\UHQYOPHWKYOHQHQ WKLHQYOR[D]JRO RQH

]



6\QWKHVLEHBHWKRG $ DQG UHFU\VWDOOLVHG IURP JODF
DFHWLF DFLG WR JLYH D UHG RUDQJH SRZGHU <LHOG

$QDO\VLV

5 .%U GLVF FP: & + VWU DURPDWLF Fps

& VWU R[D]JRORQH ULQJ FP &1 VWU R[D]RORQH
ULQJ FP: & VWU R[DJRORQH ULQJ

ObVV VSHF P H 5,

8Y 9LV VROYHQW &+ &1 $ PD] QP (
VROYHQW HWK\O DED\VIPDH QP RR
JOXRUHVFHQFH PD] 6ROYHQW &+ &1 QPFLW QP
(OHPHQWDO $QDO\VLV IRU& %1 6

&DOFXODWHG & + 1

JRXQG & + 1

3\UHQYOPHWK\OHQH LVRWKLRFYDQDWRSKHQ

R[D]JRO RQH

6\QWKHVLVHG E\ PHWKRG $ DQG UHFU\VWDOOLVHG IURP

JLYH DQ RUDQJH UHG SRZGHU <LHOG S | fF
$QDO\VLV

5 .%U GLVF FP3 & + VWU DURPDWLF FPs3

6 & 1 VWU LVRWKLRF\DQDWH FP3 & VWU R[D]ROR
ULQJ FP3 & 1 VWU R[D]JRORQH ULQJ

FP3 & VWU R[D]JRORQH ULQJ

ObVV VSHF P H §&5,



8Y 9LV VROYHQW &+ &1 $ PDJ QP (

JOXRUHVFHQFH PD] VROYHQW &+ &1 ([FLW ? QP
(OHPHQWDO $QDO\VLV IRU & + 1 6
&DOFXODWHG & + 1
JRXQG & + 1
BBBBBB\UHQ\OPHWKYOHQH QLWURSKHQ\O R[D]F
RQH

6\QWKHVLVHG E\ PHWKRG $ DQG UHFU\VWDOLVHG IURP '
JLYH GHHS UHG FU\VWDOYV <LHOG WM!OBGBR 5

$QDO\VLYV
5 .%U GLVF FP & VWU R[D]JRORQH ULQJ
FP & 1 VWU R[DJRORQH ULQJ DB 1

VWU FRQMXJDWHG FP & VWU R[DJRORQH
ULQJ

ObVV VSHF P H 6&5,

8Y 9LV VROYHQW &+ &1 $ PD] QP (
JOXRUHVFHQFH PD[ VROYHQW &+ &1 ([FLW QP
(OHPHQWDO $QDO\VLV IRU & + 1

&DOFXODWHG & + 1

JRXQG & + 1



S\ UHQ\OPHWK\OHQH EHQ]J]\OR[YDFWDPLGRSKI

R[DJRO RQH

6\QWKHVLVHG E\ PHWKRG $ DQG UHFU\VWDOOLVHG IURPF
DFHWLF DFLG WR JLYH DQ RUDQJH UHG SRZGHU <LHOG

o YaxX
$QDO\VLV
,5 .%U GLVF FP 1+ VWU VHF DPLGH DQG
FP & VWU R[D]JRORQH ULQJ FP & VWU
VHE DPLGH FP &1 VWU R[D]JRORQH ULQJ

FP & VWU
ODVV VSHF P H 6&,

8Y 9LV VROYHQW &+ &1 : PDJ QP (
VROYHQW HWK\O DFHWDWH ; PD[.. v QPRR
JOXRUHVFHQFH PD[ VROYHQW &+ &1 ([FLW; QP
(OHPHQWDO $QDO\VLV IRU & + 1

&DOFXODWHG & + 1

JRXQG & + 1

3\UHQ\OPHWK\OHQH &KORURDFHWDPLGRSKH

R[DJRO ROQH

6\QWKHVLVHG E\ PHWKRG $ DQG UHFU\VWDOOLVHG IURP
JODFLDO DFHWLF DFLG WR JLYH D UHG SRZGHU <LHOG
|G Sl ORR [ &

$QDO\VLV

9 .%U GLVF FP 1+ VWU VHF DPLGH DQG



FP & VWU R[DJRORQH ULQJ FP & R VWU
DPLGH FP & 1 VWU R[D]JRORQH ULQJ
FP & VWU R[D]JRORQH ULQJ

ODVV VSHF P H §&,

8Y 9LV VROYHQW &+ &RPD]J QP ¢
JOXRUHVFHQFH PDJ VROYHQW &+ &1 ([FLW; QP
(OHPHQWDO $QDO\VLV IRU & + & 1
&DOFXODWHG & + 1
JRXQG & + 1
3\UHQ\OPHWK\OHQH QDSKWK RO O D]D

SKHQ\O R[D]JRO RQH

6\QWKHVLVHG E\ PHWKRG $ DQG UHFU\VWDOOLVHG IURF

JLYH D UHG SRZGHU <LHOG 1K ‘S L
$QDO\VLV
5 .%U GLVF FP & + VWUDURPDWLF  FP

& VWU R[D]JRORQH ULQJFP & 1VWUR[D]JRORQH
ULQJ FP & VWUR[D]RORQH
ULQJ

ODVV VSHF P H 5,

8Y 9LV VROYHQW '0) PDJ QP
JOXRUHVFHQFH PDJ VROYHQW '0) ([FLW; QP (



(OHPHQWDO $QDO\VLAMU & + 1

&DOFXODWHMG + 1

JRXQG & + 1

$QWKUDFHQ\OPHWKYOHQH SKHQYOR[D]JRO RQH

6\QWKHVLVHG E\ PHWKRG % DQG UHFU\VWDOOLVHG IURF

WR JLYH ILQH RUDQJH FU\VWDOV <LHOG SW ;W
$QDO\VLV

9 .%U GLVF FP & + VWU DURPDWLHP

& VWU R[D]JRORQH ULQJ FP & 1 VWU R[D]JRORQH
ULQJ FP & R VWU R[D]JRORQH ULQJ

ObVV VSHF P H 6&5,

8Y 9LV BROYHQW &+ &1 ; PD] QP (
(WK\O DFHWDWH $ PD] QP R
7ZULIOXRURDFHWLF $reo| QP
JOXRUHVFHQF PD] BROYHQW &+;&1 ([BRW1R

YJOXRUHVFHQFH VLJQDO

(OHPHQWDO $QDO\VLYV IRU & + 1
&DOFXODWHG & + 1
JRXQG & + 1

+HWHURF\FOLF 2UJDQRPHWDOOLF $JODFWRQHV

JHUURFHQ\OPHWKYOHQH SKHQYORI[D]RO RQH



6\QWKHVLVHG E\ PHWKRG $ DQG UHFU\VWDOOLVHG IURF

WR JLYH D SXUSOH SRZGHU <LHOG
6\QWKHVLVHG E\ PHWKRG % DQG SXULILHG E\ DOORZLQ.
VROYHQW WR HYDSRUDWH IURP DQ DFHWRQH VROXWLR(
VKLQLQJ SXUSOH FU\WWDOV <LHOG

$QDO\VLV

OHOWLQJ SRLQW f&

5 .%U GLVF FP & + VWU DURPDWLFV DQG
FP & VWU R[D]JRORQH ULQJ FP & 1 VWU

R[DJRORQH ULQJ FP & VWU R[DJRORQH

ULQJ

ODVV VSHF P H 5,

8Y 9LV 6ROYHOW &+8aD| QP (
QP ( QP (

VROYHQW KHSWpoH QP .. IYi2R L

(OHPHQWDO $QDO\VLV  IRU &2+ 1 )H
&DOFXODWHG & + 1
JRXQG & + 1
JHUURFHQ\OPHWK\OHQH QLWURSKHQ\O R[D]F

RQH

6\QWKHVLVHG E\ PHWKRG $ DQG UHFU\VWDOOLVHG IURF
WR JLYH D EODFN SRZGHU <LHOGS VZ'itt..



$QDOLV

, 5 .%9U GLVF FP & + VWU DURPDWLFV DQG
FP & VWU R[DJRORQH ULQJ FP3 & 1 VWU
R[DJRORQH ULQJ DQG FP3 1 VWU FRQMXJDWHG

FP & VWU R[DJRORQH ULQJ
ODVV VSHF P H &5,

8Y 9LV VROYHQW &+ &1 ; QP (
QP ( QP (
(OHPHQWDO $QDO\VLV IRU & + 12)H
&DOFXODWHG & + 1
JRXQG & + 1
BBBB)HUURFHQ\OPHWKOHQH WKLRSKHQ\O R[D]R
RQH

6\QWKHVLVHG E\ PHWKRG $ DQG UHFU\VWDOOLVHG WZLF
HWKDQRO WR JLYH D SXUSOH EODFN SRZGHU <LHOG

$QDO\VLYV

5 .%U GLVF FP° & + VWU DURPDWLFV FP3
& VWU R[D]JRORQH ULQJ FP° &1 VWU R[D]JRORQH
ULQJ FP° & VWU R[DJRORQH ULQJ

ObVV VSHF P H §&,

8Y 9LV VROYHQW &+ &1 $ QP ( QP
( QP (



(HPHQWDO $QDO\WVRWY § & + 1 6)H

&DOFXODWHMG + 1

YRXQG & + 1

+\GURO\VLV RI $]ODFWRQHYV

%YHQ]J]R\ODPLQR 3KHQYOSURS HQHRLF DFLG

%HQJ\OPHWK\OHQH SKHQ\OR[D]JRO RQH J P PRO
DQG SRWDVVLXP K\GUR[LGH J P PRO ZHUH PL[HG
ZLWK HWKDQRO ZDWHU PLV  7KH PL[WXUH ZDV

VWLUUHG DW URRP WHPSHUDWXUH XQWLO WKH UHDFWD
WR JLYH D SDOH \HOORZ VROXWLRQ 7TKH VROXWLRQ ZD
XQGHU UHIOX[ IRU PLQXWHYV $IWHU FRROLQJ WKH RU
VROYHQW ZDV UHPRYHG XQGHU UHGXFHG SUHVVXUH WR
WKLFN YLVFRXV RLO :DWHU PLV ZDV DGGHG WR JLY
SDOH \HOORZ VROXWLRQ +\GURFKORULF DFLG ZD\
DQG D ZKLWH VROLG GURSSHG RXW RI VROXWLRQ ZKLFK
FROOHFWHG E\ ILOWUDWLRQ DQG UHFU\VWDOOLVHG IUR

HWKDQRO ZDWHU 7KH SURGXFW ZDV D ZKLWH FU\V\
VROLG <LHOG J

$QDO\VLV

OHOWLQJ 3RLQW f&

5 .%U GLVF FP 1+ VWU VHF DPLGH FP
& + VWU DURPDWLFV FP 2+ VWU FDUERJ[\OLF
DFLG FP & VWU FRQMXJDWHG FDUER[\OLF DFLG

FP & VWU DPLGH & VWU FDUER[\OLF



DFLG

+ QPU VROYHQW '062 G UHI 706 + E V
DPLGH + GG - DQG +] DURPDWLF SURWRQV
DGMDFHQW DPLGH + P DURPDWLF DQG
DONHQH

8Y 9LV  VROYHQW &3 RD] QP

ODVV VSHF P H 5,

(OHPHQWDO $QDO\VLV IRU & + 1
&DOFXODWHG & + 1
JRXQG & + 1

BBBB%HQ]R\ODPLQR DQWKUDFHQ\OSURS HQHRI
DFG

7TKH UHDFWLRQ DQG ZRUN XS ZDV SHUIRUPHG DV DERYFE
D VPDOO DPRXQW RI UHVLGXDO PDWHULDO UHPDLQHG I
KDG EHHQ DGGHG 7KLV ZDV UHPRYHG E\ ILOWUDWLRQ
DFLGLILFDWLRQ 7KH SURGXFW ZDV UHFU\VWDOOLVHG
HWKDQRO WR JLYH SDOH \HOORZ FU\VWDOV <LHOG

3L SK , , 6 H &

$QDO\VLV

9 .%U GLVF FP 1+ VWU VHF DPLGHFP

& + VWU DURPDWLFV FP 2+ VWU FDUER[\OLF

DFLG FPs & VWU XQVDWXUDWHG FDUER[\OLF DFL
FP: & VWU DPLGH FP: & VWU FDUERI[\OLF

DFLG

+ QPU VROYHQW &' &2 UHI 706 + E V

DPLGH + V DFLG SURWRQ + V &



DOQWKUDFHQ\O SURWRQ + P DURPDWLFV
+ P DURPDWLF DQG DONHQH
ObVV VSHF P H 5,

8Y 9LV VROYHQW &+ RD] QP
JOXRUHVFHQFH PD[ VROYHQW &+&1 (DPLW QP
(OHPHQWDO $QDO\VLV IRU & + 1

&DOFXODWHG & + 1

JRXQG & + 1

BBB %HQ]R\ODPLQR S\UHQ\OSURS HQRLF DFLG

3\UM\OPHWK\OHQH SKHQ\OR[D]JRO RQH J P
PRO SRWDVVLXP K\GUR[LGH RO J P PRO
WULHWK\ODPLQH PO ZDWHU PO DQG '0) PLV ZHL

KHDWHG JHQWO\ XQGHU UHIOX[ IRU KR XU 7KH VROXV
FRROHG DQG ZDWHU PLV DGGHG DQG WKH VROLG IL¢
7KH ILOWUDWH ZDV DFLGLILHG ZLWK K\GURFKORULF DF
DQG D \HOORZ VROLG FROOHFWHG 7TKH SURGXFW ZDV
UHFU\VWDOOLVHG IURP HWKDQRO ZDWHU WR JLYH D \H¢

SRZGHU <LHOG PJV A SW \62 fF

$QDO\VLV

95 .%U GLVF FP3 1+ VWU DPLGH

FP 2+ VWU FDUERI[\OLF DFLG FP & VWU
XQVDWXUDWHG FDUER[\OLF DFLG FP3 & VWU
DPLGH FP: & VWU FDUER[\OLF DFLG

ODVV VSHF PH 5,



8Y 9LV VROYHQW &+ &1 QP (

QP ( QP ( ZHDN VKRXOGHU DW
QP
JOXRUHVFHQFH PD] VROYHQW &+ &1 ([FLW; QP
QP VROYHQW &+ &1 {[[FLWQP QP
([FLWDWLRQ PD] VREOEHQWPLVVLRQ QP
QP VROYHQW &+ &1 (PLVVLRQ ; QP QP
(OHPHQWDO $QDO\VLV IRU & + 1
&DOFXODWHG & + 1
JRXQG & + 1

5HDFWLRQ RI $JODFWRQ HV ZLWK 1XFOHRSKLOHYV

DQWKUDFHQ\O WKLRSKHQRO EHQ]JRYODPLQR C
SKHQROSURSLRQDWH

DOQWKUDFHQ\OPHWK\OHQH SKHQ\OR[D]JRO RQH J
PRO WKLRSKHQRO PO SRWDVVLXP K\GUR[LGH J
PRO DQG HWKDQRO ZHUH KHDWHG JHQWO\ XQGHU UHIO
KRXUV 7KH VROXWLRQ zZDV DOORZHG WR FRRO WR URR
WHPSHUDWXUH DQG WKH \HOORZ FU\VWDOV FROOHFWHG
ZDV REWDLQHG DIWHU UHFU\WWDOOLVDWLRQ IURP HWKI

PJ K ,8 a OfL f&

$QDO\VLV
,B5 .%U GLVF FP 1+ VWU VHF DPLGH FP
& + VWU DURPDWLF FP & VWU WKLRO HVWHU



FP & VWU DPLGH

-+ QPU VROYHQW &' & UHI 706 + P
DURPDWLF + P DURPDWLF

+ P DURPDWLFV + P DURPDWLF

+ G - +] S &+ SURWRQ + G - +] D &+

oObVvVV VSHF P H 5,

8Y 9LV VROYHQW &% &1 QP
JOXRUHVFHQFH PD] VROYHQW &+ &1 ([FLWS$ QP
VKRXOGHU DW QP
(OHPHQWDO $QDO\VLV IRU & + 126
&DOFXODWHG & + 1
JRXQG & + 1

%HQ]RYODPLQR DQWKUDFHQYOSURS HQH O EH

DPLGH
$QWKUDFHQ\OPHWK\OHQH SKHQ\OR[D]JRO RQH J
PRO EHQJ]\ODPLQH J P PRO DQG HWKDQRO PLV

ZHUH KHDWHG XQGHU UHIOX[ IRU KR XU 7TKH UHDFWLRGQ
IROORZHG E\ 7/& VLOLFD SODWHV HOXHQW '&0 DQG VKF
EH YLUWXDOO\ FRPSOHWH 7TKH VROXWLRQ ZDV DOORZHC(
DQG WKH VROLG ILOWHUHG 7KLV VROLG ZDV IRXQG WR
FRQWDPLQDWHG ZLWK D VPDOO DPPRXQW RI VWDUWLQJ ¥
$ERXW PJV RI VROLG ZHUH GLVVROYHG LQ '&0 DQG

FKURPDWRJUDSKHG RYHU VLOLFD [ FP HOXWLQJ

LQLWLDOO\ ZLWK '&0 7KH ILUVW RUDQJH EDQG ZDV GLVI



7/KH HOXHQW ZDV FKDQJHG WR DFHWRQH ‘&0 DQG W
QH[W EDQG WR HOXWH ZDV FROOHFWHG 7TKH VROYHQW
UHPRYHG XQGHU UHGXFHG SUHVVXUH DQG WKH UHVLGXF

UHFU\WVWDOOLVHG IURP FKORURIRUP <LHOG PJV
P sk Pk
$QDO\VLV
)5 .%U GLVF FP 1+ VWU VHF DPLGHYV

FP & + VWU DURPDWLF FP & + VWU DON\O

FP & VWU DPLGHV FP & & VWU DONHQH
+ QPU VROYHQW &' &2 UHI 706 + OV
DQWKUDFHQ\O & + P DURPDWLFV

+ P DURPDWLF DONHQH + G - +]

EHQJ\O &+
8Y 9LV VROYHQW &+,&AD] QP (
VKRXOGHU QP (
VROYHQW HWK\O DFHWDWH ; PDJ QP VKRXOGHU

JOXRUHVFHQFH PD[ VROYHQW &% &1 QFLW QP

(OHPHQWDO $QDO\VLV IRU & + 1
&DOFXODWHG & + 1
JRXQG & + 1

&RQYHUVLRQ RI $JODFWRQHV WR ,PLGD]J]ROLQ RQH

GLSKHQ\O S\UHQYOPHWKYOHQHLPLGD]ROLQ
RQH

S\UHQ\OPHWK\OHQH SKHQ\OR[D]RO RQH J P
PRO DQLOLQH J P PRO VRGLXP DFHWDWH J



P PRO DQG JODFLDO DFHWLF DFLG PLV ZHUH KHI
XQGHU UHIOX[ 7KH UHDFWLRQ FDQ EH IROORZHG E\ 7/&
VLOLFD SODWHV DFHWRQH KH[DQH DV HOXHQW  $
KRXUV WKH VWDUWLQJ PDWHULDO KDG EHHQ FRQVXPHG
VROXWLRQ ZDV DOORZHG WR FRRO WR URRP WHPSHUDW
VROLG ZDV FROOHFWHG E\ ILOWUDWLRQ DQG UHFU\VWD
JODFLDO DFHWLF DFLG WR JLYH DQ RUDQJH SRZGHU <

PJV P SW7 =
$QDO\VLYV
9 .%U GLVF FP & + VWU DURPDWLF FP
& VWU DPLGH FP & 1 VWU LPLGD]JROLQRQH ULQ

ObVvVV VSHF P H 5,

8Y 9LV VROYHQW &+ &1 $ QP ( QP
( QP (
YJOXRUHVFHQFH PDJ VROYHQW &% &1 QFLW QP

(OHPHQWDO $QDO\VLV IRU & + 12
&DOFXODWHG & + 1
JRXQG & + 1

GLSKHQ\O DOQWKUDFHQ\OPHWKYOHQHLPLGD]R

RQH
$QWKUDFHQ\OPHWK\OHQH SKHQ\OR[D]RO RQH J

PRO DQLOLQH J P PRO VRGLXP DFHWDWH

J P PRO DQG JODFLDO DFHWLF DFLG ZHUH KHDWHG

UHIOX[ IRU KRXUV 7TKH VROXWLRQ ZDV DOORZHG WR |



URRP WHPSHUDWXUH DQG SRXUHG LQWR ZDWHU PLV
VROLG ZDV FROOHFWHG E\ ILOWUDWLRQ DQG UHFU\VWD
PHWKDQRO WR JLYH SDOH RUDQJH QHHGOH VKDSHG FU\

<LHOG PJV 32 SK 322 &

$QDO\VLV

9 .%U GLVF FP & + VWU & + DURPDWLF

FP3 & VWU LPLGD]JROLQRQH ULQJ FP™ & 1 VWU

LQGD]J]ROLQRQH ULQJ

8Y 9LV VROYHQW &+ RD] QP (
VROYHQW HWK\O DFHWDWH - PD] L QR
JOXRUHVFHQH PD] VROYHQW &+ &1 ([FLWLRW

IORUHVEFHQW

(OHPHQWDO $QDO\VLV IRU & + 12
&DOFXODWHG & + 1
JRXQG & + 1

BBB3KHQ\OPHWK\OHQH VW\U\O SKHQ\OLPLG]RO!

RQH
SKHQ\OPHWK\OHQH PHWK\OR[D]RO RQH J P
PRO DQLOLQH J P PRO EHQ]J]DOGHK\GH J
P PRO VRGLXP DFHWDWH J P PRO DQG

JODFLDO DFHWLF DFLG ZHUH KHDWHG XQGHU UHIOX][ IRL
7KH UHDFWLRQ PL[WXUH ZDV FRROHG DQG SRXUHG LQW
7KH FUXGH VROLG ZDV FROOHFWHG E\ ILOWUDWLRQ DQC
UHFU\VWDOOLVHG IURP JODFLDO DFHWLF DFLG WR JLYH
\HOORZ RUDQJH FU\VWDOV <LHOG J

J



$QDO\VLV

, 5 .%U GLVF FP & + VWU DURPDWLF FP
& VWU LPLGD]J]ROLQRQH ULQJ FP & 1 VWU
LPLGD]J]ROLQRQH ULQJ FP & + GHI WUDQV DONHQH

ObVV VSHF P H 5,

8Y 9LV VROYHQW &+ &1 QP ( QP
(
JOXRUHVFHQFH PD]J VROYHQW &+ &1 ([FLW? QP
(OHPHQWDO $QDO\VLV IRU & + 1
&DOFXODWHG & + 1
JRXQG & + 1
ILWURSKHQ\OPHWK\OHQH GLHWK\ODPLQR
SKHQ\O VW\U\O QLWURSKHQ\O LPLGD]JROLQ RQ

QLWURSKHQ\OPHWK\OHQH PHWK\OR[D]J]RO RQH

PJV P PRO QLWURDQLOLQH PJ P PRO
GLHWK\ODPLQREHQ]DOGHK\GH PJ P PRO VRGLXP
DFHWDWH PJ P PRO DQG JODFLDO DFHWLF DFLG

KHDWHG XQGHU UHIOX[ IRU KRXUV $IWHU FRROLQJ W
WHPSHUDWXUH WKH EODFN VROLG ZDV FROOHFWHG E\ I
ZDVKHG ZLWK ZDWHU DQG DFHWRQH 7KH UHPDLQLQJ V
UHFU\VWDOOLVHG IURP '0) ZDVKHG ZLWK ZDWHU DFHW

RYHQ GULHG DW f& $ EODFN SRZGHU ZDV REWDLQHG
PJV 12 SK I KDR H&



$QDO\VLV

5 .%U GLVF FP & + VWU DON\O FPs

& VWU LPLGD]JROLQRQH ULEP 21 VWU

LPLGD]JROLQRQH ULQJ DQG 1 VWU FRQMXJDWH
FP: WUDQV DONHQH

ODVV VSHEH 5,

8Y 9LV VROYHOQWY |, QP
(OHPHQWDmM®O\VLYV IRU , a
&DPXODW HG + 1
YRXQ G & + 1

3KHQ\OPHWKYOHQH VWYUYOS\UHQH O SKHQYO
LPLGD]JROLQ RQH

SKHQ\OPHWK\OHQH PHWK\OR[D]RO RQH J P
PRO S\UHQHFDUER[DOGHK\GH J P PRO VRGLXF
DFHWDWH J P PRO DQLOLQH J P PRO
DQG JODFLDO DFHWLF DFLG PLV ZHUH KHDWHG XQGF

IRU KRXUV 7KH UHDFWLRQ ZDV VKRZQ E\ 7/& VLOLFD

SODWHV KH[DQH DFHWRQH WR EH YLUWXDOO\ FRPS(

7KH VROXWLRQ ZDV FRROHG DQG WKH VROLG ILOWHUHG

ZLWK ZDWHU WKHQ DFHWRQH 7KH ILOWHU FDNH ZDV

UHFU\WWDOOLVHG IURP '062 WR JLYH D SXUSOH SRZGHU
J PS | A2 fF

$QDO\VLV



, 5 .%U GLVF FP & + VWU DURPDWLF FP
& VWU LPLGD]J]ROLQRQH ULQJ FP & 1

VWU LPLGD]JROLQRQH ULQJ FP: WUDQV DONHQH
ObVV VSHF P H 5,

8Y 9LV VROYHQW &+ &1 QP ( QP
(O
JOXRUHVFHQFHPD[ VROYHQW &4 &1 @Q@FLW QP
(OHPHQWDO $QDO\VLV IRU & + 1
&DOFXODWHG & + 1
JRXQG & + 1

3\UHQYOPHWKYOHQH VWYUYOSYUHQH O SKHQ
LPLGD]ROLQ RQH

3\UHQ\OPHWK\OHQH PHWK\OR[D]JRO ROQH PJ =
PRO S\UHQHFDUER[DOGHK\GH DQLO PJ P PRO
VRGLXP DFHWDWH PJ UD PRO DQG JODFLDO DFHW

ZHUH KHDWHG XQGHU UHIOX[ IRU KRXUV 'XULQJ WKLV
WKH VROXWLRQ WXUQHG IURP \HOORZ WR UHG TKH VI
ZDV DOORZHG WR FRRO DQG WKH SXUSOH VROLG FROOF}
SHFU\VWDOOL]DWLRQ ZDV HIIHFWHG IURP JODFLDO DFH
WR JLYH SXUSOH FU\VWDOV <LHOG PJ [RRfWS3, SL !

$QDO\VLV
)5 .%U GLVF FP: & + VWU DURPDWLF Fps3
& VWU LPLGD]JROLQRQH ULQJ FP: & 1 VWU

LPLGD]JROLQRQH ULQJ FP3 +& &+ GHI WUDQV DONHQ



ObDVV VSHF P H 5,

8Y 9LV VROYHQW &+ &1 QP ¢ QP

(

YOXRUHVFHQFH PD]J VROYHQW &+ &1 ([FLW; QP
QP

(OHPHQWDO $QDO\WLMU & +QR
&DOFXODW HEG + 1
JRXQG & +2 1



5(0)(5(1&(6

+ ( &DUWHU 2UJDQLF 5HDFWLRQV

+ ( &DUWHU 3 +DQGOHU DQG ' % OHOYLOOH -

%LRO &KHP &

$ ( %DOWD]]JH 4XDUW 5HYV /RQGRG

5& (OGHUILHOG +HWHURF\FOLF &RPSRXQGV 9RO

:LOH\ DQG 6RQV /WG 1HZ <RUN

59 )LOOHU $GYDQFHV LQ +HWHURF\FOLF &KHPLVW
4

59 )LOOHU DQG < 5DR $GYDQFHV LQ +HWHURF\FOL

&KHPLVWU\ &

( *URVV DQG - OHLHQKRIIHU 7KH 3HSWLGHV 9RO

$FDGHPLF 3UHVV 1HZ <RUN S

8 6FKPLGW - +DXVOHU ( 2KOHU DQG + 3RLVHO

3URJUHVV LQ WKH &KHPLVWU\ RI 2UJDQLF 1DWXUDC

3URGXFWV 9RO 6SULQJHU 9HUODJ :LHQ

+ B6WDPPHU &KHPLVWU\ DQG %LRFKHPLVWU\ RI $PL
3HSWLGHV DQG 3URWHLQV 9RO -RKQ :ULJKW DQG
/IPWG /RQGRQ

$ . OXNHUMHH DQG 3 .XPDU +HWHURF\FOHV

$ . OXNHUMHH +HWHURF\O&V
%ULWLVK 3DWHQW

- *ULIILWKV -6'& a

) -RQHV 5HY 3URJ &RORXUDWALRQ



$ 6WHLWZHLVHU DQG & +HDWKFRFN ,QWURGXFWL
2UJDQLF &KHPLVWU\ QG HGLWLRQ &ROOLHU ODFO
3XEOLVKHUV /RQGRQ

$ 9RJHO 3UDFWLFDO 2UJDQLF &KHPLVWU\ UG HGL)
9RO /RQJPDQV *UHHQ DQG &R /WG /RQGRQ

3/ 3DXVRQ DQG - 0 2VJHUE\ - &KHP 6RF

w

.XPDU + " OLVKUD DQG $ . OXNHUMHH 6\QWKHVLYV

$ 5DR DQG 5 9 )LOOHU 6\QWKHVLYV
5XIHQDFKW +HOY &KHP $BWD

5 3IOHJHU DQG - 3HO] &KHP %HU

w

7ULSDWK\ DQG $ . OXNHUMHH 6\QWKHVLV

8 6FKPLGW $ /LHEHUNQHFKW DQG - :LOG 6\QWKH

6 / %O\WWRQH &KHP 5HYV

+

%UXQQHU 6\QWKHVLV
$ OXVWDID $ + (OVD\HG +DUKDVK DQG 0 .DPHO

- $P &KHP 6RF

$ 0 ,VODP $ 0 .KDOLO DQG ,, (O *DZDG $XVW -
&KHP

$ 0 ,VODP $ 0 .KDOLO DQG 0/ (O +RXVHQL $XVW -
&KHP

0 = %DGU + $KPHG DQG + (O 6KHULHI %X0OO &KHF
-DSDQ



$ . OXNHUMHH DQG 3 .XPDU &DQ - &KHP

0 &UDZIRUG DQG : 7 /[LWWOH - &KHP 6RF
6KLPRPXUD )(%6 /HWW a

) OF&DSUD = 5D]DYL DQG $ 3 1HDU\ - &KHP 6RF &K

&RPP

- *ULIILWKV &RORXU DQG &RQVWLWXWLRQ RI 2UJD

OROHFXOHV $FDGHPLF 3UHVV /RQGRQ &KDS)

& $ 3DUNHU 3KRWROXPLQHVFHQFH Rl 6ROXWLRQV
(OVHYLHU 3XEOLVKLQJ &R (QJODQG S

- *ULIILWKV &RORXU DQG &RQVWLWXWLRQ RI 2UJD
OROHFXOHV $FDGHPLF 3UHVV /RQGRQ &KDS)\

) $ &RWWRQ DQG * :LONLQVRQ $GYDQFHG ,QRUJDQL
&KHPLVWU\ WK HGLWLRQ -RKQ :LOH\ DQG 6RQV /W

<RUN
<6 6RKQ '1 +HQGULFNVRQ DQG + % *UD\ - $P &Kl
6RF a

'+ ORUULVRQ (< +R DQG "1 +HQGULFNVRQ ,QRUJ
&KHP

BWHJOLFK 9 $XVWHO DQG $ 3UR[ $QJHZ &KHP ,Q
(G &

%WXFKDUGW 7KH 3KRWRFKHPLVWU\ RI +HWHURF\FC
&RPSRXQGV -RKQ :LOH\ DQG 6RQV 1HZ <RUN

- 0 &R[RQ DQG % +DOWRQ 2UJDQLF 3KRWRFKHPLV
&DPEULGJH 8QLYHUVLW\ 3UHVV :LOOLDP &ORZHV D
IWG /RQGRQ S



7KLV FRPSRXQG ZDV V\QWKHVLVHG E\ UHIOX[LQJ
S\UHQHFDUER[DOGHK\GH DQG DQLOLQH LQ (W2+ IR
UHPRYLQJ WKH VROYHQW DQG UHFU\WVWDOOLVLQJ V
IURP (W2+ 7KH SURGXFW JDYH VDWLVIDFWRU\
VSHFWURVFRSLF GDWD DQG HOHPHQWDO DQDO\VLV
6 3DWDL 7KH &KHPLVWU\ RI )XQFWLRQDO *URXSV
,VRF\DQDWHVY DQG ,VRWKLRF\DQDWHV -RKQ :LOH\
6RQV 1HZ <RUN 3DUW S



7KH OLJKWIDVWQHVY DQG <HOORZQHVV ,QGH[ UHVXOWYV
%$ SRO\DPLQH DGGXFWV DUH OLVWHG IXOO\ LQ WKH
WDEOHV
'&'$6 'LDPLQRHWKDQH
/ILIKW IDVWQHVV 7HVWYV
)%$ FRQH )% $ )%$ )RUP )%$ 78)
BW 6W 6W 6W 6W 6W
<HDORZQHVV ,QGH]
)% $FRQH )% $ )%$ )YRUP )%$ 78)
'&'$6 'LDPLQRHWKDQH
/LIKW ID VW QHAMMNV V
)% $FRQH )% $ )%$ )RUP )%$ 78)

6W 6W 6W 6w 6W 6W



<HDORZQHVV ,QGH]

)%$ FRQH )% $ )%$ )RUP )% $

'&'$6 'LHWK\OHQHWULDPLQH
ILIJIKWIDVWQHVY 7HVWYV

)%$ FRQH ) % $ )%$ )YRUP )% $
BW 6W 6W  BW 6W

<HOORZQHVV ,QGH]

)%$ FRQH  )%$ )%$ )RUP )%$ 78)

78)

78)
6w



'&'$6 TULHWKO\OHQHWHWUDPLQH

ILIJKWIDVWQHVYV 7THVWYV

)%$ FRQH ) %8 )% )RUP )%L
BW 6W 6W 6W 6W

<HOORZQHYGH]

)% $FRQH )%$  )%$ )RUP  )%$ 78)

'&"'$6 THWUDHWK\OHQHSHQWDPLQH

ILIJKWIDVWQHVYVY 7THVWYV

)%$ FRQH )% $ )%$ )RUP )% $
BW 6W 6W 6W 6W

&Q 20

78)
6W



<HDORZQHVV ,QGH]

$ FRQH )% $ )%$ )RUP )Y%$ 78)



