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HCIIOJIb30BAHME PEBEPCHBHBIX CPE/l BAHTEHHOH TEXHHKE.
AHTEHHBIE CHCTEMBI VIEKTPOHHOT'O CKAHUPOBAHUSA

Kaiina C.B., crynenr
TMacaen B.B., kaH/. TexH. HAYK, IOUEHT
Jlonenxnii HAHOHAILHBIH TEXHHYECKHH YAHBEPCHTET, Ykpanua

YuacTHUKH KoHpepeHILHH,
HaunoHanLHOro nepBeHcTBA 10 HAYYTHOH AHATHTHKE,
Otxpbitoro EBponeiicko-A3HaTCKOI0 NepBeHCTBA 10 HAYHHOH AHAIHTHKe

Paccmampusaiomes Modeit HOBbIX GHMERHBIX CUCMEM NEKIMPOHHO20 CKANUPOSAWILA, NPUHYLUN pabomel komopelx Gasupyemcsa Ha
CBOLICMBAX PEBEPCUBHBIX CPEO, A MAKKHCe 0GOCHOBbIEACMCA 1enecoobpaIHOCMb NPUMEHEHUR PESEPCUBHBIX cped & anmeHHou mexHuke. Ymo
no380NAEM OOCMUYb BbICOKUX CKOPOCTEN CKAHUPOBANUA Ui YCOBEPUIEHCMBOBAMb XAPAKMEPUCIUKL AHMERHBLX CUCTIEM, d WMEHHO NOYYUMb
SUAZPAMMY HANPABTEHHOCTY @HMEHH HEOBXOOUMOTT LILPUHYL U NPOUZEOUNTL ONEPANIUBHOE YNPABREHIIE €€ (hoPMOIL 60 6PEMA CRAHUPOSAHUA
1O 3A0AHHOMY 3AKOHY.

Kuiouessie ciosa: cxanuposanue, 3pKATLHAA GHMEHHA, QUAZPAMME HANDABTEHHOCHIL, DEGEPCUBHAA CPEOA, MHOZOTYHEEAA CKAHUPIVIOUIA
AHMENHA, MHOZORYHEBas! OBYX3EPKANBHAA CKAHUPYVIOUIAR AHMENHA , MHO20IVNEEAA C(HePUEcKan 3ePRANBHAS GHMERHA.

We consider models new electronic scanning antenna svstems. The principle of work is based on properties of reversible environments,
and the expediency of reversing environments in antenna technology. That allows to reach high-speed scanning and advanced features of
antenna systems, that is to get the antenna pattern to produce the required width and operational management of its form during the scan on

a given law.
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Keywords: scanning, mirror antenna, directivity patter, reversing environment, multi-beam scanning antenna, two-mirror scanning mul-
ti-beam antenna, multi-beam spherical reflector antenna.

HeoTheMieMbIMI COCTABHBIMH HaCTAMH COBPEMEHHBIX PATHOTEXHHHCCKHX CHCTEM ABIAIOTCA AHTCHHBIE CHCTEMBIL HIX Henonb3yroT /s
Onpe/iesicHHA HAIIPARICHHA HA HCTOMHWK HUTYHECHWS HIH /UTS HCCIIE0BAHUS NIONIOKEHNA MHOTHX MCTOMHUKOB HUTYUEHUSA B OKPYKAIOLIEM
POCTPAHCTEE, YTO [e/ideT AKTYAIbHBIMH 3A1a4y OIEPATHBHONO YTIPaBieHUA (POPMOH XapaKTCPHCTHKM HAMPABICHHOCTH AHTCHHBLI H, B
YACTHOCTH, 337129y CKAHHPOBAHHS THArPAMMBI HAMIPARICHHOCTH B IPOCTPAHCTRE.

CxanupoBaHHe, T.e. MIEPEMELICHHE JIyHa AHTEHHE] B [IPOCTPAHCTRE, MOKET OCYLUECTRIATECA MEXAHHYECKHM, WICKTPOMEXaHHUYCCKUM,
WIESKTPHUYCCKHM H IEKTPOHHBIM criocobam.

CymectByrone crocoObl MEXaHIHECKOTO H HMEKTPOMEXaHHYECKON CKAHHPOBAHHSA HE YI0BNETBOPAIOT COBPEMEHHBIM TPEDOBAHHAM K
CKOPOCTH 0070pa MPOCTPAHCTRA K HE JIAI0T BOIMOKHOCTH ONCPATHBHO HIMEHATE NIAPAMETPBI IHAIPAMMbI HAIIPABIEHHOCTH B MPOLIECCE CKa-
HHPOBAHHS,

[peutoskenHblilt HaMy CMOCOO MEKTPOHHOTO CKAHHPOBAHMSA, OCHOBAHHbIH Ha BBINOIHEHHH 3EPKAlla aHTEHHbI H3 PA/MONPO3PAYHOID
MarepHaa, NOKPLITOro PEBEPCHBHOMN cpe/ioi cBobO/ICH OT YKa3aHHBIX HETOCTATKOB.

Ocobennoctb pesepcnsHOi (00paTUMOl) cpe/ibl 3aKIOYaeTCs B TOM, YTO B HCXOAHOM COCTOAHHH OHA SBIACTCA PAJAHOIPO3PATHOI, a
[PH BO3SHCTBIH HA HCE YTIPARIAIOLIEND CHIHATA OHa NpHOOpeTaeT CROHCTRA PA/IMOOTPAXAIEH MOBEPXHOCTH. B KayecTse peBepcHBHOIO
MaTepHalla MOIyT GbITh HCIIONB30BAHB NOTYTPOBOHHKOBLIC MATCPHAIILI (TUICHKH), KOTOPBIE IIPH BOIIEHCTBHH HHTEHCHBHOIO CBETOBOTO
M3ITYYEHHA HEOOXOIMMOTO CTICKTPATLHOTO COCTABA MPHOOPETAIOT PAIMOOTPAKAIOLIHE CBOHCTBA 33 CUET BOHUKHOBEHHA B HHX HEPABHOBECHBIX
HOCHTEIICH 3aps/ia.

B npeaytaraemoM criocoe CKamHpOBaiins MOBEPXHOCTL PEBEPCHBHOH CPE/Ibl OCBELIAETCA MHTEHCHBHBIM CBETOBBIM ITHOM HEOOX0IMMOH
(OPMEI M PA3MEPOB, H3MEHEHHE PA3MEPOB CRETOBOID MATHA MPHBOAHT K H3IMEHEHHIO IMPHHBI IHArPaMMbI HAIIPARICHHOCTH M ¢e (opMbi B
3a1aHHOMN TUIOCKOCTH MO 3aJanHOMY 3akoHy. IlociesioBaTenbHO nepeMenian OCBEUICHHYIO (BO3OykiaeMyio) o0nacTs 10 MOBEPXHOCTH
JEpKa/ia MPOMIBOIMTCSA NIEPEMEILCHHE (CKAHMPOBAHKE) 1A PAMMBI HAIPABICHHOCTH B rpocTpancTse. [Tpi 310M CKOpOCTL CKAHWMPOBAHKA
OIPAHHUMBACTCA TOJIBKO CKOPOCTBIO NEPEX0,1a peBEPCHBHOM (00PaTHMO#) Cpe/ibl H3 HENPOBOIALLIETO COCTOAHHA B MPOBOIALICE H CKOPOCTBIO
TNEpeMELLIEHHS CBETOBOID BO3ICHCTBHA; 3aKOH H3MEHEHHA 07I0/KEHHA OCBELIIEHHOH 0G/1aCTH, &, CIIE/IOBATENBHO, H IHAIPAMMbI HATTPABIICHHOCTH
AHTEHHbI B [IPOCTPAHCTBE MOKET OBITh JTHOOBIM 3a/IaHHBIM.

Takum 0Bpazom, 1aHHbii CIOCOD N03BOACT HOIYYHTE 33/aHHyI0 (DOPMY H LUIMPHHY JHMArpaMMbl HAIIPARIEHHOCTH anTensl 8 CBY-
/IHana3oHe, a TakKe YIPaBIATE IHAPAMMOii HAIPaBRNCHHOCTH AHTEHHBI B [POLIECCe CKAHHPOBAHHA 110 3a/1aHHOMY 3aKOHY, obecrieunnan
TMOKOCTB TPAEKTOPHH H CKOPOCTH PA3BEPTKH.

OnwrcanHbpli crnocod cKaHMPOBAaHHMA 3A/I0KEH B OCHOBY (YHKUHOHHPOBAHMA HEKOTOPBIX pa3pabOTaHHBIX HAMH AHTCHH, TAKMX KaK
MHOMONTYHEBaA CKAHHPYIOLIAA, MHOIOTYY€eBas IBYX3epKa/IbHAA CKAaHHPYIOIAsA, MHOIONyYeBas 3epKanbHas H MHOIOIY4eBas 3epKaibHas co
cipepHyeCKHM CKaHHPOBaHHEM M JpyTHe. B JaHHBIX aHTEHHBIX CHCTEMAX 32 CYET BOYICHCTBHA CHIHAIAMH YIIPARICHHA Ha BHYTPEHHIOI) 110~
BEPXHOCTB 3EPKATIA [10 04€PE/IH IIPOHCXOIHMT HIMEHEHHE MIEKTPOIMHAMH'IECKHX NapaMETPOR PAaIHYHbIX YIACTKOB PEBEPCHBHOIO MATEpHAalla,
TpH 9ToM 00ECTIeYHBAETCA CKAHUPOBAHHE JTy4eH MHOIMOTY4CROI /IMArpaMMbl HANPARJIEHHOCTH B ITPOCTPAHCTRE.

1. MuorosryyeBas CKAHHPYIOWIAA AHTEHHA

Muoromyyesas cKaHHPYIOLAsA aHTEHHas CHCTEMa HMEeT 3ePKaJIo B BHIe BHYTPEHHEH MOBEPXHOCTH Tella BpalLeHHs [1apabo/In4eckoi
obpasyionieit BOKPYT OCH CHMMETPHH M OOTy4arel, pacmolOKeHHBIC Ha (OKATBHOM KONbIE. 3ePKAN0 AHTCHHBI BBINOIHCHO W3
PAIHOITPO3PAYHOND MATEPHATIA, TOBEPXHOCTE KOTOPOTO NOKPLITA PEBEPCHBHLIM MaTepHasiom. Kpome Toro, laHHas CHCTEMA HMEET HCTOUHHK
YHPARNAOUIMX CHIHAJIOB, a 00IIyHaTe/ I PACTIONOKEHBl ¢ BOIMOKHOCTBI) TIEPEMEILEHHA B IUIOCKOCTH (JoKaibHOTO Kojbla, CTpyKTypHas
cXema aHTeHHsI w300pakeHa Ha puc. |,

% 2 o)

Puc. 1. Muoroy4yeBas CKaHHPYIOLWIAA AHTECHHA
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Jlannoe yctpoiicTso paboraer caetyioumm odpaiom. OGmyyareinn 3 nepeMellaroTcs B IVI0CKOCTH (POKaNBHOIO Konbiia., MeTouHHK
VTIPABAAIONIHX CHIHANIOB BOICHCTBYCT HA NOBEPXHOCTL PCBEPCHBHOMD Matephaiia B obiactix 2 curuanamu 4 wa seprkane 1. B obnacx
[AJIEHMN CBETA HA PEBEPCHBHLIN MATEpHal HPOHCXOJHT PE3KOE HIMEHEHHE MMapaMeTpoB MarepHaila 3a CHET I'eHEpAalii HepaRHOBECHKIX
HOCHTEICH TOKA, KOTOPLIC HIMEHAIOT WIEKTPOMArHHTHAIE XapaKTepHCTHKH MAaTepHAIA, MaTepHal MPHOOpeTaeT METALIHYECKHE CBOHCTBA,
410 [I03BOMACT OTPAKATHCA MEKTPOMAIHHTHON BOJIHE. FTO NPHBOINT K (POPMHPOBAHHEIO HECKOIBKIX /IYHeH JHAI DAMMbI HANPARICHHOCTH.

[Mepemenienne 0GNacTH yNpaBIsIONIEro BOYICHCTBHA TO3BOIAET 110 O4EPEH HIMEHATH MPUBOANMOCTE PAMIMYHbIX YHACTKOB NOJIYIPO-
20HHKOBBIX [UIACTHH. JTO 1a€T BOIMOKHOCTE CKAaHHPOBAHKA JTyyeH HarpaMMbl HAlIPABICHHOCTH B IIMPOKOM CEKTOPE YITIOB,

Taxum 06pazom, HCTONB3OBAHIE 1AHHOH MHOMOIYYEBOH CKAHHPYIOLIEH 3EPKAIbHOH aHTCHHbI NO3BO/IACT COBAABATL MHOIONYUYCBYR)
JMATPAMMY HAITPARICHHOCTH AHTEHHB! ¢ BOIMOAKHOCTEIO CKAHHPOBAHHA €€ JIyHeH B IIWPOKOM CEKTOPE YITIOB.

2. MuoroayyeBas IByX3ePKAILHAN CKAHHPYIOLUAH AHTEHHA

B paccMOTpeHHOH Bbillle KOHCTPYKUMH HE MPEACTARIACICH BOIMOMKHBIM PACIIMPCHHE CEKTOPd CKAHHPOBAHMA, LIOTOMY HTO yIoil
DACKDBITHA AHTEHHDI ARIACTCH HEHIMEHHBIM /18 3epKana (PMKCHPOBAHHOID HameTpa. KOHCTPYKIIMA He NpeaycMaTpHBaeT yBEJIHueHHe
VCHJICHHS aHTEHHB] Ha BETHUHHY O0/IBUIVIO, 4€M MAKCHMATbHO BO3MOAHAA BETHYHHA UIA JaHHOTO 3¢PKaNa, H YMCHBIIEHHE IHPHHBI TyHei
JIMATPAMMbL HANPABIEHHOCTH.

JlanHbIe HEOCTATKH YCTPAHAKTCA 33 CHET YCOBEPIIEHCTROBAHHA PACCMOTPEHHOH AHTCHHON CHCTEMBI IIYTEM BBE/JECHHA B
¢¢ COCTaB MOMHMO OCHOBHOTO €LI€ H JOMOIHHTEIBHOI0 napadonH4ecKoro 3epkana, BRIMOJIHEHHOTO H3 PajMONpo3payHoro
vatepuaia. OCHOBHOE 3€PKaNo pacnonoxeHo B obiacTi packpbiBa JA0N0JIHHTEIBHOro napaboianuyeckoro, npuuem dokyc
OCHOBHOTO napadoiuvyeckoro 3epkasa coBnaiaer ¢ QOKyCcoM JIONONHHTENBHOTO napabonuuecKoro, a BHYTPEHHAA ITOBEPXHOCTE
OCHOBHOTO 2€pKala M BHELIHAS NOBEPXHOCTH JAOMOJHHTENBHOrO NapabonH4ecKOro MOKPLITEl PEBCPCHBHBIM MaTCPHATIOM.
Kpome Toro, aHteHHa HMeeT [JONOJIHMTEIbHbIH HCTOYHHK YNPABIAKIINX CHIHAIOB, PACTIONOKEHHBIH HA 00paTHON cTOpOHE
J10NOAHUTENLHOTO MapadonH4eckoro epkana.

B coOTBeTCTBHM ¢ 3a1aHHBIM CEKTOPOM CKAHHPOBAHMA, IIMPHHOH Ny4YeH QHarpaMMbl HANpPaBAEHHOCTH H YCHJICHHCM
aHTEeHHb BRIOMpaeTCs 3epKalo, Kotopoe OyaeT HAXOAHTBCA B PEXKHME OTPAKEHHS JIEKTPOMATHUTHBIX BOJIH, @ TAKKE HCTOYHHK
VIIPABJAIOIIAX CHIHAJIOB, KOTOPBIH OyIeT BO3eHCTBOBATE CUIHANIAMH YIPABIeHHA Ha BuiOpanHoe 3epkano. [Ipu aToMm apyroe
3€PKaj0, Ha KOTOPOE HE BO3ACHCTBYIOT CHIHANb! YIIPABICHHA, HAX0AUTCH B PEKHME NPONYCKaHHA EKTPOMArHHTHBIX BOJH.
Odbnyyarenn obecneunBaioT co3aanne yuel avarpaMmsl Hanpasiennoctr. Boimoxknocre Beibopa napabGonuueckoro sepkana,
koTopoe Gy/leT OTpaxark 3MEKTPOMArHMTHLIE JyuH, obecrneunBaeT paclIMPEHME CEKTOpA CKAHMPOBAHHSA, CO3IAHHE NyydeH
1MarpaMMbl HampaBICHHOCTH PaiMyHON WIHPHHBL, 3 TaKkKE BOIMOKHOCTH H3MEHCHHS YCHIeHMA aHTeHHB!. CTpyKTYpHas
cxema aHTCHHBI n306paxena Ha puc. 2.

Puc. 2. Muoroiyyesas IByX3epKaibHas CKAaHHPYIOIas aHTenHa

TIpHHLWMN OCYILECTBICHNS CKAHHPOBAHHA [AHHOH AHTEHHOH CHCTEMOH aHAIOTMYCH NPHHLMITY OCYILECTBICHMS CKAHMPOBAHWSA B
MHOPOJIYHERON CKanupytomeii antenne. Takium 0bpa3oM, HCMo/b30BAHHE JIAHHOH MHONOITY4EBOH ABYX3EPKA/ILHON CKAHHPYIOLICH alTeHHbI
M03BONAET PACLIMPATHL CEKTOP CKAHMPOBAHMA, COYIABATL JIYYH JIMAIPAMMBl HANPABIEHHOCTH PAVIMYMHON ILIMPHILL, 8 TAKAKE HIMEHATH
VCH/ICHHE QHTCHHBI.

3. MuorouyueBasn ceprieckas 1ePKa/ILHAR AHTEHHA

Jepkasio JaHHOU aHTeHHB 0OPa20BAKO RpallleHHeM Kpyropoi o0palyloliei, 3@ CUeT 4ero reoMeTpuyeckas gopma sos-
OVIKIASHHOTO Y4acTKa MOBEPXHOCTH 3epKaja He 3aBHCHT OT HanpaBleHHA BO3IEHCTBHA CHIHaNa yIPaBieHHA, YTO NMO3BONALT
NOAYYHTH HEMIMEHHYIO AHAIPAMMY HANPaBJIEHHOCTH B IPOCTPAHCTBE, H J1aET BOIMOKHOCTh ChEepHUECKOro CKaHUPOBAHMS
aydedt MarpaMMbl Hanpas/IeHHOCTH B MpocTpaHcTBe. Kpome Toro, odnyyartesnn pasMenieHbl ¢ BOIMOKHOCTRIO MEpeMelienHs
no cdepe pokyca. CTpyKIypHas cxeMa MHOrony4eBoil cepHueckoil 3cpkanbHOH aHTeHHb! n3obpakena Ha puc.3 (cTp. 24).

GO 19 GO0

agogics

ed

Actual problems of modern p



Technical sciences

Actual problems of modern pedagogics

5

Puc.3 MHoroayyesas cpeputeckas 3epKajibHAA AHTEHHA

Yerpoiictso paboTaet Takum obpazom: oobnyuaremy nepemertaiores 1o chepe dokyca. MeTouHIK ynpapismonmx CHIHANOB BO3ACHCTBYeT
Ha MOBCPXHOCTH PEBEPCHBHOTO MATEPHATIA, H HA BHYTPEHHEH MOBEPXHOCTH aHTeHHB! (hopMHPYIOTCS BO3GYHaCHHBIE OGJIACTH, FeOMETpHYeCKas
thopma KOTOPBIX He 3aBHCHT OT HAITpaB/IeHHs CHIHANA yipasremis. [Ipi 31oM GopMHpYeTCA HECKONILKO Ty4el HarpaMMbl HAITPABIEHILOCTH.
Tepemetnenne 06nacTi yNparIAoOINIEr0 BO3AEHCTBHA MO3BOMNAET 110 OYEPEIH HIMEHATE [IPOBOIMMOCTS PAsTHYHEIX YHaCTKOB PEBEPCHBHOMH
MOREPXHOCTH, O 13T BOIMOKHOCTE CHePHIECKOrO CKAHMPOBAHMS JTydeii 1HarpaMMBl HANPABNEHHOCTH B npocTpanictse, Hllnpuna myuei
JIHATPAMMBI HAITPABJIEHHOCTH 3aBHCHT OT pasMepoB M (opMbl BO30YKIEHHBIX 0BnacTei.

Taxum 00paszoM, HCTIONB30BAHHE JAHHOH MHOTONYHCBOH CepHUecKOH 3epKaTbHON aHTEHHEBI NO3BOMACT COIIABATL MHOMOIYYEBYIO
JIHArpaMMy HAIPARICHHOCTH AHTEHHEI CO CHEPHYSCKHM CKAHHPOBAHHEM JTyueH JHarpaMMbl HAIPARIEHHOCTH B MPOCTPAHCTBE.

3akmouenne

PaccMOTpeHHEIi B CTAaThe METOMI MIEKTPOHHOIO CKaHHPOBAHWA 00Na/IaeT PAOM NPEHMYILECTB, KOTOPBIE CYIIECTBCHHO PacUHPAIOT
BO3BMOXHOCTH €10 Ja/TbHEHINEr0 HCIIO/IB30BaHHA, 4TO BHIHO W3 paspabOTaHHBIX MOIEICH AHTEHHBIX CHCTEM.
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