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PaccMoTpeHbl akcnepMMeHTanbHble pedynbTaThbl NccriegoBaHuM
YCTPOWCTBA UndpoBoro anarpammoobpasoBaHus B DAP.

B pabGotax [1], [2] n3noXeHbl OCHOBHbIE MPUHLMMbI MOCTPOEHUST LMAPOBON 4YacTu MPUEMHOro
yCTponcTea oasmpoBaHHON aHTEHHOW peLLeTKH.

B Oooknage npuBogaTCcsa pesynbTaThl 3KCNEPUMEHTArbHbIX MccnegoBaHumn undposon yactn GAP B
peanbHOW annapaType. B wuccnegosaHHOW annapatype wucnonb3yeTcs uugposoe opmuposaHmne
anarpaMmbl HanpaefeHHOCTU aHTeHHbl (JHA) B 0QHOWM MOCKOCTU, B YaCTHOCTM B BEPTUKANbHOW (Mo yrny
MecTa).

DAP coctouT n3 N CTpoK, C NOMOLLbIO KOTOpbIX hopmupyeTca HA B BepTukanbHowm nrockoctu. B
asumyTtansHon nnockoctn OHA  copmupyetca ¢ nomowbtdo M wmsnyyaTenen, obpasyromx
AunarpammoobpasytoLyto cxemy ctpoku (JOCC). O630p B 9TON MMAOCKOCTM OCYLLECTBMSETCS BpalleHueM
aHTEHHbI. AHonorouumdppoBoe npeobpasoBaHMe MPUHATOrO CuUrHana npouM3BOAUTCA Ha BbIXo4e
NPOMEXYTOYHOW YacTOTbl aHanoroBOro npuemMHWKka CTpoku. B umdpoBoM npuemMHuke OcyLLecTBnsieTcH
nepeHoC crnekTpa curHana ¢ (hopmMmpoBaHueM ABYX KBagpaTyPHbIX COCTaBMASHOLLMX.

dopmupoBaHme [HA ocyuwectBnsaeTcss crneuvanbHOW CXemMon UudpoBon o6paboTkum nyTtem
B3BELUEHHOIO CYMMUPOBaHMUS KBadpaTypHbIX CUrHamoB, nNpuHagnexawmx | u Q kaHamam 1 nocTynarLwmx
OT NMPUEMHbLIX 3N1EMEHTOB CTPOK OAP.

l; = i(ci,k O, =D Q)

Q = Z(Di,k @ +C Oy)

roe N- uncno ctpok AP

| K 'Qk - BbIXO4Hble curHanbel kK —ro NMPUEMHOro arieMeHTa

C ,D, - BecoBble kOa(PPULMEHTbI | — FO MPUEMHOrO KaHana Ans curHanbl k —ro npuemHoro
anemeHTa.

lMpn nocTpoeHnn cxembl UUGPOBOrO AMarpammoobpas3oBaHMs WUCMOMb30BanMCb CUrHamnbHbIE
npoueccopbl, Kak Hanbornee OpPUEHTUPOBAHHbIE HA BbIMOMIHEHUE OMNEpauuin YMHOXEHUS C HaKOMMEHNEM,
YTO MO3BONSET MakCUmarbHO MCMOMNb30BaTh X MPON3BOAUTENBHOCTD.

MpuemHbIn TpakT undposont AP BkntovaeT B cebs TpU OCHOBHbIE YaCTK:

@2002, anekTpoHHas Bepcus nogrotossieHa 3A0 ABTIKC Cankr-lMeTtepbypr, http://www.autex.spb.ru
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- aHarnoroBbIl NPUEMHbIV TPaKT, obecnevnBapoLLMiA yCcuneHune, oBoiHoe npeobpasoBaHne 4acToThbl U
GunbTpaLmo Mo BXOAHOW 1 MPOMEXYTOYHOW YacToTaM;

- UMdpoBON NPUEMHUK;

- yCTpoWcTBa uudpoBon obpadoTku n dopmmpoBaHusa OHA.

CTpyKTypHas cxemMa MpMEMHOro TpakTa LUMGpPOBOro AuvarpammoobpasoBaHusi npefacTaBneHa Ha
puc.1. BbluncneHne BbIXOAHOIO CUrHama OCYLIECTBMSIETCA MyTEM MNOCEeAOBATENbHONO CYMMUPOBAHUS
OTCYETOB, MOMYYEHHbIX OT MNPEAbIAYLLEro 3MeMeHTa C B3BELUEHHbIMU 3HAYeHUSIMM OTCYETOB cUrHana
COBCTBEHHOrO NpUeMHUKa.

OkcnepuMeHTanbHas yctaHoBka coctosna u3 20 uMdpoBbIX MPUEMHMKOB, 0OObEeOUHEHHbIX
nocrnegoBaTefibHO, YTO MO3BOSIAMO Ha BbIXOAE MocregHero LMdpoBOro npuemMHuka ccopmmposats OH
AHTEHHOW peLLETKMN.
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Puc.2 IHA ®AP go koppekumm

e T o —
Puc.3 JHA ®AP nocne koppekumm

[nsa npoeepkn pabdoTtbl PAP B kauyecTBe NUIOT — curHana Obin MCNonb30BaH 30HAMPYIOLNIA CUrHan
Ha npoMexyToyHonm uvactote. CwurHan dopmMupoBancs npoLEecCcCopoM MEepBOro KaHana WMerLero
cBOOOHOE BPEMEHHOE «OKHO» B MOMEHT (DOPMUPOBAHUSA M3Ny4aeMoro curHana m nocpegcteom LIAI ¢
PUNLTPOM NpPEeBPALLEHHOrO B CUrHam MPOMEXYTOYHOM 4acTOTbl C TpebyeMbiMu napameTpamu. [anee
curHan, C NOMOLLbIO aHanoroBoro AenuTens C paBHOMEPHbIM pacnpeferieHneMm pasBoauTCca Ha BCe
undposble npuemMHukM. ONopHOe HanpsXXeHne aHanormyHbiM 0b6pasomM, C MOMOLLLIO TaKoro Xe AenuTens,
pasBoaMTCa Ha BCe NpUEMHUKU. Mimenacb BO3MOXHOCTb M3MEHATb amnnuTygy u ¢asy nunoT-curHana
Kaxgoro kaHana. ViccneposaHuto nopnexanu Bonpockl dopmupoBaHus OHA, oueHkn ee napameTpos,
ctabunbHOCTM No amnnutyde u ¢ase uudpoBbIX NPUEMHUKOB, BO3MOXHOCTb KOppekuun pasbpocos
amMnnuTygbl 1 dasbl aHaroroBoV 4YacTu NpUeMHOro TpakTa. Koppekums ocyliecTBhnsnacb NporpammHbIM
nyTem, C MOMOLLbH M3MEHEeHUs napaMeTpoB reHepaTopa KOMMIIEKCHOW CuHycouAbl B chopMupoBaTene
KBagpaTyp umndpooro npuemHunka (DDC) n napameTpoB UM poBbIX PUILTPOB.
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[ns npoBepkn paboTbl CXxeMbl KOpPEKUUN NpeaBaputenbHO BBOAUIIACh aMnnuTyaHasa v pasosas
paccTpoka wMexagy TnpuemMHbIMM CcTpokamu. Ha puc. 2 npusegeHa [OHA npuemHOro kaHana c
MCMNonb30BaHMEM BecoBOW 0OpaboTkm no XaMMuHIY OO0 KOppeKuun, a Ha puc.3 — nocne BbINOMHEHUS
koppekuun. MapameTpbl UMEPPOBLIX NPUEMHUKOB OOCTATOMHO CTabwibHbl. B TeyeHne HeckonbKnx 4acoB
aKcnnyatauMmM napameTpbl LUPOBbIX NPUEMHUKOB He uamenunucb. ®opma [HA C BbICOKOM CTEMNEHbHo
TOYHOCTM COBMana ¢ pac4eTHbIMU 3HA4YEHUSIMMU.
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Experimental results of research of aerial pattern former have been considered.

The basic principles of digital part of digital aerial array construction were stated in the reports [1],
[2]. Results of experimental research of real existing phased array digital part are given in this report. In the
explored equipment digital forming of antenna pattern is used only for vertical plane. Antenna pattern is
formed from N lines having horizontal plane pattern, and spatial beam orientation is determined by weight
factors. Signal digitizing takes place on the output of line.

Experimental hardware consists of 20 digital sequentially connected receivers, and antenna pattern
of phased array is formed on the output of the last digital receiver. Sequential adding the samples from
previous unit with weighted own ones performs output signal calculation.

With aid of specialized hardware IF sounding signal is generated and routed on all digital receiver
inputs in phase. There is able to adjust amplitude and phase of each receiver input separately. Software
correction of amplitude and phase is provided. Receiver interline detuning was entered for functionality
check of circuit. Fig. 1 shows the antenna pattern of receiver channel with Hamming’'s weighting window
usage before correction, and Fig. 2 shows one after. The parameters of digital receivers are quite stable.
There isn't parameter’s drift after several hours of operating. The shape of antenna pattern coincides with
theoretically calculated one with high degree exactitude.
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