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1 5l

EREK LT E (very long baseline interferometry, VLBI) =, 300452 [&] 5 i),
RGN PR IEH TR K E . (A VLBI KT 2 TR R, B 5 me
TEIEANRAS, W AT 5 Hb i 552 (6] SEm B i i 2 (8] VLBI R4t (Space VLBD), RAfHiEKH
PRI, HETSRE S i A R o [ AN FE AR R JE A A) VLBI BiR .

PR b C Yy siit VSOP 5 RadioAstron P& 123 ] VLBI Wi H . HAT 1997 45K
Jiti VSOP (VLBI Space Observatory Programme) i H , &5 7 4Bk E 8758 VLBI L&, fites—
[ 8 m 4225 [ 2 i, WL AT %75 Bl 445 1.60~1.73 GHz. 4.7~5.0 GHz #122.0~22.3 GHz.
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Y . BT 2011 4R RIR-3F (Zenit-3F) 388 K HiTEFERN S /R R 54 K 4T RadioAstron
(Spektr-R), ##3—If 10 m 25 i s:, TAEMZE N 0.3, 1.6, 5,22 GHz. RadioAstron 5
R S 3 [ R 7 45 [ ) b T S0 B R D T 8 T 25t VBT W™, 61°F 7 VLBI fe K
FLdsx, KT 8 pas AT HEE.

s, BERNANESEE 1% 2 23R VLBI A SR, T ERER iR SCE g T
AR A 2 ) R SCIH o i, 7Erh EREREE A S AR H MR, =K
P B 721 VLBI 5% SMVA" (Space Millimeter VLBI Array), C.¥iFIEHFR 7T 2K
SCULIUED 10 m AR RS B2 B 3R] T RE SR BN . ARSI Y 30 MHz~1.7 GHz (173 [AIIK
PR RS T R TG 30 m R G S B A R R 00 s X A 0 R A
Bk R 55 i T R 2R S5 PR B e A A - VLB A1), ORI e 25 - i, AT (RIS 3R
15 13 73 B A 1y RBUEE

HAAE VSOP (L5 KM )i, #4738 — %58 VLBI Wi H VSOP-2. VSOP-2 H7Eik
—BRTHERE, REE SRR FH N BE T, SRS RSO R B 3 . BT
ZRERFE, ZBHT 2011 £50H"Y . 4k RadioAstron T H 5, %% Bkl 205 51 5 5 e BT
AT (P.N. Lebedev Physical Institute of the Russian Academy of Sciences, LPI) F# % i fii K &
(Roscosmos) F:[F A& T Millimetron Tl H « %50 H 1M RIS — G EA 10 m D42 5EAE
(RS A2 Spekt-M, S SEm A ST WINE RS, IR E A S PB4
i H CR AP TR BUR I IE RS I0,  FEAN 2016—2025 4F (B Hrpe iR i 5

UTAE R BEE IR A ERREIDGE, & E 244t 7 2 H BRIE(E SRR e B i, 3
BTN SRR NRTIT R H BRBHIHE B0 . 2020 4F, NASA N CFF A BRRZRITH Artemis 11X, #2
7 H BRI LunaNet 4244, LA 2 H BRI -5 B (0 540 53R R 2% 2 18] R385 75 5K - NASA
1E 2022 4FEHE H e H BRIBAE 4k 5 0T R4 (Lunar Communications Relay and Navigation Sys-
tems, LCRNS) AR, tHE&IE08 2 Bus 77 H BkeiE L PEY . BK% )R (Buropean Space
Agency, ESA) 7E 2021 “F#H T A% (Moonlight) TH, THRITE 2027 4511 5 £ BT FFEEH)
HEEEE MRS (Lunar Communications and Navigation Services, LCNS), & Jt&H “H
HREHRE” PR, MEEEHELMTE, HRIT 2028 EYHIETZASL" . AT
W5 K HLF (Japan Aerospace Exploration Agency, JAXA) $2H T HERK ST P2 R4 (Lunar
Navigation Satellite System, LNSS) (¥ 48, t1XRI7E A BRI E FIE EEE 8 B2, N H Bkl
L X PRI BSR4 38 135 A0 S A 25 o 3. WM. HIAR) LCRNS. LCNS. LNSS
RGMHE RS LunaNet HERMATELTE, DU DR AR H BRI He A 1%, LunaNet
BRI 2 R A 2 g B IR A R B . (X e BB SR ST H, 1 RALE 230 VLBI
.

i E A IEAE IR UE A T 0 BRIE(E S B SRR A R, CAE S 5. =S
LR HBRFHE, UERRE—5. KRB SR HRF42" . Tl A sEE L2k
R URE 2% () PRI T J 5 FB R SOWI — BL7E 1SR BT 2024 4 3 H 20 H RS ESH — 5
kR, R T AN S R -G ST S AR T e P 4R AE R 54N i T VLBL R
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ST, APEEM 4.2 m DRI KL, LA/ T AERUE VLBL 4 R4 (Lunar
Orbit VLBI EXperiment, LOVEX) . LOVEX HI il 4001 H B R AL £ um A il 7 45
— &% VLBl W& H i, 1XEE & 5 p 4k B R BF A BUE Sk & —ile, M T — /N H Bk
#iE VLBI MLsE"™ , 36t 7 R A BREAS TR JF 2 i) VLBI WAL (55— 25 . LOVEX
Refy SHLTH Y VLBI & bbb A TAE, JER—/NH-# VLBI &%, & B FEAN7E HekpuE -
SEHER VLBI I H , TR AR KRB . KA S SRS PRI 2300 52 PR 15 — R 51 R
e

R R S S F ERERINN TR 5K, TR IEAE 2 R B i 0 B2 AR T H 9N L B ) BRR ik 15
HY, RokBYRSZHHRPE L, @ H WTRE T, Sell 4 @ EEme K
X% AL, NG SR RIS SR AR SCE™ o %00 B 757 A8 ] ) PR 1t 55 P S 5 4
5 HEGE S PR R K A WL, TR 22 VLBL W™

VLBI ¥ R % 5 R R R G A A BOEAR G, T2 00A TR, Har X aek
KGN RPN R 235 N A BRAS (0] o #7423 (7] 2 TH /D AR R ZR A — AN SR K DR K 2k
AI$E ¥ A VLBI REGH R EUE, HEim5E s 23 VLB 2k

AR SC DA ] (G A0 T R R T H O R, R T PR T R R (R 1 T A ) S LA
HALEVEAS 75 AN A EEAHE wy FIHELKE uy KD X REHBSER I, K
LA B EIE BT TR FR A, S F URUAE 8 254 A7 E A s LIt B 2 K ) 3
PR, FELRBRK RS IR 2 . AR AR B i s yR g . LR KT 5 & AR 1o Rt
ITHBE, PRIT T LK R R A BRI 5 M, 34 —Fh R & BOSCR VRS 772 @
X 6 AMERNR LR 1) A B R AT 05 B, R A7V AT DA A b - Al R 2 B A WL AN () 2R Y
TR R 2R SR

2 JLF7E R VLB R A BRCR Pl 5%

2.1 Z[8) VLBI X% & k5751t

2005 4, Kovalev 2 N @it /)4 VLBA [ISZSHE, 154 T VLBI FEL09— (LT I
BEBEZ uv KRGS . e[| BT, fRATRF904 % T BL Lacs. Quasars. Galaxies
MIEIEE, RIUH— T IE (V) 2B uv KEE (ry, ) HOBEINTAT BRAR . 3% HLRT I RE 1)
MR R BRI A R, BRI, AP, Bom, REREY, 9
B A TR o o TR R 2R U5 B A S [ (R S F2 2, R SR S S [ WL 00 A 0
S, HATILEEBEE wy K B2 AT AR Ak B0 FE AN R

H AT 5 A W AU NER W EHE S 23 ) VLBI RZEHT uv KB REEA AR R, A
BT [l (256 56 ST R R 28 O I

R4 HARUSAE J M (AN R, TKE )RR 20 A 2 FE IR B IR S S U = R L e
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X UVE R NARIEREE, ME AT

L3 10772 — 1.92 % 10737, + 1.04, 20 < ryy < 200 0
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MG AT, iy REIFE 20 M PAEo AR X R R R A% 24 SO 5 T R A2 s
BARWEAF BN o A SR I Ha (1 B R 2R 2R 2008 20 Mo FRA 7, B SR/IMERESS
T ORI &~ SRR VS A R BRAh, ZS(a R EA N, JEEE WAL, it 20 Ma, A5k
X G AR A LR E . RAELLESCR, w KERMGET WEV M. XaFHRL
[ RRHERS RS, T S BRI n T . RS AR ST KR 5 A

n=f(V). (3)

R n 5V ZIRCRMTEM: 21V RE NEN, p 22 FE. ERIASIR
WIS 2, A n 5V ZIEERARMH Bzl = v=0 i}, 7=0:

n=kv . )

PATH R LRI S5 R AR RAE R Z I 5 ORCR . Bk HERZR TR Ag, B2 14
RE i S5, HXERE RGN A; -0 o A AR AR, 0 AR 5
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FEUE R L Z 18] R A RACR o SEHERZR T AN LT 25 & A R 2ot 2 48 2 B D R
LA U AR A, AT

A=Ag+ Y Aiemi . (5)

i=1

0 @) RN (5) ATEIAS:

A:A0+2:Afk%. (©)
i=1

i BT, BAMS RN T — AN TR B A SRR &R AR, 7
BARF, ZHkAERN—AHSE, HAUEZ R RETR MR AR0REni . Rgm s
BEEL ERRMWILFREW, SARMERN 1, FHRAMUGER KL A R AR TR AR 115
B, AN TR 28 s S R T A i B [) 28 A A
2.2 £F =8 VLBl WRZ&E I EERTE

FABEOLS, 775 1A] VLBI 75 (AR 2GR rh, RER - IA) B R B ze i o AHGHIR I A B 55 R R
NS G IR . SRMAESEBR WM, KRG RE. BAERSEHITEY O MERNR, &
{ERLEZ M TR R R RE SR 817K R R LA R

B E 21 WA, BAVEH 7w KES ARG REEMHPI KRR AR 2
KB, MBS ZE G PR LSRN, AT A 7 A5 BN 2 R 2B
BRI wv KJE. HAh, 8RB G R B2 J8 25 (0] R 2R B 471 1 R 28 T I 4 42U
ANEUFESHIEN . TRIREHRICARE S FER R YR RESGRIKIZITR, Aol e
T2 5L 2 1814 ) BRI RS R ™ o A4 ) R R 0 T S i R 2R LI 4 A R K T L
FE T e I DL RS G 0 I 2T SRR, AR S AT AN R B B R 2B B R AR B
F BRI OR R A I 2 .

B BERN oy O D AT RE R T R . BB 20, Skad i A3 A [R) R 2R R I UE Bds , TR
P SRR AERE N KRR Z) wv KB, FRX R ] M B AR e s 28 =20, Wik RIH 28
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3 PiRER M

SN 5 TR PR S TS, G PRIFN S AN SR H B H 25 0 2 B P0E & 77
= R E T e E FoRET 6 298, NEEAHUE BRI L & B SRR S
o DA NIRETE, IR AT 0 B 5L .

3.1 MiAFER T RIFEER
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TR 2 [l Bt ot B A7 I, R BOMCRATA HE 42 b (K TV S0 k TN B E A 1
F TR IE AR SR, R P 23 ) R G B DA S e P AN S5 A O H ARSI R R 2k & BRACR A —F
MR BRI, T ARG A, HIRREA SR wv KRN T FE, tsA
DR R LA IR IE . A TARFEH FE uv AT BURAE T B A [F] I 2% P& M4 0 R 25 i



238 K X ¥k RE 44 %

— W=
HiE1

R R ARELR.
B3 s =44 E

R1 NESBEMNRREFHER
s CPREV/R WO SEROER/mM? TSR C) FILRAA/C)

01 59 0.80 154 314 286
02 59 0.75 120 314 106
03 5.9 0.70 50 194 346
04 59 0.65 113 194 166
05 59 0.60 78 74 46
06 5.9 0.55 90 74 226

I R B HERCEAE.

(s, i H AR RN, R R 2 PR . R, A TTARE S BB S 1
eI EERS E, WFFC RSO, 2 ATHE SRR ORI ECEIR . DLE R NURNE R
VAT AR 2 R A5 v AR A IS 9 H AR RIS, RES KSR .

BT RB IR B wy FHFELKE (v KED) KFR, B 6 MRE&S 2450
PRI DA G — AN o RN REAR B 5, RERN wy KRR L2k
JEo X TAERL, AWy A, WAt REA — LU LBy S IR EA AT I, %1
I BER I s AN ATk

HARIRZ LB R B Y 18001 30°. X 6 sKHUIEAL KM HUE R, A TEEHERE 1 min X H1E
R REAL B AT — IR . RREIURE 168 h, FILAZRTG 10 080 4Ll FEANN ZI ) AR ¥
AN, I THEAG 10 080 M ZIFIR L& AR AR, AEBUCER . IR IR =R O
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BB 715 min, BT EIGEIE H, 755 272~987 min HERS I TH R
LRV AR, hATH] R A P 5 v S 00 THD R 28t D7) 4 ] 10 458 e K PRI P T R 2%
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HIOBETE,  FEAE I AR i 2 I E

4 4w
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Bk EULIERS b, SEEOM S OB SIS, 4ia 5 DBIPUEREE AT 7T
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Abstract: China is planning to construct a lunar communication and navigation satellite constella-

tion aimed at establishing comprehensive communication, remote sensing, and regional navigation

capabilities on the Moon. This initiative will provide essential technical support for future deep space

exploration missions. Additionally, there are plans to utilize the space antennas carried by these lu-

nar satellites for conducting Very Long Baseline Interferometry (VLBI) observations in collaboration

with ground stations. However, the small aperture of the space antennas poses limitations on their sen-

sitivity due to the constraints of the space environment, which hampers the achievement of scientific
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objectives. To tackle this challenge, our research proposes synthesizing multiple small-aperture anten-
nas in space to create a larger aperture VLBI antenna, thereby enhancing the observational sensitivity
for space VLBI. We begin by modeling the empirical relationship between the flux density of radio
sources and the projected baseline length. Following this, we introduce an evaluation method to assess
the synthesis effects of space antennas, supported by simulation experiments based on the planned or-
bits of the lunar communication and navigation constellation. The simulation results demonstrate that
this evaluation method effectively quantifies the synthesis capabilities of the space antenna array when
observing radio sources of varying compactness under different orbital configurations. This provides
valuable technical support for evaluating the synthesis effects in the subsequent design of space VLBI

constellations.
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