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Abstract:  Active phased array radar (APAR) services play a key role in national strategic security equipment and di-
rectly support essential tasks such as the national strategic missile defense, over-the-horizon detection, anti-stealth detection,
and remote guided attack. APAR technology was used during war in the 1960s and became very popular worldwide because
of the emergence of urgent military needs. This technology has essentially affected the world military. Compared with tradi-
tional single pulse and pulse Doppler radar technology, APAR has helped to advance radar technologies and had a profound
and wide influence on the development of radar. Each antenna element in an APAR is connected with corresponding trans-
mission/reception (T/R) modules. By controlling the phase shifter to change the phase distribution on the antenna aperture,
the antenna can be electronically scanned without any mechanical rotations while still covering the whole airspace. There-
fore, compared with the disadvantages of traditional mechanical scanning radar, such as a large scanning inertia, limited da-
ta rates, a small number of information channels, and difficulty meeting the requirements of adaptation and multifunctionali-
ty, APAR has unparalleled advantages such as flexible and non-inertial scanning completed within microseconds, multifunc-
tionality, high reliability, large data rates, low radar cross-sections of radar reflection, strong adaptability and less affected
by electromagnetic interference. With the significant demand of modern national defense, radar equipment is continuously
being developed with over-the-horizon techniques, accurate detections, strong stealth capabilities, etc. APAR research is ad-
vancing toward high-frequency bands, high gains, high pointing accuracies and low sidelobe levels. The high electromagnet-
ic performance of antennas is achieved through strict design parameter requirements such as rigidity, quality of being light-
weight and high efficiency heat dissipation of structures. Moreover, various parameters of antennas show high-dimensional
and multi-field coupling relationships. It is more sensitive to interference from harsh battlefield environments, which deteri-
orates the electric performance of antennas and reduces the detection power, guidance accuracy and battlefield survival abili-
ty of radars. APAR, known as the eye of the three armies, is a piece of typical equipment involving interdisciplinary disci-
plines. Its structure, thermal and electromagnetic interactions and mutual restriction coupling relationship are defined as the
structural-electromagnetic-thermal (SET) coupling problem of APARs. The main coupling problems include the following.
(1) Feed errors affect the antenna electromagnetic performance, including the amplitude and phase errors of the feed net-
work of APARs; failure of the radiation element, temperature drifts of the thermal sensitive electronic components (such as
phase shifter in T/R module) and mutual coupling of the antenna elements will cause the amplitude and phase errors of the
feed current, which will lead to the deterioration of antenna electromagnetic performance. (2) The structure errors affect the
antenna electromagnetic performance, and there are random errors in the manufacturing and assembly of APARs. Vibra-
tions, shocks and thermal power consumptions during service cause deformations of the antenna array, which eventually re-
sults in position offsets of the radiation element and changes of the electromagnetic amplitude and phase distribution on the
antenna array. Moreover, this results in the change of the transmitted beam and finally, seriously affects the antenna electri-
cal performance. (3) Thermal issues affect the antenna electromagnetic performance, and thousands of T/R modules, which
consume large amounts of thermal power, are installed on APARs. On the one hand, it will cause thermal deformation of
the antenna array structure; on the other hand, it will also cause performance degradation of the device and finally lead to
the deterioration of antenna electromagnetic performance. (4) Changes in the coupling ofstructural, thermal performance
and electromagnetic performance will cause deterioration. In APARs, the electromagnetic amplitude and phase of the anten-

na array will distribute correspondingly under different duty cycle operating modes, which results in a change in the thermal
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power consumption and temperature distribution. Thus, the thermal deformation of the antenna array structure is affected.
Therefore, the structural-electromagnetic-thermal coupling problem of APARs has become a bottleneck issue that hinders
their steady development and further enhancements of their performance. In this paper, the development of APARs on dif-
ferent ground-based, shipborne, airborne, missile-borne and spaceborne platforms has been sorted, and the structural charac-
teristics of APARs on each weapon platform have been analyzed. The influence of service loads on APARS in different bat-
tlefield environments of land, ocean, air and space has been summarized. Then, the mechanism analysis and modeling meth-
od of SET coupling of APARs affected by antenna structure errors, high-temperature ablations of the radome, feed errors of
T/R modules and failures of antenna elements are discussed. Moreover, the application of SET coupling technologies in the
fields of APAR manufacturing accuracy, high-efficiency heat dissipation, lightweight integrated optimization, sparse array
design, etc., as well as the key guarantee technologies in service environments such as APAR condition monitoring, dis-
placement field reconstruction, electrical performance compensation, are summarized. Finally, future research on SET cou-
pling technologies and their application prospects in different research fields are discussed.

Key words: active phased array radar; structural-electromagnetic-thermal coupling; structural deformation ; perfor-

mance adjustment; design and manufacture ; efficiency radiating

1 518

20 HHE22 60 AR, A PSR M H AR B [ 1, )i i e
1A% LS T S0 T 5, Se ik i A TR 4 0K (Ac-
tive Phased Array Radar, APAR) i 4 % B9 32 0
APAR HL A 1l U T 2 I RE 2 F AR | m] ek
L PUT IR RE J1 iR A UL, & 21 SPIL T ok A
TR AR R S o T A R B AP B A D R
BT BRI, B2 % IR A B B 2 o 2 S O VR AR 4
F 2% (Active Phased Array Antenna, APAA) B AR VERE
K, [RIIE, Bt G APAA 1] PR RE | it B | i B AL 5507
0] 52 Ji& , LA AR ARG 5 v R L RE 2 11 4
FRARE N EE, ML I Z A5 IR C s i 2
APAA & JE I G ) fi 22—,

B LR

1A) 1

LA a3 Ie o

—
e
2 i 7 BRI TR

TE APAA 538 A7 15 36 HL G S A5 R0 A% 9 il
J 3 2 1A YA AR S5m0 (P 1) - DR AR IHESE |
SEIRALE S A B S R R M A A% 1 5
WY s QMBI B R 235 R LA A8 ) L E S A8
e, #2056 REE5 R AL BB s O E
Gyl A B R 0 T/R AL 25 HL 25 A A BE E 175 1
KL @RUT L7 09 TIR A A i S A #E 23
SRR AL, S BORL A R AL R 7 2%, gt
SN R Y s O R L B HAE A R
IR 5 iy @B DR R, B
5 RN R R S A PR RE . L IR ¢ R AR
S0 APAA 1 IRACPERE , I ELIEHE 75 2 5 oK A A 7 2
Th, A APAA BERIN 7 2R A AN BT B e, ) BILHL A
B R IS AR R R A0 B

o fEE{ERT
® i

® 1 s TR
LR Sichiy
® iy [a) [ w2

LR TR

BT A IEARE M R LR PR E R



2820 H, ¥

EE 2022 4

EA A E N IABLEAT T 2F 5 APAA IR BEfR P
BT R TS AR R AT T AR SE S E
B T RFARCR, Rt 2 XA R 5 APAA Y
WFFERE A TARGF A G, . (H R R g5 T4 1Y
JO7FHATUAT AR B 22 57, TR 400 APAA S 1A
[ ) e 5K, s FRISEAN [ 63 (9 APAA BO4E R, I R Xt
FE AR R AS SO S A TR [ B AT 5 A
Gt Lot APAA B E B REIR IR SHOARKE AL, K5 20 H
T AR 15 IR A P45 28467 FO) A a5 R ) 2 ), 2 )
AT B A 5 B e S OHTE APAA B3 il i 5 e s
PERETAE BOARBI N, B 5 PR 1 APAA BIBOR K i
H YL IR BB AR KA TE H AT

2 FREEEBRXEEEIS

FEPE B A J L 1 B AE 20 tHE22 30 4R 1, 2
RIETFUR T X WAF5E TAE . 20 42 60 454X, 35 [ A5
R 4k BIF ) AN 2% 4 T 23 ARE B Ik, Z ] TiE S
SR A ZR 45 . 20 HH40 70 4FAC, AR B T A A 2 T AR
K BRFEIPIE SN, AR 2 B R AR R4 T M

2V e

g

Mgk, i 9 3k H B FEAE X — A AR 4
Tk A WLEPE R RN R R i 2k
A R FHE B 454 A 20 22 8O AEAR , A% M4 38 X
H AR MR 5, 58] TSR . 728
e £ FIE AR 0 3 — A0 G R B 2 SR R G
2R Z YRR IR, B OO AP G
Bz AR RE M — A EZ AR . 20 42 904 E
A A& FEARWINE X APAA BIRFSY , HAE& S FPL 4
A S TR SR B AN R R R T AR AR A X
ARG SR R T R AT AR K . niE 2
Ji7s , mEE AR ) APAA FEIRERE 25 K B4R B AR v &
T ERMER, 24 R4 B AR AN & & 3
R k2 TH I B I g 5 R 3 A A RS R
fig St
2.1 BEE

R 5 25 5 11 F 2 S 4 i 3 5 s 99 T
KRR E Z E A, s &, BT
T MRS Y 255 BE 1 B R L T 3 R
TS TSt i) AR U ik DL R R B Ik

s

— S
W

2 RS R T B

AN/FPS-85' 2 &l Bt |4 — &5 KA A 35 M4 75k
20 4l 60 AR E s T IR AR MRS S, EEH TR
WEH . AR B UHF BB, B il 5 134 Nk 91 4%
F14 660 MU AS , Sk H T2 32 MW, 2 ME— %
PR ER TR 25 BUAE T3 R AR R ER 8, T LA [R] B Aar i) | R
N 2235 200 9 T A& . 75 R BRI A BE 97 m, Bl s B
43.5 m, MR 23 225.76 m?, A4S EE A 1 250 t
AN/FPS-108"' 5 [ 5 A0 ¥ B ELAR 290 30 m, TAE A5
B LU B, 34 768 1 RELHITTA AL, Hofr 15 360 4

JEAH VR T W H TR A] Gk 920 kW. AN/FPS-115 /&
Raytheon 24 7] - 20 12 80 AL B KB &, xR i H T
TRERE G G A S BRI RN T DL TR R R, T
YEAT % Sk 420~450 MHz, %80 B 25 0T 34 4 800 km. i
T ELA2 249 30 m 19 59 SF- 11 AH 468 W A 0L, 2 26 1 = 20
32 m BESHP HAHAB O AT, B AR 20°. AN THA 17924
T/R 4, A [ 9] F1 0% o 4 5 8 s 3 TR A AV 1 85°
FIJ7 57 £f 240° , B34 [ T B4 I 2 3 580 kW22 AN/
TPY-2" 55 AR b F iy T 5L o e e o ) s 36 X gk Bt



%12 M

TR [ 91 Rk FRL G -2 K - VR A B « B 5 RO 2821

P 3 A L et T Tk R B 3k

APAR. ‘EAEN B8 Z IR 7E 45~ THAAD R G 4b T
AH Y 56 S 1 57 . AN/TPY-2 APAA [ FL K 9.2 m?, 3
A7 25 334 T/R 414, BB eI E DR AT ik 16 W,
IR 34T Sk 60~80 kW. 12 F 1k 14 44 I I = i m]
3K 2 300 km, % 1 m* 55 35 8% 5 #5072 (Radar Cross Sec-
tion, RCS) 1Y HARFRIM BE 235 1 700 km. =553 HE FE
T AR I I B AN/TPY -2 35 35 it AL I MR e Ao
(BT AL ol PTE S T T 38

Dunay-3U i ik # T 1978 4, T4 Bt i UHF,
KSR 30T, AU T 100 kWY K ST AR TR
*). Dunay-3U FIRELBIT T =248 R BAR TP
5 75 iy BB L) {5 B R 2 — . Voronezh-DM Radar /218
B W fo— AR A TR A, ) s Sl A W A, By 1k B
i e A RHLIE AR, T 2009 AR AT . B H
NPK NIIDAR &1, TAE T UHF 5 BL, & /Y 55 72 0l 3k
10 000 km, AEM [F] A B 5004~ H AR

HRETE 2017 AE IR TF T —> P U B 72 1 A0
PR FE I I B B 500 km , i T B B SHLAE Y 1
TR JZ WA HE e D B KR AE 0.3~29 GHz i [l , K % 75
I IE B3B8 TE T B AL A e B U B, R IR D R A L
A CRIR” BB AL ERK . 2018 4F v [ B R R
FLR X B IR AR R 2 BAR I 2 58 R4 i B
RUHR TR 22 40 ] 3 2k LA S B 4 s SR 2R AR . i
FOF RN 10 m® By H ARSI EE 2578 4 000 km 2247, HiAH
SOl iR R G A 9O AR S, TR
RSSO H bR .

H AR J/FPS-5 28 ik i =38 MLl i, T3 5
BB RHL ST o oo S AN 2 34 m
7S F L AR50, b T RS K =TT 12645 T APAA,3
AL 78 PR R i K B — T P A ELAR 2 18 m (TR ik, TAE

TESPLEL. PLT APAA 1Y FEELRE AT CAHLLL K i3 5
LR e i 5 R Ak L S T ] R v R Y H R
A TR 75 34 AR 2 12 m, TAEFE LB, R85
SRS I CHL ARG M Ab B X . ST AR A ]
DABERG , T AR B0 5 B LB 1 4 16) e M B4 1

EL/M-2080% 12 Elta 23 7 A2 77 (1 LA 5,51 it 5L S 37
RIS, TAELE UHF I B, 427% 2 000~2 3001~ T/R 411F,
60 t, REFIFEFE R FR | B A i ) A8 20
AR HEDIE B2 500 km, I FLAESZ LA 3 000 m/s Y 8
IREE 30 24 Biw, I S5 5 200 2 B AR 4 m 975
P . YLC-8B"™7 #5031 2 AR s B A 1k 2 v 1 19 47 04
5 4R 2 PRI F5 15 . YLC-8B T/E A UHF % BX,
T i 3o AR R R T BRI R B L
JY-27 B 502 [ ) VHE 3 B 2 W0 7R 38, BB A% & 3
I FE RIE ERAL, AR 25 oh B AR 4 500 km.
2.2 MR

PRAR I I 5% 4 b, SO AE ST T 6 1) 3 R
25 AR SR T . o TG S g R K T A i A
R TR T EZMkAS b O L, 207
Tia] 22 LU AR RT T o, SR IR AR Ak R S T
AR AR R ik (K 4).

3 [V ZESR T 1 8 K 25 i 25 B (Nimitz Class)
5 X E S W as B (USS America) #2545 T AN/SPS-
48E) P — R R L R = AR AR 25 ik, B R OR
B2 2R RGB EERE 1, AT LARSEAS il B i o )4 v g
ZTRIBHITT Exelis 22 B il . APAA TAET SEELEL E/F
BB IE(HYIR 2.4 MW, RER ST M 5.48%5.33 m’. e K
R FE B 426 km. K2 11 95 A B 46 W % 25T HE 21 1T
A, H 2 2 578 ke, BELEN S A TAE .

% EE AT S RGeSk i 2



2822 H, +

2022 4F

ol
2
8 ¢ Sl
| =
H
b

1
5t
s
ik
8 ==
=
B
)
4

oot
=
B
B
dn
=
HE
=
3
]
&
=
R
|
a2
=

Type 3468

AN/SPY-1D(V) ST —

RN A = P E KRN AL R A ST S

; |
i
"- o)
5-Passat radar S5 = t——

S § B

T

LEs -~ -

P4 S M TRy 2 B A R KO

TER ARG Z — . BE RGO, R ERKATRIER
45 AN/SPY-1'%", AN/SPY-1 TAETF S BE, 1 4440 517
5 90° [ RER MR AR, BRI R /N A 3.65%3.65 m?,
SR BT I E R 4~6 MW, 23 S 8300 FE 85 4 320~480 km.
H A, 85 [ AF A& A 1 5% K T 9K R 3R 7% IR (Sejong the
Great-class) . H A<V | [ 1B SRR 19 2% & 94 (Atago
class) 5 78 b7 23 5 500K 320 R L B B SR KR 0 96 ZE 1)
5 —Fh 2 B4 2% (Hobart class) & B 25 B I 140 205 4%
T A RS

2 [ Raytheon 23 B BT AN/SPY -3 /2 36 16 257
HRAREL 2 T fie APARPY. AN/SPY-3 & —Fh Sk %) X I Bt
Ik, E 3EORL, B R RS R 2.72%2.08 m?, JE
JE0.635 m, 3 TP LR M 2.5 t, B R 43 1 5 0001
T/R LB BT, B K ZR A 8 24 320 km. AR IR EREL
IXZ AL (DDG 1000 ) J2& 3 [F 16 4558 — X 22 FH & X WA T o
BTG A, 45 1 AN/SPY -3, HLSR FH Sk 1 4 1 o e B
BT, A A AT T O AL %) o B M —— A T LA )
5 BB AE LK T 10%. AN/SPY-4 J2& Raytheon 23 vl %
09 55— BB APARPY, Hy 34 K £ b4 1 A4 il , 45 1 4 %71
KL RF N 4.06x3.86 m*, JE & 0.76 m, 3 H K2k & &
10.215 t, A RATIEE 2 K T 463 km. ##5F000 25+ M
(Gerald R Ford Class ) H1 20 I 435 20 3 i fis 2 w03 1 A gt
1, I T 2017 4F IE SR A%, R B 645 T AN/SPY-3 5
AN/SPY-4 Wi Fp 75 35, S T B g P i AR 54T 8
HE 7. AN/SPY-6"2 L AN/SPY-3/4 —FE , £ T/R 24
2 — A B 3k B 4 1 (Radar Module Assembly,
RMA) il 35 34 RMA , 21 845 oA [R5 R F AN [E] 23R 11
Bk . BT AR ST UK E AL (Arleigh Burke class ) % 45 114
AN/SPY-6 TAET S Bt , A7 4 AR W1, & 10 [ 51
1 37 AN IA R H R B, T/R ZH 4K T 5 0004, R T
GaN AL, Mk AR T 2410 b H FTA) GaAs BEAR, 1fif HL
REARZ B U I T ZE U R XK B4 T/R 4R 2

RABREAR B MRAE T, 75 5 AR ) B 5

2 25 TRAKE I S i 25 B IR (Admiral Kuznetsov) 2 %
B W 7SR W — AR RSN g i as B AR P iR
B SIME , T 1989 4E HEA T FiIe™ . EHHEB N1
#B 4 1fi “Sky Watch” 22 Tl) B AH 5 [ 75 3k , TAE M5
0.20~4 GHz, )\ UHF Ui B — EL#5 21 S U B, B PR T AT
51001 T/R 444, LA TR AR GE J) .

B Em 4 DMl LS RELEN
SMART-L"", iy Thales 2% m) 8] , B 28 1 A BRI AL 24 [
FUGH TR KRR LT — D RKE N8 miK
KAIMERL , JAy 24 S KEREF, TAEMB ]y Lk B, 0
N2 132 kW, BEGE 7E 400 km 78 FFl N 4> [ sh6 ) | iR
B S AN ER R 223K 10004~ H bR . 9 [ 2 500 42 5op 11
BRI 1 2e BB %5 B (Queen Elizabeth class) (7%
FE] (1 Hb - 26 2% R B BK 32 (Horizon class ) L K % [ 1)
45 BB Z AR (Type-45 Daring class) ¥ #5 4% 7 SMART-L

10T 5 i s R v 5 — R A A S BRI
AR T 346 BTG 2 L APAA TR Ik — R AL
FALB 2 TIHE APAR , H KA S U B 32 1 K26 441 e
FEWHE C U B W5 22 8], R 28 SR N R G A . 1%
Ik B — T 2235 000 4 T/R 4108, 3R I #E B8 3 1
450 km, BEASIR I IR EE 24 1001~ H bR . 052C SR 2 b
] A 2 B — 24 % DU T o A 4 o S 1 [ 7 A
% % 346 T APAR, fE LI A3 4 1R 9IOE 55 38 K 26 15
T . 346 U A B AR T 4RO, 4 )R JER B —
WL RS L 346A 5 346B. P, 346A SR T HE mAlmy
Wy = IR AR IEE B BT -S T 2R A5 B R e
SR . HET, 346A B A E 1Y 3 7 ZE M 052D
1= 346B T2 346 A (IR WA , 32282 R HE Fe i B 2
Y055 BRI -, 452k TRV E i85 , 055 SR AL FR I
BERTEE] T 400 2 Tk BIRERRE ) LI T — 1K



TR [ 91 Rk FRL G -2 K - VR A B « B 5 RO 2823

%12
=l
2.3 #E

Seik R HLEAT ATHERR IR R HLsh R IE kT
KA, X T B A 00402 B A EAT TR PO ML
APARAE A RS HLAG T HLAR ™, J& HZR Bas dr I # i 56
S ASCHNZE T A B R R S R B, AR
VERC Y SE 3 APAR., 21l 5 77 .

F-357 & — 3 C BT B A 7 ) AR B % ST L
4447 AN/APG-81 APAA. F-35 T8 THiZk 4% . H
bR K B 7S B A 2 TS5 T AL, B
55 v ) B B B T LA B — 7 R T HUGK AT RE J) . LMT

FRilvik: UL
PEAIRIBL 1 676 P 7C
Yo Gaas TR
LAESREL: 8~12.5 GHz
FRMIFEE: 150 km
W16 kW

R i
374

ANIAPG-TT
L5 S RIsE
FA-BEF L - T

= -
AN/APG-81 o

AN/APG-79

FELTIE: 17 A PR A
MEFIRBL: 1100 FETT

Wk AL GaAs T/R
TAE$iEE: X-Band

FRIFEE: 150 km
eI —

AN/APG-63(v3)
%

FELNIE: ATRHEPEITA
FEFIBLBL: 1 500 B T //

Wk 4 GaAs T/R /
TAEHEL: X-Band i
R B 180 km - :

(T Be . —

E =

R AT

FEFIFEHEL: >1 000 FETE P
R WCR AL GaAs T/R
— T{F4iEE: X-Band

~S FARih L
g D i 000 p

A GaAs TIR
L{E$iEL: X-Band
FERFEFS: >200 km

1 Boeing 2 T & 14 F-22137 & — Rl HL 28 1 1946 AR
BARE KR SN, 2 A ANJAPG-77 APAA. F-22 (1) [
ErPERE L R PE SR AN A SR RE S R A4 L S
TR A R L A BRI AR R iR SF AL . F/A-18E/F &
Boeing A 3 [ V3 ZE B ] (1) AR 2% B )38 XUk o ok 2 FH i
TR SFHL, 245 AN/APG-79 APAA, & £ % TifE b B
25 AT X . WA B Tk R, D
RSt A L TC e FE A 2s B R AT H AR 3R
JEAE M AT AR R R AT BT 55 . F-15ERT R Me-
Donnell Douglas A b B i by 32 AT 55 18 XL )38 WUk
) B AERL, A ANJAPG-63(V3) APAA, 3t .
X Mo N 2s AR BAEE 1, R R W EE AT 55 S F AL

KERTETA: KW %
FE#IE1§%: 900mm
L {4 EL: X-Band

5 Irbis-E f5RPR: 400 km

= TS# R0

it Captor-E NO36 Byelka -5
B0 78 i AT

—%
| B 5B 1 514 BETE 20 Rty fi s A5 ARG ik
R AL GaAs TIR FERIRUAL: >1 000FF G
| T 5EL: X-Band TAE B X-Band -
| FR BB 15 - 400 km o

T‘} RERUIE: ATHREEPEIL s,

EZIHERE: >1 000075
AN/APY-9 ik

= np . A-100

5 A AR AL . FIUEAL B L a4 A TR P P R 2

Eurofighter Typhoon**' J& i Eurofighter GmbH ¢ 11
BIRUE = AR E G A Ry R AL Bl A 22 A A AR
2GS HL, 25457 Captor-E APAA. R 15 A HLF I R A
500 5 10 R SRS FARZE A i OR L BB [ I R AT
Z B bR IR T o] SR A B . Rafale ™ JE 5 H 1Y)
— I =R ALsh M 2 R R AR R IL,
# 45 RBE-2 APAR, 1 [n] i BRZ5 8 /4~ H A, ik A 3T
i HAR U FEE , HEE RS .

Su-57 AL A 7 2 AR X e 22 B
B . Su-57 BT AL AT A T B G, AN R A
SR HILA B . Su-57 1 3 7175 15 4 N036 Byelka, fig
K400 km LA H 5 , R ERER 30425 o H A5 I )
Hoh 8 KRl . Su-35" 2 R A AR E AR MY 418
KA, A Irbis-E JCUAHPE R 7R 15 L B REAS PRI 5 i
400 km A9 25 H H 5 s 1040, Z DI RE R A REGSAH F 5 AL
TR A o 73 3 1) e i P15

JHR J-20140 2 v R B AER T RMIL T 4 A A s A 5
AR XU BRI R BIL, 2 25 e i 1 APAR, B4 &
BB R A B R LB RE ) . FC-310 P

fi s ol A P2 B B RBIL T B A1 2% TR 9 565 T

CLAME SR LS 0 X UERR RS T
ZAL55 RE T GROR A HARRI S5 B 2738 )1
SRS SRR ANE B ) LR 2 H AR A
R Jil A e 1) T A - 23 CRE D X st R TR AR
HRITHRE T IE NLR Z% R AR E AN MU A I RE D)
PABA 5 25 5 PR BRRE )

BUAE AR AR B AR, il 5 SO B 42 AR 5
PL e R IR A BREZ AR . BUEHLRAR (S B
P 2s TROIRE , J2 28 T T AR S A . BUEHLIRAN T3
TAT 757 38 O A 10 2 300 5 X, A RS PR RE A L M AV
R AEAFRE ST 5 A P45 BE 5 A0 R 6 AL Eh S A
H BT BB BRI | B ER 5 RN O 25 v i T K
eI A b AR, B o SR AR o B O 7
TET TR T A AL AR B G . & T U 7 F5 4
% RARIENI ST AL 55 , B AT RIS SR AR 45 51 &, 48
A ZE LSRR A AE S AT 55

T [ F B A 22 500 = LS S HL R Bk
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AR 25 T TUE RN AR T — R 0 A KA UL, 7K
25 W AR RS AT 55 . R B B8 = mi
AR PR TR I BT R 55 120° 95 L, =40
T SCE T A E 5, a7 BT
5, E RS R S RO RE AT, DU LR B
TORN Tl | A R LB B AR RE AT . 7 2 ERAS
TN, 252500 P HLAEBRMVKS B | ] S5 2L
B 5 K2 R 800 B 3 e at , %F RCS 0 1 m® H AR
B 0 B R 2 T 480 km, RETC & Tk 42 AR L AE 2 1
RSB BTG A G R SRR AR TP R LA R S
el BTk 2 ETHE

E-2D FiE AL 2 5 [ W 7 1k — Fif i 2800 28k 19
ML, PRAT TS 15 AR B X — AR e B 23 I S
By BG5S . E-2D T LA & T8 AU A R AH 3 B
AN/APY-9 I H 38 R 40 i B R T WA 5 AT
TR TAEM RS, RS T XN EHLs B
B 4 B ER BB T, 558 T ZE W L Xt b 2 R
T EREE T AR I ST . AN/APY -9 85 35 % FH 1 AR
UHF % B, sk 7 XF B B AL B e g, Rl B R A T
T A RE R AR FECTF H AL A | 3 — & 4 1 T %
MJESE ) 800 W i E5 3] 1 350 W, b KR 5 1 3 ik i

_—

A Ku-band Seeker

A X-band Seeker

AR RE A . O RCSHE 3~5 m* 1Y B ARER
DR 25 T34 500 km.

A-100 TUEHL AR L e iF i 1) — AR BUAL, 32
L O el RN o S| s O = B 79 i vy 4 A S E S
HEREE TS, R MU LR s g R
L TR DL S Fs A ] . HAE 21 Vega Premier A i
AF T B R A SR T o R A LT P 8 38 - e —1 S
W B, E T T B B 98 R R H AR IR B 5 5
— T R I (4 UHF 3 B B B TR 3k, 2
FAE R A I T 22 A AR R ML K B2 45
B B AL . Tk AR S s iefE— R, P m T R ER DR RS Bl
H bR EIRE S, /N2 of B AR B0 B 25 15 21 600 km,
XPHE RN PR 253K 3] 40 km , GEAE [F] B BRER 3004~ H A, JF
X Hor 504 H AR AT Hh 4k i
2.4 R

F R EB AR FHE L 50 E 5,
SITE AT I R Y P R T BRI AN R 25 R
DA AT R 4R 32 FH BB I, 18 39 O 3 A R A R A
i oh FARETAT S s st L A 7 20 28 R sk
FEUR T 3k APAA A9 TR . 55 i 70 58 8 45 5 A
PERE R WE 6 s .

A Ku-band Seeker

Flo k5B s s IRAR 1 I R 2k

R T (0 R-7744 25 23 i AR 0 W i) — 2 3
ST ol [ o N /A ER et I NI .5
W, PTHT i GRS ML R AEDL B FHL A2 LR S g
HER M HE,RTT S0 F I F 5] Tk 9B-
1103M-350, TAET X/Ku SR B, R ELAE 4 350 mm,
XF5 m* RCS H AR #8 M BE 2524 15~20 km. R-27EA %5 %5
S 2R 847 9B-1103K /Y Esh il 51k, TAET Ku ik
B, e K RAT L E 4.5 Dk, B K SR 130 km. R-
27ER™E R27 P s 28 S AR 1A $5 3% T 9b-1101k
M- Bk b2 B B IR F 91 Sk, S R SRR R RE A
130 km. Kh-25MAE" & {5 % i i) — Fh 42 0 25 % o S
w2 W e K S ) 3 T Zvezda-Strela 23 T AE 7R,

S B S 00 & 48 A Phazotron PSM-E £ 3 55 15 5 5|
Sk, HTFAE R R BRI ) 240 i 45 F b 1T H A . Phazo-
tron PSM-E“*' E 51 55| 3k TAET Ka i B, S A Oy
Br 30" A A1 £20°. AL N 2.5~40 km, iz 5
TRATHE 2.4 Dhk . K-37 AR e 8 o A X s
WA K AT R TT 36 5~6 bk, LB I B 5 R
g 148 km, DL AT AT 50T €AT IS A R 398 km, %€
A 9B-1103M-350 8 TH A 51k, 2 H ik T/ET X/
Ku XU B, K26 B 1l B 42 0 350 mm, X} F 5 m* RCS (1)
H R, 00 FE 25 K T 40 km. Kh-31A J&— Rk 27 17 48 3
PSS iy MiG-29 B Su-27 £ ML, RAT
BEN 3.5 S, 25— 0] R TR S 0 e
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SN 7.5 km, B KHFE A 70 km. $52% T Aviomatika L-112E
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N D~F, RS A HERR S 2 S T i, th 7
ATy 2[5 BRUEIE R 2R 41 1, S s8R A/ 45 £ 1Y)
M. | Hughes Aircraft o T T B ATM-4 Falcon™’
& 35 E A 2 —Fh B A s s i, R A 1
B —FhE AR 1Y 28 25 B X TR T 1956 4R 7E 56
2= R AL, RATHUE 3 Sk, P FE R 9.7 km. THIK T
S13k TAESBE Ry X P B, R 5T H 42 40 em, 2R XL
WAl i TAE 73K . Meteor ™2 BRI 15 [ 5 58T 4 7l 1
P MBDA JT & ) — Ff 32 8l B 1k il 588 90 B 25 25 3 i
(BVRAAM) , BEHHA 150 km B9 A S5 2, REAE LA 4
M) RAT R AR TR e S . TR R n ] Sk TAE
T Ku ¥ B, BEUSTE B RO 30T, X B 25 B 4w
AR HERY AT 7 . Akash-NG** 2 iy 26 E E B B 55 5 &
JE S S5 A TR s S, 12 S50l Ku )%
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7325 IR £ OB-1103K F 81 FHiA S5k s R-27TER 58
2 AR 9B-1101K £ FHIL F51 % R-77-1 5%
S K40 9B-1348E; RVV-BD 25 25 5 Uk 45 4 9B-
1103M-350. H [E 1) DF-21 25 25 §: 3 | DF-25 75 75 F: 5 |

&

1978 4, & E FiJm A 5T T 155 — B SAR 1L
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BB . A2 e, 28 B0 AR DR TC AL S
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2114 21 gd104:

7 SRS E A LA K

DF-26 75 25 T PL-12 25 25 8 PL-15 %5 %5 354 (HQ-
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MRS W R A T FhE RT3k HERE
WIS my R B, S A B S BRI R R &
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B, A S e RS o ) S a8 L M R A R T
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B TR T R o 1) IO FH T 5
2.5 E#

AR [ TR IR AR 8 WS PR K, LR H bR A
2% RCS/IN, BEAEZS v Ko 25 ()06 b 1T K 365 17 % 2 0047 K
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H AR BN S R SO B rh R T
BIVEF . APAA R 8 (g PERE7E A& AL B ik L HUS:
THCINE R . A S FLAR B I8 B 1 R AR R AE 20 4
50 AR5 4, 24 28 75 RB-47A 1 RB-57D i W& 15 KL
b Zadin 604E K, A ALAE T IR R T & K
A ERES T A WA IR TS R R, &
B R A AL AR TR A I 32 1 AR 7E RS 25 4k
RAEFEBAER . A% B A G AL Ik i E 7
B .

2120464

TIREA RS . A LA TR I8t i i HH B {b | L
U B SAR T2, B kR 3 B 4 Fiffk Jr =X (HH
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ARSI FH B B IR R, R R ST B A
AL TEIL 4 P K 10~15 m. 7ETR IS8 TR
D7 AR BT 2013 4R & 5 T8 SAR T2 Kondor-E:
RA PR 1 m, I8 58 10~20 km; ZH7 50 HR
1~3 m, % & 10~20 km; $74# SAR 5 2843 3 %K 5~30 m,
R 98 20~150 km, I EL 45— 28 {9 37 AL A1 9500 5 fig
J1. 1991 4F 11995 4%, BR %5 J5 43 3l & 3 1 R 228 Jgk T3
25 B k% T2 ERS-1 M ERS-2, FEH T
Xof il by TRV LUK R R AR RS R B ER T
CUE B VV AL TAE 2, 7T LL3RAS 30 m %5 8] 43 3¢
KA 100 kem VLA 58 A4 7 58 R4 . Envisat ™ T1E 2
W2 Jmy BT HOWE I T 2280 22—, F 2002 48 K S 7425 .
1% TR WU Y2 A s 1) B R I R0 T AL, BT 4 K
WA et (A LR R I8, AT AR B T I R B b
VKSR R i M 1) 1 5 i 5 A R S . Envisat-1 £ 2 H
F WSS | v X b BR 3% 1 AN S Z AT L2 A9 W
Sentinel-1"** B ER W TLELAE 2014 4E & 5t #E4H— 1~ 12 m
Ky Co B A LA A KL, Har Lt f7 K ik
400 km F9HI . RadarSat-lWJ%bﬂ%ﬁﬂg% 1 R b %o
ML T W b ER PR BT AN [ AR BRI AR . T
YEFE C I B (5.3 GHz) , R HH AR AL 53X, HAT 7 Fp it o)
B 25 Pl (5 7 =0, B UCRH T AT AR R A 1 ScanSAR
TAER X . RadarSat-2"%" 2 0 £z K 4% RadarSat-1 2 J5 Y
BH— R AL EE LA, B44K T RadarSat-1 fif
A0 TAEB, FRAE A (3L L3 T 2 A%,
3 m AR A% (A2 1L RadarSat-1 % )5 30 min, 4555 T
Xof [7] — b, X 1 2 52 000 J) 0, 42 5 T sh AR B AR
B8 77 . JERS-1M% 11 F 1992 4E 7F Tanegashima %% [a]
DR ST as, EE T R AT AR MO R
FEOULI | b PN 22 PR U W AE L % DR A IR
SAR, A g M [, s — M fb (HH) , TAE#E LB, 7
PEAR K 18 m. ALOS! - 2006 4F Bk 3% A M K B[] 6 (7]
IHHLE . HOR A HER MU I, 325 TR
RSN 9 VN I s A L I A B o e R P e

b 2 TAERI S R0 o BER A RRE | B 2 BE AR A
27 m.
OSMO-SkyMed"*" T3 52 J2 7 KA K o 12 K A1) [
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JAE B 5 T AL HAR AR 1 m, A Y 10 km,
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SRR S5 T RIA) A SRR | 2 SR R b g
HOI 2 45, L H A2 PR AL BB | A ik B 5
V3% . TerraSAR-X"F5 1k T0 AL 278 45— T A,
o ] ORS AN Tk AL I, TAEF X B, o A%
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ek, R A IR 2B 48 5 T R B T BRI 4
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1610 TR SR PR 5 9 W iR /b TR 1 Bl ik T
B, T 2008 4 & 58, 2 b E S U B A LA R IR
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TBEEBEE By B EEJEE . 20164F, Gaofen-3 ol
TR 2 5 vt TR A DY 5 R 38 38 T ol 2 5 T
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5L ST TE 16 P e DR 4 ] R e WS, I L L 2235
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57, R PATTEGEZ , HES LRl 2 A 5 i S 3 w3
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SEHLEY AR S ER , APAA (1R ST 32 BR TR0 Sk R
sF, REEMEoka £ HH S %, TAES = E KA
e, BARMLER A — M B AR e 2% (R AR 1)
T MR AT 2 A K 2R B 1 = A R AR T O LAl R4k
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A T A5 TR AR5 o R B 80 1) A T TR =X, B iR A8 0
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