—t

230 www .kjdb.org

RS 2023,41(1)

2022 fFfin K 5% & #h 2 [0 B8

X4, 53T

AR A SRR e , Ll 200240

WE 20224F , mHCKHET 7, 5 E RS W RO S5 S s B K s K # K (R
BA—. SCE MRE W R kN 2 i TR, RIS AW T 583 ; L RSP
A DR s A i | R BT LAY Se A TR RGBT S5 0E A R Rk
i 25 R M T E R KT R SRR AR XTI T B AL AE T 5 5% [ v L SE L e L T
LRI TR AR 58 AR BN R T 4R 12 AT , B 1 — & 19 e B 7 e i e T BR
AE A7 s Kzs gl O i, 56 [ B L FAS IR A5 1 SO W insie 72 LR A 3 B TR LR AR

KRS RE ST, 25 W] 22 4 A RBUBE Jin 42 2%
SHBANMARG, P e K — A e B o iR =S

AR s S R R R R EESF O B R
SHBREEST s RERAT REHREAXK

237 A BRI IR 20227 A A |, G A VA > R B B TR S T B S R RE

KA

2022 4F , R AL Iz 48K i iR A R 2 45 S S At
Tl 2 A, 38 BB BN 1 BT RS B ; T ALk
SETFGARAC, SR A T TR A A TR
R BTt J 5 BOGm A H AR 1 & e sl T 1%
4: TR T REBR ], %A ok LA B 5 0 7 AR
R FEMA 5 TR E G ARSI R — A2 (1] 2
PRI H AR K, AR B 2 (R & R 1]
I IR A o A 25 3 >0 T 5, inss K 45 BE T A S K
fkiz .

1 BHEBEARFEWNGHEWH
2022 4, 5 [R5 — Rk 032 B A e T

PR EA s LI 75 5 1B KT 5 AR TR

I AR 1 58 L2 IR DR R BT 55, (0K iz 28
KO RGNS s e LY R CER R HARSEER
TR AE Bl /N ST R AR 5 55 B ARE B i
BBl 1 G B AS KRR
1.1 EERTHEHFT—RXKPESHANTFTHE
2022 4F, SpaceX 7~ Al “ S JE " -9 5 K Fi AT 2
RATAE 55, LU 22 0056 [ 1AL 36 AT Bl
10 7, “KCp k55 H BE-4 & S L3 o 36 ok 42
2023 T € 11 H , EEATR R (NASA)
i E A m AT KRS BB RE KEifEH
Je PG RS T A R R R R A A K S
e P X & NASA 2 N IR H R RS H IR &
S, ST I 55 N H IR H BRIERRY; E A

Wik H 1 :2022—-12-23; & 71 H #1:2023-01-05

FEZ T X4 BIBESE 5, BF5E 07 8] 02 48 BRI B, BT (548 : liudong1028@sjtu.edu.cn
SRS X4, L Sc . 2022 AR R & U5 AR, AR S4Rk, 2023, 41(1): 230-240; doi:10.3981/j.issn.1000-7857.2023.01.017



—t

RIS 2023,41(1)

www.kjdb.org 231

KHTT B 3 AR S ATER 4 R RATAE S5 I 2 D A
B HER [F] 2D BLIE 3K J2 SpaceX 124> A 1k & I
SN (] i 4 ) KA 55, e B BRI R 1 U
IEABT W ERE RS (E 1) RE RS RS
A F8 AT TR A AR UGIE AR BTk 48 K iy
TESE M RATIANIESS , BRI 4k2E 2 5 ¢ [ K 4 42 R =S
G (NSSL) I H B 5EAR , bRl F B AR A8 K FiF e
WA ES

BT HE AR K AT AR 4 AT S5

1.2 BT HT RO K B NS R B 18

2022 4F 4k B 1 “BE A " -2b A H R R gk
B R Gt A8 52 225 7K TR 2 b 5852 ), 4K
% WK R KA 2 R G218, 2 RV SHER AT
THR s W Bl B 22 -6 KT B K ARAEIR 2 2023 4
1A B E 2" -AS5 58 K ET Persei BIHERS
T8 38 & S, Persei R 4% B8 IR R 2R k&
SIMLA K, RS IR R B TE A, 2
Pr7-AS EALKFi RSk RS LTI, 8 AL H
THRE 7 BK B =5 B AL KT ) RD-171MV & sl
S R, 56 UE B & S ML BE AT B AR 55
SR IR -5 KT —ZR IR AR R T T
M RD-171 B BBl & B R-5——RD17IMV,
TR R -2 KT RD-0124, 4R A B
AT NN, B -5 KT W ER & 2024
A 10 H BT B2 -6428 3 K B IE R AT b R
A RJARES: T I S it 4 1l A
Ko R S5 R B A AT A5 LI OCEEM A, B 6 H
R ZE 2023 4E)K
1.3 HEMXEZSXHEHELHS

2022 4, v TR A4 St A& ST 55 64 1R, T

YRR A ALK A AF R SR 28 5% . Horp KA
FRYNB KT KT 53K, AR T, A R
HGA |50 K36, FFFTHE 102 WGE S & S i 22
L KAE S PO RAEH S BUORAE-ES = BhiE 40k
A3 AT BN S )l e B B i R AR
145, B 7 rp [ 2 8 0 “T7 7 R AR 25 0 al, KAF
NS kS —F 2 270 bhE L 24
SE 5 FR A LA R AR TR TR A 7 ) 4% K i PR
FN KT ) St 5 U , PR H K S R
LA R I M, RS 5 KT 2 S AR A B A
Iy s b v E BL 2 B 258 e iU, TR R F
B I A 7 B I i — 5 KET R %, I fi—5
ol FH AR BRRE, J2 M1 ] PN 5 K 1 T ol [T oK 5
FH [l O FF RIS BTV, A R AR KA
PR R1IC B B AR 7 B4 e =55 KT 6
BB R Al A 5 22307 Bl g At KRR IR A5y 2 ) B
AR 7 R A PR T PR TR R S )
1.4 SYMERZEMBEIS DM NEGTEAREL
20224F B ELPY R E B RS E SRR B
/N TR AR A, Her e ] TP N
KIS BB B . 5 H S KT F T
SERL 70 kN KEF & sl (B 2) o %k shiblse 4
3D FTERTiE 2t 5t 5 — Al et ki
Y IRIE R BB, b 2 A RICIT R Jm) 7l 23 8] 3z 4
R 55 RS AR — A AR, 10 7 EPRE(E
MR A 2D 0E T A S 2K - MK3 FEB il ]+ ik
TIRUR AU T 2 5 36 38— o 1A, T3/ B B S
FERDEATR Z S s EE A, 101, H
A3 PURE K ETAE LT AR KT A G
BUG IS, FE 10 D 25 7 0 , S BUR SR,

2 70 kN KHi A S HLIL



—t

232 www.kjdb.org

RS 2023,41(1)

X SEA% K HT R Ht A R B R
1.5 HFEIM RIS DEARREHEI

2022 4F, = AR W7 45 R BB IR R A%
PEHAR SRR A SR MRS SR S
il R EE A MRS LR 1 H RP BiE
IR [ 37 K 2E BB IE N BT K — i 4R g 2 4
AR AR KT S CHLR SRR I R be = i
S R SRR AR 1500°CH: 20 S R iR .
4 A  NASA B A , M 3DITEN T A I & T —Fhih
AR LR E (ODS) & 42 GRX-810, 1% & 4 it
HRAZHE L 1093°C (2000°F ) 4 =5 38, 1 P2 24 iy die
JedEA 41 1000 f5 LA L (E13)9, 4 H %P Wikl#
e PG 171 ) I 73 Ioe 6 J3E 400 80L5 4 RLR 2 A 52 T 11 A
FENRTIF St — PR (0 B 28 52 5 M RE, %0 et
JE 5 4 NI A Y, TR AZ 53K 2700°CHY Rl , Aok
A T R 7 AT A A T & S ALA
HoAb S BB AT I 2 s 4

3 W4 JE A4 GRX-810

2 REMREHAFEHHARTE

2022 4%, S [ E By &8 [ Z A58 s & 5 NROL-
87 .NROL-107 . “ A2 & 13" “ T iR LLAM-3" “Bi R -
1178 Z i 5 AL (% ik S S48 vh 77 4%
ISR DA AW TG o8 351 W 0T RE ) 5 R A
TP PR B TR PR HE SR AT 2% AE
1o WA, 35 EA R R Bl T R T, i ShiR
B BRAE T b S

21 EERBFAELHE,EHBEENENERE
2022 4, 3 ] [ R AT %% J 1 8 St w1
A BESER TR AR N 2R S 2 5 RDIE A R4S K
B A=A ) 38 A SO L RS T ) X 28 8
REEF 5% 7 =X, PRI b2 W) i o 102 i
PTG X R E Vi AE S . 1A EEER
Wig R E A5 S Rk A AL TRk TN R %
VTG TR B R FH A I S i R A5 25 U =X, 3k
HURT A LR 373k (SAR) EBE . A £
| 5% 018 ey % T 5 [l B8 25 ) 0 400 1) 2 )
K B 30 /M BE 7T A T8 TR
o )RR 38 R TR AR O T 2T AN . K TR
R 9 R SE T AME 2% 0 HER A i , /& NASA i
BBl TR -9 TR BER I SAE A2 AT T 43 B
RN 0.5°K, A ZE R [ LB AT s AR A RS 3 18 e .
K TN R 7 A M BR B T R 16 W T, LA
SCELAERE T, DA T 2023 4E M K S, 5—
6 H, EEERNERGESRE RS EpE
R ATERILEE POCHEAFFIORAFEITT
Sk 3 R 7 L 7 R0 B S MILAG B 00 TR R R A
Al FeHEATR], 96 [ I G AT Sl A AL ) i 26 0
A RIER G, PG AT DGR b H R, DAY SR
WA T M 5B
22 HEMAHESHHIRIE, MREEAN
A 20224 11 A RP WL T 20 Ot
s A RO HE S W miRe 1 K. 4 H Y
Wy & B — AR TR S5 2554,
Z IR REL NIRRT A, e
2.1b 38 8K 7R S 2 i R & 56 s &
25 BBk K S 30 1 B 2420 900 km, 11£R R 67.15°11)
HUIE Lo 2 7 PR B 72— 1a 028 2Ok L
% B — g 5 ok T 2553 g LA i T
BYn 2 -5 AR WU S R A
PRI A FIETE, B T BRI TR A T g A
XERL TR AR B UGS b 77 -1 5 TR #LE
1 A 1987 kmx 1995 km i 4 67.08°, it J5 1)
49126.99 min, 10 H , fRE B e 551085 % e fii K &
370 22 Inpi—1.2 B35 2K 55 i & 5 T EM-
KA-4 ZZRigE TR 85 “Kosmos—2560" , T2 I




—t

RS 2023,41(1)

www .kjdb.org 233

FIEA 328 kmx344 km i1 A 96.4°19 K FH IR L5
L, HFBERARG R EMKA-3 T2 ({5
Kosmos—2555) 52 5 2241451,
2.3 ZEMRMEIEXRY, EHHRTERE
PR VG BEA P 45 [ 5000 R i 42 e
TRy A 0 ] R 2 4 () E S SO St A WP A R
W7 =, SRR SR I Mg RE . 1 H L 36
IR T4 BR A B E A 5 WA S LR wl S 4E B8k
AR CERER TR -2, % TR KA F
FAG e ZAE R A" HRI R s Wi LR,
TPAET5 HARTEERA ALt SR 6U 4545, 454
BLER2F > AN TR RE R AR LU 2 R i A 7 | Sz g
R RALEE, 3 ISR 255 sk T A
F A 7 538 2 T T &G, 1A R 500 km
(IS BRI | T & o8 PR S
YRR F BP0 22 i T BAT SR A 7 2 1l i i KR
R0, TR T UG A 52 AN 2 | 036 JR 1)
90 min, Bt FHar 34E7,

3 EHARMABERARIKI

IS 6E

2022 4, 3¢ [ U M E K2 o AR AE IR (IR
I O A L, R AR N M X Y B 5 e
775 iR AHE 7R 55 UE AR AR K6 A AR ) R RO
WA AE 5 PR ki SR BT Ay St
WAE TR RG] 505 A 800 2 AR E R
WETE
31 EEXANEHT—RAZBEEERREARE

BIlSgeHEE

20224F3 7, L 1E [ B ok 25 & J Jmy (SDA ) 4%
T A AR A AT R R R 126 Fif
)= 1B EMRSR . S REE 1812370, H
W 2y 542,38 706 F T Bif 2 T OG I AE 2 fr o BT
BT , TS — ot B IR 5 40 AN Y
PAEEEY, 5H ,SDA FISE [ [ 0 e g 5315
Jai (DARPA) s 51 1 il T & fEAR M BR L iE
SCEYUR (RO AR BEHE , WIHILRG 2021 4F A& B 1 2 55
“E R -2 TR T 2022 4F 1 H R ZhEE S B RO

AR S B2 TEAHEE 100 km B0 T 38 15 %
i 200 Gb/s, R T — K28 1A R i i 2808 F R
B, 6 H i 45 FIE A IR T —Fp AT S HE
5 [ IG Hh BR 2PN 38 S22 A i M AR OG5 R 4
RIS UE T R 2 0 306 3 A A 2E 4 i 95
R s R 22 (R A 1, S s - 4 S R R SR
JR A2 [H] A AR P S ARG 1 3R (] 4)!,

B4 Link—16 AR 9 TR R &
32 EMEMXRBERHAREESSKESAMX
MR BB MBS B

22 HRE M o [ AR O ] s R AR T
2, K 7 56 A Bk R b X A9 IR B 3R R £ AE
Js

2022 41 H , SpaceX 2\ ‘B A7 B i 77 A FH “ 4
J5 79 K B AR AR AR TR AT A
CHPR AR E S AR ERET 3 T DA, 8
A, 3 2 R E B2 7 4T B2 T SpaceX /A Al —
By (8 190 J7 ST A ], FH T4k AL AE 78 K
FEE A TR S5, & RUBIRR 14F %A [A] 32 %2
TEAR  BLBE” by 9% AV 72 ] P il 28 PR 25 2 5k
55 86 75 1z J A2 A 110 R A4 A K ) Al 55, L4 0
20 I E B R IR 45, LA RSk 86 7 ity 5 RS s F P
LN Qi) 8 R

20224 1 7 M E B ok B R WA R G 3 2
AMIREN LA R, LG TR AR 16 ) 2L A
Skif IR B P  JE , Frp, “ EH R R AL e A
PED R W IR 55, PR 264 B/ 108 4K, 5028 7F
& 750 km AR HBERBILIE | 1K1 2024 4F % 5 55 2
Skif 52 J8 BRI TE T BRI AR S5, el 12 80 T A
B, 30 B 7E = FE 8070 km A FR M ERBLIE . H AT, %
28l ELFF LR AR Skif-D a5 T | F T OGB4



—t

234 www.kjdb.org

RS 2023,41(1)

AR LAS AR B E LB R R, 10 H L RY
W E 2R 7 LR & S S il FH BB 2. 1 b KT LT
3 rb g TSR 1 PR A TR A Sk A
1482 kmx1501 km {5 ffi A 82.5° 4 3T 1 1 3E L 8070
km [ H L ERBILGE .
3.3 HEYMIE'ZHENETEFEIE
20223 H KAk =5 Wis o H “—#i kb
B BRI R 2N 6 5 02 4t 6 WU B S A il S T
LR F AN DRI RS o IR R ST TR 2
LR TN N/NET N == o 7 1| i 1B e O (305 R e i =4
TE, DR E 20190 ke, 2K THE{H
T 40 Ghpso 3% 6 0 TLE A 78BS AR T K 2y
Bt [ 2H AT 20 e 3 A T L A, A A
il G SG I P £ /NI D7, EL S B 30 min /2
A AN ] By A S 228 B 7 38 15 iR 55 R 1, T P
FE R 2 T2 I ) Rl — R Do 4% A5 AR I . A
Lt 2020 4E 4] (8 & A, BRI LA XoF LU B T A
KEREE THES0% L L, 5k T 4R WA R DA
FEER I/ INFIRAE 7= BE 1 DA R AR AR TR = 4tk
T E TR AR R

4 KARRERMRMHIETHSM

AE A

FE M W B I E ARG E AR TR
GPS AL RE I A AKAE R e Iy Eh 2 5
41 EXEESELREGPSIEILMETHSHEE

2022 4F-8 H, 32 [ S A A A RK 284 7110 3 >
H 3 — T R b b B s (R R B AN GPS T3k
ol HAth B R T3 A5 2l o %00 H R E ] — R
JRA Z G0, A T B H At ke U5 8k s | i ik A T3
RE SHLAS ) FEUGI R E M RS T E RS
(GNSSE 5 TR IE™, 10 A , 36 [ Sk 7 [ % 52
6 %8 5 A IEAE TF & — Fh-i I AL SR AR AR R S itk
PLER T 25, W 0 B 8 T S i i L R TG
AHLERHRMRA CIT857E GPS R 552 T4
BFS DUIE® ©AT, BT TR ZLA B B, (UBR
TR IR R,

42 HETHRTHHARFTI—KEMIERS
2022 4 4 J A% Wi R B AR A R RO,
“REIEANIT TR ARSI 06 i DAL,
B TR U BR [R5 B8 , DA e B 2 45 T LU
KON Hh DX IR 454 BE 5 T o Im) vk, o L
K1 2028 4E K5 o % B STECE I, RIS
RGAEIR IR SR R P2 5 25% . 7 H L R%
Hr e B0 2% SRR 5 1l IR A 2. 1b is 2k
i ¥ GLONASS-K 161 T/ 3% A 19141 kmx
19212 km . 64.8° (1) i M BRI , J2 55 AT 55 80 36 ol
I, 10 A MRS AR B 2 v R & S i
I B 2. 1b 38 FOKHT L) RS T — U A s A -
KI17L St B A2 , T A F # A 19146 kmx19156
km . 64.82° 11 r 51 i 2R 1
4.3 HEFERHIESMILERSILIEIEIE
202249, PRAF— 5 F [ {4z 25k i 7RI SR
TEE G A sk TEES LR 5 3 R
JE S IR TR A 5 R 40 S3/S4 10w 2K A
P s, R 55 BUR BE ) . 10 A KAE+
— 5 [EVAZ T AE LU AR A8 1 BH T 2R O A R s A
KFtas, DL —FiUR 7 I 2, B U 2 [ R D2
SR 5E R G0 S5/S6 1 B T A 6 A T E B , & Gt
1145 S R e 2 . T2 EZORARH T2 ST
R AR MO B AU 55, 7 ks A
HORAE SRR A B M — A T o0 4 T4 B R A
e J7 e B A HE R A5 R Y TE PO AR I I I,
FFH i 4 B2 e 3ok

5 BEARSESEEMERIZGE N
20224F  FECREF MRS WM RS "IBE, &
SIS VB KRB R G TA, 58 il R AL H
R HMIBAT . N AU TR L1 AN A R
SE BRI ZS MR, & T R R P B R I T
B AE e AR s T Rist T, B T — e
7 R 7 T IR R R e T o
51 BRIEHSYUMEDEEIHHRNK
202242 H AR AFER,E T1H27TH



—t

RIS 2023,41(1)

www .kjdb.org 235

5% A 5% [ S 0 0 T A AR A A A S
AT T — AR I TR g 41 5173 i
BREAEHGE DER R ED 1P, EEINR B 1
VA BB AT R R AR A R A I R T R E L R
DRSS RN J5 2 TAESR A0 2R S %, 8
KRB VI RIELT AN R G0 o i T
T ARG . AR E S RIELLIN R G GEO-
6 T35 i o A - T T8 IR, SR A LM 2100 T2
BTG #5800 - A% 2 B 0 20 AME R s A
1012375,
52 MREZRSEFERSEMELLN
20224F 1 A, R E KA K& R E A, 11 2
2024 4F [ 3 HUBLE B 144 A% Gy TR 0 28 iR
BE A LIRMIAL ) CAT I R i s
2024 4 5% 2025 47, 8 & 5 28 BR R 2 DA, S
B TH T -5 KETNRAA4ERLR fA
BRI & 5 2 T Bk A B ER R AL e .
HL PR M R A e U DAL, TR
B RSO A RIELLAINR G AT
14 #4520 T L3 i BT 28 & F 4 1) 358 00 21 S T
e H AL RS SR F 4000x4000 1470 4 T [, 7T 75
SEHLERIA B 13", 8 A, Ty T U 56
PROCEIERZIIFER TR E/KE, 104,
K2 RGE R AT E A, 2022 4F 7 H R ST S
B L7 T 5 T AR R 6 T 7 57 A ) i
JERIE AT o I DA T8 K2 A al ikl 7% 28
L3 M BT R LT AME IR RS o 1AL IR 2R FH 4000
4000 7 Y £, WIS DR 2 3000 kmo TR
YR B0l 26 3 1 T 5Ly 5 A R 7 S 56 %8 A B
GYBTIG K it & B R L S s A SR R
PRI HE,
53 AXBRHHEMEIERESSEmEMEYE
20224F 1 A, e K28 & B R Jm KA TR - 1A
IR IRFERR I 2% e b sk 8 TR R HRTE
S 110 e 9L O L AR 1 Ay o SRR R b it
BRLIE TR 5 BRI HE R — AR TR 4r
AR EE TR DL ROR A R SRy R AR A e BRI 1)
BRI A T L ) S A K 3 B T A
3B AL R R A B

6 BhRAR.ENREFRARAREHN

e

20224, & [ | R 25 4k SL 45 R AR P T R
B R HA 2 B0 g 1) 28 [ e F R & e | ik
FARW M B 05 FERRAD] , & J LK N FH i 5t
UL T T2 WG 510 1, 175 25 18] 22 4= [n] {5
S AL
6.1 EEARETMBEENERFE . ENIRE. X

HiR&ERES

5 FE BRI AR A LS TR R R i S H
ST TEFURE R i U SRR, K2 & R R
I 5 AL (POET) #ifnf 52 % T H 80 Hs b &
(R IR G, X-37B LA IR CAT 28 S8 AR 6 K
7= ’I7,

1) ANWoE BRI 7 15 B SR AR

20224F9 H , RE S WL B S %
R TR SR 2 53 0 (P T
LEVETE SRR, B HES RV B & R R KA A
NIGEBRBAR , SRS PR 2 A ] RRak kR,
9 H , 5% [ BB A8 15 22 51 2 1B A LT s R
T 457 FT K 75 o 5 6K b BsR A0 3 A BsF B DA, 25 4 45 Uk
F S5 FEIZ RN E o 2 45 T & S TR Y EE
UL R, A5 A5 55 [ VR AT 0 1L D) R R A5 At
ANEAEREX VP E SR EE T AN LA

2) KIKBEEPIRS ARl A

202244 A R EHERHYBURIMAE A T
CHEBUMR 55 20 258 il i [ SR ms ) L B 7 R Talk B
FERRAL AN T A8 R B 1 Sk 45 157 H
Fro 11 7 ,DARPA B A = [F20 8108 TR AR
%7 (RSGS) Tt H & 78 1% 1 A WU 1 D) R I3
RSGS I H T 2017 4F )3 2l , 71X A il 38 58 7 3K 7]
AHE A UIR S HLES N, IR R 2 WU A A
1655 R IR A 0 TR (181 5) ., o HLBE h 25
M ZERFFE S 2 (NRL) 33, HETES AU IE
FEEATAE R, 114 2023 425 TR 5 T4 AL, O
T 2024 4 5, 2025 SRR AEIB IR 55

3) BT RE A Rk SS FIR AR 5 .

202242 A, S E B A R A mLRR, 1R



—t

236 www .kjdb.org

RS 2023,41(1)

K5 EBUIR S5 HLas AHLWE

WA “BLER AT AT R IR S5 6, IR HAA B e
HuH Z1], ansh H S —$As B H s (L1, R
TR FEEHAREAT GBS 8RS 2 e
HAEAE S5 o TR A THRITE 2024 4 4 I “ 58
B E RIS RUT R AN 2R A 15 s R oy, 12
TTHEHL H L1 A, 55— R 557 61T R 7E 2025 4
82026 E A . 11 7, 2 E X-37B #Lik il 56
RATAR TR 6 KA RAT, R BLIK N 5 e
LR AR (B 6), 3X 48 X-37B F 202045 H
17 H i 32 [ G & S0 R =i #h 7 -5 KT & ST
25 TEFL908 K, M TR Z He o

K6 X-37BHLIEIRL CITaw

6.2 HEFHMAABESREIDITEIN
20224F 5 A P I S TR I pFAY
ANRE SR TP E & A7 AT
3D FTENHLEY BT M il TAE . AT EPHLAY T A
Tl AAEDY T 34EZ R E], Y AT P e 2 &
FEALAHIE, o 1 & T 2022 4F 6 H 1611 F fras
(), 5 FV 4K 25 BT A0 O 7 ) s 4 [ 3l T 88 T s 23
1, AT B 2 M T 1 O koK AS e K AR B
BB AHEEM S AR D — B W A Mk gk 22

HATERE TAE,
6.3 HEZXK-21 SDERNRXNEIERERHE
R AR
2022481 A ET 2021 4E 10 H RS 52 8-
215 T EDK — R s dE - S A (dEs) — %
SR G2) WHI BT 1 M ER [A] AL B3 (GEO) 1 1
TS, 213 7 ~2.15 77 km B FE$E T3 T 3.63
207 km (W5 B b 3R FHE RIS 1.5 77 km B HGE A
T T DEW DR E s EEHEE” . b =5 G2
TATF 20094 4 H i KAE SN KHi#EVEE T2
R R RAE — ELAE MK - HE R
o SLE-21 533K A A 3 2 & & 3L, 1% m
W RMAS I s R BT, 1A
26 H 12:00([E Brps dEmA]) , 52 #-21 5 72 4E I
23 56 RSB R Ak A S B (i
BPIBE b BR R 2L BUIE S K A PERIE ) o 58
AT S5 )5 , 221 5 BE RIIR [0 2] R 1 6E .
6.4 HA=ZZBHIAZHERTHEIEREREA
202245 1, =LA FIRCEFR 2 A F E
Tk —FIZER 3D FTERE AR | i B A SR
HEFK BH 28 SN G AE AP R 28 AT TR R AR IIFE T
A A5 R 3D FTEN, R K FH 22 AR 4Rtk A 7
HRA A B TRk D> & 5 A, I Ak
FERUI ], i 38 KR 1 32 480 A3 58 R )
3D FTEI RS o AR MBI LR L 1T AN
AU FEAN PO A5 T 25 R B 235 g (3] 4 v 1 5 R &
FS28) By e i 0 % o
6.5 MEXEIEKINEIER/NDEREBHIEAR
202246 1, InER KRS CATLIE A AR,
CanX-7 150 9 3D 4T EN LR FERH ST MAEAS , i Bt
SAE YA MK KRR IF e 2. Z PR R
K2 RAT LI % N w) E I ) — S Oy B, i 2
3.5 kg, ] 5F A 10 emx10 emx34 ecm™, T & F
20164F- 9 H &5t , ¥ 8 7E 378 b 45 2 700 km | 3T Hb 43
25660 km YICHBERFILIA , 75 2017 45 H 58 10T 4%
X A S A WL (ADS-B) £ Rk 86 )5, JBIT 44
TFRZY 1 m? Y BE WL, (i HE A 7 i 7 KB P
FH R B8 08



—t

RIS 2023,41(1)

www.kjdb.org 237

7 BEYHHEXM—KLBEEHNAE

SPEMEED

KL R 3 REEZ TGRS
BHIEA RS, 5I02 BN o E S AR
WA S R SRR ARE R R
71 EELRESTEERSIEHNT BirEMEE

20224F 1 H, 2R RS A A5 GEOST 24
RSB E A AT RN & G R, B AR —Fh ] 8
TA FHEEC AL RS bR R 2 iE
B3 ) AR 25 HAR™ 8 A, 32K 25 |] A4
gt AR, IEFR A AN/TPY -2 #5275 s Wi
PR 3 X BE TR IR LA K T TR A 5 S5 R
Gefl g, LA 10 FIUT R g a4 7 W 3 2 £ ek
FRAENEAR B KA R M I RS Bk . 9 H L SRR 52
RO “SE G RS (AEOS ) YA I 55 1) T 45 F 0TA
BT, ZHEmEsREEEERL RS WAREN
— B, AR 32 [ [ By R A R A R B (1 4
3.6 m) , i B 7E B E R B B i T BT R il
T 44 3033 m) , FH T $hAT 32 [ 9 K 2 a8 S 4T
%I%I:
72 BMHhE.SEEAZEHIUSEHERA

HEREAEE

20224F2 H S E K 5 KA E R (NO-
AA) AR ZS W R R B0E ™ 5 BRI, ) il
TR BRER A AF S TR BRI SS LLRE 15
B, LSRR ARG DL B A BOR HLAR I & T
TR R AR 2™ (OADR) BT & 115 FAH 26 R I
BN, 4 7 9 BN XU A 58 B 242 S Gk
T [ 288 T — TR A A HOB A AR BN
5 VR TR AL A K 23 T 245 233 ] 25397 1) B 401 4k
(A AE s 1% K2 S BB PSR R K 2 B A
BEE T A, 47, 5w E N E E R AT T
55 18 WL Rl K = B K 25 A VR 13, 5t M [ T
JE KA SR A TEE B ML, PMSUE , P K
LT ANZE A5 (A S5 i 3 e B IR 2 45 97 K s
SRR IR S RS8N B HAEM: . ik
DI 2 R Wl [ Ry B T R s A AR R ) R A
A TR 2 22 4 FH O ) 8L T 850 2R 370 5% 0 1) S AR o

8 BAEIBEERBMIRA XA

SC ik BE

202248 H 8—19 H , £ K45 il 4k 5 il 4% 7
AERAEAT R AT (22-3) 3 2], JEia A o0 1 MR
e R — RV 2T o 32 1 AR A 25 ] [ By R A
] ZE YR A8 1 UE I K 28 2™ 3208 ) DLAR AR
SEE S, B TR R IROR K S 0 AR A AR AR AL S
P RBRAEZ BRI BRI P %k, 9 H , EE K
25 R BN T J H gy Uk PR K s L TR T R
K37 2 A FE N FE R AT 55 (0 ~F 4 2 28 20 R
LA, AR IR R 28 TR T, R E N —
FAAND G DY R I B AR, JF#4 T T
RS 0 T 1) S AT 3™

2022 4 7—8 H , 35 E K =5 w4 FRAE A 47 Je
VM B R R s FE X4 I T A BRI £ 20227 4
W] BRI A R R R S
TR 1 7 2O e 38 B 22 (] i R R s A 3
AR ™, VR 2T 3 A T S RS, Sk 3
IR R 2 MR RE T34 T RTINS & kT
R B 55 E 5 0 B A PRt T AR 0 56 1 R
FE S B RN W Al BT R R | S R R R 2 SE i
A

9 #Hig

1) i Bl R R i F e R R M AT K i, 56
FELR Rt — 29 KB BB R

AR RS R N H S 55 K R 7
B 18 KR A S AN AN W 1v) BT 5 B R]
A AR A /N2 2 KT S A AN W
A B ASBTAE S BV AT KR 1 i A RS o 522257 F
MR i SR e, (2 S R R/ R O K E
HEPE TR R | AR 55 5 [ R rh s 2 KR £
ARZEHHGHE— SRR

2) DngE TR W AR AL T 1) KR R
JERSPRE HE— P4 TE

5 [ BRAR R PG T R M AR A3, 4 5l
TR R T R AR L R B i TR R



—t

238 www .kjdb.org

RS 2023,41(1)

R P W B RS AN e TR AR Hik
Seik iR TR HER HRTE A5 0.5 m K, &
K 2~3AE PR IR F] 0.3 m K-, AHE B Y
P45 [ 50 o [ PR A VR s SR 45 7 3K, T iR % R
TG ATEE TRHE AR KK 3 ~ S AR 4 BE RN
B30.5 mKF.

3) dfE M D EEE KRR KR P T
ey 1 kS  AREEOGIE (5 BE ) 2 3 R AL

FE = KREHF DEREBL TN, RER
TR RE KRR T, KU AR 2 307 25 [ 58t AR T
PARGERE ST o B T A A 1) B R A B
RHOGIE S I & . AR FRUEN RGO A
WL 1o A S S RN B, O 3 7 T A
Al 1 A is, E A2 PR ORI R E T s AR = &R
4 A EIiZ TREST BT IR F1 Rk PR R 55 e
FHREAF RGN S TR R, %
IEFEBRR Bk op 2 U H R R SC LB AR B &
JR A LR T N PSS 2R T B 2R T
25,

4) 78 55 i IR T 4 R R ) S
PRI PR R 2 o 26 [ AR 3 R e s

N AT T AR ) S S AN &
SREE A AR S R A 0T 1 R D R AR
N B 3= 2 B i) mp BRI B R ST 55 M
2 St P ) BR R S TR R S RS BRI
AR B PR . AN 5 Rl 58 35 b 3L 2 (]
HFR WM RGeSl L, & e R 33 (8] B AR Ml T8
EAPLSI T, Se el e w . S
i By os a] Hbs W R G i A A B vt 23 18] H
T 4 75 JE 3 %) S8 2 W R

5) BT 1R A8 A5 S BB KRR
TR K JEAE R o

2022 4F, J [ A2 W A5 32 BT R 1] S 4
HE 2 ) 25 SR AT RE 7 1A R A 15, B A A K s —
A 7 15 A 1Y 2 RS SR R 4, SR H
L A NN AR Ny R 1 A R =N = R e 28
A0 A 5 M 0 PR 98 2 i) 25 SRR B 7 5 AU A
FERUIE R iE BVE Z AL, K & R TR R (A

RN RE ST , 7 RS PRAL RAR et A K 2 T B 4o 47t

ab
He JJ o

% %37k (References)

[1] NASA’s huge SLS rocket finally launches the artemis 1
Moon mission[EB/OL]. (2022-11-16)[2022-12-25]. https:
/lwww.wired.com/story/artemis—1-nasa—moon—mission—lau-
nch—sls—rocket—orion.

[2] Upper stage from failed Russian rocket to make uncon-
trolled re—entry[EB/OL]. (2022-01-05) [2022-12-25].
https://arstechnica.com/science/2022/01/whats—going—on—
with-russias—new—heavy-lift-rocket.

[3] Tests of the upgraded RD-171MV engine for Soyuz—5
rocket completed[EB/OL]. (2022-09-05) [2022-12-25].
https://parabolicarc. com/2022/09/05/tests—of-the—upgrad-
ed-rd-171mv—engine—for—soyuz—5-rocket—completed.

[4] New NASA alloy is 1000 times more durable than what's
currently used in spacecraft{ EB/OL]. (2022-09-05)[2022~
12-25]. https://www.zmescience.com/science/news—science
/nasa—alloy—spacecraft—19042022.

[5] Soyuz launches mysterious Neitron military payload[EB/
OL]. (2022-02-05)[2022-12-25]. https://www. nasaspace-
flight.com/2022/02/soyuz-neitron.

[6] Satélite militar russo langado com sucesso Cosmos—2560
[EB/OL]. (2022-10-16)[2022-12-25]. https://pt.euronews.
com/2022/10/16/satelite—militar-russo—lancado—com—suc-
esso—cosmos—2560.

[7] Iran puts second military satellite into orbit EB/OL].
(2022-03-09)[2022-12-25]. https://www.reuters.com/wor-
ld/middle—east/irans—revolutionary—guards—put—-noor—2-s-
atellite—orbit—tasnim—2022-03-08.

[8] Space development agency makes awards for 126 satel-
lites to build tranche 1 transport layer{ EB/OL]. (2022-02-
28)[2022-12-25]. https://www.defense. gov/News/Releases/
Release/Article/2948229/space—development—agency—ma-
kes—awards—for—126-satellites—to—build—tranche—1-tra.

[9] CACI demonstrates optical intersatellite links for DARPA,
SDA[EB/OL]. (2022-05-17) [2022-12-25]. https://www.
satellitetoday.com/government—military/2022/05/17/caci—d-
emonstrates—optical—intersatellite-links—for-darpa-sda.

[10] USMC completes first AH-1Z flight with Link—16[EB/

OL]. (2022-06-07)[2022-12-25]. https://news.bellflight.
com/en—US/199771-usmc—completes—first—ah—1z—flight—



—t

RIS 2023,41(1)

www .kjdb.org 239

with=link-16.

[11] Multiple air force units buy SpaceX's Starlink satellite
Internet Service EB/OL]. (2022-08-09) [2022-12-25].
https://www.airandspaceforces.com/multiple—air—force—u-
nits—buy-spacexs—starlink—satellite—internet-services.

[12] Russia to start deploying Skif satellite constellation for
high—-speed internet in 2025[EB/OL]. (2022-11-11)
[2022-12-25]. https://tass.com/science/1535097.

[13] GPS denied environment: How Al is transforming de-
fense strategies| EB/OL]. (2022-8-15)[2022-12-25]. htt-
ps://www.aseifl.com/GPS—Denied—Environment—How—
Al-Is—Transforming—Defense—Strategies—1-14297.html.

[14] At Sandia Labs, a vision for navigating when GPS goes
dark[EB/OL]. (2022-10-24)[2022-12-25]. https://news-
releases.sandia.gov/inertial_navigation.

[15] Russian military launches GLONASS-K navigation satel-
lite from Plesetsk| EB/OL]. (2022-07-07)[2022-12-25].
https://www.nasaspaceflight.com/2022/07/russian—glonass
—k~-launch.

[16] Soyuz launches GLONASS navigation satellite from Ple-
setsk|[EB/OL]. (2022-10-10)[2022-12-25]. https://www.
nasaspaceflight.com/2022/10/glonass—-k-17.

[17] Raytheon Intelligence & Space completes Next Gen
OPIR GEO Block O[EB/OL]. (2022-02-09) [2022-12~
25]. Milestone. https://www. raytheonintelligenceandspace.
com/news/2022/02/09/ris—completes—next—gen—opir—geo—
block—0-milestone."

[18] L3harris secures $700 million advanced missile tracking
space development agency program[EB/OL]. (2022-07-
18) [2022-12-25]. https://www. 13harris. com/newsroom/
press—release/2022/07/13harris—secures—700-million—ad -
vanced—missile—tracking—space.

[19] Tracking sustainability metrics: CDMOs should act now
to prevent catch up[EB/OL]. (2022-09-29) [2022-12~
25]. https://pharmaceuticalmanufacturer.media/pharmace-
utical-industry—insights/latest—pharmaceutical-manufac-
turing—industry—insights/tracking—sustainability—metrics—
cdmos—should—act—now.

[20] DARPA’s Robotic in—space mechanic aces tests, on
track for launch[EB/OL]. (2022-11-08) [2022-12-25].
https://www.darpa.mil/news—events/2022-11-08.

[21] X-37B orbital test vehicle concludes sixth successful
missionEB/OL].  (2022-11-12) [2022-12-25]. https:/

www. spaceforce. mil/News/Article/3217077/x=37b-orbit-
al-test—vehicle—concludes—sixth—successful-mission.

[22] Russia develops 3D printer prototype to print large met-
al items in outer space[EB/OL].(2022-05-12)[2022-12~
25]. https://tass.com/science/945897.

[23] Mitsubishi electric develops freeform in-orbit satellite
antenna 3D printing technology[EB/OL]. (2022-05-30)
[2022-12-25]. https://3dprintingindustry. com/news/mit-
subishi—electric—develops—freeform—in—orbit-satellite-a-
ntenna—3d-printing—technology—209920/.

[24] Space Flight Laboratory deorbits the CanX-7 smallsat
using drag sail technology|[EB/OL]. (2022-06-13)[2022~
12-25]. https://news.satnews.com/2022/06/13/space—flig-
ht=laboratory—deorbits—the—canx—7-smallsat—using—dra-
g—sail-technology.

[25] Space Force plans multiple hosted payloads for GEO
belt monitoring[EB/OL]. (2022-01-06) [2022-12-25].
https://breakingdefense. com/2022/01/space—force—plans—
multiple—hosted—payloads—for—geo—belt—monitoring.

[26] DOD’s largest telescope receives mirror recoat, pre-
serves space domain awareness|EB/OL]. (2022-09-26)
[2022-12-25]. https://www. afrl. af. mil/News/Article-Dis-
play/Article/3167724/dods—largest—telescope-receives—
mirror-recoal—preserves—space—domain—awareness.

[27] NOAA'S space data repository takes a step forward[EB/
OL]. (2022-02-11)[2022-12-25]. https://spacepolicyon-
line.com/news/noaas—space—data—repository—takes—a—st-
ep—forward.

[28] STARCOM executes first JNTC-accredited, largest
SPACE FLAG exercise ever|EB/OL]. (2022-08-22)
[2022-12-25]. https://www. spaceforce. mil/News/Article/
3135368/starcom—executes—first—jntc—accredited—largest
-space—flag—exercise—ever.

[29] STARCOM's ’Black Skies’ exercise includes satellite
jamming[EB/OL]. (2022-09-19) [2022-12-25]. https://
breakingdefense. com/2022/09/starcoms—black—skies—ex-
ercise—includes—satellite—jamming.

[30] Reservists sharpen readiness, build relationships at Reso-
lute Sentinel[EB/OL]. (2022-08-26)[2022-12-25]. https:
/lwww.airforcemedicine.af.mil/News/Display/Article/3140-
668/reservists—sharpen—readiness—build-relationships—at

—resolute—sentinel.



—t

240 www.kjdb.org N5 2023,41(1)

Hotspots of aerospace equipment in 2022: A review
LIU Dong, SHI Wenbo

Division of Advanced Technology and Equipment, Shanghai Jiaotong University, Shanghai 200240, China

Abstract 1In the field of launch vehicles, the US, Russia, Europe and other countries accelerated the research and development
of large carrier rockets in 2022 but the progress was mixed. The US and Russia launched multiple reconnaissance satellites as
planned and space—based reconnaissance capabilities were constantly upgraded and improved. The US, Russia and China
accelerated the development and deployment of advanced communication satellite systems with high throughput, high speed and
anti—interference to effectively meet the communication needs of future operations and develop navigation capabilities in complex
confrontation environments. The US high track wide field of view missile early warning technology test satellite would begin
operation after completing in—orbit tests, with a certain hypersonic weapon early warning tracking test ability. As for the space
control aspects, the US, Russia, Japan, Canada and other countries continued to strengthen their in—orbit debris clearing, in—orbit
operation, and heaven and earth re—shuttle, while space security issues became more complex and changeable. To develop
multiplatform ground—, sea— and space—based space situational awareness systems, the US held exercises such as "Space Flag",
"Black Sky" and "Global Sentinel 2022" to steadily promote the space situational awareness capability of integrating heaven and
earth.

Keywords aerospace technology; aerospace equipment; carrier rocket; communication satellite
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