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CBoMCTBa M TeEXHUYECKME NPUI0KEHUsI AaHTEHHBIX pelleToK,
cpOKYyCHPOBAHHBIX MO HIUPOKOMOIOCHOMY CUTHATY

H.A. Bedenvkun @, FO.E. CedenvHukos

KasaHCKHMH Hal[MOHAIBHBIN HCCIIeNOBATEIbCKUH TeXHUYeCKUH yHIBepcuTeT nMeHH A.H. Tymonesa - KAU
420111, Poccus, r. Kazans,
yn. K. Mapkca, 10

AHHOmal}u}l - O6ocHoBaHue. B HacToslee BpeEMA aKTHBHO HMCCIIEAYIOTCSI aHTEHHBIE PEIIETKH, C(l)OKyCI/IpOBaHHbIe B 30HE
6JIMKHErO H3JTy4€HHOTI'O II0JIdA. M3BeCTHbI OCHOBHBIE CBOMCTBA WU XapaKTepuCTUKHU C(i)OKyCPIpOBaHHbIX AHTEHHBIX CHUCTEM,
HCIOJIB3YIOI X Y3KOIIOJIOCHBIE CUTHAJIBI. PaCIHI/IpI/ITI) TEXHUYECCKHE BO3SMOXKHOCTH yCTpOﬁCTB, HCIOJIB3YIOIUX Cd)OKyCHpOBaHHbIe
OJIEKTPOMArHUTHBIE I10JIsl, BO3MOJKHO 3a CY€T IIPHMMEHEHHUsI HIHPOKOIIOJIOCHBIX CHUI'HAJIOB. Hacrosimas craTbsi mocBsilieHa
OMHCAaHHUIO CBOUCTB U psAna TEXHUYECKUX l'lpl/UIO)KEHl/lﬁ AHTEHHBIX PEIIETOK, CC])OKyCl/IpOBaHHbIX B 30HE GJIMKHETrO H3JIy4€HHOT'O
T10JIs1 MO KU POKOIIOJIOCHOMY CUTHAITY. Llenb HaCTOHHIeﬁ CTaThH 3aKJII0YAETCs B OMMMCAHUU OCHOBHBIX CBOMCTB C(l)OKyCI/IpOBaHHbIX
IIMPOKOIIOJIOCHBIX 3JIEKTPOMArHHUTHBIX nosiel u Bblpa6OTKe Ha MX OCHOBE€ BAapHMAaHTOB IMPAKTHUYE€CKOI'0 NPHUMEHEHHUS. MeTtopnpl.
):LOCTI/I)KEHHE LeJan CTaTbHUu oGycnosneHo HCIIOJIb30BAaHUEM H3BECTHBIX IPUHLUIIOB 3JIEKTPOOJUHAMHUKHU U anepTypHOi/'l Teopuu
AHTEHH. Pe3y)'[bTaTbI. IMoka3aHbl 0CO6EHHOCTH d)OpMHpOBaHI/IH C(l)OKyCI/IpOBaHHbIX HIXMPOKOIIOJIOCHBIX 3JIEKTPOMATrHUTHBIX moseun
N IIpHUBENEHBI HX OCHOBHBIE CBOMCTBA. Hpe,ELJ'IO)KeHbI BapHaHTbl TEXHHUYE€CKOT'O IPHUMEHEHU T C(l)OKyCI/IpOBaHHI:IX IIMPOKOIIOJIOCHBIX
AHTEHHBIX pEeLIEeTOK. 3akiyeHue. HOHy‘{eHHbIe pe3ynpTaThl NOATBEPXAAT Ba’XHOCTH OLEHKH CBOWCTB LIXMPOKOIIOJIOCHBIX

cpOKYCHPOBAaHHBIX AHTEHH U BHIPAOOTKE HA MX OCHOBE Psid TEXHUYECKUX MPEATIOXKEHHUH.
Kniouesvle cnosa - (GOKYyCHPOBKA 3J€KTPOMATHUTHOIO MOJISH; LIMPOKOMOJIOCHBIM CHrHai; CPOKYyCHPOBAHHAS aHTEHHAs
pelIeTKa; TEXHUYECKHe IIPUIIOKEHHUsT; CBOUCTBO CHOKYCHPOBAHHBIX MOJIEH.

BBenenue

B Hacrosiiee BpeMsi pa3BUTHE HOBBIX CUCTEM pa-
OUOCBS3H, MUKPOBOJTHOBBIX TEXHOJIOTUM U YCTPOUCTB
TEXHUYECKOU [JUATHOCTHKHU CBSI3aHO C IPUMEHEHHEM
chOKYCHPOBAHHOTO 3JIEKTPOMATHUTHOTO U3ITydeHUsI
(BMMN). Topasnsoliee GONBIIUNHCTBO COBPEMEHHBIX
PafMOTEXHUYECKUX CHUCTEM HCIIOJIB3YIOT BOJIHOBBIE
MOJIsT JajdbHEW 30HBI, XOTS [JIs1 PsAdA TEXHUYECKUX
[PUIOXKEHUH HEOOXOJUMO YIUTHIBATH BOZMOXHOCTb
QYHKUMOHUPOBAHUS PANUOTEXHUYECKUX CPEACTB B
30He OJIMKHEr0 U3JTYYeHHOIO MOJIst C UCIIOIb30BAHU-
€M BO3MOSKHOCTH peann3alnuy TpexMepHOU GpoKycH-
pOBKI/I 3HeKTpOMaFHI/ITHOFO T10J14. CDOpMI/IpOBaHI/Ie
MPOCTPAHCTBEHHO pacIpee/ieHHbIX, 06'beMHBIX CHO-
KYCHPOBaHHBIX 3JIEKTPOMATHUTHBIX MOJIEH, a4 TaKXKe
yIpaBieHHe UX IapaMeTPaMHU OTKPbIBA€T HOBbIE BO3-
MOXXHOCTH B 3afadyax pagjUOTEXHUKH, HepaspyLIaro-
I1€ro 3JIEKTPOMATHUTHOI'O KOHTPOJISI © MUKPOBOJIHO-
BBIX TEXHOJIOTUH.

BriepBble uzest $OKYCHPOBKH 3JIEKTPOMATHUTHOTO
noJist ObUIa IIPeaJIoKeHa B IepBOH MooBUHe XX BeKa
B paborax [1-2]. B manbHelimem cBolicTBa cHoKycH-
POBAHHBIX aHTEHH AHAIU3UPYIOTCS PSIAOM aBTOPOB
[3-4] u np. MccrnepoBanus B 3TOM HAIPaBI€HUU Be-
OyTCS MapaJUIeNIbHO C U3YYeHHEM CBOUCTB DJIEKTPO-
MAarHUTHBIX II0JIEd B [OajbHEHW 30HE, OJHAKO, B OT-
JMYMe OT MOCTeAHUX, alepTypHasl TEOPUSI AHTEHH B

denis_ved@mail.ru (Bedenvkun Jenuc Andpeesun)

30He GJIMKHETO U3JTyYEHHOIO MOJISl B 3TOT IIEPUOL, HE
6bl1a CO3[JaHA B 3aKOHYEHHOM BU/IE.

Hauunas ¢ Hayana XXI Beka npob6ykaaeTcst NHTe-
pec K aHTeHHaM, pOPMUPYIOLUM 3JIEKTPOMATHUTHBIE
moJisi B 30He GJIMKHEro M3IydeHHOro moss. [IpoBo-
OUTCH 3HAYUTEIBHOE YMCJIO UCCIeNOBaHMU, MOCBS-
LIEHHBIX PA3TUYHBIM aCHEKTAM TEOPUHU U MPAKTHUKU
CcPOKYCHPOBAHHBIX AHTEHH. DTH Pe3ybTATHl CTAHO-
BSITCSI BOCTPEOOBAHHBIMU B TAKUX Pa3BUBAIOIIMXCS
o6nacTsax, Kak HepaspyllaIUi KOHTPOIb, MUKPO-
BOJIHOBBIE TEXHOJIOTUU, MEQULIMHCKHE MPUIIOKEHUS,
CHUCTEMBI PASHOCBSI3U U PALUO3IEKTPOHHON GOPBOBI.
WccnenoBaHus, BBIIIOJHEHHBIE B MTOC/IEIHNE IBA [I€-
carunetus, GakKTUIECKU CO3LATH OCHOBY amepTyp-
HOM TEOPHHU aHTEHH B 30HE GJIMKHErO U3ITyIEeHHOrO
MIOJIST ¥ TIPEMICTABJIEHBI B 0606IIIEHHOM BHIE B MOHO-
rpaduu [5].

B 3T0 ke BpeMsi B paiMOJIOKALIMH PAa3BUBAETCSI HO-
BOE HalpaBJIeHHe, B OCHOBY KOTOPOI'O IIOJIOKEHO HC-
MOJIb30BAHUE CUTHAJIIOB C IIMPOKUM CIEKTPOM MpHU
OTHOCUTEIBHO BBICOKOU cpefgHel yactore. Ero no-
FUYECKUM Pa3BUTHUEM CTaJll0 HCMOJb30BAHHE CBEPX-
LIMPOKOMOJIOCHBIX CUTHAJIOB, MIEPEHECEHHbIX HA He-
CYLIyI0 YacTOTy ONTHYEeCKOTo [AHama3oHa. B 3Tux
Cllydasix OTHOCHUTeNIbHAs ILIMPHHA CIEKTpa H3Iyda-
emoro curHana Af [ f, 3HaYUTeNBHO MeHBIIe eJH-

HULBL, U IO9TOMY He ClleUprIecKruX TpeGOBaHUH K
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AHTEHHBIM yCTPOMCTBAM He BO3HUKAaeT. Boree Toro,
B 9TUX CJIy4asix OCHOBHbBIE MOKA3ATE/M HATIPABIEHHO-
CTH, KaK TPaBUJIO, MOTYT 6€3 CyIeCTBEHHON yTPAThI
TOYHOCTHM PACCMAaTPUBATLCA JUISI MOHOXPOMATHUYe-
CKOT'O CHUTHAA.

[pyruM HanpaBleHWEM B PAfIUOTIOKALUMU U PALe
CMEXHBIX 3a/1a4 ABUJIOCH UCIIONIb30BAHME U3NTYIEHUS
Y pHeMa CUTHAJIOB C IIUPOKUM CIIEKTPOM B OTHOCH-
TEeJIbHO HU3KOYACTOTHOM 9aCTH IMANa30Ha pafinoda-
cror, Korga f,

8epXH
IIOJIy9HUJIO Ha3BaHHUE CBerHIHpOKOHOHOCHOﬁ panuno-

| fuumen = 1. [laHHOE HampaBieHue

TeXHUKU U TaKXKe aKTUBHO pa3BHUBaeTCs B HACcToOsIlee
BpeMs. [103TOMy BO3HHKAaeT eCTeCTBEHHBIH MHTepec
K PacCMOTpeHHI0 3afad (POKYCHPOBKU LIMPOKOIO-
JIOCHOTO 3JIEKTPOMAarHWTHOTO IoJisi, obelnaolie
HOBBIe BO3MOXXHOCTH JIsi AUATHOCTHYECKOH JIOKaIU-
3allMM 3JIEKTPOMArHUTHBIX IOJIEW, MOBBILIEHUS IO-
TeHIIMaa pagjuoCBsI3U, MUKPOBOIHOBBIX TEXHOJIOTUH
Y Hepas3pyLIaomlero pagruoBOJITHOBOI'O KOHTPOJIS. DTH
06CTOSITENBCTBA CTABST B YMCJIO AKTYaIbHBIX [J€Tallb-
Hble UCCIIeIOBAHUSI CBOMCTB 3JIEKTPOMAarHUTHBIX I10-
ne#, cGOKYCHPOBAHHBIX MO MIHPOKOMOIOCHOMY CHI-
HaJTy, ¥ BBIpA60OTKY Ha UX OCHOBE HOBBIX TEXHUYIECKUX
pelIeHNH s psifa NPUKJIagHBIX 3a7ay.

1. CBOMCTBA 3/IEKTPOMArHUTHBIX
nosiei, cPOKyCHPOBAHHBIX
MO HIMPOKOMOJIOCHOMY CUTHATY

OCHOBHBIE CBOMCTBA 37€KTPOMATHUTHBIX IIOJIEH,
CPOKYCHPOBAHHBIX MO MOHOXPOMATHYECKOMY CHI-
HaJIy, K HACTOSILEMY BPEMEHH H3y4eHBI JOCTATOYHO
noppo6HO. BBeieHBI HIIH yTOYHEHBI XapPAKTEPUCTHKH
u mapamerpsl cokycupoBanHbix nonei (KH], pas-
Mepbl cHOKYCHPOBAHHOM 06JIACTH, YPOBHU GOKOBBIX
JIETIECTKOB), U YCTAHOBJIEHA WX 3aBUCHMOCTb OT Xa-
pakTepa anepTypHOTO paclpefesieHust ¥ MOT0XKeHHU
TOYKH PpOKYCHPOBKH [5]. BeIsiBIEHBI HOBBIE CBOHCTBA
3JIEKTPOMATHUTHBIX IOJIEH, ¥ IPEIOKEHO HX HC-
[OJIb30BAHME [JIs TOBBIEHNs] TOYHOCTHBIX MOKa3a-
TeJled B AMArHOCTUYECKUX 3afadax [6-7].

[Ip1 mepexome K HCIONB30BAHHIO (OKYCHPOBKU
[0 LIMPOKOINOJIOCHOMY CHTHAy aHaJOMMYHO Ciyda-
SIM TIOJTIeH lambHel 30HbI CTAHOBUTCSI HEBO3MOXKHBIM
paccCMOTpeHHe MX B OTPBIBE He TOJBKO OT CIIEKTPA
CUTHa/a, HO U OT CIoco6a UCIoNb30BaHust CHOKYCH-
POBAHHOTO 3JIEKTPOMATHUTHOTIO IMOJS. DTO 06CTOs-
TeJIbCTBO TOPOXK/AET HEOLHO3HAYHOCTh KaTeropui
[YAarpaMMbl HANIPABJIEHHOCTH U €€ [IapaMeTPOB, B TOM
YKCIle ONpefeNsieMbIX B PeXHUMe IpHUeMa WU Mepe-
navu (Hampumep, [5]). DTu 0cobeHHOCTH, 6€3YCIOBHO,

HOPUCYIIH U 3JIEKTPOMATHUTHBIM MOJISIM, CGOKYCHPO-
BaHHBIM B 30He GJIMKHETO W3Iy4YeHHOIO 110JIs [0 LIK-
POKOIIOJIOCHOMY CUTHAIY [8].

B pexume mnpuema pesynbTaT QUIBTpALiUU H3-
Jy4E€HHOTO MOJIsl, «<IPUHUMaeMOro» B TOUYKe (x,y,z)
C 4aCTOTHOM XapaKTepHUCTHUKOH Knp (f), NpOCTpaH-
CTBEHHOe paclnpefeneHre CGOKYCHPOBAHHOIO IO
paccMaTpHUBaIOTCs Kak
2

= (1)

[EZEM (x,3.2)

fo*Af
E(x 3,2 f)G(f) Ky (f)df
fo=tf

Y 0Ka3bIBAIOTCS Pa3IUYHBIMU [JIs Pa3HbIX CIIOCOOOB
npueMa, OTIIMYAIHUXCS BHIGOPOM QYHKIIUU Knp (f)
B pexxume mepenavu BUM XapaKTEPUCTUKHU CHOKY-
CHUPOBAHHOI'O 3JIEKTPOMAarHUTHOTO MO TaKXe Cy-
IIECTBEHHO 3aBUCUT OT CIIOCO6a <«UCIOIb30BAHUI»
SHEPTUM YKAa3aHHOTO MOJIs, T. €. OT QYHKIUHU, BBI-
MOJIHSIEMOU C HCIIOJIb30BAHUEM CHOKYCHPOBAHHOIO
dJIeKTpOMarHuTHoro nons. B 3apavax Ttunma CBY-
HArpeBa XapaKTepUCTHUKa ompepelsercs 3ddexkTom
MOIJIOLIEHUsT 3JIEKTPOMATHUTHOU SHEPTrUHM B TOUYKE
(x,y,z) IIpY U3TTyYeHHUH TMOJISI CO CIIEKTPOM G(f):

, o ’
B (o2 =| [ E(vwaf)o(f)df]| . @
fo_Af

B o6uiem criyyae XapaKTepUCTHKOM B peXHUMe Ie-
pefadyd MOXeT pacCMaTpUBATBCS Pe3yNbTaT «IIPHU-
eMa» 3JIEKTPOMAaTHUTHOTO IO0JIsSI YCTPOUCTBOM C IeH-
CTByIOLIeH BBICOTOM IPUEMHOH aHTEHHBI han (f) u
YaCTOTHOM XapaKTepPUCTUKOMN Kan (f)

2
‘ng;% (x,y,z) = 3)

forf 2

=1 [ B3 ) ()G () K (£) ] -
fo—tf

Koaddunuent HanpaBieHHOro AeMCTBUS — UHTe-
rpanbHBIA OKA3aTeNlb AHTEHH, CPOKYCHPOBAHHBIX
[0 IIKUPOKOTIOJIOCHOMY CUTHAIY, BBOLUTCS AHATOTUY-
HO cy4an (pOKYCHUPOBKH MOHOXPOMATHYECKOTO W3-
JIy4eHUs] KaK OTHOILUEHHME 3HAYEHHUU XapaKTepHUCTUK
Ecnm (xo,yo,zo) K COOTBETCTBYIOLIEMY 3HAYEHHIO
[J1s1 U3TTyYEHUs] HEHATIPABIEHHOTO0 HCTOYHUKA COBIa-
[AOIIEr0 CIIEKTPATBHOTO COCTABA, PACIIOIOKEHHOTO
B TOYKE amepTypbl, OiausKaHiied K TOuKe Habone-
HUs. B Touke pokyca (xo,yo,zo)
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Puc. 1. 3aBUCHMOCTb MHTEHCHBHOCTH CQPOKYCHPOBAHHOIO MOJIS
JTMHEHHON cHOKYCHPOBAHHOM aHTEHHBI: 4 — MAPaJIIEJIbHO allepTy-
pe; 6 - mepneHAUKYIsIpHO aneprype. Kpacuas nuuus (1) - MOHO-
XPOMATHYECKUH CUTHAJ, CHHsISI TMHUS (2) -~ pABHOMEPHBIN CIIEKTP
B mosoce =25 %

Fig. 1. Dependence of the intensity of the focused field of a linear
focused antenna: a - parallel to the aperture; b - perpendicular to
the aperture. The red line (1) is a monochromatic signal, the blue
line (2) is a uniform spectrum within a band of +25 %
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cuin
B pamMkax 3THUX MpeaCTaBIE€HHUN BBICBEUMBAETCS

daxkT HecoBmameHWss B OOLIEM CiIydae XapaKTepH-
CTUK cHOKYCHPOBAHHBIX II0JIEH B peXMMax Nprema
U mepefavyr. DTOT PpakT He BXOAUT B POTHBOPEYHE
C NPUHLUIIOM B3aUMHOCTH, a OTpa’kaeT pas3judue B
criocobe KCMOJIB30BAHUSI SHEPTUU 3JI€KTPOMAIHUT-
HOTrO 10Jisi B cpOKyCHPOBaHHOM o6acTu.
[TpoBefeHBl OLEHKH OCHOBHBIX IapaMeTpoB co-
KYCHUPOBAHHOTO MOJIsl B AONYIeHUU TOro, YTO amep-
TypHOe paclpefieieHue ](X,y,z) He 3aBHUCHUT OT ya-
cToTel, a ¢as3oBoe paclpeneneHre obecrneynBaeT
$OKyCHPOBKY B 3alaHHYI0O TOYKY NPOCTPAHCTBA AJIsI
BCEX YaCTOT CHeKTpa G(f) YcTaHOB/IEHO, YTO AJISt
cjlyyaeB CIEeKTPa, CHMMETPUYHOTO OTHOCHUTENIbHO

IeHTPaTbHOM 4acTOThl f(, pasmepbl o61acTi GoKy-
CUPOBKH B CITy4asiX LIMPOKOIMOIOCHOTO U Y3KOIIOIOC-
HOTO (Af/fo) <1 CUrHAJIOB MPAKTUYECKU COBMAAAIOT
(puc. 1). B cayyae aciMMeTpHH CIIEKTPA TPOUCXOLUT
HEKOTOpOe W3MEeHEeHHe pasMepa COOTBETCTBEHHO
NpeobiafaHuio B CIIEKTPe BBICOKOYACTOTHBIX HIIH
HU3KOYACTOTHBIX COCTABJIAILUIUX. YPOBEHb GOKOBBIX
JIENEeCTKOB, KaK OIVMKHUX, TaK U AajJbHUX (IIpU LIare
pelmeTKu GOHBH.Ie IIOJIOBHUHBI OJIMHBI BOJIHBI HAa LI€H-
TPaJbHOU YaCTOTE), COXpaHseT OOLIHWK XapakTep B
cllydae MOHOXPOMATHYECKHMX KOJMEGAHUU MPU HEKO-
TOPOH TEeHMEHLUHU K CHUKEHHIO.

2. D1eKTpOMarHuTHbIE MO,
dopmMupyeMbie aHTEHHBIMH
peuieTkamu, cpoOKyCHPOBAaHHBIMU
MO IIUPOKOMOTOCHOMY CUTHATY

[Tpu mepexofe K UCIIOIb30BAHHUIO AHTEHHBIX pellle-
TOK B 3afadax GOKYCHPOBKU MO IIMPOKOMNOIOCHOMY
CUTHaJly aHaJIOTUYHO CIIy4asiM MoJied AanbHeld 30HBI
CTaHOBHUTCSI HEBO3MO>KHBIM PACCMOTPEHHE UX B OTPbI-
Be HE TOJIBKO OT CIIEKTPA CUTHa/Ia U Cr1oco6a UCIOob-
30BaHUsI CQPOKYCHPOBAHHOIO 3JIEKTPOMATHHUTHOIO
[OJIs1, HO U OT YaCTOTHBIX CBOHCTB CHUCTEMBI H3Jy4a-
Tejlel U fuarpaMMmoobpasymolnei cxeMbl. DTo 06cTo-
SITEIBCTBO CBSI32HO C TEM, YTO IIPOCTPAHCTBEHHO-Ya-
CTOTHOE paclipefie/ieHHe 3JIeKTPOMArHUTHOIO MOJIs
E(x,y,z,f) BO30YK/1a€TCsl COBOKYIHOCTBIO HCTOY-
HHUKOB C alepTYpPHBIM paclipefeeHHeM ](x,y,z,f),
YaCTOTHAsI 3aBUCUMOCTb KOTOPOTO HE MOXKET HMETh
IPOU3BOJIBHBIN XapaKkTep, a CyLeCTBEHHbIM 06pa3oM
3aBHCHUT OT YaCTOTHBIX XapaKTEPHUCTHUK 3JIEMEHTOB
MaTpHL] PACCESTHUS CUCTEMBI U3JTydaTesel [SA(f)} u
ouarpaMmoobpasymoliel cCXeMbl [S(f)]

JIn1si onMcaHus aHTEHHBIX PeLIeTOK LieJ1ecoo6pasHo
HCIIO/Ib30BaHNE MAaTPUYHOH MOJENH C MO3JIEMEHT-
HBIM y4eToM 3¢$$eKTOB B3aMMHOM CBSI3M H3JIydaTe-
ne#. CorylacHO MaTpUYHON MOJENH, pacIlpenesieHue
HAIPSDKEHHOCTH 3JIEKTPUYECKOro MOJIsl, CO3haBa-
€MOr0 CUCTEMOH U3/ly4aTesiell B 30He OJIMXXHEr0 U3Iy-
YEHHOTO II0JIsl, ONPEeNieNsieTCs] MAaTPULIEH pacCessHUs
CHUCTEMBI BXOJ0B [SA(f)J, HNapUuaJbHBIMU pacrpe-
He/eHUsIMU T10JIeH, COOTBETCTBYIOLIUX JJIEMEHTY pe-
[IEeTKU C JUarpaMMOM HampaBIeHHOCTH ei(x,y,z,f)
npu BO3OY>KIEHUH UX BXOJOB €IMHUYHOHN Nafamlen
BOJIHOW U TPU HAJIWYUHM COTTIACOBAHHBIX HATPY30K,
NOAK/TIOYEHHBIX K OCTaJbHBIM BXOJaM, U MaTpHLleH
paccesiHUsI paclipefe/InTeIbHOTO YCTPOUCTBA [S(f)]:

Si(f) Sta(f)

, (5)
Sh(f) $%(f)

[s())]=
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Puc. 2. CuHTe3 mapaMeTpoOB aHTEHH [JIsl CIy4as MOHOXpomaThdeckoro curHana. drtam 1. CHHTe3 amepTypHOro pacrnpepeneHus (a),

Dran 2. PacueT napaMeTpoB aHTEeHHEI (6)

Fig. 2. Synthesis of antenna parameters for the case of a monochromatic signal. Stage 1. Synthesis of aperture distribution (a),

Stage 2. Calculation of antenna parameters (b)

rae 6109HbIE MATPHIIBI Sfl (f), Sgl (f) " ng (f) -
BXOJHOU KO5PPULMEHT OTpaskeHUs pacIpeeu-
TEeJILHOTO YCTPOMCTBA, K03)PULUEHTHI MEepefaYn OT
BXOJ1a K BBIXOZIaM U KOO GPUIHUEHTHI Tepenay MeKAY
BBIXOJJAMH COOTBETCTBEHHO, 8261 (f) = SfZT (f)

[I7151 9aCTOTHBIX COCTABNANINX CPOKYCHPOBAHHO-
ro MOJIsi MPOCTPAHCTBEHHOE paclpefesieHHe HCTOY-
HUKOB IIPECTABIISIETCS KaK

E(x,3,2,f) = {e(%,3,2 f)|[Unaa (), (6)
roe |Unaa (f)> — BEKTOP-CTOJI6El KOMIJIEKCHBIX aM-
[UIMTY TAAIUX BOJH HAa BXOLAX H3JydaTesiei,
3HAYEHMS KOTOPOTO ONPEENsATCs CBOUCTBAMU W3-
JyJaTeniedl U pacIpefeuTebHOrO YCTPOUCTBA:
S6
|Una6 (f)> = P 21 (f) . (7)
E-[ 5% (f)|[S40)]

CoorHomenusa (6) u (7) MO3BONAIOT C TOYHOCTHIO,

[OOCTATOYHOU mJist GONBLIMHCTBA MPAKTHYECKUX 3a-
[ad, ONpeNeluTh HAMPSIXKEHHOCTb 3JIEKTPUIECKOTO
[O0JIs1 TIPY BO30YKOEHUU BXOMA PACIpefeUTebHOr0
YCTPOMCTBA Mafalolled BOJHOW €NUHUYHOW aMIUIU-
TymBI ¢ 9actoroi f. [logyepkHeM, COOTHOIIEHUs (6) U
(7) BBICBEYMBAIOT MPUHITUITHAIBHOE CBOUCTBO aHTEHH
B COCTaBe CBEPXIIMPOKOIOIOCHBIX PaguOCPENCTB:
MPOCTPAHCTBEHHBIE paCIIpeaeseHUs OJIeH, Co3naBa-
€MBIX B peXHMe Iepefadu, U COOTBETCTBYIOIINE UM
[I0KAa3aTeNlN B PEXUMe IpHeMa CYILeCTBEHHO 3aBUCST
OT YaCTOTHBIX 3aBUCUMOCTEM MAaTPHULBI pacCCEsHUs
pacrpeneuTebHOTO YCTPOUCTBA U HE MOTYT GBITh
OTNpefieNieHbl B OTPBIBE OT CBOMCTB U3Nydarened u
$uUmEepPHBIX YCTPOUCTB B COCTABE AHTEHHOM PEIIeTKH.

[Tpu GoKyCcHpPOBKE MO MOHOXPOMATHYECKOMY CHT-
HaJly, KaK U B CJIy4ae [AajbHel 30Hbl, CHHTE3 MapaMe-
TPOB aHTEHHOU CUCTEMBI MOXeT pa3buBaThCs Ha gBa
aTama, COOTBETCTBYIOIIWX «BHELIHEH» U <«BHYTPEH-
Hel» 3amayaM (puc. 2).

3ajano Pacger
E B> mapamMeTpoB X
r'y Y
3amgaHo 3amaHo

[s]. [s.]

Puc. 3. KOHCTPYKTHUBHBIN CHHTE3 NapaMeTPOB aHTEHHBI [UIs CIIy-
4asi IMPOKOIOTIOCHOI0 HEMOHOXPOMATHYECKOTO CUTHANIA

Fig. 3. Constructive synthesis of antenna parameters for the case of
a broadband non-monochromatic signal

K(f)

Ha mepBoM aTame onpepensercs aepTypHOe pac-
npenesieHre AJis 3aaBA€MOU T€OMETPUHU PELIETKH.
Ha BTOpOM 3Tame — mapaMeTpbl JUarpaMMoo6pasy-
I0IeN CXeMBbl MPHU 3a[JaHHBIX MapaMeTpax U3ydare-
Jiell U ee THIIE.

[5ist OKYCHPOBKH IO MUPOKOIIOJIOCHOMY CUTHAIY
Takoe pas[ejieHrue HEBO3MOXHO, U HeOOXOOUMO HC-
[0JIb30BAThH MOJIHYIO MOJIe/Ib AHTEHHBI, BKITIOYAIOLIYIO
peleTKy u3nydaTesied W OUATPAMMOOOGPAa3YIOLIYIO
cxemy (puc. 3).

DakTHYECKH 3TO O3HAYAET 06e3abTePHATHUBHYIO
HeOOXOOUMOCTh IMPHUMEHEHHUsI B 3afadyax aHaiusa
U TPOEKTUPOBAHUS TPUHIUIOB KOHCTPYKTHUBHOTO
CUHTe3a aHTeHH. [IpU MPaKTUYECKOU peanusanuu
MOTYT HCIIONIb30BATHCS TPUEMBI, MPENJIOKEHHBIE B
pa6ore [9] piist ciydas nanbHed 30HBL.

3. TexHu4yecKue MPUIOKEHU S
M POKOMOTOCHBIX CPOKYCHPOBAHHBIX
AHTEHHBIX pelIeTOK

B 3akmioyeHHe pacCMOTPHUM BOIPOCHI IpaKTH4e-
CKOTO TIpUMeHEeHHs MpUHIUNA IIHPOKOIOIOCHBIX
chOKYCHPOBAHHBIX AHTEHHBIX CHCTEM B PsIfie TEXHHU-
YeCKUX MpUIoxkeHu. Tak, cBoMcTBa cPOKYCHPOBAH-
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HBIX 3JIEKTPOMAarHUTHBIX [T0JIEH OTKPBIBAIOT BO3MOX-
HOCTbB IOBBILIEHU s TEXHUYECKUX ITOKa3aTelel B psifie
IPUTIOKEHU !

— OpraHu3alMuIo CBs3U ¢ yaasleHHbIM BITJIA;

- IIOCTaHOBKY INPHUIENIBHBIX 10 IIPOCTPAaHCTBEH-
HBIM KOOpAHMHATAM IOMeX Ha3eMHBIM MYHKTaM
yIpaBleHus;

- ¢opMupoBaHUE JIOKHON aBUALUMOHHOM LENU C
“MHUTan el oTpaxkeHHoro curiana PJIC;

- [HMarHOCTHKY aHTeHH Ha dTamax MpOH3BOLACTBA
Y UCTIBITAHUU;

- 06paboTKy 3arpsi3HEHHOU IMOYBBI IJIEKTPOMAr-
HUTHBIM II0OJIEM;

- IeJeHraluio C HCIONb30BAHUEM CYMMapHO-
Pa3HOCTHOM 06paboTKU IJisl MOMEPEYHOr0 U MPOo-
LNOJIBHOTO HATpaBJIeHUN;

- OpraHM3alUIo paclpefeseHHON CeTH JOCTyIa B
mapkax, CKBepax U peKpealioOHHBIX 30HaX;

- 3apmady onosHaBaHua DBIIJIA u nopgaBneHus
cpencreamu POB.

3ak/io4yeHue

I[IpuMeHeHHe LMIMPOKOIONOCHBIX AaHTEHHBIX pellle-
TOK, CGOKYCHPOBAHHBIX B 30HE OJIMKHErO HU3JTydeH-
HOTO 107151, 06J1a/iaeT PsIOM NOCTOMHCTB, ONpenes-
€MBIX UX CBOMCTBaMHU. BO3MOXHOCTH JIOKaIH3aLUU
U3JTy4eHHsT B 06/1aCTH NPOCTPAHCTBA KOHEYHBIX pas-
MepOB M03BOJIsIeT IOBBICUTH MOTEHI[UaJ PafUOCBsI3H,
3¢ dEeKTUBHOCTD KCIONB30BAHUSL PALHUOYACTOTHOTO
pecypca, YIy4IIUTb TeXHUYeCKHe XapaKTepUCTHUKU
CHCTeM AMATHOCTUKU U Hepa3pylLIalouero KOHTPOJIS.

duHaHCHpOBaHHE

Pa6ora BeImonHeHa mpu GUHAHCOBOU IOALEPXKKE
nporpammel [IIPUOPUTET-2030.
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Properties and technical applications of antenna
arrays focused on a broadband signal

Denis A. Vedenkin ®, Yuri E. Sedelnikov

Kazan National Research Technical University named after A.N. Tupolev - KAI
10, Karl Marx Street,
Kazan, 420111, Russia

Abstract - Background. Currently, antenna arrays focused in the near-radiated field zone are being actively studied. The
basic properties and characteristics of focused antenna systems using narrowband signals are known. It is possible to expand
the technical capabilities of devices using focused electromagnetic fields through the use of broadband signals. This article is
devoted to a description of the properties and a number of technical applications of antenna arrays focused in the near-radiated
field zone using a broadband signal. Aim. The main aim of this article is to describe the basic properties of focused broadband
electromagnetic fields and develop practical application options based on them. Methods. Achieving the goal of the article
is due to the use of well-known principles of electrodynamics and aperture theory of antennas. Results. The features of the
formation of focused broadband electromagnetic fields are shown and their main properties are given. Options for the technical
application of focused broadband antennas in radio communication and direction finding tasks are proposed. Conclusion. The
results obtained confirm the importance of assessing the properties of broadband focused antennas and developing a number of
technical proposals based on them.

Keywords - focusing of electromagnetic fields; broadband signal; focused antenna array; technical applications; property of

focused fields.

denis_ved@mail.ru (Denis A. Vedenkin) (OS2 © Denis A. Vedenkin, Yuri E. Sedelnikov, 2023

References

1. R.S. Wehner, Limitations of Focused Aperture Antennas. RM-262. Santa Monica: RAND Corporation, 1949.

2. R. W. Bickmore, “On focusing electromagnetic radiators,” Canadian Journal of Physics, vol. 35, no. 11, pp. 1292-1298, 1957, doi: https://
doi.org/10.1139/p57-141.

3. A.Kay, “Near-field gain of aperture antenna,” IRE Transactions on Antennas and Propagation, vol. 8, no. 6, pp. 586-593, 1960, doi: https://
doi.org/10.1109/TAP.1960.1144905.

4. R.C.Hansen, Ed., Microwave Scanning Antennas. Vol. 1. Apertures. New York; London: Academic press, 1964.
5. Yu. E. Sedelnikov and N. A. Testoedov, Ed. Near-Field Focused Antennas. Krasnoyarsk: Sib. gos. aerokosm. un-t, 2015. (In Russ.)

6. D. Vedenkin et al., “Increasing the accuracy characteristics of focused electromagnetic devices for non-destructive testing and
technical diagnostics by implementing sum-difference signal processing,” Electronics, vol. 12, no. 2, p. 436, 2023, doi: https://doi.
org/10.3390/electronics12020436.

7. D. A. Vedenkin and Yu. E. Sedelnikov, “Focused antennas in non-destructive testing tasks,” Sistemy upravleniya, svyazi i bezopasnosti,
no. 2, pp. 131-146, 2023, doi: https://doi.org/10.24412/2410-9916-2023-2-131-146. (In Russ.)

8. Yu. E. Sedelnikov and D. A. Vedenkin, “Antenna arrays focused by broadband signals,” Physics of Wave Processes and Radio Systems,
vol. 18, no. 3, pp. 23-30, 2015, url: https://journals.ssau.ru/pwp/article/view/7236. (In Russ.)

9. A.P.Ovcharov and Yu. E. Sedelnikov, “Antenna arrays for ultra-wideband radios,” Antenny, no. 11 (198), pp. 20-36, 2013. (In Russ.)

Information about the Authors

Denis A. Vedenkin, Candidate of Technical Sciences, associate professor of the Department of Radio Photonics and Microwave
Technologies, Kazan National Research Technical University named after A.N. Tupolev - KAI, Kazan, Russia.

Research interests: antennas, microwave devices, electromagnetic compatibility, telecommunication technologies.

E-mail: denis_ved@mail.ru

ORCID: https://orcid.org/0000-0002-5318-5884

SPIN-code (eLibrary): 5258-2091

AuthorlID (eLibrary): 667258

ResearcherID (WoS): U-6331-2017


https://doi.org/10.18469/1810-3189.2023.26.4.88-94
https://orcid.org/0000-0002-5318-5884

BenenekuH [1.A., Cemenpuukos O.E. CBolicTBa U TeXHUYeCKHe NPUIOKEHNS aHTEHHBIX PEIIeTOK ...
94 Vedenkin D.A., Sedelnikov Y.E. Properties and technical applications of antenna arrays ...

Yuri E. Sedelnikov, Doctor of Technical Sciences, professor of the Department of Radio Photonics and Microwave Technologies,
Kazan National Research Technical University named after A.N. Tupolev - KAI, Kazan, Russia.

Research interests: antennas, microwave devices, electromagnetic compatibility.

E-mail: sedhome2013@yandex.ru

SPIN-code (eLibrary): 4511-7480

AuthorID (eLibrary): 107358



