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WA “IRATH 2 57 WATEEGT BRI T, AR R AR S B (165+5) K
AT (134+4) K (1 bar &), i K £ R F R B SIRES A8 (76+£2) K F (72+£2) K (1 bar
Kb), T LUK ELR O R TR A EAT R,

SABETREA KRS B EAT B8 L ok B RAT R 08 FE A A
A AR Y TR ERETE R B AR TS EAT BB AR, AR
i RZO KIS ET R, Kb i TR R i A e R R s
2008 4F, Bryden 2\ " W5 TR GA RIL, 22 b S s SRS T B i TR S AR
EHF . A, KERSASETREE e AR R FLRHLE T, Lopez
g NN R E RN R AR AIM; 2016 4F Nettelmann 2N~ RIL, EREE
BAAUKI P X AR S A A AN X AR — I P, XA PR — R g A
W, BT S MBI e

fE “HRATH 2 57 KEATEEMGERRN, RIETREMEGE RO ZIEER. Sk
RFRA, SHER. REMEROBSARKOAR T REREMEG T ER R
Y59 2x107° T, 2015 4, Nellis'™ WFFLRM, FEEMEG TR WIS BT RN
SRR R LS A, RN TAFRANE, SRS TAN SR B IR, X
ANREERANLTFUKE I 90% Kakt, WiRs 2o SRR A. SIEM I, RTEM
W SR SRR (R R 0 SR 2 A7 R W 9 ) 7 SR,

1986 4F “ikiT# 2 57 WHAEEN, FIHSHAEERNER T RERs BEEDRE
A s B T, 1089 4F “HRkATHE 2 B Wi TR, RMURILT 6 B LA,
IEXHE PR TEAZEU LIS T TR, 1997 48, )N "™ FIF
1990 4F DR ROV EHE, R4E R TR TEREHIRHT (GUSTS6) @i T —EBRTE
15 MEE TR E R EARZE SRR 17E 1999 4R H it 5 1) CCD & 47 & 4b
ok, AR TR TR EMERAS T 0.077, 2014 4, oA FIH/O5E
TR T AT T AW, AEREAF] T 0.17; 2015 4, Camargo 2\ ™ @it 40 H 1992
2 2011 AR ER, R ERK 5 BEE PR BEREERAIL AP, BT
KR P RZEEAE A AT 5K 30 B S — AN AR p e ™, b T LR B0E
SERTAIE 5T A PH B IO B R AR T By, R B M T S I 59 12 1 i KA 5 18 302
T 9212 A SR 5 48

X FUKE RS, KA & B AR =2 % AR S T 47 B AR AL (1
B WK AU R R RS B TR R KB R AT R IR A . R E R E R
I 5 RSP B T BRI B 2 T 5 /T 45 MR KR 30 7 2% ) B B4R AE,  Karkoschka
g\ SE A H R R AN R R A B AR, ORI T BT R AL
VIR AR, [ AT T P BT R B MR R KA A B R AT R
V. AL, DL EES S ", RGN B R CERA RSB R,
Hildebrand 25 A . Orton™ it £LAMEHE (7 pm ~ 3 mm) % K F B KBTS, 13
R ERKSHAIEBIR A HA (40420)%: Tyler 25 N ™ 5@t 4041 F T2 51 e 2 H $cdre
B3R T KS PR R AR BE R FE o 0.1540.05;  Conrath 2 A ™ 7 FH S Fiy 5 S (0 55040,
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SRS IR 2> T BE /R B, A 0.15240.033.
AR 2 3=, 3 AR UK BRI G R 0 I 7T 3k R A VR AR I TR s 2R 4
2R [l R AMK BRI, 55 5 B AH A 7T AT A R

2 UKEERSEHRIETT

TEKE RS, KBNS R R TR, — Bl AT 2 ol LS5 4 7
BT I AR AR T BT H AT RIS R, o Tk R A
VIR 9e R DL R R AN F I 0 R, AP HAEAT AT, 24, 2 S B Wl % B i i
58, B R UK LR RIS B
2.1 KSHEELEW

“HATH 257 KATEN T 1986 4F 1 AR 1989 4E 8 A kA FAEMME TR T, 3k
BT XFPKERRS TR, B “GRITHE 2 57 A S IEHITEL & F Bk E A
HEAT 7 oLk FHE SRR, 1530 T R T I SR A b B T P (L 1) TR 1 MY
BRTRFRE" MgFRE " KAOPRERHERELORmE, ©ute ™ ke ™ KR
e 3 o FE A A 0 TG PRI HE R VR B FTRABI R, R ER RN TR MRS B BLS5
TA BRI, R T UKE R KSR . K TR RS ESRLE 0.3~2.3 bar 2 [ {5 7 4
BEEEH (0.95£0.1) K/km, T AR KSHOUE T BB 21 K/km' , BIHNESE, K
SRR AR TR 53.1 K, W R ESR/E 100 mbar 245 7y R KSR B IELE T]
B 517K, XSRS 130 mbar 245 T REEKSEF 1 bar (258 4 418 R IE
IEHE N (2555944) km (Reoq), fEMRHEFHE A (24973420) km (R,), HAHZH ((Req — Rp)/Req)
4 0.02293+0.00080" 5 ¥ T2 KTZ IS HIA (24 766+15) k. (24 342+30) km, Hh%
90.017140.0014 . 1 LTl LLE B EE AR LR EEEBIE R, XM %21 E R
HERMBEEAR, BEE R T R R R,

KR ANE T R BIAREAAR G I G B R KA B, OF ELABRRAE h O IR B 4T 2 LA
ety ", IR G0 S DR A A R K LR T S e X 2k g A . 2RI L
AR, PISK B R BUE AR RN AT B A SRR . IR kit
2 57 BINIIEE, KRR R RRLE R AN E JR AN R A — AN R E LR,
BAS T gk S AR SR TRl TR AR TR R T 5 AR R,
a7

W TR KR SEARFRGE (E58) MEEEARBRS 2SS LE 2), ExhifE L
EEERERE (39 5 mbar) 2 RIFEEZ MM IOBE &Y, il CuHy CoHy. CoHg
a5, BT K BH IS AME ST A e R s 7EE 309 1 bar X IR R 14 km AbAE7E—
A 2~3 km WIS R 22, FEIXAS X 38 FF 5% £ = P2 I 2 B A B R A 5 AR S
FERIHEE ™, TERIRA 1.9 bar X2 Z AR, FARIESLIAS 0.02; 78 KSUEN
FER AN AETE R TR AL S BRI RN AE T EAEEE N 6.3 bar
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REE T ORI CHRITHE 2 57 KRR Y, X R R E TR KL) 1 bar KIZE
Z b, BRI EARAE 0.25~0.35 pwm Z[A]; 75 KRUZEH ST 900 mbar [ X847 7E—
NG EREE, 2RI EERA 1.3 bar &, HLHEE RS 0.027. 2011 4EH,
Sromovsky 25N 7 5 “HRATH 2 57 BIEBUR AT N, IFAR TR RS E B4
5 NMBKREAR, & EEREFREFNZERE, EXREFAE 4 DMRBRE, 75
FEIRLE 0.1~1.2 bar Z I8 EEXHRE K. 1.2~2 bar Z 8] Z BN EEZKSERE,
DL FEBR KT 2 bar HIEEMRE KR 2013 48, Tice A ™ I NASA HIZLAM R4 %t
RER KA 0.8~1.8 pm HFIELLAMEIE AT R A, 45 R BoR R T B KA B S W IF
ERDNHER DR, EEEMET 1 bar B LEXBAAESZSHE, ERMAAEECERNR S
JZe KT RTEBHE B4 2850 AL il B0 e
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SRS BRI E, L, EARE IR SR E N, FEE WIS,

2.2 ASHEGERE

FAKSEATRE—FE, WKER KR SWARTE T MR, BEZEFE A5 R 4, R
S S [ e ) KR 2% AL R AR R AT 6 LR T4 HE 0, (R UK LR (9 4 1 R 5 Ak AT B AR AR
KIZR (K 4 FR).

KER LR BB Z R RS sh7Ee0B b g ™ &9, RSP R
CEIFRGE, RN T E AR AR, 1991 4F, Allison N A “IRiTH 2 57 EK
TG RS B BRI R R R i A M, 45 5L SR o 1 KU P b R . 1998 4F
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Karkoschka'™ 7 U 281 7 10 B8 4% 41 355 51 ) s o L BE ST 40 A0 IR 0048 R T S R4 1 JRL 5
W, R ALEERM M 3R 52 A0 FR. 2001 4F, Hammel 25 N ™ B8 %) 2% i) ¥ i 4% £ 4F
Sk B £ 4 5 L v BRI 4 2000 AN B 45, B RAS IR Im NS CIRIT 2
57 AR RERIEAR 7 A s H2 A SRS AT L DURT R 45 R /b — 128, JaikifiE X
RERRTREKSSE AN, 2015 4F, Sromovsky F1 Fry'™ il ¥l 5 [ A T & KK H
1) 70 N o ST T, HEA M ETEM “GRITH 2 57 MR R EERRF
(Rt i KB B 21 60° N

fEr AL 20° LAl RF R KSR m# AR 05 ERFIELS 50°~60° Z [A] 2 i
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ZIAZE D AEAERE 4 S e B () B R 60 (SR , 0K A R A 2 17 6 98 8 K20 2 700 km, B &2
ANF R RRARE KRS E R T BT R 98° [ A LKA 84 a A I,
S R LA 4 BB SA BE ELET F BRF IR] K 40 a, 30 455 75 A B B 4 TR T AR K I B
BT RARAMIATE ™ IR “HRATE 2 27 M5IE, Pearl 25 AHEE A TN
S ORI S A B 48 S £ B B A 1.06420.08"™, I ANGE SR U A K T KR Bh ) 2 3 R
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FARFEERAE AR EE—5



294 KX 2B 35 %

6 = 245 n) AT B 45 0 1 B LI E S, MRS EAT R (ORAE. L&) 4im R EJE K
BL — BLARAEAE PP R . 32 I B XU BRI 2 R R AR A A, 3R Z A N 2 1m)
JAFET 3R B 35 5K E R BH O A7 22 3R 10 B4R S N Bl = 2 /KR A BRI 34, R Bl &)
AT TE M /N R (R IE (RUER) A B 28 IR BRI HOIRFR,  ERZhi )™ T I 2 M7 M e
AR SN 7151 Taylor-Proudman P8 H &, TEAT 2 T R AT IR M 4% it 18 ok 3 30 4 8

YUEEEPKER (REE. BEE) NAEMRSSESETE (RE. L&) B xmn,
X P PR R 0 SRS TN A, (R AN DL AU 2 B SRR 31 1 B [ HL U ) SR o
TER BRI, Aurnou 25 A ™ R, 3Tk B EGRS RL LA I, RERAET
MBI AREIRR, A5G UK ER LR AR, T Glatzmaier A ™ WK, £
SRR AR AEAT B ROBE b 4 dep AN AL 2= 3K S o 1) B = 3K P 200 K P A AE A G PR M, [T T e
T — B B3 B 5 IR AL (AR IR EBEAY) S — ke 1 JRIE 26 [ X7 1l AH B <
Sy WEIORIN, RIS ) ) 7 TR A R T BE B AR AR A it 2R i T . FE TR R AR YR
#, Lian 1 Showman™ MHiAK, WKEES5SEETERTHZEHE KKK S BRGERSH
FRIE L 0] R T7 [ AH B 2R, vKER RS A I 5 2 7KIRAE A BN I 2 BT8O 2 [ AGE,
N8 3o 8 UL ] 2 FSCTE [v %) 7153 2 ] JXe

VKB RS 26 m) AT DL R B 45 B AR AR 42 2 i S RSB 1 B LS4, (H 2
TH DA RN TR, Hedld R = R s R E S g, ST REEME, K<
TR AR AT WU B) LU R AR, K22 SR (R Al 21 40k Bt FL b A7 W, (7] B 75 BEAC I (1)
PREZUI ;T A TR = S5 AR AR R, AR MR AR AR 3R AT K B TR P R R N
RS AR ZEBOR,  [FI I 0 EEAS R0 IR T4 B, IR T B R 46 n) XU A 4
ARk, A AT REE T IS iR 22, WA TREE T R EE RSP E S KA T
B, RAWERERF TR REAE, DAL SR ] B 0 SR 2 £t
2.3 KSPFHBEH=ER

MBI CHRATH 2 57 MOBFEG T AL, BEE LEAREERNEHS, Hof
BRI EEH SR “ KIEBE” (the Great Dark Spot), 2 &R B 1 7351 o 20° F1 30°,
AT 20°S, BEJE SCAHAKAE 70°S KL T “BMRIXAZL” (the South Polar Feature), 7E 42°S
KIMHE “WRE” (Scooter). TE 55°S KIL T “ZH —HEHE” (the Second Dark Spot) Xt
BRI EAL. MILTEER E2EHRA, REERSMHENTH, “RITH2 5”7 VE
35°S(Hem 44 S34) Al 27°S KILPIAN AR BIS2 450, EATRFE— NS — AN IR B T 1R
K RE Y,

Sromovsky % ATE 1993 5 SR GRATE 2 B EHEE TR RS RS
GDS. DS2. “Scooter” A SPF &&#EAT T2 122047, ik GDS il DS2 AN[A] 4 [ #2
REAEMTK, IEH S R R ZRE) &, H 2 B &5 & i iU s, oeiiAs 3] —
ANPEME MK WIS LK. 2013 4F Kaspi 2N ™ IR E 2R EL 15 03B RS
N 152850, RSB IR HIE R ZE N (R E R RS 5285 & 20% K52
KA, EEERKIESEHRE 15% KAMNZ RS A AEE L) 1000 km 1976
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M. 2014 4F Trwin 55 A RH e 7 R SC 63 19k B ot R 6 KA o B A — A
e S B HLAT 17O, FEIA R IZA R EE A H T = A 1), KR 2H 2R
LR — AN RERA 1 46 R 2 o FR VA 8 25 S8, 2015 48 Sromovsky M Fry' I FHMLIT 471
TR T2 B BT AT A R ARG 3 R SO e B I ER o R £ BRI S H R S34 4T T
125N, KIS TAE B DS2 1815, KRR IER LS4 m Kok th 8 KRBEMT, FA
N S34 A fg & T HEIE K2 i U1 (non-barotropic Rossby wave) JE o

X R B ) 2 2EL 2 ) 65 R RN RS R R AT A 02 1 AR AR A 7 22 5 R RO L ) B
B BT oK B RS 3l ) 5 g R AT DAAHEIN FC R BT, 5ef JLEAT 6 TS I 0 AT BL 7 i I 2 X
T AT 2P . O B Ros B A B s e P B E R, Hitk, P
TRITC TR B DL RGBS sh B =2 T = H 2 A I B 207

3 UKEERKSHI W

IKERERTEE T RENILE. RERIITR, @C No O S &% REHETTRMFE
HEURFERNHE R E ST BRI A 70, BT BRI A EEE . £ 1
ST U ETTRFEEL, TUEREEREPECRMFEHERREENAR, XBLHE
EEFERERNTREEMREFZ —.

®1 KEEAShREmEEK "
B } o RARE RERSEGT  WERS T
R RERANER  WERNOER e mmemrn BRI

He/H  (9.042.0)x1072  (1.1740.20)x10™"  9.69x1072 0.93+0.20 1.2140.20
1.85+0.43) x 102 67.5+15.8
C/H  (1.85%0.3)x1072 ( )x , 275x107* 85.94:10.7
(2.4740.62)x 10~ 89.9422.5
S/H (3.241.6)x107*  (3.2£1.6)x10™*  1.55x107° 21.0+10.5 21.0+10.5

3.1 Hx

1987 4F, Lindal A " FIF “HRATH 2 57 52 MIBOEIE SR £ 2 KA P A7 7E
W 2, o b bl = AR L, HARR F A ERENF IR A Y 0.04. 1995 4,
Baines % A\ ™ {5 W) 4T 15 R TR A TR BRI & K8 0.023, 3XAI Lindal
a0 T BB A E. 2015 4E, Lellouch 28 A ™ I FH ik BR S e 8 00 e, @i
SHTH B MiERE 2k, 3R TR RACFRE R EE RS8R h 9x 1074, g E R
MEFRIREFERE R (1.15+£0.10)x 1073, HEY, HTEDHARMEIR, R TEEMETE
KA B I 50 1 BRSO EAT. Bl 5 R AR IR B B AR 2002 AEHIREII R ER ™
12003 AEARIEERE ™ B R4 Bk, DR o R R B I R OR S N B 3
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5 FIARHTELETFEREREINMRIE (Ba). BIE (Bb) PREISVEENE, MUK 2.16 m BiLE

HRFMREE (B ), BEE (B d) KSHREKEE 619 nm 8IS 5 RN

2009 4F, Karkoschka fll Tomasko' ™ i BF 4t 2002 £E 5 4% 1] 76 5 S AL % AX (STIS)
BRI s, RIRERRSFHENSEMNE RN S4 E KRG X A m, BAH
M 0.014 EFFZ 0.032, [FIR AR ILH GEfELh BRI S B R 2 R SR A HL AR AR A AL
2011 4, Karkoschka F1 Tomasko X R ILTE#E T 5 KA FEIE A b [RIRE AR E 20 1 49 A
A4k, 2014 4, Sromovsky 25N LB T 2012 4RI B A AL v E 0 A 1 0 B,
RIK TR RA A TR AR FR A AL BRI A B X 1 0.04 FFERIIL4: 60° 19 0.02, If
INNIX TR BRATAE — PSR HLE], FEAR SR b X F e SR B B e 2, T F e it
A EUK a0 7= A2, BB A A 4z 21 iy b i i 28 ) R B S AR S H X, 7RIS 3L R BE
P AL, 2015 & Sromovsky 25 A S TR TR LE 2007 4F Bk A4y SN A 3 23 A ¥ i
AP EIm B B, RIS e R RIS 45° X IMIFIN, FERFZE 45° Mz —2%
A IEE R, AT R SR R FHE R . FI4E, Sromovsky ZA ™ R HLH b
TER T B ACAR X 0T % 5 75 B AR X B 0T R AE R /ANFER B F 2 AL, 3 HA X Ao 12
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L RONAEACAR X 53 A1 B R /N 25 25 R4 8 B B R T = AR 1, 1T L R AR DX U A AR W
B A RIE S A5 B 2016 4F, Luszez-Cook 25 N ™ FEF-9| % 28 1 45 (0 HHE 4 i T
RS R AT AT RIE AT, RIUH e & 8 N EE BRI = 4 B IR A B b X T iy, 1K
— 25 5 Karkoschka 8 A7E 2011 £E PR IUAHTE, S\ il 1 2 RS H B e & Bl 46 5 B
R E A S K T2 R LS.

R e 76 R T B2 A T B RS0 %) 2 T8) 49 A AT AR 75 22 R SR DU ke 1447 58 ARG A ) 43
I H B R IX B A 7R — AN RO R R A ) AR AR AT R, X T T KE R
KA IR ERH B, @Ex Bk B2 LR & s SRR, T PR
PRIV B K30 7 2 S R R AL ST L
3.2 MR

1988 4F, Smith 2 A\ J@iLHF 5t HD (Hydrogen Deuteride) 7 6 050 AP (4F1E, 75
H R TR R TR T LU Ee ) B2 0.000 1. 1998 4F, Feuchtgruber 8 A ™ I 1SO
(Infrared Space Observatory) IR HE 58 — YR BRI R £ 2 M £ A2 L1 HD, Jf
AR TE R TR RS D/H RIEE) B3R 5.5732x107° M1 6.5722x107% [H—4,
Geiss F1 Gloeckler™ 78 T F#A1EE b D/H {54 (2.1+0.5)x10°, B LLE HKE R
iR B AL 2013 4E, Feuchtgruber 5 A ™ it Herschel-PACS [l EHAF] T Tk
W) D/H {8, REEMEEEER D/H E2 5N (4.4£0.4)x107° M (4.1£0.4)x107°, MFH
HUE A . [F4E Feuchtgruber 25 N ™ SR HIAT I B b iy g SR8, 73 TR E
AT REFATES TN D/H A, 2BI7E (5.75~7.0)x107° Fl (5.1~7.7)x107° L 4.

HLYE 1972 4F, Gautier 1 Grossman' #t R PUE I 4 HTAT B I LT AMELE, ] LA 54T
R Hy/He . 1988 4, Conrath 28 N ™ g5 “HATH 2 57 5 st B AR A 112 1
ZLANTIE B (IRIS) A% 2IMOBHE R (A e 2°N il 6°N /), 3H T R EEXZ
BRI EE R $08 0.15240.033,  FHM )52 330N 0.262+0.048. 1991 4F, Conrath %5
N R AR 77 A5 e 3 R S B R 2380 0.19040.032,  FSE AT 22 50
0.32+0.05.

AN FLI R SHe 1T UME RAZRZBEI D N KIR Mt R, HAt AT &/ H# b Rk 1
SHe [(A71E. 2010 4, ECH MG ™ M “BHk— 57 102 @ HodE S 8uR a8 h
H 4k 3He 19984 6.6x10° kg; 3He 7E R ER KA MERE ] 1.52x10- 10, ZHIK L4
I FE %, Carpenter 25 N ™ LUK Powell 2 A "™ #0452 H i R K T S 3He [H148
;2012 4F, Palaszewski M2 H T HFRK T EME TR PRE CE RN E, W
SHeo WMVFEAABIIER, NBFIHIKEE RSB ERHIEATAZ S ARG 278 B 5K

SMERRIGAT B BB, P KE R S R 32 B R T AU AT B I R
WK EESH, [FR D M 3He 2 HERZ AR H A7 m i3 BRI = 2R 7R 40 4k
WBGEATHY, AT FEENRMER “TRATE 2 57 MLLANRGT A RS 1,
(Rl , ARG 31 5 R B 1 B0 JF 72 AR SRR X LeAz g ikt , 75 B33t — B s r 480
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4 KBHRINKEAR

RYE NSNA Git-#d5™, HurciEil T 3 397 SR IMT 2 IAFAE (#k 2016 4 10 A 20
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Research Progress on the Atmosphere of Ice Giant Planet

WANG Cong!?5, XIONG Ming!'3, LI Li-gang?*, CHEN Ding®

(1.National Space Science Center, Chinese Academy of Sciences, Beijing 100190, China 2.Shanghai As-
tronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China; 3.University of Chinese
Academy of Sciences, Beijing 10049, China; 4.Key Laboratory of Planetary Sciences, Chinese Academy
of Sciences, Shanghai 200030, China; 5.State Key Laboratory of Space Ground Intergraded Information
Technology, Space Star Technology Co., Ltd, Beijing 100029, China)

Abstract: The giant planets being mainly composed of elements heavier than hydrogen and
helium are defined as ice giant planets. The Uranus and Neptune are two typical ice giant
planets in the solar system.

Since the atmosphere of ice giant preserves the earliest gas when solar system formed,
it would be great help to understand the formation and evolution of the planetary system.
Study on the dynamics of the atmosphere can reveal the structure, convection mechanism
and its thermal driving of the atmosphere. How different kinds of planets are ultimately

generated from an initial primordial cloud of gas and dusts can be explored by a comparative
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study between the ice giant planets and Jupiter-like planets. The Neptune-like exoplanets
are found to be ubiquitous from more and more exoplanets identified during the recent years,
which provide a strong observation evidence for planetary migration theories. The ice giant
planets not only play important role in the early stage of the formation of stellar system, but
also their atmospheric compositions are important parameters in the study of their host stars.

This paper reviews the research progress on the atmospheres of Uranus and Neptune,
including the vertical thermal structure, chemical composition and wind distribution with
latitude. The ice giant planets of the extrasolar systems are also discussed. Challenges and

future observation are suggested based on our current understanding of the ice giant planets.

Key words: planet; ice giant planet; atmosphere; composition; exoplanets
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