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B crtaTtbe mpencrtaBiieHBl pe3yJbTaThl JETHO-IKCIEPUMEHTAJbHBIX UCCIEIOBAaHUN MOMYJSl aHTEHHOTO aKTUBHOIO, pas-
paboTaHHOTO ISl PaaMoJIOKaTopa C CHUHTE3MPOBAHHOI amepTypoil GOPTOBOro CrELMaJbHOrO KOMIJIeKca KOCMUYe-
CKOro arnmapara. B KkayecTBe 30HIMPYIOIIMX CUTHAJIOB UCIOIb30BaJMCh CUTHAJBI C TUHEHHON YaCTOTHON MOIYJISIIIUEH.
IpencraBieHa MeToaMKa MPOBEACHU I TIETHO-IKCIIEPUMEHTAIBHBIX UCCIIENOBAHU T OOPTOBBIX PAIMOJOKATOPOB C CUHTE3M-
pOBaHHOM anepTypoil.

Karouesvie crosa: APAP; npuemonepedarowuii mooyas, duazpamma Hanpasisennocmu; X-0uanaszon; 31eKmMpoHHAs AHMEHHA 8
cbope; M0OYAb AHMEHHDBLIL.

This paper highlights the results of the flight testing research of the active antenna module, designed for synthetic aperture radar
of a spacecraft onboard special complex. Signals with linear frequency modulation were used as ranging signals. A technique for

conducting flight testing research of synthesized aperture radars has been suggested.

Keywords: AESA; transceiver module; beam pattern; X-band; electronic antenna assembly; antenna module.

BBEAEHUE

B npoiecce coznaHust ak THBHOTO (ajiee 1o rekcty — MA), npeaHa-

3HAUYEHHOTO [JIs paOOTHI B COCTaBe aKTUBHOI pa3upOBaHHOI aHTEH-

Hoii pemetku (ADAP) 6opToBoro crnierinanbHoro komriekca (BCK)

KOCMUYECKOTO arapara, B COOTBETCTBUHU C TPeOOBAHUSIMU TEXHU-

YECKOT0 3aJIaHUsI HEOOXOIMMO peain30BaTh IIMKJI HA3eMHOI 9KCIIe-

PUMEHTAJIbHOI OTPabOTKU.

B 1e1X MOBBILIIEHU ST TOCTOBEPHOCTH MPOBEePOK MA Ha aTarme
Ha3eMHOI OTPabOTKM 11e1eco00pa3Ho MPOBECTH HATYPHBII KCTIe-
PMMEHT, BKJIIOYAIOII i B ceOs:

* npoBepKy GyHKIMOHMPOBaHUS MA npu U3JydyeHU U 30HAUPY-
IOLIEro CUrHaja B OTKPbITOE MPOCTPAHCTBO U MOJYUYEHUU OTpa-
JKEHHOI'0 CUT'HaJla OT 36MHOI MOBEPXHOCTHU U 3TAJIOHHOTO 00b-
eKTa;

* 00paboTKY MOJYYEeHHOTO CUTHAJIA B LIEJSIX MOJTYyUYECHU ST Pagruoio-
KaIlMOHHOTO U300paXKeHUS;

* OLEHKY (PYHKIMOHAJIbHOM J10CTaTOYHOCTU MA KakK COCTaBHOM
YaCTU MEPCIEKTUBHBIX PATNOJIOKATOPOB C CUHTE3UPOBAHHOM

anepTypoii X-nuamna3oHa.

OnHuM u3 3¢OEKTUBHBIX U HATJSIHBIX CITOCOOOB peIIeHU ST
MMOCTABJICHHBIX 3a/1a4 SIBJISICTCS TIPOBEACHUE 9KCTIEPUMEHTATIbHBIX
PaaroJIOKallMOHHBIX ChEMOK C aBUALIMOHHOTO HOCUTEJISI, OCYIIEeCT-
BJISIEMBIX C TIOMOIIbIO CITELIMaIbHOM anmnapaTypbl — aBUALIMOHHOTO
npotoTtuna (Maketa) BCK.

Llenb TeTHO-3KCIIEPUMEHTANbHBIX UCCICIOBAHUN — MOJyYe-
Hue ¢ noMolbio MakeTa BCK, ycTaHOBJIEGHHOT0O Ha GOPTY caMoJieTa-
J1abopaTopum, IKCIEPUMEHTAJIbHBIX PAIMOTOJOTPAMM 151 OLEHK U
MPUHILMITUAJIBHONH CITOCOOHOCTU MOIYJISI aHTEHHOr0 aKTUBHOTO
obecrieynTh pabory ADAP B pexxnme paanooKallMOHHON CheMKU
00BEKTOB Ha TOBEPXHOCTU 3EMJIU.

B pesyibTrarte JeTHO-3KCIMEPUMEHTAJIbHBIX UCCIEIOBAHUM
JIOJIKHBI OBITh CHOPMUPOBAHBI TTOJTYYEHHBIE B PeaJIbHBIX YCIOBUSIX
rnmojieTa paauoJOKallMOHHbIE N300pakeHUsI pajanoJIoKallMOHHBIX
MUILIEHE! Ha MOBEPXHOCTHU 3eMJIU U OLIeHeHA BO3MOXHOCTb MCIOJIb-
30BaHUS B COCTaBE aKTUBHOM (ha3MpOBaHHON aHTEHHON pelIeTKN
GOPTOBBIX CMELMATBHBIX KOMITJIEKCOB MEPCMEKTUBHBIX KOCMUYE-
CKHMX anmnapaToB MOAYJsl aHTEHHOI'0 aKTUBHOI0, pa3paboTaHHOIo
AO «HIIIT «Ilyabcap».




AOKAAABI KOH®EPEHIIUU

B paiioHe mpoBeneHUsT UCTIBITAHUI OblJIa cO3aHa MUIIIEHHA s
00CTaHOBKA B BUJIE COTJIACOBAHHON HOMEHKJIATYPbl paIuoJI0OKalIU-
OHHBIX MUD, COCTOSIIIIUX U3 HAOOpa YyroJKOBBIX OTpaxareseii, cBe-
NIEHHBIX B OTIpe/IcJICHHbIE TEOMETPUYECKHE KOH(DUTYpaLuu.

O1ieHKa pe3yIbTaTUBHOCTH JIETHO-3KCIIEPUMEHTaJIbHBIX UCCIIe-
JIOBaHU i TPOBOIMJIACH MO KPUTEPHU IO MOA00M S IOJYYEHHOTO paiuo-
JIOKALIMOHHOTO M300pakeHUsT M300paXeHU 0 paarooKallMOHHO
MMUIIEHU B ONITUYECKOM JTaria3oHe.

METOAUKA ITPOBEAEHU S AETHO-
OKCITEPUMEHTAABHBIX I/ICCAEAOBAHI/Iﬁ
OCHOBHBIMU 33/1a4aMH¥ JIETHO-9KCITIEPUMEHTATbHBIX UCCIETOBAH I
MA Ha aBuannoHHoM nipototurie bBCK aBnsiioTcs:

1) ampobariust 6a30BbIX TEXHUUYECKUX PEIICHUI, TPUMEHSIEMbIX B MA;
2) 9KCIepUMEHTaJlbHOE UcciienoBaHUe MHGOPMATUBHOCTU (DYHK-

LIMOHUPOBaHUs MA B pexXume rnpuema/nepenadu.

Cy11ecTBeHHBIMHU NP BbIOOpPE aBUALIMOHHOTO HOCUTE S SIBJISI-
IOTCSl BBICOTAa U CKOPOCTBH I0JIeTa, a TakXe rpy30MoAbeMHOCTb
U1 9HEPTOBOOPYKEHHOCTb.

WcnpiTanus noaHopa3dmepHoro Maketa APAP wiu ero KpymHo-
MacmitTabHoro dhparmMenTa, Harpumep 1/5 ADAP, morpebyeTt BHIOU-
paTh HOCUTETb, KOTOPBI MOXKET MOAHUMATh Ha BCTPOSHHOM ITUJIOHE
Maccy ot 300 mo 1500 Kr ¥ UMeTh MOLITHOCTb GOPTOBOI 3JIEKTPOCETH,
nocTuratonryio 12 k Bt, mpu 2ToM BeICOTa TIOJIETa TOJXKHA OBITH XKeJla-
TeJbHO B nuamna3oHe 20—23 kM.

Kpowme toro, monnopasmepaas ADAP obGiagaeT oueHb y3KOit
nMarpaMMoii HampaBJIeHHOCTH U (hOpPMUPYET MaJblii pa3zmep Kaapa
Ha MOBEPXHOCTU 3eMJIU.

Takum ob6pa3om, HelleJecooOpa3HO IPOBOAUTH OTPAOOTKY IOJI-
HopasmepHoro maketa bCK Ha aBUallMOHHOM HOCHUTEJIE 110 TEXHU-
YECKUM U 9KOHOMUUYECKUM COOOpakKeHUSIM.

Ecnu B kKauectBe ADAP nist makera BCK BriGpars 1/40 AOGAP
(Momy b aHTEHHBIIT), TO Macca MakeTa OyJeT B Impeaesiax HeCKOJb-
KUX IeCATKOB KUJIOTPAMMOB, @ 9HEPronoTpedIeHrne OrpaHUIUTCS
HECKOJIbKMMU COTHSIMU BaTT.

Jnst uccnenoBaHuii Lesecoodpa3HoO U peasibHO UCIOJb30BaTh
aBMAllMOHHbIE HOCUTEIU C TEPMETUYHBIM CaJOHOM, UMECIOLIUM

IITaTHYIO BBICOTY IOJIeTa 10 6 KM, 000pyI0BaHHbBIE U CEPTUDUIIU-
pPOBaHHBbIE TSI TPOBEACHMU ST aBUALITMOHHBIX 9KCIIEPUMEHTOB.

B nanHom ciyyae B kayectBe ADAP nnsg makera BCK Obiia
BeIOpaHa 1/4 MOmyJist aHTEHHOT0, YTO, TOMUMO BBIMTPHIIIA B Macce
¥ 9HEPTOMOTPEeOJICHUM, TI0O3BOJIMIIO OTKA3aThCs OT UCIIOJIb30BaAHUS
TIOJBECHOTO MUJIOHA U TIPOBOJAUTD PagUOJOKALIMOHHOE 30HIUPOBA-
HUE Yepe3 MITATHBIIA WLTIOMUHATOP.

Puc. 1. Camonem-nabopamopus AH-30
Fig. 1. AN-30flying testbed aircraft

Tabauya 1. Texnuueckue xapakmepucmuxu camosema AH-30
Table 1. Technical parameters of AN-30 aircraft

XapakTepuTHKa 3HayeHue
Parameter Value

Kpeiicepckasi cCKopocTb 435 km/gac (120,8 m/c)
Cruising speed 435 km/h (120.8 m/s)
MakcumaibHasi CKOPOCTh 540 xm/g9ac
Maximum velocity 540 km/h
IMpakTryeckuii MOTOJOK 8300 m
Operating ceiling 8300 m
JlanbHOCTD IeiicTBUS 1240 xm
Operating range 1240 km
[1pomoIKUTETBHOCTD TTOJIETa 6,6 yac
Flight endurance 6.6 hours

INTRODUCTION
In the process of designing an active antenna
module (hereinafter — AM) — building
block of AESA — in order to increase reli-
ability it is necessary to implement a ground-
based experimental cycle in the form of a field
experiment, comprising:

+ evaluating geometrical and radar parame-
ters at the stand during tuning;

+ checking AM operation capability when
a ranging signal is emitted into the open
space and reflected signal from Earth’s sur-
face and reference object is received;

« processing the received signal to obtain
a radar image;

« evaluating AM functional adequacy
as an integral part of advanced X-band syn-
thetic aperture radars.

One of the effective and demonstrative ways
to solve the above mentioned tasks is to conduct

experimental radar surveys from an aircraft car-
rier, using special equipment — an aircraft pro-
totype (model) of an onboard special complex
(hereinafter — OSC).

The purpose of the flight testing research
is to obtain experimental radar holograms using
the OSC model installed on board of the flying
testbed aircraft to evaluate the principal ability
of the active antenna module to ensure AESA
operation in the radar surveying mode of the
Earth’s surface.

As a result of flight testing research,
radar images of radar targets on the Earth’s
surface obtained in real flight conditions
should be formed. Then the possibility
of using the S&PE Pulsar active antenna
module as a part of active electronically
scanned antenna array of onboard special
facilities of advanced space-craft should
be evaluated.

In the test area, a target environment was
created in the form of a consistent nomencla-
ture of the radar targets, consisting of a set
of corner reflectors, arranged in specific geo-
metric configurations.

Evaluation of the effectiveness of flight
testing research was carried out according
to the criterion of similarity of the obtained
radar image to the image of the radar target
in the optical range.

FLIGHT TESTING PROCEDURE
The main tasks of the flight testing research of
AM using OSC airborne model are the following:
1. Approval of basic technical solutions used
in AM;
2. Experimental testing of AM performance
in transmit/receive mode.
Essential when choosing an aircraft car-

rier are its altitude and speed of flight, as well




Il]lﬂ IIPOBEACHU A JIETHOTO SKCIIEPUMEHTA B JAHHOM UCCIEN0-

BaHUU OBLJI BbIOpaH caMoJieTHbIt HocuTeab Tuna AH-30 (puc. 1
u Tao. 1).

TTapameTtpsl mosiera: H = 3000 m; V=100 m/c.

Hcxonst 3 mpuHLMIA pa3yMHO# TOCTaTOYHOCTH JIJIs1 TPOBe/e-
HUSI paIlOJIOKALIMOHHOM CheMKH ObLJ BBIOpaH MapIUPYTHBII PEXUM.

B mapupyTHOM pexume NPOU3BOAUTCS HeNpepbiBHAsSI ChbeMKa
MOJIOCHI 36MHOM TTOBEPXHOCTH C MPUMEHEHUEM CXeMBbI «HOPMaJlb-
HOT0 GOKOBOTO 0030par.

[Tonoca 3axBaTta B MaplIpyTHOM peXUMe COBMAAET C IMPUHON
ciena nyya ADAP B yrjioMecTHOI MIOCKOCTH.

B mapumipytHoM pexume ayu ADAP mepen HauajaoMm ceaHca
CHbEMKM YCTAaHABIUBAETCS B GUKCUPOBAHHOE MOJIOXECHUE:

* TI0 a3UMYTaJbHOI KOOpPAMHATE — MO HOPMaJu K BEKTOPY CKOPO-
ctu KA (ycioBue «CTaHAapTHOr0 60KOBOTro 0030pa»),
* 10 YIJIOMECTHOI KoopiuHaTe — B 3aJlaHHOe (PUKCUpPOBaHHOE

MOJIOXKEHHUE yIa BU3UPOBAHUSL.

B pamKkax 1aHHOTO MCCIeIOBAHUS B YIJIOMECTHOM MJIOCKOCTH JIYY
A®DAP ycTaHaBIMBajcs 0 HOPMaIU K TeOMETPUUECKOMN TJIOCKOCTH
ADAP.

B TedeHue ceaHca 3JIEKTPOHHOE CKAHMPOBAHUE HE MPOU3BO-
nutcs. Takum o6pa3oM, B TeUeHUE ceaHca PaAUOJOKAIMOHHOMI
CBEMKHU YTJIBI O (B @a3MMYTaTbHO MIOCKOCTH) U B (B YIIIOMECTHO#
MJIOCKOCTH) HE U3MEHSIIOTCS M OCTAIOTCSI TOCTOSIHHBIMU.

B naHHOM uccienoBaHMM reOMEeTPUYECcKas OCb aHTEHHBI Ha pabo-
4yeM yyacTKe IoJjieTa Oblja BbICTaBleHa ¢ GUKCUPOBAHHBIM OTKJIO-
HEHHUEM OT MECTHOI BepPTUKAJU B BUSUPHOI MIOCKOCTU Ha yroi
B, = 60°.

Vron nakinoHa ADAP BbIOpaH ¢ y4eTOM TeoMeTpuu dro3ensixka,
pa3sMepoB U FreOMETPUHU UJIIOMUHATOPA U KOHCTPYKTUBHBIX YCIOBU i
KkperieHns1 MA OTHOCUTEIbHO MIJIOCKOCTU MJJTIOMUHATOpA.

3anayu JeTHO-3KCIMEePUMEHTAIbHbBIX UCCIEJA0OBaHUI pelia-
JIUCh ITYTEM IOJIETOB 10 MapIIpyTaM U MOMYTHOM paguoIOKaIiOH-
HOI a3pOChEMKU COIIAaCOBAHHOTO MEepeYHs 00bEKTOB B 3alaHHOM
pexume.

[Mpu mpoBeneHNM panuoIOKAIMOHHBIX CheMOK JIeTaloIast T1abopa-
TOPUSI BBITIOJNHSIJIA TOPU3OHTAIbHBIE YeTHOUHBIEC TAJICHI Ha 3aIaHHOM

CBY UHTETPAABHBIE CXEMBI 1 MOAYAH

1 nonoca
1st strip

2 nonoca
2nd strip

Puc. 2. Mapwpymnubwiii pexcum
Fig. 2. Strip survey

MecTo ycTaHOBKM MakeTa annapa-
TYPHOro komnnekca GopM1MpoBaHus,
npviema CUrHanos 1 ynpasneHus
Model of signal forming, receiving
and control equipment

MecTo yctaHoBkn 1/4 MA
(paioH nnnomuHaTopa)
1/4 AM (window area)

Puc. 3. Pasmewenue uccaedyemoeo makema bCK enympu grozeasoca
camonema-nabopamopuu
Fig. 3. Positioning of the OSC model inside the hull of testbed aircraft

as the carrying capacity and the power-to-
weight ratio.

Testing full-sized model of AESA or its
large-scale fragment, e.g. 1/5 AESA, requires
the carrier that could lift from 300 to 1500 kg
on the built-in pylon and have the on-board
network power up to 12 kW. Flight altitude
should preferably be in the range of 20—23 km.

Besides, full-size AESA has very narrow
beam and obtains small sized frames from the
Earth’s surface. Thus, it is not feasible to perform
atest of the full-sized OSC model on aircraft car-
rier, due to technical and financial reasons.

If we choose 1/40 of AESA (antenna
module) for the OSC model, then the mass
of that model will be within tens of kilograms,
and the power consumption will be limited
to several hundred watts. For research pur-
poses it is advisable and realistic to use air-

craft carriers with a pressurized cabin, having

a nominal flight altitude of up to 6 km, which
are equipped and certified for conducting avia-
tion experiments.

In our research, 1/4 of the antenna mod-
ule was chosen as an AESA for the OSC
model, which, in addition to benefits in mass
and power consumption, made it possible
to abandon the use of the suspended pylon and
carry out radar mapping through the standard
window.

For the flight experiment in this study,
an AN-30 type aircraft carrier was chosen
(Fig. 1 and Table 1).

Flight parameters: H = 3000 m;
V=100 m/s.

Based on the principle of reasonable suf-
ficiency for the radar survey the strip survey
mode has been chosen.

In the strip survey mode, a continuous sur-
vey of the Earth's surface strip is made using

the normal side-looking scheme. Field of view

in the strip mode is equal to the track width

of AESA beam in the elevation plane.

In the strip survey mode before the start
of the surveying the AESA beam is set to the
fixed position:

* inazimuth — normal line to the spacecraft
velocity vector (requirement for the side-
looking),

* in elevation — at a given fixed position
of the sighting angle.

In this research, the AESA beam was set
in elevation plane along the normal line to the
AESA geometrical plane.

Electronic scanning is not performed dur-
ing the surveying. Thus, angles o (azimuth)
and P (elevation) do not change and remain
constant during radar surveying.

In this study, during the experimental flight
the geometrical axis of the antenna was set with




AOKAAABI KOH®EPEHIIUU

BBICOTE C TOCTOSIHHO CKOPOCTHIO U (DUKCUPOBAHHBIMU B KAXKIIOM Tajice
KYPCOM U ITapaMeTpaMu MapiipyTa OTHOCUTETbHO OObEKTa-MHIIECHU.

Tlpu mpoBereHUU MapIUIPYTHOM PagMOJOKAIIMOHHON CheMKHU
raJjiChl CTPOMJIMCh 10 CTAHIAPTHON KOPOOOUKeE, OHA CTOPOHA KOTO-
poOii MPOXOAUT Ha (PUKCUPOBAHHOM PACCTOSSHUU (FOPU3OHTAJIbHOM
NaJIbHOCTH) OT 3aJJaHHOT'0 yyacTKa MULIEHHOI 06CTaHOBKM, obecrie-
YU BaOLIEM 3aJaHHBII yTOJI BU3UPOBAHUSI.

KypcoBoii yroia oCHOBHBIX paboYMX TajJCOB BHIOMPAJICS BIOJIb
BEKTOpa CKOPOCTHU BeTpa Ha 3IIeJIOHe ToJIeTa JAJIsi MUHUMU3AIUU
HEraTUBHOIO BJIMSHUS yTjia CHOCA caMoJjieTa Ha HAaBUTAILIMOHHYIO
TOYHOCTb I0JIETa ¥ KAYeCTBO CUHTE3UPYEMOTO M300paXkeHMSI.

B kax oM rajice Ha pabodyeM y4acTKe MapuipyTa mpou3BOaUIaCh
perucTpaius paanoJoKaluOHHOTO U300paXeH s 00bEKTOB a3p0-
CBHEMOK.

ONHOBPEMEHHO PETrMCTPUPOBATUCH CIAYXKeOHbIE OTMETKU
u nHGopMaLMs, HeOOXOAMMasl sl CUHTE3a PaJuOIOKaIllMOHHBIX
N300pakKeHMIA.

Puc. 4. Bnewnuii éuo IN1IIM X-ouanaszona
Fig. 4. X-band TRM image

fixed deviation from the local vertical in visible

CKOpOCTb MM0JIeTa Ha Y4aCTKaX ChbeMKHU BbIAEPKUBATACH MPAKTU-
YecKM HeM3MeHHoii. KpeHbl npu pasBoporax — 15—30 rpaaycos.

YuutsiBasi HECTaOUJIBHOCTb PAANOJIOKAIIMOHHOTO U300pakKeHUs
TP CheMKax ¢ 6opTa aBUALIMOHHOTO HOCUTEISI, KOJIMYECTBO 3aX0I0B
Ha 00BEKT JOJIKHO ObITh, KaK MPaBUJIO, HE MEHee TpeX MPU KaXIoM
paKkypce CheMKH.

COCTAB MAKETA BCK

B cocraB uccienyeMoro Makera BXOASIT:

* 1/4 MomyJist aHTEHHOTO aKTUBHOTO B COCTaBe BOCBMU MTPUEMOTIE-
penatwoiux monyieit (ITITM);

* MakeT anmnapaTypHOro KoMIiekca hopMUpOBAHUS, TIpUEeMa CUT-

HAaJIOB M YIIPABJICHUS;

OCHOBOIi MPOCTPAHCTBEHHOTO KaHajla 00pabOTKM CUTHAJA B UCCTIe-
nyemoMm MA B yacTHOCTH U B riepcrieKTUBHBIX ADAP B 11es10M siBisieTcst
npuemonepenatommii moayib Ha GaN HEMT, co3naHHbIi 110 oTeue-
CTBEHHOI1 paiMallMOHHO-CTOMKOI HUTPUI-Ta/UIMEBOM TEXHOIOTUM [1].

TTpuemonepenatomnii moaysb (ITTIM) pa3paboTaH U U3rOTOBJIEH
IUTST paiuoJIoOKalinoHHO# cucTeMbl ¢ ADPAP X-nuama3oHa 4acTor,
NpenHa3HaYeHHOM IS paboThl B YCIOBUSIX OTKPBITOTO KOCMUYE-
CKOro NpocTpaHcTBa [2].

OCHOBOII IpUEMOTIEPEAIOIIETO MOMYJIS CTYKAT U3TOTOBJICHHbIE
Ha MPEATIPUSTUY MOIIIHbIE HUTPUI-TAJIJINEBbIE TPAH3UCTOPHI.

T'NC BBIXOAHBIX YCUTHUTENEH MOIIHOCTH Ha OCHOBE dTUX KPU-
CTaJIJIOB MO3BOJUIM 00ECMEeYUTh BEIXOAHYIO MOIIIHOCTh HE MEeHEe
16 Bt ¢ xanana (t,, = 10—60 mxc, Q = 10).

KoncrpyktusHo ITITM nipencrapisieT co00it OMHOKaHAIbHbBIN TBYX-
TIOJISIPU3ALIMOHHBII MOMY/Ib, B KOTOPOM OCYIIECTBIeHA BO3MOXHOCTD
KOPPEKTUPOBKU (ha304aCTOTHOM XapaKTePUCTUKU KaK MPUEMHBIX, TaK
U MiepealoX KaHAJIOB IyTeM 3aIlMCH MONPaBOYHBIX KOG PULIEHTOB
B STYEHKY MaMSITH, BXOASIIIYIO B COCTaB MOZYJIS.

Bueurnuii Bua ITITM nipencTaBiieH Ha puc. 4.

3HAYCHU S JIEKTPUICCKHUX TTapaMeTPOB IMMPUEMOIIePeIalonero
MOILYJISI TPEACTABJICHBI B Ta0I. 2.

B nmaHHOM ¥ccIenoBaHUM NCTIONB30BAICS UMITYJTLCHBIN 30HIUPYIONTHIA
CUTHAJI C BHYTPUUMITYJILCHOM YaCTOTHOM JIMHEeHOM Momyssiteit (JIYM).

plane at an angle $, = 60°.

AESA tilt angle has been chosen in regard
to the hull dimensions, size and form of the
window and the design of AM mounting
to the window surface.

The tasks of flight-experimental stud-
ies were solved by flying along the routes
with simultaneous radar aerial surveying
of a coordinated list of objects in a given
mode.

When conducting radar surveys, the fly-
ing testbed performed horizontal shuttle tacks
at a given altitude with a constant speed and
a fixed course and route parameters relative
to the target in each tack.

‘When conducting a strip survey, the tacks
were based on a standard grid, one edge
of which runs at a fixed distance (horizontal
range) from a given target layout, providing

a given sighting angle.

The heading angle of the main tacks has .

been chosen along the wind speed vector at the
flight level to minimize the negative impact
of the drift angle on the navigation accuracy
and the quality of the synthesized image.

During each tack on the operating route
a radar image of aerial survey objects was reg-
istered.

At the same time, service marks and data
necessary for the synthesis of radar images
were recorded.

The flight speed during the survey was
maintained almost unchanged. Bank at turn-
arounds was 15—30 degrees.

Given the instability of the radar image
taken from the aircraft carrier, the number
of target runs should be, as a rule, not less
than three at each mapping angle.

OSC MODEL COMPOSITION

Test model comprises:

1/4 active antenna module comprising

eight transmit/receive modules (TRM);

* model of equipment for signal forming,
receiving and control.

Basic part of signal processing spatial chan-
nel in the AM under investigation and in the
advanced AESA radars is the GaN HEMT
transceiver module designed by domestic radi-
ation hardened gallium nitride technology [1].

Transceiver module (TRM) has been
developed and produced for the X-band AESA
radar designed for operation in open space [2].

Basic parts of the transceiver module are
powerful gallium nitride transistors, manu-
factured at the enterprise.

Output power amplifier hybrid IC based
on the above mentioned dies provides out-
put power of at least 16 W per channel
(T, =10—60s, Q =10).

TRM is a single-channeled dual polariza-
tion module, with phase-response adjustment




J17151 IOBBILIIEH U ST KOHTPACTHOCTU paguo-
JIOKALMOHHOTO M300pakeHUsT yTOJIKOBBIX
oTpaxarteseil Ha ¢ oHe OMHOPOIHOI MOACTH-
Jaolleil MOBePXHOCTU BhIOpaHa MoJsipu3a-
LIMOHHas KoHburypauus V/V.

IMonsipusanmoHHast HacCTpoOiika B XoJ1e
MPOBEIEHUST PAIMOJOKAIIMOHHON CheMKH
He U3MEHSIIaCh.

TexHUYeCKHMEe XapaKTePUCTUKU MaKeTa
BCK npuBeneHbl B Ta01. 3.

PE3YABTATBI AETHO-
OKCITEPUMEHTAABHBIX
HNCCAEAOBAHUMN
JleTHO-3KCcTIepUMeHTalbHbIE UCCIEI0BA-
HUSI TPOBOAMJINCH B Pa3IMYHBIX KIUMATHU-
YEeCKMX YCJIOBUSIX Hall MAKCUMaJbHO Ieo-
rpauyecku pa3HeCeHHbIMU MUILIEHHBIMU
MOJISIMU.

Bcero 0Ob110 3apeructpupoBaHo 14 cepuii
PaaMOJIOKAIIMOHHBIX TOJIOTPAMM C pa3jind-
HBIMU CIIEHAPHBIMU O0a3aMH.

WccnenoBanust paamoroiorpaMM poOBO-
TVTACH TTyTeM 00pabOTKU TPAeKTOPHBIX CUT-
HAaJIOB METOIOM OBICTPOI CBEPTKU C TTOCIEY-
IOILIM TTPUMEHEHHNEM aTOPUTMOB KOT€PEHT-
HOTO U HEKOTEPEHTHOTO HAKOIIIEHUST CUTHAJIA.

Jns oTpabOTKM BCEX ITAMOB CUHTE3a
PJIW Obln1 BBIOpaH MO3TAaNHbBIN aJITOPUTM,
KOTOPBIIi He SIBJASIETCSI OMTUMaJbHBIM
C TOYKHU 3PEHUSI CKOPOCTU BBIYMCICHUN,
OTHAKO MO3BOJISIET MOJYUYUTH MOCTeI0Ba-
TEJILHOCTb KOHTPOJIMPYEMBIX PE3yJIbTaTOB
Ha Bcex 9Tamnax ero orpaborku [3].

CnenyeT OTMETHUThb, 4TO 3G (MEKTUB-
HOCTb PaINOJIOKATOPOB C CHHTE3UPOBAHHOM

function for receiving and transmitting
channels, by recording the correction factors
in the memory cell included in the module.

TRM image is shown in Fig. 4.

Electrical parameters of transceiver mod-
ule are given in Table 2.

In the given research chirped pulsed rang-
ing signal has been used.

In order to increase the contrast ratio
of radar image of corner reflectors against
homogenous underlying surface, polarization
V/V has been chosen.

Polarization settings have not been changed
during radar surveying.

OSC model specifications are given in Table 3.

RESULTS OF FLIGHT TESTING
RESEARCH

Flight testing research was conducted under
various weather conditions over the most geo-

graphically scattered target areas.

Tabauya 2. Dnekmpuueckue napamempst npuemonepedarueco Mooyas

Table 2. Transceiver module electrical characteristics

HaumeHoBanue napameTpa

CBY UHTETPAABHBIE CXEMBI 1 MOAYAH

3HayeHne napameTpa

Parameter Value
Junana3oH pabouuii nuana3oH yactot, ['T1x X-auamna3zoH
Operation frequency range, GHz X-band
BeixomHast UMITY TbCHAsI MOIITHOCTH, BT >16
Pulsed output power, W -
KoadbduuueHTt ycuaeHus mpueMHoOro kaHana, nb 527
Receiving channel gain, dB -
KoadbduuueHr mryma npyeMHoro kaHaua, 1b <35
Receiving channel noise figure, dB ?
KoabduuueHTt ycuaeHus mpueMHOro KaHaua, b 525
Receiving channel gain, dB .
OrkioHeHus DUX nmpreMHOro 1 nepeiariero KaHajloB
OT JIMHEIHOM, rpamychl <+10
Phase response shift from the linear phase of receiving and -
transmitting channels, degrees
KIII mpuemonepemaiomero Moayis, %

- - >27

Transceiver module efficiency, %

Tabauya 3. Texnuueckue xapakmepucmuku maxema bCK
Table 3. OSC model specifications

HaumeHoBaHue napameTpa 3HayeHue
Parameter Value
1 Tun curnana, BUA MOLYASILUU rap N][,OI/}I”J/I.;;;}[( HH,
Signal type, modulation type T IRy
| T nonspucani L
Polarization type °P .
horizontal, vertical
3 JINUTENBHOCTD CXKATOrO UMITYJIbCA, T, , HC 17
Compressed pulse interval, ns
JeBuaryst 4acToThl, 3 dekTuBHas M010ca YacToT (AF,,),
4 MTI' 15, 30, 60, 110
Frequency deviation, effective bandwidth, MHz
5 Hecyias yactora curnanos PU JIUM, MT'q 9610
LFM carrier frequency, MHz
JnutenbHOCTh UMITYNbca U3nydeHus, T, , MKc
8 S i : ) e 5,10
Radiation pulse duration, us
YacToTa MOBTOPEHU S 30HAUPYOUIUX UMTyJbcoB F , Ty
12 - S z 800
Ranging pulses repetition frequency, Hz
19 Yacrora kBaHTOBaHUS NpuHsToro JIYM-curnana, MI'a 100
Frequency of sampling of the received LFM signal, MHz
20 PaspsinnocTs ALLIT, GuT ]
Number of ADC bits, bit
03Y — 400/xanan
21 OObeM 3aloMHUHaIILero ycTpoiicTsa, Moaii T3y
Storage capacity, MB RAM — 400/channel
ROM

In total, 14 series of radar holograms with
various scenarios were obtained.

Investigation of radio holograms was car-
ried out by processing the trajectory signals
by the fast convolution method with the sub-
sequent application of coherent and incoher-
ent signal accumulation algorithms.

To work out all the stages of the radar image
synthesis, a phased algorithm was chosen that
is not optimal from the point of view of com-
putation speed, however it allows obtaining
a sequence of monitored results at all stages. [3]

It should be noted that the effectiveness
of synthetic aperture radars is determined




AOKAAABI KOH®EPEHIIUU

Puc. 5. Paduosokayuonroe uzobpaxcerue patiiona npudpexcHoil 2opoo-
CKOIl 3acmpoliku
Fig. 5. Radar image of the coastal urban area

Puc. 6. Paduonokayuonroe uzobpasicenue cenbCkoxo3slicmeeHHbIX y2o-
ouii. Bunoepaonuku u aye
Fig. 6. Radar image of farmland. Vineyards and meadow

anepTypoil onpenessieTcsl Kak MOTeHIUATbHBIMU XapaKTePUCTUKAMU
€aMOoro pasinoJIoKaTopa, Tak M CIIOCOOHOCTBIO €0 HOCUTEISI M HaBHUTa-
IIMOHHO CUCTEMBI 00€CTICYNTh HEOOXOMUMYIO CTETIeHb KOTEPEHTHOCTH
30HIUPYIOIIETO CUTHANA [T PeaTu3alliy yKa3aHHBIX XapaKTePUCTUK.

B naHHOM MccieqoBaHMM peliajgach KOHKPETHAsI MPaKTUYecKast
3aj1a4a Mo 9KCIIEPUMEHTAIbHOI OLIEHKE pPeabHO HTOCTUXKUMOIL pas3-
pelatolneit cnmocooHocTu aeiicTByomiero maketa BCK aBuanmnon-
HOTo 6a3upoBaHUs Ha ocHOBe 1/4 monynst aHTeHHOro (MA) npu
YCTaHOBKE Ha caMoJieTHbII HocuTeab AH-30.

Tabauya 4. 3nauenus IIP yeoakosvix ompaxcameneil
Table 4. RCS of the corner reflectors

Ne yrosaka
Corner No. 5 2 16
Jlauna pedpa yrojika, MM 333 393 500
Corner edge length, mm
DIIP, m”
RCS. m 52,7 102,3 268,1

MukpoHaBUTaIlMOHHBIE TAHHBIE TTPU CUHTE3€ He UCIOIb30Ba-
snuchk. CHoc JIA npuy peructpaluuy paamorojorpaMm J0CTUTaJl IBYX
rpaaycoB. [Ipu cuHTe3e OH TakKe He KOMIIEHCUPOBAJICS.

IIpu cBepTKe MO a3UMYTY AJIUTEIbHOCTb MHTEPBaJa KOrepeHT-
Horo HakorieHus coctabuia 0,6 ¢ (480 mmm. mpu T = 0,00125 ¢).

CHHTEe31MpOBaHHBIE PaIMOJOKAIIMOHHBIE U300paXXeH sl pailOHOB
ChEeMKM ITPUBEJICHBI Ha pucC. 51 6 [4].

B 1ies1s1x ornpenesieHu st peaJbHOTO TPOCTPAHCTBEHHOTO pa3pelie-
HUS 3KcniepuMeHTaibHoro oopasua bPJIK Ha MuleHHOM noJjie Oblia
pasMelnieHa pagroJoKallMoOHHas MUpa B COCTAaBe IMIECTH YTOTKOBBIX
oTpaxaTeneii.

s Beiopannoii A = 0,03125 M pazmepbt DI1P yroakoBbIX OTpaxka-
TeJieil 1151 pa3IMYHBIX 3HAYEHU 1 AJIMHBI pedpa yroaka npuBeIeHbl
B Tab1. 4.

Ha puc. 5 yeTKo BUAHBI KOHTYpbI 6eperoBoit 1uHuu. Crenyer
OTMETHUTH, YTO PaIMOJOKALIMOHHAsI ChbeMKa B X-Auana3oHe 1 npu
BEPTUKAJIBHON TOJISIPU3AIIUY 30HIUPYIOIIET0 CUTHAJIA BBITTOJTHEHA
B YCJIOBUSIX TIPOJIMBHOTO TOXKIS.

Ha puc. 6 BHU3Y B LICHTPE — paInOJOKAIIMOHHASI MUPA.

O1ueHKa MPOCTPAHCTBEHHOTO pa3pemieHus] MPOU3BOIUIACH
MO IUPUHE OTKJIMKA OT YyTOJKOBOTO OTpaxateis 1mo yposHiwo 0,7
amrmutyaHoro PJIN.

JlocTurnyToe peajabHOe pa3pelieHue:

* [0 KOOpAMHATE HaKJIOHHOM NalbHOCTHU: 2,5 M (IIMPUHA CIIEKTpa

60 MTI'n),

* 110 KOOpJAMHATE MyTeBOM AadbHOCTH (MO a3umyTy): 1,630,136 M

(BeJIMYMHA TUCKPETA IT0 KOOpAMHATe a3uMyTa ipu VH = 109 m/c —

0,136 m) [5].

by both the potential performance of the radar
itself and the ability of its carrier and naviga-
tion system to provide the necessary degree
of coherence of the ranging signal to enable
such performance.

In this study, a specific practical prob-
lem has been solved by experimentally
estimating the actually achievable reso-
lution of an effective aviation-based OSC
model based on 1/4 of the antenna module
(AM) when installed on an AN-30 aircraft
carrier.

Micro-navigation data was not used in the
synthesis of the results. The drift of the air-
craft while obtaining radio holograms reached
2 degrees. During the synthesis, it was also not
compensated for.

At azimuth convolution the interval of the
coherent accumulation was 0.6 s (pulse 480
at T = 0.00125 s).

Synthesized radar images are shown
in Figures 5 and 6. [4]

In order to determine the real spatial reso-
lution of an experimental onboard radar com-
plex model on the target field, a radar target was
placed comprising six corner reflectors (CR).

For the selected A = 0.03125 m, the RCS
of the corner reflectors for different values
of the corner edge length are given in Table 4.

In Fig. 5, the contour of the shore-
line is clearly visible. It should be noted that
X-band radar imaging with vertical polariza-
tion of ranging signal was carried out under
the conditions of heavy rain.

Spatial resolution has been estimated
according to the width of response from CR,
by the level of 0.7 amplitude radar image.

The obtained actual resolution is as follows:
+ Dby slanting range coordinate: 2.5 m (60 MHz

bandwidth);

* Dby directional range coordinate (azimuth):

1.63 £ 0.136 m (discrete value by azimuth

at VH =109 m/s — 0.136 m). [5]

CONCLUSIONS

1. In the course of flight testing research,
performance of active antenna module of the
spacecraft AESA has been confirmed.

2. The quality of the obtained radio holo-
grams allows synthesizing radar images

in a good condition.




CBY UHTETPAABHBIE CXEMBI 1 MOAYAH

2. KadecTBO MOTYyUYEHHBIX PaIOTOJIOTPAMM ITO3BOJISIET CHHTE3UPO-
BaTh KOHIMIIMOHHOE PalMOJIOKAIIMOHHOE U300pakeHUe.

3. HM3MepeHHOE MPOCTPAHCTBEHHOE pa3pellieHne Mo KOOpAnHATaAM
«1aJIbHOCTb» U «a3UMYT» COOTBETCTBYET PACUETHBIM 3HAYCHUSIM.

4. Monyab aHTEHHBI aKTUBHBIM, pazpaboTaHHblit B AO «HIIII
«[Tynbcap» Ha OCHOBE OTEYECTBEHHOI HUTPUI-TAJJIMEBOI Tex-
HOJIOTUH, L1eJ1ecO00pa3HO UCMOIb30BaTh B KaYeCTBE YHUBEP-
CaJILHOTO TIPOTOTHUTIA TIPU CO3TAHUM U NTpoekTupoBaHuu ADAP
JIMHEN KU MepCIeKTUBHBIX PAJANO0JI0KATOPOB C CUHTE3UPOBAHHOM
anepTypoii sl TaTdopM pa3TuIHOro TUTA 6a3MPOBAHMSI.
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BBIBOADBI

1. Bxone JIETHO-3KCIIEPUMEHTAIBHBIX uccaenoBaHu it IIOATBEPXK-

§-KaHaJlbHOTO BYXIOJSIPU3ALLMOHHOTO AHTEHHOTO MOMIYJs,
TBepnorenbHasi 3JeKTpoHUKa. CroxHble (GYHKIIMOHAIbHbIE
6oku PODA // Marepuanbl XV HaydHO-TEeXHHYECKON KOH(De-
penmuu, Mocksa-/lyoHa, 2017. — C. 114—116.

neHa paboTOCIIOCOOHOCTh MOIYJISl AHTEHHOTO aKTUBHOTO, pa3pa-
6oraHHoro a1 APAP KocMuueckoro arnmnapara.

3. The measured spatial resolution by the 2. Gruzdov V. V., Kolkovskii Yu. V., Minnne- 4. Nauchno-tekhnicheskii otchet. Naturnye

coordinated “distance” and “azimuth” corre-
sponds to the simulated values.

4. The active antenna module developed
at S&PE Pulsar on the basis of domestic gal-
lium nitride technology is suitable for use as
a universal prototype for creating and design-
ing AESA for the series of advanced synthetic
aperture radars for various types of platforms.
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