dur3nka BOTHOBBIX IPOLIECCOB U PAJUOTEXHUYECKHUE CUCTEMBI
2024.T. 27, N? 2. C. 91-99

DOI 10.18469/1810-3189.2024.27.2.91-99
YIOK 621.396.67
OpuruHaabHOe UCCIef0BAaHUE

Hama nocmynnenus 18 oxts6pst 2023
Hama npunamus 20 Hosi6ps 2023
Jama ny6nuxayuu 29 nionst 2024

AHTeHHas pelieTKAa U3 BOJTHOBOAHBIX PyIIOPOB
¢ E-II0CKOCTHBIM pacKpbIBOM, a TAKJKe
pynopos ¢ packpbiBoM B E- u H-mi1ockocrax

FO.I. Macmepnak?, B.A. Mendopun?, [1.K. Mpockypun?, K.C. Caponos?

1 BopoHexckuit rocyapcTBeHHbIH TeXHUYeCKUH YHUBEPCUTET
394006, Poccus, r. BopoHex,
yi. 20-netust Oxrsi6psi, 84
2 AO HIIIT «ABTOMaTH3UPOBAHHbIE CHCTEMBI CBA3M»
394062, Poccus, r. BopoHex,
yn. [Teme-Crpeneunkas, 108

Annomauusa - O6ocHoBaHue. B HacTosee BpeMs B CBSI3U C IPOBEJEHHEM CIIELUaTbHON BOEHHOM Ollepaliii OYeHb aKTyaIbHBIM
SIBASIETCS] BONPOC HAIM4YHMsI HENOPOIMX MOOGUIIBHBIX TEPMHHAIOB BBICOKOCKOPDOCTHOH CIIYTHHKOBOHM CBSI3H OTEYECTBEHHOI'O
[IPOM3BOACTBA, A TAKXKE B CBSI3H C GONIBIION IPOTSKEHHOCTBIO TEPPUTOPUN HALIEH CTPAHBI CYLIECTBYET Psif 06/1acTel, Ije COTOBast
CBsI3b OTCYTCTBYET, HAaIpUMep Taira, Apkruka, treppuropust CeBepHoro JIef[OBUTOro OKeaHa U T. A. [109TOMY eJUHCTBEHHAs
BO3MO>KHAs CBsI3b HA 9THX TEPPUTOPHUSX — ITO CHYTHUKOBast CBsi3b. Lleapb. Pazpaborka JTHMHEHHON 9KBHUAMCTAHTHOM aHTEHHOM
peLIeTKH ¢ PaBHOAMIUIMTYAHBIM ¥ CHHG}A3HBIM BO36YXKAEHHEM IJIi MOOWJIBHOIO T€pPMHUHAlA CIHyTHUKOBOW CBsI3H. MeTOMbI.
AHTeHHas pelleTKa IIPOEKTUPOBAIACh U3 OTKPBITHIX KOHIIOB BOJIHOBOJOB cedyeHHeM 19 x 11 MM ¢ BO3AYLIHBIM 3aIllOJIHEHHUEM.
CocepnHue napbl U3/TyYalOIUX BOJIHOBOJOB 3aMUTHIBAIUCE C TOMOLIBI0 E-IJIOCKOCTHOTrO Ae/uTeNs: BOTHOBO/, pa3/esieH omoaamM
[0 BBICOTE TOHKOM MeTauInyeckod auadparMoi, OTpaXkeHUsl BOJH OT KOTOPON He3HAYMTENIbHBI, Aajiee, B KaXKAOW MOJNIOBHUHE
IeJIUTelIsI MOIIHOCTH pealn30BaHbl pa3HeCeHHBIE 10 BEICOTE IIOBOPOTHI HAIIPABO U HAJIeBO U IUIaBHBIE NTepexosl B E-mrockocTu -
paciuupeHnue ot 5,25 MM 10 11 mm. Pe3dynbraTel. Paspaborana aHTeHHas perueTka ¢ nepuonom 19,5 mm. ['a6apuTHbIe pasmepsl:
[IMpUHA PacKpbiBa — 624 MM, BeicoTa — 12 MM, ray6uHa - 118 MmM. Oco6eHHOCTBI0O KOHCTPYKL{MH aHTEHHOW PEIIeTKU SIBIISIETCSI
HCIIOJIb30BaHUE IUIABHBIX HECHMMETPUYHBIX IIepexofioB B E-IUIOCKOCTH HMO 3KCIOHEHIHATbHOMY 3aKOHY; B packpbiBe DAP
yepeayloTcsl C MepUOfOM, PaBHBIM 4 3HAYeHHUsIM LIMPHUHBEI BOJIHOBOJOB C yY€TOM IIHMPHUHBI MX Y3KHMX CTEHOK, BOJIHOBOJHBIE
HECUMMETPUYHBIE PYIIOPBI, PACLIMPSIOLHECS B BEPXHEM (2 COCENHMX H3IydyaTelis) U HUXHEM (Clefyouiue 2 H3jIydarTeris)
HampapIeHUsX. 3aKI04YeHHe. [lOCTOMHCTBOM HCIIOJIb30BaHUSI TOJX0/A K TOCTPOEHHIO INHEHHBIX aHTEHHBIX PELIETOK, TUTaeMbIX
C [OMOIIBI0 MHOTOKAHA/IBHBIX [€UTeNeld MOLIHOCTH, SIBJISIETCSI BO3MOXKXHOCTD MUHMMHU3ALUU [NIYOUHBI AHTEHHOH CHCTEMBI.
OCHOBHBIMU HeIOCTATKAMU — KOHCTPYKTHBHAS U TeXHOJIOTHYECKAs! CJIOXKHOCTD AeJINTeIel MOUHOCTH U CyLeCTBEHHbIE IOTEPHU
MOLIHOCTH NpH GONBIIOM YHCIIe KaHaIOB. BO3MOXHBIE TEXHOJOIHMH HU3TOTOBIeHHUst paspaboranHor DAP: 1. Illrtammoska u3
MOJTUCTUPOJIAa BHYTPEHHEN YacTH AeTUTeNsl MOIIHOCTH U U3JlydaTesiel. [lasee — MOIMPOBKa, HANbIIEeHUE Me[JU U IraJibBAHUYECKOe
MOKpEITHE c/loeM MeAu. 2. [TeyaTe Ha 3D-npuHTepe U3 NOJUCTUPOIIA, TOJIMPOBKA, HalblJIEHUEe MeJIU U raJibBaHUYeCKOe MOKPBITHE
Menu. 3. M3roToBieHue [eUTeNsi MOLIHOCTH C Hcnonb3oBaHueM SIW-rTexHonoruu Ha 6ase cranpapTHbix CBY-nmamMuHATOB.
Vcnonp3oBaHWe MeTalTM3UPOBAHHBIX CKBO3HBIX OTBEPCTUHN AJIsl COTIACOBAHUS AeTUTeNel MOLIHOCTH. AHTEHHbIE dJIEMEHTBI U
KOaKCHaIbHO-BOJIHOBOJHbIE NePEeXOAbl U3rOTABIUBAIOTCS IyTeM LIITAMIIOBKU U3 MOJIUCTUPOIA, UK nedyaTu Ha 3D-npuHTepe U3
MIOJINCTUPOJIA, fjajlee — IIOTHPOBKA, HAaIlbUIEHHE CJIOSI MU U raJIbBaHUYeCKOe MOKPBITHE c1oeM Menu. 4. lllTammnoBka U3 meTanna
OeTUTeNsi MOLIHOCTH, U3/TyJaTe/lell U KOaKCHalIbHO-BOJIHOBOAHBIX NMepexofoB (2 metanu). [UaIeKTPUYECKHUN BKIAABILI MOXKET
neyaraTbcs Ha 3D-NpuUHTepe U3 MOJIUCTHUPOIIA.

Kniouesble cnosa — CyTHUKOBAS CBSI3b MOGUIBHOTO U 60PTOBOTO 6a3UPOBAHMUST; TNHEMHbIE AHTEHHBIE PEIIETKH; BOTHOBOHbIE

PyHOpBI.

BBenenue

OpHOW M3 INIaBHBIX 3ajady, pellaeMbIX B ammnapa-
Type CIYyTHUKOBOU CBSI3U, SIBISIETCSI BO3MOXKHOCTH
CKaHI/IpoBaHI/IH T'JIAaBHBIM JIEIIECTKOM ,E[I/IanaMMbI Ha-
NpaBIeHHOCTH. AGOHEHTBI CIIYTHUKOBOM CBSI3U, KaK
HpaBI/IJ'IO, HaxogATCA B OBUJKEHHUH, CHe,E[OBaTeHbHO,
AHTeHHa [OJ/KHa OBITh JerKoM M KOMIIAKTHOM s
TOro, 4YTO6bl OHA He MPEMATCTBOBaIa 6e30MacHOMY
NepeMeIleHUI0 TPAHCIIOPTa, KaK HA36MHOrO, TaK U
MOPCKOTO U BO3AyLWIHOro [1-4].

B HacTosIleN CTaTbe pacCMOTPeHA JMHEWHas 3K-

BUAVWICTAaHTHAs aHTE€HHadA pelieTKa C paBHOAMIIJIUTYA-

Safonov-kirik@mail.ru (Cagonos Kupunn Cepzeesun)

HBIM U CHHQA3HBIM BO3GYXHEHHEM, COCTOSILIAS U3
OTKPBITBIX KOHIIOB BOJIHOBOAOB cedyeHHeM 19 MM Ha
11 MM c BO3AyIIHBIM 3amonHeHUeM. [lepuop pemet-
ku - 19,5 mM. ['abapuTHbie padmepsl pa3paboTaHHOU
AHTEHHOM pelleTKU: LIMPHUHA pacKpblBa - 624 MM,
BbIcOTa — 12 MM, rny6una - 118 Mmm. Oco6eHHOCTBIO
KOHCTPYKLMH aHTEHHOU pEIIeTKH SIBIISIETCS UCIOJIb-
30BaHHe IUIaBHBIX HECHMMETPUYHBIX II€pPeXOf0B B
E-m1ocKocTH 10 5KCNOHeHLMaIbHOMY 3aKOHY; B pac-
kpbiBe @AP depenyloTcs ¢ meprofOM, PaBHBIM 4 3Ha-
YeHHUSIM IIHPHUHBI BOJTHOBOAOB C Y4€TOM IIMPUHBI
HUX Y3KHUX CTE€HOK, BOJIHOBOAHBble HECHUMMeETpPHUUYHBIE
PYIOpPBI, paclIMpsIOLiiecss B BepxHeM (2 coceHUX
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Puc. 1. JInuHeliHasi 5KBUAUCTAHTHAs aHTEHHAs! PeIleTKa C JeJIUTeeM MOIIHOCTH 1:32, B KOTOPOM HCIIONb30BaHbl E-II0CKOCTHBIE (11s
3aIUTKU UayyaTenei) 1 H-II0CKOCTHBIE eauTeNd MOIHOCTH 1:2: @ - BHELIHUM BUJ IMHEHHON pelueTKH; 6 - $parMeHT usiydamei
amepTyphl; 6 - Iapa COCE[HHUX M3IydaTeledl C NMPOTHUBOIMOJIOXHBIMYM HAlpPaBIE€HUSIMH PaCKPbIBOB HECUMMETPUYHBIX BOJHOBOLHBIX
E-I710CKOCTHBIX PYyIIOPOB; 2 — BOTHOBOJBI, IUTAOLINE COCEIHIE U3ITydaTeNH; 0 — IPOLO/IbHbIE Pa3pe3bl PELIETKH Ha Pa3IMYHbIX 3HAYEHHU-
SIX BBICOTBI; € — pa3pes pelleTKH ¥ BOJTHOBOLHBIN [IOPT €€ 3allUTKU

Fig. 1. Linear equidistant antenna array with a 1:32 power divider, in which E-plane (for powering the emitters) and H-plane 1:2 power
dividers are used: a - appearance of the linear array; b - fragment of the emitting aperture; ¢ - a pair of adjacent emitters with opposite
opening directions of asymmetrical waveguide E-plane horns; d - waveguides feeding adjacent emitters; e - longitudinal sections of
the grating at different heights; f - section of the grating and the waveguide port for powering it

I/ISHY‘{aTeHH) U HHUXHEM (cnenylomne 2 I/ISHY‘IaTeJ'IH) He OenuTesisd MOIMHOCTH peaJiu30BaHbl pa3HECEHHbIE

HalpaBJIEHUSX. 10 BBICOTE ITOBOPOTHI HAIIPpAaBO U HAJIEBO U IIJIABHbIE

nepexonsl B E-mmockocTu - pacumpenue ot 5,25 Mm

1. Mogens aHTEHHOTO 3/IeMEHTa no 11 mm, puc. 1. OnUcaHHOe TexHUYecKoe pelle-

CocenHue mapbl M3/IyYalOIIMX BOJTHOBOAOB 3amy- HHE NPEINPUHATO [/ yMEHbIICHUA MOAYJIA K03~

TBIBAIOTCA C MNOMOINBI E-IJIOCKOCTHOrO AENUTENIs: <1>HHHeHTa OTpa’keHus B E-IJIOCKOCTHBIX HAeNUTENAX

BOJIHOBOJ, pasfiefieH IOMOoJiaM MO BBICOTE TOHKOU
MeTa/UIn4ecKou nuadpparmMoi, OTPaKEHUS BOJIH OT
KOTOPOU He3HAYUTENbHBI; fjaree, B KaXXI0U MOT0BHU-

MOIIOHOCTH (B H-miockocTHOM fenuTesie MOUHOCTHU
BepTHUKaJIbHAs CTEHKA, fesdmiiasi BOJTHOBOM IOII0JIaM,
BHOCHUT CyLIE€CTBEHHbIE OTpa)KeHI/IH). OcranbHble ae-
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Puc. 2. [luarpaMmbl HallpaBIeHHOCTH B 06'beMe TMHEHHOM 9KBULUCTAHTHOM aHTeHHOU peueTky ¢ E- 1 H-IJI0CKOCTHBIMU [e/TUTeSIMU

MOIIHOCTH

Fig. 2. Radiation patterns in the volume of a linear equidistant antenna array with E- and H-plane power dividers

JIUTENU MOIDHOCTU - H-minockocTtHble. OCHOBHEBIE
XapaKTEePUCTUKHU aHTEHHOU pEeLIeTKH COLEpP>KaTcs Ha

puc. 1-5.

2. Pe3ynbTaThl MOAECIUPOBAHUS

Ha puc. 2-5 npuseneHbl OCHOBHBIE XapaKTepH-
CTUKHU aHTeHHOro ycTpodcTtBa. Ha puc. 2 mokasa-
Hbl OUArPaMMBbl HAMPABJIEHHOCTH B OOBEMe JIM-
HEWHOW OKBHUAWUCTAHTHOM aHTEHHOW peEIIeTKH C
E- n H-nmnockocTHBIMH [eIUTENSIMHU MOIIHOCTH.
Ha puc. 3 - puarpaMMbl HanpaBlIeHHOCTH JIMHEU-
HON OSKBHAMCTAHTHOW aHTEHHOW peweTKH ¢ E- u
H-niockoCTHBIMU AeNUTeNSIMU MOIIHOCTH B a3UMYy-
TaJbHOU U yITIO-MEeCTHOH IIOCKOCTsX. Puc. 4 wnio-
CTPUpPYeT YaCTOTHYIO 3aBUCHUMOCTb Koddduiuenrta
CTOsiuel BOJIHBI Ha BXOJle AaHTEHHOM pelieTku. Puc. 5
MOKa3bIBaeT YACTOTHYIO 3aBUCUMOCTb NOTEPH B Me-
Tajle ¥ CyMMAapHBIX IIOTEPB (C yIETOM OTPaskeHUN).

3. KoHCTpyKuusi BOTHOBOTHOH
AHTEHHOM pelleTKH

J1OCTOMHCTBOM TEXHHYECKOI'O pelIeHUs SIBIISIeTCS
OTCYTCTBUE OUIIEKTPUUECKUX BKIA[bIIIEH B BOJI-
HOBOAHBIX [EUTENsIX MOIIHOCTH U B U3JIydaTessix,
a Tak>ke MUHUMH3ALMs TOJIUIUHBI CTEHKU, pasfensi-
I0IIeN COCeIHYE U3/Ty4aTesH, TUTaeMble 1eTUTENSIMHU
MoIIHOCTH 1:2 (B H-MIOCKOCTHBIX [AENTUTENAX MOII-
HOCTH PacCTOSIHUE MEX/y COCeJHUMU U3JIydaTens MU
omnpefiensieTcss LIMPUHON CTEHKH [IeJIUTENs MOIHO-
CTH, pasmesollel ero CocefHue BbIXONBI, PUC. 7, Q).

KoHCTpyK1MsT BOJTHOBOOHOM aHTEHHOM peIlIeTKH,
cocrosimied U3 24 nUHEHUHBIX CUHQPA3HBIX TOAPELIe-
TOK (KaXk[asi U3 KOTOPBIX COCTOUT M3 32 PYIOPHBIX
H3JTyyaTesel ¢ paclIMpeHUeM IO 9KCIIOHEHIHAIbHO-
My 3akoHy B E- u H-nmmockocTsix, mUTaeMbIX BOJHO-
BOAHBIMU JeIUTEeNAMU MoIHOCTH 1:32), mokasaHa Ha
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Puc. 3. luarpaMMbl HalpaBJIeHHOCTH JTMHEHHON 9KBUMCTAHTHOM aHTeHHOM perueTky ¢ E- 1 H-IJI0CKOCTHBIMU [{e/IUTENSIME MOLHOCTH
B a3MMYTaJIbHOM (a) U yI7I0-MeCTHOH (6) MIOCKOCTSIX

Fig. 3. Radiation patterns of a linear equidistant antenna array with E- and H-plane power dividers in the azimuthal (a) and elevation (b)
planes
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Puc. 4. YacToTHast 3aBUCUMOCTb KO3$PULHMEHTA CTOYEH BOIHBI HA BXOE AHTEHHOM pelieTKu
Fig. 4. Frequency dependence of the standing wave ratio at the antenna array input
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1D Results\Efficiencies [Magnitude in dB]

Rad. Efficiency [1{13]
Tot. Efficiency [1(17]
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Frequency [ GHz
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Puc. 5. YacToTHas 3aBUCUMOCTD [IOTEPb B METAJIE K CYyMMapHBIX [IOTEPb (C y4€TOM OTpakeHHH)
Fig. 5. Frequency dependence of losses in metal and total losses (including reflections)
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|F2-F1] 731114218

Puc. 6. ®AP u3 24 ctpok u 32 cronbuos. llupuna - 672 mm. Beico-
Ta - 288 MM. [1y61Ha C y4eTOM KOAKCHAIbHO-BOJIHOBOAHBIX Tepe-
XO0B - 75,7 MM
Fig. 6. FAR of 24 rows and 32 columns. Width - 672 mm. Height -
288 mm. Depth, taking into account coaxial-waveguide transi-
tions - 75,7 mm

PI(Y,.Z) -21, 25.500000, 262760000
P2-P1  -330.800000,75.700000, 5.040000
|P2-P1|  339.388487

Puc. 7. O6parnas cropona PAP. KoakcHanbHO-BOTHOBOJIHBIE Te-
pexonbl (k 1uH3e PormMaHa ¢ BY-koMMyTaTopom)

Fig. 7. Reverse side of phased array. Coaxial-waveguide transitions
(to a Rothman lens with an RF switch)

—

Material Capper (pure)
Tyne Lossy metal

Mue 1
El cond. 5.96e+07 [Sirm] 2
Therrn.cond. 401 [Wikirm]
Heat cap. 0.39 [klKkg]
Difusiviy  0.000115141 [me2s] | = ¥
Youny's Mod. 120 [NImmA2] |
Poiss.Ratio 033 i

Thernal Exp. 17 [1e-67]
Puc. 8. BonHOBOHbIE H3/Iy4aTell COeJHHEHBI C JeIUTeIEM MOLI-
HOCTH 9KCIIOHEHI[HATIbHBIMHY TI€PEeX0LaMHU
Fig. 8. Waveguide emitters are connected to the power divider us-
ing exponential junctions

Material polystirol_2
Type  Normal
Epsilan 25 ¥
hue

Eltand 0.0003 (Canst fiy

Puc. 9. [IuaneKTpUK 3amnoiHeHUs CUH(A3ZHOrO M PaBHOAMIUIU-
TYQHOTO JeUTessi MOIHOCTH 1:32 U pymopoB (OJUCTHPOIOBBIH
BKJIaZbIIL)

Fig. 9. Dielectric filling of the common-mode and equal-amplitude
power divider 1:32 and horns (polystyrene liner)
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Epsiln 2.5 v

e | 1
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Puc. 10. dparMeHT [AU3IEKTPUYECKOTO 3aIOJHEHUS AeTUTeNs
MOIIHOCTH U PYIOPHBIX U3JyyaTenen

Fig. 10. Fragment of the dielectric filling of the power divider and
horn emitters

Puc. 11. MeTtauin4yeckue IWITBIPYU B AeJIUTEeIe MOILHOCTH, BBIIOJ-
Hsiowre QYHKIHIO YIydIleH st ero COracoBaHuUs
Fig. 11. Metal pins in the power divider that improve its matching
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Puc. 12. lnarpamma HanpasneHHocTd DAP pu OTKIIOHEHHH Jiyya Ha yron 45° oT HopMay Ha dactorax: a - f =10,95 I'Tu; 6 - f =11,325 Ty
8- f=11,7 I'Tu;e - f=12,5 I'Ty

Fig. 12. Phased array radiation pattern when the beam deviates at an angle of 45° from the normal at frequencies: a - f =10,95 GHz;
b- f=11,325 GHz;c- f =117 GHz;d- f=12,5 GHz




2024. T. 27, N 2. C. 91-99
2024, vol. 27, no. 2, pp. 91-99

®u3MKa BOTHOBBIX [IPOLIECCOB M PAAMOTEXHUYECKHE CHCTEMBbI
Physics of Wave Processes and Radio Systems 97
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Puc. 13. KI1[1 ®AP npu oTKIOHEHNH JTyda HA yron 45° oT HopManu, ab
Fig. 13. Phased array efficiency when the beam deviates at an angle of 45° from the normal, dB

puc. 6-11. Juarpammsl HanpasineHHocTd PAP npu-
BeJleHbl Ha puc. 12.

YacToTHbBIE 3aBUCUMOCTU Ko3pPuuuenTa sdpdek-
TUBHOCTH U3JIy4eHUs] U CYMMapHBIX [10T€Pb C yY€TOM
paccoriacoBaHus NpUBeeHbl Ha puc. 13.

3ak/Io4YeHue

J1oCTOMHCTBOM HCIONB30BAHUA MOAXO0A K TOCTPO-
€HUIO JINHENHBIX aHTEHHBIX peLIeTOK, MUTAeMBbIX C
IIOMOILBI0O MHOT'OKAHAaJIBHBIX JleJINTeNed MOIIHOCTH,
SIBJISIETCSI BO3MOXHOCTb MHHUMH3aLUU [yOHUHBI
aHTeHHOHM cucTeMbl. OCHOBHBIMU HEJOCTATKAMH -
KOHCTPYKTHBHAsA U TEXHOJIOMYeCKasl CJIOXKHOCTD Jle-
JIMTeNel MOIIHOCTH U CYLIeCTBEHHBIE IIOTEPH MOLI-
HOCTH NpY GOJIBIIOM YHCIIe KaHAIOB.

B03MOXXHBIE TEXHOJIOIMH H3rOTOBIEHHS paspabo-
tanHOU PAP:

1. IlTamMmnoBka M3 HNOJHUCTHpPOJA BHYTPEeHHEH 4ya-
CTH [eJINTeNsI MOITHOCTHU U U3ydareseii. [Janee - mo-

JIMpPOBKa, HAINlBUIEHWEe MeAHW U raJlbBaHUYecKoe IIO-
KpbITHE CJI0EM MeNU.

2. TleyaTp Ha 3D-npuUHTepe U3 MOJIUCTUPOIIA, MO-
JMpPOBKa, HaNbUIEHWEe MeAU U rajbBaHHUYecKoe IIo-
KpBITHE MeNN.

3. HMsrorosneHue AeluTeNs MOLUIHOCTU C UCIHOJb-
3oBaHreM SIW-TexHonoruu Ha 6ase CTaHAAPTHBIX
CBY-namunatoB. Mcnonp3oBaHue MeTa/UIM3UPOBaH-
HBIX CKBO3HBIX OTBEPCTUH [JIs1 COIVIACOBAHUS [eJU-
TeJlell MOIIHOCTH. AHTEHHble 3JIEMEHTBHl M KOaKCH-
aJIbHO-BOJIHOBOHBIE II€PeXO[bl H3rOTaBIHNBAIOTCS
IIyTeM IITaAMIIOBKH M3 MOJHUCTHUPOIIA, UM NeYaTH Ha
3D-npuHTepe U3 MOIUCTHPOIIA, Jajee — IOJIUPOBKA,
HanblJIeHUe CJI0OSl Me[U U raJibBaHU4YeCcKoe MOKPBITHE
cjI0eM Meau.

4. [ITammoBKa W3 MeTassa OeJIUTeNs] MOIIHOCTH,
H3IyyaTened ¥ KOAaKCHaJbHO-BOJHOBOLHBIX II€PEX0-
0oB (2 meranu). OuaneKTPUYECKUN BKJIALBILI MOXET
nevaratbcsl Ha 3D-npuHTepe U3 MONIUCTUpOIA.
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Antenna array of waveguide horns
with an E-plane aperture, as well as horns
with an aperture in the E- and H-planes

Yuri G. Pasternak!, Vladimir A. Pendyurin?,
Dmitry K. Proskurin?, 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. Currently, in connection with the conduct of a special military operation, the issue of the availability
of inexpensive mobile terminals for high-speed satellite communications of domestic production is very relevant, as well as
due to the large extent of the territories of our country, there are a number of areas where cellular communication is absent, for
example, the Taiga, the Arctic, the territory of the Arctic Ocean, etc. Therefore, the only possible connection in these territories
is satellite communication. Aim. Development of a linear equidistant antenna array with equal amplitude and common-mode
excitation for a mobile satellite communication terminal. Methods. The antenna array was designed from the open ends of
waveguides with a cross section of 19 x 11 mm with air filling. Adjacent pairs of radiating waveguides are powered by an E-planar
divider: the waveguide is divided in half in height by a thin metal diaphragm, wave reflections from which are insignificant;
further, in each half of the power divider, height-separated right and left turns and smooth transitions in the E-plane are
implemented - an extension from 5,25 mm to 11 mm. Results. An antenna array with a period of 19,5 mm has been developed.
Overall dimensions: opening width - 624 mm, height - 12 mm, depth - 118 mm. A feature of the antenna array design is the use
of smooth asymmetric transitions in the E-plane according to the exponential law; in the opening of the headlights, waveguide
asymmetric horns alternate, with a period equal to 4 values of the width of the waveguides, taking into account the width of their
narrow walls, expanding in the upper (2 adjacent radiators) and lower (next 2 radiators) directions. Conclusion. The advantage
of using an approach to the construction of linear antenna arrays powered by multichannel power dividers is the ability to
minimize the depth of the antenna system. The main disadvantages are the constructive and technological complexity of power
dividers and significant power losses with a large number of channels. Possible manufacturing technologies of the developed
phased array: 1. Stamping of polystyrene of the inner part of the power divider and emitters. Next, polishing, copper spraying and
electroplating with a layer of copper. 2. Printing on a 3D polystyrene printer, polishing, copper spraying and copper electroplating.
3. Manufacture of a power divider using SIW technology based on standard microwave laminates. The use of metallized through
holes for matching power dividers. Antenna elements and coaxial waveguide junctions are made by stamping from polystyrene,
or printing on a 3D printer from polystyrene, then polishing, spraying a layer of copper and electroplating with a layer of copper.
4. Metal stamping of the power divider, emitters and coaxial waveguide junctions (2 parts). The dielectric insert can be printed
on a 3D printer made of polystyrene.

Keywords - mobile and airborne satellite communications; linear antenna arrays; waveguide horns.
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