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6\QWKHVLYVY RI %LEGEROOWWVOEFURVSKHU
/HPSHUDWXUH

O\WPDZDF 'DUB@GIDODRDELEDPEIRNBQD 'HfURHKHU L Q OF 4 HLQIRG@ HRAW H
/IHEHDX -HDQP®DRX

PEQHWVAMWBEDXWH $OVDFH 8+$ &156 $[H ODWpULDX[ j 3RURV
GH 6FLHQFH GHV ODWpULDX[ GH OXOKRXVH ,6 0 805 E

OXOKRXVH )UDQFH
EGQHYWVEARW UDVERXUJB VBOQRGWRPUJ )UDQFH

FFHSDUQWPHR | &LYLO DQG (QYLURQPHQWDO (QJLQHHULQJ )DFX

$PHULFDQ 8QLYHUVLW)\ RI %IBLDGWO36R BR[| %HLUXW /HEI

$SEVWUDFW

%LQGHHEBYWH PDFURVWUXFWXRIHFWRQSWKHHR ZMH BH S UHSDU
H[FKDQJH UHVLQ EHDGV DV VKD 3KHGS D ZMUERQ B WO DEQHRMAHPGS O
K\GURWKHUPDO GIRQ-HULMQLR QMHPEHHDW RWBK\H WBREFH R WKH
GLIIHWHQWKSINUBPHWHUYV ZDV LQYHV@LUDWAWLEYD ; VFDQQL!
PLFURVFRS\ IOXRUHVFHQFH ; QLWURJHELVRGNISU S)WDRQ PH |
FU\WWWDOOLQH VSKHUHV VLPLODU LQ ¥H]BGD QZH WK DFSEHWWY RQ W

K\GURWKHUPDO WUKNDMMPISQ WD WEKMRKNRRHYWHDWPHQW WLPH
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K 7KH VIQWKHASKHGHRLFKRZHG W@/ HPHR CSHURRBMRIRMWODP LQDWLR Q

9RODWLOH 2UJDQELRY¥RPSRXQGV

(<:25'6 =HROEWHWR @ILWHR V SKRHQHRX ODU G H FFRROMIMVALIAHD W LR G
2UJDQLF &RPIBKXQGV

 QWURGXFWLRQ

%HFDXVH Rl WKHLU FRPSOH[ PLFURSRURXV VWUXFWXUH

DUHD 7KLV PDNHV WKHP HIIHFWLYH DW DG¥RHEVRU DWIZRG!
SURSHUWHRWLWHY YDU\ ZLWK WKHLUNRRBBKQ W \P BOBW X OH \D
6\QWKHWLF DOXPLQRNVRRYKHVARMWR @ LGEH U\ DRIPRGHKGE H® JRIRM\L \
DSSOL¥DVWLREVHDUFRK>D QE6REZE BHMRMPHUFLDOL]HG SRZGHU ]HI
SUHVHQWRD OARZO DU V L H YOH. FSLMAULFRDIVAVDKPHUED Q VIHU RI UHDFWDC
PROHF X GIDX \E@® FW LY DRULRIDAREGH MFRQGDU\ GXVW FRQWDPL

SDUWLFOHAWREOBHI®WVR @&@FF XU

,Q RUGHU WR RYHUFRPH WKHVH ERIGXWWDROWWYURXRI®LW|
QDQRROLWH SYHO®RID\MPEQ\ RHRMORH LQWR KLHUDUFKLFEDO ¢
LQWURGXFLQJ VHFRQGDU\ ODQWHU GRUFR K LW RLIKDWRIX B RIOQ W
SURSRVH@OVRQBLQLYDHOGKDNYH EW IS@®EWHKG WLF PRGLILFDWLR
FRQ WK JHROLWH SRZGHU LQWR SHOOHWY WDEOHWYV ILOP
> @RZHYHU ELQGLQWDR®KBARBXQYWYV RZI ZBIWVHEW WHKH JHROL
DGVRUSWLRQ SHQREFNMMBRVWHM)GIKXV WKH SRVVLELOLW\ RI
PDFURVWUXFWXUHV ZLWKR X VZ KA B & USSR RRHMR NEERMKGR@ YV D |

GLIIXVLRQ OWLW UW D MWLLURHG/



Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 September 2018 doi:10.20944/preprints201809.0304.v1

7KHUHIRERQGI@HRIOLWH VS KHVUWRPWXRIHWRBUHSDUHG GLU
WHPSODWID)IH DWW UDFW HGRWS WKIHLOP BIQy MERBRERX 8V WD QW L D
DGYDQWDJHV VXFK DV KLJKPKS\GRNRMEK B UF R @ IDRVEDRIAHDBK YR W Q Q W
SIWIOHQDMG SRVWSRQBG\GKDREIGRMM/NY DW@RIQRUWY KDYH EH
GHGLFDWME® WRRWKH HUDUFKLFDO JHROLWHVY VXFK DV WKH [
>+ @XVH RI VRIW WHIPYOGDFRHMLQHG VIQWKHVLY RIZJHGROLWHYV
+RZHYHU WKH FRQWURO RI| W\WKH{F R QRIWR B RRJR X SHORIO B FA O ® G |

FKDOOHQJLQJ

=HROLWH PLFURVSKHUHV ZLWK KLHUDUFKLFDO SRUHV D!
VWDEOH PDWHULDOV IRU DSSOLFDPW L RROR/OIOR D GHVR O ISWWH RAS HOK
EHHQ IDEULFDWHG E\ |BROHWEHOA RQWFD ®RFURVFRSLF VWUXTF
WHPSODMWHNW DB QWKHRIOJ®BZ JHROLWH VSKMVHEJRRL\OL@DRAO
HPXOVLRQV DV WHPSODWHVY ZKHUHE\ WKH RIR® FSK®VRIQDR WW |
PLFURVSKHQHMW @WORBEFLOLKFROOWHE VSKHUHYV WKDW H[KLELW
PRUSKRORJ\ E\ LQYROYLQJ WKH TDQDMHIUQMHGD R P R QRL X\PRVAX U Pl
KDUG WY PS6DRSR UR XD VFIDNEWRD AQWKHVL]HEGSKROBR R =60

JHROLWH FU\WWWDOV UHTXLULQJ QHLWKHU D KDUG IMRHRWW AP S
DJHQQNWK LK IF DAD-P HWD O X P L Q R VA DY VB @/ 1D \8 DHFRXWVRHW R1 VLOLF
IRU JHROLWH F U\VWBCKOL L LROHRRL MYBWREGHB DIJHQW IRU WKH IR L
PLFURV SOMUHYW ®0HSRREGRZ |HROLWH 1D$ FIKALWRRASIKG GRY SR \
S URR G L AKHLGVRE O VR IDRAHGFD. & PL BDIDAVUIR V BKKHDWHVHUYHG DV WHPS

KROORZ VWUXFWXUH
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$VHGIURP KR O ORZRVI KHU P MFRIRS/SKHIE HRY V2 B B® HFSDWW B O \
E\ XVLQJ WHPSODWHY ZKLFK XSRQ UHPRYDO GHWHUPLQH W
DO @HYHORSHG D QHZ PHWKRG IRU RKHBVSKEBDUBDW XRQQRI VR
PRQRGLVSHUVHIH ® FRRIBRO HY LIPQPHEQH SRURXYV SDUWLFOHV DV
DO ®VHG 'LPHWK\OGLDOO\O DPPRQLXP FKORULGH DFU\ODPLG
RQWWHS IRUPDWHRQLRVH) @ R/ I¥ P R EHOR \BEX® QH KW @HDS R UW H G
V SDFRIQ ILQB®& KHVLY URXWH RI KLHUDUFKAEER QSR IHFEV LoHVOI
ZLWIOQRBRGHDWHHPEOHG VWUXFWYUBNFIRIFRPSRVEWR PROQI
K\GURWKHUP DO QVUHW VIEBE QWWKHUPDOO\ V\IQAVDEKIHY]H R G LKALH U L
PLFURVSKWXYHQUJJDRAFWLRYDODHGHG PRHOMSRURXOLFD VRXU
6DVKNLQD @WSDWHKGE VIQWKHVLV RI DHURJHO JHROLWH FRPSR)\
FRQWDLQLQDQRRGEMDEIZHGR VLOLFD RWUREHCHPROAILRQ JHO
WHFKQLTXH ZKHUMERKWDREW. QJ WKH GWUHBEQJY LUBKDHW LR Q

GHWHUPLQH WKH VL]H DQG WH[WXUH RI WKH FRPSRVLWH PLF

7KHWHSRPMMWIGR G WHARYB G YRDWOUGJ HYBHRS/QAFWHY 7KHUF
VLPSOH DRRGY V@ RZHP S OD VHINVRW RWHIRWHHFHRARSE REK DV DQLRQ
H[FKDQJH DUHVI@QHHGHG 7KH SUHSDUDWLRQ RI VSKHULFDO |
H[FKDQJH UHVLQ EHDGV DV WHPSODWHV ZPV UBGSR L\W@ G \WUH"
> @RU), DQG W($SH |HRQDWWIH |HRIOHWSH FARL RMO\NQRER HG JH
VWX &DIBVUH S RROWHK & WY WHRHYWIRW LWH EHDGV FRPSR VGV WDDR/ V
ZLWK KLHBRURKQPRQQMDHW WDOOLQHKRMVARSRUEBNOO WKHUHIR
WKH SURGXFWIRRORWH.PLFURVSHAKBEYJIJKRVUBYLQRQ DV VKDS

PDUFURWHRSODGAWMRWSWLRQ HIILFEHPR ®RHRAXIOD B VREBXHANELO
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LQ WKH PROHFXODU G FOARQMOIMHP RQD WVQ R¥ER ERRPISIR XWQBX/G\ ZL O C
HYDOXDWH WIRIS HHU DHVFWWIRDBYPEIOWK B WKHVLY Rl BEXUHVDQ® LZJHQ

PDF URVW UNFRODWHBNCR V BEAANO WKHWWIR PHHW 92&V DGVRUSWLRQ

OHWKRGRORJ\

SUHSDUDWLRQ JHRWKWH.PLFURVSKHUHYV

ODFURSRURXV VWURQUOLEDEHQYMOHHIH RQ H[FKDQJH UHVLC
EHDG VL]H GLVWULEXWIRRQH{FKDQJH FDSDFAMUHRKV H® HDTV PVXK [
GLUHFWLQJ ADF WRWSHARGOCAW $HRIOHWH$=FOHDU KRPRJHQHRXYV
PRODU FRPSRVLWLRQ1D 70$6L2 +2 $0ZDV K\GURWKHUPD
WUHDWHG WRJHWKHU ZLWK UHVLQ EHDGV ZKLFK ZHUH DGGH
7KH VIQWKHDNQWHWR QXM WEDR\ZIHUUHG L@WRHG P/WBD)Q O
VWHHO DXWRFODYH\ QIR & B@EKBWH QMY WHPSHUDWXRHY UDQ.
f& IRU WUHDWPHQW WLPH UDQJLQVY\QWRHYKVWROBWLRQ7EB ]
PL[LQJ FRUUHVSRQGLQJ DPRXQWYV RI$QGUILFKX FROX)RHEGD T WR
6L2LQ ZDWBMPLQXP LVRSURMOGDWHK 6NRDLXP K\@URGLGH
SHQWDK\GUDWHG WHWUDPHWERGDPPR QBXPPROCILEKK GHOXPLQ
VROXWLRQ ZDV SUHSDUHG E\ GLVVROYLQJ WKH DOXPLQXP LV
1D2+ DQG 70$2+ 7KH /8'2; +6 ZDV WKHQ DGGHG WR WKH DOX

VWLUULQJ DQG WKHUMH YN WQWVAEHDH®WRXQ DXWRFODYH

$IWHU K\GURWKHUPDO WRQWWHRPS RWKWHWXYHQH VHSDUDWHG

OLTXRU DQG WKH JHROLWH FU\VW®DPR RHG D ¢ ROOHNE R QNLFQV D €
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EDWK IRU PLQ ULQVHG VHYHUDO WLPHV E\ VXVSHQWBLRQ LQ
DW f& RYHUQLJKW )LQDOO\ WKH RUJDQLF PDFURWHPSOD
708 RFFOXGHG LQ WKH JHROLWHALPWH\R QHIMA UH P& PMGDEUB |

IRU D GXUBWLRQ RI

&KDUDFWHUL]DWLRQ RI JHRVLOV

7KH SXULW\ DQG WKH FU\WWDOOLQLW\ RI WKH FDOFLQHG ]
DQDO\WDA GLIIUDFWLRQ SDWWHUQV RI WKH GLIIHUHQW VDPS
03' ;13HUW 3UR GLIIUDFWRPHWHIGRSBWURWLQR ZHWKL KXHG ZLV
DQ ;f&HOHWDVPRIUPXBWAQSOH VWULS GHWHFWWKRIUS REGH.Y H DM QY
ZDV FROOHFWHG DW & LQ@LMKBQUDGIHWWHS RI f DQG D \
V 7KH XQLW FHOOUBDIWDHPGH WHMUYJZWKH :LTKH 3RIHVBQGZ DY
PRUSKRORJ\ Rl WKH FDOFLQHG ]JHROLWH PLFURVSKHUHV Z
PLFURVFRS\ 6(0 XVLQJ D 3KLOLSV ;/ )(* PLFURVFRSH
1ILWURJHQ DGVRUSWLRQ GHVRUSWLRI OLRMRIRHUWER W LAV K 6 B 3
DSSDUDWXV 3ULRU WR WKH DGVRUSWLRQ PHDVXUHPHQWYV V
RYHUQLJKW XQGHU YDFXXP ®iH D/GE FALLE B RSFRIIBRKMZBRBIR P H
FDOFXODWHG XVLV8ORWKH HWKPENG UHVSHFWLYHO\ OHVRSRU
VXEWUDFWLQJ WKH PLFURSRURXV YROXPH IURP WKH WRWDO
7KH 6L $O0 PRODU UDWLR Rl WKH PLFURVSKHUHV ZDV HVWLPD\
5D\ IOXRUHVFHQFH 3XQO0 L\SWOBBHILBE5 VSHFWURVFRS\
6L ODJLF $QJOH 6&95QVI QREMMNPEZR DBHGRRP WHPSHUD!
ZLWK D %UXNHU $YDQFH ,, 0K] ¥SHFWURPUHRRIW IRSANEQEC

0+]DQHST XL ZEMIK% UXNHU PP GRXEOH PRBQEWQWH B REBHK @
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VSLQQLQJ IUHTNHQBL@®IOH SXCOHMHS PQQILLIDINB B H WK RIU H
SHUIRUPHG XVLQJ B SX®VHDD®B OHURIF\FOLQJ GHOIRZRIU V X
SURWRBRXSOLQJ FROIGLMWHHR PXDQWLWDWLYH GHWHUPLQDWLR
GLITHUMQW SHELHWQVXUHG E\ WREGUWERD@GEGORALFD OZ NKWHIW YV
UHFRUBEBDWRYWHWUDPHRMKRORVOWQRQ VZR UW KSHH WKSRHUERWH DK H

'"PILW VRPWZD UH
928D GVRUSWLRQ PHDVXUHPHQWYV
([SHULPHQWDO PHDVXUHPHQWYV

$ PDQRPHWULF PHWKRG ZDV XVHG WR =D V\SHRAG MK B /&R U=S W |
PLEFURVSKHUHV V\Q& BDGLPHIR WD IR Z NKGYDIRU WKLV SXUSRVI
OLFURPHULWLFV $6$3 GHYLFH |ZWXWHEEZ RW KWIR YHDSRKUP ITHIR-
PHDVXUH WKH JHROLWLF VDPSOHV ZHUH RXWJDVVHG WR D U
IRU K WR UBRRVHE /MW WUDFHYV 7 KH KA D QB FIWHU MXW PPW IR

7TDEOH[SHULPHQWY ZHUH SHUIRUPHG RQ PJ RI JHRVLO

TDEOKDUDFWHULVWLFVY RI WKH SUREH PROHFXOH XVHG IRU WKH L

%RL(SRQ@WSBUHVV)QQ:)&V\T# LQH®@ILFPHWH U
fa fe.sp DWW I c

QKHII 8§
DEDOFXODWHG XVLQJ WKH $QWRSL QW KH ¥X¥IRWMLIRG LOIRMEVSS % DQG & ZHUH IF

H[SHULPHQWDO GD W BD/V & UAHBRKIDMA BID WH2 SHUDWXUH
E7KH NLQHWLF GLDPHWHUV RI WKH SURBHJPRO BERRAMDPZHUH GHWHUPLQHC

&% &0& VLPXODWLRQ



Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 September 2018 doi:10.20944/preprints201809.0304.v1

‘H KDYH SHUIRUPHG FRQILIJXUDWLRQDO EL3\0&UBDEX QDGR @ OF
RI WKH DGVKWHIWQR @ IRV K HRWKWH LQ RUGHU WR FRUURERUDYV
GDWD 7%RH&BOIJRULWKP LPSOHPHQW 0 XMH ®& K\HR FIRFKH. B Y RIZ WK
7KH GHWDLOV RI RXU VLPXODWLRQ DSSURDFK DBUZRYVIGBE W

DVXSSOHPHQWDU\ LQIRUPDWLRQ

SHVXOWY DQG 'LVFEXVVLRQ
'5' $QDO\VLV

;5 SWWWHUQV RI WK/ PRIQ D VEQ@HKG VL]HG DW GLIITHUHQW WH
K\GURWKHUPDO VKUBIQG PBIQNV VAR ZQUHQKH.G D\V W \ B B S/GIHGV
SUHSDUHG DW W H&® DIQGRWZHIUGY PROINDFPIRILVEW R R ZHZGSH D NV
GXH WR WKH VP DYOPSDWWL{BOHEYL]H )LIRUHYHU\ ORZ LQWHOQ
DWWULEXWHR @WRVMH. GHWHFWHG LQ JWWKHPBHUDMSOMHW UDQJI
f& WR & KIRWBUHDWPHQW WLPH SXK HEUXONEGLYM SKDV
HQKD®BMGN DO O ID|Q® ISDQ WDBRHHV K] ZDV UHROMHEWHGVEH BQG
VKDBWS FKDUDFWH DQIGYWGEEREWDWWKH FU\WWDOOLQLW\ RI WKH

WHPSHDDRWXWWHDWPWE&W WBQRRIKHV IV

7KH XQLW FHR DVSHHO © WKV W D @ € W] BIIGQ W IBP ISJRHP\RN KK HH BL'Q H P
SDW@WLQD ; 3RZ VREWEDHBVHY ZLWK WKH LQFUHDWUJRI WUH
7KLV SKHGRPHBEMWQULEXWHG WR WKH LQFUHDVH RI WKH 6
IUDPHZWRWPM $O0 DWRPV DUH UHSODFHG E\ 76K.LKD W/ARW K HIMQ W K Bi\
FRQILEMMIGH UHVXOWYV REWR MOEDV E \1 0F) V SIHE BHD REKEIRFSK VKR Z

DQ LQFUHDVH RI 6L $O PRODU UDWLR RI WKH VDRIOHV DV WK
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7 KIWHVLDAMOWH U\ LQWHUWN W BQUSBHFD RYAMAVKH JHROLWH IUDPHZRL
WKH FDWDO\WLF SURSHUWHKHWY PBIOWKHD JEALKOE. VW B DDRZNEROCBWNRDHL W \

IUDPHZRUNVEQWRHABWMBVSO PRODU UDWLR RI WKH IUDPHZRUN

- D x GD\
= E X GD
o | Foox K
— G X K
= H X K
S [ X K
o
T
> 7
o E M LLLMLA.,, At

1 - A A :: A A A "C,

_w H

_M. p

7TKHWD
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1
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ORODU UDWLRQ 6L $0O

6\QWKHVLV WHRXSHUDWXUH
JLXUH(YROXWLRQ RI WKH 6L $O PRODU UDWLR IXOO FLUFOHV GHWI

GHWHUPLQHWRIQUIR® 105 DQG WKH XQLW FHOO SDUDPHWHU (PSW\ V
UHILQHPHQW JRMHRWKWH.IUDPHZRUN GHSHQGLQJ RQ K\GURWKHUPDO
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JLYHL 086 105 UHVRQDQFHV FD @ SHHF RUENDHHIE ¥ WEEHR Q PR H G

PDWWURBWDLWHG D K\GURWKHUPDO W BH D WRHQAN QRS K
f&7KHVH BLYHIQDOV DUH D OX0Q DAKWH @ R G R HBYWH &
SSPa SSP a SSP a SSP a SSPDQIDRW/ LJQGIGRWR6L
26L2%30 6L26L2$0 6L 26R$SODQGL 26LUHVSHFBWE@HHO

UDWLRYVY ZHUH FDOFW®B®BWRGPX\ODSSO\LQJ

A>A>A>A
6L 3@ L A>4489A>48A > 4% A

KHU#LVY WKH DUHD RI WKH 105 SHDN FRUUHYV K@ GRDA FX R DVKF

6L $O UDWLR REWDLQHG IRU WKH VDPSOHY DUH FRQVLVWHQ
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f& K
6L $O

A A

GSP706 GSP706

----- 6SHFWUXP
— LW
[ 6L 2%0
[ 6L 23Q@6L
0 6L 23@6L
B 6L 2$0 2fL
I 6L 26L

i =i

GSP706 GSP706

&IPEX 6L 0$6 '(& 105 VRHRWKUDFDOFLQHG VDPSOHV DIWHU D K\
K DW& f& [&QG f&

6(0 LPDJHV RI WKH SURGXFW SDUWLFOHV REWDKRBQ IBDQV)WXK H
$) $W WKH ORZHVW WHPSHUDWXUHYV DQG f& WOKHG |IRU
PLFURVZKHUHWDFNHG DQBIHMHQ EURKEBROAKGIXKILWHR FRQWDFW
RI 06$ UHVLQ LQ EDVLF S+ RI WKH VWDUWHQIJWKIHWSXUREDEGO
GLVVROKMULHRRYVLQJ WKH FRQWDFW WLPH IURP GD\V WR K
WUHDWPHQW WHPSHUDWXUH DOORZHG WBQREWDILR [QROHWD

FU\VWD@OLQMERDWVKULQNDJI B RSHPKDQFH IZHUH REVHUYHG XS
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LRQ HQBKD DW WHPSH U F&XQG VRWWD WW HQI PKHQMWUEEX UDW LR Q
( DQG8RGHU WKHV H FRBG VEWDROQN Q R XIK D/XKUBKH DV PDUNHG
WKH FDVPALRURMK¥KOWKWVL]IPQ @M 6 \QWKHPALEWEK HUHYV VKRZH(
GLDPHWHUV EHWZHHQ DQG —P VLPLODKISIDUWILHOWR W
FRPSRVLQJ WKH G&HWWKVWIQHF UBBYHDVH Rl WKHOWAGPWPHQW W
QP QP QP QPDQG QP IRU WKW \QIWKIDH.]HG
DW f[& fa& f& f&  JRVEBMGAMKIHYEBYVXOWY GHPRQVWULD
RI WHPSHUDWXUH D Q GF UMVBINLGIQN W D PHHFRDQUBKWL | H R 1 WKH

SDUWLFOHV FRQVWLWXWLQJ WKH EHDGYV
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)LXUH6(0 LPDJHV REHDGYWKHVL]HG DW GLIIHUHQW WHPSHUDWXUHYV
$ f& ®\W % f& DOV & f& K f& K f& DG )f&

K

7KH FKDQJHV LQ WK H \SRWKHP\BE LHRY W X @ B WRX U\W U H B W B B WR Q
ZHUH VWXGLHG E\ QLWURJHQ DGVRVSBWEKRIQ P YKHHGRWGR GHIR U
ZHUH RI W\SH ,9 ZLWK D VWHHS LQFUHDVH DW ORZ UHOD
PLFURSRWRSHMAUH 7KH LVRWKHUPV DUH UHS ZH WHKQ @ DVKLHY b HR
ZKLFK UHVXOWHG LQ D PDWRRUWUSIORDIRWK D(SEG FAR PE RDW RR Q
PHVRSRWRHMNHO/RSRUHVY DUH UHODWHG WR WKEKHHPRYDW KRl
PLFURSRUHV DUH GXH WR WKH BXIHQH QFH VRKHVKW UK RWKWH R

$FFRUGLQJO\ VEHPRLGHRUGN WMHKH PDFURVWUXFWXUHYV BD\QRWKH I
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WKH UHVLQ WHPSODWLQJ PHWKRG LV WKH FRDRALYRBODH E HG X
H[SODLQHG E\ WKKHUHRRIYDY R\ FDOFLQDWLNROBEKHRUHEV MRUP
WKH ORFDWLRQ Rl WKH IRUPHU LQWHUVWLWLDO VSDFHV DQG

VLWHV RI WKH UHVLQ SRO\PHU FKDLQV

—— X K
T —O0— X K
—t— X K
7] — A X K

NN
Nt ——4——A§Ai€i%-s%-;%—r,_—*
S S s = W, (W eTy e Rrelce o) T AL

9ROXPH DGVRR BPHG&E 3

5HODWLYH 3WRBVVXUH

J)LXUHL DGSRWL.RQ LVRWKKHEPOFRQHG VDPSOHV DIWHU D K\GURWKH®
f& f& [f&QGf&

% (7 VXUIDFH DUHDV PLFURSRURXV DQG PHVRQRURIMDOROXP
LQFUHDVH LQ WKH RQG PHYIRFRUNMURBDOKBWMK A Q FUUHHDWHREH Q W
WHPSHUDPQVN[AHHSWLRQ LV WKH RE\WWHUYWGU CCHRHJBDWB \L @ IWW K H
VSKHUHV V\QW RHDWL FRP DIWHWDBPWE HWVKH Q WHEHS URED B®A GXH W
W KHHOMH RIS D UMDL K RIWK HU KD Q QU HV8 RIW D 19 QSARLLLH) EROWXKP A L
DQG PHVRSRURZHUMRIOKIPRMIMO DU PLFURSRURXV YROXPHV ZHU

GLITHUHQWRQLWHVH YDOXHV DUH WKH KLJKHDYW BEHFRRBGRWRH
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IRU =]HROLWW\SA$HROLWH ZKLFK PHDQV WKDW WKHVH JHR

DV LW ZDV VKRZQ IURP ;5" UHVXOWYV

7TDEOBSHFLILF VXUIDFH DUHD PLFURSRURXVY DQG PHVRSRURXV YRC(
PULURRVSKHUHYV

f& K f& K f& K f& K

€oo(7 FCo
9pLFUFk

9pHvrRF P J

OHVRSRURX

QP

7KH =. VSKHUHV V\QWRKRIBSVIHWERBNK LIKHVW W RAKD B KSRDKNHY R O X
WKH LGHDUIRFDQG& U MVEN RKNISWURYXOW L QG WHDMUSMEW K XD C
FRQGLWLRQV WKH XVH RI KLIJIKHU WHPSHUDWXUH IDYRUV W]
PDWHMUL7KH %-+ SRUH VL]H GLVWULEXWLRQV VKRZHG WKDW L

UDQJHG LQ VL]H IURPXUMMRQR@PVKRZQ LQ WKH SDSHU

QKH[DQH $GVRUSWLRQ $QDO\VLYV

7KH DGVRUSWLRQ FIRDFHW \DRPGEURV S KHWKNV L]HE DNG DW
f&RU K ZDV PVNOKHPBGH DV SUREHKPR OKIFX-QHHROLWH
WKHRUHWLFDO DGEDBUS\GLR®Y HEEDED WLRX ONLWI R Q/ KIRA K D W

DW PD[LPXP FARKYHH BDHRIOLW W PR BRK®QH PROHFEXOHV SHU XQLV
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FDJHV DUH DF F HVH/[IDEOH PR R MEKGHD IV DU H HE RWHNARDBDHE L Q )L
LV RFFXSLHGI[®HQH PROHFEXOHY DGRSWLQJ I KHR YMEDD LSADH D O ¢
SR ZGWHR ZHGGBH PIRW H DFEDSORIGWIHH QTHXWE® PPROZKLFK LV

VOLJKWO\ KLJKHU WKDQ WKH RQHPHR[G HIE WHH @ IE \\WK_HP YSSQBIW HR |
PHVRSRURVLW)\ SRZ@HKH ¥DPSOH PPPVRWEK#HUBKGYRUSWLRQ
FDSDEDWWHDVXUHG EQ W KHFURDASNQRUKIVYV L]HG DWG X H &V RR W K HK
LQFUH@WYH WRWDO BREGVRRSXGBRQ WH[DQH XVIPQFERVSKHUHYV
VIQWKHVL]MHG HDFEKHG D VLIQLILFPPRODBPLEXQW RVZLFH PXFK F
WKDQ WKH RQH REVHROHW®WH RBREGHEKDQFHG DGVRUSWLRQ |
PLFURVSKHUH VZILWR\H® & BMDARRHY RE RUQWLMHN VKDSHG VDPSOH
PLFURVSKWMUHV DOVR QRWHZRUWK\ WR PHQWLRQ WKH KLJK
PLFURV ®SKHWVKRZ QUIH DOORHVQULHYDO RI WKH ORDGHG SROOX
DQWKH URHWKHHIRORMHRVIRHUPROHFEXODU G HKRDWWR DB DW LR

VHFRQGDU\ SROOXWLRQ E\ORPBIG HEGE \CERWRLE RQ 9/RROOXWD QW

~A— =. SRZGHU
” —O0— =. PLFURVSKHUHWK o
O | % =. VLPXODWLRQ 6L $0 7
x O
2 58
0-00950°

X 60—0" o
& __O0— O
& 00" Ao/gﬁﬁ@ﬁMA

— AAAA~A/A1§%2, AN
S A A o8 2
T % %
>
o
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5HODWLYH 3¥WRBVVXUH
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)LJ QKH[DQH DGVRUS@WRRA DWRWKKRUPV

)LI &% &0&VLPXOBDMWURBFWHG VQDSVIRRWN\D Q8 CPROHFXWHYIFREH. QHPHQW 7

JHRGIRWHRVHWS HF WL YRI@Q WKW Q@R KR QKW K F RIYBKWJIH DKW ERWWRP SLFWXUH
DQ DUUDQJHRKRW @H WRRHFXOHV DGFVWRHEHG ZLWKLQ WKH .

&RQFOXVLRQ
PLFURVSKHUHYV EHRB HS VKRB RBDXWOQW RPHDVIMRSRURXYVY VWURQ.

H[FKDQJH UHVGQVHPOWHRWSHVLGHY WKH JHQHUDWLRQ RI D GH



Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 September 2018 doi:10.20944/preprints201809.0304.v1

UHVLQV DOORZHG WKH V\QWKHNIVOR $ B\ RWE BEIMEROMIERK P X O\
SDUWLROHMNVYKHMLFURKHUHY ZHUH GHSHQGHQW RQ WKH WUHDW
WKH VIQWKHVLV VROXW LRG UBWH PSR EB MDY W/GQANLKHKY LV GXUD\

K =. PLFURVEBNK V\QWK H& Ll RHEDIFW L NWHKHCBIRDVG V R URSIWRL-R Q Q H

5HIHUHQFHYV

> @RVVHURQD@RX 7 - 7]DQLV / 1RXDOL + 'HURFKH , &RD)
$GVRUSWLRQ RI YRODWLOH RUJDQD¥ (BR B5RX@®BIA SXUH
JHROLWHM.FURSRURXV DQG OHVRSRURXYV ODWHU

KWWSV GRL RUJ M PLFURPHVR

> @DEDODQ , 5LRODQG * 1RXDOL + /HE¥®W DX WWRXLIROHW 6
6\QWKHVLV RI S)XWN®HN QIDWAFADKBH HWY IRU PROHFX6@&DU GHFR
$GY KWWSV GRL RUJ & 5% (

> @.DEDODQ , /HEHDX % YREODIXODK 6DPLHK 7 %HOODW -
+LHUDUFK LF D05 HDXHFDY/ILWMOIRW 'HER DAV D P L QIDD/QLRRGEF L
1DQRWHFKQRO+ KWWSV GRL RUJ MQQ

> @DEDODQ , /HEHDX % 1RXDOL + 7RXIDLM®R-X 7 DP LK 7
*HQHUDWLRQ RI =HROLWH ODWHULDOV IRU3KQYLERBPHQWD
+ KWWSV GRL RUJ DFV MSFF E

> @HQ ([(WHU O - -DQVHQ - &LNYORYDHNMNMXEWKHVLV DQG
FKDUDFWHUL]DMDR@GIDR U ERBWIOWDVLO ' 5 FRPSDULVRQ RI |
SURSHUWLHV ZLWK WKH K\SHRSKWHBYF }HROLWH $

KWWSV GRL RUJ 6

> @FKLFN - ‘DRXDXOOHW 3 BDMOIDDDQG - - & DOIDDIROG &
6XUIDPWBQMHG 0), QDQRVKHHW VH [F KR QK HRIXSIPF LW\ DQLRGC
&RPPXQ + KWWSV GRL RUJ & && +

> @'DRX 7 - %ROW] 0 7]DQLARXL\OIGSKEDVIHQFKORULQDWLRQ
DURPDWLFV RYG YHBSH |HROLADWWD O &R P#
KWWSV GRL RUJ M FDWFRP

> @OHQJ / =KX :; :DQQDSDNGHH : 3HVWPDQ 5 *RHVWHQ 0

0 $ GXDRSODWLQJ VIQWKHVLV VW U DFMRHOINWWRY KDD\H UDIUF KHE
FDWDO\VWYV |IRWRY&H FPRRDUKERQ@R/OU H R B W DRQ +
KWWSV GRL RUJ M MFDW

> @RVWRZLF] 5 6DQG / % ORWGHKROBBIZEDIOQVWKIE\ R =
QD 2 WSD 2 VIVWROLWH W KWWSV GRL RUJ
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> @LRODQG * 'DRX 7 - )D\H' 3DWDULW\S H$] BRI@ LMAKD IS BID
ZLWK YHU\ KLJK PHFKDRUWU RACS® SH GIR URQ QR URBWR URFV D Q(
OHVRSRURXV ODWHUKWWSYV GRL RUJ M PLFURPHVR

> @®LRODQG * %XOORW /ODDRHURG $6LLKISODLY * )D\H
(ODERUDWLWESRI]BBOGWHZLWK JRRG PHFKDQLFDO SHUIRUF
GHFRQWDPLQDELR®Y + KWWSV GRL RUJ & 5%

> @XULGDQW 1 'DRX 7 - $UQROG * 6RXODHG OH\1RXDOL
VWHSV LQIOXHQFLQJ W KHOIRW RMWLGRXPR O X #0V K B R WRIDRM-W
DQG OHVRSRURXV+ODKMHWSY GRL RUJ M PLFURPHVR

> @DXULGDQW 1 'DRX 7 - $UQROG * "1RMROLWH RUENVWDLGLIQ
IRU VSDFH GHFRQWDPURBRURRY DQG OHVRSRURXV ODWHU
KWWSV GRL RUJ M PLFURPHVR

> @XULGDQW 1 'DRX 7 - $UQROG *(0 DPWEWLE FRDYWLAJ R
DOXPLQRAR DO FURSRURXVY DQG OHVRSRURXV ODWHU
KWWSV GRL RUJ M PLFURPHVR

> @QELD 0 .RRKVDU\DQ ( %RUKDQL $ 1RYHO K\GURWKHL
VWUXFWXUHG JHROLWB WHU P BKKWHRV SKNW HV
KWWSV GRL RUJ M PDWFKHPSK\V

> @RQJ- 5HQ/ <LQ & -L < :% =6WREOH ;3RBRRXV DQG E:
3DUWLFOHV ZLWK +LJK ([WHUQDO 6XUIDBFWVDI®EJIDRBIH 3RU
=HROLWHVIDIQRF ULWK &DWLRQBR\YRAXHFU & =

KWWSV GRL RUJ MS
> @QJ' /L; /LX = =KDQJ < ;LH = 7DQJ < +|HRUDLWFHK L F
RI RULHQWHG QDQRURGYV DQGWIRWY FHWBRHORQ FAH. WE WKRIST
- &ROO ,QWHUIDFH 6FKWWSV GRL RUJ - -&,6

> @KDO 5 *pUDUGLQ & "RIQNOXW20¥r HUYDHY DQG ,QGXVWULDC
6\QWKHVLY 6WUDWHJLWYX WHRVZR YW HYHRDUWWEH\H B L
KWWSV GRL RUJ FFWF

> @L . 9DOOD - ODYMWULRMIH - 5HDOL]LQJ WKH &RPPHUFLDO 3
=HROLWHV 1HZ 2SSRUWXQLWLH&KIHP &EDWHIONWLF &UDFNLC

KWWSV GRL RUJ FFWF

> @DQJ + <DQJ 3 /LX ; FRQJILQH® VFBIWKHVLY RI JHROLWHE
PLFURVSKHUHMW VLDWMGH BB \VV&KG® L (MWLR Qt
KWWSV GRL RUJ M FHM

> @RVKHYD / 9DOWFKHY 9 FRWMIDW Q L-Q b IPQA ERIRVISWHUHY S
VKDGHUHFWLYHPSPEDRMHWVURSRURXY DQG OHVRSRWRXV 0DW
KWWSV GRL RUJ 6

> @LQWRYD 6 3*LOYRQWFKHY 9 $GYDQFHV LQIQR®RWVDIEG |H
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\Y

KWWSV GRL RUJ F QU F

@DDURXU 0 'RQJ % 1D\GHQRYD , S5HWRX[ 5 OLQWRYD
SURPRWHY DGYDQFHGODSFRRMRFPOWLRQWHVRSRURXY 0ODWHU
KWWSV GRL RUJ M PLFURPHVR

@KDQJ % 'DYLV 6 $ 0DQQ 6 OHQGHOVRQ 1 + %DFWHU
ZLWK KLHUDUFKLFRB®HPN BRPW X Q Ht
KWWGRL RUJ E K

@DQJ; /L< [/XR & /LX - &KHQ % 'LUHFW V\QWKHVLV
RULHQWHG QDQRFU\WWDOV ZLWKR&& S$SIBAGLQJ H[WUD WHP
KWWSV GRL RUJ F UD H

@LQ & 7LDQ ' :X 0 :HL < %DR : &KWBS<V\QWIHVLV2RH
KLHUDUFKLFDO PHVRSRURXV JHROLWH %HWD PLFURVSKHUI
&ROORLG ,QWHUIBFH KWIWSV GRL RUJ M MFLV

@0|OOHU . <LOPD] % 0sOOHU 8 %HLQ 7 +LHUDUFKLFDC
$VVHPEO\ ZLWK D &DWLRIQHF 0FDWPHU =
KWWSV GRL RUJ FP H

@KX - =KX < =KX / 5LIXWWRDQJ YD Q«G;HD MK \$
OHVRSRURX&USVQYDOHOLQH =HROLWH %HWD 6\QWKHVL]HG 8V
3RO\PHU DYXRFWD®Q 7THPSOIPNRKHP 6RF +

KWWSV GRL RUJ M D \

@X = 'RQJ < RXDW$ =KDQJ' 7LDQ 4 +DQ < ,QYHVWL
,QIOXHQFH RI OHVRSRURVLW\ LQ =HROLWH %HWD RQ ,WV &
RI OHWKDQRO WR +\G&R FODMER QW L \+

KWWSV GRL RUJ E DFVFDWDO

@D < :DQJ- =KDQJ. )HQJ: J/LX 6 'LQJ & /JLX 3 1DC
DVVHPEOHG KLHUPMHRXILWBCCEBURVSKHUH IRU PHWKDQRO W
OLFURSRURXV DQG OHVRSRURXV ODWHU

KWWSV GRL RUWRPHVRM PLF

&@KHQ + :\GUD - =KDQJ: /HH 36 :DQJ= )DQ : 7VDS
6\QWKHVLV RI =HRQPWBY [ZRGMIKO K LPHIHE HRISHEL Q MAHRGS RW R X ¥ W
- $P &KHP 6RF + KWWSWVYJ GRL RMD

@ DR + <DQJ + =KDQJ< 5HQ - /LX :FRDOQHG VAQW Kav
Rl QDQRUR® \RWHMEAWHGKLHUDUFKLFDO 0),-] HFROONAMH PLF U]

&KHP $ KWWSV GRL RUJ F WD |

@L & :DQJ < B6KL % B5HQ - J/LX; :DQJ < « /X * B6\QWKE
JHROLWH PLFURVSKHUHV ZLWKOVRDENR QR XYDD®GE WD\N WRDSTRU
ODWHU + + KWWSV GRL RUJ M PLFURPHVR

@D NR O 9LWWHQHW - 5RGULJXH] - &RW ' OHQGUHW -



Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 September 2018 doi:10.20944/preprints201809.0304.v1

6\QWKHVLVY RI ELQGHUOHVYVY |JHROLWH DJJUHJDWHYV 62" /7
E\ GLUHFW SVHXGRPRUSK LA FMURSRWURXYY DWIGROH VR SRUR X\
* KWWSV GRL RUJ M PLFURPHVR

> @XH 1 ; XH 0 4LX 6 )DEULFDWLRQ RI KROORZ JHROLWH \
DV WHPSOD®Q®RVJ &KHP &RPPX®

KWWSV GRL RUJ M LQRFKH

> &@KHQ + /LX ; OD ; &RQILQHG WRWEBRX MSRHVH® LZADNK B
VKHOOG6FULSWD ODWHULDOLD
KWWSV GRL RUJ M VFULSWDPDW

> @DVKNRYD 9 7RNDURY'HOHPFHUDMEHFHSIODWLQJ VIQWKHVLYV
VSKHUHV Rl |HRCRRVHSEAEMI G DOXPLQRVLOLEGEDRMUHR SRBIRX VYV F
DQG OHVRSRURXV HSDWAWNSY GRL RUJ M PLFURPHVE

> @<DQ % =HQJ & <X /=KIDQJ/&3UHSDUDWLRQ RI KROORZ |t
1D$ FKLWRVDQ FRPSRVLWH PLFURNISKHWBRIERWL. B HLUP D OW X |
VIQWKHVLV RI CLE6IRSRURXV DQG OHVRSRURXV ODWHU
KWWSV GRL RUJ M PLFURPHVR

> @DQ&F *XDQ - X 6 ;X & 0D < [HL - .DQ 4 3UHSDUD\
6LOLFDRAIPWRVSKHUHYV ZLWK ODUJH VHFRQGDU\ SRUH DUF]
SRURXV SRO\WVW\UHQH SD WWMWHOHVHHDWWHPSODWH
KWWSV GRL RURDWOHW

> @QJ < OD- 5HQ) 'X - /L 5 +LHUDUF IQFPROFDWWD® &
DJJUHJDWHYV ZLWK SDUWLFXODU FDWDOL¥UR $SRU XX D@ ® R
OHVRSRURXV ODMWHWWWSRUJGRL M PLFURPHVR

> @DVKNLQD . $ *XULNRY 3 $ $\XSRY $ % O6PLUQRYD ,
=HROLWH VLOLFD DHURJHO FRPSRVLWHFRRGRORWKWNRAG
OHVRSRURXV ODWHUKWWSYV GRLMRRIUJFURPHVR

> @RVKHYD / OLKDLORYD % 9DOWFKHY 9 6 MWAHURBRURXMR
DQG OHVRSRURXY ODWHKWWSY GRL RUJ 6

> @LQ & :HL < :DQJ) REGKAQWIRQORVWHVRSRUKWLQED JHRC
UHVLQ DV W HRDOHUH VH WAW
KWWSV GRL RUJ M PDWOHW

> @JHOKDUGW * DQG-DIWFKWROXW \RRDWHR @& Rl VLOLEDWH)\
JHROLWHV

> @DVVLRW ' )D\RQ ) &DSURQ O .LQJ, /H &DOYp 6 $ORC
ORGHOOLDQRWHERHQVLRQWOWIRQADE VSBIFPWUBHVRQ &KHP
+ KWWSV GRL RUJ PUF

> @167520 (G 3 - 1,67 BAMMUIHIGBHU®WBEDV,671 2RHEIPU
"HE%RRN S5HWUIURKWAYSY FL QLL DF MS QDLG
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> @ (QJHOKDUBMGHJOL VBRAPSLULFDOFRKMBPQMDXP UDWLRQDOL]D
FRUUHODWLRQ EHWZHHQ 6L26L DQJOHV DQG 6L 105 FKHPL
IUDPHZRUN DOXPLQRVLOLFDWHWP 3KHROHWH V

KWWSV GRL RUJ
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6XSSRUWLQJ ,QIRUPDWLRQ

6\QWKHVLYVY RI=%LEGEROOWWVOLFURVSKHU
/HPSHUDWXUH

O\WWNPDZBF 'DUSGHODRDELEDPEIRMBEQD ' URPKHU L Q ®H 9% H ORIGH. WW H
JHEH®X -HDQP™DRX

PEQHWVAMWBEDXWH $OVDFH 8+$ &156 $[H ODWpULDX[ j 3RURV
GH 6FLHQFH GHV ODWpULDX[ GH OXOKRXVH ,6 0 805 E

OXOKRXVH )UDQFH
PEQHYVEARWUDVERXUJB VBORGWRPUJ )UDQFH

FFIHSDUWPHQW RI &LYLO DQG (QYLURQPHQWDO (QJLQHHULQJ

$PHULFDQ 8QLYHUVLW)\ RI %IBLDGWO36R BR[| %HLUXW /HEI
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&RPSXWDWLRQDO GHWDLOV
OLFURVARGHROW GVRUEDWH MMKHRLWERIPMRQ QG
OLFURVFRSIHOPRU WKH DGVRUEDWH PROHFXOHV

7TKHKM[DQH PROMHVIHLEHG POLAOWE HXXQLWHG DWRP~ PRGHO
VXFRAHMW®R UHSURGXFH WKH DGWRDB® LIROIN BYEDHELRDR/X B LRIUR S |
PDWHULDOV VXFI@ MQEBEIRO@2HWD WKLV R GHI® XI3DIRK W UHD W H (
VLQJOH LQWHUDFWLRQ VL WK FBR(G G HF\QH W/RELL @ EEY H ® DM |
GLVWDQFHV 7KH LQWRD/P ROH FXHO\DAW L DEWGD WP R@L P Y PORI E H (
WHUP ZLWK D GLKHGUDO DQJOH WHUP H[SUHVVHG E\ D F
FRUUHVSRQGLQJ WR WKRVH WHUPV KDYH EHHQ WDNHQ IURTF
(TXLOLEULXP IRUPB3I®HDGQG>DUH VXPPDULTHE LQWHUERRIO [ F >
LOQWHUDFWLRQV EHWZHHQ WKH VRUEDWH PROHEXOSNUXH R

SRWHQWLDO WHUP H[SURIYNW G QW B DKM LIRQODW GHVFULEHG L

°81.,. 81, °

,QWHU
8 LM QI\E(_ »

<_<|©UM; E@ll_JM;- b, (TXDWLRQ

Q (TXDWILRQWKH GLVWDQFH VHSD U DOWLQIGK WH RWIKRH FFIR UFBIDWASWR
/- LQWHUDWRPLF SRWHQWLDO SDUDPHWHUV 7KH FURVV /- W
%HUWKHORW FRPELQDWLRQ UXOH 7KH ERQG GLVWDQFHV DQ

LQYHVWLIJDWHG PROHFXOBGBN ®&UH VXPPDUL]JHG LQ 7DE
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OLFURVFRSLF PRGHOHROLWKH WUXFWXUH DQG ,QWHUFWLRC

7KH/$ JHROLWHFXERG LW FHODWWILWHK SIDUEFHWHW R} RUGHU WR
UHSURGXFH WKH H[SHULPHQWB® OalW$O RRMIL RBIIOK UPW R B

6L$OLD2 7KH $O0 DWBRVGLVWULEXWHG DORQJ WKH XQ@KWM FHOC
[|ZHQV W HRESTY BYRLG D@D W NKHHWDDPHZRUN FDWLR QWY ZHUH
DEFFRUGDQFH ZLWK WKH H[BH\WMWPHQMWRIQ G HFN 8 D2 LIEBHABYW H F
DVVXPHG WRRBH F/BPWK S DWW | BRBUSH®XP PDUL]HG WRJHW

ZLWK WKH- RQHYDIBUDPHWHUYV LQ WKH 7DEOH 6

7TDEOHR®WUFH ILHOG SDUDPHMWRHUMVIR KDHEKX@WHE AR@HFXOH

SDUDPHWHUYV ERQGHG LQ

3VH. DW 0 o . 1 T

6L JHI

$0 ]H

11 JHR¢

SDUDPHWHUV IRU W

%RQG OHQJWK)

7\S | c

&+ &+

&+ &+
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%HQCSRWHQWLDC
8enoctdy FRMEFR YT

7\S HTf P \% .

&4 &4 &+

'LKHC7RU\NSRWFSDUDP
8wruvi&o & FRV & FRV & FRV

7\S & o . & o . & o . & oy .

&+ &4 &4 &+

&+ &4 &4 &+

&%&0& VLPXODWLRQ

$EVROXWH DG VR USKHOmEH VR WRK®G LW HR DRD O FE XZTDAV I8 B QV8I$ O\L Q
&DUOR VQPQOMKH.RUDQG &DQRQLFODVRGOHPEHQNHGIZLWKLQ
7TRZKH KK LWL P X O DW L R Q (PRIZWK R WX G XIDYNHLQDIJ B GQUXRPLEEHGRA R O H F X
LQ HTXLOLEULXP ZLWK DQ LQILQLWH UHVHUYRLU RI PROHF
WHPSHUDKMXBKHPLFDO SRHWHD WD OPXDDOXHY E\ WKH WHVW SD
PHWKRG IURP WKH 1S7 HQVHPEOH@0R@WHY &DRID R HVE® XNODRZIC
FRQYHQWLRQDO *&0& \LIVP XQB MR RQOFHPKEOH ORQE HKDXQHP R C
RI WKH H[W UWDPFHIADL RIDRR IIX\OX E@ M H UV RRI G HP R YIPRK D EXEHEHHSIW D Q F H
SUREDEIHOIDBSOLHG WKH EALYIH GX D KR BRENTEPRNV M QHUJHWLF D
IDYRXUDEOH ISKD V@ NHEIRKY E@FW H VL P XERD) VW RRMLVWBGW FHO O\
XQLW FHOO PXOWLSOLHG E\ LTKH NUDPG 7 RASND PNV B PV H B W LR
PDLQWDLQHG IL[HG GXULQJ WKHRRPHQODIM RQJ ERMULRRQW X6 (

UHOD[ GXULQJ MKKIHSHU UX®LF FRQGLWLRQV ZHUH DSSOLHG L
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W\SQFIRQWH &DUOR UXQ VW GRBW WKHHGHR X LOLEUDWLRQ SKDVH I
RI VWHSV IRU WKH(®DFRGX¥FMI RQ BKHDWSRQGHG W®J D VAHQIW H H
RI PDVV WUDQVODWLRQ FHQWUH RI PDVV URWDWLRQ LQVHL
VHOHFWHG H[LVWLQJ PROHFXOH SDUW&DW LRW FRRASLOH\RIQ WU 1.
ZDV DFKLHYHG E\ WUD)Q QO DWVKHR QZPRGHPXRPADWLRQ PHWKRG ZI
WR FDOFXODWH WKH HOHFWURVWDWLF SJDWQW HR L QWKHUDEWH B

WUXQFDWRG DWVWBRWH R c

5SHIHUHQFHYV

> @KHQ % 6LHSPDQQ - , 7UDQVIHUDEOH 3RWHGWRDOY IRU
'HVFULSWLRQ RI 1RUPD O3 KOWDRKHI\P % +
KWWSV GRL RUJ MS P

> @RVVHURQ $) 'DRX 7 - T7THURFKH ,1REPODLQH % 7FKDPE

$GVRUSWLRQ RI YRODWLOH RUJDQ % (BR B )5 RX@®@BSIAQY S X UH
JHROLWHM.FURSRURXV DQG OHVRSRURXV ODWHU
KWWSV GRL RUJ M PLFURPHVR

> @JDQ 5 7J /:DQ .DOLQLFKHY $ * OROHFXODU ORGHOV RI +
DQG &OD\ 3KDVHV DQG WKH 'HYHORSPHQWSIRIVD &KBPR UBO )|
+ KWWSV GRL RUJ MS

> @URFKH , 5LYHV 6 7UKRXIZ $<BOPUDK\H 1 $ « ODXULQ -
(ISORUDWLRQ&XKIDW@KHNRQHY $GVRUSWLRQ DQW®SHIIXVLRQ L
0,/ 9 ODWHULDO E\ &RPELQLQJ ([SHULPHQWDO PQG OROI
3K\V &KHP & + KWWB\RUGR MS

> @LQRZVNL - $SSOMWMMLRQYVRIRMRWKGE VWXG\ RBIQPROOWF X O
&KLP $FWD = KWWSV GRL RUJ 0

> @DUWLQ 0 * 0&&&6 7TRZKHH D W RR® DRIUVALR Y BER/AIHERP®R P R (
6LPXO + + KWWSV GRL RUJ

> @VFXDO 3 8QJHUHU 3 7DARXWLD® % 'HIHOREW BQW RI D W
JXHNMRVW IRUFH ILHOG IRU DGVRUSWLRQ RI K\GURFDUERQV
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