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FH e KpmT 2 —hi7 (SEP) R L FR 21 F 5 N —HMEZ RS Z &N
T&E 2,

KGR D RIKICEBERER T 2K TH Y . BFIISERIKROFR T\ AFET D (72 &
ZITHRKESCEHRED X X N,

jas

[(ZZ ] L) HEEE, TEE) ° TR OBEWTH DA, FlBREL
ZORNDOZETIE, HEICL > T, BWT DNEN R D O T HIZE
LIEBEEET D,

FHBF (FL LTERERY) OFEFIZBNT (X2 ) L0 O5A,
FHZEMICFEET 2V 778y ~2 Y A= FLORE SORKOEEK
MokL 72 H89 2 L%V, FHERICFET D un ~ m A —F —O A RIE
K DOBEARLT- 1%, WFFEORE 0, FiEDH DWW, £ Ok T ORI E
IZEoT, TEME), IFHE (=xIy 7 -F2A b)), KREME], [HEE
A7z —)V] 12 ELL OO TRIFN TV 5,

Lo (FHBEDE) Tk, FEERRE SOERITENEOD,
HAREROEARRFZ2 [ATFeA ] 3.1.32 ZR) D5 b K2 mm L
ToOArATHuA Re [~ 7uxT74ua, R ERESOB RN TH D,
—Ji, AN—=2AFT TV @B. 1.3 ZM)DHIL, [~ raAT74uA K] &
FAREORZIOLDE w4777 Y] LY, Z0 w4 7a57
Uy & IwAr7ax7duAf R ZgRE LT XA K] LIRS ENS
W,

—Ji. ARKERLKREAET HEARMALFH T4 A M LFFHENT
(AT

AETIE, [FA ) 205 HEL BERGE, Bz, T82 0
vy H—) [FA b avy 22— FOHGE. DSND) AT, TAT7FeA
R, TAR=ZFTY | XA MT) ZEHNZER L THNS,
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3.1.19 HhERFRIER
HOER DS ik 3 B Bt
e Shra xR LMESSEA L B D,
3.1.20 #HL.U KRGS (GSM) FEAE
HEROFLEFEETALEFET L NEER (X, 1V, 7)) O%EH
e XIS 245 U Z8lE Xfihds L OURE KO8l 25 T e S 1l BICFE(E L.
YEHNCEATHY, Vil Yl IO Z#icar LEATHY BB LF A%
B ORER H ST (MLT) 235 LT\ 5,
3.1.21 iz R
BT R X—, B AHEETHILEZRETH-00%
1 7= & 2T KRB EBE LOLILOEE . —HIZ 10 MeV OB 1 #7251 MeV
DET 3000 A L= TH B, BT LT 2L WIS, FEA A1 b=

FNF—HEKNIEDIZ L DAL EE 2 558 ICb VL5,

o ARKTFICEDREERTES. BENRR B XL F—ITR R
LHITHE T DI REGRER VbR S,

3.1. 22 £
HERRAD 9 HEE 105km K DOE TH Y | 2R TEIRAIZ LY N,78. 1%, 0,20. 9%,
Ar0. 9%, C0,0. 1%, & OMPLET & WV I IRITEE MDA LT b, B L (F
7o VR EL R B S ) | S B o RS R A R LTV 5,

3.1.23 &5
7T w7 ANTRTOHET—ETHD &V D RIA45A0 DRk

3.1.24 25
HERREIZI T A 120km 535 250 km 720> L 400km (KB L~ L2 L » CTHERA2 5) OKETH

ST, I 2 CIRBENBE R EICE T DMRE 7. (T XV (2 m s> CTHE R 5
MIC EH3 5,
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3.1.26 I X<

—EBETNTEENA A AL LTZRIRT, £ ORF-2NER U LRSS 27736 O

o RHE#Z G| & 2T DI ER TR OBERNR Y —r  IThD, 77—
BN X o TREFITE S OREZEHR L, 731 BICHY T 5B N T
BREFT 5, T Bx LESZERBEICBNT, 77 XA IXEAM
WIZHETH S,

3.1.26 77 v 7 A
HALRFH X 72 0 (2 2 R 2 M) > TR D BEHRETH D, —ED L W ETR/LF—
Z b5 —ERMB L O—EmES 72 Ok (72 & ZIXELZ em®S™ & T HHF) &

L THEAATETHENZ,

e Ja 7 T v 7 AR I BT A 15 T&w(tkziﬁu%Cm.x%ﬁ
TS ET DRI M T Ty 7 AT R L F— %#éﬁ YTH D

(7= & Z XA ZE em® MeV! s &9 BKF), mTELEAICL-oTiE, 7
§y7x%ﬁI*W¥—H56128§%)f%?éﬁ FELTH Y Z &
N5,

3.1.27T Z /v A
7T v 7 ADOREES
3.1.28 A%k fx, v)

3 ODZEMNRY Fv e 3 ODOMENRY LV THER Sz 6-D ZERNCRBIT 5 7T A~ DR 1
B AR TES, BT sm

E ZERNZBNT—AENDEFEDO NI HOWTIL, BfiZ sm* &5 2 05
—ﬁﬁw%ﬁfM%iﬁ%Pmk#%i*w¥—®%ﬁf@%%wéﬁ

BNRZV, ZOBRBIIRO LI LTI T v 7 ATEMT 5 2 LA ATHE
b5,

Flux = f vf(v)dv El S

Flux = f 1E) dE
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mIThE &

3.1.29 R E

TR D B = L ¥ — & R TIE AR HGE, WU R, BERER L O
BEWRIEDbILTW\D
3.1.30 Kot
Bt Ot 2 ET) 12 X Dok X—DBHE)

3.1.31 = v 7 AU V5%

BoPfc T, 77 XA~ iR E LT O~ v 7 AT 2 VAR LD A T —HE v
ICOWTHERT 2 Z & TE S,

5/2
_ 9 _Uim
flv) = 4nn(2 kT) v exp( ZkT)

ZZT

n 3B E
KRV~ B
TIXiIRE

s L72ii o THRE LIREN—XFD 20U, BRRNMEERT 2 2 &7
TE D, It 2O TH-TH, 2 DD v 7 AT = /LA il
HEEDL LT, ZLOHBITAMRMZIERT S Z LR TE D,

3.1.32 A7F4uA K
(ZAFET D BAREIRORL -, & UTUMNKENEREZERLE T2,

3.1.33 A7 A4—/
WMEOZ &, AT A A RONHERO RKUSFEE km 7> 58+ km OB EHEE THAT 5B
ST, FERAS L OBEBRICL Y EED T T X<{b LT ARFEE L, s B
LUt EBG & U TEME Ot B%) CRMlcNS, WFEEEITHL EX Y 100kn F25 LA
LB ETHY EAD, 40kn 725 100km O & THIKT 5,
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A DZ L, ATdaA R ECETLEZLOTHD, T THRENMRZ R
MEFTREFELLLD] EEDNDI ENEZ,

3.1.35 Wik
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SRR A 2 U 55T 2 MEETH Y . HOERZdET DR O Rz Bk

Do

FE OMBRIET T vy AR KT OEER @R D Fc ko TELT S
(DFEVT MRS TH D), & ATk LEHFHEF D7 7 v 7
A FBNANE U6l C OFHICB T D& T ROmRENRENE 1/4F
SOENMNT 5,

3.1.36 LU R
HDRIEDORBEE BB TWD ., G50 ORT T 2> 5 akk > T2 [ERRL -,
(7a33, HER EClibe Lo RERHERY 2R T THET,)

3.2

=H
3=}

AR TR T D W85E & T D EFR & UL TR,

B AR

CIRA

COSPAR

e.m. f.

GCR

GEO

GRAM

GSM

HEO

HWM

B

COSPAR International Reference Atmosphere
COSPAR [EIBRIEHE R

Committee on Space Research
FHERIREE S

electro—motive force

o /)

galactic cosmic ray

SR A

geostationary Earth orbit

i 1L A

global reference atmosphere model
EHERIRER KT TV

geocentric solar magnetospheric co—ordinates
LU K B S A

high eccentric orbit

FrgH#uE

horizontal wind model

AT T v



LDEF

LEO

LET

MASTER

MEO

MLT

MSIS

NIEL

RTG

SEU

SEE

SEL

SEPs

USSA

JERG-2-141

long duration exposure facility
g R AR

low Earth orbit

{1 B ER & [R5

linear energy transfer

TR IV Y]

model of the high atmosphere
EREKEET v

meteoroid and space debris terrestrial environment reference
mode 1

AT A A RBIRAN—=2F 7 VICHT 5 HEkEREE A EE T L
medium (altitude) Earth orbit

e LA

maghetic local time

f% < b 7

mass spectrometer and incoherent scatter
BB & IR UMERGEL

non—ionizing energy loss

A A oAl Lk

Sunspot number

Bk

root—mean—square

SERE) T ARAR

radioisotope thermo—electric generator
TSR PERIN ST R B — S JE
single—event upset

ST NARNT v Ty b
single—event effect

T NA R MR

single—event latch—up

ST NARY NG TT T

solar energetic particles
KB RV —h 1

US standard atmosphere

K EFEAER
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4 )
4.1 XTI

WL

JGM-2 EFNVORHEHLET 5, Fiud. ZOEFTAN, BIEFHTE L ETLOFRTCHLRE L E
VR E CTHIERZEBH L, B FA— ML LV DOKEEZERTE LN THS, JOM-2 EF /LT
F DOREEEITES L 0SU-91A EF /L & TEG-2B EF /L DOFERZFIH L T\ 5,

JGM-2 (Joint Gravity Model) I, FHHHBHT — & 722 b ONCHIER H ) IE I K OV FHid s B 5
BT — 2 DMAEIES O THE SN EF A Th B, = OESHET MK IO
70 x 70 RZAHE 95, JGM-2 DFEMIE geodesy@gsfc. nasa. gov D ftp 1A hEBRDOZ &,

JOM-26 38— = L ORI 2 HEMET 5

4.1.1 =a—brOEHOEL)

B GIIFHEOE S0 OES) (FLE) 126, HaEF OB T 5 EE) (B8 (L ALY &
9, =a2— FrOEOEANZLIE, HHDD 2 SOOI, W& OE OIS
L. WAEMOEHMD —FICKHHITE I THEWVCEIEE 9, TROLLKRANTEHEEIND,

GMm

72

F = —

ZT

FIXEN

CIXTIA S TER
mITFEHEOE &
MFFLRIEOE &

rlXmE OE B0 O B

(Y

/
/
/
/

PR (HERPH R E) BB TH Y, MORENSISLLTE D, Loavb REANFF
TEL RV E 0T, L REJE FH OF HEBNE 3R L TR N —EDFM TH Y | ZOFE
X 22T D HraasEE Lz Fmm BIChiE LT b, PN ok oE &55%
ICEDPMEAT 22 L CEULEBE— A NERENEE MLy LS, osNEL kv
DIFELRWEA, ZOF—A Y Mo CTFEHBEOE LR E . LRI L FE M Ak
DEMENXF—ER IR D, EOGEE b2 Iix, W& RO =Rl IET 5,

4.1.2 BRETNDLOHKENGET IV
HIERITFE R ERTE T b R T, FHTINIL TV A b Thiely, LaRioT, bok

MR ET ANMEICRD ZENH D, PR =T U o Io e Vo T- iR Th
PR, FEEBEE K SR AEE) 2 R T X FE L T D, 29 L7l
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. 4 L3 TR T LD RERME AR EE O < K VRGN Ze HIEREE /)35 DR B B L
ZbDTHDH, BREL T D OITRMBEKRIAICR T 5 XN REDOHR TH 5, T Off
Hra ek A LT, —RICEBELEELEEZ WD OIE, SEZRHIEROFR MG MR
BEDHTHY (>17), LR o T EROESET NV EZIZEALEORBRIIUSAT L LN
T& 5, EHEELEEICET 5% E MG CIE Regan & Anandakrishnan (RD4. 1) &
Wiesel (RD4. 2) & 23d» 5, HIERHLIE FHARIC X T D5 KBGI L OH OE N B ET %A1
X BEITESAET AL THSTH D, KIBERNOZ 5 LIZRKIKZR b N O RRICET 2
B &2k A TRT,

4.1.3 HEREHHOEREERS | BRimAF1 %k

BB O FHCHBIOFE H 2 AR & T 584 iE, #HIERENE (KT v) Z2RBIck
R 20END D, HEKIZERZRERIE TRWD, FORERE 11354 T Ic W TEHR
L. &nizzhz, 777 25RAQU=0) 232 —#HORmE G 2 BEikic L > TF
TLENTE S,

Y

n=2m=0

Ur, 1) = GM (1 + i i(%)n P..(sin®)[C,,, cos(md) + S,,, sin(ml)])

ZZ7T

GIXEIEE

Mol THIER DE &

rITHIERDOE LD b OF£E

a | UEHILKS IR T O fE R 28 (R T I BR O 7R E R Re)
n I XFAFIHOREL

m I TFRFNEDOREEL

& I X H O

A TR

Cow & S, IXERETFAFIGR S

P,(sing) i, WABL T ¥ RAVDOZEXTHLGAO, BETLE 1 Ly vy L
BA%L

(cos @)™ dn+m(sin? ¢ — 1)"
2n n! drtm(sin ¢)

P,.(sin ¢) =

A BN E T 2551003, B0 E ZUTHIST D88 L 2 ZDIERE TH D P,,.Con
Snm ‘/Gil‘;{‘j—o

D FEMEEIEZ WD MOERORT o v VEBRBBERENTNDN, 9 LE-RHIT L B
ThHO, BRELUTHMICETH 2L Y Y v RASHAZ M LT 5, EKimafEaE 2 F)
B LR T > v v VORI FEKBELEDOMNTIZ & > THRZR LD TH LD, I Ox;
FRPEAS, A 2 BEE R OB RICES S R T v v LOSENCHIE L TWANSLTH 5,
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(y
[
3

B [@n+ka—er2m
n+m)!

- (n + m)! ”
o Cn+1Dkn—m) o

T (n + m)! v
S [(2n + Dk - m)!] S

ZZTm=0ThiuX k=1, n#0 THIIT k=2,

T x v RAVEREUTZE DIREL n & BES m IZJE U CTIRD L 9 ITFETI D,
1. =0 OFFEITITHEFFn B £k

2. m=nOEFAITITEZ Y TR

3. m#Fn OBFEIITT BT VMR

R AN BT, TR IS i%m%ﬁ®/ﬁT7//¥W§ﬁ xS LTS (RDA. 3),
HERD R RIS & D BRIR &2 R T “IRATGEHBIL (m=0, n=2) 1%, HERD R OF5H
ﬁﬁ¢é$%274xéﬂ¢éo_&ﬂﬁ%ﬁm—&n—wi_ﬁﬂ; L 2 TRk
L. PURFEFBESIIN AT, LRITIAT - -« ORHBEKT D,

RELZZMIETARORIELERA L L TED, DEVMELEED ¢ TEETHIZ,
RELICBIT DA REOEMITE RS 21 /m & T HEREREICTH Y | 7= & 21X
15 OAFFBIENTRRIE 24~ Z &I 2 AT,

ERIARARE O E T IEA B fEETH D, T MT, BE, Ry 77—k L—%—D
WTIIT L A FEREL T — & OS50 & ez, HIERE |/ ORIEE 72 & NS FE kS 3
T —H DMK L TV D

HEHETNDRK L DART v ¥ VR OBEHIT ORI ESE2#1T T 5 RD4. 4), #)
WoBEHNETMI, T vy NFEEO Ky 77—k X 5887 —4% L _X—h—F
B AT OEBT —2 L OHHITHEI L2t DTHY . ZNEBRAB LTI a R 7T F
ARSI ERLR T E A Y =7  RIE R E ThoTe, 29 LTeET VT
B L OPEE)S 8 Toaht L Cuhi=,

BUE, RIKEN1FOMEE CTHO O TWARFIOENET /MWL HED D, T70b 6 KE
EP#aE BT D W6S-84, 7 &9 A K5 (UT) BHFE D TEG-2B, A A ANIZKF: (0SU) BHFE D
0SU-91A, BRINIL[FEABAZE @ GRIM4, NASA, UT. CNES. OSUBHIED JGM-2 TH B, WD
ETVHHEREHBENTIEA— ML LULOREZFEB L TWD, ZOHF T JM-2 T /L
DORRAZHLRET 2, LWHDHLZOET AN, BEMHATELZET VORTHERHEWVIK
ECHEKAZRBL, B FA— ML NLOBELZEBTELNLTHD, JOM-2 T /L
L7 OREGEIZHER L 0SU-91A (RD4. 5) & TEG-2B(RD4. 6) D& RZFIH L T\ 5, W6S-84 &
GRIMA ([ZOW T CREREIZE X T 5, F-UoF, NIMACKEEGHK ), 94— FF
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HARAT ' > & —., OSU XHET /L EGM-96 Z B3 L=, & DOFT /MTFMR Tl £ 7-26eE 7=
DG O DHITE S TWVRWA, ESA BEHEE T L & LT JOM-2 O#%MEIZ 72 5 AlREM: & FF
SMEHD 1> Th D ((H8EA).

4,2 BT ILVOET

4.2.1

4.2.2

4.2.3

s %
JGM-2 (Joint Gravity Model) (RD4.7) 1%, FHIKEHT — % 2 b NICHIREENEL LW
FHEEEHOBHT — % OAETICESW TR EINTE-ET LV TH D, ZDOETVITER
[ ARFN RS DR E R KOS DS 70 Toisd 2,

WHETNIRT A—H

£4—1 VEETNNRGRA—XF

Parameter Value Units
Constant of Gravitation, G 6,67259 x 10-11 m? kg‘l g2
Earth equatorial radius, Rg 6378136,3 m
Geocentric Mass, Mg 5,97370 x 1024 kg

G Mg 398600,4415 km3 s~2

FBATA FFA

JOM2 77 ) =L LT3 DOEFABEBES N TS, JO-25 TF /L, JoM-2 TRV
SR TOLFTEHBBINT — 2 DR 2 &L, B 70 TEMHET 5, THUTKES O, HiEky
HZEOBERICISZ TELNT JOM-26 EF LV TH D, £7- JGM-2 ETFNVICEBIT A AT
PEOBAEIRIL, Forp 2 BUEEAHAIC BT 2T D OBMT — 2 BZ L L L
(EEHIE I (FET 2 T EIC BT 5 EREBMT — 2 BRE L TCWD 2 ETh D, TFAD
—EBEEL 70 EWVOMEEEZ Lo TWVAH I LB IO TS, TS Tk
LAGEOS OB T — X2 K2 b D THDH, £ LT JM2 T LOEERITL 1EL, mER
BIUOHRENOT—ZIZL > TRESNTEY . LR > TARRMITHERS S, LI
WZ JM-2 BT VI REB N FE L O V=TV 7 DFEE A EORR T E EE 2k
EARL TS, 7272 UERZRBEFEF AT 5 MEEH IO LT, JOR26 8= v
DODRPZHERT L5, DLk 3 FETLONTNICEAT 524528 b, Science Internet T
geodesy@gsfc. nasa. gov NHELX 7 7 A MEET 0 ha L (ftp)IZL W AFTHZ ENT
x5, EfERORE T Y FEFIAT AL, I byTF—2ty hOFMEE
ERTHMENRD S,
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F4—2B L4 —31%, &EB IO 9 £ ToHPPETIESR L-RKm#Emesc,,
BIOS,DEEZRLEZLDTH S, B#ET D 1o B2 M8k A IR T,

4,3.2 HAEINI v g OFER

F£4—4T.FBREIJM2EETNVERAHAT I MM v g N2OWNT T U7 b () .
Ja ATy (KD . Ta s N7y 7 @A) OF TR D TARELERR S

EHELTZHDTH D,

F4—2 JM-2 ETMCES EFRARE Com DfE, &I () B L UOREE (m) i 9

n
2 3 4 5 6 7 8 9

0 [ -484,1654663 | 0,9571224 | 0,5401433 0,0684645 | -0,1500030 0,0909460 | 0,0493049 0,0267036

1 -0,0001870 | 2,0283997 | -0,5363680 |-0,0591214 |-0,0761294 0,2758256 | 0,0232834 0,1462664

2 2,4390838 | 0,9044086 | 0,3503493 0,6533875 | 0,0486483 0,3278766 | 0,0787560 0,0245294

3 0,7211539 | 0,9902582 |-0,4519017 | 0,0579537 0,2508965 | -0,0208114 | -0,1619243
m g4 -0,1884885 |-0,2950801 |-0,0862993 |-0,2755462 | -0,2448369 | -0,0085254

5 0,1749710 | -0,2671890 0,0018128 | -0,0251488 | -0,0166623

6 0,0098855 | -0,3590382 | -0,0651558 0,0626750

7 0,0012547 | 0,0671575 -0,1184886

8 -0,1238923 0,1884251

9 -0,0481248
Units of 10-6
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#4—3 JM-2 BT MICES EFARE Snm DfE, &I (n) B L UOFEE (m) i 9

n
2 3 4 5 8 9
1| 0,0011953 0,2488066 | -0,4734226 -0,0955327 = 0,0265588 0,0967770 0,0591996 0,0206503
2 | -1,4001093 -0,6192306 | 0,6628689 -0,3237786  -0,3737880 0,0940337 0,0662488 -0,0337777
3 1,4140369 | -0,2010099 -0,2150966 = 0,0090304 -0,2166254 -0,0866613 -0,0751423
4 0,3088453 0,0496700 | -0,4716700 -0,1238634 0,0702875 0,0192064
m 5 -0,6696502  -0,56365234 0,0177164 0,0892490 -0,0543111
6 -0,2370946 0,1517702 0,3092402 0,2224258
7 0,0244337 0,0746269 -0,0965854
8 0,1204626 -0,0031477
9 0,0966002

Units of 10-6

#£4—4 JM2EHETNEZFRATIHEEOTHEPLERE

Semimajor Inclination Predicted orbit error (cm)
Satellite axis (km) |Eccentricity ©) Radial | Cross-track Along-track
ERS-1 7153 0,001 98,8 8,0 15,1 160,4
Ajisai 7870 0,001 50,0 2,6 3,6 13,2
Starlette 7331 0,020 49,8 5,2 7,2 16,1
GEOS 3 7226 0,001 114,9 6,6 9,6 72,5
GEOS 1 8075 0,073 59,3 2,3 3,0 45,1
GEOS 2 7711 0,031 105,8 3,3 5,1 63,8
Peole 7006 0,016 15,0 981,0 106,7 353,5
BE-C 7507 0,025 41,2 9,2 11,4 60,0
DI-C 7341 0,053 40,0 14,5 16,9 70,7
DI-D 7622 0,084 39,5 10,1 11,2 88,9
NOVA 7559 0,001 90,0 9,6 21,7 397,0
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VD77 LR

RD4.1 Regan F.J. and S.M. Anandakrishnan, “Dynamics of Atmospheric Re—entry” , ISBN
1-—56347--048—-9, 1993.

RD4.2 Wiesel, W.E., “Space Dynamics”, McGraw-Hill, Hightstown, NJ, 1989.

RD4.3 King-Hele D.G., “Satellite Orbits in an Atmosphere” , ISBN 0-—216--92252—-6,
Published by Blackie and Son Ltd, Glasgow, 1987

RD4.4  “Recommended Practice: Astrodynamics —— Concepts, Terms, and Symbols — Part 17 ,
BSR/AIAA R——064--1994.

RD4.5 Rapp, R.H., Y.M. Wang, and N.K. Pavlis, “The Ohio State 1991 Geopotential and Sea
Surface Topography Harmonic Coefficient Models” , Report 410, Depart of Geodetic
Science and Surveying, Ohio State

University, Columbus, Ohio, USA, 1991.
RD4. 6 Tapley, B.D., C.K. Shum, D.N. Yuan, J.C. Ries, R. J. Eanes, M. M. Watkins and B. E. Schutz,
“The University of Texas Earth Gravity Model” , Paper presented at IUGG XX General
Assembly, IAG Symp. G3, Gravity Field Determination from Space and Airborne
Measurements, Vienna, Austria, August 12——24, 1991.

RD4.7 Nerem R.S., F.]J. Lerch, J.A. Marshall, E.C. Pavlis, B.H. Putney, B.D. Tapley, R.].
Eanes, J.C. Ries, B.E. Schutz, C.K. Shum, M.M. Watkins, S.M. losko, J.C. Chan, S.B.
Luthcke, G.B. Patel, N.K. Pavlis, R.G. Williamson, R.H. Rapp, R. Biancale, and F.
Nouel, ‘Gravity Model Development for TOPEX/POSEIDEN: Joint Gravity Models 1 and
2”7, J. Geophys. Res., Vol. 99, No. cl2, Pages 24,421--24, 447, December 15, 1994.
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5 HORES
5.1 U HIE HER EEOEROHE

5.2

AR 1 FEE TR AU R OB - DRGSR LS, md B CIROREE R & o BEHIC
Ko THESHIIRE SHERFRIC, BEDTRINZP R A TN D,

IR T VI, il S AV B R R -, KIGRL -4 KX OYF R - DB E 7 /VIZE
WCREE L 72 %, TR RL - O 3 AR 1T, HIRESOUUASG 122 M 381 DALE (B, L
B ELTRIBRT D2 ENTE LN, KT F—hi 18 LOFHBROEREIC R 28
RIERN R A EBET D201, HERET AVRLETH D,

FHITEDS MRS 2 Y] 5 1 E 217 5 &L FHENICIZE=vXB THEX b 58S e m. f.
WEL D, € L TEMRBENEETOHIUITFHRLS LRI 7 X<ICERN TN D,
O LIEBIRIT LY | K& B HER A [RIf0E b oo RIS H RS TIIEAR L h OEMENE L 55
BB D, EZOMRIT, BITH LEELRT V' —DOR IHRE REFF L OENZ2 LR
HULL 7P —FHEI v a U THIHESNZD  WgESz LTnD,

Wi & T EORSK T — A > b n OMABER N 2 EA T, TabbRATH S,

F=mYB

ZDONE, TEHEHEEER MV =P n & b7 b A THIITEBGEEIC R T 52 &
NTED,

ZOETIEEICERN R IR EZR 5. TOT =203k b —RNZHBR TREENL TH
Do 1212 LRI, FRZZ OIMBITEIRZR TH Y | TORHRILT T X<hi+ 5, &,
WG OEBBH LN L TH D, mEEICBIT 2T 7 A h—LDFAIT, HERTRE
GBI oI B C THERT L ZENMRTH D, T 9 LIZAMLIZ. AID £, 4,
D, 78 BN Z Ot O MR E & MERER I TR 2 2 L TERE(L T2 2 LA TE 5 (M
R STEENC BT DR BIC O W TREL T 6 |a2M), 77 XA~BRENMLEZ % T 5
L EKDBEIILEY T A =2 LbRn, B LTEERENEET L GELL
3% 8 EEZ M),

HRERE T VT D EET —F

BRGFREH DR ST TROH Z LN TE D,

B = MR7?[1 + 3sin%1]"/?

I T ANTMERARSEE . RITHEBEEIETH D (R & A DRBIER WA D) o M FRE <A1
F—AU M THD, MBI LI ARRICR0 5 M OfEI, BUUED L ZABLZ 7.9
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X10"nT. em®, 37205 30400nT. RELTH 5 (R ITHIEROEEHAR) . HIRESUTITEL L 72X
R IEA L T D ERIFIC, #IERDOEERENZEI L T 7y FLTWAH Tz, MR
IEHIERR 22 s — L TB 57, OB SITREIZL > TB{bT 5, 29 LEEZz2m
LG LA TUWND (RDS. 1), MR Z DB D, o< D EE{EL TV D, 1990
HITB T Dm0 DOZENLIE 515k TV | ZALDVESE 2. 6km 5>, Jbf# 16,6 7 R
150. 9" OFH AN TN D ARG LSRRIl B oM & 2 D3t & 0 | BRI HIER
Fmloxt LEEIZ/R > TW5D (RD5. 1), 1985 RIS 2 il - oo bk (M O FE) 1Ak
82.05 ", W% 270.2° Tdh o7, B CHk RD5. 1 IFHIBER AU & DF DZEAKIZHNT,
WERBREZMAZ TS, £ 5— 1ITMBAE—A L FOBDLELNRFDLZRLIZEDT
H5b,

#F5—1 MBBFE—RAL FDOELL, 1945~1995 4E

Year Mg (HT-R:E) M (nT.cm3)
1945 31259,7 8,0844 x 1039
1955 31125,9 8,0498 x 1030
1965 30951,6 8,0047 x 1030
1975 30696,4 7,9387 x 1030
1985 30438,0 7,8719 x 1030
1995 30207,7 7,8123 x 1030

5.3 HWERTET V& oM HEE

5.3.1 MMFETIV
ERo X o lciER E L TR F-ET LV ERET H 2 LT, RO EZ2 R~ (CHEET
HZENARETH D, 7277 L 5.2 Tl L7 B D & & BT EEIC AL T T

SYASAN

s O K 7 Ik oy & RS R AT, I Lo THRERE E L CRD D Z ENTE D,

By = —%%2ﬁni
B, = %cosl

FT AN MEEE LTEIRAUZ L > TROLHZENTE D,

SxzMR™°

=
I

B,=3yzMR™®

B,=(32-R) MR

(y
Y
A
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MZF EROEEZHND Z LN TE D,
RIZFTEMBE DR TH Y . FOHALL M DAL E[F—Th b, z 8IPR T > T
l/\%)o

5.3.2 HNEY —RABEBRET IV

HER DN IEBESH R 58— EUT IR T 53, M -LISOEE L EETHY . +
NZ&E byl il LT A%, HiEREERE 26 2 o4 7t » s EHE & E
W AN OEMEET NV TH D,

— RIS D AEAEN) 7 U R T VT, NI & ORI E(LE A D Z
RT3y LV OERTEFR AN BRI L o CRIR LT % (RDS5. 2),

B=-VV

FIHATRE 22 UGS 7 /WITEBAFE L TV 528, ERRAIZERE S AL R YER & 7 L 1T [E R
HEYE RIS (IGRF) & U — A DT /LT 5 (RD5. 3), AFIS IOV 9 Tk L 7245972
HAND 256 RE, ZOETAEEELLTHNDLZERFE LY, ZOET VDR
T U VERITIRD LB TH D,

n

kb n+1
V=a Z (%) Z[gf cos(me) + hJsin(me¢)] P (cosH) (5.1)

Z 2T a TR TH Y . ICRF 7 /L TIIHIER O BT Rd5 6371, 2km T
b5, EHROMMEITHLOERE £ HERAALMRD GRIE L7 REE 0 | BRE ¢ THRES
nNa, £ g¢ Lhr 1ZTT 5%, Py i3y =2y PEFELEEET LY v Fu
B#Hch s,
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1960 4E LI IC 3638 S 4077 IGRF B /L3 120 OER AR S 2 £ B (R L OFESIZ 10) .
E BTk T 5 ERESHRE O E AL 2RI TR T 5 72D DI %E 80 & L TW 5 (IR
b LOBEKIE8),

R DX - 7 /v

IGRF-95 &7 /L (RD5. 4) IZ351F DI D 156 DI & = DEMZE(L AL T DR 5-2 1R LTz,
EENVLEILROIL, YD 3TN 3 KOT H v NI > 7o BAR1-7> 5 O il (L B
TN T D HEGER L TWD—J7, PO 8TEHMFL (471 v b X OMER) BT % &
ELTWAHHETHD, Fraser & Smith(RD5. 1) X, Z 9 L7ZHENS ED X 51T IEHEELD
FOERN, ERAFE T 20 ERI LTV D,

X 5-1 1L & FE 400km (Z381) 2 G OM S 2 A X ICERAEHOE ORLIZLDOTH D,

£ B THHAT 228, MilFDOERGEDOES (F— A > M IZRAUZ LY HHIO 3HN S
KDDHZENTE D,

M = o'l + (@ + (]

ZIZTHIGET ARG Z 6N TWIUL, ¢ BEh ORIIZEIC L 2RRGE(LEE DTN
WFE— AL FOEZRDD ZENTE D, £ 531X IGRF U —XET /WIS D)
D 3EDET NARKN ED X HITRFE(L L, EIUC Lo THIG BT — A hn E
FE LT ERLIZLDTHD,

% 5-2 IGRF-95 E5 /v 123t BT, REB L UOPEEIT 3

Secular
Coefficient variation
m | n (nT) (nT/y)
g 0 1 -29682 17,6
g 1 1 -1789 13,0
h 1 1 5318 -18,3
g 0 2 -2197 -13,2
g 1 2 3074 3,7
h 1 2 -2356 -15,0
g 2 2 1685 -0,8
h 2 2 -425 -8,8
g 0 3 1329 1,5
g 1 3 -2268 -6,4
h 1 3 -263 4,1
g 2 3 1249 -0,2
h 2 3 302 2,2
g 3 3 769 -8,1
h 3 3 -406 -12,1
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%% 5-3 IGRF EFNWIZRBIT A BB FER L O E SIS B FE— A~ FOZES

Model coefficients

IGRF My, M

model gs gi h; (nT.Rg3) (nT.cm3)
1945 -30634, -2240, 5806, |31259,7 8,0844 x 1030
1955 -30507, -2134, 5796, |31125,9 8,0498 x 1030
1965 -30334, 2119, 5776, |30951,6 8,0047 x 1030
1975 -30100, -2013, 5675, |30696,4 7,9387 x 1030
1985 -29877, -1903, 5497, |30438,0 7,8719 x 1030
1990 -29775, -1851, 5411, |[30319,2 7,8412 x 1030
1995 -29682, -1789, 5318, |30207,7 7,8123 x 1030

5.3.4 HUREKJERE BL L

MR RJERE T BB B T DIFER - ORESCE & 2k T 20 ERH L AR THHT
bV, FMETHD, %@$TW%E%&%Li HIER B R BREE DT T BT D
HLOTHD(EFEIEELSR), bR ET VI, ﬁ%éhtiﬁvl/ﬁ?“—ﬁ?@77‘/
7 AR R L F— 72 B NS Mellwain OHIRESJERE (L & B/B) DEA¥ L LTHET, 22
T L IE, BRI BB W35 2 36 1T 2 MU IR E B Dd A bbb U 7RSI8 D ik R
BISBHOMETHY . T L » T, MiEKRE EOR/IND B, kR & T DEEIRII
STMMEERETDHIENTED, %<®%é?*@3&ﬂ%éwiw3&L?%of
H AR OXFIZ L > T, BBHICBITONEZ HDICERT LI LN TE D, TS
TR TH D . KA HAHTHLHT2DTH D,

FEBR D -G AT 72 BB A-T L2722 Wiz IERUTIT LITMEE > A A & T ORI
Lo TEHR 5 [RDS.5),

B 1/2
=I(1_B_m) dl

ZTCRESIE. 2O I T—RA U b L, BI LERSBIBRICB > TEEB L, B 1%
F—RA v M iaj‘éﬁu Thd, TSRS L<L i}‘)7]\/3:}1/ BIFHEHT
Do ZHICKVLERDOELVERSTHZ LN TE5RD5. 5, RD5.6),

) -5

Z 2T MIFHRER IR - — A o N Toh D Mcllwain ITEEE #=31165. 3 nT. R, & FHV2)
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B F X, ET VAL TEOMBS N SEH L 7 & BOEERNTRD S,
Hilton (RD5. 7) 1ZR9% £l DWW TLA F O MR 28R LT,

fx) =1+ ax'”® + ax?® + ax (5.3)
ZZT
x - I'B/M:
al =1,35047,
as = 0,456 376;
as = 0,0475455.

LI LI R 7 by = VB CURIEEH TH D Z LB bor-> T 5, MR
W OFFEERL 1% 3 FREADOEEN LA 2 FF0, T b BREIIFRE RIS T D ElHE, 1 /147
D ERESE T\ AFAET DR X 7 — MO BKESR), #HEREFATRY 7 by = v &85
FAL R 7 N CTh D, Bl EONEE B LI RICER L, 2RI OV TR RER BT
EBTMCT 7B AT, FEHEBOMAREEZELZ THT 5208 TELE I ELSH),

:@*kﬁ%%%ﬁ’ﬁé@b HHRIZBIT D L EZRET 7201203, BGET LVEF]
AU TR > TR EIT) ZERRERZETH D, %Lfﬁ% REEET LA HE
L. £HZ 77t2?6% X, BODOFEERT A=K U, a, a, a,tBR—HLTND
ENBEETHD, BEHRETT MOV, BRT— A2 FOBILIZOWTHEHT S
Z &<, Mellwain DERAWSNTE 2, ZOMHEIZE 9 ECTHHTHET /L AE-8 B
L AP-8 OT 7 EANL—F L THWRITIUXR LR, SHICZ ORI ET7 /VERMAT
LI-OMERE B, L #AKRT 25GAIIE, B 9 B COME—FE L-RGE T V&2 W22 TR
AN SYAA AN

MR IRIENT BN/ N T DI EONIE IS L TR Y . IR Y 32,

B =B,=ML>

Z 2T MITHREEE G — A N Th D,
FEABF) 70 B ZE I BT DR & BB L OV L ORI D & BY TH Y

R = Lcos?A

Z D DR S IRATRDH Z LR TE D,

B =M1+ 3sin*2)”

I TAIIRERRE ., RITERIERECH Y . Z OEIT YRR S MR REICB W T R=
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Th b,
5.3.5 AEY —AREIBEETI

INFTHHLTE T UL, HERNOFE 7 0 A TE L DA TR L TWA 7T T
bbb, FLTEESEICBONTIL, BKROEDIFZEASITEFRTEXDIZE/NSREE LY,
ZDOTFE AT HI21TZ L DA, MBI THYTh D, 7272 LEmE CTIERBE
IZ K> TS B ERICRE < BT (¥ 5-2 Z/[RD5. 8]), ZO#WMRITIMA, FAL G
KU 7 b BRI & 28R L O OMOFEIRIC L D 9H %25 2, NS Tl
RIS EINCEHRTE R, MORNRICE D058 &13, KB L OHREA OTEENC &
H 725 TELT DN DOMNARIC L - T, BB L OEEICAFAZ LR bbb L
Th D CKBEEUE ), SBUERE, K28,

W DM 0> B DE 52OV T, Tsyganenko (RD5. 9, RD5.10), Olsen & Pfitzer
(RD5. 11) . Mead & Fairfield (RD5.12). ISO THERHHT D Alexeev (RD5. 18)

e EREA IR ET AN INTWD, EHEMIZRD b DEERE T WITE ML L TV
RN, FOFHANCNT TOMERIZH 5 (RD5. 13), L OFF /MR O B I #itk %
GATED ., FHBERIEEESIKFEL CWD T2, TX VX —hF+T7 T v 7 AL I&
AR T HZDINE L 2~y B T HBIITAHATH S, CRRES X v a  OFRAT
BT —H RN 1 7T MISNIEEE T V2RI LT D (RD5. 14), 7272 L& BE DB A
ICEDIEND, KD RY 7 F Y = VOFRELPEPRLF Oy FAIZ > TELTL
FV, EOFRER, RPN HTMAIZE > THBEETZIZEE LT, ZOREDET VLR HE
b lhhs,

IR Y — AET VL, 9 ECRL I D BEOEEER 72 i R T 7 v E R LTI
A SVANAN

FIREDING Y — AT IVPREREL L CTHLERDITTH 7220,

SN —ADHHZHI T BT bDOTHY , TNEBET 2 0LENH 5 OITFRIR5E
P ChLEICEENNLETH D, Bass & Jordan (RD5. 15) 1TkE~# 72 F 7 /L A AH AT HLik
L7 ET, ZNETNDOREEKTT V2L N CRRES MG Il L, TOEMNKE 2L
DERVEBLZEERLTVAR, ZHICOWT HREGEZE Db DM IS Th 5 A1
RNV EBENPMETH D,

MR DN ET VDA TH L5380 1 212, e R ET LV OIZDICH B B L
JERERFRT DRGNS H, ZO%E. NWMOBETE T E2FHAT 2E7 L Clk, W &4t
AT 2T MGG & OFRZEN, mEE CIEMERERICETET S, 2951
B BRMOFEZT RO EBY —EMEZ R > TRHA LR T IR 6720, DEVET LD
ERBELOYT 78 ADN—F N BB XOLOFHRE LR U FEZHW R TIUXR 570,

EEBOEICB T AREHIME AN L 100nT THY . BJEFEMEIZ L A2 31359 50% T
H D, A7 SRA X b OBRICIIRSE N BRI EE L, F O I 23-200nT 725 2
EbH D, HRBEKEES CRE O W) T, W 510 53 ik 5 o0 fil<° (el s il | 2 xF L C
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WATRIREN D KRELTND 2 L b D, FFIEHLEICBIT 25 AE)NT — # 1% GOES FHf
TR HERET — 27— A 70 b ANFEFHETH 5 (RD5. 16),

X 5-3 [THIER DO BRI OB ZmEOBEE L ORLEZBDTH Y . FHRICIING & 25D
DY —AZMBEET-ET N E W, BIZIZFNENOR G S itz Lz, &
IEHEEE DT T — N — T B2 BN L DT D,

5.3.6 MEIBEER

BEOBEMRAEHNT, 2 v v a UEHEO T DICHKIE SR O AR E 2 HEET D 2
ENTE D, WREF R OKGTROA S o A7 RREHIRAUC E VR DH 2 &8 T
SR

me= 107,4 (ngw u2sw)_1/6

Z 2T L, DHEALTHIEREERTH Y | KGR DG T OEEE n, OFALIL em™ TH Y . KB
DSV 7 FRER DAL km/s TH D, n, & v, & OMAIFIZAfEIT 8cm™® & 450km/s TH Y |
A& RA T HEHIHEREROB L Z 105 TH 5,

W8S BB S ONLE & 52 R ET T 5 720121%. LLF® Sibeck #Oh (RD5. 17) DEF
ERH LR TE 2R 5700, 20T WTESEREOMNEZ L FOBHEE LTRLT
l/\%)o

R2+Ax2+Bx+C=0

ZZT
R 7+ 25

X, vz (THIERERE 2 AL & 75 GSM AR

A B CEHESAITR LI L 2IC, KGRIETNS Ko TR Dl H/T A—H

% 54 Sibeck & D4t (RD5. 17) DRERE KRG ETF Vv

Solar wind Sub-solar Dawn
pressure point meridian

range (nPa) A B C (Rp) (Rg)
0,54-0,87 0,19 19,3 -272,4 12,6 16,5
0,87-1,47 0,19 19,7 -243,9 11,7 15,6
1,47-2,60 0,14 18,2 -217,2 11,0 14,7
2,60-4,90 0,15 17,3 -1874 10,0 13,7
4,90-9,90 0,18 14,2 -139,2 8,8 11,8
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5.5
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fERIEE LA RFA v

TR L 510, BFAEBRT 28I RiRO =— A2 EEICRHT 2 LEN b D,
T VET Y L/ B S ORR TR, BEESMEOIETET L @A, @l 6
HOEEET) T T, Y U=T ) v T BIEE A ORI A —
AT L BHRILE ST FEED D Th D, £ 9 LIMESLEIC AR DO, A
H‘yVEV@kwr‘yyay%jﬁﬁé%é% HETHEES £ USRBC & 5 R B )

(B L C B AREE & 7 B BT 5 D BT — & BRSO, E L
Bl £ OFBIE TR M2 2FIRT A HAIC L, S Y — AT FARLETH S, T
72 L2 OB A I BB A ROBNE (L E BB AR B,

WS 2 T ALT A ARICHOWVWTIE, BT AOBERSET L E2—F—DT 7 & A
Wit T L E ORI BN AR LR TER b0 (2 21X AE BXVAP U — X0
E5 )L TlE Jensen—Cain DEF )L L GSEC EF /L, &9 TmASBMR),

Magnetic Field Strength (Gauss) at 400 km, IGRF 1995

-‘IEH]—15EI 1200 =90 B0 =30 O 30 6C 90 1ZE0 153 180

X 5-1 EEE 400km ([ZR1) B HifER D5 X, IGRF-1995 (2 X 5
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159301222100000, TaS

| WINTER

19910321100000, T893, MLI=0/12

| sprinG

1331062110000, T8

| SUMMER

8er3, M I=0/12

19910923100000,

| FeLL

10 0 =10 =20
GSM =

10 0 =10 =20
GSM =

X 5-2 HEKEFTAOHES. BB R RBMRER L BHOZEELSE) (RD5. 8)
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100000
B (nT)
—&— Local time 12:00, K, = 0 '
= = i i
10000 4 IGRF internal field |
—¥— Local time 12:00, K, =5  ——
—O— Local time 00:00. K, =0  ——
—&— Local time 00:00, K, =5  —|
Storm variations —
1000 :
100
10

0 5 10 15 20 25 30 35 40 45 50
Altitude (x 103 km)

BT AL, SAER SRS U TR D Y — 2 DI WD 5L (IGRF) &40
—2EAWDLETNERD D, KIZIFANELIC BT 2 ErIE#0E L To AR 2 32 b
~LT.

X 5-3 mEOCENKE L TCOHBRDEE)
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6.

6.1

6. 2

JERG-2-141
K & #iBk & BREH & TEBIEE

ZLHIT

LEO EDOFHHIL 3 DOETINGE Y — AN OB 280D, D9 bk KD Y — A%
KWs7 7 v 7 AThD, KbEHERM ORI T2 K57 7 v 7 2A0FEfE% TR
BrEdk) LIRS, 2 OITEBICITER TIER < . KA OERBLE RS 3072 23 5 F5
MEETH D70, BER 3. 4% 5B LT WD, £ KB T % M &id, 11 4
DKBEEHAN THOF NN SZ(L LTS (0. 1%),

A LT KRR A E N T 2B E 2T AR R EMES, Bl EOFEBEIC L » T,
TR ROMEIR S - X SHIERD B BBERD 2 ENTEITHEIICA > THB N TIRE S, TN
R X DHEHEIRES & A7 MASARIFIERI L TH Y . AEEEIZIBNTT LR &,
K ALY MZBT BT AR ROBEZERT 5, 7TAXRNEHEKICB T 2@ L -
TRELSEB(L L, R EERIIS U TCELT S, T RKBRKEAIZE > THET S,

%3 DY — ZITHIERD b D IR T %, HIERA T~ 2 Z OBBURHBRIL BARHE 2
XY MVERED, FREEEEE L 288K Th D, HIERORIMR S HIERIZ BT AALEIC L -
TEALT 55, ZALDWEIZT AR b/hSvn, FRMRUTAZELS L, MFETOZE
BT TN TH D0, WEHE T 206 2T 2HBAa03H 5,

KGR & ERIRE) & 13RI L » TR S a5 603 %0, HIERRRIC R & e84
FAET KGO UV B, i B D EEENET 2 2 SIXTE R, 72720 WV R, 72k
ZATRAER om RO KGR & BEHIHBE L TWD Z & idbhoTind, K< HWY
HNTWDIHERE 10. Tem OKRBGER 7 7 v 7 A8 F )13, KEBEEBEHIZ T 5 KB
UV S D58 B3 2@ 2 RETHh 5,

R SRR IR E HIRNIC B 1 D ISR DB el T 2 DR — I Th 5, T LTI H L
THREIE, FFERLF OFHERFLICEREOR B 2 KT THKENELORE L 72> T D,

KB & M & AT BT D450 %, IrHIERFHIBREE ISR T2 FE KA R EDET VIZEIT S
ABDELTRETHD, 29 LEREITEBIZOWTH, HEWVIIEMORREY L LT
REND, FEROFEEMEIZOWTIE, BEHEL REFEL VL TTHISNTEY . KGHE
HERIZOWTH LI > TN D,

FREINDT — XTI EETH D, s AT OB € OBk s I BV TiE %
NLLEICEE 2T — 2 B L OETANMETH DN, FHIIAREREO I BEH PN TH 5,
ESHTIZ B9 5 BEREEIE T ECSS-E-30 %5 1 &2~ L7~ (RD6. 1),

KB D R H

6.2.1 KEBEE

RBELUT, KB 5 O AFHEIT R USRE 2 B R A, 1 RICHAL (1IAU=H1ER & K5
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W D 24 B O BEEEIC 3 D KRN IRB WD CTHEALIERE Y 72 0 1252 1) D i = R v ¥ — &
EIhTW5D,

KEGERIZIZB L ZF 10 W ORFHEETENRH 5 (RD6. 2), BREHETIZ DWW TIZLL FOE %
W22 T2 6720, 1821348 Ofi a3 (RD6.6) .,

1AU \Z381T % KI5 EEL 1366 W/m?
RRKOKB=RNVFX—TF v 7 ZAGEHR) 1412 W/m?
RANDKBERNVF—TF v 7 A (EH ) 1322 W/m?
KB (100%0D S 4H4R) 9,02 x 107 N/m?

2B, HERONERHE DG TH D=2, KIGHEREICFEHEHNH Y . FHD, ik
HREIL, X6-1DEET D, 2, XFOFZE (1 0) (0. 6WmThHD,
2 6-1 KRG A 0 E O FHi A 8)

A KBG B R W/m2
1A 3HGTHM) 1412
2 A 1406
3 A 1391
4 H 1368
5H 1345
6 A 1329
TH4R GEAR) 1322
8 A 1326
9 A 1342
10H 1363
114 1387
12H 1405

6.2.2 KBFEAXZ bV

K AT RuiE, BREIRE 5762 K O BREIKRIC X » TR R D S ze i iudze 5
U, FEFEHE RSN 3 K SIRE LTS S0,

KRG RRDS B KRR L O BRI RIE TR EZ A S0 T 5 BT, BREAAT K
DD E U (R A <400nm) BFFICEE CTH 5D, T UV EHRES 7 7 v 7 AORE K
SHRREE (180 nm<< A <400 nm) (FF L # 118 W/m> TH V. 1E UV #43 (A <180 nm) DFH 513
#0.023 W/m* ThH %,

K EENIRBSEE 1 B OEHETE L F+0.1 %L (RD6. 3) . KBEIEEN 2 5 b
PN TR DN e R & 72 D

AT bAD D BRFEDH L, 27 BOKEGHEEM & 11 FEOKRBGRAHO &H 51280
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JERG-2-141
THIEFITEAER M LV, 2O b&EHIT, T UV #55 TK 50 %, UV 35 L ONE UV #8453 C 2
fBTHy., 77 XMTIIEM DR D58 FETH D,

BT AR F— AT N VOIEEE X OECEIRBEED B R L~V &2 3 6-2 1R T, EHME
IZRD6. 2 E5|H LD TH D,

FHEFERTHIUR., £ 62 OFREIREDEZHW R ITIER 5720, 717 XHRIZONT
RLTET7 Ty 7 AL, K7L T7OE—7HTH D, KB W T, 29 L7=Xf#7 L
THMVERE 1 EPEAE L, 1R T S b0 EARE LRI TR B,

K AR R JUZDOWTEEL <13 C 22,

6.3

#62 BIXLVX—DOKGEKT T vI R
Wavelength Average flux | Worst-case flux

Type (nm) (W/m?) (W/m?)
Near UV 180-400 118 177

Uv < 180 2,3 x 1072 4,6 x 1072
uv 100-150 7,5 x 1073 1,5 x 1072
EUV 10-100 2 x 1073 4 x 1073
X-rays 1-10 5x 107 1x 104
Flare X-rays 0,1-1 1x 104 1x 1073

HHBR D TR

6.3.1 HERDOTARFK

TR LRI S REEE AT B H A TH 5,

HIER DL T LR RIEH 0.3 Th Y I i) 1213 L% 0. 05~0. 6 OHIFH TH e
D RELEETL5A801H 5D,

TSR R RRIZOW TR, KRR E R — D AT S ATEIRZE L7 L7 5720,
TR KEZBEH TE 200, FHEND B2 TWDE5 OHERIZ KBS ERR N Y 7= > T
HEAICELILD, T AR NMEIT KB RIEAIZG T TEIT D, T NS Cld ko

HIRER > & KIS RTEM 2 B8 L2 Ee breuy,

FERT NANFEOHMMICE L TIHEZ ET 258080 5, L& 23 mBHostross
R, T RS E O HITRFZ BSR4 2 REBRIENE I+ 256 Th %,

TR RO OWTEEL < 13fH% C 25/,
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6.3.2 HIERDRAERHCH
HER A 3 2 BB #R 2 HUER D IRIMER & D N T A A) & B & RS,

HUER DRI DN TR, ERPEIREE DS 288 K Tdh B BAREFEH 2~V NV EARE LT
TR 7200,

HERD 3 2 AR AMR 1 230 W/m? T 5, EEERITIE 150~350 W/m?> O#iFH &L
HEMMH 5,

HJEZAI IR T 20 %iE <IZET 2B ERH D5, ETEDLTNTH S,

HERARAMR D ZEALIZ DUV TEE L <UEAHR C 221,

6. 4 KBS & MRS L BT A IERENE R

6.4.1 ZFAJFH]
KB & HuRESR & 1B 2 H50E. KIS OIEE) L ~UL & IR DANVEL & &3tk 3 5 7= 12 H
WHNTWS, 29 LIATEEERIZZ DI A ERNEBICET A0, BEHOYE L L
TOLDTHD, £7-2 9 LIEREIIKGIREI ORI TFRICHHWSN D, %< OFH
BRETT UNEIREEE AT A =2 LTHEL LTV,

6.4.2 HEEOTHA

6.4.2.1 N
KAEEEEOF TIHROLZHIN TWDH DL, BAHR EHE 10.7 cm O KGER 7 7 ~
72 (F,) ThbH, H ETRIEMEE.R Z OmEEIL, HERAKICKRE R85 KIFT K

B D UV it & BRI L T WA 2 & Rbio T,

KBAGEHEEL Flo 7 13, R 10.7 em iZBT D77 v 7 A% 10" Py U AF—L 0 ) BT
KT (1 Vv AF—FT 107 WmHz  IZFE L),

FRBF o L BRERITMHEEAL TS EHOME (17 A2 LEALLEIZOWT) Thid,
AU LV WEROEIRAZITH Z LN TE D,

Fi0,7= 63,7+ 0,728 R +8,9 10~* R?

6.4.2.2 MRS RIS Eh R
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R RIE BT I R O LB 2 kT 5 -0V b 5, SEICET A fikE LTk
LZHINTWEDIX A L a, THD, ELLOEEDL 13 »FioM ERIZET % 3RO
PIEMIZESL DO TH D, a, OIEOHIPHIT 0~400, HALIE 2nT TH D, £ ITHEARIITIX
a, DT D, KD a,~DEHAEFK 6-3 127779 RD6.4 LVEIH), HFRDEHKTHD
A%, 8D a, DEEFRICOVWTEHLELDOTH D,

K, & a,UANT, MG RIE BN O kR & 72 il & 5ok 3 5 72 012, BEOIEEEH SV BT
W5, BIEEIHSE L FDOEFITHOWVTIL, RD6. 5 THEZ IR LT\ 5,

K6-3 LD a,~DEH
0+ 1- 10 1+ 2- 20 2+ 3 30 3+ 4- | 40 4+
2 3 4 5 6 7 9 12 15 18 22 27 32
50 5+ 6-| 60 6+ 7-1 70 T+ 8- | 80 8+ 9-1 90
39 48 56 67 80 94 111 [132 |154 |179 |[207 |[236 |300 |[400

SRSl

6.4.3 KBEHIHT 59ER

64 1%, B 1L FOKRBGEINCIIT D Fy, & 4, D 13 » AEREOR/IME, SFEIHE,
RKMEZRLIZHLOTH D, HAEIZRD6. 2 1 HDOBIHTH D, /Ml & BRI
DEFIZHBT HER EOR/ME - ZERETHY, 7—4% 13 » HOFRE L L CEEE
WZEDEIZOBIIBTAETH D, FEAHE OEERAITIEEORERICESE 1.23 4
Thod, MA4TEZOT—2% 77 7L L TRT,

®6-4 FYKREBEAIMIITHEER 10. Ten OKBFERE 7T v 7 R &
HRERIEBEE & D 13 7 A REDOR/IME, HE, &ZKE

Month Fyo,7 A,
of
cycle | Max | Mean | Min Max | Mean | Min
1 73,3 69,6 67,0 11,5 9,5 7,6
2 73,4 69,7 67,0 11,7 9,6 7,7
3 74,0 70,0 67,0 11,8 9,7 7,7
4 74,5 70,4 67,0 11,9 9,7 7,6
5 74,9 70,7 67,0 11,9 9,7 7,4
6 76,2 71,1 67,1 12,2 9,9 7,3
7 78,4 71,6 67,2 12,5 10,0 7,2
8 79,8 72,2 67,3 12,9 10,3 7,2
9 81,5 72,8 67,4 13,3 10,6 7,8
10 84,1 73,6 67,5 14,1 10,9 8,1
11 87,7 74,5 67,7 15,1 11,2 8,2
12 93,4 75,7 67,9 15,7 11,5 8,3
13 97,9 77,0 68,0 15,9 11,8 8,3
14| 10,7 78,4 68,0 16,4 12,0 8,3
15| 107,7 80,1 68,0 17,4 12,3 8,5
16| 114,5 82,0 68,0 18,4 12,7 8,4
17| 121,1 84,0 68,1 18,7 12,9 8,5
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#6-4 FHRBRAPICE T HHE 10. Ten OKBGEE 7 F v 7 R &

JERG-2-141

WRERIEBER & D 13 » A EREDOR/IME, E, KRE (BEZ)

Month Fro,7 A,
of
cycle Max | Mean Min Max | Mean Min
18| 129,1 86,2 68,4 18,8 13,1 8,7
19 137,6 88,5 68,5 18,6 13,2 9,0
20 143,4 91,0 68,6 18,3 13,2 9,3
21 147,6 93,7 68,8 18,1 13,2 9,7
22| 151,7| 963| 687| 184| 134 9,5
23 155,7 98,9 68,8 18,4 13,5 9,3
24| 160,1 101,6 69,2 17,6 13,5 9,1
25 164,8 104,4 69,7 17,1 13,6 9,0
26| 169,1 107,2 70,1 174 13,6 9,1
27 173,0 110,2 70,6 17,4 13,6 94
28 177,1 113,2 70,7 18,5 13,8 9,8
29| 186,1 116,2 71,3 19,9 14,0 10,0
30| 191,56 119,3 72,2 19,9 14,1 10,0
31 194,3 122,0 72,6 19,9 14,1 10,1
32 196.,9 124,3 73,3 20,1 14,1 10,4
33 199,6 126,5 73,9 20,4 14,2 10,2
34| 204,2 128,6 74,1 20,8 14,2 10,3
35| 210,6| 131,0| 744| 209| 141| 10,6
36 214,8 133,3 74,5 21,0 14,0 10,6
37| 217,2 135,6 74,6 21,2 14,0 10,5
38| 221,6 137,6 74,5 21,6 14,1 104
39| 226,9 139,6 74,1 22,1 14,1 10,6
40 229.,9 1414 73,6 22,2 14,0 10,8
41| 2381,7| 1432| 35| 210 137| 107
42 233,7 144.,6 73,6 20,1 134 10,4
43 235,6 145.,6 74,0 19,8 13,3 10,5
44| 238,8 146,7 75,1 19,3 13,3 10,7
45| 2428 147,2 75,8 19,2 13,3 10,8
46 245,2 147,7 76,5 19,0 13,4 11,0
47 244,5 148,1 78,1 18,8 13,3 10,7
48| 243,3 1484 80,1 18,6 13,4 10,8
49| 244,7| 1487 825| 186| 134| 106
50| 245,7 148,2 84,0 18,3 13,4 10,2
51| 243,33 146,8 85,5 18,2 13,5 10,6
52| 2394 145,7 87,9 18,7 13,8 11,3
53| 235,0 145,1 89,5 19,2 14,1 11,4
54 232,9 144.9 92,2 19,6 14,2 11,3
55| 2333 1449| 938| 203| 144| 11,3
56 233,1 144,7 94,9 21,0 14,6 11,5
57| 2312 144,2 95,0 21,4 14,8 11,6
58| 229,1 143,5 94,7 21,2 14,8 11,6
59 228,1 142,7 94.9 20,4 14,7 11,8
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#6-4 FHRBRAPICE T HHE 10. Ten OKBGEE 7 F v 7 R &

JERG-2-141

HRERIEENTER L D 13 7 A EREDOR/IME, FIHME, HRE (FEE)

Month Fio7 Ap
of
cycle Max | Mean Min Max | Mean Min
60| 227,6| 142,3 96,5 20,7 14,8 12,1
61| 226,7 142,1 97,3 21,9 15,1 12,2
62| 2256 141,3 96,8 22,7 15,2 12,0
63| 223,0( 140,1 96,0 22,7 15,1 11,6
64| 218,6| 138,44 96,0 22,3 15,1 11,2
65| 215,3 136,8 96,6 21,7 15,1 11,2
66| 212,0| 1355 96,7 21,5 15,1 11,2
67| 206,9| 134,3 95,1 22,1 15,1 11,2
68| 204,0| 133,0 95,0 23,1 15,5 11,3
69| 203,6| 131,6 96,3 23,5 15,6 11,3
70| 200,4| 129,8 96,5 23,4 15,6 11,2
71 196,8 | 128,3 94,7 23,3 15,7 11,1
72 195,7 127,3 93,6 23,1 15,5 10,8
73 194,8| 126,5 93,5 22,2 15,7 10,9
74| 191,5 125,1 91,9 22,1 15,6 11,1
75 187,4| 123,5 88,7 22,2 15,6 11,7
76| 182,9| 122,3 86,6 22,5 15,8 11,6
77 1786 | 121,5 87,8 22,6 15,9 11,5
78| 176,3 120,5 86,5 22,5 15,8 11,3
79| 174,9 119,5 85,9 21,6 15,7 11,3
80| 171,1 117,9 85,0 21,0 15,4 11,3
81 164,5 116,3 83,6 21,1 15,2 11,2
82 158,1 114,6 82,3 21,6 15,2 11,2
83 154,4 112,9 81,6 22,2 15,4 11,4
84| 152,7 111,1 81,5 22,0 15,3 11,3
85 150,8| 109,5 81,9 22,0 15,2 11,4
86| 148,1 108,0 81,6 22,2 15,0 11,3
87 145,0| 106,4 81,4 22,5 14,9 11,3
88| 141,1 104,9 80,2 22,8 14,7 11,2
89| 137,0| 103,4 80,3 23,5 14,7 11,1
90| 132,4| 101,9 80,0 24,2 14,7 11,0
91 125,4| 100,3 78,9 24,7 14,8 11,3
92 119,5 98,9 77,6 25,0 14,8 11,3
93 118,4 97,7 76,6 24.9 14,8 11,2
94 118,7 96,6 74,8 24.5 14,8 11,4
95 119,4 95,6 74,0 23,6 14,7 11,6
96 119,8 94,8 73,4 22,8 14,7 11,3
97 119,0 93,9 73,2 22,1 14,7 11,1
98 117,7 92,8 73,1 21,8 14,8 11,1
99 116,4 91,8 72,7 21,4 14,8 11,2
100 114,6 90,6 71,7 21,1 14,8 11,2
101 110,8 89,6 71,1 20,5 14,7 10,5
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#6-4 FHRBRAPICE T HHE 10. Ten OKBGEE 7 F v 7 R &

JERG-2-141

WRERIEBIER & D 13 » A EREDOR/IME, YE, HKRE (BEX)

Month Fqo,7 A,
of
cycle Max Mean Min Max | Mean Min
102| 1054 884| 1706]| 19,7| 144 9,9
103 103,2 87,3 70,1 19,7 14,3 9,5
104 102,0 86,5 69,9 19,8 14,1 9,2
105 100,0 85,7 70,0 19,5 14,0 9,0
106 98,2 84,8 69,9 19,1 13,8 8,9
107 96,6 83,6 69,7 18,6 13,8 8,8
108 94,6 82,5 69,5 17,9 13,8 8,7
109 93,8 81,8 69,4 17,0 13,7 8,7
110 92,7 81,1 69,3 16,5 13,6 8,8
111 92,0 80,3 69,0 16,7 13,5 8,9
112 91,8 79,6 68,8 16,9 13,4 9,0
13| 914| 789| 685| 171| 133 9,0
114 90,8 78,2 68,2 17,4 13,3 9,0
115 90,1 77,5 68,2 17,4 13,1 9,0
116 89,1 76,9 68,2 17,6 12,9 9,2
117 88,2 76,4 68,2 17,4 12,7 9,3
18| 870 59| 683| 16,9| 125 9,2
119 85,4 75,3 68,3 16,1 12,2 9,1
120 832| 748| 683| 147 1.8 9,1
121 80,5 74,2 68,3 13,6 11,5 9,1
122 78,5 73,5 67,9 13,7 11,2 8,9
123 77,6 72,9 67,6 13,4 10,9 8,5
124 77,1 72,3 67,4 13,0 10,6 8,1
125 76,9 72,0 67,4 12,7 10,5 8,0
126 76,7 71,6 67,2 12,4 10,3 8,0
127 76,5 71,3 67,1 11,7 10,1 8,0
128 76,2 70,9 67,0 11,2 9,9 8,0
129 75,2 70,6 67,0 11,0 9,8 7,9
130 74,2 70,3 67,0 10,9 9,1 7,2
131 74,0 70,1 67,0 11,1 9,2 7.4
132 73,5 69,9 67,0 11,4 9,4 7,6

6.4.4 EEOEBEEME

% 6-5 1L KBHR L OGS O TE ) 2 Wi (Low) |

SR, K (High) & L CoR L7z Jtets

HETHY, ZOMEFIH LTIz sn, EME L TOURLEIZAFEEH S 0L
N EEMOEEMEICHNDREMETH D, £7-1 B0D 1 » AOHEIZOWTE Z OfE

2R L2 5

20N,

BEH L L ORLEAEIE, 1 A0 LERARMOBHOETH 5, BRETFHEDEHN 722 K
REH) (7o & ZITKRKREBEDOLES) 2HEET 25 G T ZOMEEFIH L2dhidz b7,
ik CIZ RO IC T 2@ E DT — X 2R LI,
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6.4.5

P

& 6-5 EIEREE
Long-term Short-term
Low Mean High High
Fio,7 70 140 250 380
A 0 15 25 300

EREEIETA FTA

JERG-2-141

A HPICB W TR EREOIEENCET 2EE Wi e by, 72720, Eok
I IR R AT 5 M5 U T, Wl (Low F 721X High) O W25 A3 5,

ST HRRITIE T T, 6.4.4 [R LI —EDREHET — 27>, 6.4.3 OKBHBT =4 %
AT ud e 670 (§i4 &2 2 ORBMBIR 2B R EE RO D56, &2 0
DOEFRMR v a v ETT 5560, FIEOFRRT — 2 IC OV TR THZT 256

Tbhbd),

K 6-4 \TRIKES A TR BN,

HARERMEREL TERT D2 LNRTE D,

WA T v 23 DBHAERF (326 — 4 D H 1)121% 1996 4 8 A 2R E L7276 720,
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6.5

6.6

JERG-2-141

300

| ——Max Fip7;  —Mean Fg; Min. Frg 7

N

0 12 24 36 45 60 72 84 96 108 120 132

an I I I I I I

2b
5
20 ..r"‘/\ HMW/ \
VI S
-
]

\|
K\‘?

¥

\

[

7

|

0 12 24 36 48 60 72 84 96 108 120 132
Month of cycle

6-1 1 [EDEIIT 5 KER L CHRKOTEB O LER T

VD77 LR

RD6. 1

RD6. 2

RD6. 3

RD6. 4

RD6. 5

RD6. 6

“European Cooperation for Space Standardization, Mechanical Engineering —— Thermal
Control” , ECSS——E--30 part 1.

“Natural Orbital Environment Guidelines for Use in Aerospace Vehicle Development” ,
B. J. Anderson, editor and R.E. Smith, compiler; NASA TM 4527, chapters 6 and 9, June
1994.

Willson R.C. and H.S. Hudson, “The Sun’ s luminosity over a complete solar cycle” ,
Nature, Vol. 351, pp 42—44, May 1991.

Menvielle M. and A. Berthelier, “The K-derived Planetary Indices: Description and
Availability” , Rev. Geophys., 29, 3, pp 415-—432, August 1991.

“SESC Glossary of Solar-Terrestrial Terms” , NOAA-USAF Space Environment Services
Center, Boulder, 1988 (revised 1992).

K. Tobiska, et.al., Space System—Space Environment (Natural and Artificial) Process

for determining solar irradiances. ISO TC20/SC14/WG4 ISO/DIS 21348 (21 April 2005)
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1.

7.1

1.2

JERG-2-141
FEDOHBAST (RFIRRFEEF)

ZLHIT

i 1000km A OEKHGE (LEO) SIS T 2 FH I v a v 0% ik, B, 2,
RUBHERCA Y DIRFE, ENEMD Z ENIEFICEHETH D, 72 & 2 1THIE BRSFOLE,
WS AT DY A RPiE, LREGITEEERE O, B4 v — RN 5 I E OH#E
R LITBW T, fEEAENOE FICB T 5 FHEEOES A U DR A, %
b ARG & O THMET 5 Z ENMETH D,

FTREERE CHEH S o MEE GARIERTESE) O ba TR 2 72D10iE, JRFIRIER
DEZRITHR S 2 R DR RFRE GHEE L 2T TR 57220, E72FHEAL O
FRBEOLUSIZ K> TIFHEOFNINEL D256 bHY ., HFI vy a e b
ADHGENDH D,

HREOEHEET L

BEARLRDWET =2y PARBITFET D 2 & TOT — X RFHIE, ZERAICHE5E
WRRNZ & T2 OMEEPBILTND Z L, T VOEANARITTIER H D =
EEFHE LT, WS ODOHERINLEEETT LNH D,

ECSS TiE, RAET /& LTMSISE-90 Z#ELE L T D, —FH T, A SN TV LRHO
7 /LIE NRL-MSISE-00 T 25, BLIE, JAXA 23BA%E - T LTV % SEES 7 — & X— 2 T,
MSTS-86 DN AIEETH B8, L4 . ST DABRET /LT % NRL-MSTSE-00 A3 F AT HE
ERDAIABLTH D,

BB, KHOETFNLTHSD NRL-MSISE-00 =1— RIZLLFOT RL AN H w7 o m— Rl
T& %, (FORTRAN =1— R)
http://uap—www. nrl. navy. mil/models_web/msis/msis_home. htm

JE TR BASE B FE |2 DU T MSTS-86 & MSISE-90 % bhiik U 7=k 54 UL FITRd,  Rmic,
MSIS-86 D FF NFHAIRFEFR BT RE L 2o TERY . B 400kn TITE 20%, & EE 1000km
TIIH) TOREREE, MSIS-86 D NEBE L Ip DR L 7e o7 (X 7-1 &87),

FEUEE T LTIT RS MSISE-90 (RD7. 1) 28 L2 T L7 & 7220 (ZAUiE, RD7.2 &
120km EBDOLFAEIZ OV THER L72 COSPAR [EFSIEAE K5 CIRA-86 (2t L= ET /L TH
%),

MSTSE-90 <> NRL-MSISE-00 “Cldili E2s HAARENCE 5 @ EEIZ DWW T, EE e KRS AL
OIREE, B, EERELY 7 FOKRKRE T A—F O E L TRDDLZENTE D,
REBXOBEOZDMOKKET VIZONTIE, MECTHAT S, KERICOW T,
E7L HIM-93 Z8H L2 T UL 72 5720 OKEEE 7 /0 1993, RD7. 3 1235 <), ZDE
FWEAER L OO E AL & MSISE-90 MW TS D LRI U/ T A —2 D% & LT

- 41_


http://uap-www.nrl.navy.mil/models_web/msis/msis_home.htm

7.3

7.4

JERG-2-141
RS RSP

FOMDEFT AT HONTIIfHRD 25 H,

HIBERR R DG

HER R SUTI R ENIC 3 DOMEBUI/TITHZ ENTE 5,

o CEEPE, KHFEHE (B 0~12km) | FJEE (12~50km) | HEIIE (50~90km) 2> & i > TV 5,

o ZENE EFEE X F 90km 26 250km 72V L 400km F T OB & IR DOTEE L ~LZ L -
THRD),

o SR, BER EEADIED . FHICEL TV D,

SRR RE R & ELTEA I L o TERISHERNIZIE—ETHY . BBEZ N, 28 78. 1%, 0,
2 20.9%, Ar 23 0. 9% & 72> TV D, IRESMITAE N ENEN TR TRV | /3%t
VEPE S (218K) . MR 23 EkJE BB S i (280K) . & 9 1 > D JRyAh/ Ny b B8 S i (=150K) C
H5D,

BAE TIE, PO 105km OFLIGE R E A © BEIRANEIE 0 . LERREE N, N, 0, 0,
He. H. Ar OFEFEICH 2MEESAIE, BB L OREARLOFBE TICH DM BET
%o BAE OIREE AR T ELTE R IS B 1T DIRIE —ERME DA E Y . BB R (250~
400km) “CHIITHERR 7.,12 9% , BAME R 90 12 & MV T JEPRC § S5 LI ~ 0D = e L % —
AP Lo TENT B ZOZFAR—ATNEEIC, KGO BV o & T RBERIC £ 5
T OWIL, TR 34— 1 T CRRAPUCIERE L TS 292 2 — VB, ez,
G 7t AL 5, RANCBW L, KBRS L~V i & 7213k Thiut 7.
1T 600K 75 2000K £ TOMEZE & V155, FEM 400km DL RIS/ 5 &4y 70 P A BT
(T BV TH D H(Z OFEIZIBT 2 EEMST O 1 0) SHIERBUHERE 2B 2., &
PO LS2 LU E TERT L (Lo THIVRE ] L5,

RKRDIRRE/NT A — &

POERE, Bl EOE &S res. TEES, #lla 7> b, H EICERE U 72 FE T MERGEL
L —H =X DFEHEDO R T 7T =251, BE 150~700km Z H0 T B2 BE OFELAYL
RE ., BIEIZOWTIERICE L DIEFREED ZENTE D, T LTHIET =25, HiEk
KLEDIRE, k. E. REEIILLTONRT A= In UTET 2 Enbho TN
%o

o JAHLEE A, HNIE km

o JHHIKERE ¢ . HAIY EIXT VT

o MU KBEES ¢, HAAZIX h(H)
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7.5

JERG-2-141

o HEFUEUERF ¢, HALIZh(F), FFZICROD O L UTHIHERE 0 . HALX £
el =AY VS

o HUTHEDOU A1 HEZEALT D) HE ¢, BAL d(H)

o FHICKITDHIE 10.Tem DKIGT 7 > 7 A58 Fo o HALIE 1072Wm 2 Hz ™
(=10 Yy Ax—), (KHEHOLNDDITRTHDIETH S)
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— % —, FPI, [BABLHOT —%Th b,

HESHE U5 L CTd D HIM-93 UKIEEET /L, 1993 4, RD7.3 (2H-5<) & GRAM-88 (4:H
BRIEHE RS T /L, 1988 -, RD7.6). & 2\ % MAH-96 (& K& €7 /v, 1996 4, RD7.7)
ZEBEFORE T VI, EIZEORHBNAKEEENC 1T D885y x(AE A~ 7 &)

LAY Vy (RA N T T ) & DO TRNCERE S TW 5, BEE G Vz 123817 5 FEHJE
LA lem/s R THY, 1 FEAEOHBRTEMET LI ENARETH 5,

KERDIFE AEE, =V A Y OIEEDFRE T CRFTENARIC &0 384 L
W2, 29 LicHflgalidkNc LR 5 Z &R TE %,

__ 1
¥ 2pw,.sing dx (7.14)
1 op
L = (7.15)

2pw,sin ¢ Iy

ZZT

pIXRATES), B N/m?

VoAb E ok < JRORHRE Sy . B m/s

VX B & A2 < B OKERRA ST, B m/s

o | ZRPTZERE R, AT kg/m?

0 X 7.292X10° 7 D7 /s, HERD H ins
o (XM KRR~ (B)

PRIB ﬂZ(?“rtmb%¢€[ 15°,+15 ) TR EDOREIIES TH D720, TOEHAITIT 6
=215 "MIZ OV THRIEMM 21T 21T iE7e 5720, GRAM-88 [T HifJE & v 5 & %

.ﬁ,g; 0~20km & /&% 90km 8 & OFPHIZEH LT\ D, MAH-96 1X, FOEMEL /> T\ D
MSISE-90 O F JAft Iz HE-S & Hifff)al 2 0~120km &\ ) B EEFPH 2RI HEH LT\ b

HWM-93 1%, KAE TV MSISE-90 & B BIRAH 0 | F - MeR5m1 72 A&7 /L MAH-90 |Z
HiES LED ZENnD, SEEB LOREBROEEICBIT A ERIIAKERET L E LT
B STV 5, @ 120km LA O/ R B @ F R & 00§ 5 5B 12DV T MSISE-90
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Z B L 32 E TV MAH-96 (RDT. 7) & HEXE 92,

HWM-93 1315 BE 0~2000km (ZDUNT, X7 b L BRI AN RA%RE B A I L 72 BRBRIY K ST &
ETNEFH LTS, 7V HIM-93 1ZREET /L MSISE-90 & FEiE LI L Tl v, X
TA=FEE—ThHh | iR L~ BIVKE R E £ CERBROEAEZ A L TWDHES
[FCTh o, MffrEoawE 1L, HM-93 TIEFHMBEERMIZHAA TN TV D, KFEDTT
& RE S, BEEETIEI— AT, FEE TR TR T 52 & 03bho T
W5, ELT(ETMICEENTND S D) KIGTEENHER ORI/ SV, LEHTH D
DI, (EH) —HHEMOZEEITE N, BICFHBERNRIRTHY, ZOREE
BIRE L TOW DT EICHBEKIES Th 5, 4, ORFIIRMEIRICET LTV E & e, B
WAL F I ANERIF TR TERWLEDTHDL Z b, BET /MITREEND
IR TR b RN B WEM AN S 5, HIN-93 2NE7R3 2 Mo 7k & EE L, MSISE-90
WIS JERDARITERRITHE L T D, L7zds o T4 U5 0| T & s
I TH Y, LRI PRI TREEIAEM TH D, Zo%E, BEEEOH
AT (38 X% 300km) CEGEIL 1kn/s IZF TETHHAENH 5, FHRRIEEISRMETO,
HWM-93 123317 % =i B 400km TO R D A 21k & FEHIRGBEERZEL E O/ % — 2 % (X 7T-8(a)
BILOOK 7-8(b) 12737,

HERRRUT R 5 ZERS1F

PIEES) PORKAN 2 BT OFEEICEN 222502 ENL, 22X O0
NGy D) LG (DIC K> TRT ZENTE D,

ap = % Ay, (7. 16)
1 A
a, = 5P m Ve (7.17)

ZZT7T

aplX B HBFEE &P TRZE b)), ML m/s?

a (X8 hytEE sk LB 222 )8 ), B m/s?
el FHUMRE. RO

o TR E. BRI

VIZE BHPEOZE I, AL m/s
OVTRFT R AL kg/m?

AVTZES WY IR RERERT A, B m?
mXFHEOE &, B kg

PUNZ X DRI IT =R X —HORRER & 5 72, @ 120k R ICI1T 2 BROE
TEE) BRI Tk T X 7Z2uy,

PUMWRE & G185 DIEIXFHEEOTZIR, ~THE, BLOWNSRFIC L > TE{LT 5, it
NEHITERTDO~ o N M, VA JIVAER, 7 X—2 8K TEOREEZRTZ LN
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TZ %,
_V (7.18)
M,=
_pVd
R, = T (7.19)
_ L
B;"j (7. 20)
T

alX &, HALm/s

d X FHAEO R TE, HALm

w ITEAPREEE . BA kg s m™!
LT+ ONE) B TR, HALm

Cy& COEMITEDZE NG Z WD OREYINL, ~ v e LA VA TRET 5
TEAVBEIRIZ K > TR D, MNEIRIIRE K 3D D ENTE S,

M/R>3 By TOHI
M/R<3 M/R>0.01 EBIK
M/R<0.01 SE&EHA

H H 2 T O RN Tlid, Wz @il 2RI L > TIRE L2 A 2 omiRic L - T
BT ohnsZ Liden, 29 Ll e BEREE F 9, T— A hORHAZ LT
WD DITRAEEREDOHEEHA N =X LTH D, ZOFERIZOWTIX, FRZHEMZR RO
WIRTEARIZ OWTIERA CTe B O IRIERFAE L TV D, £ Th D, = y=T7T )7
IR A MR 0TI BT, ¢,=2.2. ¢,=0.0 EWIHETHEIARBEH LWV (M A
Zo, PAUCK LEEZRMERERZH TH D L IRET D),

ERIERIE TSI S TR o7, BRIt b o1 HIEZEE £ TO S H
L1525 A LTI DFEITAE LTV, BB DSMC(E#ES S 2 L—3 g VBT L
) EIC KL VEBTRGMEZFE LY Ia b — B2 ENARETH DM, BRZRFE L
BLipDh, T Co V=T VU ZICET I EAEOHETIET Y v EEHWT, &
Bt mE B o) B 4y FiiEs & (BB T 7 0) @it tag & IO\ T ORI
LNDRERERA L TWND,

(cp — cp.)

- @ - Kn

Cor— ) fo(K,) (7. 21)
(e, — ¢

— = (K, (7.22)
(CL,f - CL,c) fulK)

(Y
(Y
A

- 57_



JERG-2-141

() JTEHFTI DOV T ORE R
() AFEBEDFIRIZOWNTOREE
VWA STAWALE S Rk VAL Qe Nl S RSO A AV E o S L) T

isﬁ—,’iﬁf{;’ﬁ f&iﬁkl?ﬁﬁwé@ R Z SR L TV D, £ L CERHREEIL S 12RO K

M,=0.3 FEEMEIEN R
0.3<M,<1.0 JEAEIETRN
0.8<M,<1.2 EFHEIR
M>1.0 HEER
M,>5.0  HFREE E T

&S —ARGE . HRR A BT D FHEOLE B 2P 5T 51X, e
A RN —7 AFBROZERMRE RV FE R oewn, Ly y=71 7+ %
Hiflile g6, fl0H 5 =a— 1P EZEHT2 2L bAETH D (JEHD
HEAGE L, FHEIIER T 25WS I3RE L), 208546, Bl MMk Th

VX, IR KO R A I L > TR LT 20BN T2 2 ENARETH D, EK
ROGE, EHHEROPUIREINL ¢,)=1.0 & 725,
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7.10 JRFIRERR

JRT-IREESRIE, R 150~700km F2E DIRHLEIZZ BICHFE L TR Y | BMLINT VB (8%
KL DEGTMEHIRI L, ZORMEERESHLIELRERTThH D, R IREEHRIL, KL
EERBIZERGT LTV DRS00, ARG KX - TREBEL . TEMERR & LTIREL TV D
LOTHY, ) 8km/s THE)L TV DFHEICIZ, EORHREZET 3L —H Nk S K
MDD,

JRIRERE L, A=Ay MLOBEBHANIGE - T, BIESNAMEIOLEe, Whpwb v b
Sy a— (1983 HEICHE) 10 Lo T, ZOFIERLEEINER SN7Z7-0, FUREoBEEIC &
BIESAL & TR OIEL A . EIMEHC 52 D HERKRE VT LG, (EHUEEE % F
T 53y a BT, bR SRARERT L R>T\5,

JEIREESE DB IL, 7.5 HXOX 74, T-5 CTREND EFBY ., KIGIEENY & sy L, Rz X
STEALT B, 2. EBEMEWVIEERAIRBEZEOEEITEL 720 . KEBTEE AR E T,
BN 150km 5 < 72D EJRTIRBRBROBEN ILHT/NS <o Tnd (X 7-4),

728, BUE JAXA Tlix, EEFHAT—Y 3 V2RI LM EIRE BRI BV T, R HRkBEE=
XA L, M ERIE O HTIC L o CllaE R EZMT L T\ b, IRH0E=2I12iF, K
VA I RRORAANVT 4 27 OEERA, =R 7 4 0 W ORI U T BRSO
ZlbEFIHL TS (RDT.8),
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7.11 X

AO Density (MSISE-90/MSIS-86)

1E+18

Total days = 30 [days]
Latitude = 55.0 [deg]

1E+17
Longitude = 45.0 [deg]

1E+16 Local time = 14.0[h]
_ F10.7 = 83.0 [10%%4 Jansky]
& 1E+15 Average F10.7(3months) = 83.0 [10%%4 Jansky]
£ - _
T 1E+14 Ap= 147 ]
£
E 1E+13
S
Z 1E+12 * MSISE-90
w
(=]

1E+10

1.E+09

1.E+08

0 100 200 300 400 500 600 700 800 900 1000 1100
Altitude [km]

7-1 MSIS-86 M (NMSISE-90 IZ L 2 JHIRFeR B (& ERIMENT) Dbk
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X 7-2MSISE-90 TOREIZ L b 72 ) EHREDOE, BNV BEWGEE, EHMREE. &
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&
T 1E06
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= 1E07
=
ﬁ . - .
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& —_—M ctivi
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e | W TV
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1€-14 "‘h_ﬁ,_____-h\_
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o 1.E+18
S
1E+17 L ]
Z —
& L) High activity
E 1.E+16 + Mean acitivity ——
o
1E+16 H,—Qh"“‘m..ﬁ______ ——Lowactity | |
1E+14 \..,.“ \K
\ """'l-l-.__-__-!
1E+13 =
1E+12 \1.., —
1E+11 \b‘, \
1.E+10
1.E+09
B0 260 4E0 660 860
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B 7-4MSISE-90 COBEIZ & b 72 9 EHRFIRBREEDEN, IEE LA BNEWGEE.
GE. BOGEES

1E+18
_ o Mo 0o He
[22]
g
3 1.E+16 - N " A
g 1E+14 N ol
A "“-—-\ N
5‘9 He
1E+12
e} ‘\
g T ]
1.E+10 o I
RENIRE
1.E+08 . \\'&“h\
1 E+06 ""‘"-\
1.E+04 o ™
O 160 20 360 450 EB0 6E0 760 860
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LUV ERR RS
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THocal (K) Resulls of Atmosphere Model MSISE-90  F(xy) = G(y)*10%°(+2)
Ref.: 152,0, 12,0, 400,0, 0,0, 11,0, 140,0, 140,0, 15,0

Lafifude (deg)

0.0 20 4.0 a0 0.0 Eﬁ:rg] 14.0 16 o
LsT
(a) Diurnal variation Tg, #;;) near summer solstice (t7 = 152 d) for mean atmospheric conditions. The

level lines indicate temperatures T in umts of 100 K.

T-local (K) Resulfs of Almosphere Model MSISE-90  F(xy) = G(Ly)°10%°(+2)
Ref.: 152,0, 12,0, 400,0, 0.0, 11,0, 140,0, 140,0, 15,0

Lafitude (deg}

G0 00 BOO 100 WO 260 200 200 0.0 5300 3600
Day of Year

(b) Seasonal-latitudinal variation T(g, #s) near noon (ffz = 11 h) for mean atmospheric conditions. The
level hnes indicate temperatures T 1n units of 100 K.

] 7-6 MSISE-90 TOEE A=400km (ZF1} 5 FFTRED—H OB (AEFHL)) (a) & FHRE
EREL (EFFHLD (b)) ZSEHTEE (X100 K) 27R7,
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Density (kg/m3) Resulfs of Aimosphere Model MSISE-00  FOLy) = G(X.y)®10%9(-12)
Ref.: 152,0, 12,0, 400,0, 0,0, 11,0, 140,0, 140,0, 15,0

Latitude (deg)

0 + 1
LST {hrs)
(a) Diurnal variation p (¢, #1;) at altaitude A = 400 km near summer solstice (t7 = 152 d) for mean atmos-

pheric conditions. The level lines indicate air densities in units of 10-12 kg/m?3.

Density (kg/m3) Resulfs of Atmosphere Model MSISE-00  FGuy) = GOLY)*10*°(-12)
o Ret.: 152,0, 12,0, 400,0, 0.0, 11.0, 140,0, 1400, 15,0

Latitude (deg)

) 80.0 #od HAo T 5300 Eede
Day of Year
(b) Seasonal-latitudinal variation g (¢, tg) at altitude h = 400 km near noon (#s = 11 h) for mean atmos-

pheric conditions. The level lines indicate air densities in units of 1012 kg/m®.
B 7-7 MSISE-90 TOE E A=400km (Z331F 5 22K EE D H AL (a) & FHEIFBERIZL (b) . EHH
RRRGM
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n[0](1/m3) Results of Atmosphere Model MSISE-90  F(x.y) = G(xy)"10*°(+13)
Ref.: 152,0, 12,0, 400,0, 0,0, 11,0, 140,0, 140,0, 15,0

Latitude (deg)

4.0 50 8.0 1.0 12‘; ] 4.0
LST {hrs
(a) Diurnal variation ng (¢, ;) at altitude # =400 km near summer solstice (t7 = 152 d) for mean

atmospheric conditions. The level lines indicate atomie oxygen coneentrations ng in umts of
10+13 Llrmﬂ_

n[07(1/m%) Results of Atmosphere Model M3ISE-90 FLy) = CGOuy)P10*9(+13)
, 140,0, 15,0

Latitude (deg}

e
SR

: i .
00 300 G0 ' WO MO0 200 MO8 T
Day of Year
(b) Seasonal latitudinal varnation ng (¢, t7) at altitude h = 400 kkm near noon (f;; = 11 h) for mean
atm&sphelg:ic conditions. The level lines indicate atomie oxygen concentrations ngp in units of
10+4° 1/m"=.

[X] 7-8 MSISE-90 TOE E A=400km (231} R FIREAREE D H 1L (2) & FEHFREEHNEIL (B) .
R I KR S

5000 550.0 3600
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V fotal (m/'s) Results of Atmosphere Wind Model HWM-93

Ref.: 152.0. 12,0. 400,0. 0,0. 6,0. 140,0. 140,0 15,0 . . .
kthmmwfffﬂ

Latitude (degk

me {=A"] = 241

T da 8.0 oo B ? 1 o1gh
LT {hra)

(a) Diwurnal variation Viging (¢, f1s) at altatude A = 400 km near summer solstice (¢g = 152 d) for mean
=12 h). The level lines indicate horizontal

atmospheric conditions (F10,7 = (F10,7)avg = 140, Ap = 15, tys =
wind magnitudes in m/s. They connect the footpoints of wind vectors of the same length. Wind direc-

tions are indicated by the orientation of the wind vectors (left = West, right = East, up = North,
down = South).

V total (m/s) Results of Atmosphere Wind Model HWM-93

Ref.: 1562,0. 12,0. 400,0. 0,0. 6,0. 140,0. 140,0 15,0

g =

0.0

Latitude (deg)

B30 0.0

=4 - ; A x ., = ) v hh Y., W %,
0.0 2o0 800 6.0 M0 400 m-ﬂ 5000

(b) Seasonal-latitudinal varation Viyind (¢, 25]":{ :.Tﬁ?:ude h =400 km near dawn (fj; = 6 h) for mean
atmospherie conditions (F19,7 = (F10,7)avg = 140, Ap = 15, ;s = 12 h). The level lines indicate horizontal
wind magmitudes in m/s. They connect the footpoints of wind vectors of the same length. Wind diree-
tions are indicated by the orientation of the wind vectors (left = West, right = East, up = North, down

= South).
X 7-9 HWM-93 TOEE h=400km (Z331F D RDIE S & HH & D HEL (2) & FEHFREENEIL O) .

FHH IR
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mIK@%ﬂ%ﬂﬁ@@ﬁ@é@ﬁ@ﬁ7VaVﬁ%iéhfwé %sz~F%£ﬁ
T5E. HIRESNABEMPFEREND LI >TW5, BIRREEIZBIT 557 L DiEE
i, P2 BEY—7 ®ELT Tl 2~ 5 Thd, F2Jge— 7mEuLfi@%#w&nK
\ZET 55603 5 (RDS. 1),

ﬁ~m7m®MT@¥%&oﬁA @ %TAWMWMHSW1%%@8$#ﬂWéM6
7272 L RDS. 3 [ZIXBHEOENR H 0 . WHUNCHIM ST\ eW, T4 72— X4 —na J|Z
mfiﬁ@&%@f%éo

o GREEIAR
3" CHAEEMED I 7 A53A
o T RLF MmN
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e Aoy, F b | Q _E
. Flux(F) = 2(E B Eexp( Em)

ZZ7T
Flux (E) DALY cm™?
ElZT L — BT keV
E TR R L3 — BT keV
QI = NVX—T7 T v 7 A HfI ergs cm? s’

s! keV!

K82 USAFILEA—m FETND/NT A—F

Minimum | Typical | Nominal | Maximum
Q 0,25 1,0 3,0 12,0
E,, 0,40 1,15 3,0 9,0

FA4AT Y — A —1 F (2O T, FEF /L USAF MIL-STD-1809 (RD8. 3) 23M#i fH & 5.,

o FREE/AN
0.1 THEENEDH 7 A 554
o T RNAX—LH
H o A5AG
o Flux (B ERROPEHA—1 7 O%ED 10 %
8.2.4 HMAIFPIRFE L HEIRRED/NT X —F
# 8-3 MUVFNZFEICKR LT2K 8-1 RO 8-2 1% IRI2001 (2 0 0 14EfK) THRHE L=

BETBEOBESMTHY ., FHESMHITREMHE 0, 200141 H 1 B, AR 0 KL
128, ZoT 74 b - A7 a 2R L,

% 8-3 IRI2001 THHI L 7= ARk & 1% % D /3 1f (RDS. 2)

Height Midnight electron Noon electron

(km) density (cm™) density (cm™)
100 3053 162770
200 19445 230047
300 801412 526628
400 1109702 1479270
500 579674 1426359
600 288730 644880
700 182309 330812
800 141948 230475
900 125329 195368
1000 118119 182124
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Ne/em—23

1.5%10

1.0%14Q

5.0x14Q
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Plot of profile paoramsters Plot of profile parameters

2ox108 T 1.2x108

1.D><1oai _

oL ] [ ]

S.o><1o5} —

Bl B N:% 5.ox10% -

40x105F .

s \ ] i 1

L E w103 L |

- ] 2.0%10 : \___ﬁ
Go 00 s e s 1000 Oo T oo s e s 1o

Height, km Height, km
X 8-1. I R 12001 CHH L 7= EHE [ 8-2. TRI2001 CHH L 7= EREEE
8B - oA (7R 12 IRp) TR (H5HE 00 HF)

F—n T OEBEHET 25 E10F. TOREREBOE o mBEEERMMT 5, (Z0
BABUERDS. 3 MBEIHLIEbDTHY, b &b LIXRDS. 4 DIFEICESNT NG, 72721
P23 5 RDS. 3 TIX Z D /ICREREA B D)

E=17. 44keV DE
f(E) =39 x 107

E>17. 44 keV DA

[No(m %2 exp|— (E — E)/kT,|]
(27kT,)3/?

fE) =

ZZT7T
FENTIAAREEL, AL sec® em®
NIXEERE, 1. 13cem™
KT,V XNREE ], 3. 96keV
£, 13 17. 44keV

m \XEFE &

F—u 7 OWELEHET 256, FELIUREEOA A U2 ERTITUT 125em™ &5
I B EHWTERY, ZOfEIX, RDS. 5 (2R 5L TV A L 9 (2 DMSP 2 238 L 72 1%
LWHFERRBIZE SN TV D, M LWHTEA N2 N OB EBERE OB A 4 55 & JE 5
Ll BRENELRTV, ZIUTHE LEFHENA A Va2 BT 572D THY |
Z 9 LT2E Tt d D FEE O RHEEMEIZ0Te 215720,

FHIBE DR EFENL A POLAR (RDS. 6) DfrEE = — K| F 72 13RI ERBLE BR B 1208 ) vl e 7[R %%
Da—R, b LUFFHEEZHOWTTFRT25810F, FRRoREREBORELZFHL TR
W, POLAR DA~ v 7 20 = V5540, NEERGA, T A 5Mme M5 Z LT
x5,
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8.3 75 X<E

8.3.1 HE

7T RA<E L, BHETRAE LY T AP HIERIC L VRS CTEHIRIEEEE
DT T A=W TH 5,

WREIAFAET 5 2 FEOEY. 720 bIEREREY & MAE R HMELIC L - T, Bk
WZH> THOEARICET L TWDRAIE, BB LEEZR N 7 Mgl d, L &
TI)VOMEDP NS WAL, HEHREG A BRI E 720 . B U 7 MuBEIXE U7/ & 722
5o TOTEOICEBEZEHE L TX7-A AU DNERBL, BBEOCT T A~vEEE/MTHD
Thbd, —hH., L Tz VOENRREL I0d b, WKERSESN M ERD, R T b
FBLEZ Ko THIFIZRBE A o F 0 BB R E IS E#E T, 2 2 CHXBE BT 5, Y
7 NHIE DOPF U7 fR0E & Bl 288K & O FUIFER AN L L. 7T X~ B O SMlfHE
I E A B CORICHER E FAEEBRVIKL TV D, —RIZIZ, 77 XA~EONMGTH D
7T RA<BEREIL L 2= VD 3~6 ONEICFLE L. BRHITEEN A JF OE I VY %
BT %,

8.3.2 ZE

T RZENITEEED T T A PFELTNATD, BROEEDIREZ L5, &5
B H DTS X D Bt OB B E KIET, 7272 L7 T X~ B O LB
BEELVIZDZNENEDOTHY, ORI RKRENHEDTIER,

7T A B DA A NIFHEOBEEIZDOTNRBLEMRL TS, ZhTEy~ A T RE
LN A A ZFsl L, P T 5720 Th 5, T LEBRETIE, fElRitEzfio & 5%k
AR T 7 A~BETIIRELRNEFT > THRY,

8.3.3 ET )L

7T A ENIIEFICEMBWM LN L & BUETEE= =7 ) U IOV TOEER
BALKR Lo TRV ED, ZOFEIZOWTIEEET VOERIIAETH D &
BEZTCE e, I LR 7T X< /N A —5 2 O DRI O 0D E T L3 LB
REEI2IE, Carpenter 3 X N Anderson OFRERIE T /L (RDS. 7) ZHER45, ZDFEFT L
ITRERTH Y | KEGTEENE N OEB)CFEZCE I EFREE M Z TR T 5H B FZ AT
%, BEIFLTOX Y IR S5,
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log(n,) = (— 0,34145L + 3,9043)

2n(d + 9))\ _ 4n(d +9) 7 _
+ [0,15(cos( S6r ) O,5cos( S6F )) + 0,00127F 0,0635]

o &2

(.
(Y
A

RiT13 r ORI, HdAEZRLLETD

WEOWREZHEET LA ETIR, 77 AVEEBEE LY 7T X~ E R m O ED TN E
BT 5, Carpenter B X X Anderson DET LT T A~EBRIEONZEZ R THRL TV
éo

L,=56-0,46 K

' piax

ZITy Ly FRAIT T A~ E R mEEAR (BRALTHEREEE) Th D,

Ko (XATT D 24 BERIZ T D K B KAE, 7272 L MLT X[# 06~09, 09~12, 12~15{Z>
Wi, ERTO LE, 248, 3O L EITERT D,

8.3.4 HRIFYNRT XA —H

AV S d - EN NI éﬁmm&4ﬁ/&ﬁ%®mfi%h%ﬂkki%1w&o5@1
H5, Ltﬁof%%mfi falR 7 Em R 2 AR TIITL D N KIE R VVE S TH
éo

7% 84 Carpenter & Anderson(RD8. 7) DEFIVICBITAEFEEL LI = /LOXf
. ZFEi L KBEBMICLA2FRITEHL TS,

L-Shell Electron density
(Earth-radii) (ecm™3)
2,5 1312
3,0 913
3,5 636
4,0 442
4,5 308
5,0 214
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8.4 AR RE

8.4.1 #HE

7T A B D RERE R E TCOMKE T T A BREORMITER L KEETH S,
Z OO T T XA XA KGR E R E LT\W5, 77 A< TEICHMKE RS D
RAL., WRERIESOREELZ T TKREGAIC KU 7 b L, ITHERFERICEIET 5,
7T X2 DI, KGR & IR & DI A & IS 7 e A CTRET 5254
BN B RAT D, 77 X~ BREE»H O KGHICBEIT 55, 77 A~ X
MAEND, Zhux, 77 X< X0 BHRIREOTROEIR D E ORI 2> T, B
T 570 THD, ERE THERIHITBER G DA LTEGAEIZE, KGO T *
NX—=NT T A2ICBE L, 77 A~ PN EREE E CHEASRIEELH D, 29 Lz
WENDNE AR Z S 7 A h—L LY, 7 A b— AT B SREGEILE L TR
HZENTED, DEVEBET T A~ L@ LB X O AECE—n1 ZE 1) il 1
BRI RO TS, MLT OERHFHFANCHEE SN T T X~iX, A A B0 (Y H)
Mz, EEEEAT ) FMIC R 7 5,

77 A~ B L AR BRERE BN RERTH D, TOMEZIRET D DL, i
2 KGR DIET) & MR OBR)E L DT A Th D, HiEkKE KGEZHESERIZH>TE
AAE, BB R A R b HIERICIE S . T OALEIIIRAUS L D IZPURICE ST Z LN TE S
(RDS. 8) ,

1/6

B3
uonmV?

ZZT7T
LV ZRBGHE T U310 D HIERH0 ) B IAE S £ CORRBE, HALITHIERER
BITHIER DR 2 d5 1T 2 HIER NS DOFREE . JRE 1Tl 3 X 10'nT
w VX E HZER OFERSE
n 13K R\ oD%
m IR DO'E &
VIZORRE Bk

L iZ—ICKBE T anG 10 HIERPEERTH Y . KB mixEofm ik HL Tk
V. KRB HFAIIZIEFICE D, ZOEFRICONWTIIFEL mTHLLHAL TV D,

8.4.2 ZHhE

BEE OB I3 LT EREmICER L, FEMICERZBAESE, RmERE~ A
TRCT D, bo L b XTI TL2BEROAMEL TBY, @BH THNITHEL ST LR
VAYUZIEY 2 2 L3R 0s, MHIEIRA A T2 725 81003, FEEEEa AL b8
TRV MCHET O N D 5, EFHEERmARLTHE L~V L RRD 2D,
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FHEIC L > UIHEMEBIC L2 BEOFRENRS 5, HEICEMRT 2 HREE(HRE T&
2L, FRFICEEMCBIT 2R EL NV ER LT, fGRATEL~VZET S0
Wik, RIS 7 A P —AICBWTEROEFPEFICEAH SN DIV ERH H T2,
5 LR L~V 2 L T AL LT W old RIS RIS T A EE T D
BHNT O 6 WEf, FEHARIZ TRy OB RTREMES BV, T2 189~ 5 BLHIMEI,
THEOER. IR, REMAK EOREIC L > TR S, FIEELE ORI ATS-5 & ATS-6
& TIE LT(HIJTRE) 00 725 06 F T 1 [HOFITT-10kV % L[R5 A8 2 %59 2 =13 6
~12%T& > 72 (RD8. 9), NASA [Tk LW HFFEBREE (RDS. 10) 2, j#k LW BREED EH /3 AR 90%

LLTEELTWD, 777 LECSS EHEIZ Z DERLZFH L TRV GEL L ITIfHRE 25
&)

o

P, 70D HIEB OB EHEIT OV T 9 ETRIIT 5, L 15 0 b EHER,
WHIET 7 R B0~ L A SNAVET= XA F—ETORET 505 Th 5.

8.4.3 ET )L

BT A RN—L2HFOERTTADEN (AT ay) 12X, RS EITEL <
BN D, Z OfEZ SRl A REER) 22T T OVIIEEE T, TR BB TOREYER) 72
FIET, REREOREZFHT L TH D,

Garret 33 XU DeForest (RDS. 11) X IE#EICHK T DE T, A4, BT T T A~D/RT
A—=HIZ L DENET NVEEY BT, 7272 L 20T MIEOERORERIE T /LT
720, EWHDHL Y AT —H X, YT AM—LFDOA T a2 N HER
THREMOLDEBRATHNDINLTHD, LTV, HEVI2L—YailB0nTt+y
WCAEHTHD, ZOETMIA A BRLOETFOSM AR AR IO 4, LRt sE T,
NA =T AT 2 VoAAE LTET, 29 LIZRKBIL, NASCAP (RDS. 12) 72 & OFHt%HE
a— RIZxtd 2 AJNZEF]TH 5,

My 7 ATz VMHITIRO LB TH D,
3

: 2
f(v):4nn(—ﬂl—j2v2exp-—EDL—
27KT 2kT

[
[
5 A

x~
o 9f

N

Y
N

V< VUEE

= s
Sl T =

~

P

8.4.4 HAIFREE L BEREONRT A —%

K85 ITFHEI & T A b — LW OFR IEPLEREEIZ I T 2 #MHY e 7T X< /RT A —H T
Hb,

KB 2 HEET D54 1%, NASCAP (RDS. 12) DHFE = — R & 7= 14 @ i B BR BT (it ) AT RE 72
%Oz — R LUFEHR &, DTOREREBOREAZFHT L2 L, ZOREIL,
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FBHEETER LI ERBY 7T A~BERE» CHMKAEREE TOTRTORE, bbbl
L F L=4 HERCEEND L=10 #HECERE TOEEICHEATE 5, Z0REA# 8-6 (TR
T, ZAUE, 1979 4F 4 H 24 BICFHTHE SCATHA 73 H RAGEE CT-8kV (ZHE L7-BE, RN
BHLEHEFECEBLWRGBIIE TNy VT AT 2 V542 S TIED b D Th D
(RD8. 13), HHITREAL, BETCHAA LV EBTLOBEENELL RoTORNEDOD,
TRNF =D 7RNT T X7 DIFEIC LV ERF IR AT ETHL, 2077
A2 IHE T 7 ZATEFR L T RN ), RICHEEE L ey,

* 85 WILWEILRITDHINRT T AT A —F

Density Ton Electron
(em™3) temperature temperature A (m)
Quiet 10 1eV-1keV 1eV-1keV 50
Substorm 1 10 keV 10 keV 500

# 8-6 IEMENLFRERBON, vy 7 AT o VEREE

Electron Electron Ion Ion
density temperature density temperature
(ecm™ (keV) (cm™3) (keV)
Population 1 0,2 0,4 0,6 0,2
Population 2 1,2 27,5 1,3 28,0

KGR,

8.5.1 ME

KGRI KGOS RATH D a0 T O—EThH5S, KFHRLOT T A~ ImiRTh o7
DIZEINT U THEBITREZ IR U, KBS 2 2@ A TTT < RBG RV il i 2 B DR
7T X< & L TR & HIET 203, SMBIZH D> TR 512> T 2 TREDMELS 72
V. HEGES TIEERETH 5, KBEOIMEIZZDIZE A ENKREELS TRET D HD
Th Y, HERE BEIHER TIORGOS OFFBEOZIC L 5F LWEEZANBII S s 2 Lidk
vy,

KRG G FE 13— %12 300~800km/s DHiFH T D, fix b —MxI 703 L IX 400km/s FREEThH
Z0%, K 700km/s DEFETEHE LW O TR, 29 Liz@EEiiT KBz T 280 7=
W iEk (2 e FAR— L N D) ARSI T H B2 6N TEY . KEGEI NI
M ELBRT 2 ENTED, HmETiEa e FR— VR KRR & LI EERT 5729,
27 AEMIORFEEZFFOZ EBN—KITh D, KEBEUIZLBSE L <, D ERE ) & 7
S TERNF—ZWRENITED AL, DWVITIEREFESCHHN R EODHRE LT 6T,
KEGEUZ BT 5 £ 72RO ELZ 2 v FE & (Coronal Mass Ejection : CME) 238 1 |
ZHUTREBN LV EATH D,

BRI V3RS SR R 2SFAET D728 BE O KGRI ZERITHEH ST Hi, TORR L
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L CHEERPAEND, ZOINT gy 7 NTX0) KREEUIEGE, EfE, M, RS
bivD, ZOMEPFEAT DOIE, K & HIER A i S EHR - TR H 2~ & HIBk R 3
5y BRI & 2 DR —fREITH 5,

8.5.2 ZE

KGR T 7 A= IRE TH D0, A A NID 7 p b EE = r VX —%2 /L Tk, K
\ZIXB - Cld~1keV, He™ ClI~4keV TH b, ZDTDOREMEHNI AN &2 U T34
TLOHERDL, v 7R b —Z (BEKE R O HMAO KGR GEE) PN CITE#) =
X — T 727205, ROVITREN EXRLT20H, NIV ANy XY 71338 ET 5,
KB R DFRAVTIRAN T 2 FFO 720, FHEOPLE TR L Z < BUNR2s & B LS OE
e LTERT 5, 7272 L 2o RiE, KEEHEICESUTBER TE 51 Z DTk b
DTHDH,

8.5.3 ET N
KGRI AD 2 a v 7 Ji0Z2RTIE, EETE 21380770 LR b IC Bk Z2 @i L
THT<ETTHY . L7eh o THIEREID TIXZERIC K TH L EBEX DT ENTE D,

KSR T A — 2 IZBIT AIFZECTlE., F 87 DEEB L WNLES -~ 7 A = L0
LLTERDZENTE D,

% 8-7 icl%)ﬁv\i?;h—ﬁ (RD8.14 £ 1)

Parameter Mean 5-95 % Range
Speed (km s1) 468 320 - 710
Density (cm™2) 8,7 3,2 - 20

T, (K) 1,2 x 10° 1x10*-3 x 10
T. (K) 1,0 x 10° 9% 10%-2x 105
Nalpha/Nproton 0,047 0,017 - 0,078

KGR T A —5 OFEE & #iPH 2 2R 8-7T 1T,

VTR R RIZBIT DT T A )T A =2 %, BSOS X ORI X - TR
725, EbHEWEE S ONIRE & i b B AR T & 28U CTE 2 OIKBE T A,
TR LHGFOIETICBITAHE 0 " OMiSATH D, ~ 7% b —REkIc BT 5 A
B 72l % 3 8-8 1TR T,

#£88 I/ RPMU—RIZBIFTHIMBIKR ST A<w/RFTA—H(RDS.14 L V)

Local

time Speed (km/s) T, K) T. (K) Density (cm'3)
12 noon 50 2 x 108 2 x 108 35

06 hours 350 1 x 108 1 x 108 20
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8.6 IRAEREE

8.6.1 #HIE

FHENELTHBERMOBED Y — AL > THRD T 7 A~ BENINT 2560
b5,

%< OFHEIL, BB, IR0 A AU R ERE L TRET A EE TR IO
REFDOHBELZT, BRIV NOT T ZAEMEFRORTND, £OHGHESNZEFIT.
FHEE T LT A EETREXAVX—7 T REERT D, 207 77 ROIREIT
WREFELENEBFLORHASNT MATHRED, —KIZIT 2~5eV TH D, BEITFEHED
BALNZ L > TCikED, £LTZIH L7 70 RAEHRDET 3L F—EFREOWIE 21515
LGENDD, LIeho TR R A —E T HAHET 570 ORI T — AIZHY 17
TE D BRI TH D,

TR X—DETBIOA A BT, EFH0A A 87 EOREEINEEREIZ K - TARK
THIENTED, 2T LILETFAAF VR, Tz AW TREHFELHI#ETLZ LT
X, BT e —T7 L LCHIHT AL TED, A AV AT RAZIFFCRE 727 5
VI R b OAF U TH D,

AT VAT AR G AT A DLREEND, B EA A ORI KD ANy 2
T CREHBEEENO BB ENDT U M H AL DIERRF DR R — A N
WAETAH, 9 LTERT o' RICHOWTIEE 11 =Tk 5,

8.6.2 ZhE

JLH ARA Ny &2 U T THAR LT HRPER 13, W o m AFHEBIMCHIUE, KB e
A F v L DBRAZMIZ L > T A AL S, B R F—(<10eV) DA F U BEE LT 5
BAND D, T LinA A NI~ A FAMEOREICH EFELN, WET D ATRENN D
Be TOHE, TN A—T 4 LT Lo THR Y — T — SR B S — DN F R % 2L
EH70, ZREFBIONEFOBRBINESREBLEEEIET0 T2 08B X
bd, FHENORE L ZITEFEEICBWLTYH, BRAENEELE 2R —F3 2 FO#H
BB EEZTZENBLLND,

8.6.3 ET /L
8.6.3.1 BEF L KRBT
FHEEmICBITAEFEEIL. ARTE W BIO—KREFOT T v 7 ABHEFE@TO

IR A2 ENT TR BND, HHFRRER D SEENTZIGATICBIT 2B E L, kUL -TRKRES
(RD8. 15) .,

2
N Z
—=|1+

Ng ( \/E/ioJ
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‘(\\

(Y
(Y

NIXEERE, HAL em™®
NiTT I v XITBIT5HBE, BALem®
ii@ﬁi))%@@ﬁ%ﬁ
NIHHE T OT /3 RATHAS W TEHE U 7 i R

8.6.3.2 BEREFREDA F 1k

HERDZRBII HIND A T = XML > CTFRHICHKHEND &, ZORMIE. KB WV I
X R L OCREE L . KEGEA A & OBMAHUC L DA A ALDRRITR D,
A A OAEREIE, WYRLERERE L ORI EREWT AN ORODH I ENTE D,
Q =N, (v +on,v,)
(RD8.16 &L v), ZZT
QUIXERE, A A5 s
NAFA T
IR
mﬂfmik%ﬂ®%ﬁkﬁ£
VX A HALRERL
WEEERIZEMBRT AR FEII 0T L UV OREL LAY FL & IEAET %, Huebner
B LD Giguere (RD8. 17) 1T B FEZURDIEE R A . 1AU DO KEHIRE DA T OV TRIZ
FLHTND, file LT RUED BB A K 8-9 1277,

#£89 XEBUIZXBYA A ALEE, 1AU OFA RDS. 17 £ V)

Species Photoionization rate (s-1)
H20 3,34 x 1077
09 5,13 x 1077
Ng 3,52 x 1077

0 259 2. 1X10°m2(RDS. 16) T 5 H,0 DHFA . t SHE & BRI FEIFRE D S AT
bb, Tl LA A ORERELZ BT 27201003, KUATE & AR O3 X Tx
EBETOHMLEND D,

8.6.4 HAIFNRT XA —H
F 810 [FINEFHICBIT MMM NNT A—H R LT=HDTHDH(RDS. 18 L V),

#8-10 HBEFHIIBITBHINRTA—XH

Temperature Photoelectron Surface electron
(eV) current (A m-2) density (m-3)
3 1x107° 1 x 108

- 80_



JERG-2-141

8.7 EBIEAILTA KFA v

AIEEZER] X v 2 a AZHDE THEIEGET 5720103, FHENFH O & ofEk s
BT O0EBET L L, FHENEOHIEL & > TH RN T T XA~ Ii3Ek IS
B, BIROT T A< EEEITIEIC L > TRES BRRLIOTHEENLETH D, BET
A7 7T X< ik A 3 8-11 1T T,

£8-11 HEIyv g TERITRETFTIAREDOH

R 08 LI ZIET &
LEO (FHAT | &—u 7 # LS o EREE BRI, FH#E, 7
— g y) LS — R
R F—n I e teEl BRI, FH#E, 7

LU= — TR, K

e L BLE SNEERIE (7T A8, ~ 73 | RiiHE

I 3 — Z BRI RS RV B 3 12

L 2>l L7 u)
GTO F—ua T, 77 AvE, SN | BRI, FEHETE, T

SEUSOERE (w72 ho— | &S T = — R R
AGEIR, K G IR 2 Lom | 7B
LR

R M #aE WUEIC L0 EAZRER L@ L | EERR, TEHESE. 7
B2 LS == R, R

(S

FE,

8.8 V77l UR

RDS. 1 NASA TM 4527, “Natural Orbital Environmental Guidelines for Use in Aerospace Vehicle
Development” , Eds. B.J. Anderson and R.E. Smith, 1994.

RDS.2 Bilitza D, “International reference ionosphere —— status 1995/96” , Advances in
Space Research, 20, 9, pp.1751-—1754.

RDS.3  “Space Environment for USAF Space Vehicles” , MIL-—STD-1809 (USAF), 15 Feb 1991.

RDS.4 Yeh H.-C. and M. S. Gussenhoven, “The statistical Electron Environment for Defense
Meteorological Satellite Program Eclipse Charging” , J. Geophys. Res.
pp. 7705—7715, 1987.

RDS.5 Gussenhoven M.S, D.A. Hardy, F. Rich, W.J. Burke and H.-C. Yeh, “High-Level
Spacecraft Charging in the Low-Altitude Polar Auroral Environment” , J. Geophys
Res., pp.11009—11023, 1985.

RD8.6 Lilley J.R., D.L. Cooke, G.A. Jongeward and I. Katz, “POLAR User’ s Manual”
AFGL—TR-—85——0246.

RDS.7 Carpenter D.L. and R.R. Anderson, “An ISEE/Whistler Model of Equatorial Electron
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Density in the Magnetosphere” , J. Geophys. Res., 97, p.1097, 1992.
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for Assessing and Controlling Spacecraft Charging Effects” , NASA TP——2361, 1984.
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9. FHBRRERE

9.1 #i FHENBRREBICZOREOHE

9.1.1

9.1.2

9.1.2.

9.1.2

9.1.2.

9.1.2.

AEAFAI

FHBEROBRRER L OZF0REIL, BETONHOBEMICEE S R2TIER bR,
EROmAPE, BEMZEH, MOXEOMKE R EOED L AT, MeV A—F DT R)LF
—H ORI TEE T 5, POV TR, AR BB TiE SR B
HRU—=RAT7DO1ERZERD, FREFHEENY TR<alry NMIXtT 528 LEE L
TR B0, I v SIBIT D BREREE ORI, O P LFEBEO KR E S
JEICAIL, —MRAVZRRR & X > & a VEARBEIRA S D T RGE LRITIUTR 57220,

BRiE
1 Ry

BT R FX—E B IO A%, HEROJE A THIfGSIZ &> T S 4, B s, Bl
N T VR D, ZOEHREIE, KEEERS L OEEERE (ki
BLOENU EOFEOHLE) 12> THFELTWD, BUH 2R L TW D DIEEIC,
B MeV ETOZINX—DEF LT MV ETOZRAX—DBTLTHD, WbhwdHHE
KRG (SAL) X, REEHUE & 2872 LTV D BUE OO THh D, Zih
I, A 7% b EFUEREL 72 -ERRE ORI 728 FRIA C, B R P PRI 3o Tl R
N DR & IR IRV EEE T EHFETWABETH D, FELITY 77 L X RDI. 1
BILORDI. 2 504,

.2 PNy 8k A

Kb DO@ET R F—HRFORIHHESE (KBS F—RFBE) ([Z&> TRED
KPimT r/LF —hi+ (SEP) 23t sS4, BREMZEME L UHIERIC £ TEES 5, Hifik
U K D WERIERCN R C, HIERGEEHZ BV T, ZNH DR bRESND 2 & bbb D,

3 SR HR

ST E R (GCR) 1%, B+, He A AL ROEA Ao bR SN, EHHICHEEL TWH
bo 7T w7 RTINSO BB/ em?/FD)  GCR IZE =R VX —FA A 2 EATEY .,
DA F U EERBE T ORSSERICET D E I NAR R ERZI L, F T TR
TRIFTEHAERD D,

4 A ORESHRERE

EiogEx, Al TChb@md 260 THD, 7272 L HITHIERD X 5 KB 720
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DT, BRSO E, BRIERRN R VR E . REDRWEINEY Z LICEET D,

9.1.2.5 2 Wkt

2 WIEHE, EREOFEH SR (1 RFHH) & FHEWE & OMEEIC L > TAEL S,
TWRIBENE, A RO OBRFETRETH Y, AL ZNEN TR D,

9.1.2.6 Z DAt D i BRIR

2 OMOBHBIC L, 5 F R KT & EBRROMAIEAIC L0 4T 5 T
(TS RAHET) %o, HIRS A7 A0 RHERINL LRI — BRI (RTO) R T4772 &
DF USRI & O FSH PRI 2038 5,

9.1.3 HHBREEDOHRE

FREOHBERREREEIL, FHI v v a Ve o TERRERER TH 5, @R/ X —hi 1,
FrIC AR IR S s = RV X — R RO K 7 L7 B3 LTc @ RV —hi 7
i3, ESR. KEGEmE L, i - NI RIRG 2 52 %, ZOmT R F—hi+
T EH ORISR B GTREHR T BuBIC L > TEI v g UHITHEkGy DfE 2 HkiR
SELHEANH D,

BTN — A F o FCFEROKE 7 LT NORE LIEET VX —A 40, EICE
HEZ @ CER TR —22MICK ), 29 LEZ XX — B3 pgfR Al &
N R BIESE, BTHEROY U INANR T v ey SR Rl EkE D L, B
FDHRN > 7 7T Relp D,

H7o SEU RAMERIRIL, B L F— OIEET £ I (T TH, AR,
BH# O BBV Y) & O TR EER NG bRAET D, TIUL, BT & R
L. 2R T U fid 4 MRS X 2 7 b Th b,

SHIZEZRAX =R, XM e — REbSTFWT 5, 2O S BEERFD RIECH FE]
MO vya B 2BHEEDOTFHTHY . TOHEIFTEFL TWDIETFES Lk
DHKRNS Y 7 7T 0 RIEEREET D, SHIZ, ZO X 2 TFHRMmHER T AT A
iR AamE RETHELH D,

BT —E L, ORI AR KT, WEOBEWE., L AEr—7
Z DMOMEIRIECEIEE I, HDVET — A L TR W RIS FFEMN 2 ER-IE 5,
ZOBOLITHET X, BRETHELIESEZ T,

THEIC & b 72 5 HOmER & 13BIIC, KEFIE & OFFBHER I (ERIC & > C b kv —
ERD BEN DB, BTN R ON EGHRE £ 121307 B OBET, 20
BEHRTAEOMENLBE (B SEbRD, 20T EICE > THROEL. ¥
BE, OEFICHIT 2 AHESN LT B, ETRF A KR b (2 & KB
RNAEHE T) MG (2 & 2T COD) 12 & > THTEAARIG A 7 = R LD 1 5Tl 5.
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HHHRER B DT T VT, #UEORIN, B IR O OB, ERLO b & REt, 7F
M 2EICHETH D, FHERE CEA SN FEHM Y AT L2365 2121%, BEE %
LDV AT OB EZEEIICEBOT L2 EDBRETH D, FLE2DOGEHE, VA
T Ao LUV B XL OE TR LUV E T LUV TREBR L, SRR O MR
REEARBRLTWDLZEEMGET A Z EHHETH D,

7o & ZITRIEE B O BRI Rl & FEiti 45 = & T, %%W%%%®%%%&&%i
TIIHIC BT 5 L & VMl & 2O R & (RIS LS TR i ) o TR &) & 720
@E%Q%%W)Jﬁ%ﬁffﬁmﬁé;&ﬁfﬁéoikﬁ%ﬁﬁ%?W%iyVay
OB RR L TER T, BEEZ TR LEGEE EfEICHRIET 2 Z &R TE 5,

K O-1IE, BRA R RO ERACITKEIRNRT A =2 2 £ Db DTH D,

2O LTERI A= OHRIIREAENORIZEHTEZ 2500 H 50, BT —4 N
VB ENT-0 (728 21X SEUDEHE) . HAWVITHEAEH OIS A D =X L Z2FH L E
BT DNERDHST20 (T2 2130 7 7T 00 RIEEHOHE) T L0088 5,

LUF OB ETIIBREICET 2 AN R T — 2 2R T 5 LT, 2L OT —F 28
?ét@ﬁ%%ﬁ%TW%ﬁ%?éoé%_%ﬁ&ﬁﬁkxi//%T)/ﬁuﬁﬁéﬁ
B2EHT 520 OWEBIO AL 2R 5,

2B, 9 1 THEHMENTWADIEY | FHBSHREREICOWTIE, ZOEETII AT AL
SULOFFIZNIE LB Z DN ABRESCEDET MEMPERINTND

Hx D7y r MZBWTIE, VAT AL-YLOFIMOBAZRICLY . T ILORE, 4
BT FE T FIESE S RE S, AT TIRAR D [ EREARE L LT Lo b d,
ZLT, ZOHKRFII MO R—=2 LYV OBRFEICHEMA S ND Z L &5,

B, TR —F 2 P LoULOBISICNE L SN A REFTFIESEIIDIERED TN Rkt
ICEHEH SN TWAEDOTERENT- V.,
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9.3.1.1 EXKF—%
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MeV & 10MeV B+

TV =7 A TOFREFE (mm) 2 0.4
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& 20, 000km |2 T 10 880
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ETNV(EF. B He) ST 2, KOBFEITEW h—Z L F—=XFHEIZZDET VI
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R—=LX=ICHY), ZOR—L_X—=V %o THETE 2, ZOET /A5 HHEFILLL
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LAl ; L=1.07-10.0,
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(KR OB OB TIL, KT 7 T v 7 RFMEIC & b 72 THO TRBKICHEM L, ff
BETLCIT 2 DT DRREEBRIF 7 T v 7 AT 5 RE RGBSR S, T
AL 725 D%, MIBEEITEL EEEZFT TR Y. T AT — X OBUGRE & RIS B e
STNDLINHTHD, LIco TET MERRFFICHWZ LS O KET LV EZFIRT 2 &
KEED T T v 7 AT RKERBEENECDAREENRH D, Lo > T ERRET VT, % 9-3
2R LT HIBESRE 7 L & D 72 T il 7e 6 720,

#9-3 HEHREETNALHEE LS b W ERRS T TV
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FEELRTIRORVOIE, £ 9 LIZET AN, BUED BT O EE 5346 D 22 MrIA7
& (72 & Z IR MU O E) PR 7 T v 7 A BT MELTZ b O TIERVA
Th D,

9-2 ORIFTRFED D, £ mm &\ 5 BRI FH B OERR A 2 E T 572D, BT
THIUTEL 10MeV DT R/NLF—2 & THILUTK 0. 5MeV ZHZ 5 =R/ F— T+
ZEROND G TICBET D AP-8 ET MEM 7 T v 7 A% 0. 1~400MeV OHiFH TH,
BB 2D AE-8 EF /L1 0. 04~TMeV OFiPFAZ 9, X 9-3 1XFF /L AE-8 & AP-8 12 &
V. IEHULRRF-ZEMICB T 5 ZFRF0 eV & 10MeV Z#8 % 5 T %L ¥ —D4 )5\ T
DT T I RAERLTZHEDTHD,

[ 9-4 IXME T /L OHBRIREN E (B=B) \IZB T 5 =X VX —E 1/ GOk 77 v
A % KIGTE NSRS L KIS Ea NIC 31T 2 L OB E L TORLIEB DO TH D,
ZORPBLNDDIE, WET MIET LR . KEEENIHF MO LEEOET7 7 v 7
A LR E DG FIC DI ELZ KIF L TEY . KETEEWAHNC PO KRB ED E3 5
L BEPKRELS ST T 7T v 7 ABMKTT 5, EBRICKHEENE N E I RIET
NI, ZOZFEFE L ITRRD L OIS (RDI. 8),
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9.3.1.3 P R P VR 2 Hieg

9.3. 1.

FA R PEPE S HU (9. 1. 2. 1 22 ) 13BERO TR 2 /ED H L. @&EEASK 800km LT TH
B 2589 40 © A AR ERHILIE |2 26 R AR SRR DO il & & 72 & 47, ¥ 9-5 (37 i 400km
CBTOMAREEREZ R LIEbDTH D,

RI5tE CRAEZIR)

HIRBESR DRI N KGR L TERI L TV A 72D, FEIN D & 2 SIS BIEE T DR 113 b
MEWEECEERL TEX/2bDTh Y | BN O BIET 200713 AR V& B Clalfis L
bDThHD, RRUIZEDWINTFHPBERET DR300, Zhblckv 7Ty
AZADIEAHNAET D, 29 LIEHBEIRPERME L 22560360 1 & L CEEEF
HAT—2a Wb D, BHITOEUEET L AP-8 12 2 ONEZ > TV 21 A5 NASA (RD9. 9)
<2 BIRA(RD9. 10) 23BA%& L7=ET /038 5, BIRA @ ANISO EF /U2 K AKX 9-6 1%, K
BT 5D 100MeV B OBGELE) LTty 7 7 v 7 A%, AL 5Lk b 3 2007 m o B
ELTRLELDTHD, ZORTIEIHEEFBOIEH I NHLNTHD, HEFHEDOE—2
7T w7 ADHHEITH 4.6 THDH, MIR DO AFTEHREMS., ZOlFEIZ—FHL TV
% (RD9. 11),

AR PR IR OB

P K PE P B U S I R OB BN DOFE R L L T 200 BE L TV D D Z & ITHEEIC
BHISNTEY, PHlE L —FH LT\ D, K OBENIEAMIC T & THEMK 0.3
(MET/VOBFELLETIE~10 ") THY | BB EZRE LT id7e &2 i HEHE oS
RBIZBWTE A e — RO NNy 7 77 7 Rp L) RHEREEIZE LT Z o%dE %
ERTOHIVNEND D, 29 LBEIOAEEEZEZE L-ET VH ATHEETH D (RDI. 12),

4 BEHREONEDFEALF I I R

R DINEB T DX AT I 7 AL BB b DEx D L, (728 ZIXAE-8 MR T 5 &
2 72) BRHPENCBE LR H 255 RE . HOREITMAHIE SVl N E Ly, FF
IZENRYTUIE D200, WHFHEROWESHR Ny 7 77 7 RBRELHGETH LS
ATHD, Z) LEEENCETEREETT MTE RS Cnin)y, = v=71 v
7 HBIToHiEET /L CRRESELE (RD9. 13) %, IGR2006 &5 /L (RD-TBD) AAF|HARETH 5,
TEAET/VAE-8 DIAN—T 2 > ThHD AE-4RDI. 14) 1%, BT T v 7 ADOREOIEUE(R
FHERT DT T NV E G A TW e (ERSMEZE) . S BICHIFRETOT T v 7 2D
BALZR R T HET LB E ATV, THUIHIGEE 11:00 ZEEHR KM & L TE LD KX
SETRTIEKET NV TH D, 29 LIEET/IIEIE S, E7 /L AE-8(RDI. 15) 125 H &4
TWABN, ZOYERICHOWT DL MEMEZRITITHhIL TV u,
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AR SBRET 01T, KIGIEEB AR & L TERSN TN D THEMICE S BET L0,
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KPUEA N MBFE LR &b RH/NEBR A XU R FAT 50 THEA ]SSRV,

RD9. 16 T — XIS K 9-T 1%, ET /L JPL-1991 [ZFD & KEGIEEMBRKREICBIT 5 K
BT 7 LT A KT R L —HFICOWVW TR T HEDOTHS, MUTFT—F252E 94124
RY,

Z OFEFHET L JPL-91 1F, 3 [ DO KBHEENE N 1T DK I D BT — Z IZHS T
T, BT ER L TWD, ZOEFLEZ T e Y7 M THRT 541, @E 2 THT
HHZLITERE LTI DR, 2B, ZOETVIHEFET A TH LD, FHUK
WX AT LR TR B 720, [BKEEICONTIL, U—A M — 2558 RDI. 17) B F
9-5 DIFFEKUEER WD Z & 2 H#EE9 5, (ZOEEKELZERATS Z LIk i+ X2
THIZERET 5 2 kS, ¥ 9-1 JPL-91 EF /LD Tl & K5 2 GOES 0 E Il D
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. GIOElS Qur‘pulclltivle Fllue;nc‘a
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BHEL L CTRER) RS Y, BEOFHEBEN T — X ICESWIERBRET LV TH D (RE
BRBEL LT 1989 EDO KA N2 R EEATWD) DT, HIEEE O KB E SRV i%E
WX ZOET NV ERINTEX S, ZOET MIKEERELOLCE#ET D51 (KB L
R FERROM ST 2 Ete) @ 3-10MeV DT R /AF—HFFIZIRE L TV 5,

JPL-91 T LiE, 60MeV £ CTOT—H g4 5, T Loz Rx VX —%FFo7 1o
ANZDOWTIE, BEARARY MR T D F8EG 2R AT 6 Z Entiks, £DHEED
BWEZROERBY EHRT D,
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94 ZXNVX— FHEAYEE I v va VEIRIZHIE L7V R ( cm?) (T v JPL-1991

xn)
T RLX— | (EHEKUE S v IR

(MeV) (%) 1 4 2 3 4E 5 4F 74

>1 50 5.92 X 10 | 1.16 X 10" | 1.72 X 10" [ 3.15 X 10" {3.99 X 10"
>1 75 8.76 X 10 | 1.74X 10" [2.42 X 10" |3.87 X 10" |4.77 X 10"
>1 90 1.26 X 10" [2.39 X 10" [3.25 X 10''|4.79 X 10" |5.89 X 10"
>1 95 1.64 X 10" [2.92 X 10" [3.96 X 10''|5.55 X 10" |6.95 X 10"
>1 99 2.91 X 10" | 4.52 X 10" |5.89 X 10" [ 7.68 X 10| 1.00 X 10'2
>4 50 8.00 X 10° |2.02 X 10]3.33 X 10 |5.75 X 10" | 8.84 X 10
>4 75 1.69 X 10 | 3.58X 10 | 5.74 X 10 |9.28 X 10" | 1.27 X 10"
>4 90 3.46 X 10 |6.42 X 10]9.81 X 10| 1.49 X 10" | 1.96 X 10
>4 95 5.49 X 10| 9.54 X 10| 1.40 X 10" ]2.09 X 10" |2.70 X 10
>4 99 1.50 X 10" [2.28 X 10" [3.10 X 10''|4.45 X 10" |5.63 X 10"
>10 50 2.11 X 10° | 5.59 X 10°]9.83 X 10°|1.79 X 10" [ 2.78 X 10%
>10 75 5.34 X 10° | 1.18X 10 | 1.85 X 10| 3.16 X 10" [ 4.70 X 10%
>10 90 1.25 X 10 | 2.42 X 10 [ 3.41 X 10" |5.28 X 10| 7.55 X 10"
>10 95 2.12 X 10 [ 3.79 X 10 |5.19 X 10| 7.51 X 10| 1.05 X 10"
>10 99 5.88 X 10| 1.02 X 10" |1.31 X 10" | 1.86 X 10'|2.36 X 10
>30 50 4.50 X 108 | 1.28 X 10°]2.22 X 10° | 4.56 X 10° | 6.61 X 10°
>30 75 1.23 X 10° | 2.94%X 10° | 4.67 X 10°|8.33 X 10°|1.16 X 10°
>30 90 3.19 X 10° | 6.71 X 10°|1.00 X 10| 1.66 X 10 | 2.24 X 10
>30 95 5.81 X 10° | 1.13 X 10| 1.66 X 10| 2.63 X 10 | 3.52 X 10
>30 99 1.93 X 10 [ 3.49 X 10 [ 4.83 X 10| 6.96 X 10| 9.04 X 10"
>60 50 1.67 X 10% | 4.92 X 10%|9.18 X 10% | 1.73 X 10°|2.85 X 10°
>60 75 4.93 X 10°% | 1.24X% 10° | 2.11 X 10°|3.52 X 10° [ 5.26 X 10°
>60 90 1.37 X 10° [ 2.83 X 10°|4.39 X 10°[7.00 X 10° | 1.01 X 10'°
>60 95 2.61 X 10° [4.92 X 10°|7.36 X 10°|1.12 X 10" [ 1.53 X 10%
>60 99 9.20 X 10° | 1.62 X 10| 2.26 X 10| 3.27 X 10" | 4.25 X 10%°
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9.3.2.2 BERDOKRBEZ LT ARy RDARYT ML
1972 £ 8 A DA X2 Tk, HERKEFHZIBVT 10MeV Zi % 5 =RV —% FF Ol 03
106cm?s ' & ERIAE—27 7T v 7 ANRFEA L, 1989 4 10 H DA X2 K TIEBG 239 10°
ecm?s P EWH =T T T T RAEFER LT, 7L ARART F)UIEAnomalously
Large: AL A X2 M ICHFESINARET LT (IRRKBE 7 L T) 2R ITHEIZZHW LR
HH0OTHY . TOFEUET 1972 4 8 H DOIEFITKBEL A X FThHh 5,

JE) = 17,9 x 10gexp{%]

T RLF—E OHLI MeV, 7T R ] OB A en2 Th 5, 1989 4 10 H DA
Ny ME 1972 4F 8 AR RO LD THAHH, PRI R AX—IHO 7 Lo o R
WIpmoT, T NE U AART MAVOBEEIL 3 EILT-HEEESIC Lo THEAZ N

TE 2o

JE) = 1,2 x 10" E7 E<30MeV
4,5 x 10 E™=8 30MeV < £<150MeV
5,5 x 10Y EL% £>150MeV

EDHANIII MeV, JOBENNIZBAE cm? MeV!I TH 5,

PLED 2 DDOARY MV ERET 5 L EHERFERPH OIS, T 7T AT ML
IFA R N EOEBNRRE WD, H2D =X —IZBIT D EEREDO A X2 MIs
T L LD R XI5 RERETIE e, =& 2013 1972 8 ADA XV hT
EL 13 & A& O BRI e S HESEERE (1~ 10mm) CHUN B & R BBICE L - DiF, =%
JLE—10~T0MeV DRI TN b L WA TH o712, FAUTx L, 1989 4 10 H DA < |k

TliE, TNX VIR R — D & B/ F—DRIRDO ST G0N T VT B3 L)
ol BT R NXF—IREDESCKGEME ST 2RO R TEENKRE L, BT
LR —T, BEREED Ny 7 7T 7 R0 SEU DIANT DN DRI OF BAERIZ% L
THRENKEI W, LR TIHRERE 0o HiED. HBIS U THAREDRE R0 TH
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Do
9.3.2.3 ARy MR
RD9. 18 T L CTUA L 912 Burrell |3, B 712BW T T8I S L= 865 Vg

& I 212 nBlDOA N S DA DR p il T O WRAIART Y R 2 P%E LT,

[n + Nt (/7))
LuNu1+tﬂmN”+ﬂ

pn,t; N, T) =

ZORTIF ALARV NI FADTI LT TN=1 & T=7, WHEDO T LT T N=24 & T=T7
Thb, ZORITAR ML ETNT L A5t U THRFT A58 S rH>Z R
HbH, FART Y MR BEMICEA L THERITTD,

9.3.2.4 A R FEREGDOLHT

TF)L JPL-91 N 55 — 2%, R LIEEROSIICELSLORET TH D (e
IR, BRI ZRE, 7 > 7y MO, L LEL OGS, BRNRT7 7 v 7
RAEMBUEND D, T2 23Ny 7T 0y NESHREHET 25615, B h—0i
it LIRSV TRHRE LT R AT — LEWMEE, B P—0 SN HfEIZE SN T
HELIET7 T ALEWVMAELZ ERIDS 7T v 7 AEMBUENRD D, B SNT-BRET
— X OEP L LT, NASA OF — % ~X— X OMNIWEB(RD9. 19) & NOAA D F — X RX— R
GOES (RD9. 20) & D 2 fEN 5, Z DT — X _X—ZX&HHTIIL, =L F—BLORT7F
7 ADLEVMEE LERAA Xy NOWIM E B A ST 562 EmTE D, EHL0T—
HZR—=ZH W CAFRRETH b . BREMBREICH T 20 EERMIZ2HEMT — & % 5
HIZLNTED, OMNIWEB I2id, S IMP 2 V) — R L AR A X —[BFTF — X %3~
TELEDOET—HR=ANEGEN TS, NOAA DFFE GOES (E721XHAD GMS) 1E. 1986
F1ALYEREHEN SRV =/ BT —# ZEEFELTND,

9.3.2.5 KR FHRBIBITDEA U BLF

K@ =RV F—Ri 1 (SEP) BIRIZB T D v I A XU b T v 72y hb— Mo T
HIZIE, BTV CREMEYS ZFIHT 5 Z Lk D, FLZOETVIEINY I TT U ik
SR OHEE R &, Wil 72 SEP IR OLMFICET 27 — # BB HBICOHNWS Z LR T
& 5%, CREME96 2DV T, 9.3.3 TEDIZFELLFHMAZEITH, [HET /LD CREME |4k~
DA XY NMIZOWTE =27 7T v 7 A%RODHET VA A TUWVTEH, CREMEIS 73
GITNDET LT 1989 4E 10 H DA Ry MIHES D TH 5, CREMEIS 1T, FEi,
KER, B—7 5 MICBIT DX — 227 L 1AL LET 227 ML AR D,
[BE7 /L0 CREME |3 B — 7 BRBEIZ DWW T ORI o 723 FEBLFEM 22 6k b o 72,
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9.3.2.6 Z DDET IV

AREHEDWETIZ DD L 9 2 DMOET VBB IEEIC OV TL, JIEED STV 5D,
9 L7BRIEEIT., REBNRMH TFIESCE—2 77 v 7V ZRETMIETH LD TH D,

9.3.2.7 5 a4

KGE TR FX =R DT T v 7 ABIOTVT U ATON T, BEMZERIC N TE
ﬁﬁf&ékﬁﬁb@ﬁhﬁ&%@w 7272 L 2 OAREE, AT HIERZE [ O I BRSSOl i
DT, —ITHFF L TR D (9.3.4 2B H),

9.3.3 FHROBEBLIUOHEROET NV
9.3.3.1 EARH

FHROBRRER LOEOETT VAL CTHE Li-oik, KEWEEMIEAT O Adans & IE[F]
W78 5T Y (RDI. 21), EF/LIL CREME 451 Bz, ZOETI/VIXFEHBRE K~
L7 A A& LET B ORTZ R L= MLz HilEEIER O E R L & T, BE
I~ 7=2b D ThH o7z, S 5T CREME (XESSEIKIC K T 2 REESAICE SN TT v 7
Ty FREFE L TWIED, RS T2 kD SEU & Bl FIER N HE o> Tz,
HILE CREME ORIFEET /L & 725 T D DI CREMEI6 Tdb 5 (RDI. 22) , i D K & 7Z23E W M T,
Nymmik Z DAl (RD9. 23) IZ4E - T, ST FHFREREEd L N ZE O KIGEWZB DT T L 25D
7o b HIRESGERL & B ERLOF R Z KR L2 2 & KR = R L ¥ —hi 1 (SEP) A X
VMBI AEA AR AELB LI LR ETHS(9.3.2.5 M), M FHERT T
> 7 ANIKIGEE) & AR Th D | SHTFHRR 7 7 v 7 A0V b K E WO IR GEE AR/
HZBWTTH D, STFHEREREOHEEIZIX CREMEI ZIEHEET L & LCRIT5 2 &
DK D, EEFEHME. KEEmZ X —hif, fEShcm=r X —Gricksy
TNA R S ORRE TN 25412, CREMEIS ZAZE#eET 1L L CHRIAT 2 Z LA H
k5,

[¥] 9-8 |% 3 FEJE(> CREME9I6 BREE. 3 720 L il O K GH B/ N IC LFWHMT T v
A kﬁ@&w4m/kmﬁﬁwm BV T T o A kﬁ@ﬁm4m/k@t~
07T 97 AIONWTEMLIZ LET 247 b Th D, K9-8 (21, MR R 5
3HEBHOWEA T LTz, Tbbifful (LA ER LOREMZEMIC LY TLE
%), AR#EE (900km) , LEO(28 *, 450km) T D, A A NZOWTIT Z=1 716 2=92 £ T%
EORTER T, EIMOMEEZME S EEN WG EITIE, T/VI =T A lg/em 0D
A ARE L2 T e b 720,

9.3.3.2 ol
KEET XL R TDT T v 7 AB LTI AZHOWTIE, BEMZERIIC BT

FHETHHERELRITIUTSR O, 727 L2 OEIT. HERTEE Tl ERRE &k O
SO RICEFFE L 1T R725(9.3.4 5 H),
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9.3.4 HURESIERK

HORE S HEERIE S % KM = L E— KL T4 £ OFF TR0 D EAIICERE L T Y . Zh
EHREEGEN L WA TS, 72121, 20 K 570K TCh, Mk oR L 0H 72 & 0
BV ISR B, B PICRT B MBSO R B, L 72T B BBk 3
SOTHHEN TS G 5 5E L),

MR OB DOALEIZDOWT, TONEE TA A DNEET D IIEE/NEO T v b A7 =
FNNFX—PDUETHDH, Stormer ODEBRZLIVUE, & D R~ORLFEIZICET Ly b4
TWEE P &, EOROMBK B AR L FHRN DA F U BGEAE y LIZHEKSZRD D
ZENTX5 (RDY. 24),

{M cos* A}

Pe= {R2[1 + (1 — cos*A) cos(y))'/2]2}

MFHER DO IEFUL ISR -E— A N THDH, ZORD L, FHARITHM (y =0) L0 &7
(y =180 ") DI NEZGIZHBESITIRATE 52 LR35, B LHEIEIX Roberts O 7T
LV BBLOLNORDD ZENTE S RDI. 25), TEAFOBSITITREZKD X 5126
Wik 5z EnTE D,

_ 16 cos'd) _ 16

P. ~ Rz L2

GV 7855y =90". kI=Lcos? (L) THHMND

B U=~ A7 OB, ©8 w4 \ERED 16 ZHW5, K7 L7
CME(zm FE &) OO BIZ LI UIERAET KB L > T, Iy bAT70/RE
SBDGENRD D, T D% Adams Z O (RDI. 24) [FRAUZ L > T L TV 5,

AP,
P.

= 0, 54exp(— QPB) P DOEALIL GV

Stassinopoulos 3 X TN King (RD9. 26) 1%, L=5 IZBITHEN v b4 7 Z2KRDDHET /LA
LT, ZOETME, BFMEWVEE TIHMRBATERWI L ZHELTWS, £LTZ
DET IR MKEICB T 2EED v A T7ET KL LTEET AL TH Y, L<EX
HIEREZR D RIET D £<200MeV DG F2HERSIND Z Enbnd, 1ZEAEDr—AT
COETIMIRE R LD TH D, 7272 LHEICE, Ko RX VX —1Tho THIFRED
BEHMT L=5 KHNOORANARETH Y | SMELAE U CTHIBERIERR 2 59 E > TV D
MRETHNIL RIS HTH D, BREICINELAE UIREETHAIUR, L=5 7 b iR
EAOWEMND OBIFEDOLA, TR VX—Ty A TR 30MeV IZE TR D2 &2 h
D

BB O 50%L0L E2s L=5 LV HEmEEICH HE I id, gkl v b A7 2w L i
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2B 7, BRI 75% L BN =5 LV IKEEICH D0EIZIE, ST HIES D v N AT &
HLUZTniE7e 57220,

9.3.5 SFEEEOD 2 W

TR 2 IIEHRIR & L C, B L DHIENGS LB R L2 WA, 7272 LR
IR — AT, ZOMD 2 WHEHHRIR HEE L2 T il 57220,

RIER T AT DT DNy 7 770 2 RO REWE T 25A121E, 2 WG
ﬁi%f%éo_hilﬁm%ﬁﬂﬂﬁbﬁwio_ﬁﬁ#éMTwé_&\7y%c1
AT VAR VAT AN 1 WSS R R T 216G 5O Z BB < Z &L 2 WK
SR PR DA N TRAE L TWA Z &, Ik D, 13EAED 2 ST AE
AR (2720 SN2 0, FIEASFRFIc ko TERE L TLIEL 0b
WS b0 05 %,

2 W IZZ OMWE B — AR r — AT SNRT U2 520, FEICE - T

. By e Ial—arNYEICRAZE LD, %'@Jiiﬁl%f%f?&ﬁﬁ“éiﬁ/\
IZ. & /L SHIELDOSE-2 Z K| L2 i 1uL 7 5720 (9. 4.2 5 0R)

9.3.6 H#+
FHEE REOMEEROZD, KEEICIE 0.56~4 cm? s ' DKL~V FETT7 T v 7
AMGFET D, Fl@TRNX—h 1 & FHEYE O A EERIC L > TR 4
CABEELHDH, AAI v a il onTIIZ ) LEFHEFZEZE LTI R 670,
XU B HHES SV AT DK L TR 2 I REELSE 2868005,

9.4 HEHBEOHWFHE

9.4.1 FEAKEH|

LIF ORIl G k2RI 5 2 L3k 5,

9.2 Ttk L7-—RTFT —Z OAERKICIZ, 9.3 TIRELEBETTSAAZFIHTS 2 L 23K
Bo ZRT—HIFLUUTOFETENT S Z ENRHKD,

9.4.2 BEEEHGRE

BT BREII R =X« T AN =TI Lo THEFT LN TE S, F—=X - FFAD
— 7SR E (F— X&) & | FEPROEHRDOES (F7R) OBE LT, D0
%é£®ﬂl’ﬁf?éﬁ%ﬁﬁ@%ﬁtbf%ﬁ?éo?ﬁ%?w@%ﬁ%g%ﬁgﬁ
KT WGANCH 2 bOIZH LY TH D, —MIZE D LG ICE TSI E LR
W, RIIEREE CIREREE T L A R S,
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%%%Eﬁ&%#%%ﬁ%c:«au\*raiqsif/v SHIELDOSE-2 ZFIH 3% Z LA Hks (RD9. 27), 7272L
AUZAR AT, SHIELDOSE-2 IZ X > THYMNHR SN TWDHIEEZHWS Z & & AlEE
%5 SHIELDOSE-2 1%, HEANZE L T H A g CROT-EBFICL LB EL . BFO
BN L DR R e . B IS X D E DT — &%ﬂ%féoé%m:mgmﬁ
FHREE . WEIEMS D AR T 2B B L OB O X —0%K & L THENTK
DTHEL, INHOT—F TEREORL A7 ML TEPGDE, ATG0EikOES i

B DG EEZEET 5,

D(d) = > f(E) D(E,d) AE
E

K9-9I1ZZDT—X%ERLI=bLDTHD,

R—=X o F T2 —TNZx T HEHEORIL, BHET VI =7 AR TRITNIER S0,
SHIELDOSE-2 7 — Z X H DA Z R L T\ B 7=, RD LB ICEHZFT 9 (RDI. 27),

d(log Dplane)

D plane 1 - d(log (d))

= 2D

sphere

ZOEHTa L a— A RICITEEN TV S,

B, T OMOREZIEAIE OB AL T 2 0ERH L5821, B2 ¥ —
T CRHEEAT O G AEN L, £ ZOFIEZ, BMRERIZIERU K-SV TR L7k
FHETIE, BHHREOERICHEHS LW GEREICb LD, ¥/ 2 —I1201FTD
BRI 2 R D U & D 1R TIBER 5 FiETH D,

ZLTENZENDFENZOWT, B L2, iR S d OB E L CoitaET
— & L 2T, KH5I 1 S 0RITANE 4 1 SR ESE D(d 2R D, Z DR E
FhHZ, FTHBREEONRAEES Q, 2 E L L TR 5,

D, = z(%) Di(d)

12

ZOFEEZHNDEEIZIE. F—X « T 72—k LEREET VAR LTz
SYAAN

BRI & o TRIER AR 2B+ 2 B8R Z &b b 5, AT Bk o5
HROFERTHY . Z 20 bEET DEMRDOS p(d 2RO D ZLNTE S, Z OB
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T R—R e FTAN—T TEHREDLEDLIZLICL-> T, 2B ENEHTEX S, Z0J)
EOFR| IR & 22 i et J A . R AT DT H— TRk LRIC AT TE D 00
Tbh b,

EE LTI oik, BEICEENREGTENGET S5 (oL 401X 9.3.1.3
DFE) . BEEZEITETHD ERETIIEERRBRENELCHIATHD, ZLTID
WKEIL, EROE' 7 Z— 3 EICERHUICEEN TS, EWNIDOLTXTOHROF
H WEOEFEME R —X « F A —TnHEHT 506 Th 5,

9.4.3 EEHEBSRET —%

X1 9-10 1Z. 9. 3 Tioak L72 =T T L DWW T HAREIE IS0 5 TR & 2 e
BEOBELE L TR, TNa2Ttd-bDOTH5D, BEERKI. 7VI=UAT4dm %
RE LT,

X 9-11 1%, BEHEET VICESE, R —HOIEIZ DWW TR D 7= PRI R EE £
EDOELDTHD, 2 v a T LER, 7V =0 AOERFE R A 4mm 2 50E L7z,
Bz 1 RIS RFET D KG= R —[5 1 OBHE SR Lic, [FEKET 95%TH Y |
TNEZ DB EITE W, BEBREICOW T ORI, X 9-12 ([ZdfiaEs 7 v
2= U AR O RO E UTRT,

9.4.4 VY UITNARVET vy bR

CREME/CREME96 D FiEZFIHT 5 Z &3k 5  (RDI. 21, RDI. 22), 7 v 7k v MO T
DATREZR DIL, FHli R Th 2ih (T3 R) OB O RGETHY | KRz s Y
T A INT e — T L BN EE TR T REA TR T TR 2R, A OREED 5T
ROVEAICIE, BEIDG U T, BBRAEFEE L i 50, 2B, BRICFEHERETO
FROEBOH LM (T34 A) 13, TOEBMEEFEATLZ L TiHBRE20RT 52 &
HLHEETH D,

R T — X%, EA A TIET v 7y NEE(SEU Brifif) 2 #iPH 1~100MeVem?/mg @ LET
DOFEFE LR, 72, B TIEEP 20~100MeV O R XF—DEH L L TORY, =
NHORBRT — X IZHESE, M EShBTrBXOKREE FIcld7 vy 72y hEE 2
X A—H4 @ Bendel 75 [RDY. 28) ZFIH L CTHET 5, £z, SRFHMRE L OKEOE
AFANCLDT v ey NEE . BFIKERTEE & LEVE LET Offids, GUBRT —&2 0
LAY TA T A0 TR L7 ECHEET 5, 25 OHEE X CREME/CREME96 |2 T
FiT 52 ERHKD, LRI L o TR YRR SN FiEThT,
RSN OTEEZEHTHZ LB ARETH D,

THENTZT7 T v 7 ANLE B EZIIREESROT v 72y NRERE T 51T, K
DOFEZI N Lt 520, &0 b BISHEEOE S . BUSEIZB W TT
Ty hEELSELZ YT 4 HLTFv—2 EEICIEN B OT7 v Py FELT
A ENDEERZRNVF—E L ERAOLNCTHIRERD D,
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FEREIC LD SEU L, (A A OB K D) 53 LET(L) A7 b v £(L) L IRFEBIC 31

LRBE () DM p(D xR THILT, Ty 7y FRERDDL LB TED
(RD9. 21, RD9.29),

lmax Lmax
U=% J () J £(L) dL di
Ec/Lmax EC/l

ZORT, BRHESPEFICEBETHIIL(DFEY ENEFITNESL, LER->THDH WY
HRIAMNT v 7y bEBIEEZTHAICD FS/4 IIRFE LV, S ITRISHER O 22 m
B, FIZAL=Fn77 v 7 AThbb, —MRITE MBS (T34 R) OFEIZIZZDED
PRI CE AW T, R ORI A BUSIEITIEE 7 VT 4 L s RV —E T K
STHRET D, 2T E/ My \XT v 72y N UEDRERE, 1, 1 3IRERER, £/11X
REEE 1 I2BWCTT v ey N4 L SELDICHERRFORDY LET, L, 1T A7 ML
DIRKLET ThH D, THT v 7y Mg, HBRTRD7 LET OFFS#EEIC L > TRkEL<
AL+ 5, 29 LIZRBUERFMEL, BEFOR 77T v 7 AN LET TREL LD DH7HT
bs, LRRLIEEROT v 72y FHEIZ, 2V T 0V TF v —V LI ME—DRAE E
FAUX, A=V A XA THLITRXRTOE Y R T v 7y b THZEEFEL TS, &2
ARRERTIE, — BT vy 72y MEME (o, 7 v 72y MRX T/ X)) (Xl
o, ~ETe LAWE T2 Z 0o T, ZOREEBLCRHEALTT I I,
T v 7y NROFEEBRENICE LEDETHRITRIER B0,

v =27 G0), o= 2w

i

% Uﬂiﬂﬁlﬁ@(o i k L1> %ﬂﬂb‘f%ﬁ'ﬁﬂéo

TANX =BT O TR EERICE DT v 7'y FRIE, MIELEG LD T v 7t
> N¥TiHEfE o (B) WG T7 7 v 7 X FE)EORBEREGTHITHE T2 2 &8 TE 5,
o (DITRBT — 2P OEEENT LI EHAMRETH Y, 2 /37 A—F D Bendel #H % F|
AT+22LbTx5, EEA T T LRERT — % 0 DEE R EN & ISR LN
LN THLHEITIL[RDI. 28) . B FOBTFHMAEEMOY I 2L —2a VEFIHLT, o
(B #EHTHEHTED,

9.4.5 KBEEMENLDH{E

vVarit B LABEOKREEMEVICET LILEIOHE L. ThERLET L
EQFRUX-Si & EQFRUX-Ga 23FIH Hi3k % (RD9. 30) , = L THLORER T — & 72 W GE 121, 10MeV
D733V 2 2 KEGERE /LN 3000 E O IMeV B FIZEMOELZ 5 % 2 & RE L7
T2 B0, [RERICT U U AREOSE S 10MeV O IZ5 A 72851, FgalE
Wi, A, BIEEDHICHOWT IMeV 723 F 1 -F4 400, 1000, 1400 fH TH

- 100-



JERG-2-141

% LUE LA IR B2V, T 7 At L 0 O3 & JERA & (50 LT
Bz, FRHEROBEOWITIEZ OEE R BERD S, Eio. KB AT
HURI 2 5 O FEHRATFHZ DWW T OB R L TH 5,

9.4.6 WHOBELE

WSO EMEICE L CEHTRERTA—ZZIEETI2o V=T ) oV FRiEZBE

BT CTH D, I LYUYRENOET RNV —EFDT T v 7 AL, 7T 97 ANRKE

BEDTRNX =AY LB IO &R, BICEETHD, ¥4 —F v N wE

BTSN DOEENEZRE- L, F—4 v MIEOWERL L HBAARXIRGREEZE LTS,
9.4.7 ¥A AN NF—EK

ENHREZZTLT VD, EDOMOE 2 v AR—x > FOBEBEIZO N TIE, X 9-14
(273 NIEL BE%% MV(£) RDI. 31) &2 FHV T, 10MeV DG T2 B0 7 vt o A F %3

H LR TR 5720,

F,= > fE) N,(E)AE

E

TR LIEERER R Dy 1%

Dy = ) f(E) N(E)AE
o

ZZT
FOE) TS T NI AARY F L

N(E)NTEL %k
Nyo(B) 1% 10MeV (Z5%F LIEAME L 7= NTEL B%%

AEITRMOZ AL —ZAT v

9.5 fEAREAILTA FIFA4y BEEBICI v a v OfFEE

9.5.1 FEARA|

LITOFEE TiE, $uBREOZ N LUK T DR 2l 5,
9.5.2 GEO
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GEO IZMHLETH Y, M=V F —E P IENRREICERT 2008 Thod, 0D
BREZICIE, B LRy, BV S 25— 5T, BEHRESSE Y — T, 8
WELEZHENESE LG R F—EBFOETRRE KN 250 H 0 | FFFIC X 52414k
DL WZ EDREH L 7o TV D, KRG & ST FHRIIMOHIRA =T 52 L < 2
DOBIEIZRET 5, KR F#RIE b —F L F—X, T, > 7 A X2 MBI LT,
BRI TIIH DN EEREE L 525, 7277 LKBRIA0SHE 7 0t ACEERR T 5D
TR, SRPFHERIE S v T vA Ny MR TR T, 2 HIEE
HHNAFET D,

MEO & HEO

INHOHNE S, B SALA R ERLEREEICEE T 523, FHICA T, Fivd b Rl
b D E OB TICOEET 5, LER>TINOOHETIE. BFIickss v 7 adg
Ry MARB L OIEEHHEEZ BB T ALERD L, EBREOBETOE—2 (20
MBI T 2) < Tik, B IEBE L 0 b HiEs e E TEREICEE T 25615 <, L
Do THEMRED L VIRALEBIZR 15D,

9.5.4 LEO

9.5.5

9.5.6

BUE DA T, A ANIEBNIAKE B (<550km) THEAHA ASHFREE (~55 ") O#LENRA TH
D, FERIZZORANIRN DA D, £ LTI 9 LIZHuEER% LEO & FEA TV
%o LEO 12815 v ¥ a I oRICEBT 5, ZORKIEZ X L TWDH DX
REVERFEHITH L, THERRFIZT 7 v 7 ADRHRETEH L IFEFHIZR>TVDHHED
HETHD, ZORGEEREORIL, B ICHE SN/ 3 X — 503 F e T
HZEThD, fdEh FIXHIERIC L > TREBEIMAICZ & S 7 (HIBSGERD) . FHHRE
FOKRGE =N =R D7 T v 7 TR T D0, 2 OERKITEBIAI T 2 (MR
TIX LEO £ THRK LT V), LEO #lE & g & [k, SR CIIAE AT D A O it
BCEEBT D,

MEELIE

FREAE 1T — A% S 1000km AT CEEAMAIE 80 " LA L TH 5D, FRIEIE LR K76 1E 55 Hikk
& LT, BURHONH OB FB LI OEFICHEE L, &5 |CHREK O IR E #4219
50 "LAED A —nu T #EE CREEICS EFETODRHAICIE, BSOS OETIC
LT 5, BuBEORBEEES TIE, FHEBITITE A EHEE L TR W FEERE L OUKE
BT RN X—h FICRET D, EAEE Tl HBEEOERN Z O L1277 v 7 A& KigIcK
BWLTng,

RERBLIUORERICBITOIRE

BORMBREEOFFMEIT, FHMB LBV BAET L RGm— R X —h B8R L Thd, L
Do THLDPERRE KBEOZEENE Uo7 E OZ b 2B E L2 v b2, &
TFERZEZBIETI vy a Tk, TOMDBRHEKEZEBRE L2 Tide by, K2
WZH/NS WD KB NFET 5, B vy a VITKGHIERRSCHIERA R0 T 75 v
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VrRTHITOND, Z9 LIEEETE, BFHREE L WO BLA TR, REML R4 L
TEOHLATCTHD,

9.6 HURMRBREMARE DIERK

72— RXACBWT, FHEY AT LICOWTFEEN D U REREOREEZ /B L7
T b, ZOMBEEIZIZLLTD a b e 5 A TWARWTIUE AR B, F-.
f 61 ZXNEIISCTEDTH LU,

a. TSRO E Y EEROB B LI ONETFOT RV F—ZAT L (R v g VEY)

b. I v a MM TOEERRD KBS 7 Lo 2 AT b b, 5 )7 s ARk A 5
L2207 57eun,

c. Iyvary, WHEE, Brr—FWotricitd o700, fME . Mg,
SRR S VT2) L KBE R = R VX — BRI K D BEIERT ) D R ER AR I 31T D B )
JLX— AT KL,

d. HEI722 KESIEEIEIC I D EA A LET 227 FL, 72 HTNT 10%D R AE IS I 1T
7% LET A7 hb, 10%DHEIRAEIC I 1T 5 SEP (KBS 7 L7 Bl4) @ LET 227 kL
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Monthly Number of Objects in Earth Orbit by Object Type
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Sticking coefficient
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LRI RO D720y o7c, H—OIGYEAM B & i S 4L 58 &« 05y FRED A ERE A
FER L7CHRICRT L Th, WIS 7 4 v T 4 v 7 TEHEBUIMFIE LR Do 7= (¥ 11-5),

BUE, KEIZBW TS HE— ORI X AR ORI TR LTz,

TREY | BRRITICIR VT — FRCH0E LT RERRE X0 AR BE T D N
b5,

O bxer LA S = a(T-Ty)+1

® b E7 LB ST = expla- (I/T - 1/T)]
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Scotch 79 tape
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Assessment of Our Understanding of the Processes Controlling Its Present
Distribution and Change” , World Meteorological Organization Report, No.
16, Vol.1 Chapter 7, 1985

RDC.2 “Natural Orbital Environment Guidelines for Use in Aerospace Vehicle
Development” , B.J. Anderson, editor and R.E. Smith, compiler; NASA TM 4527,
Chapters 6 and 9, June 1994.

RDC. 3 “Standard Solar Constant and Air Mass Zero Solar Spectral Irradiance Tables” ,
American Society for Testing and Materials, ASTM standard E 490—-73a
(Reapproved 1992).
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D HIER KA,

D.1

RKEETFTINOBE

BRI O T LB L= DX 1965 FE A ThH D (72 & 21 Harris—Priester,
Jacchia=65) , Z 9 L7=mEFT I & ZFDHM TH D Jacchia-T1(RDD. 1)

CIRA-72(RDD. 2) , Jacchia—77(RDD. 3) %, SUAFERIDOHLHBCG FEAAT KT 5 BUEFE >
EEARETHLDOThoTe, TNHDET VTR, FEE ni OFEESMOIZTE A
EENRBEIRE TLLOARELTWD, SHICZEDOEZFIH L CIEE R E D) R0k
AZNRAZBES 52— F, BB EREEZ W TEEZ L OEHEZBEAL TS,
E7 /L Jacchia-77 I3#% B, ZFEIWE 72 ITFEEN), HIBEKBY 2200 R b KRR O
FEZEALTWD, BB TRNCIB W TEER D 217 2 %A, CPU X H BN
FHEHRICRELSBRDGEN DD, £Z T, £ LI —F VO L OISE R & 71
Wi T H7=® ., Mueller (RDD. 4) I% Jacchia—71 12%F L T Jacchia—-Lineberry 7 /LY
A L% SEATLRDD. 1), Lafontaine (RDD. 5) & Z 4 & RIS A 7N FikEfmAaAH LT,
Jacchia=77 ET /WAZILE T HET NV EA/EY LT e, ET NV MET-87T (= — T v L
V=7V U 7EMEE TV, [RDD. 6]) HAIHIO Jacchia-T1 REET MZESL D
ThoH0, MAOEHESLTES, ENAT =g b B ZEZO TN D,

B9 1 OOKRZETINOZRRET, Hifb U8 BRI 6r U TR iR E & B2
WAL, BESMIZEHT L HEZEHLTWS, 295 LEETFTLOR TR EHSL
72D DN MSIS (B &0 rae & FETVMERGEL. [RDD. 7. RDD. 8, RDD.9]) EFEZILH TV
— X Th D,

FLWHET —X EH LW R E B AT TE 5T LIT, 1977 45, 1983 4F, 1986
L fREEIICE 7 /L MSTS 132k B & iz, F 70 MSIS-86 [LENE] i FE |2 B9~ 2 A ¥
KFET /L CIRA-86 & 72> T\ 5, Fill TIX MSIS-86 (2%} L7228 & 7R 8 434 45
FONEES iz EL LV ETIET 2% BEEMA, €7 /L MSISE-90 234 F T
W25, Barlier = OMOET /L DIM-T7 (B R E T 7 /L) & MSIS-77 & [RlER 7o ik &
BFons, SR N 0, 0. He \ZFRESH TS (RDD. 10, RDD. 11), L7228 T,
FEETE Y DIFEE LMW GEIZ R R KFEITZBE I TR,
Proelss = MDdE /L C(RDD. 12) & MSIS-77 O ZEH L= LT, WK%
WRLEBDOTH S, MSIS, DIM, € & W o= EF /L OFEIL, ZAEA B S -85
AICFHITHIETE DR e MAREROHBDBIENBHBEEZZALTND) R THD,
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BEETLOE 3 DRLEITHIFERLE L TCEBEDLERDLV ) —ATHD, -
ExIEm T OFET IV GOST-84 (RDD. 13) 1%, FHHE T 7T — X2 Dot of&ieT
—H DIHRIZHESNTND, ZLTORH, (2) FHAE ITHEER, (3) KETEE,
(4) HIBERIRENZ L 220 % 4 DOBBTEE L., ORI LI EEEE S
FinbEBEZREE L TS, B ESNIEZTT VREIZ1990FICRESINTWND,
Sehnal % A (RDD. 14) DE 5 /L TD-88 1% GOST-84 L ¥ & ERAVICT#RMEN H 5, =
AU TD-88 23, GOST-84 1T TV 5 K 9 2R iBENZN I DB 72 K01 (B IE OFR%k
b)) 4T > T2 TH D, 7272 L TD-88 % 150~750km & FE 2 L 2l T &
72N,

=5 )L MSISE-90 D AF

£® 7 v MSISE-90 (X NSSDC U = 7 K — A X — U
(ftp://nssdec. gsfe. . nasa. gov/pub/models/msise90) CAFREETH D, 7DD
CHGER 70 5 B D E AR DL EE T d B HIRIT DWW T, MSISE-90 oA 7'+ 3 v
EBCE 2D OB 24 7 IOV D20 ERH L (T7bb AL v FHE
SW(15) =0, 0),

V7571 A

RDD.1 Jacchia L.G., “Revised Static Models of the Thermosphere and Exosphere with
Empirical Temperature Profiles”, SAO Report No. 332,May 5, 1971.

RDD.2 anon., “CIRA-72 (COSPAR International Reference Atmosphere 1972)”, Akademie
Verlag, Berlin, 1972.

RDD.3 Jacchia L.G., “Thermospheric Temperature, Density, and Composition -- New
Models”, SAO Report No. 375, March 15, 1977.

RDD.4 Mueller A., “Jacchia-Lineberry Upper Atmosphere Density Model”, NASA Report
82-FM-52/JSC-18507, Oct. 1982.

RDD.5 Lafontaine J. de and P. Hughes, “An Analytic Version of Jacchia’s 1977 Model
Atmosphere”, Celestial Mechanics 29 (1983), pp 3--26, 1983.

RDD.6 Hickey M.P., “The NASA Marshall Engineering Thermospheric Model”, NASA
CR-179359, July 1988.

RDD.7 Hedin A.E., “MSIS--86 Thermospheric Model”, J. Geophys. Res., Vol. 92, No. A5,
pp 4649--4662, May 1, 1987.

RDD.8 Hedin A.E., “Extension of the MSIS Thermosphere Model into the Middle and
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Lower Atmosphere”, J. Geophys. Res., Vol. 96, No. A2,pp. 1159-1172, Feb. 1, 1991

RDD.9 Hedin A.E. et al., “Revised Global Model of Thermosphere Winds Using Satellite
and Ground-Based Observations”, J. Geophys. Res., Vol. 96, No. A5, pp.
7657-7688, May 1, 1991

RDD.10 Barlier F., C. Berger, J.L. Falin, G. Kocharts and G. Thuiller, “A Thermospheric
Model Based on Satellite Drag Data”, Aeronomica Acta A-No. 185, 1977.

RDD.11 Koehnlein W. et al., “A Thermospheric Model of the Annual Variations of He, N,
0O, N2 and Ar from AEROS Nims Data”, J. Geophys. Res., Vol. 84, pp. 4355--4362,
1979.

RDD.12 Proelss G.W. and Blum P.W., “Comparison of Recent Empirical Models of the
Thermosphere”, in Proceedings of ESA workshop on Re-Entry of Space Debris,
Darmstadt, 24--25 September 1985 (ESASP--245)

RDD.13 anon., “Density Model for Satellite Orbit Predictions”, GOST 25645--84,
Standards Editing House, Moscow, 1984.

RDD.14 Sehnal L. and L. Pospisilova, “Thermospheric Model TD 88", Preprint No. 67,

Observatory Ondrejov, 1988.
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Yeh & Gussenhoven (RDE. 2) IXFE7#% DMSP 23 &Ll L 7= BifE & LEO HrEE L ~/L & D
RIZOWTTRREHRIIFZE 2 FhE UT=, & L CBUAI L 7= A7 hVIBIR & EFORJEIC
e CT, BEx e ET VAR LTV D,

o AT RZFNF—D~T AT x)Vo54 + I~ 7 AT = VoA
o XA 2 KA NLF—TCIXEH + ME~7 AU V50510
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SRR EIC BT ARFEHED L I 2L — g VI LA TR BIES HO LR
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BT OWITHT 5 2 00~ 7 AT = VoA &R LCOBIERICE 7 B L7z 3D
FHEOERIZOWTORERE, TXTOBEBROFFIZOVWTHEET S, HH
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HENEHICETDHIETCKE LT ) ZENTE S, FHEEIRNEE TR W
B DEVREMENFFERREICBWT, HEICK L EDO L D RESMEE RO
FE T H D YA TIZ NASCAP B 7 )L —F o D —z HS < BffiZg 1-D 2— Ko
MATCHG(RDE. 4) Z FH\\ 5 Z LM T& 5, EH 6D a— RIZBWTHEBFIEN T —
ZIOREEFHNT, DF D 731 OMEHEERENFHE O HE & R E W SR
FELTEHELTWS, ZOFEIZCEOIZOVWTIFANTHAN., KEEDF—1 5
ST RBT DHEICOWTUL, BIOTERISLETH D,

E-3 | MATCHG % W T, FHITHFET 2 MW EIZ BT 2 EHRE Ok
T HHERIGEZRLELDTH D, WFROMES HERHTOBEEN lem® DOH—
VI AT 2 VB DOGETH D, EOMEIZEBWTHEMITEIREIZE H72oT
EHLTWEN, “IREHERER R 2> TnD eV Z i, MEICL > TRER
EZNHDHEN) T ETH D,
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Material Potentinl (&Y}

16 - = Carbon: 0.7 at 0,3 keV
—m—Kapton: 1,7 at 0,3 keV

14 1| =——fpe=Teflon: 2,4 at 0,3 keV

=g@=Epoxy: 1,8 at 0,35 keV /

12 =—p=—=Flack Paint: 1,6 at 0,35 keV /é
o-OSR: 3,4 at 0,4 keV -

10 | A 1TO: 2,6 at 0,35 keV

wgelgF2-glass: 5,6 at 0,8 keV
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£ 725 EY — Wi 3D POLAR =2 — KT 5 (RDE. ), Z D = — RIFEAEMHEZ
T, AT AEMTH 2 FEBELOFFE Y — AL NAIOFEHME R ICBEIT 5
JEOA A2 BT 5, FHEEEE S ANO 1 DICHAAATEY, £727 LA%05HR
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F E-1 NASA OEERERE

Ne (em™ | Te (KeV) | Ni (em™ | Ti (KeV)
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BEEALICEA L TiE, FHEEBOT — A HENIEFICHEBERER AR, FHEOT —
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WZFET 5, b LEEMICEDY M1 TR, ~A T RAOEMISHET 5, £ OEN
ITEMA AT TELREBICEL > THRELN, —RITITY =T =T LAIZBIT LR
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Fi & DBITT — 7 DEAT DA REMENHEE L, oA ANk D2y 2 T
Mt 506 Thsb, FHAT—Yay ZUV—XAOT7—AFEICET L0958
(RDE. 11) 1%, HEERD T — 2 2 2IE GG, 7 LA BIROENED 160V Th
AUTHEIER DT — A F-115V~-150V 272 5 Z L A LI LTV D, 7272 L Z 04
FIZEX, T A~vary 7 2%#FA L CHIcEEROE 2T, 2
ORI ERETHZ LN TE D,

AR B YT

ARy B YT EF, A OERIZLDREWEOME CTHDH, ZHDIA—T 4
VI BRENGE . ARy 2 Y T IERE I & b 7o TERmFHEE KE A RS
B, MMREIATET DIHRRFRHZEY BT witEnd o, Ay &) o TARY)
DIEBIZEITH R+ TH Y, A4 & LTREEND DIE 2~4%ZiB E 7220,
EHERE ClE, A A B R R EEICH DD, FHEO T 2HEEIZL - T
LRI ANR Y B o TRFEAET D, 7277 LEZS 720 O EIIIEF 202 &
EZ2oN5 (BLZ 10CRDE. 12]), ARy X U 7L, FHEOBA DSBS
B2 7 — A FEIZ L > T EA U ARIROERERE A A 2 23 F R I M h > T
TOHGEICE LT 5 & TSNS, AR EITEFES B RENA I U1
ELZLRD, MRV FXF—TE—JIZETLHONEEBRTH D, Al LD He Tidk, I
BOE—7FlkeV DR L X —IZBWT 1 2D TN FEZ LV THD,

BHEE L0 bHEA N BB VINKE TIL, ANy X2 U TN E 7GR
F AT UREERERT D2 ENBII STV D (RDE. 14), 781 O KBRS B2 % L
—MZIZ 1.5keV WO EBj= RV F—ZH X2 ZOFEBIZENTHEEWASNy XY
VIRERBLTNDHDEEZIOND, EOX ANy Z Y U ITRHAET 50
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Ry B2 ) T UEBRFNFO TR X—1T, AT DA 4 fRCm R /L F—(2 )
b7 BXF 10eV Th 5 (RDE. 13),
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BENC &> TTFHEPUEZ R R T 52720123, EfeBE+T5Z L,

300MHz B F 0 5 C I IR BO SR RAT AR BB, T OERIFEL,
EHEE O RIS 53 > FL—t 3 v Th b, ZOMOERHRE LT
A, B, 7 7 7T BB B,

E.11 EBEtE 5 /L IRI (International Reference Ionosphere) M AFIZ-DOVNT

[E s FE Ve e Bt RE =5 /L T R 1 (RDE. 17, RDE. 18) ([ZB89 A EHIZLL FOWWW D 5 A
FAETH D,

IRI AR —LX—
http://iri. gsfc. nasa. gov/
Fortran 7’2 77 & (2 0 0 74EhR)

http://nssdcftp. gsfe. nasa. gov/models/ionospheric/iri/iri2007/

IRLO7 72U T 4 IZOWTIEFHEREEHR D AT A (Spenvis) IZE WV IROFA K
BHTAFTLHIZEHHKS,

http://www. spenvis. oma. be/spenvis/
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AT7FA A REAR—ZATFTTY, ROAVIV RV I=2F Vb
F.1 AR—ZAFTIREETNV (7T v 7 RAETIN)

F.1.1 EAJFHI

AR—=2ZAFT TN DOBREETT IV (7T v 7 AET)V) IZO0WTHE, BONDTT LN
BRI TETWnb, REMNLRDL DX, ESA @ Meteoroid And Space Debris
Terrestrial Environment Reference Model’ (ATFFuf RBLORAR—2FT
U HIERBR 5L AL UEE 7 /L : MASTER) (RDF. 1) & NASA O=> =7 Y > 7 %5 /L ORDEM
Thbd, AX—277 VREICET 2 W2 SN HIE D £ Tk, fey 27
DOFHCERGRF 2 EICEH L CINGOET AV EFIHT D Z ERHELREI NS,

F.1.2 MASTER

MASTER I3 Emmty FiE 2 HWTE Y | FHRITOMG ) b BIEE COREREZET
METDHZETT T VREEZERAL TN D, 77 U BEORAEF IOV T, T LT,
3. RO SHHZBRA L, T2 oiiE EoRBEZ BN L T\ 5, 1996 4 3
A 31 Bl & T2 AX_—=2F77 VL, $ul BIcBT 5 132 O@EmmME £ 723K
SREE DR HEH LT D,

KGEEAN T RT7 o Ik B AR=ZAFT 7Y O FRICKIETERES, RDF.3 O
NASA = P=T7 Vo 7TV ERBRICERE L TV 5,

TR CIET 7 ) OZEMpMERET 52 LIk | UM EsEE T 2TED
H2—y NGEIZOWT, BRI T v I AERDLIENTEDL, EHLITEDTT
v 7 Ak SR, OGN A L EE) . PuBEfiE, 77 7 AICEBL
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W5,
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AR—=AT 7 VITONWTIL, HERER R FIEIZESNT, RTCOBEFMOT 7Y 54
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LI6DRORSATIR T4 D F MU 7 L7 U w7 I (NaK) (K O fcH . 10330 &
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D/NEZRIZ K DHejectadD i, ## O Jt (West Ford Needles) EDHER % E
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FOBEEREEAETT DREHILER DET AL, event U A N OFH
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BL{E D MASTER200 1 B T 2005 IR F Ol Y Th 5,
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F.1.3 ORDEM

NASA D=7 Y > 7% )L ORDEM I% MASTER & [AkEZ2T 7 U AR Nz . Wr
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TIEPMIZR L TV D, ZAENOBURNTIL, MELEICE T 5 EA OEBRES & |
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S 5|2 ORDEM (37 28t ~xr FREAZFIHA LT, 7 7 UV BEOWLE B2 1T 2 B3R 04 &
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v 7 AL ZBFEBRDOTTND, £EET T v 7 2O G MPEICET 2R bR 5
TLEMNTEDL, ZOFETNHMEI LV E2—FRXR—ZADETILTH D,

ORDEM2000

NASA 23BA%E L 7= ORDEM2000 (RDF. 10) Tix, AT DO 3FFHDO—IKT —H% VY — A%k b &
(2. AR—20T 7V #uE ORMERIC T 2 RERRIAHEE 21T > T\ 5,

(DUS Space Command Space Surveillance Network (SSN)IZ X A #h _E2s5 O&LH
CKEOFHEMM T, AN TUEZ EFIICEH L — & — &P L0 K
HET10 em YL b, FFIEHLE T 1 mPL EO KX X OWIK 28I 76
(@Haystack Radar |Z L 2 H1 E7o OB (F & L TRHELE Lem BLEOT 7Y ORI
WZHWBD,)
369 » A OIgEE%H EIZEY L7~ Long Duration Exposure Facility (LDEF) =it
DR DE IR DA
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D7 7V HIED G T ME LT,

TN %z, Haystack Auxiliary (HAX) L'—#& —<X°Goldstone L' —& — [T X 5 i
ES ORI H FIZEN Lz oNy TV FEHEEED ) — T — T LA RAR— AT ¥
FL (STS) DEEF VT —F~OEET—Z R EOT—2 bIEH LT, Eio—Kk
T4y ORI L TR B, YA X ORI oW TRERM O T — 4 &
fIELTW5D,

Fo. BBROTRIZRE) 7 —F ORWEEBIT T 2 NIRL/MEIC X, EVOLVE 7
NWEDT —H ) — A0 NASA DSBS L T- R RMERRET VAR L TV 5,
FHEA~DOMERE T T v 7 A OW UL FHEBOPLEEL D7 7 v 7 2% Ff4s LT
KD B,

B 0> ORDEM2000 O3 HEEPHIZLA T D v Th 5,
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F.1.4 HESMA

EZSHE OFPHIT 0 225 B L7 16kn/s £ TOHFPATH 0 | FLHHE I KER HE
TIE 10km/s, EERFIHLE TIX 12km/s TH D,

F.1.5 BEEE

RDF. 3 {2 L AVIE, B 0. 62em B DR DB IIIRO L HITIRET DH Z LN T
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1 T R PR

IFOERIZEET VO Z 1T,

FF-1 FEATF oA R&EAR—ZAFT 7Y BREET/VHE

[tem ORDEM2000 | MASTERZOOI | MASTERIDOS
Size range ([ pm ) =10 =1
Altitude range { km ) 200 - 2 000 186 - 38 TG 186 - 36 7RG
Time range ( vear | 1997 - 2020 1958 - 2050 1957 - 2055
TLE background Yes
Fragmenis Yes
Ohbjects | SEM dustslag All sources Yes
source | Nak droplets tozether Yes
barms Paint flakes Yas
West ford needles Yas
Meteoroids Mone Yes
Modeling approach Measurement data Semi deterministic analysis
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RV ATHEER ENTHND ZENTE D,
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o FHIEROIEE
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FHOWEREE 2 ERFUEZ, AL Z LTk b,

KDL 7 4 X2 b— g A LTHRERRBETERE RO 5 2 L.
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VAN
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RITIUER BV, B EEHE O ZE TR T IR A B S, s (TR
DIGIRIZ X > T MO KREICE R T L5003 H 5, £ T ORI Sh DR+
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FREN L~ IR EE L TUR LY,

.4 ATFud RAR—ZFFTIVBEETIVOBEATA RFA

(1) A5 A R&ARX—ATFT T VREET L

FHBRFHEAT 5 A7 404 R&AS—2FT YRIET VL LTI, BT %
HLET 5,

» MASTER-2005

« MASTER-2001

- ORDEM 2000

723, ORDEM 122V TIE, AT AEA ROBBESGEN TRV, AT 4 A
ROBEHC ST, BB UARED 10, 4 T4 2 HICHIE L, ZOMIERES (3)
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W72, (BL, o7 V2T 25680, Q) I, F O ARILIZ W TR
Tk,

(2) BEEFAOMEMA T 0+ 2
ATABA R&T 7 VREET V& FHERGHIEA T 2B LTE, (1) Ho 3
MOETNORTATAuA R&T 7TV OERET T v 7 A bE< 25 b D 2EE
TOLZ LRSS,
SHEDETNDAN—AT 7 VEBEICOWTO-IRICOWTIZUL FOfH B TEE
ST 5 L EAHRET D,
f+)g@ scE : F-1 S. Fukushige, Y. Akahoshi, Y. Kitazawa, T. Goka; Comparison
of Debris Environment Models; ORDEM2000, MASTER2001 and
MASTER2005, IHI Engineering Review, Vol.40, No. 1, 31-41,
February, (2007).
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ORI 21T 9 A OMIE S AR TGS, (£ : MASTER-2005 Tk, 100z mLLFD
REIDATABA R&T T VIZHONTIL 2006 5 A1 HETLNT TV A
EERETERN,)

(4) EFLDOANTF « f@H o FElf
(1) D 3FEDEF AT, MASTER 13 ESA 7>5 . ORDEM | NASA 7> & AT ATHE T
H%, HL, JAXA ZEH LTOAFLAMETH D,

Flo. BT OERIZOVT S, JAXAIZEFETRETH 5,

-202-



JERG-2-141

F.5 ALIZVALI=27F

AL IYRARHDZ A MR F-ORMEEFEMT 5720, BN THRA R I 2T b
PER SN TWD, EFEDY I 2T FELTLFIS-1 B0, 2k JAXA 25
AFHHETH D,

ZOVIaTy MIALVIY ZRARH DX A MR DAL 7 B ONTRLE 45 A 45

EEBETAHZLENTED, LK FEIHER TS 7 7 T VU — )L A 037 i=
W, ABEONE SR EORMIIEA TE 220,

F.6 K. &

. ORDEM2000 . MASTER2001 . MASTER2005
{Inclination [deg] VS Altitude [km])

MF-177YV0oRES, Bua|E, MEEAAICH L, Kb T 7 VOEET T v 7 AEL 725
TV ((FHEOTKR > 713200545 H 1 H) (Uchino eta., al 2008 (RDF10. 7) (2K 5,)

-203-



JERG-2-141

*:F-2

B oroem2000 [ MasTER2001 ] MASTER2005  (Inclination [deg] VS Altitude [km])
> 10 pm Flux[1/m2/year]

F-1 125t L7222~ 5+ 7 Afi (Uchino eta., al 2008 (RDF10. 7) 12k %)

:’;g 1ofvoa]1 afrca [z orvon [2sEroa s ervoa 7 7Eroalaarsoa [t 1Eroa [1 2Evaa [t acvoa [1 1Evoa [1 2Ev0a[1 1Evo4 [1 1 E+0a [aaFroa [a oFvon [7 aF+0a [7 aFsan
yao |22Er0z | Evcs [1 SEvos [1 aEeca [4.1 Evos [6.4Ev08 |7 5605 [ 0.1 B0 [8.8EvcE [88E+0a |01 Evca |9 4Ev03 [BoEvca [8 6E+05 | 73640 | 7.0E+03 [6.1 Evca [ 566008
p SE+03 [ SEr0s |3 5E03 [S5E+00 |6 4E+03 | 7 7E+0S | 8 2E08 |8 AE403 [ B AE+0E |8 2E403 | THE0E | 7 2E403 | B2E 08 |5 0E0S |5 0E+0s | 4 TESOS

1.

120 |EAEHOZ | DOE+CR 1.
110 |55E02 | TEERCS 1E+03 [1 AE+0Q | 2E+03 [ABE+00 [S BE+0D [ 7OE+00 | 7 AC+CA [ 7 AE+0D [ 7 GE+00 [T AE0D | GAE+OA |G AE+02 | SSE+OQ |5 20403 |4 2E+00 | 4.1 E+03

1.

1

1
1
1
100 /|| 51 Er02 | T2ErCe [1 OE+0S SEHCS |2 BE+03 [4 4E+03 |5 26403 [6.3E+03 |6.6E+03 [6.TEHO3 [ 6.9E+03 6. TEHOS | 61 E+C3 |S TEHQS | 4 TEHOS | 4 6E+0S | 3.86E+03 | 3.6E+03
go | 2440z [E1Erce |B BE02 |1 1 Ev0d |2 GE+03 [30E+00 |4 SE+03 [S S E+0E | 6E+03 S OE+03 |6 2E+0l [SoE+03 |E3E+0d [S1E+03 [ 20E+0n |4 3403 | 38 E+08 | 3 2E+03
go |AEC0z | SabCe [ A00R |1 1Er00 |2 AE03 (I TEOD |4 20403 | S 20400 | S AE0T |SEE03 | S6ER0D (S AE03 [4BE+03 |4 TEAOT | 30EH00 |3 TEQT | 31 E+03 | 3.0E0T
7o |SEEHOZ | S AEROE | FEEHOE |6 TEHOE |2 2EH0S [ SAEH0E |3 BEHDS | 4 BEHOE | 5.0EHIE | S.0EH0S | 51 EXOS |5 0EHDS [ 456400 |4 4EHDS | 5 TEHOE |9 G EHOE | 2 OEH0E | 2 BEFHOT
ao |2 7eog [seeoe [ arioz |oarioe |21 o [aeEeon [0 6600 (44000 |4 TEvcn |aneeon [ 4 aeeon (4 TEroa [4aeeon (40 mroa [aseeon o seean [ @ TEeon | 2 6Eeon
50 |FOEA0Z | SOERCE | T 1 E+OE | 81 E+0E | 2 0E+03 [ S0E+03 | 3 AE+0T | 4 3E+03 | 4.5E+03 | 4. 5E+03 |4 ZE+03 [45E+03 [ 41 E+03 |3 BE+03 | 3IE+0E | 3. ZE+0F | ZOE+DE | 2 SEFOT
A0 | |S5EHOE | 49EHCR | 7 OEHOR | BOE+OR |1.9EH05 [ 29E+0G | 3. 3E+H0F | 4 0EH03 | 4.3E4+0F | 4. 4E+03 | 4.0E+03 [4.3E+03 | 4.0E+0F |3 BEHOS | 32E+0G | 9.1 E+O3 | 26E4H0G | 2. 4E+0T
ag | 40002 |SSEGe [ TOCGOR |1 OFed |2 003 (2 TE00 |3 SEGD | IACH00 |4 2E00 |4 400 |4 0000 (4 2E400 [ABEF0A A GEH0D | I1EH00 |A1 a0 | 2 TEOA | 2 40000
go | 22602 [SSEACE |7 TEHO2 |1 OEHCD |2 OE0D | 2AEF0A |31 E+03 |4 OE+00 | S BECA | 4 OE+00 [ 4 OE+CO) (4 TEOD [ 4 20400 [ BEOT | AIE+0A | 2 BE0D [ 2 TEFOA | 2 BE+OT

10 ASEH0Z [40ErOR G902 [OREr0r |1 SEO3 [ ZAE+00 | D OES00 [ 3 TEFON | 41 EvC0 (4 OO0 | 4 GEFCD [ 3 TEDD | AGE-00 |3 40400 | 3SE-00 | 2 T ENO FAEFOD | 2 IE+C
o DAEOZ |4 BE+CR |6 TEAOZ |1 2E+O0 |1 BE«038 [ 2 SE+O0 | 0 48«00 JOEFO0 |41+ | S OAE+0N | 4 2E+00 [ 90400 | 3000 |3 TESDD | 3 SErO0 FEEFON | 2 FEYC
200 a00 400 H00 GO0 T0O0 BO0 |00 1000 1100 1200 1300 1400 1500 1600 1500 1800 1800 2000
> 100 pm
::g 3.2 e+ S AEF0 T TEYN 1 1E+CR |1 40«0 |1 GE+OR |1 BE«OZ |1 BE+OR | 2 ZEv 02 FEADZ | AAE+02 |41 0402 |4 08+ |2 4002 |1 BE+OR |1 SE«OZ |1 SEvOR |1 ZEs 02
N30 Z2EE+N [A0E+C |S BE+01 |BAE+CN |11 E+02 |1 JE+O2 |1 SE+02 |1 SE+02 |1 9E+02 SE+02 | 31 E+C2 |4 OE+02 | 39E+02 |2 1 E+02 |1 SE+02 |1 2E+Q2 |1 2E+02 | 91 B+l
120 ZAE+O | SAE+O] |G TE+O | TOE+O] S 6E+01 |1 2E+02 |1 SE+O2 |1 3E+02 | 1. TE+O2 AE+0Z | 30E+C2 | 4 OE+02 | SOE+C2 | 2 OE+02 |1 3E+02 |1 OE+02 | S 8E+01 | T6E+O
110 1.8E+01 | 28E+0 |6.3E+01 | GOE+OT 111 E402 |1 1 E+O2 11 26402 |1 2E+02 |11 . 6E+02 AE+HO2 | 3. 2E+02 | 456402 | 4. 2E+02 11 SEH02 |1 1 E+O2 1846401 |81 E+01 | 6. 7E+D
100 1 Qe+ FEHEYO |G 48+ S BEFO 1TVESQZ |11 E+0@ |1 3002 |1 2E+02 |1 BE+02 |3 0E+02 |41 6+02 | S GE+02 | S40+02 |2 A0E+07 |1 OO | 7 7EsO FESEYO | S S0
a0 1 5E+01 |2 2B+ |6 GE+01 |5 2E+01 |8 TE+O1 |91E+01 |11 E+02 [1 OE+02 |1 AE+02 AE+D2 | 3 ZEHC2 |4 AE402 | 4 JE+C2 |1 BE+O2 |BTE+ON |6 GE+01 |G A4E+01 | 4 BE+C
a0 1.5E+01 | 228+ [11E+02 [SOE+0 | AE+0] |BSE+O1 S GE+01 |G 5E+01 |1 FE+O2 QE+DZ | 2 TE+C2 |3 GE+0Z | 3SE+C2 |1 GE+OZ | B2 E+( BSE+0 [G3E+O1 | 4 BE+O1
70 156+ | 208+ |6 T7EHD [43E+ON |7 4EHDT | FSEHON S OEHDT |8 4E+01 |11 EHOZ BEHDZ | 2 4EH02 |3 SEH02 | S2E+H02 |1 4EH0Z2 | F4EHDT S BEHD | SEEHDT | 4 6EH
GO 1 2 E+ 1 9E+01 |6 3E+ 4 4E+0 |6 SE+O F2E+0 |8 SE+O H.1 E+n 1.1 B+ FE4+DZ | 2 2E+02 |3 OE+02 | 2 9E+02 |1 4E+02 | 7T 3E+01 |5 BE+O 5 EE+D | 3 SE+O
50 1 204+01 [ 1 AF+21 |S TE+O1 |ATE+O |G 5FE+01 |GaF+01 A O« |7 7E+01 |1 OF+02 GE+O2 |21 E+02 |2 AF+02 | 2 AE+02 |1 AE+02 | TOE+01 S GE+01 |SAE+01 |4 2E+01
a0 1.2E+01 |1 8E+C |S3IE+0 [ASE+ON |SOE+0] |68E+01 | TOE+0O] | 75E+01 |1 OE+02 GE+DZ | 21 E+02 |2 BE+0Z | 2 TE+OZ |1 IE+OZ SAE+0 |5 Z2E+01 | 4 0E+O1
50 1 5E+01 |2 0B+ |4 0EHDY |4 56+ |SSEHD | FSEHODT |8 4E+01 |81 E+D0 | 1.1 E+O2 GEHDZ | 21 EHO2 | 2 BEH02 | 2 TEHO2 |1 SEHDZ S5 8E+HNM [S TEH |53 6E+H
Pre] 1 ZE+01 | 2 QO+ 41 E+01 [A3E+0 |61 B+l [ 7SE+O1 |8 TE+O] |BSE+0A | 1.1 E+O2 BE+DZ | 21 E+C2 | 2 BE+D2 | 2 TE+C2 |1 4E+O2 G.TE+ [GS5E+01 |51 E
10 1AE+0 |1 7E+C [FAE+O |A9E+0 |SSE+O |6 TE+D | TEEHD] | 7EE+DA |9 BE+O SE+D2 |1 OE+02 |2 GE402 | 2SE+C2 |1 2E+O2 SGE+ [SAE+OT | 4 0E+O1
o 1 im0t 1 a0l |4 0F+01 |ASE+01 IS ar«0 |aar+ol 17 a0 | 7EF+01 |8 are0l Sz |1 arvo? |2 G022 | 250+02 |1 2P+02 |6OF+01 |15 AC+01 |S4C+01 |4 OF+01
200 a00 400 ilele} GO0 T0O0 BO0 |00 1000 1100 1200 1300 1400 1500 1600 100 1800 1800 2000
>1mm
::: SAE-02 [11E-C |2 0E-01 |2 4E-C1 |2 BE-01 |2 T7E-01 |1 5E-01 |A0E=01 | 32E-01 |1 9E-04 |2 0E-C |2 3E-01 |22E-01 |1 BE-01 | 22E~-01 |21 E-01 |2 0E-01 |1 4E-C1
130 JBE=02 | BOE=C2 |1 BE=1 1 BE=( |2 ZE=O 2 2E= 1 ZE= 3 2E=n | 2 SE=O 1 EE=01 1 FE=1 |21 E= 2 OE=1 1 BE= 1 8BE=O 1 TE= 1 EE=0n
120 31 E-02 1.2E-01 |1.5SE-01 |1 8E-01 [1 9E-01 |11 E-01 [Z28E-01 |2 3E-01 |1 .5E-01 |1 G6E-C1 |1 SE-01 |1 9E-C1 [1 ¢ 1.} 1.5E-01 |1 4E-01
10 2 TE=D2 1 DE= 1 3E= 1 BE= 1. TE=n 1 DE= ZAE=N | 2 OF=O 1 4E=n 1 85E= 1 BE=- 1 9= 1 1.2 1 2E= 1 2E=n
100 2 5E-02 B6E-0Z [1.2E-01 |1 5E-01 [1 6E-01 |11 E-01 |[Z23E-01 |1.9E-01 |1 4E-01 |1 6E-01 |2 0E-01 | Z.0E-C |1 ¢ 1.2 11 E-01 |1 .0E-01
80 22 E-0Z HaE-0z 11168~ 1 AE-0 1 4E-00 |80 GE-0F | 2 OO0 1 TE-0 1 2 E-0n 1 4001 1. FE-0n 1 TE-n 1 9 FE-0F | S AE-0F | 6 480
8O ZAE-02 |4 3E-C2 |8 0E-0Z2 |1 OE—C |1 SE-01 |1 3E-01 S 5E-02 [1 SE-01 |1 6E-C1 |1 1E-0d |1 4E-C1 |1 6E-01 |1 GE-C HOE-OZ [86E-02 | 5 SE-C2
70 10E-02 |30E-C2 |7 2602 [B1E-02 11 E-01 |1 2E-01 | 78E-02 |1 TE-01 |1 AE-O1 |8 6F-02 |1 26-01 |1 AE-01 |1 4E-O1 A1 E-02 | 7aE-02 | 5 AE-02
65O 1868602 GHE-02 [88E-C2 |11 E-01 |1 1E-0n |G SE-O2 |1 6E-0d |1 3E-01 |S4E-02 |11 E-01 |1 5E-01 |1 3E-C1 S O0E-02 | TTE-O2 | 4 4E-C2
50 1 7E-02 GT7E-02 |REE-02 |1 OF-01 [1 1E-01 |6 OF-02 |1 6E-04 |1 AF-01 |88F-02 |1 06-01 |1 AF-01 [1 2E-01 TRAE-O2 | 7TAE-02 |5 2002
a0 | 1.BE-O2 G7E-O2 |BSE-C2 |1 0E-01 [11E-01 |SSE-O2 [1.SE-01 J1.3E-01 |8.7E-02 |1.0E-O1 |1.26-01 |1.2E-O |9 2E02 JSEQ2 | 7AE-O2 | S.0E-O2
30 2 OE-02 TFIE-02 |9 4E-02 (11 E-01 [1 2E-01 |6.SE-O02 [1 FE-01 |1 AE-C1 |93E-02 |1 1E-01 |1 2E-01 |1 2E-C1 |8 TFE-O2 B0E-O2 | 7 EE-02
20 1.7E=-0Z T OE-0Z | 8.3E-02 |11 E-01 [1 2E-01 |6 7E-0O2Z [1 8E-01 |1.5E-01 |9.7E-0Z |11 E-01 |1 3E-01 |1 3E-01 |9 3E-0ZF 8.3E-02 | 7TAE-02
10 1.7E-O2 GAE-02 |6TE-C2 |1 OE-01 [11E-01 |SSE-02 [1 6E-04 |1 3601 |86E-02 | 58602 |1 2601 [1 2E-01 |8 SE-O2 TGE-O2Z | 7 2E-0O2
o 1 6E-02 SeF-02 |6SE—02 |1 1 F—01 [11F—0 |SEFE—02 |1 6E—0d |1 301 |84F—02 | 68— |1 2F—01 [1 28— |81 F- 02 THE-C2 | TAE-02 |51 E
200 ao00 400 D00 600 T00 BO0 |00 1000 1100 1200 1300 1400 1500 1600 1700 1800 1800 2000
>1cm
: fg 1 Z2E-06 [1.7E-OS | 3 0E-05 |SHE-OS |G 6E-05 |1 2604 |2 4E-04 |8 4E-05 | S 0E-O5 | 2 SE-OS | S0E-0L |6 2606 | G405 | 3 TE-OS 1 GE-O5 [1.7E-OS | 1. 3605
130 AEE-06 [1 4605 |2 TE-OS5 | SE6E-0S | TOE-05 |1 3604 | 26E-04 | 89605 | 4 9E-05 |31 E-0O5 | 3 3E-05 G905 | 3 8E-0S 1. GE-05 |1 9E-05 | 1. 3E-05
120 TTE-O6 [1.3E-05 |31 E-05 | 6.0E-0S | T SE-05 |1 5604 | 26E-04 |1 .0E-04 | 6.2E-05 |3 6E-05 | 35E-05 THOE-OL |4 4E-06 |SHE-OSL |1 SE-05 |2 4E-05 |1 6E-05
110 GOE-0G [1 2E-05 | 2 GE-05 | 72E-05 |8 2E-05 | 20E-04 | 31 E-04 |1 4E-04 | 6. 8E-05 39E-05 BAE-OS |4 6E-05 [GGE-OS | 2 3E-05 | 2 4E-05 |1 AE-05
100 SOE-00 [1 1 E-O5 |3 2E-05 | TOE-OS |8 3E-05 |1 8E-04 |2 8E-04 |1 1E-04 | 71 E-05 4. 0E-05 BOE-O5 |4 6E-05 [BTE-OS | 26E-05 | 21 E-05 |1 3E-05
a0 SOE-00 [SSE-0G | 3 0E-05 | 6.3E-05 | TBE-05 |2 3E-04 | 2 5E-04 |1 2E-04 | 6. 6E-05 SOE-OS |6 TE-OS 61 E-O5 |4 AE-05 | 70E-O5 | 1. 8E-05 |1 SE-05 |11 E-05
a0 SAE-O6 [H2E-06 |3 OE-06 |S TE-OS | TEE-06 |1 GE-O4 |21 E-0O4 |1 1E-O4 |BAE-05 | 4 OE-CS [A9E-0O5 |7 AF-05 [1 1E-O4 |4 AE-06 |SSE-05 |1 BE-06 |1 6E-0OS |1 OE-05
TO ASE-06 [BIE-O6 |2 JE-05 |A3E-O5 |5 0E-06 |1 PE-O4 |1 OE-04 |B5E-05 |SAE-05 |2 AE-05 |3AE-O5 |5 6E-0S5 [BBE-OS | A GE-06 |4 TE-OS5 |1 S5E-05 |1 4E-05 |B 2E-06
60 AJE-O6 [FTIE-OG |21 E-0S5 |APE-OS5 | S AE-05 |1 1E-04 |1 BE-04 | 7 2E-05 | A BE-05 |2 TE-OS |2 FE-O5 |5 2E-06 | TOE-OS | A AE-06 |4 AE-0O5 |1 2E-06 |1 JE-05 | B SE-06
50 4 AE-06 [TA1E-OG |1 9FE-05 |4 0E-05 | S OE-05 |91E-05 |1 TE-04 |6 6E-0S5 |4 4E-05 |2 E-C5 (2 6E-05 |4 9E-05 [GIE-OS | A1 E-0S |41E-O5 |1 1 E-05 |1 1E-05 | T GE-06
a0 42008 [TAE-06 |1 8F-05 |30E-05 |4 SE-05 |91 F6-05 |1 66-04 |6 OF-05 |41 E-05 |2 AF-05 (2 4AF-05 |4 SE-05 [SEC-05 | 2 F-05 | 3005 |11 F-05 |1 1 E-05 | 7 2E-06
a0 4 6E-08 [FTAE-0O6 |1 705 |A6E-05 |S1E-05 |9 2005 |1 SE-04 |6 0F-05 | 3405 |2 AF-05 2 AF-05 |4 505 [SSE-05 | 2 AF-05 |A1E-O5 |11 F-05 |1 1 E-05 | 7 7E-0O6
20 4 TE-O6 [66E-06 |1 FE-OS | S6E-05 | 4 6E-05 | 9.0E-05 |1 4604 |6 8605 |39E-05 | 21E-05 |2 4E05 |4 4E-05 [S3E06 | 2 GE-05 | 39606 |1 0E-05 |1 26406 | 7 6E-06
10 4 2E-08 (65006 |1 6F-05 |33E-05 |4 6E-05 |0 SC-05 |1 AC-04 | 7TOE-05 | 2 8F-05 |1 OE-05 |2 2605 |4 6005 [S 2005 | 2 SE-05 |38C-05 |1 1 F-05 |1 26-05 | 7 AE-06
o 41E-08 [B9E-O6 |1 GE-0S 4005 |5 SE-05 |S4E—05 (1 4E-04 | 7OE-OS [ 2 8E-05 |1 SE-0S | 25E05 |4 FE-0G | S 4600 [ 2 GE-06 |4 2605 |11 E-05 |1 2E-05 | 7 2E-06
200 fooo A00 500 GO0 FOO /00 200 1000 1100 1200 1300 1400 1500 1600 1700 1800 18900 2000
>10cm
: .:3 J2E=07 |91 E-O7 |1 6E=05 4. 7E=05 | 7AE-O6 | TOE=OS |4 7E-O6 | 2. 7E=06 |1 3E-06 |1 ZE-06 |S4E-08 | 36E-06 | 1.3E-05 SA4E=07 |S4E-Q7 | 4. 7E=OT7
130 SAE=Q7 [11E-O6 |1 4E=05 SA4E=05 | 7OE-06 | TEE-OS |S1E-O6 | 29E-06 |1 3E-06 |1 ZE-06 |61 E-04 |3 8E-06 |1 . 4E-05 6.1 E=Q7 |SSE-Q7 | 4 6E-O7
120 S6E=07 |91 E=-OF |1 BE-05 SVE-05 |SSE-O6 [B4E-06 |SSE-O6 | 3.2E=06 |1.7E-O6 |1 6E-06 | S BE-06 |4 3E-06 | 1. 0E-05 7. 7E=Q7 | 71 E=Q7 | S 2E=07
110 SNE=Q7 |B8E-Q7 |1 9E-05 SEE=05 [11E=0S [1.1 E=0S |§.3E-06 | 3.9E=06 |1.7E-O6 |1 . 7E-06 | S OE-04 |S.OE=06 | 1. 7E=-05 TOE=O7 |6 7E-Q7 | 5.1 E=O7
100 2 TE=Q7 |BSE=Q7 | 2.1 E-05 G6.7E=05 |1 0E=0S [1.1E=0S | YOE=O6 | 3.7E=06 |1 BE-0O6 |1 9E-06 |6 3E-04 |S6E-06 | 1. 9E-05 JSE=Q7 |STE=Q7 | 4.1 E=O7
B0 285E=07 | 7THE=Q7 |1 7TE=OS5 SEE=05 |1 2E-08 |D6E-06 |6.8E-06 | S8E-06 |1 6E-06 |20E-06 |S1E-06 |4 9E-06 | 1.6E-05 S.6E=07 |4 9E-Q7 | 3. 7E=O7
B8O 22E=07 | 7SE=Q7 |1 SE-05 SIE=05 [11E-08 [8.1 E=06 |§.9E-06 | 3.9E-06 |1 6E-06 |1 . 7E-06 | 4 DE-04 |SJE=06 | 1. 5E-05 S.0E=07 |4 6E-Q7 | 3.5E=07
o 2 0E=07 |61 E=Q7 |1 3E-05 A40E=-05 | 77E-O6 | 6.OE-06 |4 8E-06 | 3.1 E=06 |1 3E-06 |1 4E-06 | 4. 3E-04 |4 2E-06 | 1. 2E-05 S.2E=-07 |4 3E-07 | 3.0E=07
O 1.9E=07 |SSE=Q7 |1.2E-085 4 4E=-05 |6SE-O6 | G.OE=06 |4 2E-06 | 25E-06 |1 .2E-06 |1 ZE-06 |41 E-06 |3SE-06 |1 . 4E-05 4. 7TE=O7 TE=Q7 | 2 9E=0O7
50 1.8E=0Q7 |S2E-Q7 | 9.6E-07 4 3E-05 |SHE-O6 | G.OE-06 |41 E-O6 | 24E-06 |1 .0E-06 | 9.6E-07 | 4. 0E=04 | 3.0E=06 | 1.2E-05 4.2E=-07 |3 2E-Q7 | 2. 7E=OT7
40 1.8E=07 |51 E=Q7 |1 OE=05 S BE-05 |SEE-O6 | S6E-06 | 3.9E-086 DTE=Q7 |DIE=O7 |4 0E=065 | 3.1 E=06 | 1.OE=0§ 3.9E-07 1E=Q7 | 2. 7E=OT
30 1.8E=07 | 4 9E=Q7 | 9. 6E-07 S.BE-05 |SIE-O6 | 5. VE-0S | 3.9E-086 89E-Q BVE-O7 |4 0E=-0% | 2. 7E=Q6 | 9.3E-07 S A4E=-07 |31 E=Q7 | 2 4E=07
20 1. 9E-0O7 SHE-OT |9 4E-07 BOE-0G0 [A8E-06 | 5 TE-0G | 3 9E-0G BSE-OT7 |4 OE-0f | 26E-0G | 6 2E-07 3 Z2E-07 | 30E-O7 | 2 3E-0T
10 1 8E-07 [4 8007 |8 7E-OT ATE-06 [SOF-06 | 6 OF-06 | 3 9F-06 BOE-0O7 |4 AE-0F |2 6606 | 5 AE-O7 AAE-O7 |2 AE-O7 [ 21 E-OF
o 2HFE-07 |[SA4E-0F |1 OE—06 |2 FTE-OG |5 FE—06 |5 TE-OG |GGE—06 |4 0E—06 [ 2 2FE—06 |8 S9E—07 [S0E-O7 |4 4006 | 25E—06 |11 E-0F 41 E-O7 |29E—07 |21 E-OT
200 300 A00 500 GO0 FOO /00 200 1000 1100 1200 1300 1400 1500 16 1700 1800 18900 2000
>1m
:;’g PAE-O7 [SSE-O7 |6 SE-07 |1 ASE-07 |2 6E-06 |9 4F-07 |1 4E-06 | ASE-O7 A1 E-07 |1 OF-O7 |ASE-08 | 7ACE-0O7 |1 66-07 (1 AE-O7 [S TE-00 |4 AF-00 | 3 4E-00
190 1.0E-07 |SOE-O7 |6 2E-07 |1 A2E-07 [26E-06 |11 E~06 |1 SE-O6 | 4 2E-07 | 35E-07 |1 8E-O7 |4 0OE-06 [ SE-O7 |1 7E-07 |1 AE-O7 | S 6E-08 | 4 9E-O8 | 3 9E-00
120 2AE-07 |SOEOF |6 4E-07 |1 8 YE-O7 |2 3E-06 |1 2E-06 |1 TE-OG |4 TE-OTF |4 5E-07 |2 0E-O7 |3 5E-06 [ S 407 |1 8E-07 |1 SE-O7 |61 E-08 AE-OB | 3.9E-08
110 1 SE=Q7 46007 |6 FE-07 |1 AE-06 |1 OO0 |2 SE-06 |1 4006 |1 9E-06 |4 4007 |4 TE-QOF | 21007 |3 SE-06 |1 2006 |2 20-07 |1 TE-OF | S aE-00 | S O0E-00 | 3 7E-08
100 1 5E-07 |A1E-O7 | T GE-07 |1 BE-Q6 | 9 3E-07 | 2 AE-06 |1 AE-06 | 2 ATFE-O7 |SAE-Q7 |2 2E-O7 |41 E-06 |1 OE-0O6 |1 OE-07 |21E-07 |5 5E-08 |4 5E-08 | 2 BE-08
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G0 S 8E-C8 | 30E-O7 |4 5E-07 |9.9E-07 | T OE-07 |1 TE-OG | 8 AE-07 |1 SO0E-O7 |25E-07 [1 6E-O7 | 2 2E-06 | TOE-O7 |1 4E-07 |1 OE-0O7 | 3.7E-08 | 3.0E-06 | 1. 7E-08
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a0 1 2E-07 |2 7E-07 |4 OF-O7 [B1E-O7 |S &C-07 |1 4F-06 |7 AF-0O7 |1 2IE-OF7|2ME-O7 [1 AE-O7 |2 4AE-06 |6 207 |11 E-07 |91 E-00 |3 3AF-00 |2 TE-OR |1 AE-00
30 1.2E-07 | Z6E-0O7 |3 9E-07 | 76E-07 | 5. 3E-07 |1 4E-0G | T.ZE-07 |1 .2 Z6E-07 |2 0E-07 [1 AE-0O7 | 2 5E-06 | 6.0E-0O7 |1 1 E-07 |8 8E-08 | 3.2E-08 |2 6E-06 |1 . 7E-08
20 1 3E-O7 |2 7E-O7 |ABE-07 | T1E-Q7 |5 TE-07 |1 AE-06 |6 8E-07 |1 25E-07 |2 OE-O7 [1 JE-O7 |2 6E-06 | SBE-O7 |1 1E-07 |B5E-08 |31 E-08 |2 5E-08 |1 BE-08
10 13E-07 |26C-07 |2 AE-07 |7 2E-O7 | S 8F-07 |1 AE-06 |T1E-0O7 |1 27E-07 |1 8E-O7 [1 AE-O7 |AOE-06 |SE6E-O7 |11 E-07 |AAC-0R |31 E-00 |2 4E-00 |1 SE-00
o 1S5E-07 | 34F-OF7 |AFC-07 [7SE-O7 |61 F-07 |1 4F-06 | 7AF-07 | 1 2EE-07 |1 6F-07 (1 AF-O7 |AOF-0F |SAC-07 |1 SE-07 |AAF-00 |3 0F-00 | 2 4F-00 | 21 F-00
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An accurate estimation of the impact flux of debris, the relative impact velocity and impact angle is necessary for
the design of reliable spacecrafts. Space agencies of some countries have space debris emvironment models that can
estimate debris flux as a fimction of the size, relative inypact velocity, and impact angle in a spacecraft orbit. However, it
is known that caleulation results of models are not always consistent with each other. In the present, since the result of
the influence estimation for debris impact depends on the selection of debris environment model, collective reliability
cannot be ensured when a spacecraft is designed. Therefore, an internationally common implementation process for
debris environment models is required and the proposal for the international standard is being prepared in Japan. In this
paper. as the first step of the international standardization of the implementation process of debris environment models,
we compared estimation results of debris impact flux in low Earth orbit calculated by the awvailable three debris
environment models, namely NASA"s ORDEM2000, ESA's MASTER2001 and MASTER2005. The results display that
a large difference in flux estimation appears in size of debris > 100 pm and > | nam.

1. Introduction
There are natural meteoroids and space debris which has

been generated by space activities in Earth orbit.
Meteoroids are created from comets and asteroids.
Meteoroids orbit the Sun and rapidly pass by and leave
near the Earth, resulting in a fairly continual flux (the
number of impact objects per unit area per vear) of
meteorolds coming into collision with spacecraft. The
hazard of meteoroids to spacecraft is low because these
are predominantly small particles. Space debris consists
of artificial objects that cannot play a useful role now nor
in future years. Such space debris consisis of non-
operational satellites, rocket upper stages, fragments
generated by their breakup due to accidental or intentional
collision and explosion, aluminum particles from rocket
exhaust, etc. Space debns orbits the Earth and remains n
orbit until atmospheric drag and other perturbing forces
eventually cause their orbits to decay into the atmosphere.
Since atmospheric drag decreases as altitude increases,
large debris in orbits above approximately 600 km can
remain in orbit for tens, thousands, or even millions of
vears." In recent years, the problem of space debris has
become obvious with the advance of space development.

The current number of artificial objects in Earth orbit is
approximately 10 000 trackable objects™® of 5 to 10 em in
diameter and over, of which no more than 5% are
operational spacecraft™ as well as 38 000 000 objects
including those which have a size in the | mm order.®
Space debriz 15 an environment problem in Earth orbit
because space debris has been continually accumulating
and most of the debris remains there.

The Inter-Agency Space Debris Coordination
Committee (IADC)™ was founded in April 1993 by ESA
(Europe), NASA (USA), NASDA (later: JAXA, Japan),
and RSA (later: ROSCOSMOS, Russia) to exchange
informations on space debns research activities between
member space agencies, facilitate opportunities for
cooperation in space debris research, review the progress
of ongoing cooperative activities, and to identify debris
mitigation options. They were in later years jomed by ASI
(Ttalv), BNSC (United Kingdom), CHNES (France), CNSA
{China), DLR (Germany), ISRO {India) and NSAU
{Ukraine). IADC plays a technical support role in the
Scientific & Technical Subcommiitee of the United
Mations” Commuttee on the Peaceful Uses of Outer Space
(UNCOPUOS) and the Orbital Debris Coordination

A"
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Working Group (ODCWG) within the Technical
Committee 20 and Sub-Commttee 14 of the International
Organization for Standardization (150 TC20/SC14). UN
waorking group 1s concerned with international policies
and 150 working group is engaged on standards.™

For the design of reliable spacecrafts, an accurate
estimation of the impact flux of debris, the relative impact
velocity and impact angle 15 necessary. Space agencies of
some countries have space debris environment models
that can estimate debris flux as a function of the size.
relative impact velocity, and impact angle in a spacecraft
orbit. Representative space debriz environment models
are ORDEM™ developed by NASA, MASTER ™
developed by ESA and SDPA™ developed by RSA.
However, it 1s known that the caleulation results of these
models are not always consistent with each other."™ At
present, since the result of the mfluence estimation for
debris impact depends on the selection of debnis
environment model, collective reliability cannot be
ensured when a spacecraft 15 designed. Therefore, an
internationally common implementation process for
debriz environment models 12 required. ISO
TC20/8C14/ODCWG assigned WG4 this project and
requested Japan to prepare the New Work Item Proposal
(WWIP) for international standardization with respect to
the implementation process of debris environment models
to design spacecraft entitled “Process Based
Implementation of Meteoroid and Debrizs Environmental
Models.” JAXA has taken a leading part in this project
because JAXA can evaluate those debris environment
models on neutral ground and has recorded achievements
for the measurement of debris in orbit.*™" In this paper,
as the first step of international standardization of the
implementation process of debris environment models,
we compared estimation results and investigated
differences in debris impact flux in low Earth orbat
calculated by the available three debris environment
models, namely NASA's ORDEMZ2000, ESA’s
MASTER2001 and MASTER2005 {an upgraded version
of MASTERZ2001).

2. Debris environment models

Space debris environment models may take two forma: as
dizcrete models, which represent the debns population in
a detailed format, or as engineering approximations.
These models are applied to risk and damage
assessments, predictions of debris detection rates for
ground-based sensors, predictions of avoidance
maneuvers of operational spacecraft and long-term
analysis of the effectiveness of debris mitigation
measures. These models are limited by the sparse amount
of data available to validate the derived relationships. The
models must rely upon historical records of satellite
charactenstics, launch activity and m-orbit breakups. In
addition, there is onlv a limited amount of data on
spacecraft material response to 1mpact and exposure to
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the orbital environment. Space debris models must be
continually updated and validated to reflect improvements
in the detail and size of observational and experimental
data sets.”

The ORDEM and MASTER models can predict the flux
of space debris that might strike a spacecraft dunng its
lifetime az a function of debris size and velocity for the
orbital altitude and inclination of various spacecraft,
ORDEM and MASTER take forms as discrete models,
which represent the debriz population in a detailed
format. These models work with discretized volume
elements. ' The region is divided into volume
elements in longitude, latitude, and altitude, respectively.
The residence probability of the target can be derived
from the share of its total orbital period passed within the
volume element. For example, the MASTER model
makes uze of an analogy with the theorv of gas dvnamics
to calculate impact flux. The spacecraft, crossing a space
environment filled with particles, 12 seen to be equivalent
to a surface sweepmg through a control volume element
filled with a static gas. All objects in the path of the
surface at the time of its movement are assumed to make
impact. The impact probability can be written as the
following equation and flux within the volume element
can be calculated by the equation.

Pi=@AA=pVPF

P; :Impact probability

@ :Object flux encountered within the volume
element

A :Target surface area

At Residence time of target within the volume
element

P :0Object density contribution of particle
within the volume element

¥ Volume swept by target within the volume
element

P, :Target residence probability within the
volume element

The total flux can be obtained by calculation flux i all
volume elements that target passes through and
cumulating the resulting flux contributions."

21 ORDEM2000"

ORDEM2000 15 an empirical model based on ground-
based observation data and surface inspection results of
objects retrieved from orbit. The sources of ground-based
observation data are the Space Surveillance Metwork
(SSN) catalog data of orbital objects that can be tracked
whose orbital parameters are distributed as NASA Two
Line orbital Elements {(TLE), observation results of the
Haystack radar, the Haystack Auxiliary radar and the
Goldstone radar. Retrieved objects whose surfaces have
been inspected are the Long-Duration Exposure Facility
(LDEF), the European Retrieval Carrier (EuReCa), the
Hubble Space Telescope solar array, a US Space Shuttle
window and radiator, the Space Flyer Unit (SFU), and the
exposure package experiment data of Mir space station.
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ORDEMZ2000 has two functions. One 1s debrnis
assessment along an orbit to design spacecraft and plan
missions. The other is observation and estimation of
debris from grand-based telescope and radar.
ORDEMZ2000 can calculate spatial density, flux, velocity
distribution and inclination distribution for debris. The
applicable scope of ORDEMZ000 15 altitude between
200 km and 2 000 km and debris diameter between
10 wm and 1 m.

22 MASTER2001"

MASTER2001 1s based on =emi-deterministic analysis
that includes orbit propagation of debris from all major
debris sources. Debris generation models in terms of
mass/diameter disiribution, additional velocity and
direction distribution have been developed and the orbit
propagation of debris has been simulated in advance. This
data 1s used as reference data for MASTERZ001. The
debris sources are catalog objects =uch as spent payloads
and rocket upper stages, fragmentationz due to collision
and explosion, dust and slag generated by solid rocket
motor, MaK coolant droplets released from the RORSAT
reactor core, surface degradation particles (paint flakes)
of spacecraft and rocket body induced by atomic oxygen,
radiation and thermal cycle, ejecta created by the impact
of small particles on larger surfaces and the release of
copper needles (West Ford Needles) for radio
communication experiments. MASTER can estimate the
meteorold environment as well as the debris environment.
MASTERZ001 15 composed of the “STANDARD™
application to caleulate object flix with low CPU cost
and the “ANALYST" application for high resolution flux
estimation. The difference in caleulation results between
the “STANDARD"” application and the “ANALYST"”
application 15 within +25%. MASTER2001 can calculate
flux, velocity and direction distribution with respect to
each individual debris source, and spatial density with
consideration of future mitigation scenarios. The
applicable scope of MASTER2001 1s the altitude between
186 km and 38 786 km and impact objects diameter
between | pm and 100 m.

2.3 MASTER2005'""

MASTER2005 is an upgraded version of MASTER2001.
The “STANDARD"” and “ANALYST” applications n
MASTER200] have been integrated. Because of
revisiong of debris generation models such as breakup
model, NaK droplet model, gjecta model, ete., size and
velocity distribution of debris differ from MASTER2001.
MASTER2005 takes over the function of MASTER2001.
In addition, basic damage laws, which were the ballistic
limit in aluminum and the conchoidal diameter of the
glass surface of solar cells have been 1implemented.
MASTER2005 was released recently. MASTER20035 will
replace MASTER2001 as a tool for estimating debrnis
environments for spacecrafi desygn. The applicable scope of
MASTER2005 is the altitude between 186 km and 36 786 km
and impact objects diameter between | pm and 10 m.

JERG-2-141
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Model charactenistics of ORDEM2000, MASTER2001
and MASTER2005 are shown in Table 1.

3. Comparison of debris environment
models

The impact flux of debris without meteoroids was
calculated for comparison of debris environment models.
The same calculation conditions of the [ADC report
{(IADC-2001-A119.2.doc)™™ with respect to comparison
of debris environment models were adopted 1n this
comparison. The calculation conditions, which are shown
mn Table 2, are altitudes between 300 km and 2 000 km
with a stepsize of 100 km, inclinations between 0 degree
and 140 degrees with a stepsize of 10 degrees, circular
orbit, and an epoch of 2 000,

The calculation results of the cumulative flux of debris =
10 um n diameter, = 100 pm, > | mm, > | em, = 10 cm,
and = 1 m as the function of altitude and nclination are
shown in Flg. 1 using 3D graphs. Since changes of flux
along altitude are larger than along mnclination across the
whole size range, the results in mclination of 100 degrees
are shown in Flg. 2 to assist comparison between
different models.

The flux of debriz = 10 wm shown i high altutude
comparatively corresponds; however, the difference in
calculation results between the ORDEM2000 and
MASTER models is large in low altitude. The reason that
the flux result of debris = 10 pm in low altitude 15 in
dizagreement between the ORDEM and MASTER
models 15 due to a difference in decay due to atmosphere.

Table 1 Characteristics of debris environment models

Ttemn ORDEM2000 | MASTER2001 | MASTER2005
Size range ( pm =10 =1
Altitude range (km ) 200 - 2000 186- 38 786 | 186- 36 TRA
Time range ( year } 1991 - 2030 1958 - 2050 | 1957 - 2055
TLE background Yes
Fragments Yoz
Objects SRM dustialag All sources Yoz
source | Mak droplets together Tes
IS Bt flakes Yes
West ford neadles Yes
Matenroids MNone Yes
Medeling approach Meamrement data Semi deterministic analysis

Table 2 Calculation conditions of models cn:-:l'rl.pa.ri.sc-nr'm

Adrirude | km ) 300 - 2 00
Inclination { degres ) 0-140
Size rangs ( m § 151
Stepaiza®! (k) 100
Stepaize”? [ dogroe ) 1o
Stepaize’® [ bog scale ) 1
Rasulting data Curnulative
Diehris Yes
Metecmids Mone

(Mote ) *1: Altiade
*2 : Inclination
*3 1 Bize range

33
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{a) Debria diameter = 10 pm

(b} Debria diameter = 100 um
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Fig.1 Flux against altitude at inclination 100 degreas

According to the flux of debnis = 10 pm, the impact
frequency 1s large. Therefore, the correction of models
using data of the surface inspection of objects retrieved
from the orbit 1s possible in the future.

The flux profiles of debris = 10 em and > | m match
well. Since debriz > 10 em can be observed from ground-
bazed radar, the flux of each model prediction in this size
range based on grand-based observation data obtains
similar results. The peak flux 1s shown to be in the
altitude of approximately 800 km and | 400 km. At
around 800 km, there 1s a constellation of communication
satellites, and sun-synchronous remote sensing and
navigation satellites are used at around 900 km. These
orbits are used very often and a lot of debns of objects
from mussions has been generated. The peak at around
| 400 km is caused by breakups of Delta rocket bodies
and constellations of communication satellites.”" Debris
= 10 em does not become a problem for ordinal
spacecraft missions because the orbital parameters of
these objects can be detectable by ground-based
observation and the flux is very small.

Large differences in the calculation results of debns flux
are displayed m debns = 100 pm, = | mm and = | em,
and in particular, the flux of debris = 100 pm shows the
largest difference between the results obtained by
ORDEM2000 and MASTER2001. The flux of debns =
| mm shows that the differences between ORDEM2000

and MASTER200] and between MASTER2001 and
MASTER2005 to be at their greatest. It 1s difficult for
debrizs of 1 cm and smaller to be detected by ground-
based observation. Because of the low frequency of
debris impact that 15 100 pum and greater, the surface
mspection of objects retrieved from orbit dose not reveal
much data concerning debris in this size range. Therefore,
we have no resources to verify the flux results in this size
range calculated by each meodel and cannot judge which
model 15 better. However, the flux of debris in this size
range affects the survivability of satellites because the
impact of debris = 100 wm can degrade the surface of
spacectafts, damage unprotected components™ such as
optical equipment and sever tethers."® Furthermore,
debris = | mm can cause damage to components, lessen
mission execution capability and cause loss of
satellites. "

4. Application of debris environment models

Debris environment models were applied to the
perforation failure risk assessment of a spacecraft for
comparison using a specific example.

4.1  Ballistic limit of the satellite body

The perforation failure risk, in the other words, the
ballistic limit of the satellite body depends on not only
debris size but also relative impact velocity. Frank Shafer
et al. conducted hvpervelocity impact tests on the CFRP

T
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honeveomb sandwich panel of ENVISAT."* The test Table 3 Specifications of ALOS ™

reaults show that the projectile of 1-1.5 mm in diameter

with the velocity of 5-7 km/s can perforate the CFRP Laumch | 24 January 2006

honeycomb sandwich panel. Therefore, in this study, the Lifetime | 3-5 years

ballistic limit of the satellite body is defined by the Sizg Satellite body 655 3.5 4.5 (m)

impactor with a diameter of 1 mm and a velocity of Sular amay paddie x 22 (m )

S km's S synchronous sub recurrent

- . Corbit Alritade 592 ( kan )

4.2 Perforation fallure risk assessment of debris Inclination 98.2 { degres )

Impact using debris environment model
A perforation failure risk assessment was conducted

against two Japanese spacecrafts. One 1s the Advanced

- A Table 4 Specifications of SUZAKU 20
Land Observation Satellite (ALOS) named DAICHI

shown in Flg. 3, which 1s in sun synchronous orbit. The Laanch | 10 July 2005

other 1s SUZAKU shown in Flg. 4, which 1s an x-ray Lifotime | 5 years

satellite. Specifications of ALOS and SUZAKU are ] Satellite body 6.5 % 20 % 19 m )
shown in Tables 3 and 4, respectively. The graph Size Solar suray paddle 5.4 (m )
displaying debris flux against size in ALOS and kit Altitude 560 ( km )
SUZAKU orbits calculated by each model is shown in Inclination 32 { dugres )

Flgs. 5 and 6. There are large differences of flux between
the models around the debris size of up to | em. The flux
estimation result of ORDEM2000 15 on the large side in

comparison with MASTER models. 10 _ELR@%’EEESL
The perforation failure nsk of the =atellite bodies was o e MASTER2005
estimated according to the supposition that the ballistic
limit is the impactor with a diameter of 1 mm and a ok
velocity of 5 km/'s. The flux calculation results of debris = S
I mm i ALOS and SUZAKU orbits against impact g |
velocity of each model are shown in Flgs. 7 and 8, -
respectively. According to the calculation results of each | el
10+
lu-? 1 1 1 1 1
10- 104 10 10-2 1ot e

Diameter { m )

Fig. 5 Flux against diameter in the ALOS orbit

e — : GRDEM2000
— - MASTER2001
Fig. 3 ALOS (DAICHID) I ——: MASTER2005
P [
5
=
% =
=
STl
e
108 1 1 1 1 1
10 1ot 107 100 10 10"

Driameter { m )

Fig. 6 Flux against diameter in the SUZAKU orbit

Fig. 4 SUZAKU
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Fig. 7 Flux against impact velocity in the ALOS orbit
(debris diameter > 1mm)
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Fig. 8 Flux against impact velocity in the SUZAKU arbit
{debris diametear = Tmrm)

model, m the case of the ALOS orbit, the cumulative flux
of debris = 5 km/s mn terms of mmpact velocity 12 1.91 x
107" 1/m¥year estimated by ORDEM2000, 3.48 x 107
l/m*/vear estimated by MASTER2001 and 3.67 x 107
l/m*/year estimated by MASTER2005, respectively. In
comparison with the MASTER2005 result, the flux of
ORDEM2000 1s 52.0 times larger and that of
MASTER2O0] 15 9.48 times larger. In the case of the
SUZAKU orbut, the cumulative flux of debns > 5 km/s m
terms of impact velocity is 5.78 % 107 1/m*/year
estimated by ORDEM2000, 1.42 % 107 1/m¥year
estimated by MASTER2001 and 1.11 % 107 l/m¥/year
estimated by MASTER2003, respectively. In comparison
with the MASTER2005 result, the flux of ORDEM 2000
15 52.1 times larger and that of MASTER2001 15 12.8
times larger.

These results demonstrate that the risk assessment result
of debris impact for spacecraft depends on which madel
15 adopted. Therefore, 1t is important to form an
international agreement with respect to the process of
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adoption and application of debris environment models.

5. The comparison of flux calculated by
models and recent measurement data on
the 155

We compared impact flux predictions of the three models
with the recent measurement data on the International
Space Station (IS5) to ascertain the validity of models of
recent debris environment. The source of the
measurement data 1s the inspection rezults of the Micro-
Particles Capturer (MPAC) experiment conducted by
Kitazawa et al.*® MPAC units, which is a particle-
capture experiment consisting of three 1dentical units
(mumbered 1 to 3), were launched aboard Progress M-45
on 21 August 2001 and deployed on the exterior of the
Russian Service Module (SM) of the IS5 on 15 October.
The first umt (hereafter SM1) was retrieved after 315
days’ exposure. Then SMZ2 was retrieved after 865 days’
exposure and SM3 was retrieved after | 403 davs’
exposure. Impact flux estimated by detailed mspection
resultz on the MPAC ram side and the wake side are
available. In this companson, flux values of the ram side
were adopted because of low contamination. Impact flux
of debris of the IS5 ram side calculated by ORDEM 2000
and that of debris and meteoroids calculated by
MASTER2001 and MASTER2005 against size are
shown in Flg. 9. The IS5 orbit parameters are the altitude
of 400 km and nclination of 51.6 degrees. Maneuver
effects of the ISS and shielding effects of the 155
structure are not considered n the flux calculations of
models. According to the calculation results of the
MASTER models, meteoroids are dominant in small size
particles and in low altitude orbits like the [SS because
debris flux decreases as altitude decreases in near Earth
arbit (see Flg. 1-(a)). Therefore, impact flux calculated
by the MASTER models contains meteoroids and the
meteoroids flux of MASTER2001 added to the flux of
ORDEMZ2000 (Figure 10 shows flux against size mn these
conditions).

Table 5 shows a companson between the impact flux of

Lt — ORDEM2000
—— : MASTER2001 { Diebis )
102 Fae -——- MASTERD0] ( Matearoids §
- —— : MASTER2005 ( Debris )
[ -: MASTER205  Mateoroids )
o1t
2
l:::‘:.
B ot
B_E JD" I
10k
e
108 1 I L I 1
10 10 107 102 1ot 1w

Diiamater { m )

Fig. 9 Debris and Meteoroids flux against diameter in the 155 orbit
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£
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w-(s L
10E 1 1 1 1 1
1r* Lot 1o 10 1ot 10"
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Fig. 10 Total flux Debris and Meteoroids against diameter
in the 155 orbit

MPAC and the calculated results of the three models.
Although the contribution of debris to flux is different
between ORDEM2000 and the MASTER models, the
calculation results of flux are consistent with each other.
In the flux of particles with a diameter = 10 wm, the
mnspection results of MPAC are three to four times greater
than the calculation results of the models, and in the flux
of particles with a diameter = 20 pm, MPAC results are
two to four times greater than the results from the models.
It 15 thought that models underestimate flux considering
that calculation results did not reflect the maneuver effect
and shielding effect of the IS5, More investigation 1s
required to decide upon adequate models to design
spacecraft, in particular, in the size range where the
difference between models 12 large, namely particles with
a diameter = 100 um. A Large Area Debris Collector
(LAD-C) planed by J.-C. Liou et al. 1s promising in terms
of in-situ measurements and sample return plans for the
acquisition of flux data in this size range.** LAD-C,
which 15 the aerogel and acoustic sensor system on the
ISS. has a large enough area of 10 m® to obtain flux data
of meteoroids and debris in the 100 pm order.
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6. Conclusions

The results of the comparizon of representative debris
environment models, which are ORDEM2000,
MASTER2001 and MASTER2005, display large
difference in the flux estimation of debris = 100 pwm and >
1 mm. This size range is important for spacecraft design.
The nsk assessment of debris impact over the ballistic
limit on a satellite bodv in two orbit cases demonstrates
the calculation probability of critical debriz impact
depends on which model is adopted. In comparison with
the estimation results of the perforation risk of
MASTER2005, the flux of ORDEM2000 15 50 times
larger and that of MASTER2001 is 10 times larger.
Comparison of the impact flux predictions of the three
models with the recent measurement data on the IS8
indicate a potentiality of underestimating the flux
caleulated by the models against small particles.
Therefore, more measurement data to decide upon
adequate models and immediate international
standardization that prescribes the process of adoption
and application of debris environment models are
required to ensure the international collective reliability
of spacecraft.
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T 7DD 70 FREFICHFE LIca— R TH D RDG.8), L7zid > THY W asaf
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fE) o

BE#HETVIINAT Y v KEATTHDH, —RBENIHFREOREICL S, 2
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RDG. 1 Koeck C., Frezet M., Calculation of environmental effects on spacecraft

RDG.

RDG.

RDG.

RDG.

RDG.

RDG.

RDG.

surface using Monte—Carlo technique — application to contamination and
atomic oxygen, Proceedings of the Fourth International Symposium on
Materials in a Space Environment, Toulouse, France, Sept. 6-9, 1988, pp

263-273.

2 Chéoux—Damas P., Théroude C., Castejon S., Hufenbach B., PCD: An interactive

tool for archiving plume impingement and contamination data, to be published
in The Proceedings of the Second European Spacecraft Propulsion Conference,

ESTEC, Noordwi jk, The Netherlands,May 27-29, 1997, p. 587-594.

3 Delamare B., Dumas L., 3D Monte—Carlo simulation of contamination induced

by shuttle RCS engines, Proceedings of the Sixth International Symposium
on Materials in a Space Environment, Noordwijk, The Netherlands, Sept. 19-23,

1994, pp 39-44.

4 Trinks H., Exhaust Plume Data Handbook (EPDH IV), Progress Report IV, ESA

Contract No 7510/87/NL/PP, Sept. 1991a.

5 Hoffman R. J., Kawasaki A., Trinks H., Bindemann I., Ewering W., The CONTAM

3.2 plume flowfield analysis and contamination prediction computer program:
Analysis model and experimental verification, AIAA paper No 85——0928, AIAA

20th Thermophysics Conference, Williamsburg, VA, June 19——21 1985.

6 Guernsey C. S., McGregor R. D., Bipropellant rocket exhaust plume analysis

on the Galileo spacecraft, AIAA paper No 86-1488, AIAA/ ASME/SAE/ASEE 22nd

Joint Propulsion Conference, Huntsville, AL, June 16-18, 1986.

7 Elgin J., Bernstein L. S., The theory behind the SOCRATES code, NASA STAR

93N24298, AD--A259987, Final Report, Aug. 1992

8 Jarossy F. J., Pizzicaroli L. C., Owen N. L., Shuttle/payload contamination

evaluation (SPACE) program improvements, Shuttle optical environment;
Proceedings of the Meeting, Washington, DC, April 23-24, 1981, pp 78-85.
RDG. 9 Simons G.A.: “Effect of Nozzle Boundary Layers on Rocket Exhaust

Plumes” , AIAA Journal, Tech. Notes, vol.10, Ne 11, 1972, pp. 1534-1535.

RDG. 10 Ehlers H. K. F., An analysis of return flux from the space shuttle orbiter
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RCS engines, AIAA paper No 84-0551, AIAA 22nd Aerospace Sciences Meeting,
Reno NV, Jan. 9-12, 1984.

RDG. 11 Babel H, Hasegawa M., Jones C., Fussell J., The effects of contamination
from silicones and a modified-Tefzel insulation, IAF Paper 96-1.5.08, 47th
International Astronautical Congress, Beijing, China, Oct. 7-11, 1996.

RDG. 12 Cognion, R., MOLFLUX analysis of the SSF electrical power system
contamination, AIAA paper 91-1328, AIAA 26th Thermophysics Conference,
Honolulu, HI, June 24-26, 1991.

RDG. 13 Rantanen R., Gordon T., On-orbit transport of molecular and particulate
contaminants, Optical system contamination V and stray light and system
optimization; Proceedings of the Conference, Denver, CO, Aug. 5-7, 1996,
(SPIE Proceedings. Vol. 2864), 1996, pp. 115-126.

RDG. 14 Millard J. M., Jet Propulsion Laboratory Contamination Analysis Program
- Programmer and User Manual (with appendix), JPL report No 715--55,
Prepared by the Jet Propulsion Laboratory for the Goddard Space Flight

Center, 1980.

-230-



JERG-2-141 NOTICE-1

fré% H

ECSS 5| H—%& % (Quotation part Identification Sheet)

Quotation part Identification Sheet
JERG-2-141 Space environment ECSS-E-10-04 Space environment 2000 note
Paragraph|  Paragraph Title (Japanese) Paragraph Title (English) Paragraph No. and Title Sentence quoted
No. ("FULL" : Entire description in the Paragraph
No quotation )

1 T Scope 1 This standard applies to all product types which
exist or operate in space and defines the natural
environment for all space regimes. It also defines
general models and rules for determining the
local induced environment. 7Project-specific or
project-class-specific acceptance criteria,
analysis methods or procedures are not defined.

311 TARE albedo 3.1.4 albedo FULL

312 I heterosphere 3.1.23 heterosphere FULL

313 F10.777 v/ A F10,7 flux 3.1.18 F10,7 flux FULL

31.4 LEFELY =L Lor L shell 3.1.27 L or L shell FULL

3.15 AT contaminant 3.1.6 contaminant FULL

3.1.6 A exosphere 3.1.17 exosphere FULL

317 LR absorbed dose 3.1.2 absorbed dose FULL

318 FL LT High-energetic particle 3.1.15 High-energetic particle FULL

319 WRHTIEMLT) magnetic local time (MLT) 3.1.29 magnetic local time (MLT) |FULL

3.1.10 EHAD L Kp Ap, Kp indices 3.1.1 Ap, Kp indices FULL

3111 |2 7/nA{~<r k7 57y K(SEU). [single-event upset (SEU), single- |3.1.42 single-event upset (SEU), |FULL

event effect (SEE), single-event  [single-event effect (SEE), single-
1Ry b Ty FT latch-up (SEL) event latch-up (SEL)

3112 |xx77) space debris 3.1.43 space debris FULL

3113 |HEhoH bremsstrahlung 3.1.5 bremsstrahlung FULL

3114 [H=F 4 F-MGLET) linear energy transfer (LET) 3.1.28 linear energy transfer (LET) |FULL

3115 |&hm omnidirectional flux 3.1.35 omnidirectional flux FULL

3.1.16 INCEE solar constant 3.1.44 solar constant FULL

3117 | KB7 LT solar flare 3.1.45 solar flare FULL

3.1.18 ¥Rk dust 3.1.13 dust particulates which have a direct relation to a
specific solar system body andwhich are usually
found close to the surface of this body (e.g.
Lunar, Martian or Cometary dust)

3119 |HERKAR Earth infrared 3.1.14 Earth infrared FULL

3120 [MoABRES g solar ic [3.1.22 geocentric solar FULL

coordinates (GSM) magnetospheric coordinates
(Gsm)

3121 |Fii7Eo A equivalent fluence 3.1.16 equivalent fluence FULL

3.1.22 T homosphere 3.1.24 homosphere FULL

3123 |hit isotropic 3.1.26 isotropic FULL

3.1.24 5| thermosphere 3.1.48 thermosphere FULL

3125 |77A~ plasma 3.1.39 plasma FULL

3126 |77v7% flux 3.1.20 flux FULL

3127 |7ArA fluence 3.1.19 fluence FULL

3.1.28 [/l f(x, v) distribution function f(x,v) 3.1.10 distribution function f(x,v) |FULL

3.1.30 oK radiation 3.1.40 radiation FULL

3131 |vo/AT=AAH Maxwellian distribution 3.1.31 Maxwellian distribution FULL

3.1.32 AFAuA K meteoroids 3.1.32 meteoroids FULL

3135 ikt current 3.1.8 current FULL

3.2 [ Abbreviated terms. 3.2 Abbreviated terms CIRA,COSPAR,e.m.f.,GCR,GEO,GRAM,GSM,HEO,
HWM,LDEF LEO,LET, MAH,MASTER , MEO ,MLT ,MSI
S,NIEL,R,r.m.s.,RTG,SEU,SEE,SEL,SEPs,USSA

411 > DEAOER Newton's law of gravitation 4.1.1 Newton's law of gravitation |FULL

412 =7 L5 OHERE 15 E 7 | Departures from the point-mass |4.1.2 Departures from the point- | FULL

model mass model

413 HURRTE S350 @ I 425, < ki B Accurate representation of the  |4.1.3 Accurate representation of | FULL

the

4.2 EFNDER Model presentation 4.2 Model presentation FULL

4.2.1 =T Model 4.2.1 Model FULL

422 % NG A y model 422 model ULL

423 FIRAA K54~ Guidelines for use 4.2.3 Guidelines for use FULL

4.3 DTS Reference data 4.3 Reference data FULL

4.3.1 EF AN Model output 4.3.1 Model output FULL

4.3.2 [IEATS a3 DREE Results for typical missions 4.3.2 Results for typical missions [FULL

4.4 VT LA References 4.4 References FULL

51 [FCWIc WAL ZOHAEOTE | Introduction - Overview of the  |5.1 Introduction — Overview of the |Spacecraft motion across the geomagnetic field

geomagnetic field and effects  [geomagnetic field and effects results in a motionally-induced e.m.f. given by
E=vxB in the spacecraft. If a current path can be
completed, a current flows through the space-
craft and the surrounding plasma. These
phenomena can lead to generation of a few volts
po-tential differences on large spacecraft in LEO.
The effect is also used or studied in tethered sat-
ellite missions where the length of the tether
perpendicular to B can lead to large currents and
potentials. Interaction between the magnetic
field and an on-board magnetic moment m gives
rise to a force: F=(m.V)B
\which can be used for attitude control where an
on-board magnetic torquer provides m.
Dynamic fluctuations in plasma populations,
electric fields and geomagnetic fields are inti-
matly connected and plasma disturbances can be
monitored via observations of the geomag-netic
field. These are quantified by the familiar Kp, Ap,
Dst and other geomagnetic indices (see clause 6

5.2 HBEE T A BT 5 T Reference data on the 5.2 Reference data on the FULL
field ic field
5.3 BT T LS Geomagnetic field models and  |5.3 Geomagnetic field models and [FULL

analysis methods analysis methods

5.3.1 BRI 7 Dipole model 5.3.1 Dipole model FULL

5.3.2 VI - AR T L Internal-source field models 5.3.2 Internal-source field models |FULL

533 (e L 1 7 Eccentric dipole model 5.3.3 Eccentric dipole model FULL
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grapl
No.

9!

ph Title agraph Title (English)

Paragraph No. and Title

Sentence quoted
("FULL" : Entire description in the Paragraph
" : No quotation )

note

HR S

BL Geomagnetic coordinates - B
and L

5.3.4 Geomagnetic coordinates —
BandL

Geomagnetic coordinates are useful or
necessary for a number of applications where
charged particle morphology or behaviour needs
to be described in the magnetosphere. The most
important application is in models of the Earth’s
radiation-belt environment (see clause 9). These
particle models give fluxes of trapped energetic
particles as functions of particle energy and of
Mcllwain’s geomagnetic co-ordinates L and B/BO.
L is the radial distance of the field line from the
axis at the geomagnetic equator in an ideal
dipole field and B is the magnetic field strength,
determining the position along a field line from
the minimum BO at the geomagnetic equator. For
many applications the pair B, L (or equivalently,
B/BO, L) is sufficient to define a location in the
field because of its azimuthal symmetry and the
azimuthal symmetry in particle populations.

In the true geomagnetic field, which is only
quasi-dipolar, L is formally defined by means of a
function of the adiabatic integral invariant |
[RD.121]: .....where_the integral is d

The function f is evaluated using values for | and
B derived from the true geomagnetic field via a
model. Hilton [RD.123] provided a simple
approximation for the function f:

L+ralx**+a2x*?+a3x

where x = I°B/M; al = 1,350 47; a2 = 0,456 376;
a3 =0,047 545 5. L is found to be nearly
constant on a field-line or “drift shell”. A charged
particle in the geomagnetic field has three basic
components of motion: a gyration about field-
lines, a bouncing motion between magnetic
mirrors at higher-field parts of the field-lines and
an azimuthal drift around the Earth, tracing out a
drift shell. By transforming orbital locations into
the B, L coordinate system and accessing the
radiation environment models throughout the
orbit, predictions can be made of satellite
radiation exposures (see clause 9).

It is clear from this that computation of L at a
point involves an integration along a field line,
making use of a magnetic field model. It is

S - AR ET L

External-source field models

5.3.5 External-source field models

FULL

qEE

Magnetospheric boundaries

5.3.6 Magnetospheric boundaries

Some simple expressions can be used to
estimate basic locations of magnetospheric
boundaries for mission planning. The stand-off
radial distance of the magnetopause in the
sunward direction is given approximately by:
Lmp=107,4(Ng,Usy>) >

where Lmp is in units of Earth-radii, nsw, the
solar wind proton number density is in units of
cm-3 and usw the solar wind bulk velocity is in
units of km s-1. Typical values for nsw and usw
are 8 cm-3 and 450 km s-1 respectively, leading
to a stand-off dis-tance of about 10 RE. The
model of Sibeck et al. [RD.32] represents the
complete magnetopause position, not just at the
sub-solar point, as the function:
RZ+AX?*+Bx+C=0

where R? = y? + 2%, x, y, and z are GSM
coordinates, in Earth-radii; A, B and C are fit
parameters dependent on the solar wind
pressure as given in Table E.2.

5.4

Tailoring guidelines

5.4 Tailoring guidelines

As has already been mentioned, careful
consideration should be given to application
needs before selecting amodel. A low-fidelity
dipolemodel (aligned, eccentric or tilted dipoles)
can suffice formany engineering applications.
Most engineering applications never have need of|
the external-source model augmentation. These
can only be necessary formission planning
formagnetospheric missions or if data on high
latitude or high altitude variability of the fields
with respect to local time

and solar-geomagnetic activity is required. They
can also be necessary where magnetic torquing
is used at high altitudes such as in geostationary
orbit, although the dynamic variability of the field
at high altitudes shall be taken in to account.
For radiation belt modelling applications
consistence shall be assured between themodel’
s construction fieldmodel and the users access
fieldmodel (e.g. Jensen-Cain and GSFC models
for AE and AP series models -- see clause 9).

5.5

=

Figures,

5.5 Figures

FULL

5.6

VY77 LA

References

5.6 References

FULL

6.1

Lz

Introduction

6.1 Introduction

FULL
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grap! graph Title (. graph Title (English) Paragraph No. and Title Sentence quoted
No ("FULL" : Entire description in the Paragraph

" : No quotation )

6.2.1 KIGER Solar constant 6.2.1 Solar constant The solar constant is defined as the radiation
that falls on a unit area of surface normal to the
line from the Sun, per unit time, outside the
atmosphere, at one astronomical unit (1 AU =
average Earth-Sun distance).

The solar constant has an uncertainty of about +
10 Wim2 [RD6.2]. The following values for the
electromagnetic radiation shall be used:

Solar constant at 1 AU 1371 W/m2

Maximum solar energy flux (winter solstice) 1428
wim2

Minimum solar energy flux (summer solstice)
1316 W/im2

Solar radiation pressure (100 % reflecting plate)
9,02 x 10--6 N/m2

6.2.2 Kb A~7 T v Solar spectrum 6.2.2 Solar spectrum FULL
6.3.1 HIRDT LK Earth albedo 6.3.1 Earth albedo FULL
6.3.2 HEERO AR Earth infrared 6.3.2 Earth infrared FULL
6.4.1 HEAERI General 6.4.1 General FULL
6.4.21 | KEnEEHEH Solar activity indices 6.4.2.1 Solar activity indices FULL
6.4.2.2 HeRE R TE BN IR B Geomagnetic activity indices 6.4.2.2 Geomagnetic activity FULL
indices
6.4.3 KGN 2% TER Solar cycle dependence 6.4.3 Solar cycle dependence FULL
6.4.4 OBy H A Reference index values 6.4.4 Reference index values FULL
6.4.5 ERLEE LT A KA~ Tailoring guidelines 6.4.5 Tailoring guidelines FULL
6.5 = Figures 6.5 Figures FULL
6.6 U7 7LV A References 6.6 References FULL
7.1 HLwic Introduction 7.1 Introduction A good knowledge of temperature, total density,
concentrations of gas constituents and pres-sure
is important for many space missions exploiting
the low-earth orbit regime (LEO), below approx.
1000 km altitude. Aerodynamic forces on the
spacecraft, due to the orbital motion of a
satellite through a rarefied gas which itself can
have variable high velocity winds, are impor-tant
for the combination of planning satellite lifetime,
for the maintenance of orbits, for sizing the
necessary propulsion system, for the design of
attitude control system, and for estimating the
peak accelerations and torques imposed on
sensitive payloads. Surface corrosion effects due
to the impact of large fluxes of atomic oxygen
are assessed to predict the degradation of a
\wide range of sensitive coatings of spacecraft
7.2 LR R model |7.2 Ri ded Due to the large underlying set of supporting
model measurement data, the large temporal and
spatial distribution of these data, the good fit of
these data, and the flexible mathematical
formulation of the model, the MSISE-90
atmosphere [RD7.1] shall be adopted as
reference (corresponding to CIRA-86, the
COSPAR International Reference Atmosphere,
7.3 HIERK SO HIE Structure of the Earth 7.3 Structure of the Earth FULL
7.4 -5 tmospheric state 7.4 ic state FULL
7.5 HRREBORE, Mk, BEOTT [T ¥ ition, and 7.5 T 3 FULL
density model of the Earth and density model of the Earth
heterosphere heterosphere
7.6 ADIRE, ik, EEOETA|T ¥ ition, and 7.6 T ¥ iti FULL
density model of the Earth and density model of the Earth
homosphere homosphere
7.7 e O Reference model output 7.7 Reference model output FULL
7.8 RGBS L O R EE DR Wind model of the Earth 7.8 Wind model of the Earth FULL
phere and [ and
7.9 HRRUZ BT 5 2RNF Aerodynamics in the Earth 7.10 Aerodynamics in the Earth  |FULL
7.11 ] Figures 7.11 Figures Figure 5-12
8.1 Introduction 8.1 Introduction FULL
8.2 The ionosphere. 8.2 The ionosphere FULL
8.2.1 Description 8.2.1 Description FULL
8.2.2 Effects 8.2.2 Effects FULL
8.2.3 Models 8.2.3 Models FULL
8.2.4 RIED /ST A5 Typical and worst case 8.2.4 Typical and worst case to represent a severely low density ion
parameters parameters population. This comes from a severe charging
case seen on the DMSP spacecraft by RD8.5.
Measuring ionospheric thermal ion density during
a strong charging event is potentially prone to
errors because of the way the charged satellite
alters ion trajectories, so there is a degree of
uncertainty in this measurement.
The above worst-case environment shall be used
to predict spacecraft surface potential using the
POLAR [RD8.6] charging code or an equivalent
code or calculations, applicable to the low Earth
orbit environment. POLAR accepts inputs as
Maxwellian, Power Law or Gaussian
distributions.
8.3.1 S Description 8.3.1 Description FULL
8.3.2 L Effects 8.3.2 Effects FULL
8.3.3 TN Models, 8.3.3 Models FULL
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8.3.4 BRI ST A4 Typical parameters 8.3.4 Typical parameters FULL
8.4.1 Description 8.4.1 Description FULL
8.4.2 Effects 8.4.2 Effects FULL
8.4.3 Models 8.4.3 Models FULL
8.4.4 HED /ST A-4 Typical and worst case 8.4.4 Typical and worst case FULL
parameters parameters
8.5.1 Description 8.5.1 Description FULL
8.5.2 Effects 8.5.2 Effects FULL
8.5.3 Models 8.5.3 Models FULL
8.6.1 Description 8.6.1 Description FULL
8.6.2 Effects 8.6.2 Effects FULL
8.6.3 ETN Models 8.6.3 Models FULL
8.6.3.1 WET Photo- and secondary electrons |[8.6.3.1 Photo- and secondary FULL
electrons
8.6.3.2 YRR 50 A A1 lonization of Contaminant 8.6.3.2 lonization of Contaminant |FULL
G Gasse
8.6.4 IR T A5 Typical parameters 8.6.4 Typical parameters FULL
8.7 MHE AT A RT4 > Tailoring guidelines 8.7 Tailoring guidelines FULL
8.8 V77 LvA References 8.8 References FULL
9.1.1 FEA R General 9.1.1 General FULL
9.1.2.1 | M Radiation belts 9.1.2.1 Radiation belts FULL
9.1.2.2 | KHHHHRL T Solar energetic particles 9.1.2.2 Solar energetic particles |FULL
9.1.2.3 ESTES Galactic cosmic rays 9.1.2.3 Galactic cosmic rays FULL
9.1.2.5 20t Secondary radiation 9.1.2.5 Secondary radiation FULL
9.1.2.6 | Z DO HAHHIR Other radiation sources 9.1.2.6 Other radiation sources Other sources of radiation include emissions
from on-board radioactive sources such as in in-
strument calibration units, Radioisotope Thermo-
electric Generator (RTG) electrical power
systems
9.1.3 BOR B R O A Effects survey 9.1.3 Effects survey The above radiation environments represent
important hazards to space missions. Energetic
particles, particularly from the radiation belts
and from solar particle events cause radiation
damage to electronic components, solar cells
and materials.
They can easily penetrate typical spacecraft
walls and deposit doses of hundreds of kilorads
(1 rad = 1 cGy) during missions in certain orbits.
Energetic ions, primarily from cosmic rays and
solar particle events, lose energy rapidly in ma-
terials, mainly through ionization. This energy
transfer can disrupt or damage targets such as a
living cell, or a memory element, leading to
Single-event Effect (SEE) in a component, or an
element of a detector (radiation background).
These effects can also arise from nuclear
interac-tions between very energetic trapped
protons and materials (sensitive parts of
9.1.3 Effects survey Energetic particles also interfere with payloads,
most notably with detectors on astronomy and
observation missions where they produce a
“background” signal which is not distinguishable
from the photon signal being counted, or which
can overload the detector system. Energetic
electrons can penetrate thin shields and build up
static charge in internal dielectric materials
such as cable and other insulation, circuit
boards, and on ungrounded metallic parts. These
9.1.3 Effects survey Apart from ionizing dose, particles can lose
energy through non-ionizing interactions with ma-
terials, particularly through “displacement
damage”, or “bulk damage”, where atoms are dis-
placed from their original sites. This can alter
the electrical, mechanical or optical properties
of materials and is an important damage
mechanism for electro-optical components (e.g.
solar cells and opto-couplers) and for detectors,
such as CCDs.
9.2 R RO E Bk & BB BT Quantification of effects and |9.2 Quantification of effects and  [Table 27: Parameters for quantification of
related environments related environments radiation
9.3.1 R Trapped radiation belts 9.3.1 Trapped radiation belts ~ [FULL
9.3.1.1 EART -5 Basic data 9.3.1.1 Basic data FULL
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9.3.1.2

TR 7 v

Standard models

9.3.1.2 Standard models

For trapped radiation, the standard models of
radiation belt energetic particle shall be the AE--
8 and AP--8 models for electrons [RD9.6] and
protons [RD9.7],respectively. They were
developed at the NSSDC at NASA/GSFC based on
data from satellites flown in the 1960s and early
1970s. The models give omni-directional fluxes
as functions of idealized geomagnetic dipole
coordinates B/BO and L(see clause 5). Thismeans
that they shall be used together with an orbit
generatorand geomagnetic field computation to
give instantaneous or orbit-averaged fluxes. The
user shall define an orbit, generate a trajectory,
transform it to geomagnetic coordinates and
access the radiation belt models to compute flux
spectra.

Apart from separate versions for solar maximum
and solar minimum, there is no description of the
temporal behaviour of fluxes. At high altitudes in
particular (e.g. around geostationary orbit) fluxes
vary by orders ofmagnitude over short times and
exhibit significant diurnal variations; themodels

9.3.1.2 Standard models

At low altitudes, on the inner edge of the
radiation belts, particle fluxes rise very
steeplywith altitude and small errors in
computing locations can give rise to large errors
in particle fluxes. This is a problem since the
geomagnetic field is shifting and decaying so
that the situation is no longer the same as when
the model data were acquired. Use of a
geomagnetic field model other than the one used
in generating the model can result in large flux
errors at low altitude. The models shall only be
used together with the geomagnetic field models
shown in Table 29.

9.3.1.2 Standard models

Table 29: Standard field models to be used with
radiation-belt models

9.3.1.2

Although use of an old fieldmodel and epoch can
reduce errors in themagnitudes of fluxes, it
should be noted that it does not model the
spatial locations of radiation-belt features (e.g.

the position of the South Atlantic anomaly), or
particle fluxes, as they are today.

The particle ranges shown in Figure 13 show that
in order to penetrate typical spacecraft shielding
of the order of millimetres, protons need tens of
MeV energies and electrons need in excess of
about 0,5MeV. The AP--8model for protons gives
proton fluxes from 0,1 to 400MeVwhile the AE--8
model for electrons covers electrons from 0,04 to
7 MeV. Figure 14 shows contour plots of AE--8
and AP--8 model omnidirectional, integral fluxes
for energies above 1 MeV and 10 MeV,
respectively,in idealized dipole space.

Figure 15 shows values of energetic electron and
proton particle fluxes as stored in these models,
for positions on the geomagnetic equator (B=BO0),
as functions of L for both solar maximum and
solar minimum. This shows that as far as the
models are concerned, the solar activity only
affects electron fluxes in the mid-L range and
protons at low altitude where the higher neutral
atmospheric density at solar maximum leads to
reduced proton fluxes because of enhanced loss.
Solar cycle effects on electrons appear to differ
from this behaviour in reality [RD9.8].

9.3.1.3

P K PG 7 S gk

The South Atlantic anomaly

9.3.1.3

FULL

9.3.1.4

BB O EOL A F I A

Dynamics of the outer
radiation belt

9.3.1.4

FULL
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9.3.2.1 TR OW; 7 v 2 |Standard model for mission-  9.3.2.1 Standard model for During energetic events on the Sun, large fluxes
wET integrated fluences mission-integrated fluences  |of energetic protons are produced which can
reach the Earth. Solar particle events, because
of their unpredictability and large variability in
magnitude, duration and spectral
characteristics, have to be treated
statistically.However, large events are confined
to a 7-year period defined as solar maximum.
Although large events are absent during the
remaining 4 solarminimumyears of the 11-year
solar cycle (see clause 6) the occasional small
event can still occur.
Figure 18, based on data from RD9.16, shows
reference data for solar maximum solar proton
fluences at various energy levels based on the
JPL--1991 model. The data are also tabulated in
Table 30.
The JPL model provides data up to 60 MeV. For
fluences at energies above this, an exponential
fit to the rigidity spectrum shall be used, where
rigidity is defined
as:
where
P is the rigidity, expressed in GV;
E is the energy, expressed in MeV.
Table 30: Fluence levels for energy, mission
duration and confidence levels from the JPL-1991
model
Table 31: Standard probability (confidence)
levels to be applied for various mission durations
9322 [WHOKE7 LT A< 0 %~<s|spectrum of individual events [9.3.2.2 Spectrum of individual |FULL
events
9.3.2.3 A =v MEFE Event probabilities 9.3.2.3 Event probabilities FULL
9.3.2.4 |4~ Ffko i Analysis of event records 9.3.2.4 Analysis of event FULL
records
9.3.2.5 | KERI 7 GIZI51H % EA 4 ¥ f{Solar particle event ions 9.3.2.5 Solar particle event ions|FULL
9.3.2.6 [Tollnx: Other models 9.3.2.6 Other models FULL
9.3.2.7 [Jiit D 9.3.2.7 Directionality FULL
9.3.31 [HEAJAI General 9.3.3.1 General FULL
9.3.32 [JimfE Directionality 9.3.3.2 Directionality FULL
9.3.4 Hh i S Geomagnetic shielding 9.3.4 Geomagnetic shielding FULL
9.3.5 Pl 0 2 B Spacecraft secondary 9.3.5 Spacecraft secondary For engineering purposes it is often only
radiation radiation electron-induced bremsstrahlung radiation that
is considered as a significant secondary source.
In special cases other secondaries shall be
considered.
In evaluating the radiation background effects in
detector systems, it is often secondary radiation
that is important. Because of heavy shielding
removing primaries, veto systems which actively
protect against counting primary-induced
signals, or secondary radiation generated within
the sensing band of an instrument.
Most secondary radiation is emitted at the
instant of i (“promnt™ while some i
9.3.5 F il 20 Hich Spacecraft secondary 9.3.5 Spacecraft secondary By its nature, secondary radiation shall be
radiation radiation analysed on a case-by-case basis, possibly
through Monte-Carlo simulation. For engineering
estimates of bremsstrahlung, the SHIELDOSE
model shall be used (see subclause 9.4.2)
9.3.6 T Neutrons 9.3.6 Neutrons FULL
9.4 b R 534 Analysis methods for derived |9.4 Analysis methods for FULL
quantities derived quantities
9.4.1 A General 9.4.1 General FULL
9.4.2 o lonizing dose 9.4.2 lonizing dose FULL
9.4.3 PEAH B R T Reference orbital dose data  |9.4.3 Reference orbital dose FULL
data
9.4.4 v 7MA <2 1Ty 7y 1 [single-event upset rate 9.4.4 Single-event upset rate_ |FULL added by JAXA
9.4.5 KEp@E £ DAL Solar cell degradation 9.4.5 Solar cell degradation FULL
9.4.6 WO ENE Internal electrostatic 9.4.6 Internal electrostatic Engineering methods for specifying derived
charging charging parameters related to internal electrostatic
charging are currently under development and
9.4.6 VS O i Internal electrostatic 9.4.6 Internal electrostatic as are the energy spectrum and the duration of
charging charging high-flux conditions. In addition, the “target”
material plays a role and shielding of the
targetmaterial obviously has a large effect
9.4.7 A A b= R XK Non-ionizing dose 9.4.8 Non-ionizing dose FULL
9.5 531058 A A A A > WEH |Tailoring guidelines: Orbital  |9.5 Tailoring guidelines: Orbital  |FULL
NS b and mission regimes and mission regimes
9.5.1 HA General 9.5.1 General FULL
952 GEO GEO 9.5.2 GEO FULL
9.5.3 MEO > HEO MEO&HEO 9.5 MEO X HEO FULL
9.5.4 LEO LEO 9.5.4 LEO FULL
9.5.5 T Polar 9.5.5 Polar FULL
9.5.6 I L ORI B0 505 Interplanetary and planetary 9.5.6 Interplanetary and planetary |FULL
environments environments
9.6 R GEHR E O R Preparation of a radiation 9.6 Preparation of a radiation a,b,c,d,e,g,h,i FULL
environment specification environment specification
9.7 = Figures 9.7 Figures FULL
9.8 V77 LY A References 9.8 References FULL added by JAXA
9.9 Biiweb Web = =
0 A7 F1uA FEUA~-A7 7Y [meteoroids and space debris. [10 meteoroids and space debris. [FULL
10.1 ECHIC Introduction 10.1 Introduction FULL
10.2 [ Analysis techniques 10.2 Analysis techniques FULL added by JAXA
10.3 EFADHRY Model presentation 10.3 Model presentation FULL
1031 [A7AudF Meteoroids 10.3.1 Meteoroids FULL
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T7IIIAETN Flux model 10.3.1.1 Flux model FULL
SRSy AT Velocity distribution 10.3.1.2 Velocity distribution FULL
HuEk D51 77 & il Earth attraction and shielding 10.3.1.3 Earth attraction and FULL
shielding
10.3.1.4 Mass density 10.3.1.4 Mass density FULL
10.3.1.5  [Hlsrdi Directional distribution 10.3.1.5 Directional distribution [FULL
10.3.1.6 [A7ABRA FARU-A Meteoroid streams 10.3.1.6 Meteoroid streams FULL
10.3.1.7 R AT A A FEF L Interplanetar y meteoroid model [10.3.1.7 Interplanetar y meteoroid [FULL
model
10.3.1.8 |/l ATRE AR fEk Regime of applicability 10.3.1.8 Regime of applicability |FULL
10.3.1.9 |EBLEAAA K71 > Tailoring guidelines 10.3.1.9 Tailoring guidelines FULL
10.3.2 AL AFT Y Space debris 10.3.2 Space debris FULL
10.3.3 A BHLF Dust 10.3.3 Dust FULL
10.3.3.1 |HOL T A L& A FRLT Lunar regolith and dust 10.3.3.1 Lunar regolith and dust |FULL
10.4 ey Reference data 10.4 Reference data FULL
10.4.1 BRI AR A AT T Trackable space debris 10.4.1 Trackable space debris FULL
10.4.21 |AFFuA F&A-ZF 7 ) DF |Cumulative meteoroid and 10.4.2.1 Cumulative meteoroid Cumulative meteoroid and space debris fluxes
W77 v7 A space debris fluxes and space debris fluxes (i-e. fluxes of particles of given size or larger) can
be obtained directly from the flux models.
10.4.2.2 (AF7ABRA FARU-A Meteoroid streams 10.4.2.2 Meteoroid streams FULL
10.4.2.3 (AT A A Kok Meteoroids directionality 10.4.2.3 Meteoroids directionality |FULL
10.4.2.4 |77V OJk Debris directionality 10.4.2.4 Debris directionality FULL
10.5 [ Figures 10.5 Figures Figure 30
10.6 V77 VLrA References 10.6 References RD10.1~RD10.11
11.1 iz Introduction 11.1 Introduction FULL
11.2.1.2 |5 FIRIGHROBE) Transport mechanisms 11.2.1.1.1 Outgassing of organic  |FULL
materials
11.2.1.2 Secondary sources
11.2.2.1 Reflection on surface
11.2.2.2 Re-evaporation from
surface
11.2.2.3 Migration on surface
11.2.2.6 lonization by other
environmental parameters
11.5.3
11.2.2 X BiEY Plumes. 11.2.1.1.2 Plumes FULL
11.2.21 [T -KETIL Plumes model 11.5.2.2 Plumes model FULL
11.2.3 KLGE ) U-AAN= AL Pyrotechnics and release 11.2.1.1.3 Pyrotechnics and FULL
mechanisms release mechanisms
11.2.4.1 FiH Y05 Sources inherent to materials 11.3.1.1 Sources inherent to FULL
materials
11.2.4.2 |KiFOBH Transport mechanisms 11.3.2 Transport mechanisms FULL
11.3 HROEE Effect of contamination 11.4 Effect of contamination FULL
11.5 U77L A References 11.6 References FULL
FHERA fHERA Annex A Annex B FULL
B f+&B Annex B Annex C FULL
fFERC fEC Annex C Annex D FULL
e D Annex D Annex E FULL
EE HEE Annex E Annex F FULL
fHEkF f+ékF Annex F Annex H These models can be used as interim solution for
F.1.1 JEARH F.1.1 General H.1.1 General impact risk assessments and shielding design
purposes until a specific standard for the space
debris environment is defined.
fhixF F.1.2 MASTER H.1.2 MASTER uses a semi-deterministic approach which represents
F.1.2 MASTER the debris environment bymodelling its history
fromthe beginning of spaceflight to present.
It uses three source terms for the debris population:
launches, explosions and collisions and follows their
orbital evolutions. The space debris population at an
epoch of 31 March 1996 is derived from 132 low and
high intensity on--orbit break--ups.
fhiF F.1.2 MASTER H.1.2 MASTER An Analyst application allows to interrogate the
F.1.2 MASTER spatial debris distribution to determine collision
fluxes for an arbitrary target orbit passing through the|
control volume. Flux results can be analysed with
respect to collision velocitymagnitude, its direction
(azimuth and elevation), the orbit location, and the 3D
position where the flux was encountered.
faF F.1.3 ORDEM F.1.3 ORDEM H.1.3 ORDEM FULL
fHF F.1.4 3 53 F.1.4 Velocity distribution H.1.4 Velocity distribution FULL
HekF F.1.5 B & F.1.5 Mass density H.1.5 Mass density FULL
fHRF F.1.7 ZOhoF 7Y 51 F.1.7 Other debris models H.1.8 Other debris models FULL
4 8F F.2 EFVORHEENE F.2 Model uncertainties H.2 Model uncertainties FULL
i+ ERF F.2.1 JEAJFHI F.2.1 General H.2.1 General FULL
Sz F.22 A74mA K F.2.2 Meteoroids H.2.2 Meteoroids FULL
-+ &F F.2.3 22757V F.2.3 Space debris H.2.3 Space debris The space debris flux models were developed as
a best estimate rather than a conservative one.
In [RDH.3] uncertainties for debris fluxes in
different size regimes are quoted. These factors
give the 90 % confidence level that the real
debris flux iswithin a bandwidth defined by the
ik F.3 s oHE F.3 Damage assessment H.3 Damage assessment FULL added by JAXA
f+F F6UZ77LrR F.6 References H.6 References RDH.1~RDH.6
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