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HuskonpopuibHasi aHTEHHA BbITEKAIOIIECH BOJHbBI ¢ HIMPOKOM
AUATPAMMON HANIPABJEHHOCTH HA OCHOBE BOJIHOBO/A,
HHTErPUPOBAHHOIO B MOAJI0KKY

Ilpeocmaenenvt  pezyibmamel no paciemy OudepamMmvl HANPAGIEHHOCMU AHMEHHbL
svlmexaroujeli GOIHbL Ha OCHOBE UHMESPUPOBAHHO2O 8 NOOTOICKY BOIHOB00A U YCHIAHOBIEHHOU
6 memanauyeckutl kopnyc. OCHO8HbIM mpebosaHuem 6bLI0 0becneueHue WUPOKOU OUaSPaAMMbL
Hanpaeiennocmu (>80° no yposuwo —70b) 6 uccredyemoii nonoce uwacmom. Ilposedennas
paspabomxa, cunmes u NEKMPOOUHAMUYECKUL AHATU3 NOKAZATU B03MOICHOCb GbINOJIHEHUS.
NOCMABNEHHOU Yeu HA NPaKmuke u 6obluue NepCnekmuébl PACUUPeHUst QYHKYUOHATbHBIX
B03MOJICHOCIEU PA3PAOOMANHOU AHMEHHBL.

KiioueBble cj10Ba: AHTeHHA BbITeKalOLlell BOJIHbI, MHTEIPUPOBAHHBINA B MOMJIOKKY BOJHOBOJ, AHAarpamMMa
HAMPaBJIEHHOCTH, CUHTE3.

HpaKTqucxoe HCITIOJIB30BAHUC 60pTOBLIX AHTCHHBIX CHUCTCM IIOKa3aj10, 4YTO OHH MOI‘yT B
CYIIECTBEHHOW CTETICHH BJIMATH HA PATUOJIOKAIIMOHHBIE M a3pOJAMHAMUYECKUE XapaKTEPUCTHKU
Hecymux O0O0bekToB. OCHOBHBIMH 3aJa4aMd TNpH  pa3padOTKe aHTEHH, SBISIOTCA UX
MUKPOMUHHATIOPHU3AITUs, TTOBBIIIICHUE HAJIEKHOCTH, MHTETpAllUs C APYTUMHU YCTPOWCTBAMH W
pacuupenue GpyHKIIMOHAIBHBIX BO3MOXXHOCTEH.

Cratbsi TIOCBsIIIIEHA pa3pa0OTKE aHTEHHBI BHITEKAIOIICH BOJIHBI Ha OCHOBE BOJIHOBOJOB,
UHTErPUPOBAHHBIX B MOAIOKKY (Substrate Integrated Waveguide), kotopsie nmpeacTaBisitoT coooi
oTAeNbHBIN BUA neyaTHbix CBUY-nuHuii nepenad. MaTErpupoBaHHbIE B MOJI0KKY BOJTHOBOJIBI,
U3r0oTaBJIMBAKOTCS B HHaHapHOﬁ (1)0pMe HpI/I IIOMOIIIN TCXHOJIOTUU CO3JaHHA IICYATHBIX IIJIAT U
MO3BOJISIIOT TIepeAaBaTh MOJE3HBIM CUTHAI C MAJIbIMU MCKOKCHHSIMHU M MOTepsMU. YacTOTHBIN
JIMANa3oH TakKUX CTPYKTYp B OCHOBHOM ONPENENSETCS TaK K€, KaKk U I KIACCUYECKOro
MPSIMOYTOJIBHOTO BOJIHOBO/IA, HO TIPH ATOM TIOTIEPEYHBIC pa3Mephl 3HAYUTEIIHFHO MEHBIIIE 33 CUET
NIEKTPOPU3NICCKUX TIApaMETPOB TMOJIOKKHU. ToJNIMHA OmpeneNnsieTcs TONIIWHOW JIHCTa
JTUAJICKTPUIECKOM TOJITIOKKH.

dep =2 % @; 1)
/11<p =2% Aequs 2)
Aequ = a/\/gr; 3)
Wsiw = Qequ + 2 * d. 4)

AHTEHHBI BBITEKAIOUICH BOJHBI MPEACTABIAIOT COOON €IUHBI MacCHB HEPE30HAHCHBIX
HONEPEYHBbIX IIeIel, KOTOpble OJIM3KO pacHojOXKEeHbl Jpyr K JApPYyry M HMMEIT Maloe
COIIPOTUBIICHUE OCHOBHOM BOJIHE U KaK CJIECACTBUE Majblii YPOBEHb M31y4aeMOM MOIIHOCTH Ha
OTJENbHOM 3JieMeHTe. [IpuHInn paboThl AHTEHH BBITEKAIOIEH BOJIHBI 0a3upyeTcs Ha U3IyUYeHUH
OBICTPBIX (BBITEKAIOIIMX) BOJIH, (ha30Basi CKOPOCTh KOTOPHIX BBIIIE CKOPOCTH CBETA.
OTnu4uTeNbHOM 0COOCHHOCTBIO TAKMX AaHTEHH SIBIISIETCA TO, YTO HAIIPABJICHHE [NIABHOTO JICTIECTKA
OTKJIOHEHO OT HOPMaJM M 3aBUCHUT OT IIOCTOSIHHOM pAaclpOCTPAHEHMs, 4YacCTOTbl U JJIMHBI

226



N3ITyYaroled CTPYKTypbl, IOITOMY BO3MOXKHO OCYILECTBJIEHHUE YaCTOTHOIO CKAHWPOBAHUS JIyda
B OIIPENIETIEHHOM CEKTOPE IIPOCTPAHCTBA. | JTaBHOE MPENMYIIIECTBO AaHTEHH BBITEKAIOLIEH BOIHBI —
9TO OTCYTCTBHE AM(PPAKIMOHHBIX MAaKCUMYMOB, Malblii ypOBEHb OOKOBBIX JIENECTKOB,
BO3MOXKHOE 00€CleYeHne MUPOKOH MOJIOCHl U OTHOCUTENbHAs MPOCTOTA TOCTUIKECHUSI BBICOKUX
nokasatesnei ko punuenra ycunaeHus. OHM IPUMEHUMBI B CHCTEMAaX C HAKIIOHHBIM U3JTy4E€HUEM,
NPEIbSBISIONINX TPeOOBAaHUS K a’pOJMHAMUKE U KOH()OPMHOCTM aHTEHH, HaIlpUMep:
PaIHONIOKAIIMOHHBIX CUCTEMaX 0E30MaCHOCTH TPAHCIIOPTa, CUCTEMaxX HaBUraiuu [2].

[TosToMy, 0Gsiafast OTHOCUTENFHO HEOOJIBIIUMH pa3MepaMH U MaJIbIM BECOM, aHTCHHBI Ha
OCHOBE HMHTEIPUPOBAHHBIX BOJIHOBOJOB MOTYT OBITH C YCIIEXOM HPHUMEHEHBI AJS PELICHUs
PaavoNIOKallMOHHBIX 3anad. Mcnonb3ys BCE NMEPEUNCIICHHBIE MPEUMMYLIECTBA, TAKUE AHTEHHBI
MOXKHO C JIETKOCTBIO BCTpaMBaTh B KOpIIyca JIETATEJIbHBIX allapaTroB, pakeT, aBTOMOOWIEH U
JIpyTux OOBEKTOB, ()AaKTUUYECKH HE BIMAS Ha MX Macca-rabapuTHbIE, a’pOJMHAMHYECKUE,
PaaAMOIOKALIMOHHBIE U IPYTUE XapaKTEPUCTUKH.

Jlnis peleHus 3ajjauu MOJMYy4EHUs AUarpaMMbl HAIIPaBIE€HHOCTH ¢ OONBLION IUPUHOM IO
ypoBHio -7 nb (=80°) B monoce wactor 7/ — 10 I'Tu, mpeacraBuM aHTEHHY SKBHBAJICHTHOM
AQHTCHHOM PELIEeTKOM, cocTosIIeil N3 ToueuHbIx n3nyyareneii (Puc.l1).

y

Puc. 1. Pactionoxenue HCPC30HAHCHBIX IIeIe ¥ SKBUBAJICHTHBIX TOYCUHBIX HBquaTeHCﬁ

LlenTp menu OyaeM CYUTATh MECTOM PACIOJIOXKEHHUS TOUEYHOrO H3Iydarelns. Y Takou
SKBUBAJICHTHOM aHTEHHOW pENIeTKM JuUarpaMma HampaBJIeHHOCTH corjiacHo [l1] Oyz;er
OTIPEICTIATHCS ypaBHEHUEM 5.

rae Fy (6, ¢) — MHOKHUTENb aHTEHHOM PEIIETKH,
f (6, ) — nmarpaMmMa HanPaBJICHHOCTH OJAMHOYHOTO HU3JTy4aTels

Fy(8,9) = Y-y Ay x e (®+P0); (6)

B nepBoM npubnukeHr Mbl MOKEM CUMUTATh U3BecTHBIM ADP moiaBaeMoe Ha U3ITydaTeNu,
M3BECTHBIM TIO pe3yJbTaTaM NpPEABAPUTEIHLHOIO AJIEKTPOJMHAMUYECKOTO MOJCITUPOBAHHUS
AHTCHHBI.

ATMpOKCUMHPYST IKCTIEPUMEHTAIbHBIC TaHHbBIE ToJuHOMaMu Buaa (7) u (8) 3amaaum ux B
QITOPUTM TPOBEACHHS CHHTE3a JUarpaMMbl HAIIPAaBIEHHOCTH.

A = pr*x® + p2*x® + pa*xt + pa*x3 + ps*X? + pe*x + p7 ; @)
® =c1*X + ca. (8)

B xauecTtBe NEPEMEHHBIX BO3bMEM KOJIMYECTBO M3IYyHAIOMUX 3JICMCHTOB N u pacCTosAHHNC

Mexay HuMu dX. TTocie mpoBeeHus pacyeToB IS HAIICH 3a1aui ObLIH IMOJYUYCHBI CIIEAYIOIINE
sgauenns N=16, dx=0,9 mm.
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Puc. 2. ®yHkumm pacupeaeneHust aMIUTATY b U (a3bl 2JIEKTPOMAarHUTHOTO TOJISl B AHTEHHE
BBITEKAIOIICH BOJIHBI

OunanekTtpuyeckuii obtekatens (Teflon)

MoanoxKa (Rogers)

MeTannmsnpoBaHHble 0TBEPCTUA M3nyuaowme wenm

Puc.3 KOHCTPYKI_II/IH AHTCHHBI BLITeKaIOH_IGI\/’I BOJIHBI C JUBJICKTPUUICCKHUM oOTekarenemM

Pe3ynbTaThl 31€KTPOIUHAMHUYECKOTO MOJEIUPOBAHUS TOKa3aldH, YTO HPU IMOJIYYEHHOM
OTHOIICHHNU KOJINYECCTBO HBHyHaTeﬂeﬁ/paCCTOHHHe MCKAY HU3IYHATCIIIMU MTOJIYyYaCTCA HaHGOHee
mupokas JIH B monoce gactor.

Puc. 4. OOwmmii BUI aHTEHHBI BHITEKAFOIIEN BOJIHEI
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Janee npeacTaBicHbI TpapUKH MATEMaTHYECKOTO pacdeTa M 3JICKTPOIMHAMHYECCKOTO
skcniepumenta (Puc. 5 u 6)
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Puc.5. Pe3ynapTarhl cuHTE3a JUarpaMMbl HAPABICHHOCTH JJIs aHTEHHBI BHITEKAIOIIEH BOJIHBI

F (9)9 nb

60,

azoh,

9T

Puc.6. 3MeHeHne mupuHbl AUarpaMMbl HAlPaBJI€HHOCTH aHTEHHBI BBITEKAIOIIEH BOJIHBI B
UCCIIEAYEMOH I0JIOCE YacTOT B IJIOCKOCTH E

BnusiHue 3aimMTHOrO JU3IEKTPUUECKOTO CII0S PACTIONIOKEHHOTO Ha MOBEPXHOCTH AHTECHHBI
Ha [IOJIEBBIE M YACTOTHBIE XapaKTEPUCTUKH HE CTOJb BEJIMKO IO CPaBHEHHUIO C BIIUSHUEM
BHYTPEHHET'0 3aIl0JIHEHUs, OJTHAKO MO3BOJISIET OCYIIECTBIAThH 00JIee TOUHYIO HACTPOIKY aHTEHHBI
JUisl pabOThI B 3aJIaHHOM I10JIOCE YacCTOT.

[TpoBenenHass pa3paboTKa, CHHTE3 W  3JNEKTPOJUMHAMUYECKMHA aHalIW3  IOKa3ajH
BO3MOXXHOCTh BBITIOJIHEHHS IIOCTaBJICHHON 1€l HA NpPaKTHKE M OOJbIINE NEPCIEKTUBBI
pacupeHuss  (YHKIHMOHAJIBHBIX  BO3MOXKHOCTEH  pa3pa0OTaHHOM  aHTEHHBl. AHTEHHa
BBITEKAIOIIEH BOJHBI MMEET IIHMPOKYI0 YAaCTOTHYIO TOJIOCY, KOMIIAKTHBIE pa3Mepbl, MaJblii BEC,
OTHOCHUTCSI K KJIacCy HU3KOMPO(UIBHBIX BCTPAWBAaEMbIX AaHTEHH, OoJiee TEXHOJOTWYHA B
IIPOU3BOJICTBE, HE TPEOYET HACTPOUKH U UMEET BO3MOKHOCTh PabOThI Ha KPYTOBOM MOJISIPU3ALINN.
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