@ Liniverse

N E
2024 F 6% 2 8

HEERE S R BD A A R e i stk i

FRE FER K BEH

MARMAEMRITERAFTRAT JbZE 100190

 OE: BARRRARKREORARAY, THEASAERIFARBAARIRTL TGOS RIZ AL AL, &

TMMIRE] ARGz A ST, AEAEN AREAd@ R

FORALTR, THAZEESERZAEDHIZOER, AL

R T ARORASMAKE ASMEE KA AR BRIZ ORI TRR, LERET AR LRFES LT RS,

DT AR RRBATH D BIE G RE, e 43T R F 0 g ot

AL T BRI A B AT e BRI A SRS AT AL B O ok

Fatbil, MPRET AT AEFTRGADBIZHALS, A8 TRARA A F ISR, AT EARESAFAR

RAATT BFARYE

KEEW: AN, MRS BBAM, TEASERAR; HAD

BEFE MR T A A, DR RN SU A AR A,
23 () L W) U AR I e WA E SRR, 25 B FAE
N GHTEARWT A TR COR . AR, TR HIAS [H) 3l 5525 [H] 2R
e i AR P RS e O T T R A 7 A TR AR
HELEAFRE ) BOCE R, AR HER . KRR/ N AR
BHRIT S g TR

FEIRARN BRI | £37 H SRS TR [ R ANTR K J
A —2 E AR fEAsk A BRI i R b, s s (A
1) A (R BEE ) | iR (RUER)
TEN B HIBRAE D) S A TR o i H BREE A2 4 A 25
WAL, WEHPIHNE RGEH U, Bits . &
AR HSEGEIRR LA R G 50 IR (i 2T
o RN, BRI R 0 PRI X AR A 1 A R I R Y
PR, Anfarfi e A BREEHAZ #5225 A IR R e A A Y 7]
B, SO A BRAEE B ORI —FR . PR, BERT R
S AR, Il H S R e AR R O Rk
HERFEH A AN 5 DR T OCREARZ ORI . 5351, BT
HOBRA AR H SR T B SR IR, A Mk A= A I
HEARBITFE SR S B AR T 75 o

1 Rt

IRWERe SRR

AR RV — ERE T E S, XERE
AR HHE (lunar regolith ) P HHEMTE K E 2 Z 5] =)
HREA: BiafEd . am Ry, Tk, hTA
FERRZER, A IR 4 i | iR 240 HIE A 38T
PG PR ) TR R R AR SRR

A @ HEAE H IR R EE, BER/NT%
T 1URDKRAYBORCZE A, — BN B A TE L Bk MABRE I
IR A S B A R A A

(1) JBIRES Sha s ( E2oNZRE | FHOS | s
AT

(2) Wweis (EZ A . RHCA . M, BREk
W)

(3) AR (breccia ) AR G HEHUE (agglutinate );

(4) as CRAR NS AT )

(5) &/ (CRZHER. 2K) ;

(6) WMAEBATER

AT R AR 5K SR, A2, Wk 1.

F1 KBS ARTIEAM S XS]

Bk A4 A ER+HE
R TERAR . BERRER . BRRRER. LW, RARMARMD S, L | Rk (L 50%) . 503, 20, 21, -22, §R 38 %1%?
45% TECELOBRL OB HRL BR. 4 BRLHE. BELHDL B BRSE
PG AL B, BT, B AS, BUOROCES, 5 5% X
=5 i 12% ity Sk
Ko i 38% P

“ 68


https://zh.wikipedia.org/wiki/%E8%A1%A8%E5%B2%A9%E5%B1%91
https://zh.wikipedia.org/wiki/%E5%8E%98%E7%B1%B3

N
2024 F 6% 2 B

@ Liniverse

1.2 ABERRTA AR SE 1 S A

A ERASE 5 BRI AL G IR KA, H BRI A
VUil A A KT AR, BRI [9-10]:

(1) A3kFRZ LR AR T RS RN —;

(2) HTHERE S R sekny 1/6, HARE S AT
T B I 5512 T3/ N A ORI AR 75 5 9 F SRk Ay
o2/ R (TR e d R A

(3) ABRHHerh sy o U & A D i U

(4) WA KIFEE KI5

(5) BIEREAAYL;

(6) JIERRE T2 M. Z3LE5H, R H
MUNAST, BORREL, WRES AR R

(7) A &A KTt Yo, JLTPRA
FRMEYIIR, pH

A B (R A R AR B A K i T A K R, 8%
MM, 35— TR 9T A S S 15 R A ki H A d At
THTRE . 3 EEE P BRI A ST A BALE A BR 3 s
TR SRR, UEWT T AR AT LAAE T BRI ) Kk 2R
AR M SRR RI BT B 1145 12 SR 17 54T 55 1)
AR A S+ e A R I . G5, A e
MR T & 2R 100%, (HAEKAR, M2 204
Kb e, A KRS Bt B2 (BBl A SRl R o7 ) o
ZITSEUER] T AT T AME, (EAE YA ORI KA
P A (—Fp LR B RN 38 ) AR B3
I¥o WFGTETBAIED , A58 SRR R E A, A
b2 o bl kSl a 7 N E N B S R OEE R UTE Sva iy B/ ) I STENa
M TR R E .

2 R A iE

R A e —Fh & e Rl AR, B AR LA BRIXUE
SR WU T AR LR g R A A, 2 A BR
B i R Ak 2 0 i 12

BT )R, RERTE AR T A R
AFHAHAG TN AR H 7K, A T Kt
FORSRLA 3, I F 200 = AN R ER S R X A EAT,
B RIEE RS A, BAT, B EFEaERE
M JSC &4, MLS £%1, HAM MKS £7%1., FJS &%, ¥
ERY SSC &R, DR EREBER) CAS R A AT MR 240
W JLU RPN A e, JSC RIIBLH R T 1994 4F

H1 36 [ [ AR T s ) 2 ssth 23 (] s EHpAFR] . JSC-1
JE— P BRSO R X R LK, BRI 1H 4
LLUBRE 3 P9 LT 4 1 JEE SR 0K A R 8 LU R R LR TEARR,
L SR BT H I H Bk 1 T MLS RIS B
[ B8 s KA . MLS—1A & LUk 2 H 5 s i e 2
1153 (05 10084 ) (e iRAb A o1 2 IEmT A
HEBRGR AW R IR N RS 2 4s Rmsk s, B
JE T RESE 5 Bk 0 3R R HE R A2 AR M . MLS-2 BE48L H
B R ] Bk S T, S e b 5E rh R M
MRHC A ki . RIS R i A Y, MKS-1 #1 FJS-1 &5
JELL Apollo 14 R4 10U SE0E R 2 BRI A 7™ H R UBADUH 1
IR R BT A 1 e B R s L R T SSC
ROV ., SSC—1 FURIARXT KL, WL T A S ;
SSC-2 WUREAR AN, WILRYIT R A AR A 1L

B HATRIE, & E e e s # i AR 32
e pi " A AR, JF HSER TN R R
B4R AR A . i T AR AY SRR R B, EEA Y
EEXE A BEIEAT A AR R0 AR R FH ST A R 52 1
R H S BATVE I E A K I AT S s T, HAk 2oy
AR APy B 5 LS T 1 Y RERL, BT DA HE B
FOIAE B H Bk P Y UM

3 REM R SEMHIE

ARG AT RIK Sy, AT LA AR i 85 T %
AR, PRI H 58 T JEvk B RIAE A . R H BRI, A
UGG TER, DA R AE K TR R Bk
TR R R AP K SR
BARS ) T IERCRLZ Gk, TR R I B A L ey, ikt
LB S A AR R ) Fizs = (50K o AERESME
BREF RS R ER R R, FERRICE G2 K/EHTE
BLAEE SRR, X2 RE T 2 — S IR AR P
AR, AT AR IR FRIRY . o) Ahk Be R R = A HL
W 2 BURKRE ST BEARANBURL ] e 1 2, 3 T 5 Hh
Bk E VBRI IREE , (RS EIR

e -4, A W AE IR B - S D T
T CR BRI TR Ty R G AR, U Re S A
HEHIERE LS RGN, FAE R A T A 0 R
TR AR S AR I B WA, R E  HEhiE Y
U R P mT AAE i o Rl . 9% mH BRXUE

69 W


https://en.wikipedia.org/wiki/Regolith
https://en.wikipedia.org/wiki/Constellation_program
https://en.wikipedia.org/wiki/Lunar_mare
https://en.wikipedia.org/wiki/Lunar_soil

@ Liniverse

N E
2024 F 6% 2 8

JZ R U ER L R A S A R AR G P A A 2S5 T T
RAFEEAE

FOgAfoos T AE TR P AR KO . 8 AR
ZFT, DIUIRERHT e 0 A AR A ML R
GERSRW], MRARE N AR TR 2R Bk S IR AR
ZEAR, HEAY A BAERR T Bk L, RIS
Yite—E R BUGE T A BREIEAV AR . RO 2
N SO e 5 2 AR S AR R G R A LR Y
(s Y | NSRRI 4R RE LRI,
PSR AR A 2R, MARE/INE i KRR
AHUEY) B E R T AU SR LR

By 2B B oy L S R T AR A ORI A
J5 R ARHEAT Canorthosite ) BT HERE FRTk IR T 4545 1™,
SERMYRARZE, RUVRH A AT USRS T 7735 1
B, BRI, AERHC AT E3EM R AT 1A IMBG156 ),
Y4 TAHETEYE, RO 55Tk MY AFR
b, A SFEEERR TR I, BANE T IR
B IMBG156 AEAS ML R RHS & B — e on I e A KR
HAIET, SRR A KRR, W 1o BErss A
FERELL A HER R TR, R b s ek R
B, SRRV, BT R AR e R AR
P, RUNZEFERS T H R IR DR A,

B 1 FRAELAEMELTFR

TEARR A BRI UGS R b, RV RIS )
ke HAHLG BRI TE Y AU —Le A FR A P DG RE A 77

AW, ABARSERIT SR D rp AR 5 R 2R b0 R
CAS-1 ML AT T A A 1 S22 B AN B A
A BT UER AR R, SRUIRHLLH S0 s ek A= Wy A I
AR PEAE T . DUK A B A SRR RS s s 3 L

“« 70

TR A AL MRS R AERE -, 32 400 et 1
AR S RS UOESN BB DR RV RIS, SRR
£ Astrobiology 7% |, 2 B ASMY) Iz e, MSEHRIE
PRV eRt rp IOk A, BAHREFRFE 220 . HRTRE
TE A SRR I s A ARG R s fOL P, TR TE
A B A RGN A BORIFZ 23 18]

4 RIEEY RMKIEHk i SRR

HAHES Bk bR A E 22 5, I, R T
L RERS PR A A — AR B A PRSP ER R 55 . A HERY
FrmiAE T H AR L | WIS MR A, Sk= A LR,
DB F A LR PE . B, it 4y ] O 25
YICERAE, I BRI B A JEWOR 7 ) oA AR A
KPR 2, ez e, DR R A T B
2% IR A —2ET7 1k, B0 A SRR RIS -

(1) B HLs

Az AP0, PR PUEE Ba pLE (EE
FERFAR ) SR BEFRIEE ™, AR T[] i A AR Y AR VR v
fift— Loy Y BRI, T RAGE 13RS5, dRBHY R+
SRR ARIE RE

FIAFHUAL : 7EARARNIL A BRI RS BRil %, al
DA i — e A HUIE R Bk, JF B AR S B 1
o B B AR B A BRI A L)
i, BEFEHA B EATREAFE R A ML BORIE, WA & R 1L
¥, o i sy SNk A ) OSSR LR S R A
MMAEPIB. ZIEE A BRI IRIAGT, X745 il R 2
FRIRM A AN T2

FIARCEY . AR, FIA—LERERETE S PR
TAEAFRHERAEY), FFos e H R BRI BT, X
Sefp A T LU L S Bk R TR Bk 7 A A DL R
[ e e A HERYZE R FIAL T

FAEP G A 75 BRI % N AR — 2635 NP5 1Y
JCEEMY), WSS, WEESE, JPUCHRAI T EN MR, XLk
L FR AA AT L 28 aed g B A B AV S A HLAC R s E A
b, TRl E AT AR R IR AT LA B At H SRR 2 A

HERIH T, WO ZER | R HIt,
TEEFE RG] BT ks, 2580 %5 S8 HM A BREREE Y
WENTE . B IE R A BRI R e A BRI A s ),
PG EIRITER ARG, IR R R DA AT PR 7



N
2024 F 6% 2 B

@ Liniverse

%o ABRE—EMIREE R S, ATt H S o BT T g
AR E EFI AR S R G AE TG, Rl HERA
RS XL A R MR, o A 1 A 0 A S e

(2) WsE H sty

T SIS E A R, T DA A
e im SVERHEK PR, AT R IR AL T AT A A RIS
TR LA PR - R AR A 1, B AR S
F o REERZERI T —Fh AR, SR A R TER
ML EEFIE AR . A KR Tl b A 2 st F S AR B 3
RERE, SRR R A T kA A S R ARL, fRm T
B el DA LT, IR ARk H e RS54 S LI
SRR, R H A EE AR MEE TR, Sk
R, ERERS IR HErh i K o FIBTAA 2540, ke
Py AR

(3) $#fK s 55455

Y HErp i = AT LAY E AR K o> FFR Gy, DT
Yyef & K EAE 0.0001% ~ 0.02% Z 1], b b,
MELAFE H BRIFAR BRI, PRI T A S I R ek
PRALAE YL B K 5 o TEMRHIT . AR 0 B e 2 AR S 5
IR SRR . RRIRIE T RS i KRR R
B, HEE0 Yk TR T AR R R B A7 T RS 7
ME RG2S ST BRI R A AR SRR
Az A TR K . BIFSEATBABRIA 1 58 H BErh K2y mT A=
451 ~ 76 ZFK (B 5.1% ~ 7.6% ) ™ RFkpEA HBRK
PR ST R SR MG i, A B g e e A e rh =k 4y
A A AR

5RE

HEA 21 222K, BiRIEAS] “KHUREHE” AL
BLEH,  H Bk th B gE A BT &R B B, H BR%E
TR AT KA FHAERFIE SR AL TR B, & T E R4
B, WA 2RSSR -6, AR SR
GUR B AASERISS T, I SR S an BT

HERGERIF &AM AR T KB R i —4 Al
WINE I HE A Bk A ) 32 4 A A5 2B AR 2R G v 1) 1Y) DG 4
F53, R 58 B R B A B T4 2l B i b A= 427 X6
A MR IME ARG N, A3 BT T 7 e b oA bkl
P R ERILANY, IFE BT KA BRE AR iy
SRS PR R R T 0] o AR SCRGEHAERR TR N AMIFAY

PURLE A HE . e RAER G 3707 AR o0, JES 1
UTARR A I HESE A PR SE DF T AR SCERE , M RTRITSE
GERAIEN THE A BRAES AR R G, JEAA T H SRR e
Y nlATHY, S55 RUEY R R AT LAFE B ) AR E A
RGPz as, (R YA N T BRI E A S . H
PISERR R, S 2R SR A TR AL e oe A e B 14 2%
PHEZR, 20 T T ABCES IR LT . AT A B
FAEYIR 2, KRS RHBOKCFRR T, SRR LAY
FEIATIRE, Hoo S A 25 SRR R i R rh A T 2
A BRI R . 25 BTk, SR AR a2 HRA
WPERIES, T BB HIREZMNRERT M, JEABHREM
BB, BEE R AW AT A BB A, A
R E LA AR R IT R AT

SE k-

(1] 2R, oh5e, FEKRE, 45 . AUUA Sk i dn s
AR SEIR (0], TR, 2014, 20 (6) : 7.

[2]Mitchell C A. Bioregenerative life—support systems[J].
The American journal of clinical nutrition, 1994, 60 (5) :
8205-824S.

[3]Hendrickx L, Wever HD, Hermans V, et al. Microbial
ecology of the closed artificial ecosystem MELiSSA ( Micro—
Ecological Life Support System Alternative ) : Reinventing and
compartmentalizing the Earth’ s food and oxygen regeneration
system for long—haul space exploration missions[J]. Research in
Microbiology, 2006, 157 (1) : 77-86.

[4]Wang G, Chen H, Li G, et al. Population growth
and physiological characteristics of microalgae in a miniaturized
bioreactor during space flight[J]. Acta Astronautica, 2006,58( 5 )
264-269.

(5] WPH A 3 . H Bk A0S (M), B A R,
2005.

[6]Basu A, Riegsecker S E. Reliability of Calculating
Average Soil Composition of Apollo Landing Sites[C]. New Views
of the Moon: Integrated Remotely Sensed, Geophysical, and
Sample Datasets. 20, 1998.

[7]Mckay D S, Heiken G, Basu A, et al. The Lunar
Regolith[J]. Lunar Sourcebook, A User’ s Guide to the Moon,

1991: 285-356.



@ Liniverse

N E
2024 F 6% 2 8

[BIFREL, TR, JRyTase, 25 . Bgs A9 (£21)
A AT SR (D], A, 2022 (006) @ 038.

(O] 3 UK, tadmit, WMe, 55 . A SRR ATSEUERE (1),
Blegimz, 2022, 67 (14) : 18.

[10]Guo J-g, T Ying, H Gao, X Chen, et al. Surface
microstructures of lunar soil returned by Chang’ e-35 mission
reveal an intermediate stage in space weathering process. Science
Bulletin, 2022, 67 (16) : 1696-1701.

[11]Paul A L, Elardo S M, Ferl R. Plants grown in Apollo
lunar regolith present stress—associated transcriptomes that inform
prospects for lunar exploration[J]. Communications Biology,
2022, 5 (382) : 1-10.

(20, FHAS, AW, 45 . CAS-1 BHULA ()]
W HIEA, 2007, 27 (3) : 571-578.

[13]Marche C Q

< 9

Curtis J S, Metzger P T. Permeability of
JSC-1A: a lunar soil stimulant[J]. Icarus: International Journal
of Solar Studies, 2011, 212 (1) : 383-389.

[14]Hill E, Mellin M J, Deane B, et al. Apollo sample
70051 and high—and low—Ti lunar soil simulants MLS-1A and
JSC-1A: implications for future lunar exploration[J]. Journal of
Geophysical Research, 2007, 112 (e2) : 1-11.

[15]Uesugi K, Tsuchiyama A, Nakano T, et al. 3D shape
characterization and image—based DEM simulation of the lunar
soil simulant FJS—1[J]. Journal of Aerospace Engineering,
2009, 22 (1) :

[16]Brunskill C, Lappas V. The effect of relative soil

15-23.

density on microrover trafficability under low ground pressure
conditions[C]. 11th European Regional Conference of the
International Society for Terrain—Vehicle Systems. Bremen,
Germany, 2009: 331-341.

[17]Wamelink G W W, Frissel ] Y, Krijnen W H J,
et al. Crop growth and viability of seeds on Mars and Moon soil

simulants[J]. Open Agriculture, 2019, 4: 509-516.

“@ 72

[18]Wamelink G W, Frissel J Y, Krijnen W H, et al. Can

Plants Grow on Mars and the Moon: A Growth Experiment on

Mars and Moon Soil Simulants[J]. Plos One, 2014, 9 (8) :
19-24.

[19]Lytvynenko T, Zaetz I, Voznyuk T, et al. A rationally
assembled microbial community for growing Tagetes patula L. in a
lunar greenhouse[J]. Research in Microbiology, 2006, 157 (1) :
87-92.

[20]Konings—Dudin G, Butcher M , Castor—-Macias J
A, et al. Endomycorrhizal Fungi and Opuntia ficus—indica
Seed Germination on a Lunar Regolith Simulant[J]. Advances in
Microbiology, 2014, 4 (10) : 616-626.

[21]Setiawan G D, Treesubsuntorn C, Krobthong S,et al.
Using multi—omics approach to investigate the effect of a moon soil
simulant on Vigna radiata seedling root and shoot growth, stress
responses, and photosynthesis[J]. Acta astronautica, 2023,550-
563.

[22]Yao Z, et al. Bioweathering improvement of lunar soil
simulant improves the cultivated wheat’ s seedling length. Acta
Astronaut. 2022b,193:1-8.

[23]Wamelink G W W, Frissel J Y, Krijnen W H ], et
al. Crop growth and viability of seeds on Mars and Moon soil
simulants[J].Open Agriculture, 2019, 4(1):509-516.

[24] THE , 8% , BXREET , A% . —Fh H Sl KRR A i 4507
AN :CN202111521986.3[P).

[25]Xiao Chen, Shiyu Yang, Guoxin Chenet al. Massive
Water Production from Lunar Ilmenite through Reaction with
Endogenous Hydrogen. The annovation, 2024, 5(5):1-7.

EE &

ERAC1995—), 197, SENR, METTLAM/REETTA,
LA, AR TR R YRR R A R A, TR
Ui, WESETTI . ASRAEIRE SR, A AR


https://www.cell.com/the-innovation/fulltext/S2666-6758(24)00128-0

