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B chih H o

RAREE FAET R Mg R e R L Y iR £ FRREREFZ -

b FEART LIk RIS e B FEE 8 ek 7 5 (GSFC > 1989)
Ris _[(or) o [81//)+ om0 ow L[ 2 "8 (a://)
or, \or, ) or] \\or or, ). or) \"op or, | or, \ o1 5.1)
2 2 2
+6(//[6 :}ay/(a Z)}ray/(a ,21]
or \ or, O\ Or; oA\ Or;
He
fop] [&w 2w v |[or]
o | | ot orog aroa | |or]
0 |0y | o’ 0w Oy | o¢ (5-2)
or] | ap | | ogor 0 0407 or,
oy o’w o*w 0w || 04
041 |oior oiop oA | |or) |
#(5-2) {x (5-1) N FRTEEE
Cor | [ o o ][ o]
) or, or  orog  arod | | or]
ORys _| 0¢ | | %y o’ %y || 0f (5.3)
or] |or] | | ogor o¢ 042 or,
oA o’w 9w 9%y || 04
or) | |odor oi0g oA | |or, |
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oo e e BAR D (r9,4) - T Rls

aa_‘/’ _ _lﬂi(& jn(n +1)Y(C7 cosma + S sinmA)- B (sin ) (5-4)
r r

rr o= m=0

j (€1 cosma-+ 57 sinma )« (P sin )~ mtan g - P (sin )}

m=0
(5-5)

o _ ﬁz o m(S;” cosmA—C!" sin m/l)- P"(sing) (5-6)
oA rs\r ) =
TR S B FAAE L (19,4 ) = X ks

2 o n "
Z ‘/2/ = %Z(R) (n+2)(n +1)Z(C;” cosmA+§," sin m/l)~Pn’” (sing) (5-7)

v roa=2 r .
'y 'y
orog  Ogor

%Z[ J (n+2)Z(C’" cosmA+S" S|nm/1) [Pn’”*l(sinqﬁ)—mtan¢-Pn’"(sin¢)]
n=2 m=0

(5-8)

82 62 0
v Ty a3

+1 S"sinmA—C" cosmA)P" (sin 5-9
orod  ddor  ri4S j(” )Z( m mA )P (sing) (5-9)

m=0

R \'Y : ,
[ J (C;" cosmA+ S sin ml)x {tan ¢- P (sin @)
r m=0

oy :ﬁi
a¢2 I w=2

n

(5-10)
+ [m2 sec? g —mtan® ¢ —n(n +l)]- P (sin ¢)}

2 2 © oy
oy = Oy :—ﬁz R, m(S;" sinmA —C" cosmA P,,””l(sin¢)—mtan¢-Pn’"(sin¢))
OgoA 0409 15 poar

(5-11)
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/- _ﬁi[Re j imz(C;’ cosmA +S!" sinmi)- P (sin §)
oA r m=0

(5-12)
2 2 2
NCEDIE I AR
or, .. or,
o’r 1{ r rT}
== 1= (5-13)
8I‘b2 r r?
7 _ 1 oc ) _an | [, o[
arbz (xb2+yb2)% ar];r rt ' arbT ’ arbT
(5-14)
1 0z, 2z
- r +zl——trr/
rz\/xb2+yb2{b[arzjj B rt bb}

G 2|7 (a 8 T
X

2, 2 2| Y| X $+yb y? + 1 0 O

or, (x,"+»,) or, or;

2 2
0 (x," +»,) 0 0 0
(5-15)

ks o Rf2E A (4-9) 557 FEAART R s R HI G iR
o R AFREE FEET AR ME R o R IR Gl £ R RE

B2 o et B AART 2LaR AR B 4o i R $3RE iRk o 5 (GSFC - 1989)

Ry (oY a(a_w}r%T o (ow), (2r) a[al//j
ocy, lar,) ac,\ar) \ar, ) ac lag) \or,) ac, oz

(5-16)

#¢ C, 5 s HkuFiaskC, .S, 208 @ (a‘”j N (6*”) N (a@”

Wrkid Glicanin
or o9 aﬁji # O ggeeni

Vi
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oy
or
0 |oy,/ |_H
oc | r
oy
oA
oy
or
0 |oy,/ |_H
AN ol
oy
oA

oRY

oC,.

_8r
Axb
or

| Azb

2

)

o¢ ay ]
Oox,

a/ o

Zp

oy
oC. ox,
o’y
9Cyy,

827
0Cx0z, )|

B R AT H

_—1(n +1)- sinmA - P (sin ¢)
sin m/i(Pn’”+1 (sing) —mtang- P" (sin ¢))

Zb_

_—1(n +1)-cosmA - P (sin ¢)
Cos m/i(Pn”'+1 (sing) —mtang- P (sin ¢))

—m-sinmA- P (sin )

oty

oroC”"
0%y

0¢goC,;
oy
- Joac) |

m-cosmA- P (sin @)

0%y
oros?

oy

oroS)”
oy

0¢os,;
0%y

2405™ |

s d 3Ry 8 C

nm?!

48

(5-17)

(5-18)

(5-19)

S, T4 E G o A S



ﬁ{Pﬂm s door 38 4-1 6 e AP o

(C,.,S, )y’ et R 2nERMEF bz

7+ = (NASA, 2004) :

DF ek g F LS TR

F 3P,

kg

B3l 4 =enERBT LY ¢4

M ‘M Ninay R " . _ ] _ ]
V(r,g,A) = GM. + G { ( ] Z(Cnm cosmA+S,, sin mﬂ,)-an (sing) (5-20)
r r n=2 r m=0
#2d (rga)~M,~R ~G~ N, TIxF L2541
J—E‘IL l’l'ﬁ:):cvnm’ nm! nm'k’;i‘a;ik ’ L ‘:}"ﬁ;:cnm’ nm’an mrﬁg IA‘ :‘% .
P =H,6 P _ _
- :> Cnman = Cnman (5-21)
C?‘l = Hnmcnm
(2—5(m))(2n+1)(n—m)! Z
£ H, = (5-22)
(n+m)
Lifm=0
o = 5-23
(m) {Qﬁm¢0 (5-23)

d 04580 @ % e f [ RV IR G T

(5-22) ¢ @& C

nm n m

=C, P

nm=— nm

S P B"xl‘%%ﬁc

nm '~ nm?’" nm nm? nm' nm

(5-8) ~ (5-10) ~ (5-11) ~ (5-17) - (5-18) ¢

Hm
Crr’anerl C man+l( H”Hl j
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, ’—""i‘j‘l [}i_é\;?‘

Mz Pt

A RS ETE ;Lo gl 2 S BN

(5-4) ~2 3 (519) ¢ » ¥ 4%

P, o ¥ d 3 CI'P™ £CrP" s #1238 (5-5)

BT rLisd TSR T R

(5-23)



m n-(n+1 i
ﬂ:;,Hn B —5 =ifm=0

m+1
Hn

Jon—m)n+m+1)=ifm=0

A% 238 (5:21) ~ 3¢ (5:23) A7 AW B RN TGk (C,,5,,) 1A

nm?

;}Di’ﬂ:iﬂ"ﬂ. 5"'«1:‘:»:& ;:g‘ g(an%\ i\ANS A BNS N CNS °
5-2 < F 4

Pk B RAZIL > SPR PIENG LS AR o RAF L IS g A e

#AR AT 5 (1A% 5 1989):

.. 1 A,. .. .
RD:_ECDIO_(r_rd)|r_ru’|
m (5-24)
1
__ECDp vrelviel

CFRRBINFEERE AL DFEIREGHATI TR S FLEFEFG @

PER R A, P HEENEAT L A=A, xC0sa o B ¥ o L iFhE R
ARt s (FI5-1) " 2 427 cni & Wi 57 8
-2 2 .2
+
a=cost u (5-25)
2-7-v,
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cross-section area

Bl 51 jriirihidoa ffodiedirHl

5-2-1 + FEFERLFE Y L E A F O G

ApELLE A TR d BEHFL EY DRMTA 4 GuEd B, B L

A FEE S E AHFEEE R DR EL B o FASEY BRI 4 F ik
Foieid RY 0 HGEE R R FEBRT SHARH h By RGP 0l fls

AR FERSBRp-FERREAAHERFHNE o ~ FEF S §FIpHERR

PRV B R Ly, o el R A, B BT AN AR G

R, OR, op OR, da+ @Ry Vi OR, v,
AAD = T = T + T + T T
or op or da or ov,, or av,e, or
1 A | Op 1 Vel
=——C,—|—=v =+ pCcosav =
2 D |:ar-|' p rel arT
(5-26)
0R, Ry 6p OR, da R, ov,, ORy dv,,
BAD = . T = . T + . T + . T . T
or op or oa OF ov,, oOr ov,, Oor

1 A, . oa ov,,, ov,,
:_ECDp = m,vm,(—sma)aT+cosav,e, ar’; +cosav,, ar’i

(5-27)
M B R E S R Y R ER RO
- A FERBR

)
=

EARREHGFEETACE MG O SFEERRMEM < FESRRp

=
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ThaEp(2)=p(2)Ap, o p(Z2)EF R LG Z PR FRAE > Ap Bl EH

?ﬁ}i%lbﬂ o '@E;’z&:%ﬁl-&r'f :

(-)f?—ﬁ*%%}ié%‘?&%}iZ‘i\Iﬁ ‘%%/&&Tm‘jﬁ’:
Z

Fu R < F % & (Montenbruck and Gill » 2001 ) :

5 4 Z i T J
g £, (Z’T‘”):ch’f( 000kmj (1002Kj (5-28)

J

p(Z,T.) = 10,-_50,%36’7 [100f)km) [mgzKJ (5-29)

Z AHER B R (kM) T3 2T FEER - BEA Bad T #

FHFAHE E P A FRET LR R Ty

(Z) 27 T4 FRER

(L)

(2) =

P 107 2p BT IBARE,, A3 E p (s 27 X hTox il

€ Fy, 0 = ?{Mrléévv F T En X F & P RAE R BiLE
T, = 379'004'3-2‘1'0}710.7 +1'30(F10.7 _Eo.7) (5-30)
S (5-30) RE A FREAALLBEREBER L FOLT > L g 4

dREER T MR T FRER G

T,=T. {1+ O.3{sin 220+ (cosz'2 n —sin?? 6?)0033'0 %}} (5-31)
‘ 1
E ’9=§M+5J (5-32)
1
—Ew—5A (5-33)
T =H —37.0°+6.0°sin(H +43.0°) (5-34)

Ho g EE A HER

l—»-
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H= tan‘lilj - tan‘l[—sj (5-35)
X Xg

(3)“‘]"%&-}3 &8 AT

AT, =28.0°K , +0.03%"" (Z>200KM)

0 P

H v

LSS ’
7~

K,y 5384 X %675 0.7 pF > ot 3] PP et pdndici® o
Z ) HRERAR S Gk,
c; » Jacchia % 1971 £ " ¥ AT FER T FHFLF AT THRETAR

F38 Gl v % 2t F B90~2500 2 R % # iE A 500~1900 & $iF A -
24512 452
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4 5-1 500 =2 T2 {EER A 538 ;¢ a8k (Montenbruck and Gill » 2001)

08 <Z<180 =2 500K <7, < 850K

i/ 0 1 2 3 4

0 | -0.3520856x10% | +0.3912622x10' | -0.8649259x10% | +0.1504119x10°% | -0.7109428x10°
1 | +0.1129210x10* | +0.1198158x10* | +0.8633794x10° | -0.3577091x10* | +0.1970558x10*
2 | -0.1527475x10° | -0.3558481x10° | +0.1899243x10° | +0.2508241x10° | -0.1968253x10°
3 | +0.9302042x10° | +0.3646554x10° | -0.3290364x10° | -0.1209631x10° | +0.8438137x10°
4 | -0.2734394x10° | -0.1576097x10" | +0.1685831x10° | -0.4282943x10° | -0.1345593x10°
5 | +0.3149696x10° | +0.2487723x10" | -0.2899124x10" | +0.1111904x10’ | +0.3294095x10°

92 <Z<180 o2 850K < T < 1900K

ifj 0 1 2 3 4

0 | -0.5335412x10% | +0.2900557x10% | -0.2046439x10° | +0.7977149x10° | -0.13335853x10
1 | +0.1977533x10% | -0.7091478x10° | +0.4398538x10° | -0.1568720x10° | +0.2615466x10>
2 | -0.2993620x10° | +0.5187286x10" | -0.1989795x10* | +0.3643166x10° | -0.5700669x10°
3 | +0.2112068x10° | -0.4483209x10* |.=0/1349974x10° | +0.9510012x10* | -0.1653725x10*
4 | -0.7209722x10° | -0.7684101x10° | +0.1256236%10° | -0.6805699x10° | +0.1181257x10°
5 | +0.9625966x10° | +0.2123127x10° | -0.2622793x10°% | +0.1337130%x10° | -0.2329995x10°

180 22 <Z<500 >~ 2 500K <T, < 850K

i/ 0 1 2 3 4

0 | +0.2311910x10° | +0.1355298x10°%| =0.8424310x10° | +0.1287331x10* | -0.6181209x10°
1 | -0.1057776x10* | +0.6087979x10° | +0.8690566x10* | -0.1715922x10° | +0.9052671x10*
2 | +0.1177230x10° | -0.3164132x10° | -0.1076323x10* | +0.6302629x10° | -0.4312459x10°
3 | -0.5827663x10° | +0.2188167x10° | -0.2422912x10° | +0.2461286x10° | +0.6044096x10°
4 | +0.1254589x10° | -0.5434710x10° | +0.8123016x10° | +0.5095273x10° | +0.5007458x10°
5 | -0.9452922x10° | +0.4408026x10° | -0.7379410x10° | +0.5095273x10° | -0.1154192x10°

180 2 <Z<500 =2 850K <7 < 1900K

i/] 0 1 2 3 4

0 | +0.4041761x10% | -0.1305719x10° | +0.1466809x10° | -0.7120196x10? | +0.1269605x10°
1 | -0.8127720x10° | +0.2273565x10* | -0.2577261x10* | +0.1259045x10* | -0.2254978x10°
2 | +0.5130043x10* | -0.1501308x10° | +0.1717142x10° | -0.8441698x10* | +0.1518796x10"
3 | -0.1600170x10° | -0.7199064x10° | +0.8284653x10° | -0.4098358x10° | +0.7411926x10*
4 | +0.2384718x10° | -0.7199064x10° | +0.8284653x10° | -0.4098358x10° | +0.7411926x10*
5 | -0.1363104x10° | +0.4153499x10° | -0.4793581x10° | +0.2377854x10° | -0.4310233x10*
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% 5-2 500 =21z B R RE 5 IE N %k (Montenbruck and Gill » 2001)

500 22 <Z<1000 =32 500K <T_ < 850K
i/] 0 1 2 3 4
0 | -0.1815722x10* | +0.9792972x10* | -0.1831374x10° | +0.1385255x10° | -0.3451234x10*
1 | +0.9851221x10% | -0.5397525x10° | +0.9993169x10° | -0.7259456x10° | +0.1622553x10°
2 | -0.1822932x10° | +0.1002430x10° | -0.1784481x10° | +0.1145178x10° | -0.1641934x10°
3 | +0.1298113x10° | -0.7113430x10° | +0.1106375x10° | -0.3825777x10° | -0.1666915x10°
4 | -0.1533510x10* | +0.7815537x10% | +0.7037562x10% | -0.4674636x10° | +0.3516949x10°
5 | -0.1263680x10* | +0.7265792x10* | -0.2092909x10° | +0.2936094x10° | -0.1491676x10°
500 22 <Z<1000 =~2 850K < T < 1900K
ifj 0 1 2 3 4
0 | -0.4021335x10% | -0.1326983x10° | +0.3778864x10° | -0.2808660x10° | +0.6513531x10°
1 | +0.4255789x10° | +0.3528126x10° | -0.2077888x10* | +0.1726543x10* | -0.4191477x10°
2 | -0.1821662x10* | +0.7905357x10° | +0.3934271x10% | -0.3969334x10* | +0.1027991x10"
3 | +0.3070231x10* | -0.2941540x10* |.=0/3276639x10" | +0.4420217x10* | -0.1230778x10*
4 | -0.2196848x10* | +0.2585118x10* | +0.1382776%10" | -0.2533006x10* | +0.7451387x10°
5 | +0.5494959x10° | -0.6604225x10° | -0.3328077x10%* | +0.6335703x10° | -0.1879812x10°
1000 22 <Z<2500 =~2 500K <T, < 850K
i/ 0 1 2 3 4
0 | +0.3548698x10° | -0.2508685x10" | #0.6252742x10" | -0.6755376x10" | +0.2675763x10*
1 | -0.5370852x10° | +0.4182586x10* | -0.1151114x10° | +0.1338915x10° | -0.5610580x10*
2 | -0.2349586x10° | -0.8941841x10° | +0.4417927x10% | -0.6732817x10* | +0.3312608x10"
3 | +0.3407073x10° | -0.1531588x10% | +0.2179045x10* | -0.8841341x10° | -0.1369769x10°
4 | -0.1698471x10° | +0.8985697x10°% | -0.1704797x10° | +0.1363098x10* | -0.3812417x10°
5 | +0.2497973x10° | -0.1389618x10° | +0.2820058x10° | -0.2472862x10° | +0.7896439x10°
1000 22 <Z<2500 2~ 2 850K < T < 1900K
i/] 0 1 2 3 4
0 | +0.1281061x10% | -0.3389179x10° | +0.6861935x10° | -0.4667627x10° | +0.1029662x10°
1 | +0.2024251x10° | +0.1668302x10° | -0.1147876x10* | +0.9918940x10° | -0.2430215x10°
2 | -0.5750743x10° | +0.8259823x10° | +0.2329832x10° | -0.6503359x10° | +0.1997989x10°
3 | +0.5106207x10° | -0.1032012x10* | +0.4851874x10° | +0.8214097x10% | -0.6527048x10°
4 | -0.1898953x10° | +0.4347501x10° | -0.2986011x10° | +0.5423180x10% | +0.5039459x10"
5 | +0.2569577x10% | -0.6282710x10° | +0.4971077x10° | -0.1404385x10? | +0.8450500x10°
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LR AREC HAAALEZIN,~ OO, H He~Ar&E &+ 5 & ¢
AfEfrins P RS %  BRARCELEPREFZ e  (DHRBEREHFE
i (geomagnetic activity ) ; (2) = % - (semi-annual ) ; 3) ™M+ § & 2. % &' B ¥
S @F AT ERE 2 (RF D > 2003)

(D) #EEegR%E !

(Alog p), =0.012K, +1.2x10°e*" (5-37)

(2) 2t pREE
(Alog p)s, = f(Z)g(t) (5-38)
R fZ) P EFRZBEOBRR R o gr) R R -
f(2)= (5.876 x107 x 2331 o.06328)exp(— 0.0028687 ) (5-39)

g(r)=0.02835+[0.3817 + 0.17829sin (277, + 4.137)|xsin(4zz, + 4.259)

(5-40)
75, = ® +0.09544{0.5%0:55in (220 + 6.035)]-° — 0.5} (5-41)
He > D _ 1=36204 ¢t % Modified Julian Days (5-42)
365.2422
(3) M Fh2ZFTaEFRRN
(Alog p),, =0.014(Z —90)exp(- 0.0013(Z —90)? ) 543
x5in(27® +1.72)sin gfsin ¢|
He s g5 Ak R
4) 535255 5R%N
(Alog p),, _ 0655 {sm (” "5| J 0. 35355} (5-44)
&

HY » gifFh B oR > O r " HBAF ciFEMH 4

FErE (1)2(2)~(3)~(4) “it > v @HRAE S
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(Alog p),,, =(Alog p); +(Alog p)g, +(Alog p),, +(Alog p),,  (5-45)

Ap, = 10219 P)ers (5-46)

£ @A 71{:5_9_:)\, %fi—'}’?fﬁ_& Dadl- | B R enfid 4 F]J & E
BB iR o ALY HA RIS e R R

op _  0(Ap,.) 8_/3; (5-47)
or' or

RO BBRRE A B 2R

PR o T s o BV ER S
a(aApc) Ap, -In10- {g(t) f'(Z)aa—ZT +0.014sin(27D +1.72) 001390
r r

x ([L—0.0026(z —90)* sin gisin ¢|§%+ 2(Z -90)[sing| cos¢§r¢ij

+0.65-3§sin2 z o5 ~e6s| = - #o5 | _ s 8{
& 41 2|6 4 25|\ 24 )or
(5-48)
HeY 7525 BR (KM~ ¢ 5L A ¥ 5B
Ap, & (5-46) % ~ g() & (5-40) X -~ @ & (5-42) 3
a¢ o b ) R S Y b s ) .
Pk FhE AR GFE Y ik B (5-49) X
6Z o o ,
o #h B R ZHFE =8 ik & (5-50)
F(Z) 1(5-39) B R Z ke L (5-51)
o0
ox, - X,z
59/ |- b-<) - yl;zz (5-49)
o¢ A IRCAESN [(1—62)(be +yb2)+ sz] (xb2 +3,
i 8zb_
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¢?R,(1-¢? Jsin pcos ¢ | 2,005

(1—ezsin2¢)% sin® ¢

.

og
o¢

ox,

,

0z, |

1 () =—0.002868 1 (Z) +2.331(5.876 x10 " )73 ¢ 00028687

;,H—» v ’Re:%lﬁ%iﬁijgﬁ.’e: #"Iﬁ%ﬁ_:b‘fﬁ: ’ (xb’yb’zb):

SUEETE TF T T O Ry Y-

(5-50)

(5-51)

5 4 z Y( 1 Y
a_p; ~10 ZoEocf[looozanj (1ooo1<] % In10 x
or
5 4 7 ! T / 5 4 7 ! T /
9 L 2c p o XX -
i=0,/=0 1000km 1000K 8Z y i=0,=0 1000km 1000K 8Too
oZ or' oT, or’
(5-52)
20> Z 15 (550) 5
5 4 z YT Y
%4 S 100 Li000%) ~
iz0j=0 "\ 1000/4m ) \ 1000K C s 7 eop J
o ( j = (5-53)
oz 1000z =720 "\ 1000km 1000K
i J
5 7 T
fielta) e o
iz0j=0 "\ 1000/4m ) \ 1000K s 7 . J
S S ( j c (5-54)
oT, 1000z =72 "\ 1000km ) \ 1000K
oT, _ T, 00 | OT, oy 3T, Ot (5-55)
or 06 or on or or or
}‘\‘A ‘:‘ b
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_aTO/ i 2.2sin? 6?0056?(1—cos3'0 1)
00 2
oT. o =0.3T, —2.2cosl'2773in77c033'°% (5-56)
oT. i .
I %T_ —1.5cosz'°%smg(cosz'zn—smz'2 0)
00 0004 1940, 0 57
or'  ogor’  2|p+o|or
on _0nop _14=6 09 (5-58)
or’ ogort  2|p—o|or
or Or OH
=L =7 5-59
or'  oHor' (559
29 5 O,pr B (5-32)~(5-33)~(5-34) 3t
g R B R St B
H: xHEr>pFd L (5-35)3"
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