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Annoranus. [IpensoxkeHa BcTparBaeMasi B aBapuiiHble PaJlOMasKd BTOPOro MOKOJIEHHUs OMCKOBO-cnacatesbHOl cucteMbl KOCITAC-
CAPCAT aHTeHHa, cocrosilliasi U3 sjeMeHTa [1ofireHca B BUIle COBMELIEHHBIX YKOPOUEHHOH paMKH (netnid) u aunoss. dopmupoBaHue
JMarpaMMbl HalpaB/leHHOCTH B (popMe KapAHOUbl JOCTHTHYTO 34 CUET 0C0060ro BO3OYKIEHHUS AUNOJ U neTau. PazpaboTaHa MHKeHep-
Hasl MeTOAMKA MPOEKTHPOBAHHS aHTEHHBl U IPHBENEHO CPaBHEHHE Pe3yJbTaTOB YHMCJIEHHOTO MOJENHMPOBAHHUS C SKCIEPHMEHTaNbHBIMHU
JaHHBIMH. XapaKTepuCTHKH aHTeHHbI yaoBaeTBopsiioT TpebGoanussMm KOCITAC-CAPCAT k panuoGysim BTOPOTro MOKOJIEHHsI HA YaCTOTE
406 MI'u. [aH npuMep nmpyMeHeHHUs pa3pabOTaHHONW aHTEHHBI B T€PCOHA/JIbHOM aBapHHHOM paiHOMasiKe C PacloJoXKeHHeM ee C BHYT-
peHHell CTOPOHBI 60KOBOH CTeHKH Kopryca ¢ radapuramu 200 X 75 x 45 mM. OCHOBHble NPeUMYIeCTBA NaHHOH aHTEHHBI — IPOCTOTA
B M3TOTOBJIEHHH, 3aLIUIIEHHOCTb OT BHEIIHMX MeXaHWYECKUX BO3AEHCTBUH M HHM3Kasi CTOMMOCTb.

KuroueBbie ciioBa: QMIOJbHO-TIETNEBble aHTEHHBI, KapAHOUIHAsl AHarpaMMma HalpaBJ/eHHOCTH, MoJycdepryeckast fuarpaMma Harnpas-
JIEHHOCTH, BCTPOEHHbIe aHTEHHBbI

Built-in Antenna for Second Generation Emergency
Radio Beacons of the COSPAS—-SARSAT System
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Abstract. A built-in antenna for distress beacons of the second generation for search and rescue COSPAS-SARSAT system that
consists of a Huygens element in the form of a combined half-wave frame (loop) and dipole is proposed. The formation of the
radiation pattern in the cardioid form is achieved by specific excitation of the dipole and loop. An engineering design methodology
of the antennas is developed and the comparison of the results of numerical simulation with experimental data is presented.
The performance of the antenna meets the requirements of COSPAS-SARSAT to the second generation beacons on a frequency
of 406 MHz. An example of application of the developed antenna in the personal distress beacon with its placing on the inner
side of the side wall of the frame with the dimensions of 200x75x45 mm is given. The main advantages of this antenna are easy
manufacture, protection from external mechanical effects, and low cost.

Keywords: dipole-loop antennas, cardioid pattern, hemispherical radiation pattern, built-in antennas
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BBenenue

Jlnsi BO3MOXKHOCTH OINOBeleHUs] O OelCTBUU
U MECTOMOJIOKEHHH MepCOHANbHBIX paguobyeB U pa-
IMOMAasiKOB, YCTaHOBJIEHHBIX Ha CYlax W caMoJeTax,
B cJyuae aBapuiHBIX cuTyauui B 1977 r. 6b1a co3zna-
Ha MeXXIyHapoaHasi MOMCKOBO-ClacaTesbHasi CHCTeMa
KOCITAC-CAPCAT. [o HacTosLIero BpeMeHH CHUCTe-
Ma cTpousach Ha 6aze HU3KOOPOUTANBHON T'PYIITHPOB-
KW CIIyTHUKOB M OCHOBHBIM THMIIOM aHTEHH [JIsl Tepe-
Jlaud CHUTHasa Ha CNyTHUK Ha dactoTe 406 MI1 Obln
MoHomno/b. OCHOBHO€e HarpaBJeHHe PAa3BUTHUS CUCTEMBbI
KOCITAC-CAPCAT B HacTosilllee BpeMsi — CO3JaHHe
KOCMHMYECKOr0 cerMeHTa Ha 0ase IPYNIUPOBKU CPeA-
Heop6utanbHbX crnyTHHKOB MEOSAR ¢ wnesbio co-
31aHHUsI PABHOMEPHOTO MOKPBHITUS BCeH BUIAUMOH MOJY-
cepbl Heba B JIOOOH TOYKe 3eMHOrO 1lapa, uYToO MO3-
BOJIUT 00€CTeYuTh HEeMNpepBIBHBIA MPOCTPAHCTBEHHO-
BpeMeHHOH MOHHUTOPHUHI 30HBI MOWCKA AKTUBHUPOBAH-
HBIX pajiroMasikoB. Kak cjencTBue, OCHOBHBIM Tpebo-
BaHHEM K aHTEHHaM PagvoOMasikOB BTOPOTO MOKOJEHHS
sBJsieTcs (popMHUpOBaHUe moJycdepruueckoil (Kapauo-
UJIHOH) auarpaMmbl HanpasJenHoctd (JIH) ¢ nunHed-
HOM HJIM KPYrOBOH MOJISIPU3aLHSMH, MAKCHMYM KOTO-
pPOH HampaBJIeH B 3€HUT.

[IpoekTHpoBaHHEe AHTEHH C KapOHOHAHOU (op-
Mo [IH nsis mepcoHaslbHBIX pafinOMasikoB OKa3biBa-
eTCcsl JOCTAaTOYHO CJIOKHOH 3ajauvei, MOCKOJIBKY ca-
MM paiMOMasikh MAOJKHBI HMETb MaJjble TradapuThl
¥ Mmaccy. DkcrneptHas rpynna komutera KOCITAC-
CAPCAT paccMoTpesia H3BECTHbBIE THIIBI aHTEHH (CITH-
pasibHble, MUKDPOTIOJNIOCKOBBIE, TJIaHapHble [F-aHTeHHBI
1 L-aHTeHHbl) ¢ nosychepryeckoi hopMod auarpam-
Mbl HanpaB/JeHHOCTH W MpPHULLIA K HeyTelIUTebHOMY
BBIBOZYy O HENMPUMEHMMOCTH 3THX aHTEHH B Iepco-
HaJbHBIX pafnoMasikaX BTOPOTO MOKOJEHHs: Jubo ra-
6apuTel U Macca MPEBBIIAIT AOMYCTHMBIE MPEAeJbl,
160 3(P(HEeKTUBHOCTb H3JyUeHHs HeooCTaTouHa. la-
KUM 00pas3oM, He OblJ0 HalieHO BapuUaHTa peaJjn3a-
MU aHTEHHbI, IPUMEHUMOTO B MePCOHAIbHBIX PamHO-
Masikax BTOPOTO MOKOJIEHHS.

[louck pelleHuss AaHHOH HeMpocTol MpobyeMbl
cotpynHukamu ¢unnana OAO «OPKK»—«HUUW KII»
NpUBeJ K KOHCTPYKTHBHOMY BapHaHTy BCTPOEHHOH aH-
TEHHBI 1JIf PaJHOMasikoB BTOPOT'O IOKOJIEHHS, HMelo-
el npuemJsemble pasmepbl, maccy u JIH B ¢opme
Kapauouabl. Takod pe3ysnbTaT AOCTHUTHYT OJaromaps
COBMELIEHHUIO OHUIOJIbHOH WU YKOPOUYEHHOH paMOYHOH

AaHTEHH, 4YTO fBJAETCH INPAKTHUECKOH peasusauuen
s/neMeHTa [1oiireHca.

B craTbe mpuBeleH asropuTM pacuyeTa AMIOJb-
HO-PaMOYHOM aHTEHHBbl C KapAMOWIHOH (opMod aua-
rpaMMbl HANpPaBJEHHOCTH, MOAPOOHO OMMCAHBI 3TAIlbl
ee NPOEKTHUPOBAHHUS, a TaKXKe JaHO CPaBHEHHe Pe3yJib-
TaTOB KOMIIbIOT€PHOI'O MOJEJNHPOBAHHUS C MU3MepPEeHHbI-
MH XapaKTepUCTHKAMH MaKeTa aHTeHHbl Ha 4acToTe
406 MIw.

Aaroputm pacuera BCTpauBaemMou
aHTEHHBI 1JI PAAUOMasKOB BTOPOTO
MOKOJIEHUS

WUnes dopmupoBanus chepruyeckod auarpaMmbl
HampaBJeHHOCTH B BHJAe 3JeMeHTa [tofireHca Oblia
omMcaHa BO MHOTMX MoHorpadusix, Hampumep B [1].
OnemeHnt [lofireHca — 3TO 3JeMEHTapHBIH HCTOYHUK
OZIHOHATIPABJIEHHOTO U3JyYeHHsi, 0OPa30BaHHBIH OPTO-
FOHA/JbHBIMH CHH(A3HBIMH 3JIEKTPUUECKHUM U MaTrHHUT-
HbIM nunoJsivu. [lose snemenra [toiirenca B nanbHel
30He MpeJacTaBJ/sieT co6oi chepuueckyio BonHy, a JJH
He 3aBUCHUT OT yIJa @, U B JIIOOOH MJIOCKOCTH ¢ =
= const onpenensietcs: Beipaxkenuem F'(6) = 1+ cos 6.

Bas3oBblil BapuaHT peasu3alyd TaKOH aHTEHHBHI,
MMeIOllel PaMOUHYI0 aHTEHHY C NePUMETPOM, PABHBIM
IJIMHE BOJIHBl A B CBOOOIHOM MPOCTPAHCTBE, HENpHUMe-
HUM B paguoMasikax BTOPOTO MOKOJEHHs K3-3a 60Jb-
KX rabapuTos.

B cratbe [2] H3/I0XKeHBI TEOPETHUECKHe OCHOBBI
(hopMHUpOBaHHS AWArPaMMbl HaNpaB/JeHHOCTH KapaHo-
MJHOTO THIA NMapoi AUMOJNb—paMKa MpH YCJIOBHUH, UTO
pasMepsl BCeX H3JydyaTesedl HAMHOTO MeHbIle JJIMHBI
BOJIHBI. B pabore [3] npensioxkeH BapuaHT UCTIONHEHHUS
aHTeHHBbl /51 MoOuabHOH cBsizu ¢ [IH B dopme kap-
IOUOU[BI, KOTOpas fIBJsSETCS COoYeTaHHeM HeCHMMeT-
PHUUHOTO JUMOJS U 3JEKTPUUECKH MaJOH PaMKH, 3aMu-
TaHHOU B KBaJpaType OTHOCHUTEJbHO AMIOJS (KaxKaoe
nseyo). OnHako B [3] mMaTepuas oCBellleH J0CTATOUHO
KpPaTKo, KakK CJEeACTBHE OTCYTCTByeT METOAMKAa pac-
yeTa JUINOJbHO-PAMOYHOH aHTEHHbl C MOJYBOJHOBOH
paMKOH. ABTOpPBI IaHHOH CTAaThH TMOMBITANNUCH BOCIIOJ-
HUTB 3TOT npobeJ.

KoHCTpyKTHBHOE HCIOJHEHHe 3TOH aHTeHHbI ObLIO
B3SITO HAMH 32 OCHOBY, B KOTOPYIO BHeCEHbI U3MEHEHHS,
HeoOXOMMble B JaHHOM KOHKPETHOM NpUMEeHEHHH.
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Puc. 1. [lpuHuunuanpHas cxemMa aHTeHHBI (@) ¥ (opMa HHarpaMMbl HAMPABJIEHHOCTH AMMOJIbHO-PAMOUHON aHTeHHbI (6)

[IpuHuunuanpHas cxemMa I[OCTPOEHHS AHTEHHBI
nokazaHa Ha puc. l,a. YkopoueHHas pamka Mepu-
MEeTPOM A/2 COHEpXKHUT TPU €MKOCTH, OIHA M3 KOTO-
pbIX BKJIOYEHa B LEHTpPe paMKH, a JABe JApyrue —
B Hauase 1ByX ee BeTBeH. Bx.souyenue emkoctu C)
B MYYHOCTH HalNpsi>KeHHS I03BOJIET YKOPOTUTb paM-
Ky C TIIePUMETPOM, PABHBIM IJIMHE BOJHBI A, 10 PAMKH
C MepUMeTPOM, PaBHBIM IMOJIOBHHE IJIMHBI BOJMHBI [4],
OZIHAaKO BXOJAHOH MMIIeAaHC TaKoW paMKHU Ha paboueid
gyacTtoTe OyaeT HOCUTb MHIYKTHBHBIH Xapakrtep. Kom-
MIeHCUPOBaTb MHAYKTUBHYIO COCTABJISIOILYI0 BXOAHOTIO
umnenanca npuspanbl eMkoctd Cy u Uy, BK/IIOYEHHbIE
Ha BXoJlle paMkU. PaMouHbI} U3/yyaTe/b B TAKOM BHUE
NPaKTHYeCKH MpeacTaBJsieT cOOOH 3aMHUThIBaEMBIN TO-
KOM I10JIyBOJIHOBBIH AMIIOJNb C €MKOCTHOH HarpyskoH,
CBEPHYTHIH B PaMKY.

B cratbe [3] oTmeueHo, uTo /s (GOPMHUPOBaHHS
c(hepuuecKol AuarpaMMbl HalnpaBJeHHOCTH aHTEHHBHI,
pasmepbl BcexX H3JyudaTesied KOTOPOH MHOTO MeHbLle
JJIUHBl BOJIHBI, HEOOXOAUMO COOJIIOJIeHUE CJeAYIOINX
YCJIOBHH:

1) UeHTPBI U3JyueHHUs] AUMOJS U PaMKH JOJKHBI
COBIaJaTh, B TO BpeMsl KaK B3aUMHO€ BJHUSHHUE MEXIY
U3JlydaTesIIMU JOJI2KHO ObITb CBelleHO K MUHHUMYMY;

2) MOIIHOCTH, H3JydaeMble AWUIOJEM U PaMKOH,
JOJIXKHBI OBITh PaBHbBl MeXIy COOOH;

3) TOKH, POTEKAIIHe B AUMOJE U PAMKe, T0JXK-
Hbl UMeTbh pa3HocTb (a3 90°.

[Ipu cobmiofeHHUH 3TUX YCJIOBHH aHTeHHa OynaeT
MUMeTb JHarpaMMy HanpaBJeHHOCTH B (popMe Kapauo-
UIbl ¢ MAKCHMYMOM H3JlyueHHUs] B HAINpaBJeHUH BeT-
BH paMKH, 3anuTeiBaeMoil ¢ (azoil +90° oTHOCHTEb-
HO NUMOJsI, © MUHHMYyMOM B OOpaTHOM HampaBJieHHH
(puc. 1,6).

AHTeHHa COCTOUT M3 HECKOJIbKUX 3JIEMEHTOB, a ee
pacyeT M NMPOEKTHPOBaHHE — KOMIIJIEKCHas 3ajiaya, Ko-
TOPYI0 HEOOXOAMMO Pa3bUTh HA HECKOJBKO 3TanoB. Mel
UCIIOb30BA/H CJEAYIOIUH aJTOPUTM TPOEKTHPOBAHHS
TAaKOH aHTEHHBI.

Hlar 1. IIpoBoguTcs 0TOENbHO pacyeT HECUMMET-
PUUYHOTO QUIOJIS Ha MeyaTHOH TmJaTe.

[lar 2. [TpoBomuTCSl OTHENBHO pacyeT TOJYBOJ-
HOBOH pPaMKH Ha MeyaTHOH mJaTe.

Hlar 3. [IpoekTHpyeTcss MUKPOMOJIOCKOBBIH €/~
TeJb MOIIHOCTH C Harpy3kaMHd B BBIXOAHBIX TMJjedax,
PaBHBIMM paCYETHBIM COTPOTHUBJEHUSAM H3JyUeHUs IH-
noJisi U paMKd, TPU YCJAOBHM PaBEHCTBA MOILHOCTEH
CUT'HAJIOB, MOCTYNAIOIKX B PAMKY M IHIOJb.
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Puc. 2. DnekTpuueckas cxema AHUIOJbHO-PAMOUHOH aHTEHHBI

[lar 4. IlpoBoauTcs pacueT CUMMETPHPYIOLLETo
TpaHc(opmaTopa Ha COCPELOTOYEHHBIX 3JeMeHTax.

[lar 5. [TpoBomuTcs pacueT aHTeHHH B cOope.

[lar 6. [TpoBomuTCs pacyeT LN COrNacoBaHUS
AHTEHHBI.

[lar 7. IlpoBomuTcs ONTUMM3aUHs B3aHMHOTO
pacrosioxKeHHsl aHTeHHbl U TpHeMo-Niepesatollell nia-
TBl pagvoMasika C IeJbl0 MUHUMU3AUUK BJHSHHUS MO-
caenHedt Ha gopmy JH.

DNeKTpUUeCcKas CxXeMa COBMEIIEeHHOH aHTEeHHBI
npuBefeHa Ha puc. 2. Ha cxeme mokasaHo, 4To Ou-
MOJIb TIOAKJIOYAETCS HENOCPENCTBEHHO K JeJIUTEJI0
MOLI[HOCTH, a TJIeUd paMKH 3aluTaHbl CO CIBUTOM (a3
+90° OTHOCUTEJIBHO THUIOJS Yepe3 CHMMETPUPYIOIUN
TpaHcopmatop, o6pa3oBaHHBIH MapaMHu COCPeIOTO-
ueHHbIX aeMeHToB: Ly, C; u Gy, Ly. Tlpu atom mie-
4l paMKH OKa3bIBAIOTCS 3alMUTaHHBIMH MPOTHBO(DA3-
HO JIpYT OTHOCHUTeJNbHO apyra. EmxoctHas I'-cexuus
corjlacyeT BXOJNHOH HMIMeNaHC aHTeHHBI ¢ 50-OMHBIM
TPaKTOM.

Ha mnepBom 3rame npoeKkTHpOBaHHUS aHTEHHBI
JOJIKHBI OBITh PACCYMTAHBI Pa3Mepbl HECHMMETPHUHO-
ro JAWMNOJS, COCTOSILIEr0 H3 YeTBepPTbBOJHOBOIO H3-
JydaTessi U COOCHOH C HHUM 3eMJITHOH MOBEPXHOCTH
(mpoTHBOBeca), KOTOpblE PACHONOKEHbl HA OIHOH CTO-
poHe meuatHoH maatekl (puc. 3). Ilpu atom usnyda-
TeJlb Pa3MelllaeTcsl CTPOro Mo MPOAOJAbHON OCH MJIAThl.

Ha 3Toii e cTopoHe TJaTbl PacrosioKeH NeJNUTeNb
MOLIHOCTH.

Ha cnenytomem stamne npoekTupyeTcss pamMka Ha
pabouyio yactory 406 MI1. Pamounass aHTeHHa BbI-
MOJIHAETCS B BUJE MOJOCKU Ha 0OPATHOU CTOPOHE Ie-
YaTHOH MJaThl M0 ee BHELIHEMY KOHTYPY TakUM 00-
pasom, 4ToObl M3Jydareb AWUMOJS ObLT PACIONOXKEH
BHYTPH PaMKH Ha ee ocH (puc. 3), 4To 0GYCJIOBJIEHO
nepBbIM ycaoBueM ¢opmuposanusi [IH xapauounHoro
THMNA, NPUBeIEeHHBIM Bhille. [lepuMeTp pamKku siBaisiet-
Csl KOHCTPYKTHUBHBIM NTapaMeTpPOM, KOTOPHIH Ompese/isi-
eTcsi B OCHOBHOM [JIMHOH W3Jy4aTesisi AWMOJS U IIH-
PHUHOH MNJaThl, TUKTYeMOH TaKKe MepBbIM YCJOBHEM
tdhopmuposanus IH kapanonpHoro tuna.

3navenus emkocreid €, Cy, U5 pacCUUTHIBAIOT-
csl METOIOM IJIMHHOH JMHHUH, MPUMEHEHHBIM K 3KBH-
BAJIEHTHOU 3JIeKTPUYECKOH CXeMe PaMOYHOW aHTeHHBbI
Ha pe3oHaHCHOM uyacToTe (puc. 4,a).

PamouHasi aHTeHHa 3aMeHsieTCst OJIMHHON JHHUeN
M3 IBYX MPOBOASIINX TOJOCOK LIMPUHON w, pa3HeceH-
HbIX Ha pPacCTOsSIHHE a, KOTOpasi HarpykeHa Ha KOHIe
Ha eMKocTb C| M CONPOTHBJIEHHE H3J/ydYeHHS RZP'
[Tepecuer Harpy3ku K BXOLY paMKH MPOU3BOAUTCS MPH
noMoiiy (opMmysbl NpeoOpa3oBaHUs CONPOTUBIEHUN
BIOJIb JIMHUU Tepenauu [5]:

5(b) = 2yt Jzgtg Bl

, 1
B+ i tg Bl W
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Puc. 3. Tonosiorusi aHTeHHBbI: BEPXHSAA U HHU2KHSASI CTOPOHBI IJ1AThI
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Puc. 4. DKBHBaneHTHasi cXeMa PaMOYHOE aHTeHHBI (@), 3aBUCUMOCTb zp OT a/w (6)
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BOJIHOBO€ UKCJIO CBOOOJHOTO MPOCTPAHCTBA.
ConpoTuB/IeHHe H3/IyYeHHS] PaMKH RZp Haxo-
nutesi o opmyiie [6]:
Ry, =197 - (I, /A)*, (2)
rae Hp — MepUMETP PaMKH.

BoJsHosoe CONPOTHBJIEHHE JHWHHWU Iepenaadyu Mo-
JKeT OBbITh Onpene/eHO M3 BbIpaKE€HHSI NJId Zp ABYX-

MPOBOHOK MPOBOJIOYHON JIMHUU Tepenauu [5]:

zp = 2761g <a/d—|— 1+ (a/d)2>,

rie d — OuaMeTp TMPOBOJIOKH MPH HOMYLIEHWH, UTO
IIMPHUHA MPOBOJSLIEH MOJOCKH W PaBHSETCH YIBOEH-
HOMY 3Ha4eHHIO d, T.e.

(3)

w=2d. (4)

CootHolieHue (4) ompeneseHO 3SMIUPUUYECKHUM
MyTeM, a MMEHHO IyTeM CpaBHEHHSl 3HaueHHH 2,
pacCUUTaHHBIX 110 Gopmyse (3), CO 3HAUEHHSIMHU, MOy~
YeHHBIMH MIPU CTPOrOM 3JIEKTPOAHHAMUYECKOM pacuere.
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3aBHCHUMOCTb BOJIHOBOTO COMPOTHBJIEHUS BYXITPOBOJL-
HOH JIMHHM Tlepellayd Zp OT BEeJHMYHHBl a/w INpHBe-
JeHa Ha puc. 4,6 (cn/owHOH JUHHeH naH rpaduk
zp(a/w), paccuntanublil o dopmynam (3), (4), Tou-
KaM{ HaHeCeHbl 3HaUeHHUs Zp, NOJYyueHHble NPH pac-
yerte B nporpammHoM nakere HFSS15 nna mmprubl
nofockd w = 1,9 MM W psina 3HaYeHHUH pacCTOSTHUS
Mexny nosockamu a = {28; 38;48;58;68} mm). Bun-
HO, 4TO pacyet 1o ¢opmyse (3) mpu monyiueHuu (4)
MOJIHOCTBIO COTJIaCyeTCsl CO 3HAUEHUSIMH BOJHOBOTO
COTIPOTHBJIEHHUSI, TIOJyUEHHBIMH MPH CTPOTOM 3JIEKTPO-
NUHAaMUYEeCKOM pacuere.

[Tocsie mepecyera 2z, K BXOAYy paMKH Mo (opmy-
e (1) nomunaner snementos C, Cy, Cy HaxoaATCA U3
YCJIOBUSI PaBEHCTBA HYJIIO MHHUMBIX YacTell CyMMapHO-
TO COMPOTHBJIEHHUS] PAMKH:

1 1
Im{2(b = 5
) o el )
[Ipu pasenctse snementos C, = C3 = C' ypas-

HeHHe UMeeT JBa Heu3BecTHbIX napamerpa — C| u C.
DTO CBHJETENbCTBYeT O TOM, YTO HOMMHAJ OIHOTO
M3 2JIEMEHTOB MOXKeT OBIThb 3aJaH, a BTOPOH HILET-
cs U3 peuieHus ypaBHenus (5). Ha puc. 5 man rpa-
¢ux saBucumoct C' B pyHKUMH 0T C|, KOTOPBIH ObLI
MoJlyyeH MyTeM YHCJIEHHOTO pellleHHsl ypaBHeHHus (D).
ItoT rpaduMK MoXKeT OBbITh HCMOJB30BaH /s BhIGOpa
napsl corsacymounx emxocreit {C, C'}.

12
4x10 \0,5><10‘12

3x 10712

CoxiofA—At—fb—
\ 1,8x 10712
1 x 1012

0 2x 10712
C(1

4x 10712

Puc. 5. Pacuernas saBucumocts C' ot C|

Pacuer pnesnuTesnss MOLIHOCTH TPOBOLUTCS U3
YCJIOBHSI PABEHCTBA MOLLHOCTEH, H3/y4aeMblX paMm-
KOU W numoJieM (BTopoe ycjoBue (opmupoBanus [IH

KapIHOUIHOTO THIA):

Pyp =Py

2 2
wnu Iy - Ry~ =15 n- Ry,

(6)
ree I, y v I, , — 5(deKTHBHDbIE 3HAYEHHS TOKa AH-
MOJIST U PAMKH B TOYKaxX MOAKJIIOYEHHS.

ConpoTHB/IeHHe H3JyUYeHHS] PaMKH Ry~ sanaer-
csl paHee TpUBeNeHHOH Gopmyoi (2), a compoTHBJIe-
HUe M3Jy4YeHHs: AnMnoJst paBHo [1]

Ry~ = 807 - (I /M), (7)

rie Iy — AnMHA AMnons.

YuutbiBas (2), (7) u (6), nonyuaem popmyny as
COOTHOILIEHHSI TOKOB B TOYKAaX MOAKJOYEHHS THIO0Jb-
HOH ¥ DPaMOYHOH aHTEHH:

IlLII — RZ P (8)
Loy Ry

[Ipy mpoeKTHUPOBAHWU MEMUTENST MOIIHOCTH HC-
MOJIb3YeTCs COOTHOIIEHUE MAJisi MOLIHOCTeH. Tak Kak
MOIBOAMMbIE MOIIHOCTH TMPOTIOPLUHOHANBHBI KBaApPaTy
TOKa, BblpakKeHHe [Jif OTHOLIEHUS BXOAHBIX MOLIHO-
CcTell UMeeT BHUJI

2
molon_ (Ln) _ Bz )
P, I, Ry ;

CorsacoBaHue mjed paMKH C moptamu 2 U 3
LesnTe/sl BBINOJHSETCS C I[OMOLLbIO CHUMMETpPUPYIO-
ero TpaHc(opMaTopa, MJedyd KOTOPOro Mo Cylle-
CTBY sIBJSIOTCS (DUJABTPOM BbicOKOH YacToThl (PBY)
1 ¢uabTpoM HHU3KoH yactotel (PHY), koTopeie momu-
MO (PYHKLHH (Pa3OoCIBHUTAOLIMX LieNedl UTparT TaKkKe
poJib TpaHc(OPMaTOPOB COMPOTHBJIEHHH [5].

XapakTepucTHUeCKHH HMIeNaHC Jp; OTpesKa
IJIMHHOHM JIMHUW, SKBUBAJEHTHOH 3BeHbSIM (DUJIBTPOB
OHY u ®BY, obecneunBatominii TpaHchopMaLHrio co-
NPOTHBJIEHUS] HAarpysku R K BXOLHOMY CONpPOTHBJIE-
uio Ry pasen [7]:

Zu= 2Ry = [Rafi= /&

Kpome Toro, H0JKHO BHIMIOJHSITBCS YCJIOBHE:
1

77

2mv/ LC

rae f, — LeHTpa/bHas 4acToTa paboyero AuanasoHa.

(10)

fo= (11)
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Puc. 6. Tomosorusi MHUKPOIMOJIOCKOBOTO JAEJIHUTENS MOLIHOCTH (@), 3aBHCHMOCTH MOAYJEH KO3((UINEHTOB Mepefaudt

OT 4acToThl (6)

U3 coornowenuit (12) u (13) nosnyuyaem dopmyJibl
nasi pacyeta L- u C-37eMeHTOB, BXOASIIHX B COCTaB
CHMMETpPHPYHOILIEro TpaHchopmaTopa:

Z
Li=ly=g (12)
1

[Ipu paBenctBe HOMMHa/0OB L- u C-31eMeHTOB
B MJeyax CHMMeTpupyoilero tpancdopmatopa ®BY
3anaer casur ¢asel —90°, a ®HY caBuraer ¢asy
Ha +90°. Takum o6pazom, TpeTbe ycJoBHe (HOPMHUPO-
BaHUs MoJychepruyeckod (KapAHOMIHOH) AHarpamMMel
HarnpaBJeHHOCTH BbIMOJHSAETCS aBTOMATHUECKH.

Pacuer ,III/IHOJIBHO-paMO‘IHOﬁ dHTCHHBbI

B kauecTBe Marepuasia aHTEHHOH MJIATHI ObLJ Bbl-
6paH crekaoTekcToUT FR-4 TonuuHoil 1 MM ¢ oTHO-
CUTEJIBHOU [H3JIEKTPUUECKOH MPOHHLAEMOCTbIO €, =
= 4,4. Tlo pacueTy, BbIIOJHEHHOMY C MOMOLIbIO MPO-
rpammHoro nakera HFSS15, nnnna necummerpudno-
ro subparopa ¢ pesoHaHcHOH uyactotod 406 MI'L nis
IIUPUHBI TOJOCKH O MM cocTaBu/aa 162 MM mpu pas-
Mepax npoTuBoseca (100 x 40) Mmm2. C y4eToM AJIHHEI
HECUMMETPHYHOTO IUIOJS PACUETHBIH MepuMeTp pam-
ku cocrasus II, = 366 MM mpu [IHMpHHE paMKH a =
= 38 MM u miuHe pamku [ = 164 MmMm. B utore obmiune
pa3Mepbl aHTEHHOH TJIaThl C yUeTOM MPOTHBOBECA CO-
ctaBuau 260 Mm (nauHa) X 40 Mm (LupuHa).

Jlnsi BBIOpAHHOW IIMPHHBI TIOJOCKA PAMKH W =
= 1,9 MM npu @ = 38 MM pacyeTHOe 3HaueHHe BOJIHO-
BOTO COTPOTHBJIEHUS PaMKH, paccyUTaHHOe Mo (hop-
mynam (3), (4), cocraBuno zp = 528,73 Om.

Jlns nmpuBeNeHHBIX Bblllle Pa3MepOB HECHMMeT-
PUYHOTO THUMOJS ¥ paMKu 1o dopmyaam (2), (7) u (9)
OblIM BbIUMCJIEHBl 3HAYEeHHsl CONPOTHUBJEHUH H3Jyde-
HUS U KO3(PULMEHTa [eJ/eHHS MOLLHOCTH: RZIL =
= 37,5 Om, RZP = 120wM, m = 0,32. B urore me-
JIUTEJb MOLIHOCTH JIOJIKEH pasiessiTb BXOLHYIO MOIL-
HOCTb B CJIEAYIOLIMX COOTHOLIEHHSIX:

PBX?II = 0,25 . PBX’
PBx7p1 = PBx_pQ =0,375- Py
rae PBX_pl’ PBX_pQ — MOIIIHOCTH, NOCTYyIawlHe B KaxK-

JI0€ TIJIeYO PaMKH.

JlenvTeslb MOIIHOCTH BBITOJHSETCS HA MHKPO-
MOJIOCKOBBIX JIMHUSIX. Ero TOMOJIOTHSI TOKa3aHa Ha
puc. 6,a. Pamka nonkJ/iouyeHa K AeJUTENI0 MOLIHOCTH
uepe3 OTPe3KU MAEHTHYHBIX MHKPOIOJOCKOBBIX JIHHHI,
a JHUMOJb — HEMOCPENCTBEHHO K TOUKE OTBETBJIEHHUS
IeJUTe st MOLHOCTH. Harpyskamu Tpex BBIXOJIOB JeJIH-
TeJIS CJYXKAT COTNPOTHBJIEHHS H3Jy4YeHHs PaMKH RZp
(o moJsioBHHE Ha KaXKIbIH BBIXOJ A€JIUTEJs, OAKI0Ya-
eMblil K IJ1ledy paMKH) U IHIO0JIS RZIL‘

KputepusiMu cHHTe3a [eJUTes] MOLIHOCTH Obl-
au yeqaosus (10), (11), a umenHo mMomynb Koahdu-
LIMeHTa Tepelayd MeXay BXOIOM jesuTens (mopt 4)
M MeCTOM TNOAKJIoYeHHs nunofs (mopt 1) [s| =
= —6 n1b; Monynu KosapduuMeHTa Tepenaund Mexay
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Puc. 7. PacyeTHble XapaKTepUCTHKH aHTEHHBI: @ — MOAYy/JIb Ko3(duiueHTa

450,00

6

OTpaxKeHHsl Ha BXOAE AHTEHHBI, 6 — JHua-

rpaMMma HarpaBJeHHOCTH Ha Pe30HAHCHOH 4acToTe

BXOIIOM [IEJIUTENs U MeCTaMM MOAKJ/IOUEHHUs BeTBel
pamku (mopthl 2 U 3) |Sy,| = [s34] = —4,3 nB. Tpeby-
eMoe pasjie/leHHe MOLIHOCTH AOCTHUTasoCh MyTeM I0J-
Oopa WKpUHb Ly W MAIKHHBL L; 1BYX WIEHTHYHBIX MHK-
POTIONIOCKOBBIX JIMHUH B IMJieyax AeJUTe/s] MOLIHOCTH.
B pesysnbrare cuHTe3a ObliM TMOJYyYeHB CJedylOline
3HAueHHsl IIHUPUHBI U JJHHBl TPOMEXKYTOYHBIX JHUHUN
nepenauu: Ly = 0,01 mm, L; = 38 mm.

HM3-3a TexHMYeCKOH HEBO3MOMKHOCTH BBINOJHHUTD
nieyn penutens wupuHod 0,01 MM Bennuuny Ly pe-
IeHO OBIJIO YBEJHUYUTb [0 (PU3HYECKU peannu3yeMoH
BeJIMYMHBI, paBHod 0,5 Mm. [Ipu Takoil TomoJoruu Bbi-
XOfiHOe compoTtuBJeHKe nopra 1 mosiyuaercs Ry =
= 200 Om, a BBIXOAHBIE CONPOTHUBJEHHS MOPTOB 2
U 3 COCTaBJSIIOT ROp = 72,5 Om kaxpaoe. [lpu atux
3HaYeHHUsIX COMPOTHBJEHUH HArpy3ok obecriedyuBaeTcs
HeoOX0ooMMOe JeJleHHe MOLIHOCTH (pacueTHble 3aBH-
CUMOCTH MoAyJiell Kos(uuueHTa nepefadu oT 4acTo-
Thl TOKa3aHbl Ha pHuc. 6,6), HO NPU 3TOM BO3HHKa-
eT HeoOXOAMMOCTb COIJIACOBAHHUSI CONPOTHBJEHUH W3-
JYy4eHUs] [UNOJsS M PaMKH C TpHUBENEeHHBIMH Bbllle
COTIPOTHBJIEHUSIMH BBIXOIOB (MOPTOB) HENUTENS MO-
IL{HOCTH.

CorsiacoBanue aumoJisi ¢ noptom | nenurtens Obl-
JIO OCTUTHYTO TyTeM BBEIEHHs CTyIEHUYaToro mnepe-
XOJla WUMPHUHON L8 = 2 MM U JUIMHOH L3 =4 mwMm.

CorsiacoBaHre paMKH C MopTamu 2 U 3 HenuTe-
JIS MOLLLHOCTH OCYILLeCTBJISIETCS C TOMOILBIO COTIACYI0-
le-cuMMeTpupyomiero TpaHchopmaropa. Homunamel
COCPeNOTOYEHHBIX 3JIEMEHTOB TpaHC(popMaTopa paMKu
paccudtanbl no Qopmynam (10)-(13) mnns compoTus-
JIeHHsl Harpysku R = RZ lD/2 = 6 Om, BBIYHCJIEHHOTO
no ¢opmyne (1) BXOZHOTO CONMPOTHBJIEHHS pPaMKH

Rop = 72,5 0m u cocrapunu: L, = L, = 4,7 ul'H,
Cy=0C, = 32,6 n1d.

Pacuer BXOmHOTO WMIMenaHca aHTeHHBI B cbope
(Iumosb + paMKa ¢ CUMMETPHPYIOLIMM TpaHCPOpMaTo-
pOM + JIeJIUTe/Ib MOIIHOCTH) TIPOBOAMJICS B MPOrpaMm-
Hom makete HFSS15. PacueTHoe 3HayeHMe BXOAHOTO
MMIIeflaHCca COCTaBHJIO Z,, = 8 + j6 Om. [lockosbky
BXOOHOH HMMIIeaHC HMMeeT HHM3KOe 3HayeHHe aKTHB-
HOW COCTaBJIAIOILEH W OTJAMYHOE OT HYJs 3HAaYeHue
UHAYKTUBHOU COCTAaBJSIIOLIEH, /51 COTJIACOBAHUS BXO-
na aHTeHHbl ¢ H0-OMHBIM TPaKTOM HeOOXOOMM corJia-
cyroui Tpancopmarop. B Hamem ciydae oH Obin
peasn3oBaH B BHIe ['-00pa3HOi 1enu COrJIAaCOBaHUS,
COCTOSILIEN M3 TMOCJEef0BaTeNbHON W TNapaJJesbHoN
emKocTed. Pacuer 3TUX eMKocTed Obll MPOBEAEH MO
MeToauKe, uajokeHHo# B [8,9]. B wurore snauenus
emkocreit cocrapuu: Cy = 15 n®, 5 = 7,5 nd.

PacuetHbie Mopynb Ko3(ppHUIHEHTa OTpaKeHHUs
|s;| Ha BXO#e aHTEHHHI U ee JUArpaMMa HampaBJeH-
HOCTH MOKa3aHbl Ha puUc. 7,a U 7,6 COOTBETCTBEHHO.
Monynb ko3 uHeHTa 0TpaXKeHUsi Ha PE30HAHCHOU
yacToTe paBeH —26 nb, 4TO COOTBETCTBYeT BXOAHO-
my KCBH = I,1. 3nauenne K, aHTeHHB B MakcuMy-
me [IH cocraBuno 2,8 nb. W3 puc. 7,6 BugHO, 4TO
B HM)KHEH YacTH AMarpaMMbl TPUCYTCTBYeT HeGOJb-
1I0€ MapasuTHOe H3JydyeHHe, KOTOPOe CBsI3aHO C Ha-
JIUUHEeM TPOTHBOBECA aHTEHHBI, HEXeJaTeJbHOTrO JJIsi
PaMOUYHOTO U3JydaTeJs.

Ha »stom mnpouecc mNpoeKTHPOBaHUSI AHTEHHBI
MOXKHO ObIJIO OBl CUMTATh 3aBEPIIEHHBIM, OIHAKO IOy~
YeHHbIH MPOAOJbHBIHA padmep aHTeHHB (260 MM) sIBHO
OOJIBIIION W He MO3BOJISIET BIUCATh €€ B Ta0apUThl Mep-
COHaJIbHOTO panuomasika. [losaTomy ass BCTpauBaHHs
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a

L

6

Puc. 8. Maker qunosnpHO-paMO4YHOH aHTeHHH (@), ¢popma JH npu pabouem mosioxkeHHH aHTeHHH (6)

aHTEHHBl B KOPIyC paguoMasika MPOTHBOBEC MO/
6bi1 corHyT mox yraom 90° k msare Takum obpa-
30M, 4TOOBI TPOMOJBHBIA pa3Mep CaMOH MJaThl C TO-
ToJIOTHel aHTeHHb! He TpeBblman 180 Mm (nuHMSA cru-
6a nmokasaHa Ha puc. 3). [lpu mMomesmupoBaHuM ObLIO
OTpeJesieHO, UTO MPH TaKOH KOH(HUTypaluHuH NPOTHBO-
Beca M3MeHeHHs1 (DOPMbl AMArpaMMbl HAMpaBJIeHHOCTH
He3HAUUTeJbHbl U MOTYT ObITh KOMIIEHCHPOBAHbI ITy-
TeM HeGoJsbloro usMeHeHus emxocreil Cg, C- B Le-
X COIJIaCOBAHUS PAMKH.

Pe3ynbTaThl U3MepeHUI MaKeTHOTO
oOpa3ia aHTeHHbI U CPaBHEHUE
C pacyeTHbIMM JAHHBIMHU

Jlnst poBepKH NpeasioKeHHOH MEeTOIUKH MpoeK-
THUPOBAHHUS JHUIOJNbHO-PAMOYHON aHTEHHbI OBLI H3r0-
TOBJIEH €€ MaKeT, COCTOSLIMK M3 AHTEHHOW IJIaThl
M COeNIMHEHHOro ¢ Hed mpoTuBoBeca. [lnara aHTen-
Hbl Obl7a BbIMOJHeHA Ha MaTepuasne FR-4 (e, = 4,4)
TOJIIHUHON 1 MM, MPOTHUBOBEC ObIT U3TOTOBJEH U3 JY-
KeHoH xkecTu ToqmuHod 0,2 mMm. TomoJioruss aHTeH-
HOM TJIaThl BBIMOJIHEHA COTJIACHO pacyeTaM, MPOBEMEH-
HBIM 110 BBILIEONHCAHHOMY ajroputmy. Corsacyouyie
xonaencaropel Cy, C,, C5 OblaM BbIOpaHB MO rpa-
¢uky puc. 5 papubivu: Cy = C3 = 1,81®, C) =
= 0,5 n1®P (nyHKTHUpHble Mapkepbl Ha puc. 5). Bos-
MOXKHBI M 1pyrue BapuanThl BhiGopa C), Cy, C; mno
rpapuxy puc. 5, Hampumep: C; = 0,25 n®, C, =
=(C;=3n0® umu C, = 11P, (), = Cy = 0,9 nP.
Konpnencatopsl B cUMMeTpUpyIolleM TpaHchopmaTope

B3SIThl TI€PEMEHHBIMU /151 TOUHOH TOACTPOHKH Pa3HO-
cti (a3 B msedax pamku. Dororpadus mMakera aH-
TEHHBl NpPHUBeNeHa Ha pUC. 8,a, pacueTHas Tpexmep-
Has JIH npu paGoyem nosoxkKeHHH aHTeHHbI M300pa-
KeHa Ha puc. 8,6. JlomosHUTENbHBIH (BTOPOH) u3-
ru6 npoTHBoBeca aHTeHHBI Mof yraom 90° obyc/oB/eH
HeOOXOAMMOCTbIO BCTPAWBAHHUS aHTEHHBl B CIIPOEKTH-
POBaHHBIH KOPIYC TMEePCOHATBHOIO pafiioMasika BTOPO-
o TIOKOJIeHHsI. AHTEHHBI IIPH 3TOM pacroJaraloTcs no
TPEM Y3KHM CTOPOHAM TPSIMOYTOJBHHUKA C pa3Mepamu
(180 x 65 x 40) mm>.

OxoHyare/ibHasi TMpoBepka M HACTPOHKA aHTEH-
Hbl npoBoauaack no ¢opme HH c momomibio ckaHe-
pa RFxpertRFX2 ¢upmbr EMSCAN, KoTopblii 1M03BO-
JIsieT onpenesuTb (HOpMY AMarpaMMbl HAMPABJIEHHOCTH
AHTEHHbl B pEXHMe peasbHOro BpeMeHH Hernocpen-
cTBeHHO Ha pabouem mecte [10]. auHblil npubop us-
MepsieT OJiMXKHee IMoJjie aHTEHHBbl U MePeCUUTHIBAET ero
B roJie B JajbHed 30He ¢ otobpaxkeHnem JIH B Tpex-
MEpHOM BHIE C JOCTATOYHOM JJIsi HACTPOUKMU aHTEH-
Hbl TOYHOCTbIO. CoBMeIlleHHasi aHTEeHHa IOMellasach
Ha pabouyi0 MOBEPXHOCTb CKaHepa MJIOCKOCTBIO TJIAThI
(mpoTHBOBECOM BBEpX), 3aTeM HEGOJBILOH TTOACTPOHKOH
emxocteit Cy, C7 B CUMMeTPUpYIOLLEeM TpaHc(hopmaTo-
pe nobuBanuck kKapauonnHon dopmbl JIH. @ortorpadus
CKaHepa W M3MepeHHasi Ha HEM JUarpamMMa HarpaBJieH-
HOCTH aHTEeHHBbI TpeacTaBJeHbl Ha puc. 9,a n 9, 6 cooT-
BercTBeHHO. 3aTreM KCBH u JIH nactpoennoro ¢ mo-
MOIIIbIO CKaHepa MaKeTa aHTeHHbl M3MepSIUCh B HaJlb-
Hell 30He B YCJOBHSX 0€39X0BOH KaMephl.

Wamepennas 3aBucumocts KCBH Ha Bxome an-
TEHHBl OT YaCTOThI NpefcTaB/jeHa Ha puc. 10.
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Puc. 9. ®ortorpadus ckanepa RFxpertRFX2 (a) u Bux JIH aunonbHo-pamMo4yHON aHTeHHBI, ©3MePEHHOH Ha ckaHepe (6)

1
1 406,00000 MI'y 1,116
2 404,28000 MI' 20009
N o3 408,10000 MI'y },986

bl
9
8
7
6
5
4
3

2 3

2 N

(-:hll LenrpanbHas yactora 406 MI'y [losoca 0630pa 20 MTIn
Moutsocts —10 n1Bbm

Puc. 10. 9xcneprumMeHTasbHasi YaCTOTHAsi 3aBUCHMOCTh
KCBH na Bxone aHTeHHEI

N3 pucyHka cienyer, yTo Ha pabouell yacToTe
406 MTI'1 suauenue KCBH = 1,1, 4T0 mOJIHOCTBIO COB-
najaeT ¢ pacyeTHbIM 3HaueHueM. [IH aHTeHHBI B Bepx-
Heil mosnycdepe npu ¢ = 0° u 90°, u3mepeHHble B 6e3-
9XOBOH Kamepe, mokazanel Ha puc. 11,a u 11,6 co-
OTBETCTBEHHO. Takke Ha 3THX PUCYHKAX IITPUXOBON
JVHHeH ToKasaHbl pe3ysnbraThl pacyeta JIH B mpo-
rpammHom nakere HFSS15. Mismepennoe snauenne K,
B Mmakcumyme JIH cocraBaser 2,5 nb, a pacueTHoe
3HaueHue paBHO 2,8 nb. M3 BeilenpuBeneHHoro aHa-
JIU3a BUIHO, UTO JNOCTHUTHYTO XOpOIlee COBMaIeHHe
pacueTHbIX M KCIEepPUMEeHTa/bHbIX JAHHbIX.

CrenyeT OTMETHUTB, 4TO, MO TPeOGOBaHUSAM CTaH-
napra KOCITAC-CAPCAT, na panuobyu BTOpPOTO
nokosenust B 90% muarpammbl HampasieHHocTH K,

AHTEHHBl [OJ’KEH HAXOAWTbCS B Mpefensax OT —7
no +4 n1b B nuanasone yrjoB mecta oT 15° mo 90°.
[Tonyuenneie skcnepumentasbhble snauenus K (0)
YHOBJIETBOPSIIOT 3TOMY TpeGoBaHHI0: 3HadeHust K, ns-
MeHsiloTcsl B UHTepBaJje oT —6 n1b mo +2,5 nb B 3a-
JAaHHOM JHanasoHe yrjoB (cM. puc. 11).

[Ipy pasmelleHHMM aHTEHHBl BHYTPH paaudoMasi-
Ka ee mnJjara Oblja pacroJioxkKeHa BAOJb OLHOH U3
€ro [IJMHHBIX OOKOBBIX CTEHOK, a IPOTHBOBEC —
BIOJIb CMEXKHOU KOPOTKOH GOKOBOH CTEHKH, C HEOOJb-
ILIMM 3aXO0J0M Ha NMPOTHBOINOJNOXKHYIO JJIUHHYIO CTEHKY
(puc. 12).

[Tocko/1bKY B panroMasike NeprneHAUKYISpHO MJa-
Te aHTEHHBl pacroJiaraeTcs IJjara MpUeMornepenaTuH-
Ka, HeoOXOAUMO OblJIO BBIICHUTH ee BJHSHHE Ha Xa-
PaKTePUCTUKH aHTeHHBL. [loaToMy ¢ MOMOILIBIO KOM-
MbIOTEPHOTO MOJENHUPOBAHUS U IKCIIEPUMEHTOB ObLIO
ompenesieHO HauJydllee s paGOTbl aHTEHHBI IMOJO-
JKeHHe TJIaThl IpHeMorepeIaTinKa OTHOCHTENBHO TJIa-
Thl aHTeHHBI, Tpu KotopoM ¢opma IH coxpansercs
(puc. 8,6).

JunonbHo-paMouHasi aHTeHHa o6Jagaer ps-
IOM TIpEMMYIIECTB KaK BCTpaWBaeMasi aHTEHHa.
Bo-nepBbiX, M3-32 OTCYTCTBHUS H3Jy4eHHs] B HHUKHIOO
nosycepy OHa MO3BOJISIET YMEHBIUIUTb HeraTHBHOE
BJIMSTHUE TIOACTHIAIONLIeH noBepxHOCTH Ha popmy IH.
Bo-BTOpBIX, OHa 3allWIlleHa OT BHELIHHX MeXaHHue-
CKHX BO3JEHCTBHH KOPMYCOM pafnoMasika. B-TpeTbux,
MMeeT MPOCTYI0 TEXHOJOTHIO U3TOTOBJEHUS U HU3KYIO
CTOMMOCTb.
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Puc. 11. Vamepennsie B ycaoBusix bIK (cromiHbie UHUK) ¥ pacueTHble (MyHKTHpHBIE auHKUK) JIH aHTeHHBI:
a — npu ¢ =0° 6 — npu ¢ = 90°

Puc. 12. TunonbHO-paMouHasi aHTEHHA B KOpIyce pajnoMasika

3akJaueHue

B nmanso# cratbe:

e TpejJioXKeHa AUMOJNbHO-PaMOYHAsl aHTEeHHA AJist
MpPUMeHEHHs] B MEPCOHAJbHOM CIacaTeJbHOM paauo-
masike KOCITAC-CAPCAT HoBoro (BTOporo) mnoko-
JIEHHST;

e MpUBEIEHO MOAPOOHOE OMUCAaHHe 3TAIoB MPO-
eKTHPOBAHHSl TAaKOH aHTEHHbl W MPENJOXKEeHa HHXKe-
HepHasi MeTOIMKa ee pacyera,

® pAaCueTHO-3KCMepUMEHTAbHBIM MYTeM TOJYy-
ueH BXOIHOH KO3(D(HULHUEHT CTOsYel BOJHBI aHTEHHBI
KCB = 1,1 u nonyctepuueckas [IH aHTeHHbl Ha ua-
crore 406 MI1 ¢ K, = 2.5 1b;

e MyTeM MU3MeHeHHUs KOH(UTypaLnuu POTHBOBECA

aHTeHHa BIHCaHa B paauomasik ¢ rabapuramu (200 x
x 75 x 45) mm?;

e yuTeH (paKTOp BJAHSHHUS IJ1aTHl NlepefaTylKa Ha
tdopmy IH anTtenusl. BeibpaHo ee Hausyuliee moJo-
JKeHHe B KOopIyce paguoMasika.
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