$43% 53 x OX o H E Vol. 43, No. 3
2025 4£ 9 A PROGRESS IN ASTRONOMY Sept., 2025

doi: 10.3969/j.issn.1000-8349.2025.03.10

ETRFEREZNE X% /DMRILEH
it
HXPE 12, M 12, 2 X 12

(I PERFHEEALAFETOHALAN, FXE 050081; 2. ALEHERAXBEAEALRE, FRE
050081)

FHEE: DL 40 m B REKACRE NG, STARMAING T Z#AT 08, I/
PR THS B IRS BE G 2R, B E 1 S T AR 2R T RS 255 /N R B ] 5 1 K R 1)
PO RE LG o [R5 L3R AN [F) 07 S AT 0T AR, BRIT T /RO ST 224k
X R LGS 2 Ay R 52, IR 7 /NTRTBSCH (8] BRSO 7K~ 77 0] 8 5 43 A1 72 AR 52 i,
[ iR 2 N 2 03 LU R =i e i =l [ oo == o FIO 29 2 £ v 1= 7.9 RANY i/ o
BT AT, RAE AU B, AT S 3 B ARz 7 55 R sk 2> SR AT (1) H
o XT3 m B)/NRTT RAT 1705 1S5, B00F 707 R EEN:, fME T R A
AL FE OB R BUR BE R 1 3.6%, [FIR A EK T H =AM S T, 5
F#% T 1.15dB. 0.77 dB. 0.52dB. 1.02dB f12.1dB.

KRR HRZ: MG BUHREE: KRG REZR: AR
FESES: Pl1144 XEFFIREE: A

S TR EAR N RE T I — K330, e BT, SERARSEIL A, FHkE T
SR IEAE AN L B B S AT N . B RH AR AT TR S USRS T T R
Ko MR R B PR 7S i 2R . X TR Rk, R R&OERZ
P R REBIEM D HER A R L —

FESCEBR TREAR, R AR SO R AR AL 75 20 Bl 1, 1 T AR A B8R A A S i 2
HRLMBINERA . B, ARRERA, 2R ANRSFERAAE EG R, X WERT

kS HEA: 2024-06-24 5  {EEIEHEA: 2024-10-08
ZEMTIE: BEXRARREES (12175192)

WIRAEE: 5K3CFH, 1002827333@qg.com



506 K X F R 43 %

VA R TS FAR T AR T S XA R 2 AR R TR IR, IR T TR
FE o BUTHORE BERR Ry, W (0 RS BRI i SR AR A ThT, R 0 /NS T R RS 3 T B ™
REHIZIR . BRI, NETBSOM S AN EC R AR 4 . R THDRS 2 10 5 M S HL T IS 3 1T 2R 42 Fia 1P e G
&S A WS )

N SE A LIS [F) 2L Ak b 1 SO RS A BRAE 77 AR 1Y 21 em SRR, Ak, 5%
EWF AN T A1, B F 2 1% T BINGO (Baryon acoustic oscillations for Integrated Neutral
Gas Observations) % i R U555 . BINGO FiIF v RS SR BE U BOR , 78 S8 (1 2178 Vi ]
(z=0.13 ~ 0.45) I EE 75 FRY . HIEZEHISRA AR EM TR, 55T
AR, HEREFIE R FH PSS ZHBEETREE S OF N 40 m PRE R %E
HAERE", TARMREE D 0.98 ~ 1.26 GHz, {3 F/NEIHI & (%) J7 HATT LA R AR 2 Bk
A, AR BINGO Bt 8 (10 SO I BEAT 1 AE, H5 7 AEANR 03107 2 N RS RS FE 1
A, LARRZTT I AR AL .

2 FRKYE

RTINS B Ak, ELBERAR T R M BV R, T 2 B AR T O 4 «
BRI, RS o 20 1 9 R R T AT 2 —, TR B ok R 7 b, ot L
RS BEHEAT LB B S B ™ L e T R 5, 82 X L R
SRHEAT IR HEHEAT R, P Coons HITEIHLE K™, SRR T/ — Fopd ti g ir &
A b0 R B T T 2 AT MO TR, IR R T AR 0 S, A
A AR 57 7, LR 2k b B 0 EL I 7
21 EES OB ERENITE

RN ST DR RS S = A, R A A T A=, 9
R RCET, SR R T T S BT 2 2. AR, 15k Ak
FRR SR AkR R . ek AkR R A TS B R R, SRR A bR 2 T DAL 2 P i
WEER, B I E R AR A R .

Je B A 2 T DAL B A A 2R PR RO B A . 2 T Py, HLAB AR
R

Xy =R - (X4 -OP)) , (1)

e, 4R =B RV B AR AL BRI ERE R ER R WS AT 2R 2L 5% B B A A
AT ABRFTALR, BR = (7.7.2).

BT WS RIGEEHC R, FRR AT (B R AEG R R INFA RN, BT 349
G T 76 R A KT R FIEMOE R, M F(vay.2) = 0. [ABLAT AT O 34 28 Ty
g,y ') = 0, FEB=RATAERMASE F IO ERE (v, y) B XUk, M# s oy i
OB 5 2 22 TR IR 2.



3 LR, % TR TR SUARE R MRS R AL T 507

[ B R R = A T ) = AN T A T T b, 0 mT DASRASZ s A bR S AR RE f IO A&
x4y
4f
¥l @) AN (1), TR RIZ HAR R LR R R
2=z = 20 —x) + 2y (y = y) + (x = x)* + (v = 0)°1/4f . (3)

MA@ MK (3), EE— RRRZEE W RSN

(@)

1 =

AT =7 —z, %)

JEIEAS, AT PATHE = AR XN 88 T R 2
12
/dxld ’
o= (f/AZ Y ) . 5)

/fdx’dy’
22 ERNESFERBHE
IR ERES DL BINGO A, RAE 3 O AT 1 SR8 . N 7D AR R R, Ak
W7 oy BT R, IR R, @R N AE XOoY P R KA
B, KSR /INTHI AR AR ES A
1 AFREIFE 3008 2 m A1 S m, [IHRDE 2 m B, XOY ~FIif TS5 .

30 30
Fokko g * %
e Sl * % *
FkkkgrgpaFEkrs * % % Fox o
* *
1 L irreesiiiiy, 00 Frrrritr,
¥k Kk * %
Fokkokok ok ok ko ko ok ko ko * ¥ % * ok
kK * ok ¥
10 L ¥ Hksk ok sk ok ek e 4 4 ** 10F * * * % % X *
= Fokkokdkokokok sk ok kb ok ok ke ok ok Rk kg 2 * ok ok ok ok * k¥ ¥ %
115 ke eok ok ok ks s ok o ok sk sk sk ok ok Rk ok ok +< * ok ok ok ok ok ok ok
= OFF Rk Rk kot kobok koo ok kok Ak ok R OF ¥ * ¥ * ¥ ¥ & 4 % x
H T : B EEEEEEE
Fk kKK K * ¥ ¥ *
& bk ok Rk kKRR A 3;\ ¥ OFOF R oR X ox ¥ % %
~ b ok ok ok sk kR ok Rk R Rk K PELOE RO o ox % %
gdtiiittttieaittestitioity UEEER SRR
*
FradokriorkkRk btk AR LAY ¥ ok xRk E LR %
I SRS * o+ k¥ ¥ ¥ O+ *
R * * Kk ¥ *
20l ***iii*********iii* ol * * X T 0k ox o %
* ¥ ********* * ¥ * x * *
B IR # 0k RT3 %
PR R R ox o+
=30 =30
=250 =230 =210 -190 =250 =230 =210 =190
xHAAFR/m xHALFR/m
a) b)

a) AFRMIRE 2 m, B6J% 2 m MBI ET7 508 B b) AFMIEE 5 m, S5 2 m MBI A 2 FI77 50K

1 ERSESEGRRE

K S T HOSE B 2T B GRASP w1, JFR T, e =M F iR,
HAAURE W 2 fros. RS, GRS A SO iR R AR, R 3 R T
W RFAFTT ST, BUHRG E A2 A6 AR T 37 75 1] B R AR A



508 PN = 43 %

2 BINGO RZ&{AEIRH

2.3 RIFEMHEE

X RN I BN TR 26, BT AR R T RS 32 55 R 2R K LR RE 2 IEAH R OC &, )
RUIRG RO R, RGN PR e e i PR AR, O bl sy o 17 2R TG 58 L2 52 T AR F) 2 1
Ji SR o FEASCHE Jerd U R RS/ RE, ERfERA R 5, ARl i,
oy EJE IS BEAT #Me2, AR RS e R 2RI 2 1 H A

FES TR R, BEBUMRTEAR SGRAR LM ), R TR 5 -5 B 7 B 03 FH ] R 1
PRACIIR AR, BRI AT LR Z AL ) R 5 0 22 JE R R0 R U ALAL D, D fff pRdX — 1]
W, BN TRFREEY, ERRNR SRR, SRR R, AT R
REMTHEATH, BEEER RIS, S R a7 S AT k.

3 SEIGIGE

Emh a2 g RGBT S, AR RENMIRIRST, HEARTEL TR
RIS AL, RIS BRAAS [R5 R E ) ek e
31 NERRST SREERBEXR

FETRESEER R, TREIMATH A B A 07 2GS &1 i i B TR 5, B AR DA
—ERE R, R R e B AR A AR X TR S BOR T R R, R
WA H RS 2K R, A RGN PTG YIRS B AL 06 HER o T A SO 6 F ARAR B ) T i, IR
B TR T ARAR K R BOR R AT ASEHERf R RO S PR AR

B LU UE T A AT 0, BB SR IR IR AN 58 1, FFIZHTG K, w7 gt
RIS A AL, HAURWE 3 fron. BEE/NRSGAK KGR, 77 MR ZE 1 i S0k
N T IRREAAEY, BATHR 7T HARRAER, Wil 3b) Fros, rTRVNER B ERS S Hid
KR IR HER R



3

FRICRH, 5. B TR RESRA R TR 2 ML & B AL it

509

B R IRE /mm

N

—_
[\

e

e

-

-

i

2

3 4
RIEEE (58 B K B /m

a)

BT RRZE R E

5

4

1

3 AEEESDERRYTXR

2 3
PhIRIEE (%6 ) K /m

b)

4

B D SRR WAL IR /MR TP BIVIMREAR . PIEAE IR 2R, AL
FES MR — IR R R TR T IAAERFE, HmR s ks R R/ 2t — 22
SCIRINNE . FRATT A0l SO A3 H I /N K A ) BN 56 B2, LSRRG BE AR Ak, R R AN 4
Pl PATEERAN G BE AR 5 0 RORS FER BN — IR e Bk 22, x My 23 Bl R A ] BRAN T 2
WIS L 6 S HAFELL T R A&

§ = ax’ +by* ,

Hrb, a M b NEHL SRR R K.

YRR ZE /mm

8
T
g y
6 Y
4 /
/// /
2 P
%1 3 3 4
MR ~F/m
a)
& 4

32 HEIRRSHFEEXAR
I SC 2o M 1 YIRS L S /N AR 20 5005 R OC &R, (HARLTERE 5 R 2 bk BEOF AN 2

LMER AR, DI, AR R BATT A RS B0 70 B 07 SEREAT 15 L SRALE -

BITTRRRERIER

3
— MR
250 %K
2 /
//’
15
//
1 //
d
05 ///
-
0 1 2 3 4
R ~Hm
b)

BERES NERIFEE/ZE X R

(6)

Al BT B BEE, W EEAN RS IET7 T AR (0 H Ve BE B e i A R S i i s S Ja



510 K X F R 43 %

7K 7 A B, SRR 2 AN 55 2 i B &, AR N “835”, ANFE “si” 47
BN BRI mIL KR 1 . B 5 AEWALFE T K, nTCLEWME 2], b
EHIMAOLEIE M, HHMRIARREER “Ha” Mg, HEHESHERILKRIEL.
#z1 FRhgK/ERSEE S
IR Em E—EE(C) s aE/dB 0 S ER/dB

1 12.6 517 20.0002
2 6.5 -38.8 ~0.0021
3 43 -31.9 ~0.0139
4 33 ~27 ~0.0391
5 2.6 232 ~0.0978
60.0 - T A T
40.0-
20.0
m i
S
i ]
E 004
-20.0-1
~40.0
S L s B e B s L B L S B S
-150  -10.0 -5.0 0.0 50 10.0 15.0

)
B 5 KEHREENERKNEREE

I AT AR 3, 58— st A BB/ AR RO KT SR 3 SR oy, /NI AR
KA 5 m i, ZFEC A 3° LA, IO R EARIN B PR AR vE RS m Aok . 78 Al i
WAL, BEAE /NG N, a8 AR B S R RS EEAN A, T DA SE R AR 5 2R

FIEE, XL BT T e, e 6 fras. H/NIBRIAK AT 3 m N4 B &
B, HBBULE 5K I AR — 2, Xt —DUEN], AR B R AR AR B8 2 A 2E
KA, HEETRAMGAKAT K.

NHE— BT BB REIE SR MM, 3% RIS MR A TE, IRt T
P b AR A 07 AT BRI, AE/MIGA A 1 m DAARS, 7 A AR AR, PRtk
FEEE 1A T m, RN 7 — R, RFEATR G . 2 A AR R,
T3 1) L7 1 BT B AR, TR ) R 5 1 B R SRR AR, S AR T R,
AR RSB BLR, HoKFJ7 m B 7 fros. 25 R/ MRTE RERY, 7K-F-J7 1) L
(38 2 F I W R AR, AN T SR BT A B RE R A, HaE By A A 8 s



3 LR, % TR TR SUARE R MRS R AL T 511

60.0

— FRAE
4 |—1m
1 2m
40.0
% 20.01
o i
E ]
0.0
-20.0
r— T 1 1 T 1 ]
-15.0 -10.0 -5.0 0.0 5.0 10.0 15.0
()
Ee EEAEEARRT/INERSEE
60.0
1| = EAR
] = 1lm
40.0- | 2m
J -3m
-4m
) Sm
20.0
m |
=
| ]
i 0.0+
-20.04
-40.0
L e e B L B A |
-15.0 -10.0 -5.0 0.0 5.0 10.0 15.0

/()
E7 KEHFEEAREIERESEE

CRE SRR, W LUK BRI B 1AL 3 E KT 5 AR A, T8 B AR A 3 B
BT V5T o MG AR SR IR A B 0 AT, 2 (A) BRI 0 DRINT ,  FS S5 T A S8 FRD P B A 2 38
IR, KEZME, RERAAXNAEEMES, PAET “Ha”,

A7 AR, BATKBIAEAE L 2R LA RTERE, (HIFARR R IAIE R R .
NIRRT 7 SR 2 BRI R AN R T [ A BE R A o TTTAE L5 IR SR8, 3m x 3 m
f/MCr BT 5 BABONIIE K55, Hrh O BoRIE A N B, 7EIREAL AT DL A el 7T
PACTT Z e WD 3 m, JE ST 40 m AR RE, #0700 14 3, EABRIAEL



512 K X F R 43 %

60.0
1| = EAR R
= 1m
1 2m
4004 |-3m
1 -4 m
Sm
% 20.0 1
o ]
lﬂéﬂ_
0.0
=20.0
1 | I
B B I B L S L B S S B B B B L L B R L R B R R |
-15.0 -10.0 =5.0 0.0 5.0 10.0 15.0
FEI°)

8 EHFEEFREESEE

MIRTIR T, HEEA SR E R, DOARHR G FEARSHN H 1.

HTAFAEZ IR, B2, HIXSAT e Ay B IR Lo m, A 4ui S0
THRETFA BB B M KT RREE 4 & 2R ISR TR R A, H
I IX —JriEx AR R A 2 R, &R, I BATR 250 TR 3 517 5 it
frest, AUAe e F 0T R E WA 9 fros.

60.0
- AL
1 WALSF
40.0
20.0 / o f
% 1 /\ I “
'Hm] ) -
&= N
I j

0'0'? i':\. i .ZItW’.[\"I:YII | f\‘w ||;‘ ."N'f\f‘l.\'

_20.05 N /\;"P‘\": "l.' ! lﬁ\"\‘ Wf \/\

P

-40.0-
L B L L B L |

7+ 1 7 T T T 7
-15.0 -10.0 =5.0 0.0 5.0 10.0 15.0
FHE/(%)

El9 3mx3m /MRILUITEE

SEIGAE BRI, O BOR R 5 x 1074 dB, AHXT T R 0.0139 dB, #M T 3.6% HIRE



3 LR, % TR TR SUARE R MRS R AL T 513

&, [FINAE R S A A BON I R R, 23 FRE T 1.15dB. 0.77 dB. 0.52dB. 1.02dB
F12.1 dB. BRSO AGERGE , SRS TERRAT o AN A (R R R et R 28 55 I 1 SRt AN
Y, AR — “Sea” IR T 5, XA TR RA TR ERRA I B AR ik
JGiZ “ERT R, ARTE S, RO R 30 B, BRI TN R R AL R

4 RgE 5

A3CEL BINGO 3 H ¥ 40 m (B R &N, XA R RS /N AR AT 204, th5 T A
FURSE N R RIS, IR T R E I R RS AR 5 10 KK 5 e b 2RJE, XA
7] S S T £ GRASP AT LSk o W] AFE BB /MO 3G, L 1 ASRIRR L (1 i 4
w5 HE— BRI, KT T 1AM 28 AR A T B ANROA R FEAR AR, 243 A R
BRI, 7 AL S5 IR R hCe R e e, BRI R, AR R EA R S m i, AR
55 M LE SRR IE 1 30 dBo [FIREA, PRIAJPRE G, /INGRCTE R 5O B S5 i 5 L ) £
BEEE A1, (HEAE AR H R AN, RS/, Xt 5 R RECSR A, 5 Bk e
Ji A Ko

AR R AR S T R 2 B0 s S T R T EAT IR BEE M A, R 1 s 3 B s v X
RIS 2 LA SR ERRE R AT (5N . BT 7 P AR T A RE I, 2 ) S ke i A32 1L, &
A 28 S S THI S S R HELRE ™ AR08, R P AR AN AR RE R 55 - i P 4 SRy BEAE 0 701
JIEBATIOR, ATV RGBS, P BRI 2t

EEPEE

1 L R E TR, 2022(16): 141
1 ZEHERL HURHTE, 2014, 52(09): 48
1 iRARLR. A E R SCAESy 2020 FEEARE ST, dbnt: PERICAE, 2020: 34
1 BRERHE, 2245, B VUM TR 23R, 2022, 58(07): 176
51 EAE, B, U, U 22 R K 32540, 2005, 32(06): 839
1 NI, 2R, TR 2 5 AL 2, 2016, 39(07): 207
] #HR BLHEEHA, 1983(10): 1
1 #ff. WLie ST Vi v s TR R, 2010: 1
] Peel M, Wuensche C A, Abdalla E, et al. Journal of Astronomical Instrumentation, 2019, 8(1): 14



514 K X F R 43 %

Optimized Design of Surface Antenna Plate Fitting Based on Particle

Swarm Optimization

ZHANG Wenyang'?2, WU Yang'?, LIU Shengwen'-?

(1. The 54th Research Institute of CETC, Shijiazhuang 050081, China; 2. Hebei Key Laboratory of Radio Astronomy
Technology, Shijiazhuang 050081, China)

Abstract: After analyzing the fitting schemes of different planes, the relationship between the de-
sign of the planes and the accuracy of the surface is explored, and it can be verified that the accuracy
of the reflective surface is proportional to the square of the circumferential and axial lengths of the
planes. At the same time, the simulation software is used to simulate and verify different schemes,
and the influence of the change of the size of the small panel on the antenna gain is explored, and
it is proved that the spacing of the small panel ring is only horizontal has an effect on the energy
distribution, while the width of the split in the same ring determines the energy distribution in the
vertical direction. Finally, the particle swarm optimization algorithm is used to optimize and adjust
the segmentation scheme of the small plate, which reduces the surface shape error, and the simula-
tion experiment of the 3 m small plate scheme is carried out to verify the reliability of the method,
which compensates for the 3.6% of the energy lost by the center beam caused by the change of the
shape surface, and effectively reduces the newly generated side lobe power by 1.15 dB, 0.77 dB,
0.52 dB, 1.02 dB and 2.1 dB, respectively.

Key words: surface antenna; small plate fitting; profile accuracy; large size antenna; optimized

model
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