R S48 2020,38(16)

www.kjdb.org 115

= AR =55 1 X E ik R U #0

2

SR, I, JEMEE , 4

P EERE AR R e 5 IR 5 , AL sE 100190

ME EPRE R — AR E BREE B o 32, 2% SRR A SN2 25 18]35 Sk 9
FE B S U AL DU R o € ) B o AR, s s ) R 8 T SRS B e i, L R o s [ 3
il BE K AR R i, — 38 Z M) B OF i R o BB T PR s A IR R b S A AR R R
FHOR A F2 2 S, B S8 2[RI D 2 W IO S AR AT R DR R LT B
I3 He 23 T A% 31 3 IR LA KA/ T 2 2 i 2 () ) o SRR U i HA SR M A e P R i 4 B0k
SO, 38T 1 AR S A 2 2 ] B e S D) | 56 R S5 ] /- X ) 3 AL A S 52 051055 o

KR 2R RR s bR E] ik b A AR 2

HMZE 23 )i 52 20 42 60 AU, KA 1 32
TR A E BRE B 7 32, B 5 2 MR RN A
NS T A AN A AR BE . Bl ARk A2
23 [ R R TG B AN 1] TR 25 A Ji , 25 TRl R Y P 2
WISy R, =S MR T 0 5 BT A ARE L Z 1]
Armh R H 5 2 o fES R AR R G, M =
VAP W 2 5 RSB, I s R AR A, b s B
TERAAA A7 RO AR FHE 5 IR B , 25 1)
BB IR W N TR A AR A [ B i A Gk
SO, ARk, [ 2 e R DR F & &
J& , E PR S AN T A D2 E 0 TS

AR B FE BRALIU R ) 2 T A 1 A 2R ) 2 RO
Bl

A SO UL A TR L ] s 2 1) 32 4K R g v
55 23 [ Rk R R A 5 Y [ P vk e HC o 22 i SO0
TR, I B8 [ P 2 [ A oA R R T U 1 B O T A
UEAF ARG A BRE TR IR L, B 5 Z AR O F2 2L
Br 25 2 I i A 1) ] P /A DX A AL
E SRR PP SCPRAE  JR 45 G A G ML Y S 451 55 40 2
JEE 3 [ L5 23 (AL RL 2 R R AR G R I R 2R T A T
MR MR FE A

Wk H 31 :2019-08-27 s & 71 H 4] : 2019-10-21

HAIH - ER RG2S R R S S R B L (XDA 15015900 )

FEE T A Sh bk, RIBSE Y, WET 07 ] g s I RHE RS A 4 5T, {5 48 - hanlin@casipm.ac.cn
SRS Tk, B, JEMEME, 45 28 [RIRME AR AR DG B i S AR 3 BT[], B T8, 2019, 38(16): 115-123; doi: 10.3981/j.issn.1000—

7857.2020.16.013

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



116 www.kjdb.org

R S48 2020,38(16)

— i P GETE K TAE g5 5 AR
ﬁ?*ﬂ*m . ;%Eﬁ “ ME@.FT S ()R R A 1R

* VTERZRRR FEFE 1 RT3 B [ BRs )k 2, B 4 R 4
1957@10)%4 H 8B A S8 1V BGE T T il AR 23 8136 3 119 54 [ R 4 29940 FA4Z 0

B OREAEHEA T AL, X —R R
T E bRt 2 e BE O, 1958 4F 3 IF Bk A 1]

HoAsE, Horh O 45 R M T A1 2 25 18] 445 H
BRFNHAB AR 20 I ST S0 ) 24 249) (R AR KA1

REFE N TIRESNEYIRR A S e 2 TR B RA)) RN SINES AR AT . XA LIRS
WEFE S AR H A, REE RIS E — S B — DHUE RS R SNZ 23 18]35 3 19 2 AR 15 )

H 20 22 60 FEACTF 4, BRAT Y [l bR as
BT o

23 )y 2 2s [ R T N2z (R R &R 1 8 &
B WA BR = ) AR X G2 RN LA AN TR) , 0T 43 Sk [ B

[ 32 o JEE

F189 38 38 8 22 310 [ s 2 249, [R) IS S ] o 25 [ AB 3R T
FEAMERL, KA FEHEZL T 2 i oA 4 25 (8] 45 24
(CERDE)GUER LD CEIE A L) (A BRPIE) )

FIR 2 DR CAE AR 2 AR (A1 258 2 29) Y S AR TR

2 (A LA E N S ), PR A R4 EERRF AEHORE . B T, QS R4 A A T =%
A AN Z 23 18]35 SR IE A PR iE O BUUCRIHRI R 7P . AR HRS E 5 I Pras ) 25 24
R, J T I PRk B, T R R S 2 [ Y %Bﬁ\i?%ﬁ?aw TO4FAR, ) [ B2 18] Sz 9k
KF o ALFLLTHPRAERRERMER : FPras ] B TR
I E R Z AR, AR E R Z LREHE; 2 ] e 2 IEMA/{EE?E. B PRt 2 7 [ B s o] 22 1

A5 B AR AN 2 i — 1 [ S A O s
T EF AL AT 2 W] 2R AR LE , BRARA T
7 TR Pk, % AR 4 2 R AR C A R TR, [

HIE A BA R E YT AHBE A PRATROR
AEFR LR Y I PR3O, I FE Bt 2 figp ks 8] 7% 3 o
AN L BT IR AL 55 Sk, R BUE X 20

25 (R 28 =5 0 55 M 25 TR 7% 0 00 [ Br 45 2 B RN e A — B Y [E PRas [A) R0
AR STERAA —}hiﬂﬁﬁﬁﬁi
| «EmhEy
erppay  BEERAERT
ERAGH Zih ) cmiagy
Bl | cHsBE
e EK S BRI ERSE
W
WEERAZ
Sl 5 TR TS 5% AR
s

BRETERERE: SARM/ER

] o 2% TR i

SAPR 243 f

FE P 2L 2 i a2 IO

K1 [EBRzs AR R

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



(C

©)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net

RS S48 2020,38(16) www.kjdb.org 117
AFEECE EAEZL T A9 S AN R /E T S APl 2 K Jry (NASA) AH R il % T (NASA F2 7 P 2ok ——

ANSCAFLA K T o 4 2003 2ok 1 T o s [ 4, 481 an
BLAS (8] 23 6] 8 7 B 22 5% 25 (TADC) 38 1 114 € %5 [1]
wﬁ%ﬂ@ﬂ>@%%ﬁ%£@m)@ﬁﬁ@%

Z1(1S0) 4538 o 1 5 25 A C bR iESE o bah,
%Alﬁ¥ﬂmﬂf S )25 5143 T 2019 4F 6 A 38
1 B CHINZE 28 [R]0E Sl ] 22 1 o ) ) Sy 25 @@
S ECR FAE BEHELL 25 Rl T & 4  E R A1E
FrEE BF SRR L R T iR 3,

i RGP E PR s AR R [ B s ] vk
5525 () Bh A B AR A O () 75 13 D0 2 5R ] 32 B4
FLLF 7AN 7 SN2 S ] B R R A A
1A Z 2 R O A IR R SR B R A2 %
[i] At B LR B MR 10 PRI 5 5 249 6] g X O I8 2 R
TR AR BUR AR ZUIT 2 1 4023 10 sl R 0 [
huﬁfﬁme%%ﬂﬁﬁgAﬁaﬁ%lﬂL

235 [E AR B AE  Ah 23 ERFR N8 57 A 4R R0 B B D
mkﬁzﬂﬁﬁWﬁﬁ@maﬁﬁ%mW%@%ﬁ
HL R D M FH 45

2 5ZAMERFHEXHERHS

FPLE RS
21 ZEBAEEZ

FH I G [ 128 B CRPE R A2 28 [0 2 A 28
TR D 22 7 U] ) IR0 TADC( 2 [ e - Uk 28 45 g )1
R E X, 23 ) A Fe kB s TR KRR
BT ASEAE R S DA, a6 sk e fngl &
TCo B A% 2 M R s 2% ©OF il — RIIAH
LA S L A B CRPER SN2
25 ] 23 1% 2 25 AR R D88 M U ) L TADC( 23 [
I GEHE A ) L R A B0 B OGS e e 1 T3 2 B 1 2R
P I 8 A A5 Y K [ B b o AL 4 2R (58 (R R 4
23 () B8 3R ) (IS0 24113: 2019) %50
T ] P /4 DX R A T T, 36 LB T 2001
A A0 A S il € S [ IO 00 R R ek % B o S B T
52010 4 A A1 B M0 R B ) 2018 4F:
R AT B (ZS MIBUR =45 2 )M 8 T 2 [ 6k
SR EIME  JEAR S S TR0 5 S I S A

RS 1l I3 A RN DA O A AR B B R IR EE ) O
B 201742 H 16 H £ 202242 H 16 H )™
(NASA $7 A b e —— B B8 % 5 89 R )F )
(2019)", B4 J& T NASA 55 i NASA %5 Bl il #H %
Tt H AR SY . BRI ZS [8])5) (ESA) F 2014 4F & 7
FRCESA 23 [R5 7 Il G2 BU3R ), A ESA A G H
HBELIESF S ESA SR FH WO A K A AL S A L2
(ECSS)Z= [A]if Ik 22 bR ECSS-U—-AS-10C!",
S5t 2 T, 25 (R R 9 2 [ B 2 491 8 DL AN
U0 2017 4F , 3£ [# Intelsat 701 Fl1 EchoStar 3 #f
Bk R BAE TR T T A BB R EE LR, 3T
HUE AR R T I A R 2 B8 BR'; 2013 4F  ESA
KOs AT S AL TRk Y H S 068 A9 2 v "R
D25 AR BR 25 [ R SC 3 7678 8 K BHELEA 3 25
ﬁﬁ%ﬁn&%kimﬁﬁ el
SR RES S R I YR RS = S S
., fEl%l@*ﬁ?@’ﬁ*ﬁﬂ%\_mi/f#ﬁ@%ﬁ%}:ﬂ:é’l‘
2R AN K R, 1E 2018 ARG EAb s TRl
FEEAR /NS 55 S, NASA BB R i s R
2GR T A A R BRSO 2017 4, MR
EEANF10 em EE RO SIS 1.8 )75 A
1999 4F- DIk | [ i 2 ] 3 Shy dhk G0 h 0 4 - lf 488 S
Jiti T 25 RALS) o S& 25 (A1 I 9% A& A He it 1)
IR RIS E A2 ARSI E N,
L s (A R 3 B4 28 () PR 408 5 A DG A I A
PRI 223 [A) R it b0 5 %) B A 1) 3 A 8 1 il B2
) 58 35 7] A0S 30 A A [ s 255 (] 3 2 AL E 9% 1 44
Ji] 1S
2.2 HIEHEEFEIFIA
BB A2 S0V EE 1 .2 F1 6 4R T 5428
GE VR T e A FHAH G A SR - i A [ R AR T LA
wﬁ@ﬁﬁﬁm?%ﬂﬂm%Flﬂﬁﬁl%T
u&ﬁﬁiH%Fﬁﬂﬁﬁaﬁﬁﬁaﬁﬁ
WREURERIT , i AR BN () BRSO LS Z
3@%@mﬁﬂl%fﬁo%%@@ﬁﬁmﬁ%
HOH BR O B R B R 4 A A [ 4k R =
— JELIN O R AL A AT AT [ NS LIAT AT
o8 A BRI O 5 A BRI SR s R T2 B AT



118 www.kjdb.org

R S48 2020,38(16)

A 43wl T ) [ SR BE IR I AS I A A o I 5K (L
JF T 8 AR R I PRl 20 | 1 R 21 21 sl AR UM SR 5k
ATAA] H AR B 7= s —452 H BR E SR 8 R A TF & B
FIATA, #E N7 A EE YFE TE N 4R LR T & 1Y
] B il B, R 48 SRR 423 ) R 4 A
BRUMED -

3 RS RO RS TF R T 4h 28 BRI Kk AR
FHEYE NS . 35 E T 2015 4E 00 A S [ 7 b i
KEE Te4 S ) (H.R.2262) , Hodh i 4 3 Ry
(2015 7 i) 55 PP Z AR HE)™, 76 E PR b E v
BN AT A NS A KRG 7= AL, 51 & B K im Fil 4
Wo 20164F, 3 BT 25 48 38R 5 A0 1F AL i
FBRYAES R A BRI #8A3 R0 38 Ao o 2 R 2
HI AR , b i 5 A0 8 2N ) A BR 25 AT 55 B Rt
TERF I O H R H BRI R 2 AR &R B ArdR
T, NASA T 2019 4F 5 F $2 1 “ Bl /R ek oR i~ (Ar-
temis, B0 H ) 2 A H BREER I, Hrh 45 R
NASA [1] J 312 35 £ S B0 19 1 Mk 7 3R 481 ik
55" /NBLEE Bl RN 55, NASA IETETF
1 —R IR R B AR G VEKAE” (NextSTEP) 11
R 5 e 3 ARG AR KA OC R B HE R ML IR 2
RO IT &, 03 NASA B3 IR ZS IR R AT 5%
B X NextSTEP 11 30] 1 Ji A7 3¢ I A1) F 46 R 3280,
NASA T 20184 6 H B AT #ELE ) 10 %€ EHL , 5t
FVBRAK AT 55 T R JE BT IR A SR AR AL 38R R T
5T,

PR ERBUR T 2016 4F ) ol 5 AR 825 [ B R
(SpaceResources.lu) I H , & 17 45 5 2% B8 € 1 A KX
N & FR] 2 [ G20 A vy, DR /INE T AL L
FF KB O E FAZ O @B L . 5 AR
2016 4010 (55 [ G IR PR R AR FHVA B %8 ), 2017
ARIE ARG 5, (45 AR R BN 2 BREE 24> (BN
S5 1A DUIE I QLR B AL 5 il X LT 2R 114 25 1)
IR A T A B E R

A2 GEUR T S AR B 28 1R B B s [ 5 A
] P2 [R] A 400 A A4S U, A FE R R E PR
ZURNFAN SEARTE P 04 [ Bk 25 %o A0 28 B2 R T 2 FF
KNG 5 H ARG 1 E PR2S A R R A REfE it
BT . H 2017 4F BEG E A 2S BARE &

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

WG T XTI RGEER TR AR )
A VR A s AR X ) 3 AR SR | A o 7 B ) R
Hhas (R A 5 R M) ASARE R O A TR A
FEE FPE A NSRRI 0 & 55 R
PN ST 95 B ALY 31 BB AN b 23 W IR & T SR [ Bl
il R A R B S [ A I A S A 2 T T F
HhaS BRRIG P T AELLE T 2017 4E il 22 ) Ah2s BE R
15 ol [E PRAE Q2 K B 58, B RS R HE SR 9 i AH
K= A Em ™, HAnE PRt SR AES 1
“ 3 E v ik I E PRYE T I — B L, 45 B TR
5T S AR FH A ) 1 25 R A W
2.3 1TE®RP

A B (O 2R )50 9 248 T IR P IR BRI
Dujer R R 45 4 2 N AR GY R R S Z S (]
(B35 H BRI A R AR ) Bsf, 17 3 (5 HL i =2 11
15 Y, LA S b3k DL AN R P o, A b Rk AT K A )
HIARAE o AL | 4545 24 [ R e H SR BGE 2 1

] s % B BfF 5% 22 Bt 23 (COSPAR) T 2017 4F JiE
WA T o T B AR BUR) AE s R AR R
WG DL AN A )75 e DG RR Y 1 B o AR
WA R E RS % LA IR RIT AR A E
(Ohas ) IEESRDT R AR HE H bR AR A=
AR TR AL 2 AR 1 AR G B SRS Y] i 3 ALY
SR, LA AT 45 B 28 A0 (il an R 3 R R BEIR
1) K23 (AT 5500 R 5 28 B T A% B B N ) 1Y)
TR ELR

NASA &1L T AT BRI A%, LI(NASA
B 5 A —— 2 SRR 147 B K 2 1 A 0
) CE R 1999 4E 2 A 19 H £ 201948 A 19
H) BB UHE 747 B AR B, DL(NASA 72 )7
PEFL R ——TC NHWAMT 55 9T B AR R ) (A 3K
H1:20114F 4 A 20 H £ 20194F 12 A 20 H) B
8 T AT B ORI R AR, 33X S S S T
NASA G HB A3 vt LB AE A ) b 2 17T 19
NASA & [F Ry 45

ESA B [ TS TAT BRI, il 747
BRI BUR 2R ESA S 5 TA  UITIE S L A0E
PEIZ AP BOR o ESA il i 47 B AR 2K, SC i

http://www.cnki.net



R S48 2020,38(16)

www.kjdb.org 119

ESSB-ST-U-001,i& F T Fr 5 ESA 25 8] ©AT4E 55 .
h ESA 75 ) RATAE 55 $2 (A 2 7 DL S ESA Sy HiAth
HUAS RATAE 55 $2 (I A L F, ESA SR T W i
RIRUEIL A VEA LU 2 1 — R 50 517 BRI 5
AR AED 21,

FEAT BRSPS J7 1T, 20 122 70 47 £X NASA
TR 5 4575 R KRB BT 55 e ME— DU AT
B s A AT T RS T AT 55, A A Sy
Bril e 2 T 29 10% W4T 55 AR o “ I 25 75 KR
ERA BT T AT B TAE (B & SR LE
FIHF O & KA R AT 2 5 B NASA 17 2 7P
PN TN I 7T BT B R, T ORI
KB R BR DB, A BE 2 0 R OR [ B L
NASA T 2013 4F & A5 € K 2 20207 Bl 58 /N R
) X 2020 4F A5 K R 202074 55 A T AR
P EHI, AT % B NASA € MAT R Tk
GR e 0 — AT 55, BT R ™A% 1T AR
Jifi™, 7E ESA K R A A IR 2016 4557,
ESA A/R RS RLIEAR S T I R 20 B X
HEA T BN 2 Bl R B ESA i #E L 1]
VE ZRIEIE TR AT I B AR £
Tl it 7 A 42 ) EL Al A 075 UK s ESA i3 i B
R H Ay A 250V R AR AT R
PrEEsR,

ST, E PRt 2 B2 B 2 B4R R IG5
ORI B2 R it ) S (O ey R 1 2 1Y
TR I AR R E . 2013 4F )2k T (Na-
ture Geoscience) B 2 55 43 52k B Bl F FAifT &
PRYVE BRSO AT KR AT B R 15 0E B Y
[ BB TF T BEEY ., PINERFFFKIN , NASA i FT
AR R R SR 0 B T KRR R T HL
HERY T RO AR R T KR I #EUK R E
G 5T H A %) KR R AT 55 1 B 2 K
TR, B AR JR A48 kR AR 1 (4 2 i 2 R i
AT 55 N AR AR LA 0 R AT SR AL o T AT
NASA 17 B AR 31 I A 2 328 F1 COSPAR 17 & - 37
2 BV KR AT E B, R B AR A
{8, 5 52 AT B AR B, XA B AN E AR
T HOAANT] /D B 11 KRR 2 )35 YL A R A ]

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

AL TN I IR A KR IR A hE
FAAEtEar N B ATk o SR E R B4R T 2017 4F
12018 4R 55 Jm A A (Fr BR3P B4 F A B ol
SC: AU )R (A T A R P O i 7 o A A [
FIVEAG )5, A AR AT 2 OR3P BOR ) i
FEE AL RUSIX H £ 52 2% 19 K BH AR BRINAT 55, %t
AR ECR AT R

24 WMERSHEFESE

Hear B (O R 20) 5 2 SRAR I AR N A
JE DU, 2 AN aE i AR Al B 4 T
5 AR HABAEAT R it , JE41Z 25 6] (B8 H BR A
MR H o A P EXE T Ak Sy 23 A [ RSN =
223 [ SR L DT 7 B b R R T % 5 DA 1 42
23 [l IO 28 AR 20 DL | 3% — o HRTTE
[ P EAPAF o I P 5 K B A T B i R B
AR ) CE B e (53R B A 29) FICIC A AL ) 45 4%
JE R T IIARAMIE TR 73 B 04 [ P 2 249, % T Ol
SR HAE AR T (E PR E R A ZUE) B
TE , TCEHL A T A AR SCBIIE (L5 XS i 1k T
FEHUIE ) PO IR A ARG, i s% MR IR s L
WIYBIRLE & B AT . At B 5
CHIP R A IZ 23 [ [l B 1 5% {6k P st Bk L
BT P — A ] AT ) R TSI QA B 38 25 P 3 B A3 A
BB TR 1 L, SRR BUE A 620 -4 1Y
7 2EF RO LA 224k, - 1 s o 5 3 B 1 (O
2 F AL )

TART A DR P45 B M 3 P50 RS P AR 5 0
PR [ Pt 2 K SC TR A IR AL, 20 fH42 70 4FAR
BT Bk 1 BIUE A B FE PR S AR BACER
M TG A T B0 A RE T T2 Z A, Ak
FEl 52 it R U RO, RHE LSS 8k
B ER T 1976 4 A& R (P AFRE F) , Bk TH
Gt 2 b R U A A R T EAGE R
ZE TR TR EE G O AR A R
T M R LA RIS ARG O A BRI, i
F TR IS s e 1 AT B 58 FE AR i B i T) A
VR 5 A JZ= 23 18] B8 7 SCRTRI S DL R M B 1k
B PR M AT G S0, G5 B ST AN 0 s
R {5 10 TR R A 19 00 T 1 D45 LA SF R P b ke

http://www.cnki.net



120 www.kjdb.org

R S48 2020,38(16)

1 BUE A 7 ORIk " R I G A AR i
) E B
25 =ZEZDIR

WG B (O R ) B A 25 IE %3 1R
i T4t 1 A (A T R R R A BRI
T RAR T b 2 AR 2564 1 A o R R0y T, B
[ O TAEAM 223 [ FH A% 2 g 6 0% Js ) )3 FH 1
LI TEZS MR o AR B A & B R Ah 2 25 )
¥ dh J3 U8, e Bl T3 IR e Al PR R
AU Ui AR A A T A T 11 SRR 5 B A
CHMZ 23 (A1 A% Bl 7 U0 22 A HE 2R )%k FT A 45 ) 4%
Bl 3PN — RS ], 42 0 B XU BRI R R
SRES

5 [ 1 X 4 (8] 42 3 7 VR A vk R R LR 2R AR X
B, ©IE i CE PR R 2 ) RGeS A% %2
SRR Y ) I 52 B N AE B2 ) (% /5 5 5 R4 )
FICNASA B2 77 M 22K ——NASA i H & 4 iR 2
RYCERUN 201748 A 1 HE 202248 A 1 H )
6 T 2 SIS PR W T A% B A SR SR T R A
] 4% ) F7 5 2 A HLH, 2014 4, NASA KAk
B 20207 F 55 e 2 PR BE R M 25 ) Hiliad T ALY
“KCE 20207455 UK g R 12 K R, R X
R M A AR IR BT RZ ) ST S AR T
ESINNTEES AT

Bifi 5 25 AR 2T Bl AN W 1) TR 25 4 Jie , IR K
PHRE 2 BN A DL SRR S BRI A R T AR 18
FIVE R R ZS BRI (9 8 BERB R o SR T 25 Ml A% 5
JIUR A HLA XU, fe AR R M () 1978 4F &
A W IR B A% Bl 1 1R Kosmos 954 7E & KB N BA
SR SR BT B R TS G, YT, EBRIR
2R G SO R EAEFEIE 30, T
2011 4EFE RS Bh AR -238 B 42 77, B 75 1 /& NASA
RS B IRRAT 55 B FR R Aol i M4 48 T 28
() 4% )y 77 1507 FH A9 I 00 ) 7 5 AR A 45 ] 51 f2
B4 2 R IR A AR () FA S T A (R, o A A T R
BT O THE SN2 25 [ i 1A% B0 77 5 B4 Ji D) ) S X
G A as Z AR BE 2 U0 AR 1 8 B A U
26 UNIE

M B2 [ BE R, A e ii/h B AR

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

F L EEE ARG5S, HR T2 B H A Al A
ok A D 4 8 s TR O, DR e A — BB L T
JITAT ¥ B R T2 £ TR P SO R 5 S 55, % /T
B[R RERE ™ B [ Ah2s Ze ik /N 2018 4F
SUGERYE TR/ TR TG B, AE RN A
ST BUAT [ B 2 () A 10 A A2 R o
i B 4 R AR R A, 2015 4F BB A2 T 5
P FEL A B R K 5 A /N T RS /N T2 2 [ A
AR PR R ), /N TR I R Mia s 07
Sl T — 1 T/ TR RN TR B98I0 AL
TR 0 R A8 BT T A 46 1

TN TUR © R B TR SR e ) 2
L, T RA F R ARBUN TR
HEATRE S IR AF IS A T S IR AR
KA B BRI o RN TLE R i
AR A AL 7 5 | o JEE ST, 49 /N T A S F
APRPEC IR R 3 A 25 (8 R AR
55 . BMCKE  [E Fr 2 0 7 58 8 xRN T2
JOL T AR RN 171 R0 2 A ke AR N T
F2 5 A S TR 3l X3 TF I LR R AL A 5%
TN TR I IR 0 4852 B AL 45 16 (R 7E 9 1Y
FEl PRt e ) BE TR, BN 45 [l h s AR JEE 22
I 2016 4F A3 3 1 5C T xf /T2 37 glad T 1 B
TR B — e WSS B UL

3 HiRRER

M Ao 2R G0 A L ] o s [ ik A R g s [
BRARANTE N F 2L, R 5 = RIRE R
ARG B B Brebh s e SOR RN, A3 AR 458 .

1) A5 045 5245 B MZE 23 [ R M TG 3h 69
TR SR R o B, DU [ S 10 B A
LYo Y T PR s Tk AR R B R, 32 20 it
P2 ] 2 29 A B s () ik o DA & [ (oh s 2%
29) P %0 1 [ PR as (] 26 20 0 25 (R B2 R s R
T Z2IL AR B R o) B R [ PR s (e kAR
] e 2 1] 2% 240 (9 T AR S, 0 1 TGk A A
23 oty "R T A, X — SE O A AT T
P PR, 2 [ P 2 i pR 2 (8]0 21 Hh AN I 3 B

http://www.cnki.net



R S48 2020,38(16) www.kjdb.org 121
PR [) AL 1 55 SR 4 J Ak, 2000.

2) ZE[AIRE R e b s BEIROT R MR T A7
PRI IR MBI B U5 B 25 TR] A% 30 7 DR L B i
/N A R 2 T S ) R S R R U A AR Y
FEl Bebh st A BOE B M) RS, 2 i AR R R [ A s 2
AR JE S WA TR BUBT . 25 [ R P 82 AT R AR 3
A RIBLIE BT o B 23 (W) 3h 7 IR 45 Uk 2 282
AT B ] B 4% 2940005 310 1 G056 A RE 1A e 1
SCPFASERER 2R [l PR 12 A RH O i U K T it 4% [
PRI AR B LA SO 25 A 25 18] 35T H 13 552 it
AT, ShABEIRTT R AR N TR A 8
R A ) T [ ok J2 v o A7 4 e G, L
FE LB T EBRSLIE Z F, s R sk = FE PRk
MERTE T T e T T RS, X 2 5 s AR R
ORI 11 [ B A ik A I A i1 52 B R AT AR A7
e T2 R AR A S ER S %

B R E S R SRR B 07 %R 3L PR
S I AW BT (H [ G [RA R R b ANE 58
e, TS TR RV MR AN o s ] Rk R A Bl i
PRALINE B R =06 [ SRS A 55 1 2 55 2 20 A
LR H P BRI

1) AT PRz mE AR R A, B2 5
G5 AR G [ BRI B4 A R A 2 o L PR b
23 [ BHE PR A OC A EE 2 RO i PR B SROE , 6
TEARGOE AR, 1 i ol A e sl A5 SR BURGE
[, i P Bt v ] 4 T R A% 88~ ] B AL U 4 i
P& T, 4 5 A B R i A A S HL

2) SV W 1 52 S 3 AR O S 1 i 4 1t
LM FIBCR PR B . Sal T A G R 20T (£
At 5 ME A EOR AT IT , 3 o [ 2 1) A R ALK
SRR )45 THUZBE, i AR G ik ek U i, 5
FE] P LU S o 42, W 5 4 200 £ S 1 S A
a r E R 4 S 2 )R e R A 4k A R A B
PSS

£ %7 ik (References)

[1] 28, B, sk AL N2 L5 BUR M. Jbat:
B Tl s A, 2013.
[2] Z2H, . SNERZS LM JEat: 6 H b

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

[3] 277 F- . 21 tH 42 2 ()3 Sl i S i AL (M), b
A EARAL, 2016.

[4] G EAMZE 23 (8] 55T . = BRes (1) 2 BG E SR [EB/
OL]. [2019-07-30]. http://www.unoosa.org/res/oosadoc/da-
ta/documents/2017/stspace/stspace61rev_2_0_html/V1703
164-CHINESE.pdf.

[5] United Nations Office for Outer Space Affairs. Long—term
sustainability of outer space activities| EB/OL]. (2019-08-
20)[2019-08-20]. http://www.unoosa. org/oosa/en/ourwork/
topics/long—term—sustainability—of—outer—space—activities.
html.

[6] TADC space debris mitigation guidelines[EB/OL]. [2019-
07-30]. https://orbitaldebris.jsc.nasa.gov/library/iadc_miti-
gation_guidelines_rev_1_sep07.pdf.

[7] FEI B F R JC 2 L 3E A0 1T . X i e L T R 2T 9 R AR )
8 [EB/OL]. [2019-07-30]. http://www. unoosa. org/docu-
ments/pdf/spacelaw/sd/R-REC-S1003-2-201012-1PDF~-
C.pdf.

[8] ISO. ISO 24113: 2019 Space systems—space debris mitiga-
tion requirements [EB/OL]. [2019-07-30]. https://www.
iso.org/standard/72383.html.

[9] NASA. U.S. Government orbital debris mitigation stan-
dard practices|[EB/OL]. [2019-07-30]. https://www.orbital-
debris.jsc.nasa.gov/library/usg_od_standard_practices.pdf.

[10] 35 F E Z A R EEI]. HEATR, 201009): 13-20.

[11] The White House. President Donald J. Trump is achiev-
ing a safe and secure future in space[EB/OL]. (2018-06—
18)[ 2019-07-30]. https://www.whitehouse.gov/briefings—
statements/president—donald—j—trump-achieving—safe—
secure—future—space/.

[12] NASA. NPR 8715.6B[EB/OL]. (2017-02-16)[2019-07-
30]. https://nodis3.gsfc.nasa.gov/displayDir.cfm?t=NPR&c
=8715&s=6A.

[13] NASA. NASA-STD-8719.14[EB/OL]. (2019-04-25)
[2019-07-30]. https://standards. nasa. gov/standard/nasa/
nasa—std—871914.

[14

—_

European Space Agency. Space debris mitigation policy
for agency projects|EB/OL]. (2014-03-28) [2019-07-
30]. hittp://esamultimedia. esa. int/docs/corporate/admin—
ipol-2014-002e.pdf.

European Cooperation for Space Standardization. ECSS—
U-AS-10C~Adoption Notice of ISO 24113: Space sys-
tems—Space  debris
(2012-02-10) [2019-07-30]. https://ecss. nl/standard/ec-

ss—u—as—10c—adoption—notice—of-iso—24113-space—sys -

[15

—_

mitigation  requirements[EB/OL].

http://www.cnki.net



122 www.kjdb.org

R S48 2020,38(16)

tems—space—debris—mitigation—requirements.

[16] European Space Agency. Mitigating space debris genera-
tion[EB/OL]. (2018-11-01) [2019-07-30]. http://www.
esa. int/Our_Activities/Operations/Space_Debris/Mitigat-
ing_space_debris_generation.

[17] NASA. US space debris environment, operations, and re-
search updates|EB/OL]. (2018-01-29) [2019-07-30].
http://www. unoosa. org/documents/pdf/copuos/stsc/2018/
tech—14E.pdf.

(18] Z=75F- . [ A5 28 [ B R A G 4 [ B 2 18] 3 P ) et
WAL T EATR, 2009(3): 20-23.

[19] Congress.gov. H.R.2262-U.S. Commercial Space Launch
Competitiveness Act[EB/OL]. (2015-11-25) [2019-07~
30]. https://www.congress. gov/bill/114th—congress/house—
bill/2262/text.

Federal Aviation Administration. Fact sheet-moon ex-

[20

[t}

press payload review determination[EB/OL]. (2016-08-
03) [2019-07-30]. https://www. faa. gov/news/fact_sheets/
news_story.cfm?newsld=20595.
[21] NASA. Forward to the moon[EB/OL]. NASA's Strategic
Plan for Lunar Exploration. (2019-07-22)[2019-07-30].
https://www. nasa. gov/sites/default/files/atoms/files/ameri-
ca_to_the_moon_2024_artemis_20190523.pdf.
NASA. NASA Selects US Companies to Advance Space
Resource Collection| EB/OL]. (2018-06-01) [2019-07—-

[22

—

30]. https://www.nasa.gov/press—release/nasa—selects—us—
companies—to—advance—space—resource—collection.

[23] SpaceResources.lu. Luxembourg is the first European Na-
tion to offer a legal framework for space resources utili-
zationEB/OL]. (2017-07-13)[2019-07-30]. https://spa-
ceresources. public. lu/en/actualites/2017/Luxembourg—is—
the—first—European—nation—to—offer—a—legal—framework—
for—space—resources—utilization.html.

[24] R FSERHANZ 22 012 01 2 555+ e 2 DU
[EB/OL]. (2017-07-27)[2019-07-30]. http://www. unoo-
sa.org/oosa/oosadoc/data/documents/2017/a/a7220_0.html.

[25] F[Eif . PIFIh2 RO SE TR TR 7 — R EIT 2R
SR BTERECR AT EBR R ES, 2016(5): 12-21.

[26] Leiden University. The hague international space re-
sources governance working group[EB/OL]. (2019-07-
30)[ 2019-07-30]. https://www. universiteitleiden. nl/en/
law/institute—of—public—law/institute—for—air-space—law/
the—hague—space-resources—governance—working—group.

[27] Kminek G, Conley C, Hipkin V, et al. COSPAR's plane-
tary protection policy[J]. Space Research Today, 2017,
200: 12-25.

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

[28] NASA. NPD 8020.7G[EB/OL]. (1999-02-19)[2019-07-
30]. https://nodis3. gsfc. nasa. gov/displayDir. cfm? Inter-
nal_ID=N_PD_8020_007G_~&page_name=main&search_
term=8020%2E7.

[29] NASA. NPR 8020.12D[EB/OL]. (2011-04-20)[2019-07-
30]. https://nodis3. gsfe. nasa. gov/displayDir. c¢fm? Inter-
nal_ID=N_PR_8020_012D_&page_name=main.

[30] Gerhard Kminek. Planetary Protection at ESA[EB/OL)].
(2017) [2019-07-30]. http://pposs. org/wp—content/up-
loads/2017/03/7.-PPOSS-PP-at-ESA-G.-Kminek.pdf.

[31] European Cooperation for Space Standardization. ECSS
standards product assurance branch Q-70 discipline[EB/
OL]. (2018-09-12) [2019-07-30]. https://ecss. nl/wp—
content/uploads/2018/10/ECSS-Tree_Q-70-discipline(12
September2018).png.

[32] European Cooperation for Space Standardization. ECSS—
U-ST-20C-Space
[EB/OL]. (2019-08-01) [2019-08-07]. https://ecss. nl/

standard/ecss—u—st—20c—space—sustainability—planetary—

sustainability—planetary  protection

protection.

[33] Paul Voosen. With planetary protection office up for
grabs, scientists rail against limits to Mars exploration
[EB/OL]. (2017-08-03) [2019-07-30]. http://www. sci-
encemag. org/news/2017/08/planetary—protection—office—
grabs—scientists—rail-against—limits—mars—exploration.

[34] NASA. Report of the Mars 2020 science definition team
[EB/OL]. (2013-07-01) [2019-07-30]. http://mepag. jpl.
nasa.gov/reports/ MEP/Mars_2020_SDT_Report_Final.pdf.

[35] NASA. Planetary protection —missions[EB/OL]. (2019-
07-30) [2019-07-30]. https://sma. nasa. gov/sma—disci-
plines/planetary—protectioni.

[36] European Space Agency. Planetary protection|[EB/OL].
(2016-07-27) [2019-07-30]. http://exploration. esa. int/
mars/57581—planetary—protection.

[37] Alberto G. Fairén, Dirk Schulze-Makuch. The overpro-
tection of Mars[J]. Nature Geoscience, 2013, 6: 510-511.

[38] National Academies of Sciences, Engineering, and Medi-
cine. The Goals, rationales, and definition of planetary
protection| EB/OL]. [2019-07-30]. https://www. nap. edu/
catalog/24809/the—goals—rationales—and—definition—of—
planetary—protection—interim—-report.

[39] National Academies of Sciences, Engineering, and Medi-
cine. Review and assessment of planetary protection poli-
cy development processes| EB/OL]. [2019-07-30]. https:
/lwww. nap. edu/catalog/25172/review—and—assessment—

of—planetary—protection—policy—development—processes.

http://www.cnki.net



R S48 2020,38(16)

www.kjdb.org 123

[40] 155 . 5 [ AN 23 [ A% 8l 0 IS HT B9 22 A i T
& [EB/OL]. (2010-12-14) [2019-07-30]. http://www.
unoosa.org/pdf/limited/c1/AC105_C1_L313C.pdf.

[41] NASA. Final environmental impact statement for the
Mars 2020 Mission[EB/OL]. [2019-07-30]. https://mars.
nasa.gov/mars2020/files/mep/Mars2020_Final _EIS.pdf.

[42] NASA. Plutonium production for RPS[EB/OL]. (2019-
07-30) [2019-07-30]. https://rps. nasa. gov/about-rps/
about—plutonium-238.

[43] Ram S. Jakhu, Joseph N. Pelton. 7]z LA & H: W5 45 [M].
BEAE, 2B SR, 5 dbat: BB Tl A, 2017,

[44] B3 . FISFFHISNZ 25 0] 2 G2k it /N 2 A2
T+ & JE 2 R B [EB/OL). (2018-04-30)[2019-07-
30]. http://undocs.org/ch/A/AC.105/1177.

[45] International Telecommunication Union. Guidance on
space object registration and frequency management for
small and very small satellites]lEB/OL]. (2019-07-30)
[2019-07-30]. https://www.itu.int/en/ITU-R/space/Docu-
ments/Handout—on—Small-SatellitesE.pdf.

[46] /MK . /NTLR Y S i KA [T, H EALR, 2014
(7): 50-55.

Principles and hot spots of international outer space laws related to

space science exploration

HAN Lin, YANG Fan,FAN Weiwei, WANG Haiming

Institutes of Science and Development, Chinese Academy of Sciences, Beijing 100190, China

Abstract

space-related activities, including a variety of international agreements, treaties, conventions, etc..

As a new part of the international law system, the international space law involves a body of laws governing the

In recent years, the

international space exploration activities have witnessed a new upsurge. However, the development of the international space law
system is lagging behind, and the contradictions between them become increasingly prominent. This paper reviews the
international space law system and the main legal principles related to the space science exploration, and analyzes the
international law principles, the representative domestic laws and regulations and the implementation cases of the most
representative international hot legal issues of the space science exploration in the various areas, such as the space debris
mitigation, the space resource exploration and utilization, the planetary protection, the orbit/spectrum allocation, the nuclear
power source in outer space and small satellites, to provide a reference for China’s space scientific exploration activities.

Keywords space science exploration; international outer space law; Outer Space Treaty
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