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Annomayua - O6ocHoBanue. Heo6X0QUMOCTb pa3paGoOTKH M IOCTOSIHHOTO COBEPIUIEHCTBOBAHHS TEPMHUHAIOB
BBICOKOCKOPOCTHOW CIYTHHUKOBOM CBSI3M MOGUIBHOrO U GOPTOBOro Ga3MpoBaHMsl, a TAKXKe annapaTypbl CIyTHUKOBOH CBS3H
C BBICOKOH CKPBITHOCTBIO GYHKLMOHHMPOBAHUS, H3Iydalollled CBepPXUIMPOKOIOIOCHBIE CHUTHA/BI, CIEKTpaabHas IUIOTHOCTh
MOIIHOCTH KOTOPBIX, U3MepsieMasi HA BXOA€ MPUEMHBIX YCTPOMCTB KOMIUIEKCOB PaJUOKOHTPOIIs, JO/KHA GBITH CYLIECTBEHHO
HUXXE CIEKTPaJbHOM IUIOTHOCTH MOIIHOCTH LIYMOB, OGYCIOBIEHbI CJIEAYOLIMMHU O6CTOSTENbCTBAMM: ObecredeHneM
Hafle>XHOU M BBICOKOKAQUeCTBEHHOH CBSI3M BOEHHBIX U TPak[AaHCKUX I0Ib30BaTesel; pPa3BUTHEM OTEYECTBEHHOHN 3JIeMEHTHOMU
U TEXHOJIOTHYECKOH 6a3bl, IMIIOPTO3aMelleHHeM; MOTPEGHOCTBIO CIIYX6 ClaceHUs B MaqoraGapUTHBIX CHCTeMax Mepefadd u
nprema nHPOpMALMK; HEOOXOJUMOCTBIO PA3BUTHsI CIIYTHUKOBBIX CHCTEM YIIPaBJIEHHS allapaTypold BOEHHOIO U TPask[aHCKOro
Ha3HaYeHMUs]; pa3BUTHEM IIPOrpaMMBbl TOUHOTO 3eMJIefle/Iusl. B KayecTBe OJHOTO M3 TaKUX NPUMEPOB MOXKET CIY>KUTh aHTEHHAsI
peLIeTKa U3 BOTHOBOJHBIX 3JIEMEHTOB C AUAIEKTPUIECKUMH daszupyomumu cekuusimu. Llenb. PaccMoTpeHa Mozienb aHTEHHOTO
9JIEMEHTA, TAKKE IPUBEJIEHBI €r0 OCHOBHBIE XapaKTEPUCTUKH. Pazpa6oTana Moelb INHEHHOW aHTEHHOU PELIeTKH, COCTOsLIEeN 13
32 BOJIHOBOJHBIX 3JIEMEHTOB C $pa3upPyIIUMU CEKIHUIMHU. PaccMOTpeHa TMHEeNHAs ¥ IUIOCKasl aHT€HHbIe PEIIETKH, II0CTPOEHHbIE
Ha OCHOBe CHH(A3HOTO W PaBHOAMIUIMTYAHOTO JeUTENs] MOLHOCTY 1:32 ¥ aHTEHHBIX 371eMeHTOB. TakKe MOCTPOEHA MOMEb
IJIOCKOW aHTEHHOH pelleTKH, COCTaBJIeHHOH U3 16 TMHEWHBIX aHTEeHHBIX PEIIeTOK, ¥ PUBeJeHbl €€ OCHOBHbIE XapaKTePUCTHUKH.
MeTtonpl. Mopens aHTEHHOTO 3JeMeHTa IIOCTPOeHa Ha OCHOBe KPYIJIOIO BOJIHOBOJA C BHYTPEeHHHM auaMeTpoM 18 MM u
OU3JIEKTPUYECKOHN [UTACTUHOMN, INIOCKOCTh KOTOPOH OPUEHTHPOBAHA MO YI/IOM 45° K CHJIOBBIM JIMHUSIM BEKTOPA HATIPSI)KEHHOCTH
9JIeKTPHYECKOro nossi. JIMHeHHasi aHTeHHAs! pelleTKa 3allMTaHa C IOMOLLBI0 PAaBHOAMIUIMTYAHOIO M CHHGA3HOIO [eTUTENsI
MOIIIHOCTH, a JIMHEWHas M IUIOCKasl aHTeHHble PelIeTKH MOCTPOEHbl Ha OCHOBE KBafpaTHBIX BOJHOBOAOB C BHYTPEHHUMH
pasmepamu 14 x 14 MM2 CO CKOIIEHHBIMH BHYTPEHHMMH yrnamu. PesynabraThl. [TokasaHo, 4To KO3GOUIHEHT yCHIeHUs Ha
qactore 10,95 I'Tu - 32,5 1B (o Hopmanu) u 31,2 1B - npu OTKIOHEHHH Jy4ya Ha +37,5° B yI710-MeCTHOH IJI0CKOCTH; KO3pULIHEeHT
ycunenus Ha yacrore 11,7 I'Tu - 33,8 0B (o Hopmainu) u 32,5 nB - npu oTKI0HeHUH jTy4a Ha +37,5° B YyI7I0-MECTHOH IJIOCKOCTH.
[Tpu MakCHMaJbHOM OTKJIOHEHHWH [VIABHOTO JIENECTKA OT HOPMa/Id YPOBEHBb GOKOBBIX JIENIECTKOB B BEPTUKAIBHOM MOBBILIAETCS 1O
ypoBHs -11,4 1B, 4T0 HesHauuTenbHO npeBbimaer YBJI npu ciHPpa3HOM U paBHOAMIUIUTYLHOM paclpefie/leHHH T10JIs B allepType
OAP (-13,2 nB). 3akmodyenue. B paccmorpenHol KoHcTpykunn PAP mo3uIHOHHpOBAHME IJIABHOTO JieNeCTKa AHArpaMMbl
HAMpPaBIeHHOCTH B a3UMYTAJIbHOW IIOCKOCTH OCYIIECTB/ISIETCS] IIyTeM MeXaHHYeCKOTo BpallleHWsi aHTeHHOM cucrembl. OTKa3
OT ABYXKOOPAMHATHOIO 3JIEKTPOHHOIO CKAaHHPOBAHUS BbIOpaH, HCXOAs U3 COOOpaxkeHUH cHUXeHHUs pasoBpainarenedt (nnu
BBICOKOYACTOTHBIX KOMMYTAaTOPOB) ¥ yMeHbleHUs! ce6ecTonmocTr DAP.

Kniouesvle cnosa — CIyTHUKOBasi CBSI3b MOGHIBHOTO M GOPTOBOTO 6a3MpOBaHUsl; TMHEWHbIE AHTEHHbIE PELIETKU; KPYyrJble
BOJIHOBOJbI.

BBenenue

B mnocnemnnue roabl HabmomaeTcst OBICTPBIA POCT
HCIO/Ib30BAHUA GECTIUIOTHBIX JIETATE/IbHBIX allnapa-
TOB B [PAXOAHCKOHN U BoeHHOU cdepe [1]. K Tomy ke
TEXHOJOTMHM CUTHUKOBOM CBSI3U MOCTOSIHHO YCOBEp-
IIEHCTBYIOTCS [2-5]. B pesynpraTe aTOr0 BO3HHKAET
noTpe6HOCTh B pa3paboTKe U YCOBEPIIEHCTBOBAHUU
TePMUHAJIOB BBICOKOCKOPOCTHOU CIyTHUKOBOM CBS-
31 MOGHJIBHOTO M 60PTOBOTO Ga3UPOBAHUS, a TAKKeE
060pynoBaHuUsl CIIyTHUKOBOW CBSI3U C BBICOKOU CTe-
[EHBI0 CKPBITHOCTU (GYHKLUOHUPOBAHUS, U3ITyda-
IOLIET0 LIMPOKOIOJIOCHBIE CUTHANBI, CHEKTPaIbHas
[UIOTHOCTH MOLIIHOCTH KOTOPBIX, H3MEpPsieMast Ha BXO-
[ie IPUEMHBIX YCTPOUCTB KOMITJIEKCOB PafUOKOHTPO-
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JIsd, OOJI>)KHA 6bITb 3HAYUTEJIBHO HUKE CHeKTpaJ’[bHOI\/JI
IUIOTHOCTH MOILHOCTH LIYMOB, OOYCIIOBIIEHHAsI Clie-
oyoumuMu GakTopamu:

- obecrneyeHHEM HaJEeXHOU U BHICOKOKAYECTBEH-
HOU CBsI3U BOEHHBIX U TPaskgAaHCKHUX MOJIb30BATEIEH;

- pa3BUTHEM OTEYEeCTBEHHOU 3JIEMEHTHOU U TeX-
HOJIOTHYECKOHU 6a3bl, 3aMEeHOM UMITOPTA;

- NOTpPeGHOCTBIO CITYK6 CriaceHUs] B KOMIAKTHBIX
cucTeMax rnepefadyu u npruema nHGOpMaLuu, LOCTYII-
HBIX TI0 CTOMMOCTH aBTOMOOHIHCTAM, CTPOHUTENSIM,
reosoram, peibakam, OXOTHUKaM, TYPUCTaM U T. [.;

- HeOOXOIUMOCTBIO Pa3BUTHUS CIIyTHHUKOBBIX CH-
CTeM yIpaBiIeHUsi 060pynOBaHUEM BOEHHOTO U I'pak-
OAHCKOI'0 Ha3HAYEHMS;
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Puc. 1. KoHCTPyKIMs aHTEeHHbI, BKII0Ya0Iel TMHeRHBbIH nepexof B E-r1ockocTr 1 $pasocBUTaloILylo CEKLUIO B KPYITIOM BOTTHOBOJE
Fig. 1. Antenna design, including a linear junction in the E-plane and a phase-shifting section in a circular waveguide

— pa3BHUTHUEM IIporpaMMbl TOYHOI'O 3€MIJIefe-

JInsd.

1. Mopaenp aHTEHHOTO 3JIEMEHTA

Ha puc. 1 nmokasaHa Mojiefb aHTEHHOI'O 3JIeMeH-
Ta, IOCTPOEHHOI'0 Ha OCHOBE KPYIJIOTO BOJTHOBOAA C
BHYTPEHHUM AuaMeTpoM 18 MM U AHM3/IeKTpHUYeCKOU
IUTACTUHOH, INTOCKOCTb KOTOPOU OPUEHTHPOBaHA IIOJ
yrioM 45° K CHJIOBBIM JIMHHUSIM BeKTOpa HampsiKeH-

HOCTH 3JIeKTpHUYecKOoro mnos. Kpyriblii BonrHOBOS 3a-
MUTHIBAETCS C IOMOLIBIO TUHEWHO PACIINPSIIOIIEr0Cs
nepexofa OT MPsIMOYI'OJIBHOTO BOJTHOBOJA K KBafpaT-
HOMY BOJIHOBOJY, IOJTHOCTbIO 3aTIOJITHEHHOI'O JHU3JIeK-
TPHUKOM — MOJHCTHUPOJIOM, [JIs pean3anuy Heobxo-
OUMOU MPOCTPAHCTBEHHOU OpHEHTALMH IUIACTHHBI
B KPYIVIOW YacTH BOJHOBOAA, a TaKKe AJIsl YMeHbIIle-
HUSI OTPaKEHUH OT CTBhIKA KBaJpPATHOI'O U KPYIJIOrO

BOJIHOBOJOB.
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Puc. 2. BxoHble XapaKTepUCTUKN aHTEHHOTO 37ieMeHTa (puc. 1)
Fig. 2. Input characteristics of the antenna element (Fig. 1)

6

2. Pe3ynbTaThl MOJE/TUPOBAHUS

Ha puc. 2-4 npuBefieHbl OCHOBHBIE XapaKTepPUCTU-
KU aHTeHHOTO ycTpolicTBa. Ha puc. 2 mokazaHbI BXOJI-
Hble XapaKTEePUCTHUKU aHTEHHOTO YCTPOWCTBA; HA
puc. 3 - ero o6'beMHbIe JUarpaMMbl HAIIPABJIEHHOCTH;
pHuc. 4 WIIOCTPUPYET KauyeCTBO MOJISPU3ALHOHHOIO
9JUIMIICA [JIABHOTO JIe[leCTKa AUarpaMMbl HallpaBjIeH-
HOCTH aHTEHHBI.

W3 puc. 3 BUAHO, YTO aMIJIUTYAHbIE AUATPAMMBI
HalpaBIeHHOCTH BOJIHOBOAHOI'O 3JIeMEHTa SIBJISIOT-
Csl MPpaKTU4YeCKHU 0CECUMMETPUYHBIMHU, B OTIMYHE OT
nedopMHUpPOBaHHBIX AMATPAMM HAIPaBIEHHOCTH 3Jie-
MEHTOB B BHJ€ [ABYX3aXOHHBIX CIHpasel Apxumena

(omHaKO TOC/eNHUE SIBISIOTCS ropasno Gosiee mpo-
CTBIMU NPU H3TOTOBJIEHHUU C HUCIOJIb30BAHUEM TeX-
HOJIOTMU NMPOU3BOACTBA MEYATHBIX IUIAT, YTO BeCbMa
BaXKHO MPU U3TOTOBJIEHUU MHOT03/1eMeHTHBIX DAP).

Ha HumxHel yactorte 10,95 I'T'i aHanusupyemoro
fguanasoHa OCeBOe OTHOIIEHHe JJUIMIICA MOJIsIpHU3a-
UM He mpeBblaeT 3 1B B cekTOpe yI7IOB MIHUPHUHOU
90° (puc. 4, a); Ha BepxHel yactore 11,7 I'Tu aHanusu-
pyeMoro guamna3oHa OTHOIIEHHe 3JUIHIICA MOJIsiprU3a-
uuu He npesbiwaeT 3 4B moutu Bo BceM monycdepu-
YeCKOM MPOCTPaHCTBe (puc. 4, 6).

Ha puc. 5 06beMHBIe [UarpaMMbl HAallPaBI€HHOCTH
JMHEWHOW aHTEHHOU pelleTKu U3 32 371eMeHTOB MOo-
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Type Farfield

Approximation enabled (kR >> 1)
Honitor farfield (£=10.95) [1(1}]
Component Right Polarisation
Dutput Gain

Frequency 18.95

Rad. effic. -8.87236 dB

Tot. effic. -B.6872 dB

Gain{Abs) 7.160 dB

Gain{Right) 7.124 dB

Type Farfield

Approximation enabled (KR >> 1)
Honitor farfield (F=11.7) [1(1)]
Component Right Polarisation
Dutput Gain

Frequency 11.7

Rad. effic. —-8.87146 dB

Tot. effic. -8.1189 dB

Gain{Abs) 7.663 dB

Gain{Right) 7.660 dB

dB
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-3.72
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2.39
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Puc. 3. [[H aHTeHHBI Ha IpaBOM KPyroBoH monsipusdaunu: a — [JH Ha npaBoll kKpyroBo# monsipudaunu Ha dacrore 10,95 T'u; 6 - IH Ha

[IpaBoOM KPyroBoH moisipuszauuu Ha gactore 11,7 I'u

Fig. 3. Antenna pattern on the right circular polarization: a - pattern on the right circular polarization at a frequency of 10,95 Hz;

b - pattern on the right circular polarization at a frequency of 11,7 Hz

Ka3aHHBIX HA pUC. 1, pacronoKeHHbIX 9KBUAUCTAHTHO
¢ mepuogom 21 MM, 3aIUTAHHOM C MOMOLIBI0 CUHpA3-
HOT'O ¥ PaBHOAMIUIUTYLHOT'O IeJIUTEIsI MOLIHOCTH.

Ha puc. 6 u 7 nmokasaHbl fuarpaMmbl HalpaBjieH-
HOCTH B a3UMYTaJIbHOU U YIJIO-MECTHOU IJIOCKOCTSIX
JIMHEWHOU aHTEHHOUW peleTKHd U3 32 BOITHOBOJHBIX
BJIEMEHTOB C (GasUPYOIUMU CEKLUSIMH, PAaCIoo-
SKEHHBIX C IeprofoM 21 MM, 3anuTaHHOU CUH(A3HBIM
Y paBHOAMIUIUTYOHBIM JI€JTUTENIEM MOIIHOCTH.

YpoBeHb GOKOBBIX JIEMIECTKOB JUArPAMMBI HATIPAB-
JIEHHOCTU B a3WMYTaJbHOM IIOCKOCTH (puc. 6) Ha
BCEX YaCTOTAaX JIy4llie, Y4eM y CHH(A3HOr0 U PaBHOAM-
IUTUTYAHOTO PacKpbIBOB 3KBHBAJIEHTHBIX Pa3MepOB
(-13,2 oB).

MuHuManpHasl MHUPUHA OUArpaMMbl HalpaBlleH-
HOCTH B YIVIO-MECTHOH IVIOCKOCTH COCTaBJISIET OKO-
710 68°; MpU pacHoJIOKEHUHU JTUHENHBIX MO PELIETOK
B COCTaBe MNpPSIMOYIOJIbHON AHTEHHOM peILIeTKH B
YITIO-MECTHOH IJIOCKOCTH IIMpPHHA AUArpaMMbl Ha-
MpaBJIeHHOCTH JIMHEWHOM MOJpEIIeTKH KaK 3JIeMeH-
Ta wiockod PAP pacmupsiercs 3a cueT B3aUMHOIO
BIUSIHUSI 9JIEMEHTOB COCEHUX JINHEHHBIX PEIIeTOK.

3. JInuHeHMHAas U IUIOCKAasi AHTEHHbIE

pEeLIETKH, TOCTPOEHHBIE HA OCHOBE

cuH}pa3HOTO U PABHOAMIUTUTYIHOTO
NeIUTENs] MOIIHOCTH

Huke paccMOTpEHDBI JIMHENHas U IJIOCKas aHTEeH-
Hbl€ pEIIETKHU, IOCTPOEHHbIE HA OCHOBE CI/IH(‘l)a3HOI‘0
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Puc. 4. KauecTBO IOJSIPU3ALMOHHOIO 3JUIMICA, Pa3pe3 B YITIO-MECTHOM IUIOCKOCTH: d - OCEBO€ OTHOLIEHHE SJUIMICA MOJSPU3ALIY
Ha yactoTe 10,95 I'T; 6 - oceBoe OTHOLIEHHUE 3JUIMIICA NOIsipu3anuu Ha yacrore 11,7 Ty

Fig. 4. Quality of the polarization ellipse, section in the angular-local plane: a - axial ratio of the polarization ellipse at a frequency
of 10,95 GHz; b - axial ratio of the polarization ellipse at a frequency of 11,7 GHz

U paBHOAMIUIUTYAHOIO JeNuTeNsl MOIHOCTH 1:32 u
AHTEHHBIX 3JIeMEeHTOB, IOCTPOEHHBIX Ha OCHOBE KBa-
OpaTHBIX BOJIHOBOAOB C BHYTPEHHUMHU pa3MepaMu
14 x 14 MM?2 CO CKOUIEHHBIMH BHYTPEHHUMH yTIaMU
B I]eJIsIX YMeHbIIEeHHS IT0TePb, a TAKXKe [JIs yIeTa BO3-
MOXHOU TE€XHOJIOTUU U3TOTOBIEHUs ppe3epoBaAHUEM
W3 MeTaJlia.

Ha puc. 8 npencraBieHa MojeNnb JUHEHHOUW aH-
TEHHOM pelIeTKH U3 32 BOJHOBOJAHBIX 3JIEMEHTOB C

basupyOIUMHU CEKI[USIMU, 3AMUTAHHON C MTOMOLIBIO
PaBHOAMIUIUTYAHOTO U CMHGA3HOTO HeTUTENsT MOLI-
HOoCTH. [I1MHa aHTeHHOro aneMeHTa - 40 mM. Ilepu-
O]l PACTIOJIOKEHHUST JIEMEHTOB B INHEWHOU aHTEHHOU
pemeTke — 21 MM.

Mogenp IUIOCKOM aHTEHHOM peIlleTKH, COCTaB-
JIeHHOU U3 16 TMHENHBIX aHTEHHBIX PEIIeTOK, Mpef-
CTaBJI€HHBIX Ha pUc. 8, mokazaHa Ha puc. 9. [lepuon
paCIONIOXKeHHUsI JTUHEWHBIX peIIeTOK paBeH 15 MM
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Puc. 5. O6beMHble AUArpaMMBbl HANPABIEHHOCTH CHHGA3HON M PABHOAMIUIUTYLHON JIMHEHHON aHTEHHOM peleTKH U3 32 BOTHOBOLHBIX
371eMEeHTOB ¢ (pasupyoILMMK CEKLMAMHU, PACIIOIOKEHHBIX C epHoAoM 21 MM

Fig. 5. Volumetric radiation patterns of an in-phase and equal-amplitude linear antenna array of 32 waveguide elements with phasing
sections located with a period of 21 mm
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farfield (F=10.95) [1(1)]

Frequency = 10,95

Main lobe magnitude = 21.3 dB
Main lobe direction = -90.0 deg.
Angular width (3 dB) = 2.1 deg.
Side lobe level = -15.0 dB

farfield (F=11325) [1(1)]

Frequency = 11.325

Main lobe magnitude = 22,2 dB
I¥ain lobe direction = -90.0 deg.
Angular width (3 dB) = 2.0 deg.
Side lobe level = -13.5dB

farfield (f=11.7) [1(1)]

Frequency = 11.7

Vain lobe magnitude = 22,4 dB
Main lobe direction = -90.0 deg.
Angular width (3 dBY = 2.0 deg.
Side lobe level = -14.2 dB

Puc. 6. [luarpaMMbl HalpaBleHHOCTH B a3sMMYTAIbHOM IUIOCKOCTH CHMH(pA3HON M PaBHOAMIUTUTYLHOM JTMHEMHON aHTEHHOM pelueTKH
13 32 BOJIHOBO[HBIX 3JIEMEHTOB ¢ $asMpyOLINMH CEKLUAMHU, PACIIONOKEHHBIX C TePUOfOM 21 MM
Fig. 6. Radiation patterns in the azimuthal plane of an in-phase and equal-amplitude linear antenna array of 32 waveguide elements

with phasing sections located with a period of 21 mm
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Frequency = 11.7
[Yain lobe magritude = 22.4 dB
Main lobe direction = -90.0 deg.

0 20 40 60 80 100 120 140 160 1gp Angularwidth (3dB) = 72.4deg.
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Puc. 7. [luarpaMMbl HaNpaBIeHHOCTH B YIJIO-MECTHOM MIOCKOCTH CMHGA3HOW U PAaBHOAMIUIMTYLHOM JTHHEHHOM aHTEHHOM pelleTKH
13 32 BOJIHOBO[HBIX 3JIEMEHTOB ¢ $asMpyOLINMH CEKLUAMHU, PACIIONOKEHHBIX C TePUOfOM 21 MM

Fig. 7. Radiation patterns in the angular-local plane of an in-phase and equal-amplitude linear antenna array of 32 waveguide elements
with phasing sections located with a period of 21 mm
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Puc. 8. Mopenb TMHEWHON aHTEHHOHN peleTKH U3 32 37IeMEHTOB C CUHPA3HBIM U PaBHOAMIUIUTYAHBIM [€IUTEIEM MOLIHOCTH: d — BHEIL-
HUW BUJ TMHEMHON CMHPA3HOU aHTEHHOU pelleTKH U3 32 3JIeMEHTOB; 6 — MOJUCTHPOIOBBIN BKJIAMBIII B [Ae/IUTEe MOIHOCTH U B aH-
TEHHBIX 371eMeHTax. ToJIMHA JU3IeKTpUKa B feauTtee — 1,5 MMm. TommuunHa $asupyomux IaCTHH B KBaAPAaTHBIX BOJHOBOAAX — 3 MM;
8 - IIEPUOJ, PACIIOJIOKEHSI 9IEMEHTOB B IMHEMHON aHTeHHOMU peleTke — 21 MM; 2 — IPOJOJIBHBIN paspe3 THHEHHOM aHTEHHOH pelleTKH
C [leNIUTeNIeM MOIIHOCTH (GparmeHT)

Fig. 8. Model of a linear antenna array of 32 elements with an in-phase and equal-amplitude power divider: a - appearance of a linear in-
phase antenna array of 32 elements; b - polystyrene liner in the power divider and in the antenna elements. The thickness of the dielectric
in the divider is 1,5 mm. The thickness of the phasing plates in square waveguides is 3 mm; ¢ - period of arrangement of elements
in a linear antenna array - 21 mm; d - longitudinal section of a linear antenna array with a power divider (fragment)
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Puc. 9. Mopenb IOCKOH aHTEHHOM peLIeTKH, COCTABIEHHON U3 16 NHHEHHBIX aHTEHHBIX PELIETOK: a4 - IUIOCKAasl aHTEHHAs pelleTKa
u3 32 x 16 37IeMEHTOB, COCTaBeHHas U3 16 TMHEHHBIX AHTEHHBIX pelleToK. Pasmepsl anepTypsl — 665,5 x 238 Mm% 6 - mepuos B yriio-
MEeCTHOM IUIOCKOCTH ~ 15 MM (yMeHBLIEH C e/ CHUKEHHsI YPOBHsI GOKOBBIX JIE[IECTKOB IIPH IIHPOKOYTOJIbHOM CKaHHpoBaHHH); 8 - DAP
¢ 32 x 16 27eMeHTOB C [IeJTUTENSIMU MOIIHOCTH, PacIIOIOKeHHBIMU ropu3oHTanbHo. Anieprypa PAP HaknoHeHa Ha yron 37,5 rpagycos
B yIJIO-MECTHOM IIOCKOCTH. Boicora Moguduunposansoit ®AP - 175 mm. Iny6una OAP ¢ genurensimu MomHocT — 262 Mm. [upuHa
DAP - 665,5 MM

Fig. 9. Model of a flat antenna array composed of 16 linear antenna arrays: a - flat antenna array of 32 x 16 elements, composed of 16 linear
antenna arrays. Aperture dimensions - 665,5 x 238 mmZ; b - period in the angular-local plane - 15 mm (reduced in order to reduce the level
of side lobes during wide-angle scanning); ¢ - phased array with 32 x 16 elements with power dividers located horizontally. The phased
array aperture is tilted at an angle of 37,5 degrees in the elevation plane. The height of the modified phased array is 175 mm. The depth
of the phased array with power dividers is 262 mm. Headlight array width - 665,5 mm
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Puc. 10. JuarpaMMbl HanpaBleHHOCTH B BEPTUKAIBHOM MIOCKOCTH MJIOCKOM aHTEHHOM pEelIeTKH, COCTABIEHHOU U3 16 TMHENHbIX aH-
TeHHBIX pelleTok: a - [IH B BepTukanpHo# ninockocty GAP 32 x 16 aeMeHTOB IIpU U3ITy4eHUH 110 HOpMaiH K aneprype DAP, yacrora -
10,95 I'Ty; 6 - OH B BepTukansHoU wiockoctd @AP 32 x 16 351eMeHTOB py U3NIy4eHUH NOA yriiom 37,5 rpajgyca K HOpMaiy K aneprype
DAP, yactora - 10,95 I'Ty; 6 - IH B BepTuKanbHoH miockoctd AP 32 x 16 a71eMeHTOB IIpU U3NyYeHUH 10 HOpMaH K aneptype OAP,
yactora - 11,325 I'Ty; 2 - JH B BepTuKanbHol miockoctd AP 32 x 16 aneMeHTOB IpU U3Iy4YeHUH NOA YoM 37,5 rpagyca K HOpMaslu
K aneprype ®AP, yacrora - 11,325 I'Ty; 0 - IH B BepTuKanbHOM muockocTd PAP 32 x 16 a1eMeHTOB NpU U3JIyYE€HUU 110 HOPMAIH K
aneprtype AP, yactora - 11,7 I'Ty; e - JH B BepTuKanbHoU muockocT PAP 32 x 16 aieMeHTOB pu U3NTydeHUH mof yrioM 37,5 rpapyca
K HopMaH K aneptype @AP, yacrora - 11,7 I'Ty

Fig. 10. Radiation patterns in the vertical plane of a flat antenna array composed of 16 linear antenna arrays: a - pattern in the vertical
plane of the phased array 32 x 16 elements when emitting normal to the phased array aperture, frequency - 10,95 GHz; b - pattern in
the vertical plane of the phased array 32 x 16 elements with radiation at an angle of 37,5 degrees to the normal to the phased array aper-
ture, frequency - 10,95 GHz; ¢ - pattern in the vertical plane of the phased array 32 x 16 elements when emitting normal to the phased
array aperture, frequency - 11,325 GHz; d - pattern in the vertical plane of the phased array 32 x 16 elements with radiation at an angle
of 37,5 degrees to the normal to the phased array aperture, frequency - 11,325 GHz; e - pattern in the vertical plane of the phased array
32 x 16 elements when emitting normal to the phased array aperture, frequency - 11,7 GHz; f - pattern in the vertical plane of the phased
array 32 x 16 elements with radiation at an angle of 37,5 degrees to the normal to the phased array aperture, frequency - 11,7 GHz
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(ero BenuunHa ymeHbiueHa ¢ 21 go 15 MM c uenbo
CHU>KEHHUsI YPOBHSI OOKOBBIX JIENIECTKOB MPH LIK-
POKOYrOJbHOM CKaHHPOBAHUU B YIJIO-MECTHOU
IIJIOCKOCTH).

IOuarpaMMbl HAMpaBIe€HHOCTH B BEPTUKAIbHOU
MJIOCKOCTH IMJIOCKOW aHTEHHOUW pelleTKH, COCTaBIEH-
HOU 13 16 TMHEWHBIX AHTEHHBIX PELIETOK, TPUBEEHBI
Ha puc. 10.

3akinrouyeHue

0O6061KM pe3yIbTaThl MPOBELEHHOTO MOJEIHPO-
BaHUs WI0cKoM PAP ¢ BOTHOBOLHBIMH 3JIEMEHTAMU
C KPyroBOH moJsipu3aiyen.

B paccmoTrpenHOl KoHCTpyKuKu PAP nosnuunonu-
pOBaHUe INIaBHOTI'O JIelleCcTKa JUarpaMMbl HallpaBieH-
HOCTH B a3UMYTaJIbHOM IVIOCKOCTH OCYLIECTBIISETCS
IyTeM MEXaHHUYECKOr'o BpalleHUs aHTEHHOU CHCTe-
Mbl. OTKa3 OT [BYXKOOPOWHATHOTO 3JIEKTPOHHOTI'O
CKAHMPOBAaHMA BBIOPAH, MCXOMsl M3 COOGpaskeHUU
cHUXeHUs dasoBpauiaTesel (MU BbICOKOYACTOTHBIX
KOMMYTaTOPOB) U yMeHbLIeHUs cebecTonmocTu DAP.

Beicotra @AP ¢ ropr30HTaNIBHBIM PACHOJIOKEHHEM
oenuTeNed MOIIHOCTH, cocTosAIlned us 32 x 16 ame-
MeHTOB, cocTapisieT 175 mm. [mybuna OAP - 262 mm.
MMupuna AP - 665,5 MM.

Koaddunuenr ycunenus: va gacrore 10,95 I'Try -
32,5 1B (no Hopmanu) u 31,2 1B - Npu OTKJIOHEHUU
ny4a Ha +37,5° B yI/I0-MeCTHON IUT0CKOCTH (6e3 yuera
norepb B IMH3e POTMaHa ¥ KOMMYTaTope).

Koadpdunuenr ycunenus: Ha vacrore 11,7 I'Ty -
33,8 0B (mo wopmanu) u 32,5 1B - npu OTKIOHEHUU
ny4a Ha +37,5° B yIJI0-MeCTHOU II0CKOCTH (6e3 yuera
noTepsb B IMH3e PoTMaHa U KOMMyTaTope).

[Ipy MaKCMMaJIbHOM OTK/JIOHEHHUH TJIaBHOTO Jie-
[ecTka OT HOPMalHl ypOBeHb OOKOBBIX JIEIIECTKOB B
BEPTUKAIBHOM (YI/I0O-MECTHOW MJIOCKOCTH) MOBBIIIA-
eTcsa go ypoBHS -11,4 1B, 4To He3HAYUTEIBHO Mpe-
Beimaer YBJI npu ciH$a3HOM 1 paBHOAMIUIUTYJHOM
pacnpeneneHuu nois B aneprype AP (-13,2 oB).
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Antenna array of waveguide elements
with dielectric phasing sections

Yuri G. Pasternak!, Vladimir A. Pendiurin?, Dmitry K. Proskurinl, Kirill S. Safonov!

1 Voronezh State Technical University
84, 20-letiya Oktyabrya Street,
Voronezh, 394006, Russia
2JSC RPE «Automated communication systems»
108, Peshe-Streletskaya Street,
Voronezh, 394062, Russia

Abstract - Background. The need to develop and continuously improve mobile and on-board high-speed satellite
communication terminals, as well as satellite communication equipment with high secrecy of operation, emitting ultra-wideband
signals, the spectral power density of which, measured at the input of receiving devices of radio monitoring complexes, should
be significantly lower than the spectral power density of noise, is due to the following circumstances: ensuring reliable and high-
quality communication military and civilian users; the development of the domestic element and technological base, import
substitution; the need for rescue services in small-sized information transmission and reception systems; the need to develop
satellite control systems for military and civilian equipment; the development of precision agriculture programs. An antenna
array made of waveguide elements with dielectric phasing sections can serve as one such example. Aim. The model of the
antenna element is considered, and its main characteristics are also given. A model of a linear antenna array consisting of 32
waveguide elements with phasing sections has been developed. Linear and flat antenna arrays based on a common-mode and
equal-amplitude 1:32 power divider and antenna elements are considered. A model of a flat antenna array composed of 16 linear
antenna arrays is also constructed and its main characteristics are given. Methods. The antenna element model is based on a
circular waveguide with an internal diameter of 18 mm and a dielectric plate, the plane of which is oriented at an angle of 45° to
the lines of force of the electric field intensity vector. The linear antenna array is powered by an equal amplitude and common-
mode power divider, and the linear and flat antenna arrays are based on square waveguides with internal dimensions of 14x14
mm? with beveled internal corners. Results. It is shown that the gain at a frequency of 10,95 GHz is 32,5 dB (normal) and 31,2 dB
when the beam is deflected by +37,5° in the angular plane. The gain at a frequency of 11,7 GHz is 33,8 dB (normal) and 32,5 dB
when the beam is deflected by +37,5° in the angular plane. With the maximum deviation of the main lobe from the normal, the
level of the side lobes in the vertical increases to the level of -11,4 dB, which slightly exceeds the UBL with in-phase and equal
amplitude field distribution in the headlight aperture (-13,2 dB). Conclusion. In the considered headlight design, the positioning
of the main lobe of the radiation pattern in the azimuthal plane is carried out by mechanical rotation of the antenna system.
The rejection of two-coordinate electronic scanning was chosen based on considerations of reducing phase shifters (or high-
frequency switches) and reducing the cost of headlights.

Keywords - mobile and airborne satellite communications; linear antenna arrays; round waveguides.
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CoBpemeHHasi TEOPHS

H NPAKTHYECKHE NPHMEHEHHs
AHTeHH PaCCMOTPEHbI OCHOBHBI€ pa3aeyibl TEOPHUU U TEXHUKHU aHTEHH. OCBeLLIEHbI

BOIPOCHI pacyeTa U MOCTPOEHHs PA3IMYHBIX THUIIOB AHTEHH (0T BUGPATOPHBIX
[O PYNOPHBIX M AHTEHHBIX PELIETOK, BKIYas dpasupoBaHHble). OCHOBHOE
BHUMaHHe yheineHo auTeHHaM CBY u pacyeram MX 371eKTPOMATHHUTHBIX IO-
el B GNMKHEH 30He, T. €. BOIIPOCAM 3JIeKTPOMATHUTHOW COBMECTHMOCTH.
2o [IpUHIKMNHATEHOE OTJIMYUE KHUTH OT U3BECTHBIX 3aKJTH0YAETCS B TOCTEN0-
BaTeIbHOM NPUMEHEHHH MeTofa GU3UYeCKOU peryasphsaliu (camocoria-
COBAHHOTO METOJA) K PACUETy 3JIEKTPOMATHUTHOTO IOJIsI aHTEHH, O3B0~
IOLEr0 OCYIIECTBISATEH HEPePHIBHBIA [epexof] ¢ M3IyJalollell TOBEPXHOCTH aHTEHHBI K MPOCTPAHCTBY
BHe ee. C NMOMOIIBIO CAMOCOTTIACOBAHHOIO METOA IOJyYeHBl HOBBIE Pe3yIbTATHl [0 TEOPUH AHTEHH:
YCTaHOBJIEHBI CBSA3b MEX[Y MOBEPXHOCTHOM IVIOTHOCTBIO TOKA HA BUOPATOPHOM aHTeHHE W HAIPSIKEH-
HOCTBIO 3JIEKTPOMATHUTHOTO T10JIs, OHOHAPABIEHHBIN PEeXXUM M3ITydeHUs! [UIsl KONbLEBOH (PaMOYHOM
AHTEHHBI), PESKUMBI CTOSYMX U GEryLINX BOJIH B LMIHHIPUIECKOM CITUPATbHOM aHTEeHHE, BROLHOE COMPO-
TUBJIEHWE NPAKTUYECKU [UIsl BCEX THUIOB aHTeHH. TeopeTHYeCKUH MaTepuas MOAKDEIUIeH MPUMepPaMHU
NpYMeHEeHUsI MHOTOJTYYeBbIX aHTEHH.
IIpednasnaueno 0na paspabomuukos aHmMeHHO-PuUIepHbLX ycmpolicme, acRupaHmos U 00OKMopaHmos, 3aHu-
MAWuxca 60npocami NPOeKMUpoBaHUa AHMEHHbIX CUCMeEM PA3NUYHO20 HA3HAUEHUS, CMy0eHmos paduomex-
HUYeCKUX CReyuanbHocmell 8bICUUX YUeOHbIX 3a8edeHull.




