Dark features in the solar corona and the underlying
magnetic field studied with Solar Orbiter

Von der Fakultat flr Elektrotechnik, Informationstechnik, Physik
der Technischen Universitat Carolo-Wilhelmina zu Braunschweig

zur Erlangung des Grades eines Doktors
der Naturwissenschaften (Dr. rer. nat.)

genehmigte Dissertation

von Jonathan David Nolke

aus Paderborn

1. Referent: Prof. Dr. Karl-Heinz GlaRmeier

2. Referent: Prof. Dr. Sami Solanki

eingereicht am: 30.04.2025
Disputation am: 17.07.2025

Druckjahr: 2026



Dissertation an der Technischen Universitdt Braunschweig,
Fakultat fiir Elektrotechnik, Informationstechnik, Physik



[J 0000000 D000 Doeo
0000 0000 00 Ooodoio0oot 0oooo o
BY 0000000 0hOO0oo0 Ommbomeo U breooto

00ioooo o OooOoooo



00000 boooon

000iooo [h00httooomooo 00 00o 0oon 0oooo 00 00 000oe0o 0oo U 0000ohomoeo oo
0000 00000000 O bO0 0000 4ooion 10000 0o Do Mofinonooo Dot ooboo
0001000 O 000Ioo Oooooooooon



00000000

000 00000 00oOoo bobao O bo0iooo 0o bob0ootoho Do00too00iooo 0o Di00IC00O0o boboooo
00J000i00 00 0O0 0oino0di0 Oiicooidioo ioDom 0000 1b0i0bo 0oooobon bOoo 1000w 0oooo0 iAo
0000 DioO00000 0o 000 bobo0o bo0od Do0i000 (000 000 000000000 [0000000 0000
00 0000000 00ibor tI00o 0000 boooo 000 00O 000 bobooooo 0o bidionboo 0o boooioooo
(00 DOO0IDO0 0o00mIo0o 0000 Doo bt 00 00000 fooo0obooo 0oo Diooo 0ooooor 0oo oot o
0000 000007 oo OO0 0600 0o000nitoon 000 00000 00001000 100 000000000000 bi00000 b0
00000000 000t0000t0D ib000I00 00 O 0000 0000 Doooooneo 0o ooioooo 4o noC0o bolooao
00I00 0O000000 [0 000 Do 000 1Oo0 006 0o booo 00100 bo0boo0ioo 0oo 0ooo fiooo
00 00000000 000 DoInIooooio boitooo 000 DOoebo 000 b0 000o0e0D 0000000000D
11000000 Do0o 00 fOo0o ooootooooo Oooooooal

000 00000 00001001 00 Domioob 000 DoiiDO0 Oiiofioito (00000 1000 00000t 00100 toomoo
00 0000000 Cio0oooUoinooD bOoooboomoDo 0o 000 bomo boobool 0ioooo0 boooroo 100010
00 DO00oICoIo0on: bOooo bOoDbooBnoLo 0ot b0O0ImOL0n 0o 0ooioCo000 M0b0ooono0o
000000000000 o0 000 0OI0oit0ome bO0 DOnoooinoo 100000 000 00100 tuoo
000 0 00bo00 000O000eho 0oobooo 00 boobool bOonoo boo 100 0hoooon bobiooboooo
01000000 bonon 00D 0000 0o booo booo 000ibo0Dibo 000 DbomOo0mD 0eoo 0b00mooomn
0000 000 000 D000 00000000 00000000000 InoOm

000 0000 00000 00800000 Do00 boobool iooitooo 10 0bo OO0 0000 000 00D 000 [boomooo
00 10000008000 DO0o00o 0oooo 0boio0me 0000 0000 0b0O 0 000 0oobooo 00 000000l bobooo
0000om0 0 00 OO 00000 beoboon boioo 0000 1b00mo0o [0 000 oot Ooioe b boO [ooooono
00000000 00 000 O000 00 0000000 000 00000 00 0000000 0oooooooo oo 0000 boo oo
00 00000000000 boo 00 000 00 [0000me00o 100 Dooio 00 100l bobo0oo 0Onooot beo
00000000 0O00oooooe booo 0oooeonior 000 bioboooo 000z 0oobon boooo oo Ohoinoooo
00000000 0 0O 00 bO0 08000000 Oe0bone biooIe bok 00 Do O0000mo 0000 0000
00000mCor 000 0o boobooo ito 0 0oo 1000 4o 0I0boo 000 D000 0Omoo00 000 0ooooo
00000000 bODOO0oC 0O00 00000 Co0iooo 0boooo Dot boobooo 0o 0oo0oot booooor oodoeo
0000000 o0 0 10000t 0000 000000b0000 Co0000mo 0ot 00 0000 booo 0e0000ibo 0 000
100100000 DOIoOn Oooboibooho 000 000000 00 Do000o 000 0000noInt O0Coomo 0o 0oo
0000 0000 0 Do0iooooo joboomoo o Doo0ooo 0bo booomo bo 0o oohl 0O OobO 0o o
00100000 OO Dobool bo0 00 bo0o0o00 00 000000 DO0000T boioono tinboitoool boooo bobioao
0000000 000 000000 000000000 (00000000 0000 000 000t oboobotoa 00 0000000 0oooo o
000000 0 00O00000o0o bo o000t Oe0booo boomoo 0o 00 bofooo boo Io0omo [Coomo
0000000 00000 00 0 0ooooboit Dooo0oboI0o0 00000000 00 00000000 0000000000 0I00i000 iood
000 [0 0000 0boit oo C00o0me bhoobooomoao

000 000000 0001000 bOD0U0000 b 01000000 o00 0 00000000 000io0an beobooo 0ot bolto
0000000000 OO 00000 bitootonoo booD 0IoBitotom fo0o000 00ONonow oo o0 hootiooao oo
00 00I00O 0 000 Dinboboo 0oo 0ot bbOomDoo Cioeooo oo bOn 000 biooe foboiboomon o




WKHLU PDJQHWLF DQG WKHUPDO FKDUDFWHULVWLFV 7KHP
UHPDLQ XQFOHDU GHVSLWH VHYHUDO SURSRVHG PRGHOV
DQDO\WLQJWKH YDULDWLRQRIERWK FRURQDO HPLVVLRQ DQ
DV DIXQFWLRQ RI UDGLDO GLVWDQFH IURP WKH FHQWUH F
REVHUYDWLRQV IURP 6RODU 2UELWHUIV (8, DQG 62 3+, LQVW
GDWD WR SUREH WKH FRURQDO SODVPD DFURVV D EURDGH L
WKDW ZKLOH HPLVVLRQ DW ORZHU FRURQDO WHPSHUDWXU
WKH GDUN KDOR WKHKRWWHU FRPSRQHQW DERYH 3 80. UHY
OHYHOV GHFUHDVH ZLWK GLVWDQFH IURP WKH $5 HYHQWXDC
XQGHUO\LQJPDJQHWLF £AHOG LV JHQHUDOO\ZHDNHU ZLWK|
EULJKW DUHDV &RPSDUHG ZLWK WKH 46 KRZHYHU WKH AH«
WR WKH $5 EXW GHFUHDVHVY WRZDUGV LWV RXWHU ERXQGI
PHDQ 1HDULWVRXWHUHGJH LWWDNHVRQYDOXHV W\SLFD(
AQGLQJV SRLQW WR WKH GDUN KDORIVUHGXFHG HPLVVLRQ
I[URP WKH GLPLQLVKLQJPDJQHWLF £AHOG WKDW OLNHO\ OL
GDUNKDOR ZLWK VWURQJHU PDJQHWLF £HOGV FORVHU WR W
WR DFWLQ DGGLWLRQ WR WKHUHGXFHG KHDWLQJ

7KLV WKHVLV RAHUV QHZ LQVLJKWYV LQWR WKH PDJQHWLF I
VWUXFWXUHV LQ WKH VRODU FRURQD XWLOLVLQJVQDSV
WKLY UHVHDUFK WR LQFOXGH WLPH VHULHVY REVHUYDWLR
WKHHYROXWLRQ DQG G\QDPLFV Rl WKHVH VWUXFWXUHYV
LQYHVWLIJDWLRQVDUHDOVRGLVEXVVHG SDYLQJWKH ZD\IR
DQG FRQWLQXHG H[SORUDWLRQ

H\ZRUBXQ SKRWRVSKHUHi6XQ FRURQDi6XQ PDJQHWLF A
6XQ VXQVSRWYV

YL



=XVDPPHQIDVVXQJ

'LHBRQQHQNRURQD ZHLVW HLQH )%OOH NRPSOH[HU 6W U
PLQGHUWH (PLVVLRQ LP %HUHLFK GHU H{WUHP XOWUD Y|
'D]X ]!KOHQ NRURQDOH /_ FKHU NRURQDOH 9HUGXQNHO}
+DORV LP 8PIHOG DNWLYHU5HJLRQHQ VRZLH &RURQDO 91
GLH (LJHQVFKDIW UHGX]LHUWHU (89 +HOOLJNHLW EHVL)
FKHQ %HGLQJXQJHQ GLHLKUHU (QWVWHKXQJ]XJUXQGH
QLFKW YROOVW!QGLJJHNO!UW ,Q GLHVHU SUEHLW ZHU(
(89 GXQNOHQ 6WUXNWXUHQ EHIDVVHQ ,P)RNXV VWHKH
BWUXNWXUHQ LQ GHU UXKLJHQ 6RQQH GLHDOV &RURQDO
VHLWV GXQNOH +DORV LP 8PIHOG DNWLYHU 5HJLRQHQ 9
EHVVHUHV 9HUVW!QGQLV I%U GLH :HFKVHOZLUNXQJHQ ]Z
DVVR]JLLHUWHQ SKRWRVSK!ULVFKHQ 0DJQHWIHOGHUQ ]X

'LHB6WXGLHQ YHUZHQGHQ KRFKDXC ,VHQGH %LOGHU G
YRP ((WUHPH 8OWUDYLROHW ,PDJHU (8, DQ %RUG YRQ
'DUVWHOOXQJYRQ)HLQVWUXNWXUHQHUP _JOLFKHQ (UJ!C
JHLWJOHLFKH ODJQHWRJUDPPH GLH YRP 3RODULPHWUL
HUIDVVW ZXUGHQ 'LHODJQHWRJUDPPH HUP_JOLFKHQ H
GHUNRURQDOHQ (PLVVLRQ XQG GHP GDUXQWHUOLHJHQG
GLH$QDO\WH GHU GXQNOHQ +DORV XP GLH DNWLYHQ 5HJ
$XIQDKPHQ KLQDXV HUJ!Q]JHQGH %HREDFKWXQJHQ GHV 6
KHUDQJH]RJHQ

'LHHUVWH 6WXGLH EHIDVVW VLFK PLW GXQNOHQ NRURQ
GLH]XYRU QRFK QLFKWLGHQWLA]JLHUW XQG XQWHUVXFKW
GHUGHU *U,{HQRUGQXQJ YRQ ZHERLOIM Q' 6 X &/H LRJRIDRIQXIDG ER L
GHQLQ GHQ (8, %LOGHUQ PLWWHOV HLQHU ,QWHQVLW!WV
UXKLJH 6RQQH (PLVVLRQLGHQWLA]LHUW XQG JHLJHQ HLG
89 LP9HUJOHLFK]XLKUHUB8PJHEXQJ 8P GLH8UVDFKHGHU
ZXUGHQ ]ZHL NRQNXUULHUHQGH +\SRWKHVHQ DXIJHVWH
LQWHUSUHWLHUW &RURQDO 9RLGV DOV OLQLDWXUDQDO]|
XQG VWDUN XQLSRODUHV 0DJQHWIHOG JHNHQQ]JHLFKQH'
DQ 30DVPD VRZLHHLQH JHULQJHUH (PLVVLRQ DXIZHLVH(¢
GDVV GLHJHULQJHUH +HOOLJNHLW GLHVHU 5HJLRQHQ D
]XU%FN]XI1%KUHQ LVW YHUXUVDFKW GXUFK HLQ ORNDO V
=XU ZEHUSU%IXQJEHLGHU +\SRWKHVHQ ZXUGHHLQ JHLWJC
,QVWUXPHQW DQDO\WLHUW XP GHQ ]XJUXQGH OLHJHQG#
'LH (UJHEQLVVH JHLIJHQ HLQH VLJQLANDQWH 5HGXNWLR
PLQGHVWHQV 98 LP9HUJOHLFK]X EHQDFKEDUWHQ %HUH

YLL



JHKOHQ VWDUNHU PDJQHWLVFKHU 1HW]ZHUNVWUXNWXUHQ
GDVV GLH YHUULQJHUWH PDJQHWLVFKH $XIKHL]XQJGHU .F
(UVFKHLQXQJVELOG GHU &RURQDO 9RLGV YHUDQWZRUWO
DOV HLQH ]XYRU XQHUNDQQWH .DWHJRULH (89 GXQNOHU 6
VLFK VRZRKO LQ LKUHU *U,{H DOV DXFK LQ LKUHU PDJQHW!I
NRURQDOHQ /., FKHUQ XQWHUVFKHLGHQ

'DV]ZHLWH )RUVFKXQJVSURMHNW ZLGPHW VLFK HLQHU ZH|
%HUHLFKHQ GHQ NRURQDOHQ GXQNOHQ +DORV GLH DNW
WXUHQ ZHLVHQ EHL 7HPSHUDWXUHQ YRQ ELV ]X 30. GHXWOL
ZRKO VLH JHOHJHQWOLFK PLW NRURQDOHQ / FKHUQ YHUZHTF
ZHVHQWOLFKLQ LKUHQ PDJQHWLVFKHQ XQG WKHUPLVFKHQ
GHQ (QWVWHKXQJVPHFKDQLVPHQ VLQG WURW]]DKOUHLFKH
DEVFKOLH{HQG JHNO!UW ,Q GLHVHU 6WXGLH ZLUG HLQ Q
VRZRKO GLHO9DULDWLRQ GHUNRURQDOHQ (PLVVLRQ DOV D
ODJQHWIHOGHV LQ $EK!QJLIJNHLW YRQ GHU UDGLDOHQ (QW
5HIJLRQ 12$$34:;5 XQWHUVXFKW ZHUGHQ +RFKDXC,VHQGH
62 3+, , QUWUXPHQWHDQ %RUG GHV 6RODU 2UELWHU ZXUGH
XP GDV NRURQDOH 30DVPD %EHU HLQ EUHLWHUHYV 7HPSHUDV
'LH (UJHEQLVVH ]JHLJHQ GDVV GLH (PLVVLRQ EHL QLHGULJ
JHVDPWHQ GXQNOHQ +DOR JOHLFKP!{LJ YHUULQJHUW EOHLE
REHUKDOE YRQ 3 80. HLQ NODUHV UDGLDOHV *HI!OOH DXIZF
]IXQHKPHQGHU (QWIHUQXQJ ]XU DNWLYHQ 5HJLRQ XQG Q!K
UXKLIJHQ 6RQQHDQ $XFKGDV SKRWRVSK!ULVFKHODJQHWIH¢
LQVIJHVDPW VFKZ!FKHU DOV LQ GHQ EHQDFKEDUWHQ KHOO'
GHUDNWLYHQB5HJLRQLVWHV]ZDUVW!UNHUDOVLQ GHU UXKL
5DQG GHV +DORV KLQ NRQWLQXLHUOLFKDE XQG XQWHUVFKU
GHUUXKLJHQ 6RQQH ,Q GLHVHQ !XiHUHQ %HUHLFKHQ HUUF
GHQHQ GHU &RURQDO 9RLGV YHUJOHLFKEDU VLQG 'LHVH (U.
YHUULQJHUWH (PLVVLRQ GHV GXQNOHQ +DORV LQVEHVRQC
GLHJHULQJHUH ODJQHWIHOGVW!UNH JXU%FN]XI%KUHQ LVW
$XIKHL]XQJ EHJUHQ]W ,Q GHQ 'DUN +DOR %HUHLFKHQ PL
Q!KHUDQ GHUDNWLYHQ5HJLRQ OLHJHQ G%UIWHQ ]XV!W]C
ZHLWHUH SK\WLNDOLVFKH OHFKDQLVPHQ HLQH 5RO0OH VSLH

"LHVH$UEHLWOLHIHUW QHXH (UNHQQWQLVVH%EHUGLHPT
FKHQ (LJHQVFKDIWHQ YRQ (89 GXQNOHQ BWUXNWXUHQ LQ
KRFKDXIJHO VWHQ ORPHQWDXIQDKPHQ =XN%QIWLJH 8QW|
YRQ =HLWUHLKHQGDWHQ N, QQWHQ HLQH GHWDLOOLHUWH
"\QDPLN GLHVHU 6WUXNWXUHQ HUP _JOLFKHQ $XV GLHVHP *U
HUVWH $QV!W]H 1% U VROFKH ZHLWHUI%KUHQGH 6WXGLHQ Y
YHUWLHIWHV 9HUVW!QGQLV GLHVHU 3K!QRPHQH XQG ]XN%Q
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SODWPKHWURXIJKRXW WKHVRODU DWPRV&KHUH
7KHVRODU FRURQD REVHUYHG DW 3 84(.
62 3+,/26 PDIJQHWRJUDP WDNHQ RQ 4243 )HE
7THPSHUDWXUHDQG GHQVLW\WKURXJKRXW W
7KHVRODUFRURQD REVHUYHG DW 2 : 36
,OOXVWUDWLRQ RIWKHWUDQVYHUVDZXODQG

2YHUYLHZ RI6RODU 2UELWHU REVHUYT®BWLR Q
&RQQHFWLYLW\RI FRURQDO YRLGVY WEBWKH F

Bs. LQFRURQDO YRLGYV 5:

/RFDWLRQV RI VWURQJ £AHOG UHJLRQ5/;
5DRVIRR DUHDV RI YRLGV WR 46 62
+LVWRJIBPPLVLAIFRURQDO YRLGV DQG LEEWKH -
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33
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'LVWULEXWLRQRIUHODWLYHC CX[LPE®/ODQF
ODIJQHWLF AHOG OLQHV WUDFHG XVLJD SR

2YHUYLHZ R1 4243 1RYHPEHU 7 REVHUYBW LR
(PLVVLRQ IURP GLAHUHQW 6'2 $,$ SDV¥.EDQG
5HODWLY f PIHOVQHGY LW\ LQVLGH ULQJ¥:DURX
2SHQ £AHOGV RULJLQDWLQJIURP &+ DBMDFH

75HODWLY¥YHPHIOVHQVLWADV D IXQFWLRQ RI GL

8
9

5HODWLYHPHDQLQWHQVLWLHVLQVLBS LQG
(QKDQFHG LPDJHV RILPDJHV RI6'2 $,8SDVVE
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5HODWLYHHPLVVLRQLQ FRURQDO YR14G DW GL

"LAHUHQW LQWHQVLW\ WKUHVKROGV L7GHQWLI
9DULDWLRQV ZLWK LQWHQVLW\WKUHVY&KROG LQ
&HQWUH RI WKH $5 GHWHUPLQHG ZLWK®G LAHUH
6'2 $,$393t REVHUYDWLRQ RI1423:$SULO 44

7hB,26i LQVLGH FRQFHQWULF ULQJV DURXQG WKH §
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33 &KURPRVSKHULFDQG FRURQDO HQHU3BORV)
4 3 3URSHUWLHV RIPDMRU FRURQDO YRL®BN DQG

5 30DIQHWLF AHOGDQG FRURQDO HPLVVLRB® LQ L
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2 ,(OQWURGXFWLRQ

7KH 6XQ KDV IDVFLQDWHG PDQNLQG IRUPLOOHQQ
VXVWDLQV OLIHRQ (DUWK 7KHB6XQIVLQCXHQFH FI
(YHQWV OLNH FRURQDO PDVV HMHFWLRQV RU CDU'
RQ XV :KLOHWKH\FDQ FUHDWH VWXQQLQJDXURU!
WR VDWHOOLWH FRPPXQLFDWLRQDQG LQIUDVWU X
6XQ IXUWKHU RAHUV D XQLTXH RSSRUWXQLW\IRU G|
VWDUV LW FDQEHVWXGLHG ZLWK KLJK VSDWLDO Ul
VWUXFWXUHVDQGXQFRYHULQVLJKWY WKDW FDQ EH
YRUWKHVHUHDVRQV WKH6XQLVWKHPRVW LPSRU\

2 27KH 6XQ

2 2 ZKHVRODUPDJIJQHWLF AHOG

7KH PDJQHWLF £HOG SOD\V D IXQGDPHQWDO UROH L
H[WHQGV IURP WKH ERWWRP RI WKHFRQYHFWLRQ JR(
6XQVSRWV KDG EHHQ VHHQ RQ WKH 6XQ HYHQ PRUH "
DVWURGWRMBKHQVRE,;;: LAKHLW PDIJQHWLF QDWXUH
RQO\GLVFRYHUHB@MR2 3;2: E\

7KH ODUJH VFDOH VRODU PDJQHWLF £AHOG KDV L
YHFWLRQ JRQH ZKHUH WKHHQHUJ\WUDQVSRUW FK]|
$VFKZDQTA6@KURXJIK GLAHUHQWLDO URWDWLRQ DG
AHOGLVFUHDWHG DQG PDLQWDLQHG WKLV SURFH
DPRUH GHWDLOHG GH YV F U& IS BV RROQEHHIDEKBERID W @ NHL .
HW BP287KH JOREDO PDJQHWLF £AHOG XQGHUJRHV
UHDFKHV LWV RULJLQDO FRQAJXUDWLRQ DJDLQ D
EHJLQQLQJRIHDFKF\FOH VRODUPLQLPXP WKHPDJ

3



3 ,QWURGXFWLRQ

JLIXURBDRVNIKRZDV D IXQFWLRQ RI KHLIKWDERYHOWKH SKRW
42235HSURGXFHG ZLWK SHUPLVVLRQ IURP 6SULQJHU 1DWXL

FRPSRQHQW YLVLEOHDV XQLSRODU £AHOGV DW WKH S|
LQWKHFRQYHFWLRQ ]JRQH WKLY AHOG EHFRPHV LQF
DFWLYLW\ ODJQHWLF CX[WXEHV ZLWK VXEFLHQW E>»
DV ELSORHV LQ WKH SKRWRVSKHUH WKH OD\HU ZKH
WUDQVSDUHQW DW YLVLEOH ZDYHOHQJWKYV 7KHVH EL
VRODUPD[LPXP $WWKHHQG RIWKHF\FOHWKH AHOG L
W LV SUHVXPHG WKDW WKH 6XQ DOVR SRWWHRW\DHV D
6]DNB®;03 ZKLFK LV GULYHQ E\FRQYHFWLYHPRWLRQV I
RI WKH VRODU F5FA®B HOH#2MBRU PRUH GHWDLOV

7KH PDJQHWLF £AHOGV WKDW HPHUJHLQ WKH SKRWR)
ORVW PDJQHWLF HOHPHQWY DUH FRQFHQWUDWHG LQ
RQO\FRYHUDERXW 7 RIWKHVRODU VXUIDFH 7KH VWU
XPEUDRIVXQVSRWYV 7i8H3HND ULHY W QSAEDRXB L OH £ HO GV
DV VWUSRG KXDYH DOVR EHH@DWWROWEQEW24QEQ HW
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3 37KH 6XQ

7KH SHQXPEUD VWLO @KDNERODMSHER GRWKRDUH KLJ
KRULIRQWDOO\LQFOLQHG 7KHVPDOOHVW PDJQHWL
LV DV ®ORID'DYV] $QXVKD4RED O

7R FKDUDFWHULVH WKH GRPLQDQW IRUFHLQ DQ D\
:LHJHOPDQQ 4XI8MXKDREK LV GHAQHGDV WKHUDWLR
SUHVIVXQE WKH PDJQHMW4F SUHVVXUH

_ p _ nkgT
pmag B2/2 0,

ZLWK WKH SDUWLF @ HDKHP B IR O & HRODNEL. QNFKRHQ R/ D\IGDGHWY
AHOGWKH WHPBHDQ®/ WHH SHUPHDELOLW\LQ YDFXX

3ODVPMULHY VLIQLAFDQWO\ WK U R XSNKAROXAD V& H Q
4226 DOVR VHE JQIWKH SKRWRVISKBIGK ODVPD SUH\
LV GRPLQDQW :LWKLQ D CKD @ ORH DIORAHYHWH G X F
YDOX®2V Rt 6RODQNA2RBMROWKDW LQ VXFK UHJLRQ)\
SUHVVXUH JRYHUQV WKH SURFHVVHV 7KHPRVW SUR
RIVXQVSRWV ZKHUH FRQYHFWLRQLVLQKLELWHG O
1000 1900. 6RODBA¥DQG FRQVHTXHQWO\WKHLU GDUN

7RZDUGV WKH F K WRIFPFLRRWHWHO DWLYHO\ FRQVWE
PDJQHWLF £#HOGDQG WKH SODVPD SUHVVXUH GHFUH
AHOG UHDFKHV LWV PD[LPXP H[SDQVLR QPE®®QA J
FKURPRVSKHUH $ERXHIFWKDWKNM®RZO\EHFDXVH
UHFRQQHFW WR WKH S KRVWHRNSS/KGWRIS S KQ @ H IVKLHG O \
WLPH WKH PDJQHWLF £HOG VWUHQJWK FDQ QR OR
PD[LPXP £00LQJ DQG WKH EDODQFH EHWZHHQ SC
VKLIWHG WRZDUGV D PDJQHWLF SUHVWVXUM ORBIXPID W
SHUVLVWYV WKURXJKRXW WKH W UD Q \tk WILIRR@QGJKIH L RKQ
FRQGXFWLYLW\GLUHFWYV SODVPD CRZV PRVWO\ LQ
AHOG OLQHV IURJHQ LQ FRQGLWLRQ ZKLOH SOD
VWURQJO\LQKLELWHG :L 8 IHIOHP R QW HAZBRUURIDX D O O\
LQFUHDVHV DJDLQ WR DERYNRQRWUDGSELFLQG\LEB)
WR D SODVPD GULYHQ UHJLPH 7KLV LV IRUH[DPSC
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3 ,QWURGXFWLRQ

VWUHDPHUYVY ZKHUH SODVPD LV YLVLEOHDV LWV OHDN

2 2 3LAHUHQW UHJLRQV RQ WKH 6XQ

7TKHVRODU FRURQD LVE\FRQYHQWLRQ VXEGLYLGHG
PDIJQHWLF WRSRORJ\DQG FRURQDO DSSHDUDQFH DF
&+V DQG WKHTXLHWG6XQ 46 7KLV VHFWLRQ GHVFL
WKHVRODU DWPRVSKHUH

2 2 3®FWLYHUHJLRQV

$5V DUH ELSRODU UHJLRQV RUPRUHFRPSOH[ VWU X
XSWRO[LQLQGLYLEXWRMABBRODQN4L22W MDA JH
$5V RIWHQ FRQWDLQ VXQVSRWV ZKHUH WKH VWURQJ
DUH ORFDWHG ZKLOH VPDOOHU RQHV KDYH SRUHV
HSKHPHUD® W DJROQWW\SLFDOO\ORZHUDQG RQ VPDC
WKH\GR QRW VKRZUHGXFHG FRQWLQXXPHPLVVLRQ OL
OLIHWLPHV RI $5VUDQJHIURP GD\VWR VHYHUDO PRQ
WR WKHLU WRWDO PDJQHWLF CX[ $5V A EUV3W HPHUJH
ZKHQ D QHZ VROD U PWRBZHIHWQWKH F\FOH SURJUHV)\
IRUPDWLRQ ORFDWLRQV PLJUDWH VWHDGBQUMUWR ZD U
3:;6 HYHQWXDOO\UHDFKIL G WBRW HWEERH WKIH F\FOH 7K
F\FOHFDQEHGHAQHG YLDWKHVXQVSRW QXPEHU 7]
DFWLYLW\PD[LPXP ZKLOH GXULQJVRODUDFWLYLW
FRPSOHWHO\ :KHQ $5V GHFD\PRVW RI LWV PDJQHWLF C
EHWZHHQ WKH WZR RSSRVLWH PDJQHWLF SRODULWL
WUDQVSRUWHG WRZDUGV WKH SROHV ZKHUH LW FRQW
RIWKH QH[W VRODU F\FOH

,QWKHFRURQD $5VKDYHDPDLQO\F@RVKBEIRDGO® W
422&LWK VWLOO YHU\VWURQJPDJQHWLF CX[GHQVLYV
H[FHHG BRD'D QN2 ®/7K® FRURQD DERYH $5V UHDFKH\
EHWZHH®BO®D. DQG $5V DUH WKH REMHFWYV ZLWK WKH VW UF
HPLVVLRQ 7KH FRPSOH[LW\DQG G\QDPLFV RI WKHLU V
PDJQHWLF £AHOGV IXUWKHU PDNH $5V WKH PDLQ VRXU
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3 37KH6XQ

JLIXUH7XH VRODU FRURQD REVHUYHG DW 3 80. LQ WKH 6'2
0D\4DW 34 2287& 7KH SRODU &+VDQGDQHTXDWRULDO
UHGXFHG HPLVVLRQ

HMHFWLRGBWKRBRBW

2 2 38RURQDO KROHV

&+V.DOGPRBLH&®, 79DUH VRODU FRURQDO UHJLRQV WK
DQGLQ XOWUDYLROHW 838 REWWHKWDWUR QW VWHGH Q.
DORZHU WHPSHUDWXUH RIDURXQG 2 :0.0WEDR WK
'LWKESRBKRUDQRHMH2Z, )XUWKHUPRUH WKH\DUH VW
PDIQHWLF AHOGVDQG DUH WKHRULJLQ RI WKH IDV
SDUWLFOH HPDQDWLQJ IURP WKH 6XQ DW W\A\SLFDC
UDQJH RI 722 W R UD2ONRHA

,Q VRODU HFOLSVHV &+V KDG EHHQ VHHQ DV UH.
VKDSHRIWKHVWUHDPHUV GHQVHUDGLDOO\HORC
FORVHGSYRREIVOTAHKCHUH DOUHDG\GHVFULEHG WR
RI'DPDIJIQHW HPDQDWLG@GHURRWIDKWSREBHNU PDGH L
TXDQWLWDWLYHDQDO\WVLV RI &+VLQFRURQRJUDSK
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3 ,QWURGXFWLRQ

LQWKH3;82LHV &+V ZHUHDOVR GLVFRYHUHG DV GDU
GLVF

'XULQJPLQLPD RIVRODU DFWLYLW\ ODUJH &+V DUH
WKH 33 \HDU VRODU F\FOH WKH\FKDQJH $IWHU PLQL
FRPSOHWHO\JRQHDW VRODU PD[LPXP 7RZDUGV WKH (
DJDLQ $WWLPHVRIQRQ PLQLPD &+VDOVRDSSHDUDYV
RUHTXDWRULDO &+VDUHVPDOOHULQVL]IHDQGFDQ VR
SRODU &+V 7KH\KDYH IXUWKHU RIWHQ EHHQ REVHU"
$5V

:KLOH &+V FDQ EH GLVWLQJXLVKHGIURP 46 DQG $5 LC
VSKHUH WKH\DUH KDUGHU WR EH GLVWLQJXLVKHG DV
LQ &+V FRPSDUHYV ZHO O:WHRIW R P W/ QRQ WAERRIBAR) ALY H U
ZKLOH WKH SKRWRVSKHULFPDJQHWLF AHOG LQ WKH 4
LQJAHOGV RI &+VRQWKHRWKHU KDQG DUHFOHDUO
$OWVFKX®HYW HW DO

$VDFRQVHTXHQFH PDJQHWLF £HOGV GR QRW FORYV
AHOG OLQHV DUH ORFDOO\RSHQ :LWKLQFUHDVLQ.
KRULJIRQWDOO\ FRQWULEXWLQJ WR D ORZHU SODVF
SODVPDLVWUDSSHG LQVLGH FORVHG ORRSV LQ WKH 4
DFRQGXLW WR UHOHDVH HQHUJ\ *DV LV DFFHOHUDYV
OLQHV WR HVFDSH WKH JUDYLWDWLRQDO IRUFHV RI Wk
FRQWULEXWH WR FRURQDO KHDWLQJ UHVXOWLQJLQTE
WR WKDW RI WKH 46 YLVLEOH DW DOO FRURQDO WHPSH

2 2 3MAXLHW 6XQ

7TKHDUHDV RXWVLGHRI &+V DQG RXWVLGHRIVXQVSH
CX[FRQFHQWUDWLRQV SRUHVDQG SODJHV DUH FDO(
WKH 46 GRPLQDWHYV WKH VRODU WRSRORJ\
,QFRQWLQXXP LPDJHV RI WKH 46 WKH W\SLFDO JUD
VHH o HOORW 5XELR 22R]FERBRMMKH FRQYHFWLRQ JR(
RI' KRWJDV PRYH XSZDUGV UHDFKLQJWKH SKRWRVSKH
JUDQXOHY 7KHPDWHULDO FRROV GRZQ DQG VXEPH
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3 37KH 6XQ

JUDQXODU FHOOV LQWKHLQWHUJUDQXODU ODQH\
VRODU VXUIDFH LQFOXGLQJLQ $5V ,QWKH 46 DQG |
340PLQVLIHDQG KDYHI2IRH@YXWHYV RI 7

7KH ODUJHVW FRQYHFWLYH SDWWHUQ IRXQG LQ"
JUDQXOHV DUHDERXWS520PLQ GLDPR\GBWDQFERKD Y H
5LHXWR3JGLORJDXVV PDJQHWLF £#HOG FRQFHQWUD\
WKH VXSHUJUDQXODU FHOOV OLNH D ZHE 7KH QH\
AHOGPDS RIWKH SKRW BWKKHILUGHV MHHR KWL R1 WKH \
FHOOV ZHUHIHUWRDV WKHLQWHUQHWZRUNDQG |
PHQWY ODJQHWLFHOHPHQWVLQVLGHWKHLQWHUQ!
RI WKH VXSHUJUDQXODU FHOO 'XH WR WKHLU VKF
H J+LU]JEHUJBUY;, HR\ QDO VRPH UHDFK WKH QHWZRUN
WKH QHWZRUN LV VXVWDLQHG E\ WKH DFFXPXODW
HOHPHQWY DQG WKH GLVSHW®R¥DE RVEBX KR HHQMOL §
QHWZRUNFR@WDIXIV[ *R#UE3ZKLFK FRPSDUHV WR \
CX[PHDVXUHG LQ $5V GXULQJ6M0R QMBGOP B }-ILFDH W HDHOD|
423R30 10 O EBWFKULMYHU3;+® UYH\

6LQFHWKHPDJQHWLF £ZAHOGRIWKH 46 FDULHV VXF!
LWKDVDVXEVWDQWLDO FRQWULEXWLRQ WR FRURQ
RILWV UDGLDWLRQ DW 0 W3HOP S% M Y2 MGHMFUIRDUGRIHDROI
VHHD YDULHW\RIVPDOO VFDOH G\QDPLFV DQG KHD\
QDQRCPVMAKZDQZA6Q@KH 46 FRURQD IXUWKHU FRQWDL
WKHVSDWLDO VWUXFWXULQJRIWKHVHSKHQRPHQI
VHH HRUPDQ HMBO

2 2 ZBRURQDO KHDWLQJ

$WWHPSWV WR HVWLPDWH WKHWHPSHUDWXUH RI \
VHUYDWLRQV EHJDQ DURXQG WKH WXUQ RI WKH 42
VXJIJHVWHG WKDW WKH VRODU FRURQD ZDV PXFK KR
SKRWRVSKHUH 8 222. *$WRXQIEAN QIGEORIPKS. G H Q

WLAHG FRURQDO HPLVVLRQ OLQHV DV IRUELGGHQ
RI)HLDQGWBFLHY LQFOXGLQJ WKBWUIBRERIOIZKH RL
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3 ,QWURGXFWLRQ

J)LIXUH62 8+, /26 PDIJQHWRJUDP WDNHQ RQ 4243 )HEUXDU\ 45
WKHPDIQHWLF QHWZRUN VXUURXQGLQJ WKH VXSHUJUDQ X

LRQL]DWLRQ VWDWHVY RI WKHVH LRQV LQGLFDWHG D
WKDW RI WKH SKRWRVSKHU H 08 YR,® TR Q/KOIXETHGH IWRI
DVL[ SRLQW DUJXPHQWDWLRQ WKD3WWHKH FRRURE B P
4236$W AUVW JODQFH WKH FKDQJH IURP D FRROHU W
WR YLRODWH WKH VHFRQG ODZ RI WKHUPRG\QDPLFV
WHPSHUDWXUH DFWXDOO\PHDQV WKDW FRURQD FDQQ
DQG WKDWDOWHUQDWLYH KHDWLQ J$NVHFKED@ERHY P XV
8QGHUVWDQGLQJWKHKHDWLQJPHFKDQLVPV RI WKH \
KFRURQDO KHDWLQJ SUREOHPI $VFKHPDWLF RI WKH W
WKH VRODUDWPRVSKHUB BDQ EH IRXQG LQ )LJ

2 2 4(MHUJHWLFV LQ WKH FRURQD

, Q WKH<® RZUHJLPH RI WKH FRURQD LQGLYLGXDO VWU
CX[WXEHVY UHPDLQ WKHUPDOO\UHODWLYHO\LVROI
FRQGXFWLRQ LY KLQGHUHG WUDQVYHUVH WR WKH P
SRVVLEOHDORQJWKHPDIQHWLF AHOGGLUHFWLRQ 71
ZLWKLQ D VWUXFWXUH ZKLOHDW WKHVDPHWLPH KXJF
EHWZHHQ QHLIJKERXULQJ VWUXFWXUHYV 7KH KHDWLC



3 37KH 6XQ

JLIXUH/HBSHUDWXUHDQG GHQVLW\WKURXJKRXW WKH VR(
ODIJQHWRK\GURG\QDPLFV R WHHHBHKER DBPERBGUH\BWLYH
3UHVV 4236 5HSURGXFHG ZLWK SHUPLVVLRQ RI 7KH /LFH(

GLVWLQFW IRUGLAHUHQW VWUXFWXUHV DQG UHJLF

7TKHKHDWHQUQUWWH FRURQD LVEDODQFHG E\WKHC
UDGLDWIE¥Y¥HWRNVPNO FERQ G RBWILRWQVHY WREW.KH VRO

Eny Er Ec Ewing =0: 3 4

'KHQ RQO\ FRQVLGHULQJUDGLDWLYH ORVVHV ZKI
IRUFORVHG ORRSV UHJLRQV WKHUDGLDWLYH OR\

DFURVV WKH WHP S®5 BW X ZK UBDKQERIYRHUV PRV W RI
FRURQYF K ZD @Z26Q

Er=n2(T) 10 %?n2 HUJEPY; 35

ZLWK WK HGGIHMIGMHMIWKH ORRS DQG WKH T)DGKDWLY
FRUUHODWLRQIXUWKHUFDUULHVDQLPSRUWDQW Sk
WKLQ (89 HPLVVLRQ VFDOHYV ZLWK WKH VTXDUH RI V
KHDWLQJ UDWH LWV WE&HGREHQGNHB P89 CX[ LV GLUH|
WR WKHKHDWLQJUDWH



3 ,QWURGXFWLRQ

"KHQ DGGLWLRQDOO\ FRQW:GH UELQ JZWW K WPKDHOKAHRDV
CX¥Hc GHVFULELQJWKHHQHUJ\WUDQVSRUWDORQJD A
FDQEHGHULYHG +HUHZHDVVXPHDVSHFLDO FDVH X
RI'WKHVFDOLQJODZV GHYHORSHG E\ 5RYQHWU H WFING®
3;9:!IRUORRS KHDWLQJ ,QVHUWLQJWKHLGHDO JDV O

pP=2neks T; 3 6

ZKHWMHY WKH SHHWKNUWHOHFWURQ QX RVEKHHU YGRHEW LPD\Q ¢
FRQVWDQWKB @EHPSHUDWXUH \LHOGV WKH GHSHQGH
WKH GHQV LW\

Ey / nl4: 37

‘HQRZDOVR ZDQW WR FRQVLGHU WKH G RRHQIGH Q F
KHDWLQJ UDWH 7KHWHPSHUDWXUH PD[LPXP RI D OFR
ZKHQ WKH SUHVVXUH JUDGLHQW IRUFHDQG WKH JUD
DW LWV DSH[ :KLOH PRVW RI WKH HQHUJ\ ORVV LQ D
Er WKH HOHF WL RD GRHZHMWDW WKH DSH[ ZB¢HUH FRQ
GRPLQDWH 7KHUHIRUH WKHKHDWLQJ UDVERD@HWKH D
HW D,0:

0T7/2'
Lz
ZLWK WKH 6SLW]HU WKHUPD @ PR® G BF8Z HYAE O € FRKIEW
WKHWHPSHUDWXUH ZHDNO\VFBYHV ZLWK WKH KHD W

Eny Ec=r F¢= 38

"LAHUHQW UHJLRQVRQ WKH6XQ UHTXLUH GLAHUHQ
$FFRUGLIQUKRERIRH 3;ROVKH 46 UHT R LICHVUZILRRK

522:F WKH OHDVW DPRXQW RI HQHUJ\ )RU $5V WK
100 HUJFER! 32 2222P DQG LQ &+V 10WHWJ ER/?

922:F $OVR WKH GRPLQDQW ORVV WHUP GLAHUV
AHOGUHJIJLRQV :KLOHWKHGRPLQDQW ORVVHV LQ WKH
LQ &+VPRVWRIWKHHQHUJ\LV ORVW WR D3F BRIWHUD W
PRUH GHWDLOV
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3 37KH 6XQ

3DUDPHWHU 4XLHW 6XQ &RURQDO KR
7UDQVLWLRQ OD\HWSUHWY 3PFH GYQFFB 4
&RURQDO WHPSHB®@WXUH 3.i308F U 32 4 7 32
&RURQDO HQHUJ\ORVVHV

&RQGXFWLRQ CX][) 4 32 8 3% 3%2i32
5DGLDWLYHCX][) 32 3% 7 3%
6RODU ZLQG CX][) .7 3% 9 3% < 32
7RWDO FRURQR ORVV) 5 32 : 32 32
&KURPRVSKHULFUDGLDWLYH ORVVHV
/IRZFKURPRVSKHUH 3% 4 3% & 32
OLGGOHFKURPRVSKHUH 32 4 3P 3?2
8SSHU FKURPRVSKHUH 32 5 52 4 39

7RWDO FKURPRVSKHULF OR®V 6 32 64 3%
6RODU ZLQG PDVWORVYV. AFB2Y 4 32 <6 32U

7DEOH&KPRPRVSKHULF DQG FRURQDOVHQ BHIGD SVRWVE HIYR
:LWKEURH ZI,ROHMLWK SHUPLVVLRQIURP $QQXDO 5HYLHZV

2 2 48HDWLQJPRGHOV

&RURQDO KHDWLQJPRGHOV DUH W\SLFDOO\ FDWH
DOWHUQDWLQJFXUUHQW $& W\SHV GHSHQGLQJRQ
LQ WKH SKR&RYGRHUH: L Q4PBBYEFKED @T2A6QDIQHWLF
GLVWXUEDQFHV WUDYHO XSZDUGV LQWR WKH FRUR

VSHHG RI
B

VA:pT; 39

ZKHRJHHSUHVHQWY WKH PDJQW KMH B @MHCR®D VOAHWMHKE IWV K
YDFXXP SHUPHDELOLW\ 7KHWLPHLW WDNHV IRU W
WKHIXOO OHQJWK RIDFRURQDO ORRS / LVUHIHUU

WLVWKHFULWLFDOWLPHVFDOHWKDWVHWY WKH FR
GULY¥YHUWKHORRS FDQ UHDFWLQ D TXDVL VWDWLF
RFFXUULQJLQ WKH SKRWRVSKHUH 7KHFRURQDO F
RQHV '&« PRGHOV 7KHORRSFDQ KRZHYHU QRWD
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3 ,QWURGXFWLRQ

OHDGLQJWRDOWHUQDWLQJFXUUHQWY $& PRGHOV
ERWKWUDQVSRUWHG LQWR WKHFRURQD DQG WKHUH

,Q'& KHDWLQJUDQGRPPRWLRQVRIWKHSKRWRVSKH
WKH FRURQDO PDJQHWLF AHOG XQWLO LW EHFRPHV L
FDUU\LQJ 7KLV VWUHVV DW WKHERXQGDULHV EHW.
WR WKH IRUPDWLRQ RD B RHUBH B8V M KHKHWRK JK PDJQH W
UHFRQQHFWLRQ WKH PDJQHWLF £AHOG UHOD[HV DQG V
UHOHBNUKBH:UHVWLPDWH D W\SLFBQ®QHILIIS HY 6 M B QM
i QLQHRUGHUV RI PDJQLWXGH VPDOOHU WKDQ ODUJt
PRGHOLVDOVRNQRZQDV WKHQDQRGCDUHPRGHO 2W]
E\H[WHQGLQJRUUHAQLQJLW $ QRWDEOH H[D@SOH L
%DOOH3BRMBIZMHPK SURSRVHV WKDW ZLWKLQ WKH IRU
PDJQHWLF HQHUJ\LV WUDQVIHUUHG IURP ODUJH WR Vi
LV UHOHDVHG

ORUH UHFHQWO\ REVHUYDWLRQV |6R®© DKM 6K D
42322 3YHYHDOHG SUHYLRXVO\XQUHVROYHG VPDOO
HPEHGGHG ZLWKLQ ODUJHU BDU B YWIRRBVERME D XGRH V
WKDW SKRWRVSKHULF CX[FDQFHOODWLRQ LV D PRUI
PDJQHWLF UHFRQQHFWLRQ WKDQ SUHYLRXVO\EHOLH"
WKH QHHG IRU P D JQ&KN MANEW BIVSR®O G HVWDEOLVKH
EHWZHHQ CX[ FDQFHOODWLRQHYHQWVY DQG FKURPRV.
FRXOGEHLQVWUXPHQWDOLQWUDQVSRUWLQJPDWHU]
DQG FRURQD

$& KHDWLQJ GHVFULEHYV WKH ZDYH GULYHQ HQHU
(DUO\ PRGHOV IRFXVHG RQ DFRXVWLF ZDYHV WR H[S
6FKZDU]S Foko% DISU BD® Q+RZH Y HU U HAWAHKDD F K KBLASV: H
3:9:GHPRQVWUDWHG WKDW WKHVH ZDY RV RRO\ FDU U
GHUV RIPDJQLWXGH VPDOOHU WKDQ ZKDW LV UHTXLL
QHFHVVDU\WR FRQVLGHU RWKHU ZDYHV DV D SRWHQ
WR WKH ORZUHIRPPR Q WKH FRURQD PDJQHWRK\GURG!
EHFDPH D NH\ IRFXV

7TKHUH DUH WKUHH IXQGDPHQWDO 0+'ZDYH PRGHYV
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3 37KH 6XQ

ZDYHV VORZPDJQHWRDFRXVWLF ZDYHV DQG $01)\
PRGHV FDQ EHLE3EQKRKQ 030D7HQ MRAVH WKUHH |
RQO\$0I1Y«Q ZDYHV DUH FDSDEOH RI HAHFWLYHO\ GH
VORZ0+'ZDYHV H[SHULHQFH VWURQJ GDPSLQJLQ W
+ROOZHIIDVWO0+' ZDYHV WHQG WR UHCHFW DW WKH V
WUDQVLWLRQ UHJLRQ (YHQ ZKHQ WKH\UHDFK WKH |
YLDEOH VRXUFHRI KHDWLQJ GXHWR WKHLU SRRU GL
WKH RWKHU KDQG SURSDJDWHHEFLHQWO\DORQJF
DQG FDQ GLVVLSDWH WKHLU HQHUJ\ WKHUH 7KLV
SULPDU\PHFKDQLVPV UHVRQDQW DEVRUSWLRQ DQ

3KDVH PL[LQJRFFXUV EHFDXVH WKHVSHHG RI $01
ERXULQJPDJQHWLF £AHOG OLQHY SDUWO\GXH WR G
EXW PDLQO\EHFDXVH RI YDULDWLRQV LQ SODVPD
JUDGXDOO\ORVH V\QFKURQLVDWLRQ FUHDWLQJV
WLRQVWKHQ FRQYHUW ZDYHHQHUJ\LQWR WKHUPDO
YLVFRXV GDPSLQJ 5HVRQDQW DEVRUSWLRQ RFFXU
ZDYHPDWFKHY WKH ORFDO SODVPDIVFRQWLQXXP IU
DWWKHUHVRQDQW OD\HU 7KHVH DPSOLZAHG RVFL
PDJQHWLF £HOG JUDGLHQWY DOVR OHDGLQJWR H
DQG YLVFRXV GDPSLQJ

2XU FXUUHQW XQGHUVWDQGLQJRI FRURQDO KHDV
DQLVP LV VROHO\UHVSRQVLEOH EXW PXOWLSOH L
7KH GRPLQDQW SURFHVV OLNHO\YDULHV DFURVV G
ORFDO PDJQHWLF £AHOG FRQAJXUDWLRQV DQG SOD

2 2 RRURQDO GDUN KDORV DQG RWKHU (8¢
YLFLQLW\RI $5V

$5V DSSHDU VLIQLAFDQWO\EULJKWHU WKDQ WKH U
SHUDWXUHV +RZHYHU VWUXFWXUHV QHDU $5V FDQ
QRWRQO\GDUNHU WKDQ WKH $5V EXWDOVR WKDQ W
RULIJILQDQGDUHYLVLEOHDV GDUN VWUXFWXUHYV D
KLIKOLJKWYVY VHYHUDO RI WKHP
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3 ,QWURGXFWLRQ

JLIXUH7XHd VRODU FRURQD REVHUYHGDW 2 :0.LQWKH6'2 $,
1RYHPEHU 7 DW 45 52 87& 7KH $5V DUH VXUURXQGHG E\ FR
HIWHQGHG UHJLRQV WKDW H[KLELW UHGXFHG HPLVVLRQ DW

$W ORZFRURQDO WHPSHUDWXUHV DURXQG RU EHOR.
E\H[WHQGHG DUHDV RIVLIQLAFDQWO\UHGXFHG HPLV
FRPLQJIURP WKH 46 7KLV FDQ EH YHU\ SURPLQHQW
6'2 $,$DW 393t RUB\WRKKDNQQHO 7KHVHDUHDV RI UHG)
KDYH EHHQ UHIHUUHG WR E\ GLAHUMDRMWH@OBIBY GD L
HPHUJLQJ GLPDQIWWDIGDUN KQGBMWWD #2G6DQQD
RU GDUN ®PIRDIWMXABPRU RXU ZRUN ZH KDYH DGDSWHG
KDORV 'DUN KDORV DUH YLVLEOH DW DOO WUDQVLW
FRURQDO WHPSHUDWXUHV +RZHYHU XQOLNH &+V WK
WKHLU VXUURXQGLQJV DW WHPSHUDWXUHV DERYH 30

6HYHUDO PRGHOV KDYH EHHQ SURSRVHG WR H[SODL
KDORV 7KH PRGHO: QN RHUD2BYGIBEHVWY WKDW WKH G|
VKRZ OHVV HPLVVLRQ GXH WR WKH SUHVHQFH (89 DE
K\GURJHQ RU KHOLXP +RZHYHSQ GV HWWBDGH Y KRZ
423®QGC SRLQWHE RKNW2BOBWKH GDUN KDORV DOVR DSS
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