ICCFD12

Plenary Lecture | Plenary lecture
Plenary lecture V
Fri. Jul 19, 2024 9:15 AM - 10:15 AM Room A

[P5-01] Introduction, history, and applications of all speed Riemann
flux schemes

*Eiji Shima' (1. JAXA)

Keywords: scheme, all-speed Riemann flux, JAXA's research

©Retained by Authors



"UOI4UW 4UDD T JDY4
‘spoytaw buiuoiLipuodadd ‘62 ‘pja1} SiyL Ul S2Y2JD3S2J LU2||20X2 AUDUW U22q 2ADY
242y "AJOLSIY 2|0YM D JOU S) JNOGD ¥|D4 [|1M T AJOLSIY P11 |dwis Y4 4DY4 240N«

("254n02 40 ‘saW2Y2s 252yt 25N L UOp 2504 SUo14p2I|ddD J2yLo AuDW 2uD 242y )
"S2Y2JD2524 JIWDUAPOJID PUD JIWDUAP-PIN|L S,¥Y XV [

4O M2IAJIAO UD SD SIAJS OS|D SIYy | "Suo14021|ddo Jo 2bupd 2pim S41 pup sawayos 2dA4
NVS 40 25N 2y BUILDULSN||I U0} UMOYS 2UD XV [ 4D S2W2Yy2s 2y} o uolipdljddy «

"SaWwayds ayl
2n0udwi o) [njdjay som LT ‘sawayds ay4 Jo sabbwi |pa1sAyd a2y azispydwa M T.

‘M21A Jo yuiod Aw wou ) ssauboud
40 Adoysiy 2y} buojp pajuasaud 24p sawayds adAL NYIS Y4 SO S21402Y) 2Y] «

M2IAJ2AO

"AJ110SJ2A puD A41o1jdwis ‘ssautsngod J1ayy 04 anp
2W2YdS XN|J UUDW21yY pa2ds-[|0 2y} SD pasn A[2pim 24D padojaaap 2ADY aM SaWiayds
2dA} (poydaw buitiijds woauirsdn uoiyo2apy 2a1podissiq mo 2dwis)Ny1S.

*suo14p21|ddp 200ds0u2D LSOW J2A0D 04 PUD D\Y 40O 2bUDJ ppoUq D Ul SMO|J 24ndwiod
0} 2|q1ssod LI 2D SUOILOUNS XN|J UUDWIY p22dS-|[D 2yt Ul S{UIWIIUDAPD {U2D2Ye

‘butu22u1bua 220dsoU2D Y4 U0J DSNOYHIOM YL SD Pasn SPoyaui Q-4 UoILN|oSu
-yb1y uJ2pow Jo4 [DIUWDPUN 2UD ‘22D 4U4UI |[22 2Y) LD XN|4 2Y4 S24ndwiod uoiouny
XN|4 UUDWR1Y Y4 Y21Ym Ul ‘'smo|} 2|qissaJduwiod 404 sawayds Q49 2dAL-A0unpog ay | .«

'smo|} oy mo| 2y} o) Ajddo oy swajqoud auam auay4 ‘uaramoy ‘uolpbodoud

puUNOS pup (J2qWiNU YIDW)OW |[D D SMO|J U0J uolLbnba buIuI2A06 D AjjDo142U02Y 4
S1 uo1pnba s23015-Ua1ADN 2|qISsa4dwod Y4 ‘2|qISS24dWO0d 2D SPIN|4 [D2J [|D SV«

punoubyopg

D12

sabua|pyd aun4nd g

DW |[D J0J 2W2Yyds uoitoubajur awiy 4101 dwi ayy  p
sawayos 2dAL NY1S 2yd pJomoy '€
sawayds 2dA} WSNV 2yl pJomoy 2
¢XN|4 uubwary ay4 st 4pym [

2waYy2s 2dA} NS 40 sa1u0ay) pup AUoysiH ¢

s4o2foud youpasau
S,V XV [ Ul sawayds 2dAL Ny1S 4o suoijodijddp ay4 pup ¥ Xy [ 40 UOILONPOJLUT 2

M2IAJ2A0 PUD punoubyopg T

2UI[4NO

(¥XVv ) Aouaby uoipouojdx3 200dsouay uodop

luawjandaq Abojouysa] |pd1iNDUOIRY

YWIHS !M3

S2W2Yds XN|} Uubwaly pa22ds-||p Jo
suo14021|ddp pup ‘AUo4Siy ‘UolLINpodLUT

ICC




13u3) eds ewysebaue)
uoneis —e

suoneIunwwo)

pue Buppes|

epnsejy

SAIRASIUILIPE (97T ‘[BDIUYDD} %8/
(€202 "5T IMdy) 009°'T :seaAo|dw3

131ua) pienbadeds 1asig

13jua) Aeds
einoudn

"~

1uswabeueyy Jaisesiq 10y
J31ua) suonedijddy
ayi||a3es |euoibay

w® buppes) einnsiey

131U3D UOHEAIISGO Y13 R
131u3) 2reds egnyns] ——9 @

/ 2D

121ua) eds epmyey —e
adeds daaqg epnsn

J31ua) pienbadeds eseqiesiwey

BNHO
ER]
xoxu%mnmv > SOIOH 1) bunsag
.\ 1320y OJ|ysON —————g
°
pI3l4 Yoieasay .
asedsosay pile e15 abueiumog uoneIs SUOREdIL
° eiemeseb0 pue Buppes|
O
3O 3O '@ uoibuiysep

MOSON sied

Sapjl|1oey} / S821JJ0 SeasIsA 0

U\_Q+CQL —L_Q_H_

D12

ICC

W21sAS youno.udlisdl

azijeay o} aiojdxg

Y XV [ hoqy




JOLA3 JotodiinW

N apig

(2)s440424040Y U0} NYISW Jo UoliDII|ddy

(6002"'S 04105
¥ "A’2qoun] )(NYS paliipow)nyIsw
Aq panoudwi s1 W mo| 4o suz|j2doud
punoJDp pjai} Mo|} Y4 JO UOILN|OSAU Y| o=

"2pIs bulypautad 2y} ur Mol

D\ MO puD 2pIS buIoUDAPD 2yt LD MO|}
pW Yyb1y ui pasodxa 2Jp 4ybi|4 burouoApD
Ul S2pD|q 2SNDJ2( S}4DUII0LOJ U0
2401udouddo 2up sawayos 2dAL Ny1S

P

(1)5440u24040y 404 NYISW JO UoI4DII|ddY

D12

W14 J21hdwiod
4JOYS pup ssauisnqod
S4! 40 2sNDJ2q pasn SbM NS

UOLLD|NWIS D14SNOJY J40-141]
2]21Yy2A Youno gH

syo2foud youoasau s yXv
ul sawayds 2dA} NyS Jo suoiipdiddy

ICC




© 4o UoISNqUOD 20/9HD 40 ot

uolsNqWo) 4o 531

Samoyos smosuEyEIsw 91 oo psodadns

gt s v gord 1 3w 10 (a0 1) wwd 721 o0

SWaRNSDY LTTd-HO Y UoSLpdwos
1100 20-2H 5709555 3UnS52.-UBIH 40} S J0 UOLPIA

d0122(uT Jo 537

(1102017 un: puo Buop mk ooy n.
sayp.

90°0=1x

% 00|
-
p=t [ x

12520y pligAH

6d+ 537

Smo|4 DW M0 40 S31
(2)sawayos 2dA} Ny1S 40 suoiypoi|ddy

(£102)04S 113 pUD o40ufng ooy ‘oudy DAunp
INZI 04nZEN PUD ‘DADLCN 1450105
1o
0214 Youno Uolsd3 4o SUODBLISIAUT [oUa

221Y2/ Y2uno uojisd3

platjolg awosunay. Jos 1S SNY21/537 PakH
2U0) 2SO U0 MO} JU2|NGUNY JIUOSUDJ L

g

[[2ysoday o Auguzay

(+102)2ay 1sDpoL pu pou,

2124dsousy U UoLONUB LY DUSDIg PUD 41

AJfua2y d1uosuadAH )

(1)s2wayds 2dAL NS 4o suoipoonddy

3]2z0U |aNn}0J3U02 uoIssIW3) 433
JiX2 JOJSNQWI0D 2y} §D SUOIFNGIIFSIP 2JnjbJaduia |

UD[d J2§Ua3 2y} UO SUOIINGIISSIP 2Jn{DJadwia ]

] 1ENQIJS]| $2bupy sisA|pup a2y} Jo aulino
aulbu3 44ouduly) JV-VIONIH Aq 2uibua 1Jpuduid S,yXV[L 0 SISA|DUD uolsnquio)
wepRivY
08% 00F OCE OF¥C 09L 08 O 08 09L-0¥C-

[Baplvo
08y 00¥ OZE OVZ 09L 08 0 08 09L-0¥Z-

(672t & £+ ¥)VOONIH ——

(GG S £H0ID— — (511§ S £0LILD— —

2ulbua 2A140Wwo4NY Jo sisAjpup buiuojow

VOONIH 30 SUol4DpI|DA

4UaWiJadxa Y240W 04 Pauny SOM YIIym
‘U2MOg- | 9 24DM}JOS SISA|DUD |DUOISUWIP-3UO Y}

WoJ} pauInsqo siNsad ayi Yim pauodwod si abubyd
2|6UD HUDUD Y4IM 2unssadd JapUIjAD Ul UOILDIIDA Y|

"S2ADM 24nssaJd 2y} 2A|0SaJ A[24DJ4N20D 04
4upyJodw S1 11 'DW MO| LD SI MO|} 2y} JO 4SOW YBnoyLly A
‘SISA|oup mo|} paspg-adnssaud
S1 UOILD|NWIS 2UIDU2 2A1L0WIO4ND JOJ PUDPUDLS 2Y| A
SISA|DUD Mo|} 2|qIssa4dwod paspg-ALisuaq
"'VDONIH $0 siuiog

,updo P Ul S24N4IESUI YOUDIS2U PUD S14ISUDAIUN

Aq padojaaap buiaqg sjapow-gns Y4im ‘v Xy [ ‘(24n414suT
YoJD2asay 2|iqowosny undp )Ty [ ‘(S2uibul] uolLsnquion
[DUJ24UT 2A1LOWOLNY SO UOILDIDOSSD YoUDasay 2Y | )JDIV Ul
padojaa2p Ajlupwiad s1 wouboud 2402 2y ‘sauibua uoljsnqwod
[DUJ24Ul JO UOLD|NWIS P3|IDL3P 04 U3A|0S Q4D D S| YOONIH,

oN
<~
e
O
&)
[8op] o[ue Surjdwes 5 € x (91zzou [any padess uea) 451
: Bjep |ejuawiiadxa ayj woiy 10418 Jo uigiew
0z UM | ciop ciuoutiedio o ey ioue poy4aw (gI) AJopunog pasdaww A
TR p14b UDIS244D) A
wondgo g Ady2ui026
d buirow pup x2|dwod 04 UOILDUBUDD YSaW JO £SO ZIWIUIW «
W
m 40 2bUDJ PIM D JIAO SISA|DUD U0 DAILD24J2 SI 2NVTS A

uo1ESNQWod Y4 JoJ 2NYS 40 uol4odlddy




o ‘suol4pwixouddo paau am ‘oG
"Aj490x2 uo1pnba Ja|n3 bulA|0S SD 4|Nd144IP SD SI XN|} 26DJ2AD JODX2 2Y4 BUIUIDLGO ‘U2A2MOH

"}ODX3 S|

U wue USVIV L,
w(sea Y] e [ = @ 36042/ 2004 2y 41 $90X2 ST WAL

[+u) 1
ar(.0- .0) [[[=ov

anE.\.NMVNW+Nm<%

uoID4ON WAL

70 =spa "[[+ar'® c::

2|qDIJDA
UOILO2APD  2AILDAIISUOD)

uoiypnb3 Jajn3

204n0G  uOISN44IQ 2WD[J J14D4S BY4 Ul

0="ar's"[[[ —sva " [[—sva " [[+ 1r'D"[[[ wuay 22un05 2y ysm voroNb3 SN

uo14onb3 s2%404G-J2IADYN U0} (POY42W 2WN|OA 241UIJ)WAS

¢UO01}ouNS XN|J UUDW2IY Y4 SI JOYM T

S21402Y4 pup AJo4SIH

D12

oo 1 e o e e 0 g o 0

s
MO|} DW MO]| O S$214SN0JDOJDY

PonD jo uonanpay 60,

40421y PIGAH/14492]3

1Jouodiy fdodsupd] d1UOSUDU | K

(/)sawayds 2dAL NyS 40 suoiod|ddy

yadioy

WG

deyysa63ny (q)

5201A2Q 4317 YbIH

ubisaq Eammszﬂ

1SS uo1jpJau29 XN

deyj 37 [eUORUSAUOO ()

AJJ‘ —
2)DJuT d1uosJuadAH

N

(£)sawayos 2dAL NyS 40 suoi4pdjddy

ICC




"2A140DJLLD 240W 24D S2XN|J UUDW2IY 24buwixouddp 240242y .

‘Duawouayd 2|2ungupd

24 SD UMOU) 2ADM ¥J0YS 2y} 4D S21|DWOUD 21D2JD 04 Pu2} SIYy| «

"SMO|J DW Mo| Jo} big 0oy SI uolpdissip [DI1JaWNU 2y | -

"buiwnsuod awiy si uoipindwod ayy ‘uanamoy ‘2dwis si Auoayl 2y .

"S2W2YDS U2pJ0-J2ybIy JO SMO|J [DUOISURWIPIL|NW Ul Uol}buiixouddo

up Aj242w si i ‘paindwiod 24 Ubd Uo14N|0S LIDX2 2y} YbnoyL|ye.
"}142U2q 2|141| SDY UOILN|OS JODX2 Y] .

S2XN|4 UUDW21Y Yt UO SHJDWDY

*
oV
A
smoj4 DW ybiy

JoJ ssauysnqoy
SMO|4 SNOISIA

pup smo|}
DW Mo| ay4 A2van22p Jo
Adua121443 J0 uoinjosay J2pJo |pwJUo4
uolp|batur uoiouny
2wy 41o1dw XN[4 SNOJSIA | XN|J UUDW2IY YL |  uol4oNILSU0IDY

|-

.

OVi-v=0V A&ﬁﬁ {

OV+D=1.0 suoiyonb3

S2)04G-J2IADN 2|qissaudwo) ay4 JoJ poytaw Q4o HI1dwI 2y4 Jo aunpadouyd ay |

ws1Job|y 41211dwT 2y4 AQ panaiydy si Adua121}43 JaybiH

D12

4|4 SIYL Ul P2L4IWO 2D S|IDJ2P Y|
942 'ON3M "ON3 "QAL “TDSNW SD YaNs 'pJopupis 2wi0d2q
2ADY sanbiuyoa4 2Wos pup ‘paipnis pup padojaAap U22q 2ADY SPOYLaw AUDWY «

4

=" (661" 4227 uoA)( smo7
UOILDAIISUO) JOJ 2WIYDS PaJaiuad-woadisdn d1uoLouow) JoSNW—
‘p2onpad
2q ||IM 20D1J21UI DY} 4D JOJJD 34| "UOILDINdWIOD XN|} UUDWRIY Y4 240J2]
poYytaw 2wos Aq p24onJ4suodad s an|pA [DII1SAYd Y4 JO UOLLNGIILSIP YL «
‘P2A21Y9D UDD |22 2Y4 Ul UOILINULSU0IU 24} AG AIDUNIID U2pUo JaybIH

XV~

“JOUUD JBPJO 5T 244 29NPOd 20D 4U24UI Y4 4D ALINUILUOISIP (XT)O

poy4aw 2dAL-Aounpog uapJ JaybiH

‘wa|qoid anjep
‘uoNjoAS BN |eniu| uuewaly
8y jo jnsai ay | 8y} Jo uonnjos

1192 2U3 Ul
UOBNQLSIP JUBISUOD

(N“D D)1

91eulioo) |e1oeds

J2PIS 127,

Quantities

a8elany (180

*,XN|4 UUDW2IY Y, 4O ,U0ILOUN] XN|J UUDWIY Y| , S24DLS
|o21sAyd tuapuadapul omy wod} xn|4 ,24piudouddp, 2A16 fDYL SUOILOUNS YL [|DD [IM T .

"XN|4 UUDW21Y 2Y4 P2[|D2 SI XN|J Y1 "UIDW2J |[IM 2IDJJ4Ul
2Y4} 4D XN|J 2Y4 4O 20UaN|Jul Y4 AUO ‘1SO| 24 |[IM UOILN|OS Y4 JO [1D42P YL o

UoILdUN4 XN|4 UUDWIY 2y
"SW2|qoJd 2n[DA [DILIUT UUDWIY 2Y4 04 UOILN|OS 2Y4 SD p2indwod
2q Up2 XN[} ‘(2WN|OA |04LU0D) |22 DY Ul UOILNGIJLSIP JUDLSUOD Byt bulwnssy «
(6G61''S'AOUNPOY) 2W2YIS AOUNPOY

¢U01}ouUN4 XN|4 UUDWIy Y4 SI JOYM

ICC




MUUL.(_DW 1ODLU0D 1D JOJJ2 meOJ “mxuUQ\SULD
(6461 "4 buiwapp\ 9 7 ' u2b243)

uoisupdxa pup 320ys buouLS :S¥20gMpJQ
(Buryiids wogoap XN|)SAS (1861 "7'd'20%) (butil|ds 2ouaua441Q XN|4)SAS

an[eA PaSeIaAY 203 Wolj 1 Y

= 7 ¥ ¥ 7 < _
'0'v+'0.'v=4 (o= "0)v|-"a+"d =1
—:otcsvu JD2UI[-UOU J0J UOISUD4X]
4
Dv+o.v=4d {((o-"o)v|-"a+"a =1
/N 25D2 UD2U| \
V[Fv =:V ul juapainby  OV=4
N o (o
{("0-"0)v|-"(ov)+ Aoirn q JID

SA4 puv SQ4
:SXN|4 UUDWalY 24pwixouddo ay4 Jo suibiuo omy

| )Bep 1= v
I v)ep L=V

"UOI{DWJIOJSUDJ} [oU0bOY LU0 BUIMO||04 2YL 2SN 2M 2uaH

(0= "DV "(ov)+ (V) =1

AN;LM\ 4 _:MVM\ 0= 1.0

‘W0 WAL 2Y4 Ul U2LL1UM 29 UDD 2WaYyds puimdn Juapdo T S YdIym 2Wayds J1o

0="0V+'0
‘Wa}sAs 21j0quadAy Jpaul| [DUOISUWIP-2UO0 A||DILDdS Y4 LNOGD HUIYl aM duaH

‘uo14onb3 a3 2y JoS 22uUaU2 4P pUIMdN J2PUO T YL S| 2WIYDS AOUNPOY Y|

2W2aY2s (2G6T "W'S22y % '3'U0SIDDST ‘' updno))JyId

D12

“2PDUW 2J2M S2WaYDS 25244 MOY MOYS [|IM T
"2Wayds 2dAL WSNVY 244 404 BuiyiAdana 240 d aunssaud 20DJua4u) 2Y4 pUD UL XN|4 SSDW 2y |

T g C
T EA

Nd + '@ q

ot + -2
XN} J42|n3 2y}
0 uonLuIjap 2y} 04 250[2 SI SaWRYDS 2dAL (£66T LD UL U24J24S "S- WNOITIWSNY 0 X[} 2y L
|DWJOU 2204  UOILDJLU2OU0)
Adjpyiua [psol  xnjy ssowy w 1
J z
nﬁ.m

=0 Nd +@u =149

=y ‘o = =N

u

X

= ~ =

0 [

'SD U24414M 2¢ UDD WJ0o} WAL Q-€ Ul uoi4onba Ja|n3 2y4 Jo xn|4

sawayds 2dAL WSNV 0 WJo4 uowwo)

sawaYydg 2dA}L WSNVy 2y4 pJomo] 2

S21402Y| pup AJoLSIH

ICC




"PaUIDEqG0 ST SaWayos adAT WSV 2Y+ JO WI0] UOWWIOD aY L

T@ANE + ‘Ne Tk\iw ” — \M(—”\_\\S\.m,\uv\

N4 + ‘@

—

‘op p[noys 2pis puimdn 3y} Uo 2[21440d U0 ‘UOILDULUDIUOD Y4 StiodSUDJL 2[214J0d D SD pIn|} 2Y4 4T
"XN|} J2|N3] 2Y4 JO JOIADY2Q 422402 BYL LOU S PUD UOISN4IP JD|ND2[0UW [DIIJ2WNU SD SYJOM SIy |
‘Ajfuapuadapul apis YoD2 JO UOILDUILUIIUOD Y4 J4odSUDJL 2PIS YoD2 WOoUS S2[214dDd ‘'WUoS SIyL uT

olu ]‘ Ng + @2 + '@ lw™ =g

"SMO||04 SD U241uM 2q UDD GA 4 S,[2UDH
(1661 [0 42 "L 1yanouno ) (Buriids uosd2A
xN|4 p21411dwiS)S4S Jo 1daouod ay4 buish uipjdxa am 2uaY ‘'UaA2MOY ‘UMOUS] [|2M SI WSV

T+ Jut = S

7 SMO|J SNODSIA PUD S22DJUNS $IDLUOD U0} AJDUNIDY :2bU2||DY) 7

WSNY 04 SAH wod

1BqUINN Ye

aunssald adeyia)uL Joj g uoiduny

"sawaYy2s 2dAL WSNVY Ul 2unssadd 20p)Jda4ul s1y4 buisn daay [jim 9

‘G4 S.4227 UDA 2y} Ul PapN|oul U22q SDY 41 ‘UOILDIIIPOW S [2UDH AQ JD2|2 2WD22q LI YbhoyL|y

AkE\V%Q%Q.TAQE\VNQQn\” khquNhN“m

"Jybia pup 1}2] 2yl Uo 24nssaud ay} 40 26DU2AD pa4ybiam YL Ul U24L1UM 24 UDD 2Jnssaud
20D4J24Ul JDYL PUNOS SDM 41 ‘WJ2] 2nsS2J4d 244 puD UoILI2APD 2yl 04 XN|} 2Y4 buijpundas Ag

(p,4uod) SA4 40 tuawanoudwy

D12

"XN|[4 J2|N] 2Y4 JO UOLLIUIS2P DY) O} WU0J 2S0[D AUDA
N+ ou=.4 e+ lg=a

SAd S |2ubH«—

‘WJa} Abuaua 2yt ul 2bupyd |[pws Aq paaoudwi s1 Ad|py4ua [D4OL SO UOILDAIDSDUY

Tr\m ﬁn“, M\ z ~+\m .,nf q u
A«u+%&vloooo +O="1D ‘Aqb\é\cloooo + ®="D
A S\

74

N-d+@.u= 7" b (e Seic |

“24nssaud pup
UO1422APD JO SUOLENGIILUOD 24DUDd3S 0} UD4LIUMDJ 2 UDD SA4-TTA 2YL

7 SMo|4 bW ybiy ui [p1anud s yaiym Adjpysua [p4o4 Jo UOILDAIRSAUY : 2bU2||DY) 7

(6861'2uPMY2S ¥ [2URH) SA J0 juawanoddui]

1

MS—— +MS— -IA == +IA - -

od/wr xn|4 mmm_\ﬂ_. Jo 3unyds

"P2A21Y2D SDM GA4-/MS UDY4 W04 Ja)dwis .
"p2onpoJiul si s|piwouAjod buisn buiydLIMS LD UOILISUDJIL YLOOWS .

SAd-MS Ut 52124116 buipioay :26u2|jpyy |

(2861 'g'4227 UDA)SA 40 tuawanoudwy

ICC




oW
4 1 0

0
Wy Go

I~y 1
— Gl

z

W= (W-D-1=X 2ouapuadap by
p22ds 2A1402ApY = (p22ds punog)x(pw)
4 (9002"3'owiys) 4
zQ+,\QA_IwQ++%~® xQ+qQA~IwQ++QV+
v 7 4 [4 _ C C

B ACEN Ca-ra)—E e S

"DW JO uo14ouny yjoows Ag uoi4pdissip 4O 2|DIS Y4 [0J4UOD

uoijpdissiqQ [pa1daWnNN 2Y4 buljjoutuor

‘pa2ds punos-Joau 40 Mo|4 2y} JoJ Ajuo poob si 2|pas 2y ‘paads
punos a2y4 JO 2[D3S Y4 Y4IM ALISOISIA ¥|NQ [DI1JIWNU SD SHJOM W} SIY |

W

e e e /SD U2441umMad A|4oDX]
g A2

R -

N-..“:_ waQ;..\Q\QHm&

ok

SA4 S, 4227 UDA WouU4 2Unssadd 20DJJ24Ul 2Y4 fluayul sawayds 2dAL wsny

2JNSS24d 290}J24UT 2yt Ul uoitpdissiq [DI1J2WNN

D12

"SMO|} W MO| JoJ p24snlpo 2q o4 spaau pup uol4odissip
[D21J2WNU 2Y4 SD SYJOM 0S|D 2nSssaJd 20Dfua4ul 2y

24NSS2.4 29D 424UT(])
Sa2WaydS p22dS-||y 2y4 pJomo] €

S21402Y| pup AJoLSIH

"2wayos 2dAL wsny
2Y4 404 buiyjAuana 2up 2unssaud 2004u2 Ul YL PUD XN|4 SSDW Y|

C
| —

(4
o 7 —
TR 7T

sawayds 2dA}L WsNy 4o wao4 uowwo)

ICC




(1102"2'DWIYS

=

\ m.o P DInWI)
e 1 2W(i- g+.9 E+A§.Iiv 4 [4 d 2Nv1s

J-d a1

2ouapuadap by

220xd uaym uoijodissip paads
Jadoud so suom Auo 41 21uosJadAy aY4 JoJ [|ouwis 00

(8002""3'owyS)
C

vy o C C
éi&?hﬁnmgw Dg=g*vava? s

‘DWW M0 4D uor4odissip
2Y4 Jo 2|pas ay4 2buoy)

¢ T
J-g Td+d "

‘dg+ldg=d  WSNY

(1= )+ (d =)

SO3 [o42u2b pup dosuadAy Jot 2NVIS

2WaYyds 1jdul S94W
J241W1 LNOYLIM J2PJO pJE 2W2YIS 203

2wWayds 41o1jdwi s94w
J241U1| {NOY4IM U2pJ0 PUE NVS

00'F $T0- 08T~ SLT- 00t~

o = 00T S70- 051 SLT 00t
ooy d; — ———
0 do
mojuo) dy

901=24 10'0="W
SMO| SNOJSIA JOJ UOILN|0SY panoudwT

D12

yoow

0100

2100

¥100

Q
Q.
Tt DW MO| 4D 22UabuJ2AIp

o100 boup [p21sAyd-uopN

p22ds 2juosuouy
1D 20uU2buaAIp
boup |pa1sAyy

0200

lopow
-¥S 0=P 921=23 ZI00VIVN

"NV1S AQ P24924402 SOM
DW MO| LD 20u2bJ2A1p boup [D21sAyd-uopN

J2GUINN Y2DW [DUOISUBWIPILINW

nowog 4o

S

\ : R
9°0="W 2I00V2OVN UOINGLI4SIQ 24nS52.d

‘Uo1N|0s poob S2A16 JaqWINU YDV [DUOISUIWIPILNW Y4 JO 2SN 2y |

DW 20DJuJ24uUl 2yt JO 2210y

ICC




NN_

WU | 20U242}41Q 2UNSS2dd ON ?.4

) )

(0002”3 PWIYS)WSNY-(4s2|dwiIs) LS

(0002''s-"W’'nor)
.N>c§xuo:m 1D N_UC:QLUU
2YJ 2SNDD |[IM XN[J SSDW 2Y4 Ul W24 dy7 2y |

2

v 2 4
| wle—[i- wl+[i+

740+ SQ* =u

- Avd -dy

< Y
-ml=feem] [

SNHS

“WJ2} 20U242J4Ip 24nssadd 2yl JO }I24J2 Y4 23S ||IM 9M UIH

WJ2| 20U2J2}J1Q 2JNSSadd 2Y4 40 432443

u

A+ 2)- ")+ %gém =u

{ov

dy_o=dy

=

“U014DdISSIP SD SYJOM W2} }SD| 2YJ ‘2ADM J14SNOID JO

2 u u P 4
Taw\é A=)+ ( \ETH w
0 W

‘04 sayopouddo xn|} SSDW 2yl ‘W Mo| Au2A Jod
h—¥h= by

SQ4 o xn} Tq 2 4 —av|Y

C
_ud RN
SSDW YL wle—T-nl el - al-fe ol (e vf !

(¥661 "0 42 "3'DUNYS) (2waydS puimdn uoiin|osau-ybiH 2|dwIS)SNHS

‘WJ24 AQ WJ2) [044U0D 04 JL}2qG SI SQH FO XN|4 SSDW 2Y) 'U2A2MOH "S2210Y2 [DUNLDU 242M Aay |

SQ4 40 XN|4 SSDW 2Y4 2Z1|14N

D12

%zuﬁxgv\MAx6\~v+$ zﬁ% Uy +%§A.\~\<v+wdﬁo\:+$ d@% T = g 19
A= 4 A+ "4 .
(L661"K'DPOM)
AQ-WsSNv
oo ((nlz )y z z
| ! 2'd +07d = "
i Gemts T 7T,
ﬂviwi.b ~A~+§\vﬂ+ Amﬁxv‘ufrﬁ.\\\_\vﬁwﬂ&\ wenv
I ) S+ 20T y) B = wH S4s
DI ) 8+ () B =wsM SAd

‘'SAd 40 XN[4 SSDW Y4 Lidayul sawayds 2dAL wsNy AjJuo3

‘DUawWouayd 2|2ungJpd YL SISNDD OS|D 4! g
“2ADM 214SN0ID 2y} JOJ uoijodissip
2Y4 SD SYJIOM XN|J SSOW Y4 U] WU} 20U242441p 2Jnssaud ay |

xn|4 ssow(e)
S2WaYdg p22ds-||y 2Y4 pJomo] €

S21402Y| pup AJoLSIH

ICC




O 7_ NO 440 nv1s

W0 T 4nq ‘uoisuodx:
12u1 Y15 40 Xniy s

=/ 2[2uUnguJDd O
poog pooy dv ﬂ? 1) - \ETQQQ#
4 1 0
-mul w_usﬁ_s oN 440 440  wsnv-1s H— UA 0 (80023 Pwys)nvy1s
o 0o x|
— — W {ov]1dl- "Cac) + Cae} =
O; N_um:DLUU NO NO SNHS 25uapuadap by WSNV-1S
voow h—¥b=h
s:so._ w ;m_x S
iy = v 1)+ ) S
le=-ml+ el 7 -l S [
SNHS
‘DW Im_r_ pubp mo| y40qg ul UOO@ S N\VS ‘W24 20UBJ24HIP 24nsSaUd Y4 4O 492442 2Y4 23S ||IM 2\
NVYS 404 Xn|4 SSOW
(o]
o
]
Y
‘DuawWouayd 2|2ungupd Y4 SaSNDI 2ADMY20YS Y4 buojo Wzl dyy 2y
| o wsnwis
2Yy4 ssoUdy
S ‘sutpwad dy7 Ajuo -
! '2ADM{20Ys Y4 buo|y A
NO SNHS
w_ucsn.:uu
2 “ [4 4 o)
d —vd —av|Yl- 1Y)+ (Yo b =
A<S T nl Al AVd AT+ ] V|4|="(49)+"("4 VT

“2ADM XI0YS 3y} 4D SNHS 40 W2} dy 3yt Jo MaIAaY

3AD/ $20US 244 4D SNHS 4O XN|4 SSOW J0 MIIADY

u_:omc_mn_:m ul m_u::nLou Y4
2SNDD NQ DWW MO| Ul 2S10U 24DUIWI[2 UDI WJa} dy7 2y
‘[DJ2u26 Ul [[2M YJOM S2WYIS YL0g




ﬂo ~ _wa
Oﬁ ~ NQWO

Xew

o+d

Q<_
ﬁQthTﬁ'N\_ﬁNQ_ NQM‘D

4

I = (d /dy)"f

's1 d4 Jo w04 [pnjoy

uoryound buipdoa4aq yooys

Y- o+ bh%n "

\ = 4 ‘Avd ¢ —dy
ET?ETTN& 1= - [i+ |
SNHS : T XN|4 SSDW 21SDY
T N‘T Yy &,N
- - + Z=w
A A A ik

NVS : 2 Xn|} ssow J1spg

4

! 1=|(d
300Ys 9y} 03 UOIIAIIP [o[[ered Ul () uﬁ%wm
'2q 04 paubisap $| g uolLduny buIYdLIMG

7

dy = d dy)g{dy
e[t ml+[1+ ]

'S0 pau13ap s1 Ny 15-(6UI49242Q %20YS)QS 0 XN|4 SSOW Y|

(0102 '[P 42 "3 PWIYS)NVIS-QS 40 XN SSDW parodduit

ST

_N_

D12

“42AD| 3o0ys ay4
Ul AJUo p24builii|2 SI 20UaJ2}4Ip 2JnSsaJd Y4 JI ‘P2A2IYID 2q |[IM 2WDYIS J2443q 24042JY |

"W2|qoud 2snbd 0} SW22s 220ds SNOILILIIL DYL
ul A|£224403 buiinduwio) "2opds |p21sAyd D Lou SI SS2UNIIY4 211Ul 4O JRAD| Y0YS B L ‘J2A2MOH

"1224402 Ajjp21sAyd 2q
1snw Ay} ‘uoijonba u2|n3 2y4 40 2S0YL 2D S2OUU24}IP 2JnsSadd 2saY4 JO UOIADY2] Y4 SY

SSaUNIIY4 241Ul 40 J2A0| yo0yg
1
I

" u P C 1 . .
“Q< A= "9+ ( \?QM\HE I~ W dy ou ‘aApmxo0Ys
I 2Y4 Ss0Udy
w2 v gn W "SulpWaJ dy7 Ajuo

|

|

|
1 I ‘2ADMY20Ys Y4 buojy
1
I

200dg sNoI414014 D SI J2ADT ¥o0YS Y|

nvis

20y

uo1422]J2y YooW 2|gnoq

‘sp|214 moj4 x2|dwiod
Ul [N4WJDY 2J0W 24D buawouayd 2|2ungqupd 2y |

ICC




DW ||V 404 pOoytaw uoi4oubajuT a2wi|

"SMO[J DIWDUAPOJ2D LSOW Ul ||2M SYJ0M pup tsa|dwis 2Y4 SI NYS
“J2A 2WaYyds |psdaAlun
puD 2|dWIS D 2ADY JUOP ‘U2A2MOY 'SUOLLIPUOD WX JOJ S2WDYDS J2442q 2ADY 2\

DW MO Ul 2ADM 214SN02D . _ (g102 "[p 42 '3'DWIYS)NVIS
I meAk D
JVWS-09 spaaN  Adpssadauun buijouiwi|3 -(burdwoq Ajwuoiun)an
xu_u&ﬂ oy SMO|} DW MO| AuaA ,u%_sz (€102 "'|P 42 'I'PWIYS)NVIS
v 1 U1 $2|661m bu) Lounwi3 . ~(bursuag 2|661M)S M
0 uoi4pdissi
e Gt
woosaa 1y DW MO| Ul U2AD J1U0Louowy 2WDuU-oN
SMo|} 21uosJ2dns (o] (o2t \ ),
x2|dwod aJoW ur asiou bupgoupwyy H,&EES% . nv1s-as
Y= nvis

2 Tou Tou < _
Tﬁ@i& )+ :&Té
sawayds 2dAL NY1S 2y4 40 WJoJ [puauab ay |

WJa} dyy Jo} s2210y) J2y40

N

D12

900 00 100 100- 00~ 900 00 100 100- €00~

mowop d inowos d

,G=D 9=W 24D[d uIy4 o punoup yo0ys 2nbijqo

ICC

$ invis-as g 3

wg_wr e wo__wo

we__we s wo oo

S e

T = NYIS @ = +tWSNV
wp_wr s wo o

mowD RN

YS2W patJoLsip
Y4IM [2uupyd Qg p24Jo4sip ul uoiyobodoud yooys Qi




"JVWS SD poyiaw
Jo|iuiis 2yl Aq paa|os 2q uod Jupd a4nssaud ay4 ‘buisiljds Jdoypaado syt buiddy

A9DuN29D UapP.IO PU0IAS 1 1]
A9DJN22D U2pPJO 414 -0
EE\ 10
9= =
TH0.T+0 ) . .,
ﬁ 7 TleQ 0)
2unssady uo1422Apy

r I 12 ) z 1 O a aia dun ne o n bo
“op(rg - %Nﬂ&?10m+=o%|0u0<=\mﬁ vy ey e 'y R~

‘Q42 2|g1ssa4dwiodu) Jo poyiraw DY WS SP Abm Jp|iwis AG PaA|oS 24 UDD 24nssaud
2Y4 J0J UoILonba UpauI| Y| ‘J2UUDW JOJJD LSDD| DYt Ul buiLljds s Joypaado S H

2W2Yds 21| JYWS 24D2J2 J0JdJ2 4SD2| 4O buiylds uotpuadp

d Y

SO = -+ ‘NyJo+S
% 9 o 9A 9+ 859
ao
o

no d
o= %@Kﬁﬂi&?: 19 +ngQ

do=4dg +09-A 0 +d9A-M 10 +dQ

"Poy4auw L1o1jdwi uapJo 1SU1} Y4 BUISN W0 Q 2Y4 0L W14 Ul 2Z142JISIP-1W2S
0="y+sA-n+’s

0= m%+=.>NuQ+Q>.=+ 'd

d
0="d4+dAr+na-n+'n
/SD U2441dm 24D Wyl buisn suoiyonba g 2|qissaudwo)n

"S2|gDIJDA buiydom sp (Adoujua ‘aunssadd ‘AL190[2A) s2|qpIUDA AdOUtua 2SN

'$2|qDIJDA Adouju2 ay4 ui 2|dwis a2wo22q uoi4onb] ay |

D12

‘Abm Jpjnb2u Ul WU24 ALISOISIA
2Y4 1D3J) 2M 2DUIS ‘SWJ24 PIISIAUI Y4 JO UOILDN|DAD 2Y4 UO S2SND0-
bo
* v%_\MO‘@ =09

‘buiddow 2suanau AQ PauIDLqO SI S2|GDIUDA IAILDAJ2SUOD
4O UOI4DIJDA ‘S2|DIJDA BUIJIOM Ul UOISU2AUI X1uLDW 2 DWixodddD U2y ty

!

\.
. ., ., ] [0
Psp("y - @Nﬂ%w By = -P¢

‘buiddow Aq pauID4qo SI 2D S2|GDIUDA bUIYJOM JO UOILDIUDA
"A4191|dWIS JU0J UOILDN|DAD "G"H™] JO4 S2|GDIJDA BUIyJIOM Byt 2SN

ro1
OH\.MNVA.\.MZHI.\.W:N . +NW

“UOILDN|DAD ‘G H ¥ J0J XN|J UUDWIAIY
p22ds ||D Y4IM S2|GDIJDA 2AILDAJDSUOD U0 WAL TISNW 2Y4 25N

2|qoIJDA AdOJLU2 Yt 04 [DNPISU "G H Y +42AUO)D

‘buisiwoud swaas ‘D Mo| AuaA Ul SMO|J 2|qissaJdwiodul
2Y4 404 IYWS o4 sayopouddo AjyLoows yaiym ‘(8102242 "3 owiys)(poy+aw
(122 pup Ja3JoW p21}11dwiS)oYWS-(2|qissaudwo) pazi|puauag9))g -«
‘uo1obpdoud 2ADM punos ay uo uoiypdissip
buiuoyts sasnpd Aa2y4 pup L[n2144Ip SI DW }40-4ND 4O 2210Y2 2y} ‘J2A2MOH
"smo|} Appals Jo4 1'0>DW
Ul []2M 3Jom uo1jpubajul 2wt 4121jdwi 2y4 Sp spoysaw buiuoijipuodaud ayy .
smo|J
21WDUAPOJ2D LSOW J04 Ybnoua poob 2up SaWayds Yons a404aJ42Y| T'0<OW JoJt
2A1492}42 S| G9S-N7 SD YoNS SPoY4aw uolypbubatul 2wty 4io1jdwi upjnbad ay| -«
‘p22ds u01122ApD 2y} 04 p22ds punos 2y} 40 014DJ 26uD|
04 2NP SMO|J D\ MO| JOJ 2U2A2S SI UOILIPUOD 4D WOJJ UOILOIULSaJ dajs awl]

SPOY42W UOI4DUb24UT 2WI] U0 240N

ICC




‘p2422dx2 24D S2Y2JD2S2J 24n4NJ ‘26DLS BA1LIWIId

[|14S SI UOISU2A Ju2s2ud DYt Sy "S2SDJ [DIJL Y4 Ul DWW J10-1ND 2yt Jo juawisnlpo
1NOYLIM DWW MO| AU2A JOJ 2UIS SHJOM DY WS-(2]qISSaudwio) pazipaauag9))g .

Adu212144] .

‘2|q1ssod 29 4ybiw Adoudjua Jo Abuaua 112Ul 2YL SO UOILDAUIISUOD 31| S2JN4DD}
M3U ‘2W2YDS UOILINJLSU0IDJ 2Y4 JO 221042 JO 2W2YDIS Y} Ul S2N|DA pabbuaAp
2W0S 2y 40 2210yd SD Yons ‘awayds adA} Ny1S 2Y4 1o ALljigixal} 2yt buizijin »

A2DJn22Yy .
"X1} 04 Moy pup Aym mous| Luop a2\

‘SYJOM SNHS p22ds-||D uou ‘puby JayLo ay4 UO "UOILSNGIOD
2Y4 Y4IM SUMOPYDUQ 'UA2MOY '2UO|D ST U04 ¥ Y4IM 2Ul} SHIOM NYS «

SS2U4SNQOY -

sabua||pyH 24nind

"SUOILDJDLI UOLMIN Q00ZE 244D U2AD UOILDIADD [|DWS MOYS $9S-NTd 40 L|Nsad 2y |

'10°0=2W Y4+im (S95-N1d) 2Wayds pauoisipuod-aJd 2A1DAII2P

2WI} 2Y} UDYJ J24SDJ S2WIL G PUD 2Wayds 1191|dx2 2Y4 UDY) J24SDS SWIL O] S! DNWS
X

2 or 8 9 v z

0

1000~
001 660 | 9z61 | 966 | nao1ed N oo
0001 0001 0ooze - “H UOLMINE Y4bua7 2A0
¥0+3007 | ¥0+3007T | ¥0+300'T 1 14D "xow
OYWS-09 | O¥YWS-09 | $95-NTd | £XY-QAL |uonpabaiuT
nvis-an | nvis nv1s nv1s xn|4 \ \
10 Y /
oNWS - ‘0=9W)S9S - 12907 X
-N1d+NvIs % 4
—+— ONS
—— (100=0W)s98-N1d + NVIS
Yibua7 2AD 1] vonrios ankeuy

90000~

$000°0-

20000~

0

20000

0000

90000

80000

1000

1>Q4D
0/=1120#
Tg-2'7=uluxp
(2buodg)pauaisn|y

100'L

1140
021=1120%#
T2-21=xp

wJojiun

et

00001>742°T
86:1120#
79-2'T=uIixp
(Tg)pau21sn])

110 00

(,0T=XPW4D) “1'g WO p244+1w] punog buiipjnuis uoijobodoud punos Qqr

D12

"JSD4

Alqois st oYWS-09 -
OW 04 2A14ISU2S
SI 4nq ‘'4sa}sp}

2yt s1595-nd -

(09s)owiL NdO

0S¢ 00z 0s1L 00k 0S 0
T T T T 80-9L

L0-9L

90-9L

S0-9L

10000

F 1000

E —— (z00=oW)s9S-N1d+NVIS 1 L0
—— (L00=0W)SOS-NTd + NVIS
S USUMEIEN
= OYNS0g+AVIS. |

, —— Onis. , o

(Anoojep) AioisiH [ensisey:g=d|y L0'0=IN PISIAU] ZLOOOYOVN

s|onpisad A4120|2A J0O AJ0LSIY 20uabu2Au0)
2I00YDOVN punoJo 10°0 = W 40 MOJ} pIosIAUT

‘(d2quinu

Yoow 4o-4nD)ow o

2A14ISUDS S) 4Nq '4SD}

os|p s1 (595-n1d)s9s
-7 P2UOILIPU0I-2dd

+m®+mo%

2yt st (OYWS -09
+NVY15-AN) ONWS -«

(0ss)awis NdD

f | —— (z0=oW)s98-N1d + NV
—— (1'0=oW)$9s-NTd + NVIS
\ ——— S9SN +NV1IS
g_ib — OVNS09+NVIS
—— ONWS

(Awoojp) AioisiH ensisay:g=d|y L'0=I PIOSIAUI ZLOOYOYN

90-81

S0-81L

10000

1000

100

ok

S|onpisad A4190|2A 40 AUOLSIY 22uabuaAuo)
2I00YDVN punoJo 1°0 = W 4D MO[} PIOSIAUT

ICC




"S2WaY2s Q4D 2YJ UO SUOISSNISIP 2|DN|DA U0} DPDAN""A PUD

Q 'N0IT "S-"W'0dd “"IYanouno L “4odd ‘11fng " “Joud ‘'DPOMDS N Joud
‘DPNSIDW L “J0dd Yupyj o) Apiuniuoddo sy 23p4 04 21 0S| pjnom T
‘¥XV L ul suoiypoijddo Jo sajdwoxa buiupdaud

J0J DNSDA"Y"JQ PUD DUDMDBNG H UQ ‘2GDUD] "A"JQ HUDY4 O4 21| p[nom T
2wayos 2dA4

NVS uo suadod |puaAas buluOy4ND-03 U0J DUNWIDLIY Y O} [N424DJb WD T

Sfuawbpajmousdy

"ybnoua poob 2.p s2|qoIJDA
uois122a.d 2|gnop 2y ‘suoi}pd1jddo 2o0dsouap 4Souw UT ‘S2n|DA
WJO0J1UN Y4 WOoJJ SUOILDAII2P Y4 bulypuodas Aq paajos 2q up).
"2buDYyd [|jDWS 04 2NpP JUOUUD JJOPUNOY.
(G102 3'PWIYS ‘DYWS-D9 'sb yans)
"P242NJLSU0D U22q 2ADY SPOYLaW LUR121442 "TO'0>DW Ul U2AJ.
"2A11224 42 24D Spoy4aw buiuoiyipuodauad 2y4 ‘D J2MO| JOH.
‘[|]2M YdoM ‘SH9S-NT SD YINs ‘'sawayds
uolyoubaur a2wi4 4191jdwi 2jdwis pup uojndod ‘1°Q < DW UTe
Uo14214LS2ad 2ZIS da4S 2UWil) 4141G.
"S2XN|J UUDW?2IY p22ds-||o Aq paA|0S.
‘uor}odissip [021u2WNU 264D,
"P2A|OS £SOW|D U22G 2ADY SMO|J
DW MO| J0 uo14pindwod uo sawayds Q49 2|qissa4dwiod Jo wajqoud ay | .

S2WaYy2s Q4D 2|q1SS24dwod uo SyJbway

D12

2A140diSsIp 00 -

poog 9N poog poog  MO[4 SNOISIA
(2>oW>1°0)
poog poog poog po0s DWW 24DJ2pOoW
2A14DdISsIp 00} - 2A14DdssIp 00 - 2A14DdISsIp 00 -
poc9 9N 9N 9N (1'0°)ow mo1
uoisuodxa
buouys 1o dnyoaug-
2|2Ungup)- 2|2uUnguD)-
poo9 poog 9N 9N (2<oW)31osuadng
uoi4isodwodap
[ouoboy4uQ- UOI4DJUD4T-
poo9 poog 9N )
Xw_n_Eow 2|dwis Adoay |

(xn)4 uuowary (xn|4 uuowary (xn|4
2 pwixouddy) 24pwixouddy) uubwWalY 490x3)

nv1s SAd 203 Aounpog
S2XN|4 UUDW2IY Y4 JO SI14S514242DUDYD)

(2w2yos paads-||p 4ou si nq ‘pasn si padojaaap am XN|4 UUDWIY 2Y ()
N:._mcw 42¥204 _U_Dv_ 2]|D2s-||n4 2Y4 Ul uoilsnquod Jo S37

o

~
TR

— | | | |
S¢ro IT0 T°'0 600 800 L00 900 0S00 CISTITIISOIOL S6 6 S8 8
7wy ednd

ICC




jU014U214D UNOA U04 NOA MuDYy |

ICCFD12




