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#HHKPKV[ QH % 06 #+MUT KODGRRWCTN/ CP |
CRRNKECVKQP /QNGEWNCT F[PC

6KXKHL ,QRXH
+LURVKLPD 8QLYHU"
-DSDQ

+PVTQFWEVKQP

$V ZH NQRZ FDUERQ QDQRWXEH HVSHFLDOCEHVLR&QH ZDOO|
SRVVHVVHV RXWVWDQGLQJ SURSHUVDIGKFW X¥KWD V XKOLW K DW K HIKP
VWUHQJWK GXUDELOLW\ DQG VR IRUWK 7KHUHIRURU ZMWXSHFE\
PDWHULDO WKDW FDQ UHDOL]JH DOO RI RXU KRSHV +RZHYHU
DIILQLW\ IRU PHWDO DQG RU WKH ERQGLQJP\SR URHDADAD SASRIEQH |
DQG WKRVH VWLOO UHPDLQ WR EH XQVROYHG ,I| WKHDB®UH VR
PHWDO VSHFLHV WKHVH GLVFRQWK®XLPWIOHW HPWW DDH\HX W G
UHVLVWDQFH WKDW PHDQ ZH ORRWRH XWKH U A D8VIRQ ,D® G DG FDQ VE
FRDWHG ZLWK PHWDO VRPH QHZ SURSHXLRN LKL UDM\WIHH. WH DEAK \§
FDQ PDLQWDLQ LWV RXWVWDQGLQJ SURSHUWL W LFROMMHR Q LKDG\
EHHQ SDUWLDOO\ UHSRUWHG H[SHULPHQWDOO\VRRIHGHURWK}
H[DPSOH VRPH PHWDO VSHFLHV ZHDBIOGHSRVDWERQRQD QRWXE
,VKLNDZD HW DO DQG DQ LVRODWHG VLQJOH ZDOOHG FDU
XVLQJ H EHDP =KDQJ HW DO %XW WR LQWHR@DLODHE W
6:&17 PHWDO FRDWHG 6:&17 H[SHULPHQWDOO\ LV SWWUHPHO
PROHFXODU G\QDPLFV VLPXODWLRWKHODQWZWIUO\ MHODKRXM PH
TXHVWLRQV

7KH FODVVLFDO 0' LV PHUHO\ VROY IQQDP¥RM GHZWW@ L\l R HH TRWDFAM
DPRQJ DWRPV EXW SURYLGHG WKH SRWHQMWLH\WO XX QIR WRQ SIR |
SHUVSHFWLYHV ,Q WKLV FKDSWHU , PHOQWLR®RWRQ WL & XXQGE W
DQG WKH FRLQFLGHQFH ZLWK H[SHULPHQWDO UHVXOWV RI PHWE
, UHIHU WR WKH SHUVSHFWLYHWRH SKQHWDRQPWRSHG V8 L&M? R

%QORWVCVKQPCN OGVJQFU

&TKXKPI VJG RQVGPVKCN HWPEVKQP
7KH %UHQQHU SRWHQWLDO ZDV DSSOLHG IRU FDUERQ FDUERQ L
SRWHQWLDO ZDV DSSOLHG IRU PHWDO PHWDO DQG FWKHERQ PH
ERQG RUGHU SRWHQWLDO 7KH GIDRINHMHWEG ¥HWERIR @ IQALNFHNG @ H |
D IXQFWLRQ Rl FRRUGLQDWLRQ QXPEHU 6KLEXWD ODUX\DPD
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7TDEOH SRWHQWLDO SDUDPHWHUV IRU 0' VLPXODWLRQV

DQG FDUERQ JROG ZHUH GHULYHG E\ 'GHQNRLOFRXGRWWR R QD OD WKV
ZDV HPSOR\HG LQ WKLV VWXG\ DQG % H AN Hx § PAWKLIRIDHD G DAL DVAKH W K
<DQJ 3DUU FRUUHODWLRQ IXQFWLRQDO % /<3 %HFKH DQG
/JRV $ODPRV HIIHFWLYH FRUH SRWHQWLDO ZLWK '=HG$DN ' 'WKHD\
EDVLV VHW

%HFDXVH WKH PHWKRG IRU GHULYLQJ S DUWDLPRHYWHHEU S DLISHVLRMW DV
H[SODLQHG KHUH )LUVW ZH DVWXPWXWKHRV\$P[HNYUE FIXE [VRO X V'
PHDQV ZH GR QRW WDNH LQWR DFFRXQW WKH -DKQ 7HOOHU G
FDOFXODWH WKHLU WRWDO HQHUJ\ 7KH ELQGLQJ H@HHUIALIHW F D C
IURP WKH WRWDO HQHUJ\ DQGHGQXPEHQJIRUIVER QEV XDW \EKRZK LQ
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%RQG /HOIWK ¢ WRQG OHQJIJWK ¢
)LJ JLWWHG SRWHQWLDO FXUYHV IURP WKH 70REZ 8 ¥ ¥WO DINWRORD®m
*DXVVLDQ % /<3 /$1/ '= 'RWV VKRZ WKH ELQGLQJ HQHUJLHYV

WKH ERQG RUGHU SRWHQWLDYXYDBKRXWYW S,1QQ MDOWBWAHDW B UH H[DPI
PLQLPXP YDOXHV DUH HPSOR\HG
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PROHF

iz,

IL[HG OD\H
yLJ 6XUIDFH FRQVLVWLQJ RIXEH DBISH G FORERMWHEQRW WHP F
XQLWV DWRPV DQG KDVUGLBHQ¥LRQV RI ¢

' WRWD(QVRODWHG/LVRODWH
H (PLQ D(P PLQ \f[F (FPLQ VYI‘E

ZKHUHRBRQRWHY WKH WRWDO HQH UJSHRNVEWAHH WDR QDVEH® N QH
WKH PHWDR® WKH FRRUGLQDWLRQ:REBE HUKRI LIRDRIERWQHG HQHUJ\ |

DQGl. LV WKH ERQG QXPEHU ,Q HDRKHNVDKBIY I HEHHHOD BPDVFIXD® bW B

PLQLPXP YDOXHV FRUUHVSRQGLQJPSVOR\HEGP HRG LWWIB Q EW WUWQHI H7 k

PLIKW WDNH YDULRXV VSLQ VWD HW EWW ZHWKP®BR\ PLIQH PUXXP H(
VKRZV WKH ELQGLQJ HQHUJLHQ BRROBOGHURFE D QURFDYERDOF X(

ILWWHG E\ WKH SRWHQWLDO I’6@FMWHICROMRI WKRHE ERQG RWU G HU

Pa0a0nt

GiP
¥

6QDSVKRW IURP [ GLUHFWLRQ FWLR@DSVKRWG6IQRFVKBRBWUHURP ]

)LJ &OXVWHU FRQILIXUDWLRRFRIQ WRHWHHQ WOHDW R& 1L FUDXU W\ RI
LV DERYH WKH FHQWHU RI WKH RDORRQVOQWERWREH[SRUH\LW WFR
GHSRVLWLRQ VRPH FOXVWHUV DWHYSHOUMDH® @O GLVWDQFHV R
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ZKHUHGHQRWHYV WKH GLVWDQFH EHWZHHE DWHR W KHR FO\R IDUHG W \ ¢
SRWHQWLDO ORUVH UHSXOVLRQ DQG HWMBDHW HRW W MUK
HTXLOLEULXP ERQGHANQWWH SIROWEH QW LIy G BHHBGAK WKH UDWLR R

HITHFWLYH UHSXOVLYH DOGDIMEW DDAWWKH WRIRPGLQDWLRQ QXPI
DUH GHULYHG E\ XVLQJ WKHUF W ®R W KXYHWIRWDRHWHUYV DUH VKI

2J[UKECN XCRQT FGRQUKVKQ PGS PWKP MGST Y CEGIGN[ EDNKO®P PCP
7KH YHUWLFDOO\ DOLJQHG VLQJOH ZDOOHG FDUERQ QDQRWXEH
D FDSSHG VKRUW FDUERQ QDQRWXEKMRAWKD)LJI  FIQL WIKQNMWSD ¢
FDOFXODWHG V\VWHP RFRDWNVIMWRIGLPHQVLBQV RIDQ6 WKHLU
FRQILJIXUDWLRQ UHVHPEOHV WKH )&& ODWWLFH $WRPV LQ
FXW RIl GLVWDQFHV 7KH ILUVW OD\HU LV D IL[HG ODUHU ZKL
WHPSHUDWXUH FRQWUROOLQJ OD\HUV 7KHVH DHORE Y W\DV DIVDLLC
7KH V\VWHP KDV SHULRGLF ERXQGDU\ FRQGLWLRQWHLD MW FK
DOJRULWKP LV HPSOR\HG $VVXPYQS$RU DWDRQ VMWLM PHVEB®PHF
SK\WLFDO YDSRU GHSRVLWLRQ 39' RQWR D 9% 6:&0D MXIWRQFRII L
HDFK FOXVWHU ZLWK VPDOO HYDSRUDWLRQIHQHUWHO NIDFHKWLF
PHWDO FOXVWHU LV IXOO\ DQOQRIDDMGIDERYH. LBX/ PHO.W ID®IG SV F
VKRZQ LQ )LJ 7KH 9% 6:&17 LV DOVR POOMRQHG RMQW RI WWH
H[SUHVVHG E\ WKHVH ERQG RUGHU SRWHPGW UDOAX WK VK LEIX\M UWW
FOXVWHU LV YHU\ VPDOO DQG S\HKUHIWVHXR BIHL ¥V WOH B M OMKLIDY W KIPW

$X . .LWWHO

%QCVKPI PCPQVWDG YKVJ OGVCN
7KH GLPHQVLRQV Rl WKH FDOFXODWHG ¥\\DWIGPDDSMULRGLF ERXC
FRQGLWLRQ LV DSSOLHG LQ HDFK GLUHFWLRQ $VVWKRZQQLQ )L
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JL[HG OD\HU

THPSHUDWXUH
FRQWURO OD\HUV

7HPSHUDWXUH
FRQWURO OD\HUV
JL[HG OD\HU

)LJ ,VRODWHG VLQJOH ZDOOHG FDUERQ QDQRWXEH 7KH ERW
WZR OD\HUV ZRUN WR FRQWURO WKH WHPSHUDWXUH

OHQJWK ZLWK FKLUDOLW\ ERWK LWV HQGV DUHQIW[HREO DQC
LWV WHPSHUDWXUH %HIRUH FRDWLQJ WK IV DRDQHEIRGH G DIVR W X E H
YHORFLW\ VFDOLQJ WHFKQLTXHWEZRH PRWBPXDWN RFSWXAMMVHREY D V
WKLV H[SUHVVLRQ LV VXLWDEOH IRU DFWXDBQWLRILL® HRONN [
HYDSRUDWLRQ SURFHVV WKH DYHUDJH PHWDO SDUWLFOH VL]H
GLDPHWHU 7KLV PHWDO FOXVWHU LV DOVR. XXX DQQHDOHT
WHPSHUDWXUH LV FOHDUO\ KLJKHWU DWKOWH WEKKHA UO IR YD WALKQDI Q WM
WHPSHUDWXUH 7KH PHOWLQJ WHPSHUSDWYVHE EQ WHKHHV H XDRW
SDUDPHWHUV DUH DSSUR[LPDWRDNMYHU LQ WKLV SDSHU WKH

XQGHU VWXG\ DUH WRR VPDOO WR RHJRHELW RE OC K LSHYRIS IR QM HY
HYDSRUDWLRQ FRDWLQJ WKH IXOO\ D Q/QUALDEXHGH & HIWD OD FOURY
GLVWDQFHV ¢ DQG PDGH WR FROOLGH ZLWRWVKRRZ BIYDRBQ& UDPMJ
HQHUJ\ RI  PH9 RU PHO9

4GUWNVU CPF FKUEWUUKQP

28& QP 8# 59%06 UWTHCEG
7KH LQLWLDO FRQILIJXUDWLRQ Rl WKH PHWDO FOMMWHUWWDHRK DEF
FOXVWHU LV SODFHG MXVW DERYW KWRK®HO REZ UEIRQH QRQRM[ 3B H V RL
FROOLVLRQ PRGHOV ,Q RUGHU WRVHNRQ VWKRQ WQRXWXWY VG B |
GLVWDQFHV RI ¢ )LIJXUH VKRDWR OHIYHVXOWVRIUBBFH ,Q ERYV
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