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PaccmoTtpeHa chokycupoBaHHasi B 30He PpeHenst oudokaibHas JIMHEeHas pellieTKa BhITEKaloIIe BoJI-
HbI. [TapamMeTpsl CTPYKTYpHI 00€CIIeYnBAIOT UIEaTbHYIO (POKYCUPOBKY ITOJIS B IBYX TOYKAX, COOTBETCTBY-
IOIIMX JBYM pa3HbIM YacToTaM. B paMKax MpuOJIMXKEeHHOM TEOPUM aHTEHHBIX PELIETOK MPOBEIEH aHAIN3
61 OKaTBLHOM pelIeTKH, MCCIeNOBaHbI (popMa IyT YaCTOTHOTO CKAaHUPOBAHUS M pacTipeiesIeHre IO B
dokanbHOM nsiTHE. J1JIs1 TTOJIOCKOBOI PELIeTKU C IIeJIEBBIMU M3JTyYaTe I IMU BBITTOJTHEHO 3JIEKTPOIMHAMMU -
yeckoe MofaenupoBaHue. [IpeacTaBieHbl mapaMeTphl pacCesTHUS PEeIIeTKU U €€ XapaKTepUCTUKU U3JTyde-
Hus. OGCyX1al0Tcsd 0COOEHHOCTH KOHCTPYKIIUM MOJOCKOBOM aHTEHHbI, 00€CITeUMBaIOIINe YMEHbBIIIEHUE
BIMsTHUS 3(hdekTa HopManu. [TpuBeneHbI pe3yIbTaThl 9KCIIEPUMEHTATBHOTO UCCIeTOBaHMS ITOJTOCKOBOM
6udokanbHOIi pereTky. [TokazaHa BO3MOXHOCTb peajn3aliui CHMMETPUYHOM TyT CKAHUPOBAHMS U J10-
CTWDKEHUSI HU3KOTO YPOBHSI ONITUYECKUX abeppalinii.
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1. TIOCTAHOBKA 3AJAYN

AHTeHHBIC pemeTKn, c(POKYyCHUpOBaHHBIE B 30HE
DdpeHenss, aKkTUBHO MCCIIEAYIOTCS B MOCIEIHEE Bpe-
Ms1. UHTepec K HUM OOYCIIOBJIEH IEePCIEKTUBHBIMU
NpUMEHEHUSIMHU B CUCTEMaX paguonaeHTU(PUKAIINN,
Hepa3pyllaloliero KOHTPOJs, MNepeaadyd SHEpPTUH,
MeauLyHe U T.1. [1—6]. Cpean Takux pelIeToK BhIae-
JITIOTCST PEIIETKM C YacTOTHBIM CKAaHWPOBaHUEM,
MIpUHaIIeKalle K KJIacCy aHTeHH Oerylieii BOJHBI
[6, 7, 9—12]. Mzmy4arolye CTPYKTYPHI 3TOTO THUTIA He
HCITONIB3YIOT YIIPABIIsIEMbIe I AaKTUBHBIC DJIEMEHTBI
M, cJIeqOBaTeJIbHO, OHU COYETAIOT CPAaBHUTEIBHO Ma-
JIYIO CTOMMOCThb C BJIEKTPOHHBIM CKaHHMPOBaHUEM
HaIIpaBJICHUST M3Iy4eHUsI, BO3HUKAIOIIUM IIpU W3-
MEHEHWU YaCTOThI CUTHAJIA.

Hnsa doxkycupoBKU usnydeHus B 30He PpeHensa
MOTYT OBITb UCITOJIb30BaHbI pA3JIMYHbIC BUIbI AaHTCHH
Oeryleil BOJIHBI, CPeIN KOTOPbIX MOXHO BEIIEIUTh
M3O0THYTHIIT BOMHOBOZ, [7], pannaibHyI0 TUHUIO [8],
MPSIMOJIMHEMHBII HEPETYJISPHBII BOJTHOBO/I C TEpe-
MEHHOM MOCTOSIHHO# pacrmpoctpaHeHus [9, 10], a
TaK>K€ BOJIHOBOJ, C MEPEMEHHBIM II€PUOIOM PaCIIO-
JoxxeHus uzny4yareneii [11, 12]. B padotax [9, 10] pe-
KM YaCTOTHOTO CKaHUPOBaHMsS OBLI MCCIIeIOBaH
JJIs1 cy4dasl JMHEeMHO aHTEHHBI BbITEKAIOLLE BOJI-
HbI Ha OCHOBE MJIOCKOTO BOJTHOBOJA C HEMPEPHIBHOM
IIPOIOJIBHOI IIEJIbIO IIepeMeHHOM IMPUHBL. ChHOKy-
CUpOBaHHasl AByMEpHasi BOJHOBOMHO-IIIEJIEBAasI pe-
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IIETKA C U3JIyYaTe/IsIMU 13 ITapHBIX IIPOIO0JIbHBIX 111e-
JIeil B IIMPOKOiT CTeHKe BOJTHOBO/IA OblJIa KCClIeOBaHA
B [11, 12].

MNHTepecHbIM NpuMeHeHNEM aHTeHH, CITOCOOHBIX
¢dokycupoBaTb nosie B 30He DpeHenst, IBsieTCsl 00-
30p HEKOTOPOI 06JIaCTH IIPOCTPAHCTBA U MOCTPOE-
HHE €€ PaguosIPKOCTHOI KapTUHBI. AHTEHHBI Oery-
1€ BOJIHBI BeChMa ITePCIESKTUBHEI JJIsl 9TUX 1IeJIeii B
CUJIY X CPaBHUTEILHO MaJIOil CTOMMOCTU Y BO3MOXK-
HOCTHU 3JIEKTPOHHOTO CKAHMPOBAHUS, YTO BBITOIHO
OTJIMYAET UX OT OYEHb JOPOrux (pa3sMpoBaHHBIX aH-
TeHHBIX peleToK. OTMETUM, YTO KAauyeCTBO paguo-
N300pakeHUsT KPUTUYECKM 3aBHUCHUT OT (Pa30BBIX
abeppauuii 1 GOPMEBI IyTU CKAHUPOBAHUS — TpacK-
TOPUU, BOOJb KOTOPOil ABUKETCS (POKATBLHOE MSITHO
MPY U3MEHEHUM YaCTOTHI.

AHTEHHBI, WCCIegOBaHHBIE B padorax [7—12],
MpUHaIIeKaT K KJIacCcy OMHOMOKAIBHBIX CTPYKTYP.
OHM MMEIOT ONHY TOYKY MIOealbHOI (GOKYyCUPOBKU
Ha LICHTPaJIbHOI YaCTOTe AraIia30Ha CKAHUPOBAHMSI.
IIpu n3MeHeHUM 4YacTOThI (pOKaJbHOE IMSATHO IBU-
JKETCSI BIOJb AYyTY CKaHUpoBaHus. MneanbHast hoKy-
CUPOBKa Ha BCEX YacTOTax paboyero aAuamna3oHa He
MOXKET OBITh JOCTUTHYTA, UTO BeAET K IOSIBJICHUIO
abeppauuii. TumoBast CTpyKTypa OTHO(OKAILHOIT
aHTEHHBI TaKKe He IO3BOJISIET yNpaBiaTh (popMoit
YT CKaHMPOBaHUSI, TaK KaK 3aJaHHOE ITOJIOXKEHUE
doKyca MOXKeT OBITh 00ECIIEYeHO TOJBKO Ha OTHOI
yacToTe. B pe3ynbTare B BapuaHTax, pacCCMOTPEHHBIX
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B paborax [9, 11], nyra ckaHnpoBaHUS UMEET HECUM-
METPUYHYIO OTHOCUTEIBHO LIEHTpa peLIeTKU (POopMYy,
YTO HEYTOOHO IJI1 MOCTPOCHUS pagron300pakeHUSI.

Boo0O111e roBopst, B ONTUMAaJIbHOM BapuaHTe CUCTE-
Ma paIMOBUICHUSI TPEeOYyeT MCITOIb30BAHUS IBYMEp-
HbBIX C(pOKYyCUpPOBaHHBIX aHTeHH. OMHAKO IMIPUMEHEHNE
OIIHOMEPHEBIX PEIIETOK TaKXKe BO3MOXKHO, HaIlpUMep,
Kak yacTh Kpecra Mmwica [13], cocTosiiero n3 IByx
JIMHEWHBIX peleToK. Kpome Toro, ciaenyer OoTMETUT,
YTO IIpYU MIPOSKTUPOBAHUM OMHOMEPHBIX U JBYMEPHbBIX
PEIIETOK CTAJIKWBAIOTCS C PEIIEHUEM CXOMHBIX IIPO-
OjieM, CBSI3aHHBIX C YMEHBIICHHEM aOeppauuii u
Koppekineit GopMbl Ayru cKaHupoBaHus. [1oaTtomy
IeTaJbHOE MCCICAOBaHME Ha IIEPBOM 3Tale OoJjiee
NpPOCTON OOHOMEPHOM PEIIETKU BBIMISIAUT JOTHUY-
HBIM 1 000CHOBAHHBIM.

HaHHast paboTa siBiisieTcsl TipojaoikeHuem [14], B
KOTOpOI TIpenjioxeHa JIMHEelHasl pelleTka ¢ IBYMs
TOouKaMu (DOKYCUPOBKM 1 0OCYKIAIOTCSI BOIIPOCHI €€
CUHTE3a U B MeHbllIel cTerieHu aHaiuza. OCHOBHOeE
BHUMaHUe B MpeiaraeMoit padboTe yneasieTcs 2JieK-
TPOAMHAMUYECKOMY MOJIEJIMPOBAHUIO PEIIETKU U €€
BKCIEPUMEHTATIBHOMY HCCiefoBaHUI0. MoneapoBa-
HYe€ BBIMOJIHEHO B paMKax MPUOJIMXKEHHOM 3jieMeHTap-
HOI TeOpUM aHTEHHBIX pelieTok [15], He yJuThIBaIo-
et 3¢hGekThl B3aMMHOTO BJIUSIHUSI W3JIydaTtesieit, u
TIPU TIOMOILM CTPOTOTO YHNCJIEHHOTO PEIIEHUS] TPaHUY -
Hoii 3agauu B cucteMe HFSS (https://ansys.com).

OTMeTuM, 4TO TpemyioxkeHHas: B padote [14] me-
TOJIVKA TTO3BOJISIET CHHTE3UPOBATh PEIIETKY B O0IIEM
BU/JIE, HE OIpenessisi KOHCTPYKIIUY JIMHUU Tiepeaadyn
U BUAA 3JIEMEHTApPHOro Wu3Jjyyatess. Pesyiabratom
CUHTE3a CIIy>XKaT 0000IIeHHbIE TTapaMeTPbl CTPYKTY-
pbl: KO3(hULIMEHTHI 3aMelJIeHUsI OTPE3KOB JMHUI
rnepegayu, COeNUHSIONIMX COCeIHWE U3JIydaTean, U
PaCCTOSTHUST MEXTYy HUMMU. {7151 BBITIOJTHEHUST SJIEKTPO-
JTMHAMMYECKOTO aHaM3a U DKCIIEPUMEHTAIBLHOIO C-
CJIeIOBaHUSI HEOOXOIUMO OMPENETUTh KOHCTPYKIIMA
BCEX DJIEMEHTOB peIIeTKU. B KauecTBe MMHWUM Niepena-
Yy ObLIa BbIOpaHa CMMMETPUYHAasi MOJOCKOBas Jn-
HUS, a B KauyecTBe Wu3Jyyareyieii — HalpaBJeHHbIE
BIOJIb OCHU PEIIETKU MPOJIOIbHbBIE IIEIJIH.

2. CUHTE3 CTPYKTYPbI

CuHTe3upyeMasl pellieTKa CXeMaTUYHO IToKa3aHa
Ha puc. 1. OHa COCTOUT U3 TMHUHU IIepeaadn JIMHOI
L, HanipaBieHHoM Bnojb ocu Oy, ¥ mocjie1oBaTeIbHO
BKJIIOUEHHBIX B Hee U3flydaTesieii, KOTopble paciofa-
raloTCs BIOJIb OCH allepUOANIECKU, IIPUIEM PACCTO-
SIHUE MeXOy # — 1 1 n-M n3aydareassMu 0003HaueHO
Kak P,. B pamkax MeTonuku cuHtesa [ 14] enuHas tuHust
nepenavyr paccMaTpyUBaeTCsl Kak ITOCIeIOBaTeIbHOCTh
OTPE3KOB JIMHUIA, COSNUHSIONINX COCETHUE M3JTydaTe-
Jm. ITpu 3ToM TipearionaraeM, 4To OTpe3Ky JTUHUK nMe-
10T pa3Hble MOCTOSIHHBIE PACIIPOCTPAHEHUS .

Bonee ymoOHBIM TapaMeTpOM, OMNUCHIBAIOIIUM
JIMHUIO TIepemadu, SBaseTrcd ee KoadPHUIMeHT 3a-
PAJIMOTEXHUKA U BJIEKTPOHUKA
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Z

Jlunua  Hsznyyarenn P,
repegayn

Puc. 1. Cxema 6u¢oKaIbHON PEIIeTKH.

mennenust U, = v,/k, tae k — BOTHOBOE YUCJIO CBO-
0OIHOrO MPOCTPAHCTBA, UCTIONb3YEMbINl HIKE BME-
CTO IOCTOSIHHOM pacrnpocTpaHeHusd v,. ITapamerpsl
U,, P, oTipenemnsiroTcsl B pe3y/ibTaTe CHHTE3a PEIIeTKI
B TIPEATIONIOXEHUN 00 OTCYTCTBMM YaCTOTHOW IHC-
MepCcUy B IMHUY TIepeayn, YTO O3HaYaeT He3aBUCH -
MOCTb Koa(ddulimeHTa 3aMeeHus OT YaCTOTHI.

YpaBHEHUS CUHTE3a BbIBEICHBI U3 YCIOBUSI CUH-
¢da3HOCTH TyUueil, UCXOASIINX U3 BCeX M3JIyyaTesieid u
MIPUXOIALLUX B TOYKU F| 5, KOTOPBIE ABJISAIOTCA (POKyca-
MU perieTkd. OHI UMEIOT OMMHAKOBBIE KOOPIUHATEHI Z
no ocu 0z 1 pa3HeceHbl Ha paccTosiHue dr 1o ocu Oy.
doxkajbHOE TISITHO TIOINAAaeT B YKa3aHHbIC TOYKU Ha
yacroTax f| ,. [lapamMeTphl 25, dpu Af = f; — f| ABISAIOTCA
UCXOOHBIMU TTapaMeTpaMU CUHTE3A.

Ha puc. 2 npencraBneHbI pe3yabTaThl CHHTE3a O1-
doxanpHOi1 peierku st dp = 320,340,360,380,400,
A = 14 I'Tu (puc. 2a), w i Af = 1.6, 1.4, 1.2,
1.0 I'Tu, dp= 320 (puc. 26). Bce pa3mepsl 31ech 1 ga-
Jiee MPpUBOISTCS B MUJLIMMETPAX.

M3 puc. 2a, 20 Xopolllo BUAHA OAHA U3 INIaBHBIX
ocobeHHOoCTeil 6U(OKATBHOM aHTEHHBI, COCTOSIIAS
B TOM, YTO IJisl TIOJYYEHUSI ABYX TOUEK MICaTbHOIA
(GOKYCHUPOBKM HEOOXOIMMO MCIIOJIb30BaHUE JIMHUM
nepegayy ¢ JOCTaTOYHO OOJILIINM KO3(pPUIIMEHTOM
3aMeJIeHMSsI, a 3TO UCKITI0OUYAET BO3MOXHOCTh TPUME-
HEHMUS ITOJIBIX METAJINYECKUX BOJTHOBOIOB C OBICT-
PBIMU BOTHAMM.

ToBopst 0 xoadduiIeHTEe 3aMemIeHUs, HYXHO
OTMETUTh, YTO OTPE30K JIMHUM Tepenayn, COequHsI-
OIIUiIT cocemHMe M3IydaTenn, HeoOs3aTeIbHO HO0J-
XeH OBITh MpsIMOIMHEMHBIM. OH MOXET OBITh M30-
THYT TaKMM OOpa3oM, UTO IJIMHA COCIUHUTEIbHOMN
JvHuu L, Oynet 6onblue pacctosiHus P,. B aToM ciy-
yae HaOer (a3pl Ha NU30THYTOM yJaCTKe JIMHUU yBe-
nuuyuBaetcsi B L,/P, pa3 1Mo cpaBHEHUIO C HaberoM
¢a3bl Ha IPSIMONIMHEMHOM y4yacTKe IJIMHOM P,. OToT
dakTOp HIXKE OyAEeM MCITOJIb30BaTh IPU IPOEKTUPO-
BaHUU ITOJIOCKOBOI OM(MOKATBHOM PEIICTKH.
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Puc. 2. Pesynbrarel cuHTe3a OU(OKAIbHOM PEILISTKU:
a) dp= 320 (1), 340 (2), 360 (3), 380 (4), 400 (5); 6) Af =
=1.6 (1), 1.4 (2), 1.2(3), 1.0 T (4).

3. MPUBIMNXKEHHAA MOJEJIb AHTEHHDbI

Kax mokassiBaeT mpakKTUKa pa3paboTKU CIIOKHBIX
AHTEHHBIX CTPYKTYP, I HOCTPOeHUsI 3(PHEKTUBHOIO
rpolecca MxX MPOSKTUPOBAHUS HEOOXOIUMO MCHOJIb-
30BaTh MOJEIN Pa3HbIX ypoBHEN cTporoctul. [1pubnm-
JKEHHbIE MOJEIN MPUMEHSIOTCI B TEX Cydasx, KOraa
HEoOXOIUMO OBICTPO OLICHUThH KAaYeCTBEHHOE ITOBE/IE-
HUe 00beKTa pa3paboTKU, MOHATh TEHIEHIIUN U OC-
HOBHBIE 3aBUCUMOCTH €T0 [T0Ka3aTeIeil Ka4eCcTBa OT
nmapamMeTpoB. CTporue 3J1eKTpoArHaMUYeCKEe MOJIe-
JIM 1IeJIeco00pa3HO MCIIOIL30BaTh Ha 00Jiee MO3THUX
3Tamnax, Korma HeoOXOOMMBbl TOYHbIE KOJIMYECTBEH-
HBIC OILICHKMU.

IMTocTpoeHue mpubankeHHO Moaean 61 oKaIb-
HOM pEeIeTKN OCHOBAaHO Ha NMPUMEHEHUM JJIEMEH-
TapHOM TEOPUU, B paMKaxX KOTOPOM HE YUUTHIBACTCS
B3auMOEUCTBUE U3JTydaTesiell, KOTOpble MPEaCcTaB-
JISIIOTCS UCTOYHUKAaMMU C 3aJJaHHOH aMIIUTYI01 A, 1
dazoii @,. PacnosioxxeHMe HCTOYHUKOB 3a0aeTCs

PAANOTEXHUKA 1 BJIEKTPOHUKA

MpOIEeIypPOil CUHTE3a PEIIeTKN, a UX (Pa3bl CIASAYIOT
U3 TIOJIy4EeHHBIX 3HaUeHU K03 (UILIMEHTOB 3aMe -
JICHUSI:

¢, =—kY U,P, n=12..N, ¢, =0. (1)
m=1

AMIUIMTYIHOE paclipele/icHue UCTOYHUKOB 3aBUCUT
OT CBSI3M KaXIIOro U3JTydaTeisi C JMHUel Tepenadu. B
npocTeiilleM ciiydae TTOCTOSTHHOM CBSI3U UMEET Me-
CTO BKCITOHEHIIMAJIbHOE pacipeaeieHue:

A, = exp(-own), (2

IIe O — 3aTyxaHue BOJIHEI Ha Ilepuoe perretku. OHo
MOXET OBITh 3aJaHO JOCTATOYHO IIPOM3BOJILHO. s
9KBUJIMCTAHTHON peleTkd, c¢hOKyCUpOBaHHOU B
JaJIbHE 30He, U3BECTHO ONTUMAJIbHOE 3HAYCHME 3aTy-
XaHWSI, 00eCIIeunBaloIIee MaKCUMaTLHBIN KO dUIIN-
€HT MCIIOJIb30BaHusI TIOBEPXHOCTU aHTEHHHEI [ 16].

CremyeT OTMETUTD, YTO BEIOOP KOHKPETHOIO 3Ha-
YeHHs MapaMeTpa Ol He MMeeT OOJIbIIOro 3HAYEeHUS
JIJISI TIOCTPOEHMSI MIPUOJIMZKEHHOM MO, TaK KaK OH
OTHOCHUTENILHO CJIa00 BIMSET Ha pacmojioxXeHue (o-
KaJbHOTIO IISITHA, KOTOPOE IIPEUMYIIIECTBEHHO OIIpe-
nensiercst pa3oBbIM pacnpedesieHueM (1). OT aMIuim-
TYOHOTIO paclpeleaecHNsT 3aBUCUT OOIasl U3TydeHHasI
MOIITHOCTb, a TAKXKe paciipeaesieHue oIS B (hOKaJlb-
HoM 1isiTHe. [IpubamkeHHas1 TeOpUs ONUCHIBAET 3TU
XapaKTEePUCTUKU C IIOrPEITHOCTHIO BHE 3aBUCUMOCTH
OT TOYHOCTMU 3adaHMs 3aTyxaHus. OCHOBHas ILieb
MOCTPOCHMUSI TIPUOIMKEHHO MOJEIN COCTOUT B pac-
yeTe Oyru cKaHupoBaHUs. Kak Oynmer rmoka3zaHo HU-
K€, OHA yIOBJIECTBOPUTEIILHO pellaeT 3Ty 3aaaydy.

B kauectBe mM3nmyyaresss ObLI BRIOpaH BUPTYalb-
HBII1 BCceHaIIpaBJIeHHBII 3JIEeMEHTAPHbBIIA NCTOYHUK C
M30TPOITHOI IMarpaMMHOI HarpaBiieHHOCTH. [aiee,
ucnonb3ysa ¢pyHkuuo I'prHa CBOOOIHOIO MPOCTpaH-
CTBa, MOXEM PacCUMTaTh I10JIe U3TyIeHMsI, THTCHCUB-
HocTb V(X, y, Z) KOTOPOTO B CKaJISIPHOM ITPUOJIVMKEHU
BBIpakaeTcsl CJCAYIOIIMM 00pa3oM:

N
_ exp(i(pn — ikrn(xa Y, Z))
V 2 - An 5
()= 2, r(.3.2) 3)

2 2 2
rn('xayaz)z\/x +(y_yn) +2,
e X, y, L — KOOpAMHAThI TOYKH Ha6HIO,E[eHI/IH.

B pamMkax aTux npuOAMKeHUi B Auaria3oHe 4ya-
ctot 8.5...12.5 I'T11 6611 MpOBeieH pacyeT MoJIst U3y-
YeHUsI CUHTE3NPOBaHHOI pemerkn niunHoit L = 400
1 paccTosiHueM 10 okanbHbIX ToYeK 7 = 800. Pac-
YeThl MPOBOIUINCH JIJISI Pa3HbIX 3HAYCHUI TapaMeT-
poB dpu Af. LlenTpasibHY10 YacToTy f, = (f; +/,)/2 BbI-
onpanm pasHoi 10 I'Ti. danee onpenernsiiim KoopamuHa-
ThI XapaKTEPHBIX TOUEK, KOTOPBIE 3aTeM UCIIOJIb30BaAIU
IS HAXOXKIIeHWsI LIeHTpa (poKaJibHOTO TisiTHA. B Kaye-
CTBE XapaKTePHbIX TOYEK MbI UCTIOJIb30BAJIM TOUKHU, B
KOTOPBIX TOCTUTaeT MakcumyMa byHkuus 1V (r), toe
panuycoMm r 0003HaYe€HO pacCTOsIHUE OT LIEHTpa pe-
IIETKU 10 TOYKU HabmoneHus:. ®ynkuus rV(r) aBisi-
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Puc. 3. Iyru ckaHupoBaHus peuieTok: kpusasd [ — dp =
=320, Af=14TTu, 2—dp=320, Af=1.0TTu, 3—dp=
=400, Af= 1.4 I'Tu.

€TCs aHaJIOTOM HampaBJICHHOCTU B TEOPUM aHTEHH,
coKycrupoBaHHBIX B najbHei 30He. Ee ncnonb3ona-
HUE NI HAXOXACHUS LeHTpa (POKAITBHOTO TIATHA Ha
4acToTax CHUHTE3a fi, JaeT KOOPAMHATHI, BECbMa
OJIM3KUE K 3aJaHHBIM KOOpAUHATaM (POKaTbHbBIX TO-
4eK £ ,.

Ha puc. 3 npencraBiieHbl NOTyYeHHBIE OITMCAaHHBIM
BBIIIIE METOIOM AYTY CKAHUPOBAHUS, WA (DOKATILHbBIE
KPUBBIE PEIICTOK C PA3IMYHBIMU TTApaMETPaMMU.

Bunno, yTo pokanbHBIe KpUBBIE I, 2y PEIIETOK,
OTVIMYAIONINXCS TI0 mapaMeTpy Af 1 UMEIOIINX OV -
HAKOBBI€ PACCTOSTHUS MeX1y (hoKycamMu, mpakTuie-
CcKu coBraiu. Takoe moBeAeHNE CBUAECTEILCTBYET O
TOM, 4TO (hopMa 1 pa3Mephl IyT CKAHUPOBAHUS XO-
pOIIIO KOHTPOJIUPYIOTCSI Ha 3Tarle CUHTE3a PelIeTKU
3ajaHueM mnapamerpa dp. Takke MOXHO OTMETUTb
BBICOKYIO CTETIEHh CUMMETPUM (DOKATBLHBIX KPUBBIX
OTHOCUTEJILHO TOUKHU y = L /2, sBASIOIIENCS LeH-
TPOM PEIIEeTKH.

CexkTop CKaHMPOBaHUS, XapaKTePpUIYIOIIU pa3-
Mepbl 00JIaCTH, B KOTOPOii ¢ IOMOIIbIO JaHHOIT pe-
IIETKX MOXHO CTPOUTH pagron3o0pakeHne, yI0OHO
OIMCHLIBATh B MOJSIPHBIX KoopauHaTax », 6. Hauano
KOOpPJIMHAT HAaXOIUTCS B LIEHTPE PEIISTKU, a TOYKa
HAaOJIIOLEHUA JIEXNUT B TUIOCKOCTH YOZ. Yroa 0 MeHsI-
ercs B penenax +90°. MHTepecHO MOCTPOUTH 3aBU-
CUMOCTb YIJIOBOI KOOpAMHATHI (DOKAJIILHOIO ITISITHA
OT YacTOThI, KOTOpas mpeacraBicHa Ha puc. 4. Kpu-
Bble [/—3 TIOy4eHBI JIJISI PEIISTOK C TapaMeTpaMu,
MpUBEeICHHLIMU Ha puc. 3. BugHo, 4To MakcuMaib-
HBII1 CEKTOpP CKAaHMPOBAHUS UMEET pellleTKa C MUHU-
MasibHbIM nTapameTpom Af = 1.0 I'Tu. W3 puc. 2 cie-
JIYeT, YTO BO3MOXKHOCTb pacIIMpeHUsI CEKTOpa CKa-
HUpOBAaHMUS 3a CYeT yMEHbIICHUS mnapameTpa Af
orpaHmyeHa poCcTOM TpedyeMoro KoadduineHTa 3a-
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Puc. 4. 3aBUCUMOCTD YIJI0BOM KOOPAMHATHI (DOKATBHOM
TOYKH OT 4acTOThI: KpuBas | —dp=320, Af=1.4TTu, 2 —
dp=320,Af=1.0TTu, 3 —dp=400, Af=1.4TTu.

MmeneHusi. be3 ucnonab3oBaHUSI JaHHOTO (baKTopa
YBCINYECHHUE CCKTOpa CKaHMPOBaHMA BO3MOXKHO 3a
CUYCT paClIMPECHUA nuarasoHa 4acToOT.

4. OJIEKTPOANHAMMWYECKOE
MOIEJINPOBAHUE
BU®OKAJIBHOM PEIHIETKHA

CuHTe3 pellIeTKd U MOCTPOeHUE ee MPUOIXKEeH-
HOW MoJieJ1 ObUTY BO3MOXKHBI 0€3 AeTau3allii KOH-
CTPYKLIMU aHTEHHbI. BbINTOJTHEHME NBYX CIEAYIOLINX
9TAIoB MCCeI0BaHUSI TPeOyeT MOJHOTO ompeaesie-
HUSI €e CTPYKTYphI U mapaMeTpoB. B kauecTBe 1uHUA
nepeaayn ObljIa BEIOpaHa CUMMETpUYHAsT TTOJIOCKOBasI
i mpocTo nojiockoBast uHus (I1JT), a B kauecTBe U3-
JydaTelisl — 1Iesib B BepxHeM 3KkpaHe [1J1.

DiaeMeHTapHas1 sJdeiika OM@POoKaJIbHOM aHTEHHBI
noka3aHa Ha puc. 5. I1J] BbIIToJTHEHA Ha MOIJIOXKE C
OTHOCUTENILHOM OU3JIEKTPUUECKOM IIPOHMIIAEMO-
ctbio €,. Ulenp umeer H-o6pasnyio popmy, koTopast
MO3BOJISIET OCYIIECTBIISITh €€ HACTPOIKY 0e3 yBelu-
YeHUSI IUIMHBI IIEIIH.

DyieMeHTapHas sg4eiika conepKUT U30THYTHIN OT-
pe3ok [1J1. Beibop paccTosiHus /, 1aeT BO3MOXHOCTb
MOJIy4UTh TpeOyeMoe 3HadYeHue KoadduieHTa 3a-
memieHust. Orpe3ok I1JI B MecTe BKITIOYECHMS IISITN
WMeeT ABa HeOOIbIINX nuteda, mpeaHa3HaYeHHbBIX
IUIs1 coriacoBaHus 1ienu. M3BecTHO, 4To mpoaoibHast
1eIb SBISIETCS PE30HAHCHOI CTPYKTYypOii, KOoTopas
MOXKET OBbITh OMKMCcaHa KakK MapajieIbHbIii KOHTYP, MO-
cjeoBaTeIbHO BKIIIOUEHHBIN B JIMHUIO niepenayn. Ha
HU3KMX YacTOTax €ro UMMNeJaHC UMEEeT MHAYKTUB-
HBI XxapakTep, a Ha BBICOKMX — €MKOCTHOM. 311eCh
HUCMOJIb3YEM OTHOCUTEIBLHO KOPOTKUE 1IEH, Y KOTO-
pPbIX pE30HAHCHAas 4acToTa JIEXUT Bblllle pabouyero
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Puc. 5. DnemeHTapHas stueiika 6u(pOKaIbHOM aHTEHHBI: a — OOILIKI BUII, 6 — CJIOM, B — 11Ie/Ib, T — IMOJIOCKOBAsI IMHMSI.

Jrara3oHa 4acToT, YTO oOecreyrBaeT UHAYKTUBHBI
uMIiegaHc meieii. B To xke BpeMst KopoTKue 1ieitbl
C Harpy3Kou TUIa XOJIOCTON XO4 UMEIT EMKOCTHOM
BxomHoit umrienaHc. KomOuHalust AByX CONpPOTUBIIC-
HMIA pa3HbIX 3HAKOB ITO3BOJISIET YMEHBIIMUTD OOIIUIA pe-
AKTUBHbIA UMIIEIAHC CTPYKTYPhl HA LIEHTPAJIbHOM Ya-
CTOTe paboyero auaria3oHa A0 HYJISI U 3a CYeT 3TOro
CHM3UTh KO3MOULIMECHT OTPaKCHUS OT yJacTKa JUHUU,
Harpy>keHHOTIO LIEJIEBbIM U3JTy4aTeIEM.

Takum oOpazom, wuccieayemMasi BOJHOBEIYIIAS
CTPYKTYpa COAEPKUT TPU METAUIMYECKUX IIPOBOI-
HUKAa: MOJOCKOBBIA MPOBOAHUK INMPUHONA W U IBa
9KpaHa mupuHoit a. CTporo roBopsi, Takast JUHUS
nepeaayv MMeeT IBE OCHOBHBIE BOJIHBI, paCIIpoCTpa-
HsIo1mecs 6e3 orceyku. OgHa U3 HUX — padbodast BoJI-
Ha I'TJI, Bropast — BoJIHA IIJIOCKOTO BOJTHOBOAA, 00pa3o-
BaHHoro aByms 3kpaHamu I1J1. ITpu orcyTcTBUM HEeonm-
HOPOIHOCTEl 00€ BOJHBI OPTOrOHAIbHBI APYT APYTY U
pacripocTpaHsoTcs He3aBucuMo. OqHaKO Ha Hepery-
JIIPHOCTSIX, HApyIIAIOIIX CUMMETPUIO CTPYKTYPHI, Ta-
KMX KaK IIEJIW, BOJIHBI MOT'YT CBA3bIBATHCA APYT C APY-
roM. JlaHHasI CBSI3b HETAaTMBHO CKa3bIBAETCS HAa XapaK-
TepUCTUKAX aHTEHHBI, M IIO3TOMY HEOOXOIMMO
MPUHSTH JOITOJIHUTEIbHBIE MEPHI IS €€ TTOAaBISHMSI.

PAANOTEXHUKA 1 BJIEKTPOHUKA

OgHUM 13 BO3MOXKHBIX CIIOCOOOB TTOIABIICHUS
Mapa3suTHOI BOJITHOBOTHOM BOJTHBI MOXET OBITH BBE-
JIeHe BEePTUKAIBHBIX METAJUIMYECKUX CTEHOK TIpU
X = *a/2 v BHIOOP LIMPUHBI MOMJTOXKHU U3 YCTOBUS
a < A/2(g,)"/? (A — navHa BOJHBI B CBOOOIHOM IIPO-
CTpaHCTBe). B 3TOM citydae BojTHa TUIOCKOTO BOJTHOBOIA
npeodpasyeTcss B HEPacIpOCTPAHSIONIYIOCS BOJTHY
MPSIMOYTOJILHOTO METaJUTMYECKOTO BOJIHOBOAA IITH-
PWHOI1 a, CBSI3b C KOTOPOM He BIMSIET Ha (PYHKIIHO-
HUpOBaHWE aHTCHHBI.

MBI BOCIIOJIb30BAJIUCh APYTUM CIIOCOOOM, COCTO-
SIIUM B IIPMMEHEHUH IIPOAOJbHBIX Ieieil. BoaHo-
BOJHAs1 BOJIHA UMEET UCKJIIOUYUTEIbHO MPOJ0JbHbIE
3JIEKTPUYECKUE TOKU, HA KOTOPbIE JOCTATOYHO Y3KUE
TIPOIIOJILHBIE IIEJIU HE OKA3bIBAIOT 3aMETHOI'O BIIUSTHUSL.
IToaTOMY CBSI3b HAHHOM BOJHBI CO IIIEISIMU BeCbMa
mana. Kpome Toro, uznydyaroliye NpoaoabHbIC IISIU
pacrioyiarajiucb CAMMETPUYHO OTHOCUTEJIBHO ITPOI0JIb-
HOM OCH TIOIJIOXKKH, YTO JOIIOJIHUTEIIFHO OCIa0IsIeT
YKa3aHHYIO CBSI3b, UCK/IIOUAsl B3aUMOJECUCTBUE T10-
JIOCKOBO 1 BOTHOBOIHON BOJIH.

JIJ1s1 YMCJIEHHOTO MOJEIMPOBaHUS ObLIY BEIOpaHBI
cJefylolme rmapaMeTpbl peleTK: YUCJIOo 3JeMEHTOB
N =36, L,=400, z= 800, dpr= 320, /;=9.3 I'Tu, f, =
= 10.7 I'Tu, nmapametps! I1JI u mneiidos: €, = 2.08,
Ne 1
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Puc. 6. HopmupoBaHHOe pacnpeneiieHre HaIlpsKeHHO-
CTH 2JIEKTPUYECKOTO TIOJISI B paAvaIbHOM HarpaBJICHUN
Ha yactotax f= 9.3 (1) u 10.7 I'Tux (2).

h=2,a=12.0,t=0.03,w=1,R =16,R,=0.6,w, =1,
0 = 0.6, mapaMeTphbl LLEJEH: 5,=6.2,5,=2.5,5 =1,
d=2,A=3.19 (c™m. puc. 5). lnunsl /,,,, [, CECTMEHTOB
I1JI 66111 BEIOpAHBI ¢ UCIIOTE30BAaHUEM ITapaMETPOB
P, U, (n=1:36), KoTOpbIC MTOJTYICHBI B pe3yJbTaTe
CUHTE3a PEIIETKU.

Ha puc. 6 mpencraBiieHBI pe3y/IbTaThl pacuyeTa Ha-
MOPSKEHHOCTH 3JICKTPUYECKOTO TTOJISI B 3aBUCUMOCTU
OT paavagbHON KOOPAUHATHI (CM. pas3f. 3), MOJTyYeH-
HbIe Ha yactoTax /= 9.3, 10.7 I'Tu, sBnstrommxcs 4a-
CTOTaMHM CMHTE3a PelIeTKN, Ha KOTOPBIX OHA TOJIKHA
MMETh UaeaIbHble TOYKU (POKYCUPOBKU C 3alaHHBI-
MU KOOpAWHATAMU.

OTMeTHM IBe OCOOEHHOCTH KPUBBIX Ha puc. 6.
IlepBast cocTouT B TOM, YTO MaKCHMMYM, JIeXKaIIWi
npu r = 600, He ABJISIETCS ITI00ATBHBIM SKCTPEMYMOM
MOJIsl, KOTOPOE MOXET UMETh aMILIUTYIy, IIpEeBhIIIA-
IOLLYIO aMILUIUTYay IIpu 7 = 600 I cOu3MepUMYIO C
Hell, B HEMOCPEACTBEHHON OJM30CTU OT PEIISTKU.
Btopast ocoGeHHOCTh B TOM, YTO KOOPAUHATHI TOYKH
MakCHMMyMa IIOJISI HE COBIIQJAIOT C KOOpAMHATaMU
¢ oKaNnbHBIX TOYEK + = 816, OTy4aeMBIMU B PE3Y/ILTATE
cuHTe3a pemetk. O6e yKazaHHbIE OCOOCHHOCTU TH-
MAYHBI 1151 TUHEHHBIX (DOKYCUPYIOIINX CTPYKTYP.

Ha sramne cuHTe3a Mbl paccMaTpUBajIu IIOBEASHUE
FeOMETPOONTUYECKOTO TOoJIsI B IUIOCKOCTU YOZ, u
MO3TOMY MOXEM OOOCHOBAaHHO TOBOPHUTH O TOUYKE
(GOKYCHMPOBKM B 3TOM IMIIOCKOCTH. OTHAKO TaKoe XKe
MoBeJleHe MoJIsl HabJomaeTcsl B JII00O0I TIOCKOCTH,
IpoXosileii yepe3 och pemeTku. M3 aToro ciemyer,
YTO MOJie KOHIIEHTPUPYETCS HE B TOUKE, a Ha Oyre
OKPY>KHOCTH C LIEHTPOM Ha ocH penreTku (Ha ocu 0y),
KOToOpasi IiepeceKaeT IJI0CKOCTh YOZ B TOUKE C 3aJaH-
HBIMU B X0JI¢ CUHTe3a KoopauHaTtamu. [1oaHoieHHYI0
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Puc. 7. HopmupoBaHHoe pacnpenesneHue napamerpa rE s
paavaabHOM HaIlpaBJIEHUU: MOJYYeHO MPU MOJEIMPOBa-
Huu B iporpamme HFSS (/) u B pamkax mpuGImKe HHOM
monenu (2).

(OKYyCUPOBKY B TOYKY MOXET OOECIEYUTH TOJIHKO
JIByMEpHasi CTPYKTypa. B omHOMepHOI pelleTke 3Toro
JOCTHYb He yaaeTcsl U, KaK CJIEICTBUE 3TOrO €€ CBOI-
CTBa, MIMEET MECTO CPABHUTENIBHO CJ1abast KOHIEHTPa-
LIMST TIOJIST B OKPECTHOCTH (POKYCa, KOTOPOE OKa3bIBa-
€TCsI COTIOCTAaBUMBIM C TIOJIEM BOJIM3U PEIIETKU.

Ha puc. 7 npencraBieHa 3aBUCUMOCTb OT paau-
albHOIT KoopauHathl (GyHKOMU rE, KoTtopass Oblia
BBe/IeHa B pa3ldl. 3 U KOTOpasl SIBJISIETCS aHAJIOTOM Ha-
MPAaBIEHHOCTH — XapaKTePUCTUKU aHTEHH, MpeaHa-
3HAYCHHBIX JIJIs1 M3JTyYSHMS B TaJIbHEM 30He. XapaKTep-
HBIM B JAHHOI 3aBUCHUMOCTU SIBJISICTCSI YCTpaHEHUE
0COOEHHOCTEM, OTMEUYEHHBIX BhIlIe. Bo-TiepBhIX, JaH-
Hasi (pyHKIIMST MMEET ONWH YETKO BBIPa’KEHHBII 3KC-
TpeMyM. Bo-BTOpBIX, OH pacroyioxeH 0JIU3KO K TOY-
K& TeOMETPOONTUYECKOTrO (POoKyca, 3amaBaeMoOro Ha
9Tarle CUHTE3a. YKa3aHHBbIC (DaKTOPHI MO3BOJISTIOT
BBIOpaTh MaKCHMyM HamnpaBJIECHHOCTH B KadeCTBE
KPUTEPUSI TS TOCTPOESHUS IyTU CKAHUPOBAHUS (CM.
Tak:Ke pasi. 3).

Ha puc. 8 mpencraBieHa nyra CKaHUpOBaHUSI, IO~
JIydeHHasI B pe3yjbTaTe 00pabOTKM pacCYMTaHHBIX
pacIipeneaeHU OISt IO CTPOTOM M IO MPUOIKEH-
HOU MozessIM (TOYKU U MyHKTUP). Pacuer mosist mpo-
BoauJjcs Ha yactortax 8.5,9,9.3,9.5, 10, 10.5, 10.7, 11,
11.5, 12 T'Tu. ToscToii TOpU30OHTATBHOM JIMHUEH TT10-
KazaHa o0JyiacTh, 3aHsiTasl pelleTkoit. Kak BumHO,
MMEET MECTO IIOYTH MOJIHOE COBHAACHNE PE3YJIBTaTOB
CTPOTOro YMCJICHHOTO MOIEIUPOBAHUS M pacyeTa IO
npuommkeHHo Monenu. [ToatoMy Bce 0cOOEHHOCTU
(OKAJTBHBIX KPUBBIX, OIIMCAHHEIC B pa3i. 3, MOXKEM OT-
HECTH M K KpMBBIM, TOIy4YeHHBIM Ipr rTomort HESS.

st otleHKU 3(HEeKTUBHOCTU (POKYCUPOBKU TMO-
JISI MTHTEPECHO MOCTPOUTH 3aBUCUMOCTb €ro MHTEH-
CHUBHOCTH, BBEJICHHOM B pa3l. 3, OT YIJIOBOI KOOPIH-
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Puc. 8. [Iyra ckanupoBaHus: Ha yacToTax 8.5, 9, 9.3, 9.5,
10, 10.5, 10.7, 11, 11.5, 12 I'Tu B yMcCaeHHBIX pacyeTax
(TOYKM) ¥ TI0 TPUOITMKEHHOUN MoeNu (TTyHKTHUP).

Hatbl O (puc. 9). [Napbl KpuBbIX /—& paccunTaHbl Ha
yactotax 8.5, 9, 9.5, 10, 10.5, 11, 11.5, 12 ITu
(CITOLIHEBIE KPUBHIE MOIYYEeHBLI IIPU MOIEIMPOBa-
Hum B riporpamme HFSS, a myHKTMpHBIE — 110 TpU-
OMVKEHHOUW MOIenn). AMITIUTYAA BJIEKTPUYECKOTO
0Jisi HOpMHPOBaHA HAa CBOE MaKCUMaJIbHOE 3Hade-
HMe Ha JaHHOM YyacToTe. MOXHO OTMETHUTD, YTO IPU-
OV>KeHHasT MOJIE b TTIO3BOJISIET OTNKUCATh C XOPOIIeit
TOYHOCTBIO TIOJIOXEHNE MAKCUMYMOB MOJIsI, YTO HeE-
VIUBUTEIbHO, YYUTHIBAs MNPOIEMOHCTPUPOBAHHYIO
BBIIII€ BHICOKYIO TOUHOCTh pacyeTra (poKajabHOI Kpu-
Boit. KpoMe TOro, oHa XOpOIIIO OIMCHIBAEeT TaKKe U
¢dopMy pacrpenesieHus MoJjsl, MOCKOJIbKY KPUBbBIE B
Kaxkaoit rmape 1m0o BechbMa OJIU3KU, TMOO COBITAAAIOT
¢ rpadyecKoi TOYHOCThI0. TakM 06pa3zoM, MOKEM
caeJiaTh BBIBOM, UTO IJIsI OLIEHKHM TaKWX MapaMeTpPOB
c(OKyCHUpOBaHHOI aHTEHHOM pelIeTKU, KaK MoJio-
XKeHue (poKalabHOIO IISITHA, €ro pa3Mephl, YPOBEeHb
OOKOBBIX JIEECTKOB, MOXHO YCIEIIHO HCIIOIb30-
BaThb NPUOJMXKEHHYIO MOAE/b, N30erast TpyJOoeMKUX
YMCJIEHHBIX PACUYETOB.

Xopoleit BU3yaabHONM WLIIOCTpalME Ipolecca
YaCTOTHOTO CKAaHMPOBAHUSI SIBJISTIOTCS IBYMEPHBIE U
TpeXMepHBbIE paclpele/ICHUS TOJICi, KOTOPbIE MOX-
HO IIOJIYYUTh IIpu MonenupoBannu B cucteme HFSS.
Ha puc. 10 nipencraBieHbl pacripeaeeHUs MHTCH-
CUBHOCTH 3JIEKTPUYECKOTO MO B IUIOCKOCcTU YOZ B
IEeHTPE W Ha rpaHMIaX CEKTOpa CKAaHUPOBAHUS, CO-
OTBETCTBYIOIIIME TPEM pa3IMUHBIM yacTtotam 10, 8.5
12 I'T.

Ha puc. 10 xopo1o BugeH u 3¢pdeKT POoKycHupoB-
KM TIOJIST, ¥ €TO 3aBUCUMOCTB OT YacTOThI. DoKaibHOE

PAANOTEXHUKA 1 BJIEKTPOHUKA

E/E, .. b

Puc. 9. HopmupoBaHHOe pacripeneneHue HanpsKeHHO-
CTH B3JICKTPUYECKOTO TOJIsSI B 3aBUCMMOCTHU OT YIJIOBOM
KoopauHatel Ha yactortax 8.5 (/), 9 (2), 9.5 (3), 10 (4),
10.5 (5), 11 (6), 11.5 (7), 12 I'T1x (&) mosrydeHO TIpU MoJie-
nupoBaHuu B nporpamme HFSS (crutomHbie KpuBbie) U B
paMKax MpuOJIMKEeHHOW MoJien (ITyHKTHD).

MSATHO B IUIOCKOCTU CKaHUPOBAHUS IepeMelaeTcs
MpU U3MEHEHUM YacTOThl. TpexMepHbIe pacripenese-
HYSI MHTEHCUBHOCTU TI0JIS1 HA TPEX pa3IMYHbIX YacTO-
Tax (Ha yactoTax ToyHoM pokycrupoBku 9.3 u 10.7 I'Ti,
a TaKXXe B cepeiMHe CeKTopa CKaHMPOBaHMUS Ha ya-
crore 10 I'Tir) mpeacrasiaeHbl Ha puc. 11.

Xopol11o BUJHA OTMEUEeHHasl BbIIle 0COOCHHOCTD
(GOKYCHMPOBKM IT0JISI OMHOMEPHOM JIMHEMHOM perieT-
KOI1, CBsI3aHHAs C €ro KOHILICHTpalueil Ha ayre, a He
B TOUKe, KaK B clIydyae IByYMEpHOI (hOKyCHUpPYIOLICH
CUCTEMHI.

BaxXHOI1 4acTbIO aHAIM3a PELIETKU SIBJISIETCS UC-
cienoBaHue ee kKak CBY-ueTbhIpexIoyitocHUKa.
OmnpezeneHue ero MOPTOB MOSICHETCS HAa puc. 12, Ha
KOTOPOM IIPEICTABIEHO CXEMaTUYHOE U300pakeHEe
PELIETKH B BUJIE IMHUU MEPENAYN C TIOCIIEN0BATENb-
HOCTbIO HeperyasipHocTeii. Ha puc. 13 mokasaHbI
DJIEMEHTBI MATPULBLI PACCESHUS TOTO YETHIPEXIIO-
JIOCHUKA — Kod(duLMeHT oTpaxeHus |S;,| 1 Koad-
uieHt nepenaun |.S),|.

Kpusnie 1, 2 teMOHCTpHUPYIOT BaXXHbIE OCOOEHHO-
CTH HCCIeayeMoro oobekTa. B mepByto ouepens cieny-
€T OTMETHUTD, YTO KO3(MDDUIIMEHT OTpaKeHMUsI BO BCEM
JIOCTaTOYHO IIMPOKOM JraIia30He YacTOT He MPeBbI-
maet 3HaueHue —12 nb. Takum o6pazomM, B CHHTE3U -
POBaHHOI pelleTKe yaaeTcs n3dexarb pe3Koro pocta
Ko3(hduimeHTa OTpaXXeHNI B HEKOTOPOM IMarna30He
yacToT. B pemreTkax, c(hoOKyCMpOBaHHBIX B JATbHEH 30-
He, 3TOT 3 DEKT NOIydI HazBaHUe 3P dekTa HopMaIu
[16], TIOCKOIBKY OH HAOJTIOMAETCSI B PEXKMME M3TyIeHUS
B HaIIpaBJICHUU HOPMAaJIX K OCH PEIIETKU.
Ne 1
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Puc. 10. PacnipeneneHysi MHTEHCMBHOCTHU 3JIEKTPUUYECKOTO T0JIs1 B TUIOCKOCTH YOZ Ha yactotax 8.5 (a), 10 (6) u 12 I'Tx (B).

Cnenyer ckasarh, 4TO B C(HOKYCHPOBAHHOI pe-
metke 3 deKT HopMayiu ociiabjieH TeM, YTO pellieTKa
He SIBJISIETCS] TIEPUOIUYECKON CTPYKTypoit. OmgHaKo
Jlaxke B 3TOM cJIydyae Mpu UCMOJIb30BaHUM HECOTJIACO-
BaHHBIX M3JIydaTesieit HaOIogaeTcs pocT Koaddu-
IMEeHTa OTPaXKEHMsI Ha YacTOTax, COOTBETCTBYIOILINX
MPOXOXAEHUIO (POKATBHBIM MITHOM LIEHTPaA pelieT-
Kku. U3 puc. 13 BUIHO, 4yTO yBeanyeHUe Koadduim-
€HTa OTpakeHUsI UMEET MECTO B OKPECTHOCTH 4acTO-
o1 9.7 I'Tu (kpuBast /). Tem He MeHee 3TOT POCT
OrpaHUYCH JOCTAaTOYHO HM3KUM ypoBHeM —12 nb.
JobuTbcsl XOpOIIero corjacoBaHUSI PEIIETKH BO
BCceM paboyeM auana3oHe YacTOT yaaaoch Oaroaaps
BBEIEHHBIM B €€ KOHCTPYKIIUIO COIJIACYIOIIUM TI0-
JIOCKOBBIM I1ieiicbam (cM. pasm. 4).

Ne 1
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Puc. 11. TpexmepHble pacrpeneyieHust 371eKTpUYecKoro
noJist Ha yactorax 9.3 (), 10 (2) u 10.7 (3) I'Tu.

2023



52 BAHKOB u np.

IMopt 1

O & *—o&
1 2 3

N—-2N—-1N

Puc. 12. Pemrerka kak CBY-4eThIpeXIToI0CHUK.

AHan3upysl 4acTOTHYIO 3aBUCUMOCTb K03 du-
LMeHTa Tiepenayu S),, OTMETUM, UYTO B UCCIEAOBaH-
HOM JIMaIla30HE YacTOT €ro BEJIMYMHA CYIIeCTBEHHO
usMeHsercs, ot —6 1o —17 ab. JIj1 Xxopolio coriaco-
BaHHOM pemeTKu Kod3(h@dUIMEHT Iepenadyu MOKET
HCIIOJIb30BAaThCS IJISI OLIEHKM M3JIY4eHHO B IPO-
CTPaHCTBO MOIITHOCTH P,

P, = R(1-1Saf). “)

e P; — BXoqHAast MOIITHOCTD.

M3 cootHOmieHus (4) ciaemyeT, 4TO M3IydaTeiab-
Hasl CITOCOOHOCTb 11IeJI1 B CUJIbHOM CTEIEHU 3aBUCUT
oT yactoThl. [1o 3Toii MpuuMHe cTabUIN3UPOBATH U3-
JIyY4YEHHYIO MOIIIHOCTh BO BCEM IIIMPOKOM Araria3oHe
YacTOT B JAHHOUW KOHCTPYKUMU HE MpeacTaBIsSIETCs
BO3MOXHBIM. B [16] TiprBOAMTCS OIIEHKA ONITUMAITh-
HOM HACTPOWKHU NMEPUOANUYECKOI pelIeTK, MpUu KO-
topoit §,= —(10...12) nb. Cnenys 3Toii pekoMeHaa-
U1, MbI BBIOMpAIU MapamMeTpbl C(hOKYCUPOBAHHO
pelIeTKM TaKUM 00pa3oM, UTOOBI B LIEHTpE AMAara3o-
Ha OHa uMmesia OJU3KOe K ONTUMaJIbHOMY 3HauyeHUE
Koa(pduumeHTa nepenaumn (cM. puc. 13, kpuBas 2).
3aBepiasi oOCyXXIeHVE YacTOTHBIX 3aBUCHUMOCTE
napaMmeTpoB pacCesiHUS PEIIeTKHA, MOXEM OTMETHUTh,
YTO B COOTBETCTBHU C [16] cHIIbHAst 3aBUCHMOCTD OT
4acTOThl MapamMeTpa S}, B CPAaBHUTEIBLHO HEOOJbIIIONH
CTENeHM CKa3bIBaeTCsI Ha dHepreTndeckon a3dpdek-
TUBHOCTU PEIIETKU, KOTOpasi B TaHHOM CJIy4yae CHU-
JKaeTcsl U3-3a yKa3aHHOI 3aBUCUMOCTU Ha BEJIWYU-
Hy, He TIpeBbInaonyio 1 nb.
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Puc. 13. YacTtoTHas 3aBUCMMOCTh I1apaMeTPOB paccesi-
HMS pemeTku: KpuBasg I — KoddDOUIIMEHT OTpakeHUs
|S11], xpuBas 2 — kosddunmeHT epenayi |Sy,|.

PAANOTEXHUKA 1 BJIEKTPOHUKA

5. O5KCITEPUMEHTAJIBHOE
NCCIIEJOBAHUE
BUDOKAJIIBHOU PEHIETKHA

Oo6pa3zel; 6MpoKaabHON pelIeTKN OBLI pa3pado-
TaH U U3TOTOBJICH C HCIOJb30BaHMEM MaTepHajia
Rogers Duroid 5880 PCB, nMeroniero oTHOCUTEIb-
HYIO TU3JIEKTPUUYECKYIO MPOHUIIAEMOCTBIO €, = 2.2,
TaHTeHC yria motepb tgd = 0.009 U ToNILUHY MO -
noxku A = 0.787. 1711 N3roToBJIEHUS UCIIOIb30BaIN
cranok LPKF S-63 ¢ mporpaMMHBIM YIIpaBJIEHUEM.
B coorBeTcTBUM ¢ puc. 5 o6pa3el; UMeeT TPU CJIOs
MeTau3auuiy. Lleny BEITOIHEHBI B BEPXHEM CITOE-
skpane, I1JI pacronoxkeHa Ha cpegHEM ClIoe U HITXK-
HUI CI0M MHpencTaBiIsieT cO0O0I CIUIOLIHOI 3KpaH.
Ilenn u I1JI noka3aHbl Ha puc. 14a, 146. O61asa mim-
Ha aHTeHHBI paBHa 420, mmpuHa 14. Ciegyer oTMe-
TUTh, YTO ITApaMeTPhl SKCIIEPUMEHTAJILHOTO 00pa31a
HECKOJIBKO OT/IMYAIOTCI OT MapaMeTpoB, 3aJaHHBIX
TIpY MOJIEJIMPOBAHUHU B pasn. 4. OOIIMii BUI N3roTOB-
JIeHHOTO 00Opaslia MoKa3aH Ha puc. 14B.

OO0pa3zell MeeT ABa KOaKCUaJIbHBIX pa3beMa, KO-
TOpBIC WCITONB3YIOTCS TSI U3MEpPEeHUs] XapaKTepH-
CTUK paccessHus peireTku. [1py n3mMepeHUsIX JIeBbIit
paszbeM MOAKIIIOYAETCSI K TeHepaTopy, a MpaBblii — K
COITIacOBaHHOI HaTpy3Ke.

Ha puc. 15a, 156 moka3aHbl U3MEPEHHBIE U pac-
CUUTAHHbBIE IS MapaMeTPOB AKCMEPUMEHTAILHOTO
00pa3iia YaCTOTHBIE XapaKTEPUCTUKU pacCesTHUSI OU-
¢dokanbHOI pemieTku. Kak BUAUM, U3MEPEHHbIE U
paccuMTaHHbIE KPUBbIE JOCTATOYHO XOPOIIIO COBIIA-
natoT. OTMETUM TaK:Ke TIPOsIBJICHNE Ha 9KCIIEpUMEH -
TaJIbHBIX KPUBBIX XapaKTePHBIX OCOOEHHOCTEM, OMU-
CaHHBIX B pa3m. 4, BYaCTHOCTH, poCcT KoadduimeHTa
OTpaxkeHMsI B OKpeCcTHOCTU 4dacToThl 9.5 I'Ti, oly-
CJIOBJICHHBIN 3(h(heKTOM HOpMaJIH.

SKCHCpI/IMCHTaIIbHOe HCCICOJOBAaHUEC PEIICTKN
BKITIOYAJIO TaAKXKE M3MEPECHUE ITOJIA U3TYyYCHUA. Cxema

Puc. 14. llenu (a) u I[1J1 (6) 6udokanbHOI peneTku, 00-
1M Bua 0 oKaIbHOMI peneTku (B).

TOM 68 Ne 1 2023
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Puc. 15. DkcnepuMeHTajlbHas (IIyHKTUPHAs KpUBast) U
pacueTHast (CIUIOLIHAsI) XapaKTepUCTUKU KoadduireHTa
oTpaxeHus (a) 1 KoadduUlMeHTa Iepenadu pemeTky (6).

U3MEPEHUI MoKa3aHa Ha puc. 16. C LIEHTPOM peLIeTKU
COBMeEIIIAJIaCh IITAHTa, U3TOTOBJICHHAsI W3 PagyoIpoO-
3payHoro Marepuana. Ha Heil ycraHaBiIMBaIn KOaKCH-
AJIbHBINA 30HJ, OpUEHTUPOBAHHBIN NepHEeHINKYJISIP-
Ho ocH peuieTku. IlITaHra Oblia BEIITOJIHEHA C y4e-
TOM BO3MOXXHOCTU YIJIOBOTO IepeMeleHMsI, a 30H,
MMeJI BO3MOXHOCTh paguajibHOTO cMelneHus. Kom-
61/IHaLLI/IH JABYX TUITOB IBU2KCHMU A ITO3BOJIACT YCTaHAB-
JIMBaTh KOaKCHaJIbHBIN 30H/ B ITIPOMU3BOJIbBHYIO TOUYKY
B 1uiockoctu YOZ (cMm. puc. 1). Ilpu BeIOpaHHOM
crioco0e TiepeMelIeHUs 30H1a YI0OHO IPEeACTaBISITh
U3MEpEeHHBIC TaHHBIE B MOJISIPHBIX KOOpPIWHATAaX F, 0.
Hauano xoopamHat, Kak 1 B pa3a. 3 1 4, COBINAIaET C
LIEHTPOM pPeIeTKU.

Ha puc. 17 npencraBiaeHbl U3MEpEeHHBIE U PACCU-
taHHbIe ¢ noMonibio HFSS HopMupoBaHHEBIE pacmipe-
JeJeHUST aMIUTUTYObI SJIEKTPUYECKOTO MOJISI BAOJb pa-
IMaJIbHOM KoopouHaTthl. Pacripenenenue moist OBIIO

PAJIMOTEXHUKA U BJIEKTPOHUKA

TOM 68 Ne 1
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Puc. 16. Cxema usMepeHUs pacrpenaesIeHUs TT0JIs.

E/Ej, 1B

800

Puc. 17. DkcnepumeHTanbHble (1, 2) u pacuetHsie (1, 2")
HOPMUPOBAHHBIE pacrpeneaeHrs] aMIUTUTYIbl JIEKTPU-
yecKoro noJist Ha yacrotax 9.3 (1, 1) n 10.7 I'Tu (2, 2') B
3aBUCHMOCTHU OT PaJiMajibHON KOOPIUHATHI.

M3MEpPEeHOo U paccuuTaHo Ha yactoTtax 9.3 u 10.7 I'T1r.
HopMupoBka mojist oCyLIeCTBIIsSIJIaCh Ha €ro 3Hade-
HHUE B TOUKe (POKYCHUPOBKMU.

AHanu3upysl JaHHBIe Ha puc. 18, Takke MoXeM
OTMETUTD OJIM30CTh IKCEPUMEHTATBHBIX U PACUETHBIX
pe3yJIbTaTOB U MPOSIBJIEHUE XapaKTEPHBIX OCOOEHHO-
cTei moBeaeHus 10J1s1, COOKYCUPOBAHHOTO PEILIETKOM.
B nanHOM ciyyae 3To 1OCTaTOYHO OOJIbIIasi aMILIUATY -
Jla TI0Jis1 BOJIM3U pelIeTKU, KOTopasi MpeBbIlIaeT ee
3HaYC€HUE B TOUKE (DOKYCUPOBKH, a TAKXKE XapaKTep-
HOE CMEIIeHNEe MaKCUMyMa MoJIsi OTHOCUTENILHO pac-
YETHOIO FeOMETPOOITHUYECKOTO (PoKyca.

Ha puc. 18 mokazaHbl U3BMEpeHHbIE U pacCUYUTaH-
HBIe HOPMUPOBAHHbLIE paCIpeaeIcHUS 3IeKTpUUIe-
CKOTO TTI0JISI B 3aBUCHMOCTH OT YTJIOBOI KOOPIMHATHI.
Ha yacrtortax 8.5, 9, 10, 11, 12 I'Tu. IlpeacraBieHHbIE
Ha puc. 18 KpuBbIE MOXHO pacCMaTpHUBaTh KaK YIJIO-
BBIe pacnpeaeieHUs ToJIs B (POKAJIbHBIX IISITHAX, KO-
TOpble pelreTka (GopMupyeT B AuUaria30HE YacToT.
BupnHo, 4To pacueTHass MOJIENIb XOPOIIIO OMUCKHLIBAET
TIOJIOKEHME Y ITNPUHY (POKAJTBHOTO IISITHA. YPOBECHbB
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Puc. 18. DxcriepuMeHTaIbHbIE (ITYHKTUPHbBIE) U pacyeT-
Hble (CIUIOLUHbIE) HOPMUPOBAHHbBIE PaCIpeleIeHUs] aM-
IJIATYOBl 3JEKTPUYECKOro mojs Ha vactorax 8.5 (1),
9(2),10(3), 11 (4, 12 'Tux (5) B 3aBUCUMOCTH OT YIJIOBOM
KOOPIMHATHI.

TIEPBLIX OOKOBBIX JICTIECTKOB TaKKe pPaCcCUnUThIBACTCA
C HpPIeMJ'[CMOfI TOYHOCTLBIO. HpI/I YaaJ€HUM OT LICH-
Tpa (I)OKHIII)HOI‘O IIFITHA pacXxoXICHUE paCUCTHBIX U
N3MCPECHHLIX JaHHBbIX YBEJINYMNBACTCA.

3AKJIIOYEHHME

IMonyueHHBIE pe3yIbTaThl TEOPETUUECKUX U DKC-
MEepUMEHTAJIbHBIX UCCIIEMOBAHUIT ITOKA3BIBAIOT, UTO
oudoxanpHas pemieTka o0JIamaeT pSIIOM IpPeuMy-
IIECTB meped OOHOMOKAIbHBIMU aHajioramu. KMc-
MOJIb30BAaHUE TaKUX CTPYKTYp HAET BO3MOXHOCTH
elle Ha HavYaJIbHOM 3Tare CMHTe3a KOHTPOJIMPOBAaTh
dopmy (poKaITbHOM KPpUBOM, a TAKKE YPOBEHB ONTH -
YyecKnUX abeppauuii. 3a cyeT 3TUX (PAKTOPOB MOXKET
OBITH paclIMpeH CEeKTOp 0030pa IIPOCTpaHCTBA M
VIIYYIIEHO Ka4eCTBO PaIMOU300pakeHUSI, YTO BAXKHO
MPU UCITOJIb30BaHUU c(hOKYCUPOBAHHBIX CKAHUPYIO-
IIMX aHTEHH B CUCTeMax paJnuOBUICHUSI.

ABTOpBI 3asBJISIIOT 00 OTCYTCTBMM KOHGMJIUKTA
WHTEPECOB

PAANOTEXHUKA 1 BJIEKTPOHUKA

OPMHAHCUPOBAHUE PABOThHI

Pa6ora BrIITONTHEHA B paMKax rocygrapCTB€HHOTIO 3a-
JaHusA.
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