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W]

.wE%wkgN&fN?aKm1CHB3 (WIND: Wind measurement for Ionized andNeutral atmospheri Dynamis study),B\5l?. jA&`|P!o, Wi:^HE'
l,jork\7? S-520-23f!r, 2007/ 9n 2| 19:20Kb7:+iGAe2?. ,
9=7?jA&`rbY 150-300 kmK|P7, 670 nm@[wN&D6pwr 4O@Jb
7:$\j$,($b~ggK+i1~KQ,7?.
3NB3G@il?jA&`@Nh|rrO7, jA&`@NH6+ig$)YNdjr
TC?. \@8GO=N}!, kLKD$FRYk.
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OeNsbY 95 km +i 500 km Nf-g$NNhO.wHFPlk. <tNh
G"kfVwHOsDN*}Nc$+i,1ilk. lDOH6G"k. .whj
c$NhGO2H6,,RH6hj//,g$,=,KIB5lH.,bYKhi
:ljG"k,, .whjb$NhGO,RH6,Y[*KJjEO,%,/87
H.,bYH&KQ=9k. sD\O-&K9YN^{[,"jbYHbK^c
K9Y,e:7F$/^ 1-1, ^ 1-2.

^ 1-1: Oeg$N9Y=$. [Robert and Andrew, 2000 hjzQ℄
etNhHN-&Og$r.N*K7(k+]+Gh^k. 500 km hjeNbY
GO?Q+3Tx,t4 km KJj, [HsIWM,/-:g$r3R*K7oM
PJiJ/Jk, 3NNhO0wHFPlk.
.wg$Ot>}~KfYe?}~NQ=K37$. t>.Y,H6N.YKf
Y=,K.5$lg,?UuVK"k)YNt>=$O!Nh&KM(k3H,G2009/02/02(nt5c)
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^ 1-2: MSISbGkKhk|fNf^Y.wNf-g$)Y. [Robert and Andrew,2000 hjzQ℄
-k.
33GO"k s oNg$KD$Fr/. g$K//OH7F5O{[, EO, WM
NzLN_r>j7,=N`jg$rM(k. 33G5Or p, t)Yr n, ALrm, .Yr u, EOC.Yr g, [Jk t oHNWM60tr �st H9k.�ps�z + nsmsg = �Xt6=s msns�st(us � ut) (1-1)(1-1) 0rQA7, H6NUiC/9 � r3~9kH�s = nsus = � 1Pt6=sms�st (�ps�z + nsmsg �Xt6=s msns�stut) (1-2)
H68t D r!Nh&KjA9k, 33G kB O\kD^sjtG"k.Ds � kBTsPt6=sms�st (1-3)(1-2) 0rH68tH91<kO$H H = kBTmg rQ$F=9H�s = �Ds(�ns�z + nsTs �Ts�z + nsHs � 1kBTs Xt6=s msns�stut) (1-4)
HJk. WM`r5k7, jouVGO � = 0 HJkNG, &UNgLbO<mH
Jj 1ns �ns�z + 1Ts �Ts�z + 1Hs (1-5)2009/02/02(nt5c)



?. 20 /Y $N@8 1 x@ 4z0 +i z ^GQ,9kHns(z) = ns(z0)Ts(z0)Ts(z) exp�� Z z0z dz0Hs� (1-6)
HJk. Ff-g$N3N,[rH6?U,[H$&. y9g$r>j9kHns(z) = ns(z0) exp��z � z0Hs � (1-7)
HJk.
f^Y.wNgJC.;O@[K<g0~ (Extreme Ultraviolet:EUV) N[}G"
k, b^YGO3N EUV N[}KC(, b(Mk.<3RHNWMd, *<mi
E.Khk8e<kC.NzLJIbEWKJCF/k. mU9Y-@O[}5l
? EUV ,9YFC.KHolkNGOJ/,E%dw=X?~KbHolk. c
(P@G,RO@G6RKr%5lk, =N@G6RObYs 100 km K<_7O +O +M ! O2 +M (1-8)
N0N?~Khj, @G,RKak M O@G6R^?O>N*AG"k. @[EUV N[HsIO.wg$K[}5l, <tKO~#7J$.
[}LOH., )Y, ~#9k@[N|ML, C.KHolkdgJIKhk?a
bYKhCF[Jk. (Mk.<O.A3KhjAoj,jouVN(Mk.<N
0NbY,[O.A38tr �, C.(r Qheat H9kH� ��z (��T�z ) = Qheat (1-9)
Hq1k.1-2 E%w

bYs 80 km +ieuNNhKOEHr?M9k[I?LNE%$N,8_9k,
E%$NKe\7?FS}H7FE%wHFPlk. 3NE%$NOf^YGOEUV K, b^YGO EUV KC(Fb(Mk.<NERKhCFf-g$,E%
5l8.5lk. CGaxNgJbNO$*s,R,ERHkg9kr%Fkg
G"j, $*s6ROf-,RHkg7f-6RH$*s,Rr8.9kH_9(
WMrPFf-g$Kak. f^YGNER)YNbY,[O^ 1-3 Nh&KJ
k, etNNhr F Nh, <tNNhr E NhHFV. E Nh, F NhN<tO@
[wKhkw=X?~,, F NhNftHetOw=X?~KC(H6,=NER
)YrhaF$k.
E%$NOf-g$KfYsoKt,/J/, GbE%$NN?$sbY 300 km
NNhG5(s 1 % J<7+J$. 2009/02/02(nt5c)
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^ 1-3: |f, kVNE%wER)Y,[. #4KER)Y, D4KbY. [Baumjo-hann and Treumann, 1997 hjzQ℄
1-3 .wNQ,

.wg$NQ,OJ<N}!yGTolF-?.1. g$fr~kM)R1Ou$q3ru1=N0;,Q=9k. =N0;NQ
=+iAL)Yr+Qbk3H,G-k. f-g$NG<?H7FGbt,
?$.2. M)R1^?Om1CHKk\5l?AL,OW (mass sperometer)yNW
orQ$, >\)Y, H., 9YrQ,9k. AL,OWN6}O, }K~C
?f-g$rERS<`G$*s=7, 'l^?OElr+1, $*sAL
K~8?0-r9kNrQ,7FH.Nt)Yr+Qbk3H,G-k.3. s3D6pl<@< (Inoherent sattering radar:IS radar)rQ$F$*s,
ER9YrOehjQ,9k, f^YN<t.wGO$*s9YHf-g$
9Y,[HsIlW9kNG, $*s9Yrf-g$9YH_J93H,G
-k. ,j6}N5,OE%wKHM7?EHN6pHrQ,9k,6pHO
E%$NN.?0N?aKICWi<7UHr9k. =3+i9Yraak.4. .wfK@[wr6p7F/w9kjA&`d9HmsA&`, ^?O@G
HN?~KhCF/w9k Trimethyl Aluminum (TMA) rm1CHtOM2009/02/02(nt5c)
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)R1+i|P7=N0-rwX*KQ,9k. |P7?*AN0-hjw
~, w.raak.5. M)R1K//3O (drag)rC.YWrQ$FQ,7,g$)Y, w~, w.
raak. cH7F CHAMP R1,Q,7?4eAL,[N^r(9.6. Fabry-Perot 3DWrQ$kH, Oe+if-wNw~, w., g$9YrQ
,9k3H,G-k. 3N3DWOg$wd*<miyNCjNH9rP9
N/w=]rQ,9k, =NQ,5lkH9NICWi<7UH+iw~r,
H9N-,j+ig$9Yraak.
^ 1-4: 2002 /NO'$E:~K CHAMP R1,Q,7?fc^Y,bY 400 km
Nf-AL)Y. #4K'$O}~, D4K'$^Y. +i<P<N1LO 10�12kgm�3 [Liu et al., 2005 hjzQ℄

1-4 &fN\*2007 / 9 n 2 |KB\5l?, .wg$XNjA&`|PB3 ( 2 O2H) KF
#|5l?jA&`,9NH6+i, g$)Yrdj9k}!rM(, B]KrO
rT$, rO}!N!ZrT&.

2009/02/02(nt5c)
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.wf-g$HE%$NN?0L"waxrr@9Y/, 2007 / 9 nKm1C
HQ,r^a?Q,-csZ<s (Wind measurement for Ionized and Neutralatmospheri Dynamis study:WIND -csZ<s),Tol?. m1CHKOE
ld'lrQ,9kuV,k\5lE%g$NQ,rT$,<_~KjA&`,9
r|P7=NAuNQ=rOehjQ,9k3HGf-g$N?0rIC?.
3NOGO3NB3Nb@rT&.2-1 \*

.wf-g$HE%$NNj_nQOw=X?~H,$*sHf-g$NWMKh
k?0L"wG"k. E%$NOf-g$KfYsoKt)Y,c/,f-g$N
?0XNs?O[HsIJ$HM(iF-?,,a/NR1Q,, tMW;NkL
O3NsDNkgr//(7F$k.
3N-csZ<sNG**J\*O.wHE%wNkgrQ,9k3HG"k. .
wHE%wNkgrQ,9k?aKO,bbYGNE%$NHf-g$N?0r1
~KQ,9k,W,"k. 3N-csZ<sGOm1CHhjjA&`r,9=7
|P9k3HGf-g$N?0rQ,9k,7+73Nj!O|\GOTol?3
H,J/, |PZSQ,j!NN)H$&\*b"k.
3NB3GOf,OAB-E%wqp (Medium-Sale Traveling Ionospheri Dis-turbane MSTID)HFPlkE%wfNER)YNB),AB9k=]r?<2C
HH9k.2-1-1 .wE%wj_nQ

33GOf-g$HE%$NNj_nQNqN*JcH7FV;[o (Equatorialanomaly)HFPlk=]Nb@rT&. E%$NOm<lsDOKhj'O~N
~jr8c$m?07, =N~HtO qBm Gq1k. q OEY, B O'l, m OYE
3RNALG"k. 3N?0N?aE%$NO'O~KBTJ}~K0-d9$
,, b>J}~KO0-K/$. f-g$bE%wHWMrp7F3NzLru1
'O~Kb>J}~K?09kH-K$*s3O (ion drag) ru1k.
E%wGOE%g$Hf-g$NWM~HtOt)YKhk?abYH&K:/

9k,, 8c$m~HtO[HsIQ=7J$. 3N?a~HtNg.X8,, "
kbYGU>9k3HKJk. bY 75 km +i 120 km ^GOWM~Ht,8c
$m~Hthjb$$*sOf-g$Kz-:ilF0/,,ERO8c$m~H
tN},b/'O~K*olk. 3N?aE.,88,jouVr]D?aNEl
,/89k. 'O~}~NE$A3(OsoKh/,3NElO'O~KhCFe
}X\09k. E%w F NhGOER, $*s&K8c$m~Ht,WM~Hth
jb/Jj, E%$N, E � B IjUHr9k. '$V;N'O~O*h=e?2009/02/02(nt5c)
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^ 2-1: WM60tH8c$m~HtNbY,[ [Maruyama, 2006 hjzQ℄
G"j, =N?aE%$NOe}X\09k. e:7?E%$NO'O~KhCF
n<7, '$^Y 10 +i 15 YKE%$N,8f9k3HKJk.3lrV;[o
HFV. CHAMPR1NQ,GOE%$N@1GOJ/, E%$NNT</+iK
}~K:l?LVKf-g$NAL)Y,b/Jk3H,(5l? . 3lO<_
7?E%g$,C.;HJCFf-g$rC.7,C.5l?g$,e:7F/-
?HM(ilk.

^ 2-2: CHAMP ,Q,7?O'$h0,E:~N 14 - 15 MLT Nf-g$)Y
HER)YN^Y,[. #4O'$^Y, D4K)YrHCF$k. [Liu et al., 2005
hjzQ℄

2009/02/02(nt5c)
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qZO}!,}D|\N GPS (global positioning system) u.!V (GPS EarthObservation Network: GEONET)rxQ7F@ilkE%wERt (Total eletronontent: TEC)NQ0.,N2!5^GQ,5l?,5?*JMSTID r ^ 2-3 K
(9. kV MSTID O 150-500 km NH9, L>+inlKdS?HLr}A, n
>}~KAB9k. l}kV MSTID OH9 100-350 km G, l>}~KdS?H
Lr}A, nnlKAB9k.

^ 2-3: GPS u.!VrxQ7F@ilk TEC Q0 2 !5^CWGQ,5lk5
?*J (a)kV MSTID H (b)kV MSTID. [ Tsugawa et al., 2006 hjzQ℄

WIDN -csZ<sN?<2CHG"kkVMSTID O3l^GNQ,+i!N
h&JC',,+CF$k.1. kV MSTID KOElQ0,HbJ&.2. kV MSTID KOO'$&r-,"k. L>eH, n>eNO'$B8,y

7$@G1~K1MNABC-rbC? MSTID ,Q,5l?.
+DFf,OAB-E%wqpOg$EOHrE%wKjF7?bNG"kHM

(ilF$?,,e-NC'+ikVMSTID N/8!=KOg$EOHJ0Nz
L,M(ilk. =NlDH7FkVNE%w F NhG/3k Perkins TBj-
HFPlk, Wi:^TBj-,M(ilF$k. 7+73NTBj-Nn0;N
f-wHElNQ,O=,GOJ/, =NB]O,+CFO$J$.2-2 5W2007 / 9 n 2 | 19 ~ 20 , (LT) Kb7:'huVQ,jhj S520-23 f!,
GAe2il?. GAe2roO, MSTID , GPS NQ,KhjN'G-F$k
3H, OeQ,O@ 4 @N&A 3 @JeGkn}~,2lF$k3H, jA&`N2009/02/02(nt5c)
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6pwrQ,9kNG@[DQ, -10 YJ<+DE%w,|HG"k3HN 3 @
G"j, GAe2~KOOeQ,O@O 4 @9YF2lF$?.
3NB3GQ$?m1CHKk\5l?Q,!oO, jA&`rFk_CH?~G
,9=5;|P9kjA&`|PuV,m1CHHOeNVN4ERtrW,9k
?aNS<3sw.!, m1CHN9Ts4Kb>JLbNEl, E%w<tNE
RtrW,9kEl&VLF/MF SEHu.!, .*ERN9YH)Yrdj9k
b.is0_e"Wm<V, Oe'lrW,9k'OW, ER)YNIi.rW,
9k, Plasma Diagnosti Probe, ER)Y, Wi:^H0NW,rfRJk Plasmaand Wave Monitor, $*sN9YH.YrW,9k,6.*$*s$a<8c. N8 @G"k.
OewXQ,Ob7:,\j, ,(, b~N 4 O@ra$sQ,O@H7,#|KO
V0+CHU#k?<r07? Canon =G8?k+ai EOS Kiss Digital N K,
jA&`N&D6pw (670.8 nm) rb$ S/N fGQ,9k?aKSh 20 nm N
PsIQ9U#k?<H-$kn (FOV 110Æ), @k$ F M (F=3.5)r}DFl;
sHjC/ls:rue7HQ7?. V0+CHU#k?<O&D6pwr+CH
9k?a, )a-re2k?aK07FHQ7?. #F~KO+aiNDQ, }L
QrGj7FQ,@G1|r#jJ,i#FrTC?. #FSfGb*ProrD
=K9k?aK, N<HPCG*ProrQ9G-kh&K7,ERlj<:Kh
k^Ke"k#FrTC?. S<3sOeQ,O@O 4 O@Gm1CHtF}~
KhCFl>~eK[V7?. Q,O@NLVHQ,O, !`rJ<K(9.1. , ( 33.45 N, 135.75 EJ~TgXIR&fj ,(wOB3jK

a$s+ai�1, 5V+ai�22. \ j 31.83 N, 131.42 EJ\jgX)XtK
a$s+ai�13. b7: 31.25 N, 131.08 EJJAXA b7:'huVQ,j PI ;s?<K
a$s+ai�1, 5V+ai�3, fQQ,IwXQ,uV,MCHfQ!`,
,w+ai 1, 9-cKs0U)Ha<?, FqQ,IwXQ,uV4. b ~ 28.47 N, 129.72 EJ\n@`I}v3jK
a$s+ai�1, 5V+ai�1, fQQ,IwXQ,uV5. b N 33.62 N, 133.72 EJbN)JgXK
5V+ai�2, fQQ,IwXQ,uV, MCHfQ!`6. ^ g 32.66 N, 128.85 EJ^gT4Y78fK
5V+ai�17. n b 31.83 N, 130.34 EJ'`nbT;s@$'h[K
FqQ,IwXQ,uV 2009/02/02(nt5c)
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^ 2-4:
#FVf *P+O~o (LT) ISO 6Y *P~V05 - 17 19:26:13 - 19:27:58 ISO 800 4 C18 - 23 19:28:14 - 19:29:54 ISO 800 15 C24 - 52 19:31:30 - 19:40:50 ISO 1600 15 C53 - 85 19:41:40 - 20:15:45 ISO 1600 30 C

= 2-1: #Fro2-3 Q,kL

a$s+aiG#F7?jA&`Nh|r(9. =jGOm1CH/Me 373 C
+i 40 C*-KjA&`rVg*K|P9kO:G"C?,,lY\NjA&`
rC.9k]KsY\NjA&`KbzP7F7^$Hl$kuNjA&`@,

8.5l?.
2009/02/02(nt5c)



?. 20 /Y $N@8 2 WIND-csZ<s 1219:26:13
*P 4 CISO 80019:26:53
*P 4 CISO 80019:27:34
*P 4 CISO 80019:27:58
*P 4 CISO 80019:28:14
*P 15 CISO 80019:29:54
*P 15 CISO 80019:31:30
*P 15 CISO 160019:35:10
*P 15 CISO 160019:40:50
*P 15 CISO 160019:41:40
*P 30 CISO 1600̂ 2-5: Fs8+i, ,(, \j, b7:, b~+i#F7?jA&`@G"k.

2009/02/02(nt5c)
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3NaGOQ,5l?jA&`h|hj)Yrdj7?j!rrb9k.3-1 rOj!3-1-1 h|rO

^:Q,5l?h|N1Ypsrh@9k. #sOh|A0NQ9KV9Fi$
a<8 Ver. 5.1Wr, 1YpsNh@KV9Pkh|rO=UH^+j#WrHQ
7?. #F7? RAW A0Nh|r FITS A0Nh|KQ99k, 3lO RAW A
0,!oKM87?A0G"j, ^+j#GI_~`3H,G-J$?aG"k.
Q9N]Kh|N=|h}r;:,#|GRNG<?r=N^^Q$?. ^?3N
]KFh|+i@</h|r97z/@</d5rTC?.
Fh|N1Ypsr, h|KP7Fe?KHj, ,&9XtGU#CF#s0rT
& ^ 3-6. 1YpsO RGB N R N_rQ$k. 3lOjA&`N&D6pwN
H9, 670:8 nm GV'G"k?aG"k.

^ 3-6: 8N^,^+j#NhLG"j,^fNPN~eN1YpsrI_Hk. &
N^O^+j#Gh@7?1YpsG"k. V, P, DN~O=l>l R, G, B N1
Yr=9.

33GhC?e?N~ObYljN>~H_J9, 7+7B]Oh|Nf,_, j
A&`@N|_rM89k,W,"j3lO=B*GOJ$+b7lJ$. bY
OFh|NjA&`@N<<Km1CH,"kHM(, m1CHN0;psrQ
$Fhak. e?w%Oh|NlT/;k"?jNhQ, 2 ,QG"j, 0;p
shjQ,@Hm1CHVNw% L ,,+kNGlT/;k"?jNw% x rx = L tan (2�=60) GW;7, 3lrT/;ktK+1aa?. U#CF#s0KO2009/02/02(nt5c)



?. 20 /Y $N@8 3 rO 14
!N,&9XtrQ$k.I = I02�r �Dt exp (x� a)24Dt + Ibak (3-1)Dt, I0, a, Ibak O=l>ljA&`@N},1YNmL, T</LV, XJN1Yr
=9. J*3N1YOdPMGOJ/jPMG"k. B]N1YHQia<?N~
VQ=NcH7F\jhj#F5l?bYs 220 km GN=l>lMr ^ 3-7, ^3-1-1K(9.
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^ 3-7: bY 220 km GN1Y. #4Oe?w%, D4K/Y.
#sNrOGOjA&`@N}+i)Yrdj7,^?jA&`@N}rtMW;
NkLHbfS9k.3-1-2 H68t+iN3P

.wGO,RH6,Y[*G"j,jA&`@,H6}x0K>&H9k. 33G
jA&`Nt)Yr nLi H7, H68t D ,uV, ~VGe?}~KP7Flj
H>j9k �nLi�t = D�2nLi�x2 (3-2)
3N}x0NrO0 (3-1)N I r nLi KV-9(?bNKJj, h|rONU#C
F#s0Gaa?jA&`@N}OH68tH~VNQHJk. U#CF#s0N
kLO~VKP7Fl!XtN,[r9kNG,,[N9-raak3HGH682009/02/02(nt5c)



?. 20 /Y $N@8 3 rO 15

 0

 10000

 20000

 30000

 40000

 50000

 60000

 0  50  100  150  200  250  300  350  400

In
te

ns
ity

Time [sec]

 0

 100

 200

 300

 400

 500

 600

 700

 800

 0  50  100  150  200  250  300  350  400

W
id

th
 [k

m
^2

]

Time [sec]

-40

-20

 0

 20

 40

 0  50  100  150  200  250  300  350  400

P
os

iti
on

 [k
m

]

Time [sec]

 0

 500

 1000

 1500

 2000

 2500

 3000

 0  50  100  150  200  250  300  350  400

In
te

ns
ity

Time [sec]

^ 3-8: 8e:jA&`@T</1Y. &e: }. 8<: T</LV. &<: XJ1Y.
#4O#F+O~o+iNCt, *P~VNfVNMrh|N~oH9k. D4Og
K1Y, }, T</LVN0-, 1YG"k.

traak3H,G-k. 3NH68tOJ<Nh&Kq1D = Vthn� (3-3)= 1n�r3kBTLimLi
QA9kH n = 1D�r3kBTLimLi (3-4)
HJk. 33G, Vth OjA&`N..Y, n O~ONg$)Y, � OjA&`H~
ONg$HNWMGLQ, mLi OjA&`6RNAL, TLiOjA&`N9YG"
k. 3NX8+ig$)Yrdj9k3H,G-k. kLr^ 3-9K(9. ~ON
g$H7FbG,R^?O@G6Rr>j7,jA&`N9YH7F$=9Yr?
(k. 2009/02/02(nt5c)
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^ 3-9: H68t+iaa?t)YNbY,[. #4Kt)Y, D4KbYrHj,
V$@O@G6Rr, PN@ObG,Rr>j7?lgNMG"k

3-1-3 tMW;

m1CHhj|P7?jA&`@H~ONg$N?0rtM*KW;9k. J1N
?a~ONg$O@G6R^?ObG,R 100 % r>j7, s.NNe?l!5
?0rM(k. jA&`N$*s=Khk:/OM(:,jA&`H@G6RN?
0OWMN_rM(k. 3N>jOjA&`N?0KH6,Gb//G"m&H
M(??aG"k. W;Gr/MOt)Y, .Y, 5OG"j, r/}x0O"3N
0, ?0}x0, (Mk.<}x0G"k. 33GOt)Y, 9Y, .Y, AL, WM
60tr=l>l n, T , v, m, � H7, jA&`r=9:(zKO Li r~ONg
$r=9:(zKO O rQ$k.
"3N0O �nLi�t + vLi�nLi�x = �nLi�vLi�x (3-5)�nO�t + vO �nO�x = �nO �vO�x (3-6)
G"j, ?0}x0O�vLi�t + vLi�vLi�x = � 1mLinLi �pLi�x � �(vLi � vO) (3-7)�vO�t + vO �vO�x = � 1mOnO �pO�x � �mLinLimOnO (vO � vLi) (3-8)

2009/02/02(nt5c)
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G"j, (Mk.<N0O�pLi�t + vLi�pLi�x = �pLi�vLi�x +(� 1) �mnLimLi +mO �3kB(TO�TLi)+mO(vO� vLi)2�(3-9)�pO�t + vO �pO�x = �pO �vO�x � ( � 1) �mnLimLi +mO �3kB(TO � TLi) +mO(vO � vLi)2�(3-10)
HJk. 3liN}x0r Cubi-Interpolated Pseudopartile ! (CIP !)rQ$
FW;9k. CIP !O\.}x0r:YI/r1kW;j!G"k. 3NW;Gr
/}x0O4F\.}x0G"k. 33GO~A\.}x0rHCF=Np\50
rb@9k, =b=b\.}x0O!Nh&JANy,}x0G"k.�f�t + u�f�x = G (3-11)
0 (3-11) N&U (s\.`HFV) , 0 G, .Y u ,ljG"kH9kH, 3N}
x0OJ1Kr1 f(x; t) = f(x� ut) (3-12)
HJk, 0 (3-12) OXt f ,=NAur]C?^^.Y u G0$F$k3Hr(
7F$k^ 3-10.

^ 3-10: \.}x0N^.
~o �t eNLV x NMOf(x; t +�t) = f(x� u�t; t) (3-13)
G"k. tMW;GO4FN"37?@NMrM(k3HOG-:,%6=5l?
uVrM(k,W,"k. %6=5l?uVH~Vr:(zN i, n, r/Y-Mrf , =NuVy,r g, \..Yr u, ~VVVr �t, uVVVr �xGq/3H
K9k. "kJR i N!N~oNMO, =N~oN i NLV+i �u�t Js@L
VNMHJk ^ 3-11.
!N~VNM,JRHJRNVK"klg=NMrd09k,W,"k, CIP !
GOYjg&JRNMH=3GNuVy,rQ$F0!XtGdV9k. ^?32009/02/02(nt5c)
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^ 3-11: d0N^ (5iKq/).
N~KM@1GOJ/uVy,N\.b1~Kr/,3N?aXtNAurh/]
}9k3H,G-k.x 4N6@r i KV$F!N0!Xtrr/f(x) = Ax3 +Bx2 + Cx+D (3-14)
W;rJ1K9k?a d, iup, r3~9k, 3liO.l,5Nlgd = �dx (3-15)iup = i� 1 (3-16)
iNlg d = dx (3-17)iup = i+ 1 (3-18)
H9k. 0 (3-14) OJ1Kr1A = 2(fni � fniup)d3 + (gni + gniup)d2 (3-19)B = 3(fniup � fni )d2 � (gniup + 2gni )d (3-20)C = gni (3-21)D = fni (3-22)
HJk. uVy,O f(x) = 3Ax2 + 2Bx + C (3-23)2009/02/02(nt5c)
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G"j, x K �u�t re~9lP!N~oNMHy,,aail, 3NW;r+j
V93HG\.}x0rr/3H,G-k.
s\.`, 0 PJ$lgO\.`rhKW;7=Ne, ~V9,rQ$FW;9
k. \.NW;kLr � G=9Hs\.`NW;Ofn+1i = f �i +G�i�t (3-24)gn+1i = (fn+1i+1 � fn+1i�1 )� (fni+1 � fni�1)2�x � g�i ui+1 � ui�12�x + g�i (3-25)
HJk.
#sTC?W;GO.Y,Q=9kNG,GiK\.`NW;K,WJ\..Yr
W;9k. uji N\.rW;7, =Nr u�i H uji N?Qr\..YH9k.ui = uji + u�i2 (3-26)
=NeK3N\..YrQ$F, n, p, v, KD$Fr/.3-2 rOkL

JRVV, ~VVVO=l>l 1 km, 0:01 C GW;OOO 500 km, W;~VO250 C. -&roO~|-&H7, jA&`Ni|roH7F)Y,[OQ,MK
g&}r}C?,&9Xt, 9YOjA&`N$=9YG"k 1590 K, .YO 0
H7?. W;kLr (3-1) GU#CF#s07, Q,MNjA&`@N}HW;k
LN}N9NshB,G.KJkh&K, ~ONg$)YNMrQ=5;?.
~ONg$9Y 800 K, 1000 K, H.r@G6R, bG,RH>j7?lgNkL
r(9.
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^ 3-12: t)YNbY,[. eO9Yr 800 K <O 1000 K H7Faa?.
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W;kL+iOg$9YKhk)YN9O[HsI+ilJ+C?. 3NkLKC
(.wGO<tr|-, 9YNbYQ=,t)YNbYQ=KfY.5/,jA&
`@NH,jKOt)Y,EWKJkHM(ilk.
H.Khk9OINbYGbs 2:5 \@G6RNt)Y,b$, 3NfOWMGL
QNfKa$.
bYs 200 km K9-,Q=9kNh,"j, 3NbYGg.,,bG,R+i@
G6RKQ=7?HM(ilk.
#sNjA&`h|hjaa?g$)YH,.wNP3bGkG"kMSIS bGk
Ng$)YrfS9k. @G6R, bG,RHbK MSIS bGkH`wN=$r7
F$k. @G6RO 200 km JeNbYG, bG,RO 200 km J<NbYG9-
,wF$k.
g$9YNCjO]jG"k,, {8NbGkH`w7?kLHJj, jA&`@
NH,j+ig$)Yrdj9k3HOD=G"k3H,(65l?. GeK 2010
/K2c\NjA&`|PB3 (WIND2 -csZ<s),=j5lF*j,3NB
3G3NrO}!N-Q-rN+ak3H,G-kHWolk.
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^ 4-13: t)YNbY,[.
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U-

O8aK#sNrOGOWIND -csZ<sG@il?h|rHo;F$?@-
^7?. WIND -csZ<sKHoilF?/N51,;1, X8N'MK*ir
=7e2^9. CKbN)JgXN3\?TZ5xKOjA&`h|KX9k?
/Nu@r$?@-^7?. 1gXN$N]x 2/N#3:85sKO*;7$f
jA&`h|KX9kAdKz(F$?@-,t?/ND@r5;F$?@-^7
?, 6U$?7^9.
X351G"kOtE=5xKO&fF<^r(7F$?@-,=Neb&fNJ
^J$dr+NFk3HJ/, &fKP9ku@ds@r+jV7$?@-^7
?. =NfG&fNq75, |<5rXP5;F$?@-^7?. ?K"j,H&
46$^7?.
=_t0qRKe<HsWl9KP3J5ilF$k.>&c5sKOdN*r

@J$AdKbz+Kz(F$?@$?>, ?/N4X3r7F$?@-^7?.
.>5s,$iC7ciJ1lPdN&fO.j)?J+C?Wol^9. 6UN
Ur(7?$HW$^9.
&f<N3<#i5sKO1|G"kKbXoi:?/Nu@r:-,^?jLK
bhCF$?@-^7?. 3<5sN?/N~Vr%CF=7uJ/W$^9,,
dKOsoK.EJ~VG7?. #eNXQ*Jhvr|T7F*j^9.
G1*}X&f<N5w,hZdeZN'MKO<_d&f<8hrL7F?/N
u@, D@r9k!qr$?@-^7?. 'M"j,H&46$^7?.
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2M8%

"92$k&VlC1 (x), |t 4V, D} o (u), 2003: 6bXg$*}X, &
RPG, 448pp.

'hRu&f+/!= (JAXA) 'hJX&f\tG<?;s?<, 2007; ?. 19
/Yh 1 !Q,m1CH (S-520-23f!) tFB3Whq, 163pp.

rf $s, 2008: CIP!Khk.NOXNtMW;3<IN+/, 9nbl ER
ps)XJ 4H&f/=qqA

JD p, y> 4W, 1973: 6bXg$N*}X, XZ<, 453pp.
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