JIukbGe3: OCHOBbI TEeOpUUn NO aHTEHHaM

Mpepucnosue

B uvkne ctaTten "JlInkbes no aHTeHHaM" NJaHUPYETCS paCCMOTPEHNE Pa3JINYHOro TUMNa aHTEHH, KOTOpbIE
LWMPOKO NCMosb3ytloTcs B 6becnpoBogHon nepefaydn faHHbIX. MNpn onncaHnyM aHTEHH NJIaHMpPYeTCs
pa3paboTka nx 3NeKTPoOANHAMMNYECKON MOLENN B PaCMpOCTPaHEHHbIX MPOrPaMMHbIX MakKeTax, a TakxXe
aHasn3 NxX AOCTONHCTB, HEAOCTATKOB U MepPCNeKTUB NCNOJIb30BaHNA Ha BecrnpoBoAHbIX ceTsAX byayuwero. B
rmpoLecce NpPo4TEHUA OaHHbIX CTaTen YATaTeNn MOFyT BbiCKa3biBaTb CBOU MOXXEaHNSA MO AajibHenLwemMy
PacCMOTPEHMIO TEX UM UHBIX TUMOB aHTEHH. Bce TeopeTuyeckune ceegeHus 6yayT npuBeaeHsbi
MaKCMMaJIbHO HarasaaHo 6e3 n3nnwHero MaTeMaTUYECKOro ONucaHnsa (HaCKOJIbKO 3TO BO3MOXKHO 415
TEOPUN aHTEHH).

B uukne ctaTten byaeT onncaH NpuHUMN paboTkl, MPUMeHeHNe, peasn3aumns, a TakKxe CoCTaB/IeHbl MOAENN
cnenyLwmnx TUNOB aHTEHH:

BubpaTopHbie aHTEHHBI;

Monockosble (patch) aHTEHHbI;

AHTEHHbIE peLleTKy;

AHTeHHBbI ¢ 6eryuien BonHom (end-fire);

PynopHble aHTEHHBbI;

3epkabHble Napabonnyeckmne aHTEHHbI;

JINH30BbLIE @HTEHHGI;

Bonpockl cornacoBaHMs aHTEHH C JIMHUAMUW NUTaHUSA.

ONoUukWNH

BBepeHue

Bcsa 6ecnpoBoaHas nepefaya AaHHbIX OCHOBaHa Ha Npouecce pacnpoCTpaHEHUA NEKTPOMArHMTHOIO Noas
OT UCTOYHWKA B OKpYy>KatoLee NpoCTPaHCTBO. AHTEHHa UrpaeT poJsib 3TOro NCToYHUKa nosd. Cam npouecc
M3J1ly4eHUs Ha4YMHaeTCsa C TOro, 4To NoA AeNCTBUEM BbICOKOYACTOTHbLIX 3/1I€KTPOMArHUTHbLIX MOJien B
n3nyyvatouien cncteme (aHTEHHe) NOoSABASIOTCA CTOPOHHME TOKN 1 3apsabl. TOKM U 3apsgbl B CBOKO o4epeib
noaBoAATCA OT reHepaTopa no puaepHoMy TpakTy (unu cpnaepa ot cnosa "to feed" - nuTaThb).

Takmum 06pasoM, B CUCTEMY U3JTYHYEHUS JTIEKTPOMArHUTHOIO MoJsis BXOASAT: reHepaTop kKonebaHuii, puaep v
n3ny4daTesb. KoHe4yHo, cam puaep 1 reHepaTop HENoCcpeaCcTBEHHO B U3JlyHEeHMUM He yHacTBYIOT (UM ToYHee
- He O0JKHbl y4acTBOBaTb, €CJIM OHU MPABUJIbHO CKOHCTPYUPOBaHbI), PUCYHOK 1.
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PucyHok 1 - 971eMeHTbl CUCTEMbI N3JTyHEHUSI S/IEKTPOMAarHUTHOIroO rnoJis

Jiobas aHTeHHa obnafgaeT Tak Ha3blBAEMbIM MPUHLWMAOM "OBONCTBEHHOCTU", KOTOPbLIA FOBOPUT O TOM, 4TO
nobas aHTeHHa MoXeT bbITb Kak Nepepatoulen (To ecTb Npeobpa3oBbiBaTb BOJHbI JIMHMN NepenaYvn B
pacxoasuwmecs BOSIHbl OKPY>KaloLWEero NpocTpaHCcTBa), Tak U NPMEMHON (ocyLLecTBAATL obpaTHoe
npeobpasoBaHme).
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BHe 3aBMCUMOCTM OT peanm3aunn 1 BUOA aHTEHHbI, OHa XapaKTepu3yeTca CleayoLnMm OCHOBHbIMM
napameTpaMu:

Ovarpamma HanpassieHHocTU (OH). 3To pacnpeneneHne Hanps»>XeHHOCTU (MM 3Heprumn) rnonsa B
MPOCTPaHCTBE, MOKa3bIBAaET B KAKNX HaMpaBJEHUAX N C KaKOW MOLLHOCTbLIO U3JTly4aeT aHTeHHas cucTtema.
CTpounTca 3Ta 3aBUCMMOCTb, KakK NpaBuio, B chepmnyeckon cucteme KoopamHaT. B 3aBucumocTun oT Buaa
AnarpamMmsbl (OT TOro, HaCKOJILKO AnarpamMma "ocTtpasn") pa3anyvyaloT U30TPOMHbIE aHTEHHBbI,
cnaboHanpaBieHHble, BbICOKOHaNpasJsieHHble. OT BUAa AnarpaMmbl HanpaBAeHHOCTU 3aBUCAT Takme
Ba>KHbl€ XapaKTEPUCTUKN aHTEHHbI KaK KO3dpunumeHT HanpaBneHHoro gencrtemsa (KHO) n kosppuumneHT
ycunenunu (KY). Hnxxe Mbl pacCMOTPUM BUA ANMarpaMMbl HarnpaBaeHHOCTH, a Takxxe KHI v KY ogHon n3
CaMoOW NPOCTbIX @HTEHH B Pa3HbIX MJIOCKOCTAX.

KoahpumumeHT nonesHoro NencTBus aHTeHHbl. OH A0J1XKeH B6biTb 4OCTAaTOYHO BbICOKMM, a noTtepum - maJibiMu,
VIMEHHO MO 3TOoNn npunynHe npu peaanmsauymnn aHTeHH UCNOJIb3YIOT MeTaJlJIn4eCKne KOHCTPpYyKLUnn,
obnagatouine BbICOKON npoBOONMOCTbLIO N ANINTIEKTPUKKN C MaJibIMU NOoTeEPAMN.

CornacoBaHue AMHUA nepeaayn c Harpy3K0|7|. Tak Kak 1 nepegalowas n NnpmeMHas aHTEeHHbI COeANHSAITCA C
JIMHNEN NUTaHNSA, TO ee BXoAHOe conporTmeneHmne OOJIXXHO ObITb COr/IacOBaHO C BOJIHOBbLIM

conpoTumBaeHneM nnHnmn. iHave 6yu,eT BO3HMKATb HEXeJlaTeJIbHOE BO3HNKHOBEHNE OTPa>XEeHHbIX BOJIH, a
Hann4yne nocnengHuUX - 3To BCcerga ymeHbLleHne VI3)'Iy‘-iaEMOI7I MOLLUHOCTU U UCTOYHUK AOMOJTHNTENTbHbLIX
nomex.

Bec n rabapuThbl. AcHO, 4TO Npu peanusaumm NO6Oro yCTponcTBa HyXHO CTPEMUTBLCSA K MOJIYHYEHUIO ero
HaMMeHbLUINX MaccorabapuTHbIX pa3MepoB, 0AHAKO, OTMETUM, YTO pa3Mepbl aHTEHHbI O4HO3HAYHO CBSA3aHbI
C OCHOBHOW O/IMHOWN BOJIHbI, HAa KOTOpPOM paboTaeT aHTeHHa. Boobulie B aHTEHHON TEXHUKE He CyLleCTByeT
MOHATUSA "Bonbwan" n "ManeHbkaa" aHTeHHa. Pa3Mepbl aHTEHHbLI MPUHATO XapakTepn3oBaTb B AJIMHAX
BOJIH. ECnin a - 3To AmMameTp 3epkana (Hanpumep, 3epKajibHOW aHTEHHbI), TO €e pa3Mep MOXXHO 3anucaTb
TaK: 3TO 3Ha4YuUT, 4TO B OMaMeTp 3epKasia yknaabiBaeTcs 8 oinH BoaH. Ecnm Takoe 3epkano paboTaeT B
Onana3oHe 2.4 I'Tu (annHa BoNHbI 12,5 cM), To ero gnameTp ByaeT cocTaBnaTb 1 MeTp, a ecim 3To
AnanasoH 900 MIy (panHa BosiHbI 33 €M) - TO gnamMeTp yxxe bonble 2.5 meTpos.

MpuHuMn paboTbl NnepenaloLLe aHTEHHbI

PaccMoTpuM NpUHUMN JEACTBUSA NPOCTENALIEro n3ny4vatowero ycTponcTaa. Ecnm B3aTb NpocTyto
OBYXMPOBOAHY CUMMETPUYHYIO JIMHUIO, TO N3Jly4aTb B MPOCTPaAHCTBO OHa He ByneT, HeECMOTPSA Ha TO, YTO B
Hen TeKYT TOKW BbICOKOM YaCTOThbl, PUCYHOK 2.

PucyHok 2 - [IByxrnipoBogHas JIMHNS

N3ny4yeHne BygeT oTCYyTCTBOBAThL 3a CYET TOr0, YTO TOKU | 1 I' HaxoaATCcsA B NpoTuUBOdase, YTo NPMBOAUT UX
K B3aWMHOW KOMMNeHcauuun. Ons nosyyYyeHns N3nyyeHns MOXKHO PasBeCTU KOHLUbI ABYXMPOBOAHOW JINHWN,
4TOObI NONA OT TOKOB |, I’ He MOorfla KOMMNEeHCUPOoBaTb APYr ApYyra, PUCYHOK 3.
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PucyHok 3 - Pa3oMKHYTas 4BYXMpoOBOAHAasA JINHNS

Takaa aHTeHHa NnoJlyynsa Ha3BaHUe CMMMeTpUYHOro BubpaTtopa. PacnpeneneHne Toka B Bubpatope
OCTaeTCs TakUM Xe, KaKUM OHO BbIN1I0 Ha COOTBETCTBYIOLLEM YHacTKe ABYXMPOBOAHOW NMHUMK. ONns
nccaenoBaHmMa Noss, U3y4eHHOro aHTeHHaMM 13 NPOBOAOB, YAOOHO NpeaAcTaBAsATb TaKyl aHTEHHY B BUae
COBOKYMHOCTW 3/1IEMEHTAPHbIX 3/IeKTpnYecKmnx subpatopos (33B) Manon oNnHbI (Masion Mo CPaBHEHMIO C
OJINHOW BOJIHLI). B Npepenax Ka)kgoro Takoro ajieMeHTapHoro sMbpatopa aMnanTyay n aly TOKa MOXXHO
CYNTaTb HEN3MEHHbIMU. B KOHEYHOM UTOre obLiee None, N3Ny4YeHHOE aHTEHHOW, MOXXHO pacCYnTaTb Kak
CYMMY MoOJier, U3YYEHHbIX OTAEJIbHBIMU 3/1IEMEHTapHbIMN BUbpaTopamm (B Teopun 3TO Ha3bIBaeTCH
MPUHLWN Cyrnepno3nummn).

Ha npakTuke 23B peannsyeTtcsa B Buae aunoss Fepua. 3To aHTEHHA SABJISETCS NepBbIM peasin3oBaHHbIM
n3JsiyyaTesieM 371eKTPOMarHUTHbIX KonebaHui, pucyHok 4.

MeTanauueckue

PucyHok 4 - inniosib repuya

Takoln nsnyvyaTesb MOXKHO cAeflaTh, €C/IM Ha KOHLLAX TOHKUX NPOBOAOB (AJIMHON L, MeHbLUen JJINHbBI BOJTHbI)
YCTaHOBUTb NPOBOASLLME Tena C 60bLION eMKOCTbIO (HarnpuMmep, MeTalIM4eckme Wwapbl). 3aps>KeHHble
Lwapbl CO34al0T TOKU, KOTOPLIE 3HAYNTESILHO BbILIE EMKOCTHbIX TOKOB MeXAy nposodamMu. Tak
obecne4ynBaeTCs paBHOMeEpPHOE pacrnpeaesieHe ToKa BA0JIb MPOBOAHMKA. OTMeTUM, YTO Ha NpakTuke
annosb lepua NpakTUYeCcKn He UCMOJIb3yeTCs.

XapaKTepuCTUKMU aHTEHHbl HA NpUMepe CUMMETPUYHOro
BUOpaTopa

Huxe byneT paccMoTpeHa aHTEHHa (04Ha M3 CaMbiX MPOCTLIX B peaansaunmn) - CMMMeTpUYHbIn BUbpaTop.
Ha3BaH OH TakK MNOTOMY, 4TO HaMpPs>XeHHOCTb Nosag (NMMTatowas NPOBOAHUK) MOABOANTCS K €ro LeHTpy, a
pacnpeneneHne Toka No MPOBOAHUKY MOXHO TakXXe CHUTaTb CUMMETPUYHbIM, CerogHsa cyllecTeyeT
60/bLUIOE KOMYECTBO NPOrpaMMHbIX MAaKETOB, MO3BOJIAOLWMNX MPON3BOANTL JIEKTPOANHAMUYECKUX aHaNN3
pa3nnyHbix ycTponcte CBY n npnbopoB onTnyeckoro gnanasoHa, cpeamn Hux: FEKO, Microwave Studio,
Ansys HFSS v gp. BHewHuin Buag n mogenb cuMmMmeTpuyHoro subpaTtopa B NnporpaMmmHoM nakeTte Ansys HFSS
rMokKasaHa Ha pucyHke 5.
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IIuranue

PucyHok 5 - CuMMeTpu4HbIvi BubpaTtop

Cama aHTeHHa npepncTaBsisieT coboi pa3BepHyTYIO ABYXNPOBOAHYIO JIMHUIO, PACCMOTPEHHYIO BbilLe, B
KOTOPOW YCTaHaBNBAETCA PEXUM CTOSAYUX BOJIH.

B 3aBMCMMOCTM OT TOr0, KaKoe OTHOLLIEeHne nmeeT anavHa BubpaTtopa L K ANIMHe BOJIHbI A, MOXET
dhopMUpoOBaTLCA passiN4yHasa reoMeTpus AnarpamMmmsl HanpasaeHHOCTU. ONna oTHoweHnsa 4L/A=1
CUMMeTPUYHLIN BUBpaTop hopMupyeT AnarpaMmy, NoKasaHHY Ha PUCYHKe 6:
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PucyHok 6 - TpexmepHas JH cummeTpuyHoro subpartopa AMHoO 4L/A=2

Ta xe caMas Anarpamma, ToSIbKO HOPMUPOBAHHASA U B BEPTUKAJIbHOW MJIOCKOCTY NOASIPHON CUCTEMBI
KoopauHaT:
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O4yeBMAHO, 4TO B FOPM3OHTANIbLHOW MJIOCKOCTU AMarpaMma HanpaBfieHHOCTU byneT nmeTb opMy wWwapa. Ana
HarnagHocTn Bbl MoXXeTe cebe NpeacTaBUTb, YTO MOCMOTPUTE Ha TPEXMEPHbLINA BUA PUCYHKa 6 cBepXy (Ha
naockocTb Phi).

Ecnv oTHoweHWe gnunHbl BUbpaTopa v AJIMHbLI BOJIHbI 4L/A=2, 4TO COOTBETCTBYET YBEJINYEHUIO YaCTOThI
KonebaHun B 2 pasa, TO AMarpaMMa HanpaBJEeHHOCTU CTaHOBUTCSA Bosiee "nnockon" B BEpTUKaIbHOM
MJIOCKOCTU N KaK C/iefcTBue nMmeeT 6osiee BbICOKUIA KOIPULMEHT ycunenus (npumepHo B 1.5 pasa):
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PucyHok 6 - TpexmepHas JH cummeTpuyHoro subpartopa aivHov 4L/A=1

HanbHelwee yBennyeHne 4actoTbl KosiebaHin NPMBOANT K PacLLeneHnto gMarpaMmbl HanpaBieHHOCTH:
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PucyHok 7 - PacLyenaeHue guarpamMmbl CUMMETPUYHOro BubpaTopa npuv yBe/IMYEHNUN 4acToTbl KoebaHui B
3 (cneBa) n 5 (cnpasa) pas

CUMMETPUYHbIA BMGpATOpP, HECMOTPSA Ha NPOCTOTY, O4YEeHb YacTo NPUCYTCTBYET B KayecTBe YacTel
KOHCTPYKLUN 6oee CNOXHbIX aHTEHH. B 3aK/l04eHUN OTMETUM, YTO BCE KOHCTPYKTUBHbIE peann3aumm
AHTEHH CO34atloTCA A5 TOro, YTobbl CO34aTh HAaMNPaBAEHHOCTb U3YYEHUS B ONpeaesieHHOM HarnpasieHun
(Mnn HanpaBneHnsx). MoXXHO BbiAENTb ABa KPYMHbIX KAacca cnocoboB peasiv3aunmn HanpaBieHHOro
N3YYEHMSA: 3TO reoMeTpMYeCcKoe BO3AeNCTBME Ha UCTOYHMK U3YYeHMsa (Hanpumep, UCTOYHUK NoMeLlaeTcs
B (pokyc napabosionga unum nepeq NPoBoAsALLMM SKPAaHOM) 1 BO3AENCTBME TOKaMM, KOrga rpyrrna ToKoB,
COBUHYTbIX MO ha3e, 06pasyoT CyMMapHY HanpaBieHHYo AgnarpamMmmy (MPUMEpPoOM MOTYT CIYXXUThb
(ha3npoBaHHbIE aHTEHHbIE PeLleTKM).

B manbHenwem 6ygyT pacCMOTPEHbI pa3iMyHble MOAESIN aHTEHH, MEPEYNCSIEHHbIX B aHHOTaLUN.

CﬂeHYIOI.IJ,aSI CTaTbA UUKa:

Jlnkbes3 No aHTeHHaM: AnarpamMmMa HanpaBJAEHHOCTH.
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