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Joboo0oooobooooboboobooboooogdevVooboooobooono
oooboo0oo dh000000O0O0O0DODOO0OODODODOO0O0ODODODO0O0O0
dAvoooooooodron

dI" = F,rsinf dV

= F, rsinf dh dS

dd
= Fj4rsinf dh—
» TSin B

ar’ dh
T = E&rsin@r (1.21)

gobboboooobbbuooobobboood

dT ionosphere dT/ dh
B = | —F, rsi 1.22
7D / 7D B, o rsind (1.22)

gobbobuooobobboooobbobooon

5 /0 dh (1.23)

chggbbodbbogbboobobuooobooobobbuoobboon
OcdnO000000O0ObOO0
0l.14001.22001.230 000000000000

dT
i Yow R B,sin®0 (1.24)
D0000000000000000000000000000000 r~ R, 00

goooooboboooboooooobobobooooge =600
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O00D0O00000D00D0000006w =constO0O0ODOODOOODOOOB, =

constd0
dT dh 5
o - / B, (aB (51/)
/—O'B (réwsin@) rsinf
/—a dw B2r281n29
= Ydw r*B,sin’0 (1.25)
01240000
dT 2 p
3 = Yw R%B,sin?, (1.26)

0000B,00000000000DDDOODODDO(1.26)00000000 LO
gboobgoobooboobo

B, (R,,0;) = 2B,cos0 (1.27)

goooobod

T
Z_QD = Ydw R%(2B,sind,)sin0,
= 220w R?, B,sin?0,sin%0,

1

1\21

(1.28)
00000000000000000000
AT dT d®

00000000000 000000000000D00 @00® = [B-ds= [ B,dS
O0000000O0ds=rdrdd0L=r/R,000000dr=R,dLO0O00O0O0
r00og rdT:RprdL:RngLDDDDDDDDDDDDD o000

¢ = 27r/—7“d7’

— P P2
= 27T/L3RLdL

= 21 [ =2B,dL

dd R2
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000000(1.2900 (1.28)0000(1.30)0000000000000000
000000000000000000

dI'  dT d®
dL  dddL
2 1 : 2 1
— QEéprBp 1—z ‘27TRpoﬁ
s 1\%1
= 4rSéwR B 1--Z I (1.31)

00016000 MOOOODOOOO fluxshel 0000000000000
000000000000 fluxshel 00000000 00000000000
000000000 L000000000000 4000000M0L0O0O0
000000000000 (Hill, 1979)0

df dMl  dM . . dl

YA :lﬁ—l—Mﬁ (1.32)

O000D0000 £=MIO0000000000000000000

ap

=P—-L 1.
6t+va (1.33)

00000(00000)=00(00000)=M=00(00)=00000000000
000000000000000000000000000000000000

1 dM 1dl
ﬂd_L<<7d_L (1.34)
gbbogboobogbogbbogbobuoobbooboobbooboo
gbbodboboobbuodooobooboboobbuoobbodooboon
gbbboogobuoobbogbobooboobboobbooboobboon
goboobooooboobobooobooooobooobooboobooboonon
gbbobogobooobbuogbbogbooboboobboobobgo 20000
goboobooboboobooobooobobboobboobooboobooon
gbogboboboboobugbooboobbobobooboobooboon
gobooboobooobooboobooboobobooooooobooon
gbobogbobodgboobboobuoobbooboobooobuooboon
gooooobdod
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1.3 000000

gbbogobodbobobbooboobboobuoobbobobugboo
gbbogbogboboogbobuoobboobbooobuooooboooboon
goodoooobbobobbbbbbbbbbbbbbbbbbbbbbbbbb
gbgbuogbobouogobodboobbuoobbooobuogbbooboon
ggbbobuoooobbbuoooob
gbogobuougbboobogbuoobbuooboobooobuooboon
gobbbuoooobbbuoooobbbooogbon
gbogboboobogbuodbogboobbooboobuoobooboon
gbbgdgbogbobuoobbuoobbooboobbuoobdoboooboaon
gobbbuoooobbboogobbboooobboooooboobod
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21 ODOO0OOO

2.1.1 O0O0oood

0D0000000000000000000000000000000000
2.100
0000i000000000FR,L,000000000000000 (m®s™)0uv;
000000 (ms H0n,0000 (m3) 0000000000000

(9711-
ot

gobbooooob 211bbogoobboooobbbooobbooogn
gbogobuodgboobboobuoobbobobooobbooobuooboon
gbog200000 1020000000V-B=000000 00O

¢ = B(r)A(r) = B1A; = By Ay = const. (2.2)

00000000000 A(r)D0000000000,0026000000000
00000000000000 BOOOOOOOOOO0O0O0O0000000 A(r)
000 BOOOOOA(r)x1//BlO0O00OOOOO
00000000000021000030 V- (nw;) 00

V- (nv;) = %(nvi) (2.3)

D00000000000s000000000 (m@e000000000 (ms™?)
000000000000000000000000000000000000

on; 1 anivl‘-‘ A
+ J— —
o A O0s

P—L. (2.4)

2.1.2 0OO0OO0OO

gooboooubbligoboooobooooobboooboboood me < my
gboobobboboboboboboooooboboobobobobobon
gbobobobobobobobobbobobobobobobOobDoDon
gboobboboboooooobobboboboboobobobobobon
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oo
gboooodoodoboboooooooobooboooooboooooooo
Oodooooodooodooooodoooooooooooouoogon
oooo0O0000v,xB=000000000 /0000000 /00000000
Odoodooodoooodoooooooooooooooooooogon
godoobooooooo

Dy _ Ip;

5 A SO RSN EL R AR IR

(2.5)

0000n; 0000000 (m*)0m,;0; ;00000 (kg)Jv, 0000000
00 (ms H0p0 ;00000 (Nm2)0g000000 (ms)0g; 000 (C)O
E00000000000y,0, 000 4000000000000000s7'00
r00000000000m00wO000000000rads™' 000000000
0000000000000000.00000000000

aH a” 1 Op;
a5 +v Z”(‘)v — _nimiai—i—g s+ ((wx7r)Xw)- s—gmkv _U’!)+niiE'S
ovl ou 1 9p.
;4_ Jav - _neme(?i‘ +g-s—|—((wxr)><w)-s—zk:yek( —v,!) mieE-s
(2.6)

gogdo2ec00dooooooobobbn

ovl oul 1 op.
eE-s = —me{(;; Lo ﬂ; +nem68]; —g-s— ((wxr)xw)- s+;uekv —v,'l)}

#®  Production by photochemical reaction
( Loss by photochemical reaction

W EUV for photons

021 000000000D0OO000OOO0OO0OD ADODDOOOODOOOODOO
gobbobugbuoogoobbboooobboboo2000bob 120000
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00000260000000000000000000000000 ne~Y) "
gbobobobobobobobbobobobobobobobobobon
ERERE

O H 31)” 1 Op; 1 ape

v —H}llla = T s +g s+ ((wxr)xw)- s—zkzl/,kv —le) o D5
1 apz 1 8]7@

T nm; Os nem; Os Tg-s+((wxr)x ZV“CU — )

(2.8)

ggogobbbbodoogooonobbobooooooobbobobbboo
000DO00O0Db0DO0DOO0bObO0bO0bO0O0O0obOOooooOooOonDg bd2.320
gobobobooboboboobobooboobobooboboboobon
R\2
g-s:g<—‘]> e, (2.9)
r
Ooooboosooonooono

I R; 2 cos fe, + sin ey
J = o(P)e, :
r (14 3cos?6)z

2 2
— <&> cost__ (2.10)
T/ (14 3cos?6)2

ggbbobuoggobbodo

(wxr)Xw)- s
= 7sinfw?
. 2 s . 9 . T
= rsinfw -COS(§ —6)e, + rsin fw -5111(5 —0)ey
= rsinfw? - sinfe, + rsinfw? - cos fey

= rsin®fw’e, + rsin b cos dw’ey (2.11)

oooooosionoooon

2 cosfe, + sinfey
(1+3cos?6)2
rsin?Qw? - 2cos  rsinf coshw? - sin
(1+3cos?6)2 * (1+3cos?f)z
2rsin? 0 cos Ow?  rsin? 6 cos Huw?
(1+3cos?6)z " (1+ 3cos?6)z
3r sin? cos fuw?

- : (2.12)
(14 3cos?6)2

rsinfw? = (rsin®fw’e, + 7sin 6 cos fuw’ey) -

gooo
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22 QOQOO0OO0OOOO

221 0O0O0O0UOOOOOOO

000000000000000000000000000000000000
000000000000000000D0D00D000D00O0O0D0D00000000
000000000000000000000000 T, 00Achilleos et al(0 1998010
Kim and FoxJ 19940, 0 0 00 2.20 Grodent et al[J 200100 0000000000
000000000000000000000000020000000800-1000K
00000000000000000000000000000007,=180KO0O0O
000000000000000000000000000000000Grodent
et al. 020010 0000000000
0000000 2,000 1000km000000000 7,00000000 T;0T,
0000000 20 200km00000

tanh(=2) + 1

T = (T;top - TO) 20 + To (2'13)

0000000000000000000000007,=180K00000000
0000 Ty, =800KO OO0 00T,,=1000K000007T,,-T,0000000
2,0 tanh 0000000000000000 500km0000
07,0000000000000000000000000000000000
000000000000000

Tmaa: - Tmin
2

2m(te
cos time] cos 6 (2.14)

Tmax + Tmin +
Ty

2

T —

O000[Eme] 0000007, 00000000600000000
U

L i . i L e i 1}
w o 169 08 100 ol " 10!€
MNumber density (cm )

022 0000 (7,)00000000000 (T,07,)0 (Grodent et al. 2001)
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gbbogobodboobbogbuoobbboobuoobboobuooboo
000 140 Pioneer 10011 00000000DO0OO0OOODOOOOOOOOOO
gboogbobogboobboobuooboobbboobbooobuooboon
O000000O0O0O00000DO HTOODODODO0DODODODODODO0OODOOOOO Hy+
gobbobuddn00oogoooo

zZ— 20
e — Tle - . 2.15
e = neo exp(~ 52 2.15)
0000 T, + 7,0
(z—zo)% = Inn.o—1Inn.
T+, = THrgET2) g Mooy (2.16)

k Ne

oo =7.00000000000000 1000 km O OO0 OPioneer, Voyager
gooobd leoo-2000K0D 000000
gogggoobbbob24000b0bbbobobobbboobdodooooooon
g2300000gbbobugoobbbuoobobbboouno

3000 |

TiTe: _
(12LT)

2500 | o

(OLT)

(12LT)

2000 -
1500 -
1000 -
500

Altitude (km

0 500 1000 1500 2000
Temperature (K)

023 0000(7,)00000000000 (T,O0T,)

222 0OJ00O0OO0OOOO

O0000O0O0O0O0O0O0O0O0O0O0O0O0ObObObOODOVoyager 1 O0O0ODOODODOO Atreya
et al. 1981000000 Grodent et al. (2001) 00000000 22000000
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O00O0000bO0bO0o0b0 HOHOHeOD OO CH,OODOODOOOODOODOO
gbgoboobobboboobooboobon
ggooobog

dp(2)

dz
000000000000 0p(:)0p(2)0g(z)0000000020000000
(Nm2)00000 (kgm3)00000000 (ms3)000000000000
bbbttt oboooooooooooon
goooooooyoooooooon mjDDDDDnj(z)DDDDD

p2) = 3" mym; (2) (2.18)

— —p(2)g(2) (2.17)

gobbobogoobbboooobbbooooboboooo

P(z) =n(2)kT(z) ; n(z) = Zn](z) (2.19)

0O000POOODOOD (Nm?) 0000000 m)0AO00000000 k
0=138x10"2JK 00700000 (K)DDODO000D000000O00000
gogdoobobbbobbbooooooooouooobobobbbuoouoo
go21vom2.1900000

1d 1 cm;n;(z

Yp _ pg _ omg Lo 2min(e) (2.20)

pdz nkT kT H >-;m(2)
m(x)000 :0000000000000000000000 H(z) = 45250
gobbboooboboboooobbbuooooz9go2.200000n

w2 = o]~ [ 5]

n(z) = n(z@?&?fexp[—/i%} (2.21)

000000p(20)0n(z2)0T(2) 00000000000 2000000000
000000000000214000000221000000000000000
00000240000
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5000

4000

3000

2000

Altitude (km)

1000

0
10% 108 10'910"%10'*10'%10'810%°
Number Density (m)

024 0000600000000 0000O00DODODOOOODOO 200km O
O0O00O000OGrodent et al.0200100000000000000000O0O0O0O
gobboogod

23 ODOO0OOOoO0

23.1 0UU0O0Obooogogo

gttt UUUo
gbgbbodbboogobooobuogbbuobouoobbuoobuooboon
gobbbooobbboooobbbduodobo

I, = Iooexp(—aase(:x/ n;dz) (2.22)

00000, 0 HOH,OHeOOODOO (m?)0x0000000, 0000000
0000000000000000000000000000 1.0x1072°m?200
00000000000000000000000000000 F10.7(Wm—2Hz™!)
gbbodgobooobuoobbobooobuoobooboooooboon
L0000b0b0booooboooogd

(IFmaz - Ilen)
(F107 mag — F107 i)

J = {[Fhm+— x(FHW-Fuwmm)}m52V(22a
IF,;,, 000001AU000000000O0D0D0D0D0O000000 (s™H)0 IF e
D00000000000000000000000F107,,,000000000
0000000000000 F10.7(Wm2Hz )0 F107,,. 000000000
0000000000000 F10.7(Wm2Hz )OO F1070 0000000000
OD00000F1070000000000000000D00000DDO 20000
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OO000O000O00oOO0oboOooobOgs2A000000000DO00DO0ODO
good

232 JUO0Ooooon

go0ooooobboodbDboodbbb0d HOHOHeO D DO OO O OO
00ddoooooooooboboo00o0dobob00ddUdHdHOH,O0HeOOOOO
000 TP ionization potential (00 00 210000000 (AA) = 12395/TP(eV)
00000)0 (Schunk and Nagy, 2000; Welly, 1997)0

021:0000000000000. Welly, 1997

00 MA) IP (eV)
H 912 1359
Hy 904 15.41
He 504 2458
CH, 954 13.00

233 UU0UObLOooooo

gbogbobogbodobbobbooboobbooobboobuooboo
gbobobbodobbodogboboboobobobooboooboooboon
gbbgudgbbogbuoobbooboobbuooboboobbooboon
gdddddoooooooooooooboobobobobbbobbbbbbn
ggbbobuogoobbboooobbbboodgboo

234 0OU0OOOO

0000000 HOH,OHeOOODOOOOOOOO CH, 0000000000
00000000000 HYOH) CHf CHe"OCH; OC;HY 0 60000000000
0D0000000000022000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000250000000000000
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—e—  Major Prod.

Major Loss

025 0000000000000000000000000000O00O HYOHSO
HiOHe'OCHIOC;H 00 0000000000000 0O00O0ODO0OOOOO
O00000*00 CH,OCH;0C,H,OOOODOD00000o0o0oooooooooo
O0CHIOOOOODODOOO0OO0OODO0O CHY 0000000 (Kim and Fox, 1994)
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CHf 00000000

Hf + CH, — CH{ +H,
CHf +H, — CHf +H (R25)

0000000000000 CHfOOoOoooo
0OCH; OOOODOOO0O200000000000000000000000000
googo

CHf +e — CHy+H+H, (R26)
CHf +e¢ — CHy+H+H (R27)

O000CH: OOOODOO He"OOODDODODOOODODODOOOOODODOOOOOOO
0000000 Kim and Fox (0 2.5;1994) 00000000

He™ + CyH, — Cj + Hy + He
C; +H, — C,H'H
CoHY"+Hy, — CoHf +H
C2H§r +H, — CQH{,f +H
C.Hi + CHy — C3HY + H, (R28)

0D0000000000CH 000000 22000CH,0 CH, 000000
0D0000CH,O 1/1000000000000000000Kim and Fox (1994) O
DOR2R0000Het0000000000000000000

0 C;H 0000000Kim and Fox (1994) 0 00

300)05) (R29)

C3HY +e — product (3.5 x 107" (T—
e

R290 products 1 0 0000000000 OOODOODOODOODOODOOOODOO
god
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022.000000000000000

[ No. | Reaction \ Rate (m®/s) |  Reference |
HT production
Rl | H+hv — HT +e
R2 | Ha+hv — Ht+H+e
R3 | H+HJ —  Ht +H; 6.4 x 10716 [1][2][4]
R4 | Het + Ha — Ht+He+H 8.8 x 10720 12][3]
R5 | H+ep — Ht+4+e+ep 2]
loss
R6 [ HT +e — H+hv 6.3 x 10~ 18(300/Te)0-5% 2]
R7 H* + Hy ~ H4+ H2+ 1.0 x 10— 15¢—21960/T 2]
I{; production
RS | Hy +hv — Hj +e
R9 | Ho 4+ HT — Hy +H 1.0 x 10~ 15¢—21960/T 2]
R10 | Hy + Het —  HJ +He 9.35 x 10721 [1], 3]
R1l | Hf +H —  Hy +Hs 2.0 x 10715 2]
R12 | Ha +ep — Hj +etep [2]
loss
R13 | HJ +e — H+H 2.3 x 10~ 13(300/Te)04 [, [2], [3]
R14 | HJ +Hs — HI4+H 2.0 x 10715 (1], [2], [3], [4], [5], [6]
R15 | Hf +H —  Ht 4+ Hy 6.4 x 10716 (1], [2], [3], [4]
I{; production
R16 | Hj + Ho — H+HJ 2.0 x 10~15 [ [, [2], [5]
loss
R17 | HI +H —  Hp+HJ 2.0x 10~15 2]
R18 | HY +e — Ho+H 8.6 x 10~14(300/Te)?-65 (2]
He™ production
R19 [ He+hv —  HeT +e
R20 | He+ep — H4etep
loss
R21 [ HeT +e — He+hv 4.0 x 10~ 18(250,/Te)0-7 (1], [3]
R22 | Het +Hy —  He+HJ 9.35 x 10721 [1], 3], [4]
R23 | Het + H —  He+HT 2.12 x 10715 Estimated
CH{; production
R24 | H +CHy —  CHI +Hs 2.4 x 10~ 15 (11, [3], [4], [5]
R25 | Hy +CH,y —  CHJ +H» 1.41 x 10715 [1]
CHJ + H» — CHY +H 3.0 x 10717 [1]
loss
R26 | CHF +e —  CHz+H+Hy | 88x10-13(300/Te)?5 [1]
R27 —  CHz +H+2H | 8.8 x 10713(300/Te)?-5 (1]
C3HY production
R28 | Het + CoHa — CJ +Ha+He | 1.61x 10715 [
Cy +H —  CoHt +H 1.2 x 10715 [1]
CoH' + Hy —  CoHf +H 1.7 x 10715 [1]
CoHf +Hy  —  CoHi+H 1.8 x 10718 1]
CoHf +CHy —  C3HI +Hp 2.0 x 10~16 [1]
loss
R29 [ G3HJ +e —  products [ 35 x 10 13(300/Te)?5 | [1]

[1] Kim and Fox(1994), [2] Yelle and Miller(2004), [3] Matcheva, strobel, and Flaser(2001), [4]
Moses and Bass(2000), [5] Atreya and Donahue(1995), [6] Achilleoes et al.(1998)
e, 00000D0000000O00OO0TO Hy(v=4)00OOOOOOOO0OO0OO0000OD0 2000K00
O0000TeOOUOOO0OD0OO0OOOR290 products 000000000000 DO0OO0OO00ODOO
gooooboooboood

235 00000

goboobobbooboobodboobuoobboobbooooboo
O00000000000D00000000 Schunk and Nagy(2000) 0000000
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00000000000 Wiley(1997) DO OO0 OO

0A)0D0OCOOO0OOooooooo

1
Z2z2 2
vy = 127220t T

! (2.24)
Mg

000 M, 0000000 (\OOODODOOOOD0OO0OD0pt000sO000t000
Ooooobooooobbooo0ZzZ,0 z,00000s,t0D00000O0n,0O CGS
0000000 (em™®)000000MKSOOOODOOODOOOOOOOO

O0B)0000OD0O0OOOOOO0O00O
Vst:Bstn_tg (225)

t2

0000000 B,0D0230000000000000
0C)0000000000000 Wiley(1997) O O
Vin = 2.6 x 1075 (n,, +n;)(M)2 (2.26)

O0000n, 0000000 m3, M, 000000000000000O

023: 0000000000000 Bkl Schunk and Nagy, 20000 00000
S t
H™ He"
H* | 090 1.14
Het | 0.28 0.45

23.6 UUOUOLOOoooooon

gigo20b0b000bgoboboboboobobboobooboboobo
gboobooboboobobo R, 0boboboboooboboboooooooon
gbobdoboobobobobobobobobobobobobobonbon
gbbogboobuoobbogbobooboobbuooboooboooboon
gobobobobooooboboboboboooobobobobobon
0000000000000 00000000000 Hy(v>4)0OHOOODOO
gboobooboobbobobooboobooboobobobbooboob
gbbogobouogbboobuoobboobuoobobbooobbooboon
Ty =2000K0O 000
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237 OUUoooood

0000000000000 0000O00O00OSchunk and Nagy (2000) 0 O O
gboogboobooboobo

1/2
k:zi%x]ﬂ_9<g%> (2.27)

kO em3s 00000007 000000000000 2.400u = mem,/(m, + my)
00000000000000000000000 100000000000
D000000000000024000000000000000HO0 Het OO
00000000 212x 107 %m=3s 00000

0 24: 00000000, (Schunk and Nagy (2000)) 0000000CGSOOD
OO0 MKSOOOOOOOOOOm

Species  7,(1073m?®) Species 7,(1073m?)

CH,4 2.59 Hs 0.82

H 0.67 He 0.21

24 0000000

ooooooobooboboooboooo NOODO Sobobobooboonboo
gogbobbbbodooooobbbbuooooobobobbbouodmbooooon
U0gaussDODOOODOODOOOOODOODOOODOOOODOODOOOOOO 9,
Oo0o0Odborgle0 00000000000 ODOSchunck and Nagy, 200000

m cos 0

D, (r,0,0) = 5

r

(2.28)

ooBO0O0O0OO0OO0O0OO0OO0OOOOOO0ODOODbLOOOOOODOObOODbOnOO

2m cos 0 m sin 6

B=-Vo, = € +
r

€y (2.29)

3
Oo0000Oe,Oe, 000000 00OOOO0O00OOOOOO0O0OO0OOOO0O0OO
0000000 0000000000000kkmbOO00 1mbarO0OO0O0O0O BOO
0de=00000000000000000000 RROOODODODO 260000
DDDDDDDDDm:BQRg’DDDDDDDDDDDDDDDDDDDDD

2By R3 cos 0 +B0Rg’sin98

T

B =

r3 r3

gobbobooooobon

3
B =./B2?+ B2 = By <@> (1+ 3cos®6)2 (2.31)
T
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gooobooooboooBOUOODOODODbDOobOODOOOObLOOODODO

b E _ 2 cos fe, + sin (916,9 (2.32)
B (14 3cos?6)2

gooo
0000000000000 0b0O0oOO0drDrddOrsinfde0 00000 DO 2.300
ggog

rdd By BORrggSine ~ tan6 9 33
W o E - 2B R} cos § o 2 ( ’ )

r3

gbboggbobbooboobbodoboobbuooboooobbooboon
gboobooboobooboobooboobooboonoonooOon Ry
gbbugbbuogobooobboobbuoobboobbo233ubbagn

0on
0 r
/ [ (2.34)
x tan 6 Ry T
goodoooooooobn
2(log|sin0| —log‘singD = logr —log Ry
r
1 ing]> = log—
og | sin 6| og 7
RLO = sin%@
r = Rysin®d (2.35)

gbobooobooobobooboboboboLoboobobooboLlo
gbbogbogbgboogbbooboobobuooboboobogbbooon
googoobobooobobooboboobooboLobbooboloobon
Oo00ooooooboboooe=90°00r=Ry=LR, 00000000000

r = LR; sin®0 (2.36)

gobbbuoooobbbuoogobbbuooobobbbouooobbbod
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0 26: 0000000000 (Schunck and Nagy, 2000)

25 QOO0

O00ooooboooooDobobooogn Imbar 000 OkmODOOOOO
200km 000000 bOO0o0b0bO0o0ob0b0o0oobooobbObOoobDboobbo
O0000000000Grodent et al.020010000000000000000O
gobbboooobbboooobobbooobb2300obbooo

000000 200km0
OHOOOO1.0x10¥m0H,00001.0x 10**m30He00001.0 x 10"m =30
HODOO1.0x 10"m?00000000000000180K

(2)00 P=L,000000000000000000O00O0DOOOODOOOO
gbbbuoboogbboobboobboobooobobobooboboon
gobboboogobood

gbbogobodboobbogbuoobboobogbbbobobuooboo
gobboboog2yod 2800 2900000000000
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A B h 8t
- —
EZHEHEN
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2001) W

g27gboboboboboboboosgbobobobooooboban
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