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BBEJAEHUE

AHTEHHBI CMEJIO MOKHO Ha3BaTh DJIEKTPOHHBIM 3PEHHEM U CIyXOM, HaOJIo-
JAOIKUM 32 MUPOM. OHU SBJISIIOTCS] BaXKHOM, HEOTHEMJIEMOM YaCThIO HaIlleH IUBUIIU-
3alu. AHTEHHA — 3TO YCTPOMUCTBO, KOTOPOE MPeoOpa3yeT IEKTPUUECKYIO IHEPTHUIO
B PaJIMOBOJIHBI U HA000poT. PagunonepenaTuuk mojgaeT Ha KJIEMMbI aHTEHHBI Mepe-
MEHHBIM 3JIEKTPUUECKUN TOK PaJNOyvacTOThl, a aHTCHHA U3Jy4yaeT SHEPrui0 TOKa B
BU/JIC AJIEKTPOMATrHUTHBIX BOJIH (paanoBoiH). [Ipu npueMe aHTeHHa mepexBaThIBAET
4acTh MOIIHOCTH 3JIEKTPOMArHUTHOW BOJIHBI, YTOOBI CO3/1aTh Ha €€ KJIeMMaX He-
OOJIBIIIOE HAIPSHKEHUE, KOTOPOE MOJACTCS HA MPUEMHHUK JJI YCUIICHHUS.

Ha3Banue 3auMCTBOBAaHO U3 300JIOTHH, TJI€ JIATUHCKOE CIIOBO «antennae» uc-
MOJIB3YETCs 11 0003HAYEHUS JJIMHHBIX TOHKUX YCUKOB, KOTOPBIMH 00J1aat0T MHO-
rue HaceKoMble. AHTEHHBI HUCIOJIB3YIOTCS B TaKUX CHUCTEMax, KaK paJuoBeIIaHUE,
TEJIEBEIIIAHUE, JBYCTOPOHHSISI PAIUOCBsI3b, MPUEMHUKHU CBSI3H, palapbl, COTOBBIE Te-
nedOHBI ¥ CIIyTHUKOBAS CBSI3b, & TAK)KE B IPYTHX YCTPONUCTBAX, TAKUX KaK YCTPOUCT-
Ba OTKPBIBaHMS BOPOT, OECIIPOBOIHBIE MUKPO(OHBI, OECITPOBOIHON KOMIIBIOTEP, CE-
ta u RFID-MeTkn Ha TOBapax.

JlaHHOE y4eOHO-METOMYECKOe MTOCOONe MPEACTaBIIsIeT COO0H OCMBICICHHBIM,
nepepadoTaHHBIA, THPOPMATUBHBIA M TTPOCTOM JIJIsi IOHUMAHUS COOPHUK JICKITUHN 110
mucrutuinHe «OCHOBBI aHTEHHOM TEXHUKWY, KOTOPBIC SIBJISIOTCS BBOJHBIMU JIJIS yC-
BOCHUS Ha 0a30BOM ypOBHE MPHUHIIMIOB (DYHKITMOHUPOBAHUSA, OOCTY>KUBAHUS U Pa3-
pabOTKU yCTPOUCTB OECIIPOBOIHON PaJANOCBS3H, B TOM YHUCJIE TEJIEKOMMYHUKAIIMOH-
HOM, IMEIOITUX B CBOEM COCTAaBE aHTCHHBI pa3IndHON KOHCTpyKIuH. [locoOue mpen-
HA3HAYEHO JUIsl CTYJIEHTOB OakayiaBpuarta mo HampaieHuto «11.03.01 Paguorexuu-

Kay».



1. HTAPAMETPbBI AHTEHH

1.1. Ponb u nazHauenue anmeHH npu nepeoave u npueme
CBs13p MEXIy NepeAaronieil ¥ MPUEMHON paJuOCTAHIIMAMU OCYIIECTBIISIETCS C
IIOMOILBIO 3JIEKTPOMATHUTHBIX BOJIH, U3JIy4aeMbIX MEPEAATYNKOM U YIIaBIMBAEMbIX
npUeMHUKOM. B mepenaronryio paJioCTaHIIUMIO SHEPTHs MOCTyNaeT OObIYHO OT CETU

nepeMeHHoro Toka (puc. 1.1, a).
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Puc. 1. MecTo aHTeHH B paJiio

YT0oOBI IPEBPATUTHCS B SHEPTHIO U3ITYyYaEMbIX PAJAUOBOJIH, IEPBUYHAS YHEPTHS
MIPEABAPUTENILHO NMPeoOpa3yeTcs B YHEPTUIO TOKOB BBICOKOM YacCTOTHI; 3TH TOKU MO-
TyJTUPYIOT, T.€. UX aMIUIUTYAY, a3y WIK 4acTOTy OIMpPEAeNIEHHBIM 00pa3oM BHUIOM3-
MEHSIOT MOJ1 BO3JICHCTBUEM TEpelaBaeMoro curuaia. MoayaupoBaHHbIE TOKH BBICO-
kol vactoTel (BY) mocTymaroT B aHTeHHY, KOTOpas U MpeoOpasyeT UX B DHEPTHUIO
AIIEKTPOMATHUTHBIX BOJH (PaJMOBOJIH) COOTBETCTBYIOIIECH JIMHBI, U3Ty4YaeMbIX TaK,
YTOOBI 0OCITY>)KUTh ONPENEIEHHOE HAMPABIECHUE WA ONPEIEICHHYIO 3aIaHHYIO TIJ10-
maab. ITO Mpeodpa3oBaHUe YHEPTUH JOHKHO OBITH BHIMOJHEHO C HAMMEHBIITMMHU T10-
TEPsIMU: aHTEHHA JIOJKHA OBITh YCTPOEHA TaKUM 00pa3oM, YTOObI HAaMOOJIbIIAs YacTh
HSHEPTUU TOKOB BBHICOKOW YacTOTHI ObLIa MPEBpaIleHa B SHEPTHIO dJICKTPOMArHUTHBIX
BOJIH. PainoBOJIHBI JOJIKHBI U3Ty4aThCsl HE BO BCE CTOPOHBI, a MPEUMYIIIECTBEHHO B

OIIpCACIICHHOM HAIIpaBJICHUW WUJIU B onpeﬂeneHHoﬁ IINTOCKOCTH.



Taxkum oOpazom, nepedarowsyro aHmerHy MOXKHO ONPEACIUTh KaK YCTPOHUCTBO
nepearollel paIuoCTaHI[uu, KOTOpoe mpeoOpasyet 3Hepruto TokoB BU B sHepruto
PaIUOBOJIH C COXpPaHEHHMEM 3aKOHAa MOJIYJSAIMM W H3JIy4aeT PaguoOBOJHBI B MPO-
CTPaHCTBO B 33JJaHHOM HaIPaBJICHUH U C 33JITaHHOW MOJISIpU3aIUeH.

[Ipuemnas paguoctanuus (puc. 1, 6) J0DKHA BOCIIPOM3BECTH 3aKOH MOTYJISI-
IIMY BOJIHBI, M3JTy4aeMoO# Mepearolieil paguocTaHiue. JHeprus, HeoOxoaumas JJis
TaKOTO BOCIIPOU3BECHUS, OEpETCS OT CETU NMEPEMEHHOT0 TOKa.

PabGoTra npuemMHON CTaHIIUKM OCIIOKHSAETCS TEM OO0CTOATEIBCTBOM, YTO MPHUEM-
Hasi aHTEHHA HaXOJMUTCS MOJ| BO3JICMCTBUEM HE TOJBKO OJHOM IMOJIE3HOM BJIEKTPO-
MarHUTHOM BOJIHBI, HO U PaJHOBOJIH, CO3/IJaBAEMbIX JPYTUMH PaIAOCTAHLIUIMU, pa3-
psanaMu aTMOCc(EpHOTO AJIEKTPUUYECTBA U MPOMBIIUICHHBIMH anmnapaTamu. BpemHoe
NEeUCTBUE HEHYXKHBIX BOJH MOET ObITh YCTPAHEHO ABYMS MPUHIUIHUAIBHO Pa3iny-
HBIMU IyTSMH: C TIOMOIIBI0 U30MPATEIBHOCTH 10 YaCTOTE, KOT/1a MPUEMHHUK BBICIIS-
€T TOJBKO y3KHH CIEKTpP YacTOT, HEOOXOIUMBIN A IIpUeMa PaJHuOBOJIHBI MHTEpE-
CyIOIEH CTaHIUU; C IOMOIILI0 NU30MPATEILHOCTH 10 HAIIPABJICHUIO, KOT/a TPUEMHAast
AHTEHHA HaWJy4IIUM 00pa30M BBIJICISAET JIMIIb AJCKTPOMAarHUTHBIC BOJIHBI, MPUXO-
JSIIME CO CTOPOHBI TIepearoIIe pauoCTaHIINH.

Takum 00pa3oM, npuemHyto anmenny MOXHO OTIPEICIIUTh KaK YCTPOUCTBO, KO-
TOPOE coBepIaeT 00paTHOE MPeoOpa30BaHUE SHEPTUU PAJAMOBOJIH B SHEPTHIO TOKOB
BY, coxpaHss 3aKOH MOIYJISILMH, BBIAEISECT U3 MOMEX CHUTHAN, MPUXOIAIIUN C 3a-
JAHHOT'O HAMpaBJICHUS U 00JIaIaf0ITUi 3aJaHHOM moJisspu3aiye [1].

Wtak, nobasi aHTEHHA BBINOJHSAET J1B€ (YHKLUMH: MpeoOpa3oBaHUE >HEPTUU
TokoB BU B sHepruio paauvoBOJH B pEeKUME Nepeaadn Wik oOpaTHOe mpeodpa3oBa-
HUE B PEXHME TMpUEMa ¢ COXpaHEHHWEM B 00OUX CiTydasX 3aKOHA MOMYJISIITUU; U3ITY-
YeHWE PAJMOBOJIH B 3aJJaHHOM HAIIPaBJICHUM U C 3aJJaHHOM MOJISpU3aIMei B PeKUME
repenadyy WM BbIICICHUE U3 MOMEX PaJMOBOJIH, MPUXOIAIIMX C 3aJJaHHOTO0 HaIpaB-
JIeHUs B pexkuMe nmpueMa. B Tabn. 1 nmpuBeieH mepeueHb OCHOBHBIX ITApaMEeTPOB aH-

TCHH B COOTBCTCTBHU C (byHKI_[I/ISIMI/I, KOTOPBIC OHH XapaKTCPU3YIOT.



Tabnuna 1. [TapameTps! aHTeHH

np E;};ﬁzz U DYHKUMA MINYYEHUA 06e hyHKUMK
Ry - conpotuenenue | ©(8.9), F(B,p) — anarpam- | A(B.9), A, — AeHCTBYHOWARA
M3NY4YeHUA Ma HanpasneHHoCTH L1011 AHTEHHbI
Ry - conporuBnedde | h, — gencreywwan Bbl- | Zy(f) — 4YacToTHaA xapak-
norepb cora TEPUCTHUKA
Zy — BxogHoe conpo-|D(0,p) — xoacdhcpuumenr | G(0,9), G, — koadpuumenT
TUBNEHWe HanpaeneHHoro OeWcT- | YCUNEeHUs
P — nonHas MOWHOCTL euA (KHO), D, — makcu- | ¥(0.9) — dasosas xapak-
n.—Kna ManeHbin KHO TepucTHKa
£ — koadppuLmeHT P - nonApuM3aunoOHHaRA
cormacoBaMms XapakTepucTHKa




2. TUIIbI AHTEHH

Tenepb npeacTaBUM U KpaTKO 00CYAMM HEKOTOpPbIE (DOPMBI Pa3IHMUHBIX TUIIOB
aHTEHH, YTOOBI MIOJYYUTh MPEACTABICHUE O TOM, C YEM MPUIETCS CTOJIKHYThCS B OC-

TaBIIEHCS YaCTH MTOCOOMS.

2.1. I[Iposonounvie anmeHHbl

[IpoBOJIOUHBIE AHTEHHBI 3HAKOMBI OOBIBATEIIO, TTOCKOJIBKY UX MOKHO YBHUJIETh
INPAaKTUYECKU MOBCIOJy — HAa aBTOMOOWJISX, 31aHUAX, KOpaOIix, caMoJeTax, KOCMU-
yecKuX Kopabisix u Tak najnee. CylecTBYIOT pa3iMyuHble ()OPMBbI MPOBOJIOYHBIX aH-
TEHH, HallpUMep, NpsIMbI€ (TUIOJIbHBIE), PAMOYHBIE U COUPAJIbHBIE, KOTOPbIE MTOKa3a-
Hbl Ha pUCYHKe 2. PaMOYHbIE aHTEHHBI MOTYT OBbITh HE TOJBKO KpYIJbIMU. OHU MO-
I'yT UMETh (OpMy MPAMOYTOJIbHUKA, KBaJpaTa, dJUIMIICA WU 000 Ipyroil KOoHPu-
rypauuu. Kpyrnas neris ssisercs HauOoJiee pacCpOCTPaHEHHONW U3-3a €€ IPOCTOTHI

KOHCTPYKIIUH.

]
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Puc. 2. IIpoBo10YHBIC aHTEHHBI

AnepmypHvle anmeHHbl
AHTEHHBI C anepTypol CEeroAHs MOTYT ObITh 00Jiee 3HAKOMBI HETPOo(hecCuoHa-

7y, 4YeM paHbllie, U3-3a PACcTyUIEro crupoca Ha 0oJsiee CIOKHbIE OPMbI AHTEHH U HC-



MOJIb30BaHUs OoJiee BRICOKUX YacToT. HekoTopsie (popmbl anepTypHbIX aHTEHH MOKa-
3aHbl HA PUCYHKE 3. AHTEHHBI ATOTO TUIIA OYEHb MOJIE3HBI JJII CAMOJIETOB U KOCMHU-
YECKUX armapaToB, MOCKOJIbKY UX MOXHO OYE€Hb yJI0OHO MOHTHPOBATh Ha OJHOM
YpOBHE ¢ OOIIMBKOW caMoOJieTa Ui KOCMUYecKoro kopabis. Kpome Toro, onu Moryt
OBITh TOKPBITHI JIUAJICKTPUUYECKUM MATEPHAIOM JJIs 3alUTHI OT OMACHBIX YCIOBUU

OKPYXKaIoIlel Cpepbl.
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Puc. 3. AnneprypHble aHTEHHBI

2.2. Mukpononockogvle anmeHHbl

MUKpPONOIOCKOBbIE aHTEHHBI CTAIM OYEHb MOMyIsApHbI B 1970-X rogax, rias-
HBIM 00pa30M JJi1 KOCMUYECKUX MpuMeHeHUN. CeroaHsi OHU MCIOJIb3YIOTCSI B TOCY-
JAPCTBEHHBIX M KOMMEPUYECKUX TEICKOMMYHHUKAIMOHHBIX 1LENsAX. JTU aHTEHHBI CO-
CTOAT W3 METAUIMYECKOW IUIACTUHBI HAa 3a3€MJICHHOM IOJJI0KKE. MeTamundeckas
dbopma u3ayyaress MOKET UMETh MHOXKECTBO Pa3IMUHbIX KOH(PUTYpaIui, Kak MOoKa-
3aHO Ha pucyHke 4. OIHaKO MPSIMOYTOJIbHBIE U KPYTJIbIE ATYM, IOKa3aHHbIE HA PU-
CyHKe 4, SBIIIOTCS HanbOoJee MOMYJISIPHBIMU U3-3a MPOCTOTHI aHAJIM3a M U3TOTOBJIE-
HUS, a TaKXKE UX MPUBJICKATEIBHBIX PAIUAIMOHHBIX XapaKTEPUCTUK, OCOOCHHO HU3-

KOT'0 U3JIYUCHUA KPOCC-TIOJIAPpU3aAlTUN.



MUKpOIIOIOCKOBBIE AHTEHHBI MMEIOT HU3KHHM Npoduib, MOAXOASAT AJS IUIO0-
CKMX M HEIUIOCKMX MOBEPXHOCTEM, IPOCTHI U HEJAOPOTH B U3TOTOBICHUH C UCIIOJIb30-
BaHWEM COBPEMEHHOM TEXHOJIOTMH MEYATHBIX IUIAT, MEXaHWUYECKH IPOYHBI IIPU yCTa-
HOBKE Ha ECTKHUX IOBEPXHOCTAX, COBMECTUMBI ¢ KOHCTpyKuMsiMu MMIC u odeHb
YHUBEPCAJIbHBI C TOUKHM 3PEHUS PE30HAHCHOM YacCTOTHI, MOJSAPHU3ALMHU, CTPYKTypa H
UMIIEJaHC. DTH aHTCHHBI MOYKHO YCTaHAaBJIMBAaTh HA IOBEPXHOCTU BBICOKOIIPOU3BO-
JIUTENBHBIX CAMOJIETOB, KOCMUYECKUX KOpaliel, CIyTHUKOB, paKkeT, aBTOMOOUIIEH U

HaXC IMOPTATUBHBIX MOOMILHBIX TCJ'IG(bOHOB.
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Puc. 4. MukpomnosioCKOBbIE aHTEHHBI

2.3. Aumennvle pewiémru
Bo MHOruX mpuioxeHHUsX TpeOyHTCS XapaKTEePUCTUKU HU3ITYUYEHUs, KOTOphIE

HEBO3MOYKHO JOCTHYb C IIOMOIIBI OJHOTO 3jeMeHTa. OTHAKO BO3MOYKHO, YTO COBO-
KYITHOCTh M3JIyYarolUuX AJIEMEHTOB B 3JIEKTPUYECKOM U T€OMETPUYECKOM Pacrojio-
KEHUU (pEUIeTKE) MPUBEAET K JKETAaeMbIM XapaKTepUCTHUKaM u3iydeHus. Pacrnono-
KEHHE PELIETKH MOXET OBITh TaKUM, YTO M3IYUCHHE OT 3JIEMEHTOB CyMMHPYETCH,
o0pa3ysi MaKCUMYM M3J1y4Y€HHUS B OJJHOM HaNpaBJICHUU UM HAIPABJICHUSIX, MUHUMYM
B JPYTUX WM UHBIM 00pa3zoM, IO KelaHuto. THUMHUHbIE MPUMEphI PeIIETOK MOKa3a-
Hbl Ha puUCyHKe 5. OOBIYHO TEPMUH «PEIIETKA» HCIOIb3YeTCA ANl 0003HAUCHHUS

CXEMBbI, B KOTOPO OTIENIbHBIE U3TydaTeNu Pa3AeieHbl, KaK OKa3aHO Ha PUCYHKaXx 5.



OpHako TOT K€ TEPMHUH TaKXKE HCIOJIb3YeTCS JUIsl OMHCAHUS COOPKHU H3IIydaTesei,

YCTAHOBJICHHBIX Ha HENPEPBIBHOM KOHCTPYKILIMH, KaK IIOKa3aHO HA PUCYHKE S, T.
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Puc. 5. AHTeHHbBIE pEIIETKU

2.4. Peghnexmopnvle anmeHmubl
VYcenexu B OCBOCHHM KOCMHYECKOT'O IIPOCTPAHCTBA MPUBEIHN K PAa3BUTHIO TEO-

puu aHTeHH. M3-3a HEOOXOAUMOCTH OOIIATHCS HA OOJIBIIMX PACCTOSHUSIX MPUXOIU-
JI0OCh UCIIOJIB30BATh CIOXKHBIE (DOPMBI aHTECHH JIJIS TIepeaud U MprUeMa CUTHAJIOB, KO-
TOpBIC JOJKHBI ObUTM MPEOJ0JeBaTh MIJUITMOHBI KHJIOMETpOB. OUeHb pacmpocTpa-

HEHHON (OpPMOI aHTEHHBI JIJISl TAKOTO MPUMEHEHHUS SBJIAETCS MapaboIudyecKuil ped-
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JIEKTOP, OKa3aHHbII HA PUCYHKE 6. AHTEHHBI 3TOT0O TUIIA TIOCTPOEHBI TUAMETPOM 10
305 M. Takue GomibImie pa3zMepbl HEOOXOAWMBI I JOCTHKEHUS BBICOKOTO YCHJIe-
HUS, HEOOXOAUMOTIO JJIs Iepelayl WM NpUEeMa CUTHAJIOB IOC]IE€ MUJUIMOHOB KHJIO-
MeTpoB myTemecTBus. Jpyroit ¢hopmoil oTpaxkarens, XOTs U HE CTOJb paclpocTpa-

HCHHOﬁ, KakK napa60ﬂ1/1t1601<a51, SABICTCS YFOHKOBBIﬁ OTpPAXKaTCIIb.

PadnarTop 1

Mo Ly e HE
HOHESPTSD

Y =

Puc. 6. PediexropHas anTeHHa

Bonpocwi k napazpagy.

1. OOBsicHuTe, B 4EM OTINYHE MPUEMHON aHTEHHBI OT TIEPEIAIOIICH.

2. O0bsicHUTE, B UEM OTINYHUE TPOBOJIOYHOTO THUIIA AHTECHHBI OT allepTYPHOTO.
3. B KakoM THUIE aHTEHH MPOUCXOJUT CYMMHPOBAHUE U3IIYUYEHUS OT JIEMEH-

ToB? B Kakux 3a/1auyax Takoe ABJISIETCS MPEUMYILIECTBOM, a B KAKUX — HEOCTATKOM?
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3. OBPA3OBAHUE JIEKTPOMAT'HUTHOI'O 11OJIA

VYcnoBrueM BO3HUKHOBEHUS 3JEKTPOMATHUTHBIX BOJIH SIBJIETCS YCKOPEHHOE
JIBMYKEHUE JIEKTPUUYECKUX 3apsAfoB. Tak, U3MEHEHUE MarHUTHOTO TOJISI TPOUCXOIUT
IIPY U3MEHEHHUH TOKa B IPOBOJIHUKE, & ©3MEHEHNE TOKA MMPOUCXOAUT MPHU U3MEHEHUN
CKOPOCTHU 3apAJIOB, T.€. MPHU JABWXKEHUHN UX ¢ ycKopeHreM. CKOpoCTh pacnpocTpaHe-
HUSl DJIEKTPOMAarHUTHBIX BOJIH B BaKyyMme, Mo pacueraM MakcBeiia, TOJKHA ObITh
npubmu3uTensHo paBHa 300 000 xkm/c.

[TosTomy:

1. Ecnu 3apsin He IBUXKETCS, TOK HE CO3/1A€TCS U U3TYYEHUE OTCYTCTBYET.

2. Ecnu 3apsi ABUKETCA C PABHOMEPHOUM CKOPOCTBIO:

a. 3nydeHus HeT, eciau MpoBOJ NPSIMOIN U OECKOHEUHOM JITMHBI.

0. V3mydyeHne BO3HHMKAET, €CIU MPOBOJ M30THYT, COTHYT, IPEPBIBUCT, UMEET
3aJI€JIKA UJIN YCEYEHO.

3. Ecau 3apspg konebnercs BO BpEMEHH, OH M3JIy4aeT, JaXke €ClIU MPOBOJ Mps-

[IpunoxxeHue HaNpsHKEHUS K IBYXITPOBOJAHOW JIMHUM MEPENAYU CO3AAET DIICK-
TPUYECKOE TOJIE MEXAY MPOBOJHUKAMH. DJIEKTPUUYECKOE TOJIE€ UMEET CBA3AHHBIC C
HUM DJIEKTPUYECKHUE CHUJIOBBIE JIMHUHM, KOTOPbIE KACAIOTCS BJEKTPUYECKOTO MO B
KQXKJIOM TOYKE U X HAMPSKEHHOCTb MPOMOPLUUOHATIbHA HANIPSIAKEHHOCTHU JIEKTpUYe-
CKOTO TIOJISI. DJIEKTPUUECKUE CUIIOBBIC JIMHUU UMEIOT TCHICHIUIO BO3/ICHCTBOBATh HA
CBOOOJIHBIE DJIEKTPOHBI (JIETKO OTHEISIONIUECS OT aTOMOB), CBSI3AHHBIC C Ka)IbIM
MPOBOJAHUKOM, U 3aCTaBJISATh UX CMeNlaThes. [[BUKeHUE 3apsoB cO3/1ae€T TOK, KOTO-
pBIii, B CBOIO OY€pE/lb, CO3JAET HANPSHKEHHOCTh MAarHUTHOTO 1oJisi. C UHTEHCUBHO-
CTHIO MAarHUTHOTO TOJISI CBSI3aHbl MATHUTHBIE CUJIOBBIEC JIMHUM, KacaTeJbHbIE K Mar-
HUTHOMY TIOJTIO.

MBI nipu3HanyM, 4TO JIMHUM JIEKTPUUECKOTO MOJISI HAYMHAIOTCA C MOJI0KUTENb-
HBIX 3aps0B Y 3aKaHUYMBAIOTCS OTpUIATEIBHBIMU 3apsiaaMu. OHU TakKe MOTYT Ha-

YUMHATBECA C IIOJIOKHUTCIILHOI'O 3apsja M 3aKaHYMBATLCA Ha 6CCKOHCIIHOCTI/I, Ha4du-
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HAThCA C OECKOHEYHOCTH M 3aKaHYMBATHCS OTPHUIIATEIILHBIM 3aPsiIOM M 00Pa30BbI-
BaTh 3aMKHYTHIC TIETJIM, HC HAUMHAIOIIMECS U HE 3aKaHYMBAIOIIUECS HU TPH KaKOM
3apsane. CuioBble JIMHUA MarHUTHOTO TOJISI BCerJa 00pa3yloT 3aMKHYThI€ TIETIIH, OK-
PY’KaOIIHe TPOBOJHUKU C TOKOM, IMMOCKOJIBKY (DU3NIECKHA MATHUTHBIE 3apSIbl OTCYT-
CTBYIOT. B HEKOTOpBIX MaTeMaTHueCKuX (GOpMyIHpPOBKaX 4acTo ObIBAET yIOOHO BBE-
CTH KBHUBAJICHTHbIE MAarHUTHBIC 3apsA]bl U MAarHUTHBIE TOKU, YTOOBI MPOBECTH Ia-
pajuienh MKy PEHICHUSIMHU, BKIIOYAIONTUMHU SJIEKTPUICCKAE W MAarHUTHBIC MCTOY-
HUKH.

Coznanre M3MEHSIONIUXCS BO BPEMEHHU JJICKTPHUECKUMX W MArHUTHBIX TTOJICH
MEXIy TPOBOAHUKAMH O0pa3yeT AJICKTPOMAarHUTHBIC BOJIHBI, KOTOPHIE pacipocTpa-
HSIIOTCSI BJIOJIb JIMHUU TepeadyM, KaK MOKa3aHO Ha pUCyHKe 7 (a). DIeKTpOMarHuT-
HBIC BOJTHBI BXOJST B aHTCHHY U CBSI3BIBAIOT C COOOM AJICKTPUICCKUE 3apsIIbl U COOT-
BETCTBYIOIIME TOKU. ECM MBI yianuM 4acTh KOHCTPYKIIMU aHTEHHBI, KaK MMOKa3aHO
Ha pucyHke 7 (0), BOJIHBI B CBOOOJHOM IPOCTPAHCTBE MOTYT 0Opa30BaThCsl MyTEM
«COCITUHEHUS» OTKPBITHIX KOHIIOB JJICKTPUYCCKUX JUHHUHN (TIOKa3aHBI ITyHKTHPOM).
BonHbl B ¢cBOOOHOM MPOCTPAHCTBE TAKKE SBJISIOTCS MEPUOJUIECKUMHU, HO TOUKa Py
C TOCTOSIHHOM (pa3oi IBUKETCS HAPYX y CO CKOPOCTHIO CBETA M IMPEOA0JIEBAET pac-
crositaue A/2 (1o P1) 3a monoBuHy nepuoja. beino mokazano [6], 4To BOIM3U aHTCHHBI
TOYKa OCTOSIHHOM (ha3bl Py IBMKETCS OBICTpEE CKOPOCTH CBETA, HO IPUOIUKACTCS K
CKOPOCTH CBETa B TOYKaX, YJAAJICHHBIX OT aHTCHHBI (aHAIOTMYHO (ha30BOM CKOPOCTH
BHYTPH MPSIMOYTOJILHOTO BOJHOBOJa). Ha pucynke 8 mokasaHo co3maHue M pacrpo-
CTpaHEHHE BOJIH B CBOOOJHOM MPOCTPAHCTBE BHITSAHYTHIM cPepouioM ¢ Mex(OKaIb-
HBIM pacCTOsIHUEM A/2, TJie A — JAJinHa BOJHBI. BOJIHBI B CBOOOHOM MPOCTPAHCTBE
TUTIONS A/2 ¢ TICHTPAJILHBIM MMUTAHUEM, 33 UCKITIOUYEHUEM HETIOCPEACTBEHHOM OJIHM30-

CTH OT aHTCHHBLI, 11O CYHICCTBY TAKHC KC, KaK 1 Y BBITAHYTOI'O cq)epomla.
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a) ANTeHHA U TMHUU SJICKTPHUYICECKOT'O
TI0JIA

(a) Antenna and clectric Tield Tines

- \\
lr7 /, \\\ \\
Liglr™ NN
lird L ARAT
[ 1)1 VAN
LA V)
WA
!
\) \\
W
0) AHTEeHHA 1 BOJTHA B CBOOOIHOM pa X
MIPOCTPAHCTBE Po 2 Py
- - -
.‘,".
(b) Antennu und ree-space wave Y /)
///”I//
/
f“//, /1
RN 1/
\'\\\ // // /
MANS 2200
WNI==2457
\\\::__:.///

Puc. 7. UcTounuk, nuHus nepenayu,

aHTEHHA U OTCJIOCHUE JIMHUU QJICKTPHUYICCKOTI'O ITOJIA
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Puc. 8. JIunumM 351€KTpUYECKOro MOJst AJis A/2 aHTEHHbI B MOMEHTBI BpEMEHU

t=0, T/8, T/4 u 3T/8

Ecnu nepBoHa4yaJbHOE 3JIEKTPUYECKOE BO3MYILEHHE HMCTOYHHMKA KpPaTKOBpE-
MEHHO, CO3/IaHHBIE 3JIEKTPOMArHUTHBIE BOJIHBI PACIpPOCTPAHSIOTCS BHYTPHU JIMHUU
nepenayu, 3aTeM B aHTECHHY M, HAKOHEll, U3 Iy4aroTcsl KaK BOJHBI B CBOOOIHOM IpO-
CTPAHCTBE, JAXKE €CJIM JEKTPUUECKUN UCTOYHUK MEepecTa CylecTBOBaTh (Kak ObLIO
C BOJHAaMHU Ha BOJE W BBI3BIBAIOIIMMHU HMX BO3MYIIEHHsAMU). Ecnu snektpuueckoe
BO3MYLIEHUE HOCUT HENPEPBIBHBIN XapaKkTep, FEKTPOMATHUTHBIE BOJHBI CYIIECTBY-
10T HEMPEPBHIBHO U CIEAYIOT B CBOEM IIYTH 32 APYTMMH. DTO MOKA3aHO HA PUCYHKE 9

JUTST ONKOHUYECKON aHTEHHEL.
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Puc. 9. JIunuu QICKTPHUYICCKOI'O ITIOJIA B CBO6OI[HOM IMPOCTPAHCTBC IJIsSI aHTCHHBI

Korma amekTpoMarHuTHBIE BOJIHBI HAXOMSTCS BHYTPH JIMHHUH TIEpeIadd W aH-
TEHHBI, MX CYIIECTBOBAHHUE CBSI3aHO C HAJTUYUEM 3apsI0B BHYTPH MPOBOAHUKOB. O1-
HAaKO, KOTJIa BOJIHBI M3JIYYarOTCS, OHU 00pa3yroT 3aMKHYTHIC TIETJIM, ¥ HET HUKAKUX
3apsI0B, OIS KUBAIONIUX MX CYIIECTBOBAaHUE. ITO MPUBOIUT HAC K BBIBOAY, UTO
AJICKTPUUYSCKHUE 3apsiibl HEOOXOIUMBI JIJIsT BO3OYKJICHHSI TI0JICH, HO HE HEOOXOUMBI
JUTSI UX TIOJIIEP’KaHMSI K MOTYT CYIIIECTBOBATh B MX OTCYTCTBHE. DTO MpsMasl aHAJIO-
T'Us ¢ BOJIHAMHU Ha Boje. B CBOIO ouepeib MarHUTHBIC TTOJISI MOTYT BO30YKIaThCs JIH-
00 JIBWXYIIUMHUCS AICKTPUUSCKUMU 3apsiaamMu (JICKTPUISCKUM TOKOM), JINOO Tiepe-
MEHHBIMH DJICKTPHYCCKUMH TIOJISIMH.

W3meHeHne MHAYKIIMM MarHUTHOTO TIOJISI C TEUEHWEM BPEMEHHU BBI3BIBACT I10-

SIBJICHUC B OKPYXAIOHIEM ITPOCTPAHCTBE BUXPCBOT'O DJICKTPHUUICCKOI'O ITOJIA.
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Puc. 10. ITepemennsbie anekTpudeckne (a) ¥ MarHUTHBIE OIS (0),

MOPOXKIAIOIINE IPYT Apyra

Jro0oe n3MeHEeHNE HANPSKEHHOCTH BUXPEBOIO 3JIEKTPUYECKOIO MOJIS COMPO-
BOK/Ia€TCSI BOZHUKHOBEHUEM IEPEMEHHOro MarHuTHoro mouss (puc. 10, 0). Jlanee
ATOT MPOIIECC MOXKET MOBTOPSITHCA «I0 OECKOHEYHOCTHY», MOCKOJIbKY TOJISI CMOTYT

MONIEPEMEHHO BOCITPOU3BOAUTH JIPYT APyra JaKe€ B BAKyyMeE.

Puc. 11. O6pazoBanue 3J1€KTPOMarHUTHBIN BOJHBI

Takum oOpa3oM, B BakyyMe BO3HUKAET CHUCTEMa M3MEHSIOIIMXCS U B3aHMMHO
MOICPKUBAIOIIUX APYT APYyra SJICKTPUUECKUX M MArHUTHBIX TOJIEH, 3aXBaThIBAO-
X Bce Oosbiue u Oonbiune obdnactu npoctpaHcTsa (puc. 11). CoBOKynHOCTH CBS-
3aHHBIX JIPYT C APYTOM MEPHOAMYECKH MU3MEHSIOUIMXCS JIEKTPUUECKOTO U MarHUT-
HOTO TIOJIEH Ha3bIBAIOT MEPEMEHHBIM JIEKTPOMAarHUTHBIM MosieM. COrJIacHO TeOpHH
MakcBesia, 3JIeKTPOMarHUTHOE TMOJI€ PaclpoCTpPaHsIeTCs] B MPOCTPAHCTBE C KOHEU-

HOW CKOPOCTBIO.
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PaccmoTpum moapoOHee mporecc 00pa3oBaHMs AIEKTPOMATHUTHOTO TOJS B
MIPOCTPAHCTBE, OKPYKAIOIIEM MPOBOIHUK. I1ycTh B MPOBOTHUKE BO30YKIACHBI DJICK-
TPOMarHUTHBIC KOJICOAHHUs, B PE3yJIbTaTe Uero CHjla 3JICKTPUICCKOTO TOKa B HEM He-
MPEepPBIBHO MeHseTCA. [Ipr YCKOPEHHOM JBHKCHHH CBOOOJHBIX 3aps0B B IIPOBOTHH-
K€ B MPOCTPAHCTBE BOKPYT HETrO CO3/aeTCsl IEPEMEHHOE MAarHUTHOE T0JIe, KOTOPOe
TIOPOX/IaeT MEePEeMEHHOE BUXPEBOE 3JieKTpudeckoe mose. [locienHee, B CBOIO odye-
pelib, BHOBD BBI3BIBACT IMOSBJICHHE IIEPEMEHHOTO MAarHUTHOTO ITOJIS YKe Ha OOJIbIIeM
pPacCTOSIHUM OT 3apsjaa U T. 1. TakuM oOpa3oM, B MMPOCTPAHCTBE BOKPYT MPOBOIHHKA
00pa3yroTCsl B3aMMOCBSI3aHHBIC DJICKTPUYCCKUE M MArHUTHBIC TOJIS, KOTOPBIE pac-
MPOCTPAHSIOTCS ¢ TSYCHUEM BPEMCHH B BHJIC BOJIHBI.

DJIEKTPOMarHUTHOE TI0JIE, PACIIPOCTPAHSIONICECS B BAKyyMe WIIH B KaKOW-JTNO0

Cpelie ¢ KOHEYHOM CKOPOCTBIO, HA3bIBAETCA 3JIEKTPOMArHUTHOM BOJIHOM (puc. 12).

E U
2 777 Hanpasaernue
’ 4 /jjl/ 27/ /) | Nz \ pacnpocmpa-
Y /L l ’ 4% 2" N ’ l HEeHUS BOAHDL
X o |

Puc. 12. M300paxkeHne 37eKTpOMarHuTHBINA BOJIHbI

Ypaenenus Maxkceenna
VYpaBHeHuss MakcBesia ONUCHIBAIOT PACHPOCTPAHEHUE SIEKTPOMATHUTHBIX
BOJIH, TEHEPUPYEMBIX TOKOM WJIM paclpejiesieHueM 3apsija B Jiroooi cpene. Bo Bpe-

MEHHOU 00J1aCTH YpaBHEHUSI MakcBelia UMEIOT BU/T
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C= —
VEoHo
- ﬁ P 3 22;0” raycea icTousnkom
1 V:-D=pv -ds = / py - dv 3NEeKTPUNSCKOFD MOons
P e 7 ANEKTPUMECKOMD | o Harpy 3K
nona
[epemessoe 80
=1 o o dd BPEMEHN MarHUTHOS
2 VxE= __8_12 f al = ——2 3axoH ®apanes |none coanaer
ot L dt BUXDEBOO

3NeKTpu4ecKoe none

MaruuTHoe none

an pys 3aKoH laycca | ARNABTCH HyNessLIM
3. v - f B.ds=0 ANA MArHUTHOID | MCTOYHUKOM. CUNOBEIe
s nons MUHUN MErHUTHOTO
MONA 3aMKHYTH
[poTekaoumi ToK U
z . 8D = dPp |0GobweHHum | RMEHAIOLLEECH
4 VxH=j+ 5 % H-dl =T+ 4t |3akom Aunepa anekTpu4eckoe none

C0ana10T BUXpeBoe
Mar{uTHoe none

rae E — sanekTpuueckoe mosne B BonbTax Ha Metp [B/M], D — BEeKTOp TIJIOTHOCTH DJICK-
Tprdeckoro motoka B Kymonax ma m” [Ki/m’], B IUIOTHOCTh MAarHHTHOTO MOTOKA B
BeGepe Ha M° [Br/M?], H MaruuTHOE mosie B AMmep Ha Metp [A/M], pe pacmpesere-
HHE HIEKTPUUIECKOTo 3apsiaa B KylIoHax Ha M° [Ki/m®] 1 j pacipenenenne snexrpude-
CKOro TOKa B AMIiepax Ha M [A/MZ]. Kpome Toro, ypaBHEHHE HEPA3PHIBHOCTH 0OeC-

MMEYUBACT CBA3b MCKAY JJICKTPUUCCKUM TOKOM M PACIIPCACICHUEM 3apsaa:
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4. 30HbI U3JIYUYEHUA AHTEHH

AHTEHHBI CO3JAl0T CJI0XHBIE dIEKTpOoMarHuTHbie (DM) monst kak BOIU3H, TaK
Y BAaldu OT aHTeHH. He Bce reHepupyemMbie 2JIEKTPOMArHUTHBIE MOJIsl HA CAaMOM JIeJie
U3JIy4aloTCs B MPOCTpaHCTBO. HekoTopwie 1Mmojs ocTtaroTcs BOJW3M aHTEHHBI U pac-
CMaTpUBAIOTCSl KaK PEaKTUBHbIC ONM>KHUE TOJIsl; BO MHOTOM TakK K€, KaK KaTyllka
WHIYKTUBHOCTH WJIM KOHACHCATOP SBIIACTCS PEAKTHMBHBIM HAKOMHUTEIbHBIM 3JIEMEH-
TOM B CXE€MaX C COCPEJOTOYECHHBIMH dJIEeMEHTaMU. [[pyrue mojs u3iaydaroT ¥ MOTYT
ObITh OOHApPYKEHBI Ha OONBIINX paccTOsSHUAX. OTIMYHOE paccMOTpeHue obsactei
noJsi aHTeHHbl AaHo B [1] u [2]. Ha pucynke 13 mokaszana mpocTas AMIOJIbHAs aH-

TCHHA C YCTBIPbMS aHTCHHBIMU 00JaCTIMH.

Peaxrununn obmcrs
Qminiiiiedt 301

Py
R = n_(»z\/[i
Jlnnsiss soun A
- -
2D
R, = A
i A

Piraptumossns oGnacTs
Dmwoanedt o

Puc. 13. 30HbI U3ly4eHUsI AaHTECHHBI

['panutibl, ompenesieHHbIE B BBIMICTIPUBEEHHBIX O00JACTSIX, HE Ha3HAYaIOTCS
MIPOM3BOJIbHO, A SIBJISIFOTCS CJIIEACTBUEM PEIICHUS TOYHBIX IMOJICH, OKPYKAIOIIUX aH-
TEHHY KOHEYHOW JUIMHBL. YeThIpe peruoHa M HUX IPaHULbl ONPEICISIIOTCS CIEAYIO-

UM 00pa3oMm:
4.1. Obracms anmennvl

Ta oGnacTb, KOTOpast ONUChIBaET (HU3MUECKUE TPAaHUIbl AHTEHHBI, HA3bIBACTCS

00JIaCThIO0 aHTEHHBI, KaK 3TO ONPEAETIeHO (HOPMYIIOif
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4.2. Peakxmuenas obacme O1udCHe20 nois
Ta 06macTh, KOTOpasi COJIEPKUT PEAKTUBHYIO DHEPTUIO BOKPYT aHTEHHBI, Ha-
3BIBACTCSI PEAKTUBHOU 00JacThI0 OmkHero mosiss. OHO MpeACTaBiIseT co00i dHEp-
T'UI0, HAKOTUICHHYIO BOJIM3M aHTCHHBI, KOTOpas HE HM3JydaeT M IMO3TOMY BHJHA B
MHHUMOM YacTH UMIIEAaHCa OKOHEYHOTO YCTPONCTBA aHTEHHBI. ITOT PETHOH OIpe/e-

JIICTCA

4.3. Obnacmv Dpenens (uznyuarowas o1udicHee noie)

Ta o6mactb, KOTOpask JIEKUT MEXKy PEaKTUBHOWU OJIM>KHEW 30HOM W JajbHEl
30HON @payHrodepa, sBisierca oOnacTeio dpeHens wiM H3Iydaromeid 00JacThIo
ommkuero nonst. [lone aHTeHHBI M3Ty4aeT B 3TOM 00JIacTH, HO JUarpaMMa Harpas-
JICHHOCTU MEHSETCS [0 Mepe yJaJleHus OT (pa30BOro LEHTpa U3-3a TOro, YTO COCTaB-
JSIOIIME U3TYyYaeMOTO MOJIsI YMEHBIIATCS ¢ Pa3HOM CKOPOCTBIO. DTOT PErHOH OIl-

penensiercs

(12 IE
0.62 ]|r —=R=
'y

A

4.4, Pecuon @payneogepa (0anvree noie)
Ta o06yracTh, KOTOpAst JCKHT 32 MPeIeIaMu OJFMKHETO TOJIs U Te Juarpamma
HAIIPaBJICHHOCTH HE MEHSICTCS C PacCTOSHUEM, OIpeAeisieTcs kKak obmacte dpayH-
rodepa. ITo oCHOBHAsI 00JIaCTh PaOOTHI OOJIBIIMHCTBA AIEMEHTAPHBIX aHTEHH. DTOT

PETHOH OIPEENSIeTCs




JIJis mpakTHUYeCKUX LeJel B ’TOM TEKCTE OOBIYHO MPEANOIaraeTcsi U3Iy4eHue
anTeHHbl B obnacTsax ®penens mian Opaynrodepa. Eciu HeoOX0IUMO YUHTHIBATH
CBSI3b JIEMEHTOB MAaCCHBa, BO BCEX pacdyeTax HEOOXOIMMO YUUTHIBATh PEaKTHBHYIO
00J1aCTh OJIMKHETO MOJIA.

AMIUTUTYIHAS AUarpaMma aHTCHHBI ITPH U3MEHEHUHU PacCTOSHUS HAOIIOACHUS
OT PEaKTUBHOTO OJIMKHETO TOJIS K JAJIbHEMY TIOJII0 MEHSET popMy HM3-3a H3MCHCHUN
moJiel, KaKk BEJWYUHBI, TaKk U ¢a3pl. TUNHMUYHOE W3MEHEHHE (HOPMBI U3IIyuYeHUs aH-
TEHHBI ¢ HAMOOJBIINM pa3zMepoM D mokazano Ha pucynke 14. BugHo, 4TO B peax-
TUBHOM ONMKHEW 30HE KapThHa Oojiee pa3dpocaHa U MOYTH OJHOPOJHA C HEOOJb-
muMe BapuanusaMu. [1o mepe Toro, kak HaOIIOeHHE IEPEMENIAeTCs B H3TYIArOIIyIO
oOnacth OmmkHero nojis (®penens), [uarpaMma HanpaBiICHHOCTHM HAUMHAET Criia-
KUBaThCA U 00pa3oBbIBaTh JienecTkU. B nanpHel 30He (PpayHrodepa) auarpamma
xopouo c¢hopMHUpOBaHa U OOBIYHO COCTOUT M3 HECKOJBKHMX BTOPOCTEIEHHBIX J0JIEH

)51 OIIHOﬁ NI HCCKOJIBKUX KPYIIHBIX I[OJICﬁ.

BAnKHAA
(peakTMBHaA) 30Ha

; BAMKHAA 30Ha % JAanbHAA 30Ha
i M3nyyeHua ¥
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]
]
]
]
]

!
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PacnpeaeneHue
nonsa

[
[y
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o T — e —
1

Puc. 14. IlnarpamMbl HanpaBJIE€HHOCTH B 30HAX U3JIYUYCHUSI AaHTCHHBI
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Bonpocuvt u 3a0anus

1. OOBsicHUTE TPUHLMUI F'€HEPUPOBAHMS JIEKTPOMArHUTHOIO W3JIyYEHHUS aH-

TEHHOM.

2. [IpuBenuTe OCHOBHBIE ITPEUMYIIECTBA MOJISA JaJIbHEW 30HBI.
3. IIpuBeauTe BbIpayKE€HUE VISl BBIYMCIIEHUS TPAHULBI MOJIS JAJIBHEW 30HBI.

4. BeluncnuTe rpaHuile TOJs JajdbHEW 30HBI 71 4acToThl 2.4 I'T' 1 Aumnonb-

HOM aHTEHHBI L=\/2.

5. Ilons kako# 30HBI UCTIOB3YIOTCA B npuiioxkeHusx RFID u NFC?
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5. OCHOBHBIE ITAPAMETPbI AHTEHH

5.1. Ilnomnocms mownocmu
Bce wmziygaemblie 10T aHTEHHBI OTBOJIST MOIIHOCTH OT aHTEHHBI, KOTOpas
MOXKET OBITh TIepeXBaucHa YAAICHHBIMI MPUEMHBIMUA aHTCHHaMH. VIMEHHO 3Ta MOIII-
HOCTh HCIIOJIB3yeTCS B CHCTEMaxX CBs3HM. B KadyecTBE TPUBHUAIBLHOTO MpUMEpa Ipe-
MOJIOKHUM, YTO PACIIPOCTPAHSIONIUECS BEKTOPHBIC MOJIsI, TEHEPUPYEMBIE U30TPOITHON
AHTEHHOMW TOYEYHOTO MCTOYHHWKA, 3a/IaHBI J1ajiee ¥ BBIPAKCHBI B CHEPUIECKUX KOOP-

JUHaTax.

_Eo s o
EJ,,_TE 6 Vim (1)

H, = B,-itj Am )

Ir

IJI€ 1| — COOCTBEHHOE COTPOTUBJICHUE CPEIBI.
Bekrop IloniHTuHra, Ha3Banubli B 4yecTh J[k. X. [loMHTHHTra, mpeacTaBisieT

co00l BEKTOPHOE MPOMU3BENCHHE HAMPSKEHHOCTEH 3JIEKTPUYECKOr0 MU MArHUTHOTO

MI0JIE U UMEET BUII
P=FEx H Wim* (3)

BekTtopHoe Mmpou3BeeHNE HAXOAHUTCS B MPABOCTOPOHHEM CMBICIE U OIpELe-
JII€T HANPABJICHHUE PACIIPOCTPAHEHUS TNIOTHOCTU MOITHOCTH. Bekrop [loitHTHHra s1B-
JII€TCS MEPOM MTHOBEHHOT'O MOTOKA IUIOTHOCTH MOIIHOCTH OT UcTouHuKa. [loacra-
BuB ypaBHeHus (1) u (2) B ypaBHeHue (3) U UCHOIB3YS MPOCTOEC TPUTOHOMETPHUYE-

CKOC TOXICCTBO, IMOJIydacM

o

Pir,t)= EJ—_- [1+ cos(Zat — 2kr)lF (4)

2nr

[lepBblii uieH B ypaBHEHUH (4) MPEACTABISET COOOW CPETHIOI MO BPEMEHHU
IJIOTHOCTh MOIIHOCTH, U3JTy4aeMyl0 OT aHTE€HHbI, TOTJ]a KaK BTOPOM YJIE€H MpPE/ICTaB-
nsieT coO00 MIHOBEHHBIN MPUIJIMB U OTIUB. B3sB cpeHee Mo BpeMeHu ypaBHeHue (4),

MBI MOKEM OIIPCACIUTb CPCAHIOIO IIJIOTHOCTH MOITHOCTH.
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Wir) =

e

T
[ Pir, t)dt
o
2

0_; W/m"

2nr (5)

Pacuer CpeI[Heﬁ IO BPpEMCHHU IINIOTHOCTH MOINHOCTH 3KBUBAJICHTCH BBIIIOJIHC-

t‘!:l

HHIO paCucTa B BCKTOPHOM IIPOCTPAHCTBC.

Wir,6,0) = %RE[E—, « H*)= _|E,]?

Sz ©)

Puc. 15. IIM1OTHOCTh MOIIIHOCTH U30TPOIHOTO TOUEYHOTO UCTOYHUKA (a) U (0)

QJICKTPOMAIrHUTHOC ITI0JIC, U3JIy4aCMOC TOYCYHBIM HCTOYHUKOM

VYpaBaenue (5) npeacraBisieT co00# MOTOK CpeAHEN MIOTHOCTH MOIIHOCTH OT
M30TPOITHON aHTEHHBI U, CIIEIOBATEIBHO, HE sABIIAECTCS pyHKIMeH 0 wun ¢. J{ns mpak-
TUYECKUX aHTEHH IUIOTHOCTh MOIIHOCTH BCerja sIBJsIETCS (PYHKIUEH I U XOTs Obl
OJHOM YTJIOBOW KOOPAUHATHL.

B o01meM, mIoTHOCTh MOIIHOCTH MOYHO TMPEACTaBUTh KaK MOTOK MOIIHOCTH
yepes cdepy paauyca I, Kak okazaHo Ha puc. 15. [loaHas MOUIHOCTb, U3TyyaeMas
AHTEHHOW, HAXOJIUTCA C MOMOIIBIO 3aMKHYTOI'0 MTOBEPXHOCTHOTO MHTETpaja IIOTHO-
CTH MOIIHOCTH 10 cdepe, OrpaHuIUBaAIOIIEH aHTEHHY. DTO SKBUBAJICHTHO MPUMEHE-
HUIO TEOPEMBbI O JAUBEPreHIMU K IUIOTHOCTH MOIIHOCTH. TakuM oOpa3oM, MoJiHas

MOIIHOCTB OIIPCACIIACTCSA BBIPAXKCHHUCM

?.'r : 4
By = [ [ H',_Irjri sin Adfdd = -.i_.-rr:i.';'rlrl
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5.2. Unmencusnocmo uznyuenus

NHTEeHCUBHOCTh M3YyYEHHS MOKHO paccMaTpUBaTh KaKk HOPMHUPOBAHHYIO IO
PACCTOSIHUIO TJIOTHOCTH MOIIHOCTH. [1110THOCTH MOlTHOCTH B ypaBHeHuUU (5) oOpat-
HO MPOMOPIMOHATBHA KBA/IPATy PACCTOSHUS U TOATOMY YOBIBA€T MpHU OBICTPOM yia-
JIEHUU OT aHTEHHBI. JTO MOJIE3HO /JIs YKa3aHUs YPOBHEH MOIIHOCTH, HO O€CIOIe3HO
JUTSL yKa3aHWs AuarpaMM HAmpaBlIEHHOCTH YAAJICHHBIX aHTeHH. IHTEHCUBHOCTH W3-
JIY4eHHUs YCTPAHSIET 3aBUCHMOCTH 1/r%, 9to menaer rpaduKy JuarpaMMbl HAIIPABICH-
HOCTH B JaJIbHEW 30HE HE3aBUCUMBIMH OT paccTosiHusA. TakuMm oOpa3oM, UHTEHCHUB-

HOCTD HU3JIYUCHHA OIIPECACIIACTCS KaK

Uia,¢) = r~|Wir, 8, é)| =r"W.ir, 8, ¢
O6H_Iaﬂ HNHTCHCHUBHOCTD I/I3queHI/I5I YKa3BIBaeT J:[I/IarpaMMy HaHpaBJIeHHOCTI/I

AHTCHHBI B TPCX U3MCPCHHUAX.

Puc. 16. Ilnarpamma HanpaBJIECHHOCTH aHTEHHBI B TPEXMEPHOM MPOCTPAHCTBE

5.3. Auacpamma nanpasnennocmu
JlmarpaMMa HampaBlIEHHOCTH aHTEHHBI — 3TO JMOO0 (yHKIMS, MO0 Tpaduk,
OMKCHIBAIOIINI CBOICTBA HAIMpPaBJICHHOCTH AHTEHHbl. B OCHOBY I1a0JOHA MOXKET
OBITH TIOJIO’KEHA (DYHKIIWS, OTIMCHIBAIOIIAS AJICEKTPUYECKUE MIIM MarHUTHBIE ToJis. B
ATOM ciiyyae 1a0JOH Ha3bIBAaeTCs quarpamMmoi moss. Juarpamma HampaBlIEHHOCTH

TaK)kKe MOJKET OBITH OCHOBAaHa Ha (bYHKI_[I/II/I HMHTCHCUBHOCTH H3JIYUYCHHUSA, OIMPCACIICH-
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HOW B mpeaplAylieM paszzaene. B aTom ciayyae rpaduk Ha3bIBaeTCsl CTENEHHON aua-
rpamMMoii. [luarpamma HampaBICHHOCTH AHTEHHBI MOXET OBITh HE pPe3yJbTaToM
(GYHKIMOHATBHOTO OMUCAHUs, a TaKKe PEe3yJbTaTOM HM3MEPEHUI aHTeHHBI. B sTom
cllydae M3MEpEHHas JuarpaMMa HallpaBJICHHOCTH MOXET ObITh BbIpa)KE€HA Kak Jua-
rpaMma MoJis WIM Kak JuarpamMma MoinHocTu. Ha pucynkax 17 a u O mokasaH Tu-
NUYHBIA JBYMEPHBIA TpauK AUarpaMMbl HAIpaBJICHHOCTU TMOJIA, OTOOpakaeMbli
KaK B IPSIMOYTOJIbHBIX, TaK U B MOJIAPHBIX KoopauHaTax. OOO03HAa4YEeHBI TJIaBHBIA U
OOKOBBIE JICTIECTKH AHarpaMMbl HallpaBiIeHHOCTHU. [ TaBHBIN JIETIECTOK — TO Ta YacThb
JUarpaMMbl HalpaBJICHHOCTH, KOTOpas MMEET MaKCUMAaJlbHOE MPEANOIaraéMoe u3-
nydeHue. BOKOBBIE JIENECTKH OOBIYHO MPEACTABISAIOT COOO0M HEMpPeayCMOTPEHHBIE
HanpaBieHus n3nydeHus. Pucynku 17 a u 6 MOXKHO paccMaTpuBaTh Kak JEMOHCTpa-
LMIO0 IBYMEPHOTO Cpe3a TOro, 4To OOBIYHO SIBJIIETCA TPEXMEPHBIM y30poM. Ha puc.
18 mokaszaH TOT K€ PUCYHOK B TpeX U3MEPEHUAX. TpexmepHast NepCHeKTUBA MOJIE3HA
U1 WUTIOCTpalMM, HO YacTO NMPOEKTHPOBIIMKH AHTEHH OTOOpa)karoT JIBYMEpHBIE

rpauKy B OCHOBHBIX MJIOCKOCTSIX TPEXMEPHBIX TUATPAMM.

Bokosble

FnaBHbIi b
nenectku

nyy

i - :

% TnasHbIi \“[\ !

e nyy 1 -
Y211 171 [bokossie |

nenectku

Fel d il evm

™

a) 0)

Puc. 17. JlnuarpamMmma HanpaBJ€eHHOCTH B IBYMEPHOM MPOCTPAHCTBE (),

JlnarpamMmMa HanpaBJI€HHOCTH aHTEHHBI B MOJISIPHBIX KoOpAUHaTax (0)
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Puc. 18. [Ipumepsl AuarpaMm HarpaBI€HHOCTH aHTEHH

5.4. lllupuna ouazpammol HANPAGIEHHOCMU
[[IupuHa yda u3MepseTcs B TOUKAaX AWMarpaMMbl HAPaBICHHOCTH C YPOBHEM
3 nb. Ha puc. 19 nokazan nsymepnsiii cpe3 puc. 17. [llupuna nmyda — 3T0 yrosi Mex-
ny Toukamu 3 1b. [TockonbKy 3TO 1m1abI0H MOITHOCTH, TOYKU 3 b Takke SBISIOTCS

TOYKaMHU ITOJIOBUHHOM MOIIIHOCTH.

Puc. 19. llupuna /uarpaMMbl HalIpaBI€HHOCTH AHTEHHBI

B cnydae nuarpamm HarpaBJ€HHOCTH IOJIS BMECTO JUAarpaMm MOIIHOCTH TOY-
ki o 3 1b OyayT COOTBETCTBOBaTh HOPMAJM30BAHHOW aMIUTUTYJI€ TUAarpaMMbl Ha-

npasnerroctr = V12 = 0.707.
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5.5. Koagppuyuenm nanpasnennozo oeticmeust
Koagpguyuenm nanpaenennozo oOeiicmeusi — 3T0 Mepa HAIPaBIEHHOCTH OT-
JIEJIbHOIM aHTEHHBI 110 OTHOLLIEHUIO K M30TPOIHOW aHTEHHE, U3Jlydarolel Ty e 00-
IIyK0 MOIIHOCTB. J[pyrumMu ciioBamu, HalPaBJIE€HHOCTh — 3TO OTHOLIEHUE IUIOTHOCTH
MOIIHOCTH aHWU30TPONIHOM AHTEHHBI K M30TPONHOM AHTEHHE, W3JIy4alolleh Ty K€

O6IHYIO MOIODHOCTB. Takum 06p330M, HaIIPAaBJICHHOCTD 3a4dCTCA KaK

Wia, @) 4xUNAE, o)
Dig, &) = =
¢r _h-_ -'-r..fnf

dxr2

B kayecTBe nmpuMepa pacCMOTPUM JIB€ aHTEHHBI, JAarpaMMa HalpaBICHHOCTH
OJTHOW M3 KOTOPBIX PaBHA:

(& @) = .v"rsill( (2 AHTenna 1

F(O,¢) = (sin @) AHTeHHA 2

OTHU auarpaMMbl HalpaBJIEHHOCTH MOKa3aHbl Ha pucyHke 20. OOpature BHU-

MaHHC, 4YTO JUarpaMMbl HAIIPABJICHHOCTH SABJIAIOTCA (bYHKHPIGﬁ TOJIBKO ITOJIAPHOI'O

yria d , 1 He sBJsIeTcsl PyHKUMENW a3uMyTaJIbHOTO yriia (paBHOMEPHOIO MO a3uMYy-
Ty). JlnarpaMMa HanpaBJI€HHOCTH aHTEHHBI | MeHee HampaBjeHa, YeEM y aHTEHHBI 2;

CJICO0BATCIIbHO, MBI OKHJACM, YTO HAIIPABJICHHOCTD 6yz[eT HHMKC.

Antennz | Antanna 2

0 S — 0 i s—

= f
= o
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Puc. 20. I'paduixu quarpamMm HarpaBJI€HHOCTH aHTEHH.

Yro umeer 6oJiee BHICOKYIO HAIIPABICHHOCTh?
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Hcnone3ys ypaBHeHue [1], Mbl MOXEM BBIICHUTD, Kakasi aHTEHHa UMeeT Oosiee
BBICOKYIO HAIpaBJIEHHOCTh. HO YTOOBI MpOBEpUTH CBOE MOHHMAHHME, BaM CIEAYET
noayMaTh O pUCYHKE 20 M O TOM, YTO TAKOE HAIIPABIEHHOCTb, U ONPEIECIUTh, KaKas
U3 HUX UMeeT 0oJiee BBICOKYIO HAIPaBIIEHHOCTb, 0€3 HMCIOJb30BaHMUS KaKOH-1100
MaTEMaTUKH.

Pe3ynpTaThl pacyeTa HaPaBJICHHOCTH 110 ypaBHEHUIO [ 1]:

HamnpasnenHocts paccuntana ais Aurenns! 1 u pasna 1,273 (1,05 ob).

HamnpapnenHocTs anTeHHBI 2 paccunTana kak 2,707 (4,32 nb).

OnAathb ke, MOBBIIIEHHAS] HAMIPABJICHHOCTH MOApPa3yMeBaeT 0oJiee «CPHOKyCHUpo-
BAHHYIO» WJIHM «HAIPABJIECHHYIO» aHTEHHY. lpyrumu cioBamMu, AHTEHHA 2 NOJIy4aeT
B 2,707 pa3 0o0bllie MOIIHOCTH B MHKOBOM HAIPaBICHUM, YEM MOTJa Obl MPUHATH
M30TPOINHAs aHTeHHA. AHTeHHa 1 Oyner mpuHUMAaTh MOIIHOCTH B 1,273 paza Oonb-
IIy}0, 4YEM H30TPONHAs aHTEHHA. 30TpOIHAas aHTEHHA MCIOJB3YETCS B KayeCTBE
o0LIero 3TajloHa, XOTs Ha CAMOM JIeJI€ UI€aJbHO U30TPONHbBIX AaHTEHH HE CYILECTBY-
eT. [[Ipumeyanue: MHOrAA B TEXHUYECKUX XapAaKTEPUCTUKAX Bbl YBHJIUTE aHTEHHY,
IIOMEYEHHYIO KaK U30TPOITHAsA; OHU UMEIOT B BUY, YTO OH U30TPOIIEH B OJIHOM IJIaB-
HOH TUIOCKOCTH; HANpUMEp, JAMINOJIbHAS aHTEHHAa MMEET HJI€aJbHO CUMMETPUYHYIO
JUarpaMMy HAalpaBJICHHOCTH B IJIOCKOCTH XYy WJIM a3MMYTaJbHOM IJIOCKOCTH, U €€
MHOT/Ia Ha3bIBaOT N30TponHOU. [IpocTo oOpaTuTe BHUMaHKeE, YTO OH HE U30TPOIIEH B
TJIOCKOCTH BO3BBIIICHUAL. |

AHTEHHBI 111 MOOMJIBHBIX TEJIE(POHOB NOJKHBI MMETh HHM3KYIO HaIlpaBieH-
HOCTb, TOCKOJIbKY CUTHAJ MOXET MPUITH ¢ JII000ro HapaBJICHUs], U aHTEHHA JOJIK-
Ha €ro ynaBnuBaTh. HampoTuB, CIyTHUKOBBIE aHTEHHBI UMEIOT OYE€Hb BBICOKYIO Ha-
MPaBJIIEHHOCTb, MOCKOJIbKY OHHU JIOJDKHBI MPUHUMATh CUTHAIBI C (PUKCHUPOBAHHOTO
HanpaBieHus. Hanpumep, eciiv y Bac ecTb aHTEHHA 3(UPHOTO TEJIEBUICHUS, BaM
CKaXyT, Ky/la €e HalpaBUTh, YTOObI AHTEHHA MPUHSJIA CUTHAJL.

Haxkowneli, npuBezieM CMCOK TUIIOB @aHTEHH W UX HANPaBJICHHOCTH, YTOOBI 1aTh

BaM MMPCACTABJICHUEC O TOM, YTO IMPONUCXOAUT HA ITPAKTHKE.
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Tabmmna 2. Paznuunsie anteHHs! 1 ux KH/]

Tun aHTeHHBI Tunuuynas Tunuanas
HaIPaBJICHHOCTh HaIpaBJIeHHOCTH (1)
KopoTkas nunonbHas aHTEHHA 1,5 1,76
[TonyBoJIHOBasI TUIOJIbHAS AHTCHHA 1,64 2,15
[TaTy (MHKPOIIOIOCKOBAs) aHTCHHA 3,2-6,3 5-8
Pynopnas antenna 10-100 10-20
Tapenka 10-10 000 10-40

Kak BUAHO M3 MpUBEACHHON BBIIIE TAOJUIIBI, HAPABIEHHOCTh AHTEHHBI MO-
KET M3MEHATHCA Ha HECKOJBKO MOpsAAKoB. CienoBaTesNbHO, BaKHO IOHUMATh Ha-
MPaBJICHHOCTh MPHU BBIOOPE JYyYIIEH aHTEHHBI IJI BalEro KOHKPETHOTO MpHUMEHE-
Hus. Eciiu BaM HE00X0AMMO nepeaaBaTh WM MPUHUMATh YHEPTHIO C CaMbIX Pa3HbIX
HaIpaBJeHU# (HapuMep: aBTOMOOMIIbHBINA PaAUONPUEMHUK, MOOUIIbHBIE TeNIE(DOHBI,
Wi-Fi kommbroTepa), TO BaM CIIeJyeT CIPOCKTUPOBATh aHTCHHY C HH3KOH HaIpas-
JeHHOCThI0. 11 Ha000pOT, €ciu Bbl BBINOJHIETE AUCTAHLIMOHHOE 30HINPOBAHUE WIH
LEJIEBYIO Iepeaady MOIIHOCTU (IIpUMEpP: MOJYYEHHBIA CHTHAJ C BEPUIMHBI TOPBHI),
BaM HY>XHa aHTEHHA C BBICOKOW HampaBlIE€HHOCTBIO, YTOObI MAKCUMHU3UPOBATH NEpe-
a4y MOIIHOCTH U YMEHBIIMTh CUTHAJ C HE)KENATeIbHbIX HAIIPABICHU.

JlomycTuM, Mbl pEUIMJIM, YTO HAM HYXXHA aHTEHHAa C HU3KOW HampaBJIEHHO-
ctbto. Kak Ham 3TOr0 106UTHCS?

OO111ee MpaBUIIO TEOPUU AHTEHH 3aKIHOYAETCS B TOM, YTO BaM HYXHA AJIEKTPU-

YCCKM MaJICHbKas aHTCHHaA, O6CCHG‘-II/IBaIOIHa$I HHU3KYIO HAIIPpaBJICHHOCTD. To CCTh,

€CJIM BBl HCIIONIB3yeTe aHTeHHY obOmmM pasmepom 0.25 - 0.5 4 (pasmepom oT yert-
BEPTH 10 TOJIYBOJIHBI), TOTAAa Bbl MUHUMH3UpPYETE HAMpPaBIECHHOCTh. TO ecTh Moiy-
BOJIHOBBIC JIMIIOJIbHBIC AHTCHHBI WM MOJYBOJIIHOBBIC IIEJIEBBIE AHTEHHBI OOBIYHO
MMEIOT HaNpaBlIEHHOCTh MeHee 3 Ab, uTo sBisieTcs MPUMEPHO HACTOJBKO HU3KOU
HAIPaBJIEHHOCTHIO, HACKOJIBKO 3TO BO3MOKHO Ha MpakTHKEe. B koHeuHOM cueTte, Mbl
HE MOXXEM JIeJlaTh aHTCHHBI pa3MepOM HaMHOTO MEHbIIIE YeTBEPTH BOJIHBI, HE JKEPT-

BYs 2(()DEKTUBHOCTHIO aHTCHHBI (CIIEIYIOIIAs TEMA) U €€ MOJI0COH MPOIMyCKaHMUS.
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n HaO60pOT, JJIs1 aHTCHH C BBICOKOM HaIrpaBJICHHOCTBIO HAM l'IOHaI[O6HTC}I aH-
TCHHBI, UMCIOIMUC pPasMCPp MHOTHUX IJIWH BOJIH. To ectb AHTCHHBI, TAKHUC KaK Tapc-
JJOYHBIC (HJII/I CHYTHI/IKOBBIG) AHTCHHBI U PYIIOPHLIC AHTCHHBI, UMCIOT BBICOKYIO Ha-

IMPaBJICHHOCTL, OTYACTHU IIOTOMY, YTO OHHU UMCIOT AJIMHY MHOTUX IJIHWH BOJIH.

5.6. Koagppuyuenm ycunenust

KoadduimenT HanmpaBieHHOTO JEHCTBUS aHTEHHBI SBIISICTCS MMOKa3aTeleM Ha-
MIPaBJIECHHOCTH AaHTEHHBI. JTO CHOCOOHOCTh AHTEHHBI HANPABIIATH SHEPTUIO B IMpEN-
MTOYTHUTEBHBIX HalpaBieHusAX. HanpaBieHHOCTh MpeAnoaaraeT OTCyTCTBUE NOTEPH B
AHTEHHE M3-3a MOTEPb NPOBOAUMOCTH, TUAIEKTPUUECKUX OTEPh U HECOTIACOBAHHO-
cTd nuHui nepenaur. Kosd@uimeHnT ycuieHus aHTeHHbI MPEACTaBIseT co00i Mo-
IU(PUKALUIO HAIPaBICHHOCTH, YYUTHIBAIOUIYIO BIIMSHHUE HEI(P(HEKTUBHOCTH aHTEH-
Hbl. YCHJIEHUE B OOJbILIEH CTENEHH OTPa)XKaeT peabHbIE XapaKTEPUCTUKU aHTECHHBI.

BripakeHne ycusieHHsl aHTeHHBI OTIpeIeliieTcs caeayomieit hopmynon

Gia, gl =elXe, ¢)
rae € — oot KITJ1 anTenHsl, BKItouas 3p@PekTsl MoTeps U paccoriacoBaHuil. Jua-
rpaMma, co3faBaeMas YCUJIEHUEM, HJICHTUYHA JUarpaMMe, CO3/1aBaeMOil HarpaBieH-

HOCTBIO, 32 UCKJIFOUEHHEM MacIITabHOTO ko3 duirienTa 3pPpeKTuBHOCTH €.

5.7. Anepmypa anmerHbl
To4HO Tak ke, KaKk aHTEHHA MOKET M3JIy4aTh MOIIHOCTh B Pa3JIMYHBIX MPE.I-
MOYTUTEIbHBIX HAIPABICHUSAX, OHA TAK)KE€ MOXKET MPUHUMATh MOIIHOCTH B TEX XK€
IPEANOYTUTENIbHBIX HAMPABICHUSAX. DTOT MPUHIIMI HA3bIBAE€TCS B3aUMHOCThIO. Ha
puc. 21 nokaszaHsl nepeaaroiias u npueMHas anteHHol. [lepenaronias aHTeHHa niepe-

2
naet ¢ MoIiHoCTho Py (BarT) u u3nydaet motHocts MomHocTr Wi (BT/M).

=<7 ) ) e

Antenma | Antennz 2

Puc. 21. Ilepenaronmas u npuéMHasi aHTCHHBI
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[IpremMHass aHTEHHA NEPEXBATBHIBAET YACTh IUIOTHOCTH IMAJAIOMIEN MOIIHOCTH
W, Tem cambpiM niepenaBasi MOIIHOCTb P, B Harpy3ky. [IpueMHy10 aHTEHHY MOYKHO
paccMaTpuBaTh Kak 3PGEKTUBHYIO anepTypy IUIOMAIbI0 Agp, KOTOpAs yIaBIMBAET
94acTh JIOCTYIMHOW IJIOTHOCTH MOUIHOCTH. Takum oOpa3oM, HCIOJIb3Yys YpaBHEHHS.

(3.15) u (3.20), MBI MOXKEM 3amMKcaTh MOJTYUYESHHYIO MOIIIHOCTh KakK

:"‘l.t.;r_-PiL"[ D]lf‘[, i)

- W
dmry

Py=AaW, =
(7)
e Iy, 01, 91 — ToKanbHblE chepruuecKre KOOPAUHATEI AHTEHHBI 1.

Ecnu anTeHHbI Ha pHuc. 21 ICPCITyTaHbI TAaK, 4YTO IIPUCMHAA aHTCHHA IICPCAACT,
a riepeaaromasg aHTCHHa ITPUHUMACT, MOKHO I10Ka3aTb, YTO

Py = AW, = 2aPieaDaby, 6

dry (8)

rae Iy, 6, ¢, — NoKabHbIE cheprudecKrue KOOPIUHATHI AHTCHHBI 2.

BBIBO BBIXOAWT 32 paMKH 3TOTO TEKCTa, HO €r0 MOYKHO IOKa3aTh U3 ypaBHE-
Huit. 13 (7) u (8) [1, 2] cnenyet, uto 3 deKkTrBHAs aniepTypa CBSA3aHa C HAINpaBJICH-

HOCTBIO aHTCHHBI COOTHOILICHHNCM

% T 5 3

AT ’
Ao ) = —eDid, ) = —Gi8, )
dx 4

5.8. @opmyna @puuca
Xapanba @punc pazpadoran Gopmyiy, CBI3BIBAIOITYI0 MOIIHOCT MEpeaadun U
NprueMa MEXIy ABYMS YIaJICHHbIMUA aHTeHHaMH. [Ipeanonoxum, 4to nepenaromas u
IIpUEMHAsi aHTEHHBI COTJIAaCOBAHBI I10 MOJISPU3AMH (TO €CTh MOJSPU3AIUS PUEMHOM
AHTEHHBI UJICAJIbHO COBIIAACT C MOJISIPU3ALIMEN, CO3JaBAEMOM MEPENAIOIICH aHTEH-

Hoil). [loacraBuB ypaBHenue (8) B (7)
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Figure 112 Two nntennas separated by o distanee r.

Puc. 22. J/IBe aHTEHHBI HA PACCTOSIHUU T

MOZKHO BBIBCCTH CJICAYIOIICC COOTHOIICHUC!

B AN
F_[ — (m) (7108, ¢ 1Gal Bz, da)

(9)
[Tpumep
Paccuuraiite MOImHOCTHL nipuema P, Ha aHTEHHE 2, €CM MOIIHOCTh Mepeaadu
Pl = 1 kBr. Kospduument yennenust nepenarduka pases G1(61, @1) = sin(0;), a ko-
S UIMenT yerneHus mpuéMHnKa paseH Go(0,, @) = sin’(0,). Pabouas gactoTa co-
crapiger 2 ['Tn. lnsg pemenus 3agaun ucnonbzyure puc. 22. Ilnockoctu y-z u y-z

KOIUIaHAPHBL.

Pentenue

['eometpust ykaspiBaet 0; = 60° u 0, = 120°. icnionb3ys ypaBuenue (9), umeeM

;o
*

y 2
'P'..‘. — PI (4—) Gl”i]-.-'-‘t" :'Gg”"’:t. gl
or

g
P ’—) gin (@) sin®(#y)
47r

5 [ 15 cm : , @ 9
10 ix10° sin (60} sin~{ 120)
10

= 850.1 oW
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Bonpocuvt u 3a0anus

1. Ucnone3ys s3bik mporpammupoBanus Octave, Hapucyiite nguarpamMmmy Ha-
npasieHHOCcTH C0SY(0) 1 Sin’(0)wis a3umyTansHEX KoopauHat -90° < § < 90°.

2. YeMy paBHa IIMpPUHA [JIaBHOTO JIETIECTKA MO YPOBHIO -31b u3 3aganus 17

3. OObsicHuTe, B 4éM OTIuYMe KOI(PUIIMEHTa HAMPaBICHHOTO JEUCTBUS OT
koadduirieHTa ycuneHus aHTeHHbI? 3a cu€T Kakoro (pU3Myeckoro mnapamerpa mpo-
HCXOJUT YCUJICHUE CUTHAIa aHTEHHOM ?

4. PaccmotpuM cuctemy Bluetooth, paGotatomyto B nuanazone 2,4-2,48 I'T.
[Ipeanomnoxxum, 9T0 aHTEeHHBI BeeHanpasiieHHbIe (G = G, = 1), BBIXOHAS MOITHOCTH
Pt = 1 MBt (0 nbM) u 4yBCTBUTEIBHOCTb TMpPUEMHHKA P, nin = 10° Br
(= -70 nbm). Uemy Oyzaet paBeH MaKCHMAJIbHBIHM THANa30H 3TOH CHCTEMBbI?

5. Jluarpamma HamnpaBJIECHHOCTH KaKOW aHTEHHBI 0OOJIee IUpPOKas M0 YPOBHIO -
31b: nonyBOJIHOBOM AUIONE WK pedIeKTOpHas aHTEeHHA U ToYeMy?

6. IIpuBeauTe OCHOBHBIE NTapaMETPhl AUArpaMM HAIpPaBJICHHOCTU aHTECHH, Ha-

PUCYHTE TUIIHYHBIN TPUMED.
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6. MIPOCTBIE AHTEHHbI

6.1. Macnummolii 6eKmopHbILL NOMEHYUAT U NOJe OaNbHel 30Hbl

Bce aHTEeHHBI M3My4arOT AJEKTPUYECKUE U MAarHUTHBIC TOJS 3a CYET YCKOpe-
HUS 3aps70B HAa aHTEHHE. DTU YCKOPAIONIIME 3aps/ibl 0ObIYHO UMEIOT (hopMmy mepe-
MEHHOTO TOKa. XOTS MOYXHO pAacCUMTaTh JAJbHUE H3JIydaeMble I0JI1 HEIOCPEICT-
BEHHO 10 TOKaM aHTEHHBI, B OOJBITMHCTBE CIy4aeB 3TO MATEMATHIECKHA TPOMO3IKO.
[ToaToMy McnoJIb3yeTCsl MPOMEXKYTOUHBIM 3Tarl, HA KOTOPOM MBI BMECTO 3TOI'O BBbI-
YUCIISIEM BEKTOPHBIA MAarHUTHBIM MOTEHIHAN. 3aT€M M3 BEKTOPHOI'O MOTCHIAAIA MbI
MOKEM HAWTHU yIAICHHBIE U31y4aeMbIE OIS

Toueunas opma 3akoHa I'aycca rmacut, uto V- B = 0. [lockonbKy TUBEpreH-
1Sl pOTOpa JIOOOTO BEKTOpPA BCETJa TOXKIESCTBEHHO paBHA HYJIO (V VxA= 0)) Torma

MBI MOJKCM OIIPCACIINTD B-none qcpe3 BGKTOpHBIﬁ MarHUTHBIN IIOTCHOMAJI A.

B=VxA (10)
Vpasuenue (10) pemaer 3akon I'aycca. ITockonbky B u H cBs3aHBI KOHCTaH-

TOM, MBI TaK)K€ MOKEM HaIlMCaTh

A=‘vxA

2 (11)
DneKTpuyeckoe noje B 001acTu, CBOOOAHOM OT UCTOUHHMKA, MOYXKHO MOJTYYUTh

U3 MarHUTHOTO TTOJIS 10 (hopMyJie

JenE (12)
Takum 00pa3om, 3Has BEKTOPHBIM MOTEHIIMAT, MBI MOYKEM BIIOCJIEJICTBHH BbI-
upcuth E ui monsa. Ha pucyHke 23 moKa3aH IPOM3BOJIBHBIA HCTOYHMK TOKa I, cO3-
JAIOIINI yIaJIeHHbIM BEKTOPHBIN MOTEeHIMAT A. BEKTOpPHBIN NOTEHIIMAI CBSI3aH C UC-
TOYHMKOM TOKa COOTHOIIICHUEM

tr—_.l&fl’

Reﬂ

a=" (1
4 ,l (13)

rae Iir') = L(ri + 1L,(r'y + L{r') = TOK B TPEXMEPHOM IIPOCTPAHCTBE
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#'= BEKTOp MOJIOKEHUA B KOOpAMHATAX UCTOYHUKA
7 = BEKTOp IIOJIOKCHUSA B KOOpAMHATAX IT0JIS

R= BekTOp paccTosiHue = 7 —F'

R=|R|

dl' = muddepenruanbHas JIMHA HCTOYHNAKA TOKA

=l

Puc. 23. cTouHMK TOKA U BEKTOPHBIN NOTEHIMAI

BekTopHbII TOTEHIIMAI MOXHO HAlUTH OT JIF000r0 HCTOYHHUKA JJMHEHHOTO TOKA,
ucnons3ys ypaBHeHue (13). PesynabTaThl MOXHO MOACTaBUTH B ypaBHeHus. (11) u
(12) nnsa HaxOXKJIEHUS NalieKuX Mojei. J[Be U3 cambIX MPOCTHIX MPOOJIEM C aHTCHHA-

MU — 3TO JIMHEWHAs1 aHTCHHA U paMOYHas aHTCHHA.

6.2. Jluneiinvie anmenmwl
OcCHOBOW NMOHMMaHUSI W3JTYyYCHHS AHTCHHBI SIBISIETCS MOHUMAHUE MOBEACHUS
IPSMOM WJIM JIMHEMHOW aHTeHHbI. Vcronbp30BaHKME NPSMOrO CErMEHTa MNpOBOAA HE
TOJBKO 3HAYUTEIBHO YIPOIIAET MATEMATUYECKUE PACUYETHI, HO U PELICHUE C JIMHEU-
HOM aHTEHHOW JaeT MpeACTaBJIEHUE O MOBEICHUN MHOTHX 00Jiee CJI0XKHBIX CTPYKTYD,

KOTOPBIC 4aCTO MOXKHO paCcCMAaTpUBATh KaK Ha6op MMPpAMBIX CCTMCHTOB IIPpOBOAA.

6.2.1. Kopomxuii ounonv
KopoTkuii mumosb — 3To mpocTasi MpoBoioYHasi anTeHHa. OJIMH KOHEIl ero pa-
30MKHYT, @ IpYroi KOHEIl MUTAETCsS OT UCTOYHHUKA MEPEMEHHOT0 TOKa. DTOT AUIOIb
MOJTyYrJI CBOE Ha3BaHUE M3-3a CBOEH JJIMHBI.
Jlnama3oH 4acToT, B KOTOPBIX pabOTaeT KOPOTKHUM JUMOJb, COCTABIAET OT 3

kI’ 7o 30 MI't. OT0 B OCHOBHOM MCIOJIB3YETCA B HU3KOYACTOTHBIX IPUEMHHKAX.
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[Toctpoenue u pabota KOPOTKOTO TUIIOJIS

KopoTkuii Aunoss — 3T0 JUIOJIbHAS AHTEHHA, JJIMHA IIPOBOJA KOTOPOH KOpoye
JUITMHBI BOJIHBL. VICTOUHMK HAIIPsKEHUS MOAKIOYEH HAa OJTHOM KOHIIE, B TO BpeMs Kak
BBINOJIHEHA JUMOJIbHAs (OpMa, TO €CTh JMHUM 3aKaHUMBAOTCS HA JPYTOM KOHIIE.

beckoHEYHO Manblil AMIONb MPEACTaBIsAeT COOOW aHTEHHY M3 CErMEHTa KO-
POTKOIO IpoBOja, B KOTOpo# anuHa L << A. OH BBIPOBHEH BIOJb OCU Z U CUMMET-
PUYHO PACIOJIOKEH OTHOCUTENIBLHO INIOCKOCTD XY, KaK IIOKa3aHo Ha puc. 24.

BekTopHBII TOK ompenensercss BopaxenueM 1 = {62, BekTOpbI MONOKEHUI U

P

pacCTOosAHUA OIPCACIIAOTCS BBIPa’KCHUECM F=rf=x3+vwW+zF =72, u

R=xi+yi+'2=7)% Takum 00pa3oM, BEKTOPHBINA MOTEHIHAJ OIPEAECISIETCS BBIPAKE-
HUEM

A="— ey
dr J_pp Vi +iz-20 (14)

e L2 gk eV
j Ioé

[TockonbKy MBI TIpefmoiaraeM O€CKOHEUHO Masiblid aumoiib 7 2) 1o R = T.

Takum 06p330M, HHTCI'paJI MOZKHO JICTKO pCHIUTD, ITIOJIYUYHB

L2 ik L

— i

Aot [P e gy bl
4w g r dmr

= A3
(15)

[TockoJsibky OOJBIIMHCTBO AHTEHHBIX TMOJIEH ynoOHee BbIpakaTh B cepuye-
CKMX KOOpAMHATax, Mbl MOXEM MPUMEHUTh BEKTOPHOE MpeoOpa3oBaHHE K ypaBHE-
Huto (15) unu rpaduuecku onpeaenutsh A B chepudeckux koopauHatax. Ha pucynke
240 moka3zaH BEKTOPHBIA MOTEHIMAJI KaK B MPSIMOYTOJBHOM, Tak U B cepuueckon

KOOpANHATAaX.

= "l"._

e
= .

L

-

a) 0)

Puc. 24. a) beckoHeuHO MaJIbIii JUTIONB, 0) BEKTOPHBIN MOTEHIHAI

38



[Tockonbky H cBsizano ¢ poropom B ypaBHeHuu A (11), MbI MOkeM B3SITh pO-

TOP B cpepruecKrX KOOPAUHATAX, YTOOBI TTOJYIHTh

Lf". = + —| &

shr (16)

DNEeKTpUYECKOE MoJe MOXKHO HAaWTU U3 ypaBHeHHus (16), moacTaBuB B ypaBHe-

_ __,ka“LSi.HH 1 1 b
drrr

Hue (12) naBas

E;

__ifﬂiffiii[ a1 ]Eﬂb
drr Jkr (kr)t (17)
7€ 1| = COOCTBEHHOE COIPOTHBIIEHHUE CPEJIBL.

B nanbHeli 30He ujieHbl 00JI€€ BBHICOKOIO IOPSAIKA, BKIIOYAMOLIUE 112 u 17,

CTaHOBSITCS TPEHEOPEKUMO MaJIBIMU, 4TO yrpolnaet ypaBHeHus (16) u (17) cranyt

JknlgLsing _

= dar - (18)
JelyLsing _
Hy=—r = (19)

CTouT OTMETH, YTO B JJaJIbHEN 30HE BBINOJIHACTCS =

JlaBaiiTe Temepb HCCIEAYEM HEKOTOpble (PYyHIAMEHTAJIbHBIE MapaMeTphbl aH-
TEHHBI dJekTpuyeckoro aumnoiis. CoriacHo (18-19) HopmupoBaHHas nuarpamma Ha-
[PaBJICHHOCTH UMEET BUJT

P(,¢) _ P(O)
P(=/2.0) - P(=/2)

= sin’ .

F(#, ¢) =
(20)

Ota 3aKOHOMEPHOCTh M300pakeHa Ha puc. 25. [llupuHa J1yda 3IeKTpUUIEeCcKOro
MIONsE o ypoBHIO 3 1B pasua 90°. HampaBieHHOCTh IpecTaBisieT cob0if MaKCH-

MyM GYHKIIUH HAIIPaBIECHHOCTH, onpenesisieMoi B (20) BIpakeHUEM:

P, o 3 a
\%. ) = —sin"#,

D“?.I’J}=W >
gy = =
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Puc. 25. Inarpamma HanpaBJIEHHOCTH JTATIOJIS

OTKYJla CIeAyeT, YTO HanpaBlieHHOCTh paBHa D = 3/2. Hakoser, onpeaenuM BXOAHOE
CONIPOTHUBJIEHUE DSJIEKTPUUECKOrO0 IUIONs. BXOIHOE CONpPOTUBIICHHE HJIEATBHOTO
3JIEKTPUYECKOTO JTUMOJISI YUCTO PE3UCTUBHOE, MOATOMY Za = Ra. Ra, Takxke n3BecT-
HOE KaK COMPOTUBJICHUE U3ITyUYCHHsI, MOKHO HAaWTH, UCIIONB3Ys cOOTHOIIEHUE (2.16).

O6beaunenue 3toro ¢ (4.72) naer:

2

P k2 Z,1% af T3
R“ —_ | — 2 ==t - Ihl”T_' (_) .
%lfﬂl‘] 2 Ao

JuHa | qumonist Mana mo CpaBHEHUIO ¢ JTMHOW BOJHBI. Hanpumep, mycts | =
0,01, 9TO MPUBOJNUT K BXOAHOMY compoTuBiieHHuI0 R, = 0,08 Om. D10 03Haydaer, 4yTo
ANEKTPUYECKUI AUMOIb MUMEET OYEHb HU3KYIO PAJHALMOHHYK CTOMKOCTB, 4TO 3a-
TPYIHSIET €ro COIVIACOBAHUE C JIMHUEH Nepelayu, MOCKOJIbKY HauOoJiee 4acTo HcC-
HOJIb3yeMbI€ JIMHUU Nepelaul UMEIOT ropa3o 0oJiee BHICOKUI XapaKTepUCTHUECKUN
umrneaanc (gacto Zy = 50 Om). DT0 npuBEAET K IIOXO COTJIACOBAHHOW aHTEHHE U
BBICOKOMY COOTBETCTBYIOLIEMY KO3(ppuiuuenty orpaxenus (2,19) Ha nopTy aHTeH-
HBI. DJIEKTPUYECKUE TUIOJU UCIOJB3YIOTCS TOJBKO B OUEHb CleUu(PUUEcCKUux Mpu-
JIO’KEHUSIX, B KOTOPBIX COTJIACOBAHWE MOIIHOCTH HE BaXKHO. XOPOIIUM MHPUMEPOM

SABJISIETCS HU3KOYACTOTHAsA paauoacTpoHoMusi [24]. [1odyBOJHOBOW IUIOIL HMEET
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ropaszio Jy4llie CBOWCTBAa M3TYYEHHUS M COTJIACOBaHUS. DTOT THUI aHTEHHBI OyjaeT
PaCCMOTPEH B CIEIYIOLIEM pa3zcie.

Huxe npuBeneHbl NpeMMyIIECTBA KOPOTKOM AUITOIbHON AaHTEHHBI —

« IlpoctoTa cTpouTenncTBa O61arogapst HEOOMBIIUM pa3MepaM

o Db(}PeKTUBHOCTH pacCCEMBAHUS MOIIHOCTH BBIIIIE

Hwuxe npuBeieHbl HEAOCTATKU KOPOTKOM NUMOJIBHON aHTEHHBI —

« BrIcokuE pe3uCTUBHBIE TOTEPU

« BrpIcokas MOIIIHOCTH paccenBaHUS

« Hwuskoe oTHOHIEHUE cUrHaM / IIyM

o Pagmanus Huskas

« He tak sdpdexrrBHO

[IpuBeneHbl NPUMEHEHHUSI KOPOTKUX AUWIOJBbHBIX aHTEHH — lcmomp3yercs B

Y3KOIIOJIOCHBIX ITPHUJIIOKCHUAX.

6.2.2. TonxonpogooHvle anmenHbvl

B mpenpiaymeM paszgenie Mbl OOHAPYXKHIIM, YTO COMPOTUBIICHUE HU3ITyUCHUS
AJIEKTPUYECKOTO JUMOJS OYE€Hb MAJIO, UYTO 3aTPYJHSIET €r0 COrJaCOBAHUE C JIMHUEH
nepegaur. Corjaacyromne CBOMCTBA MOKHO YJIYUIIWTh 33 CUET YBEIUYEHUS JJIMHBI
BUOpaTOpa, B pe3yJIbTaTe 4Yero MoyvyaeTcsl Tak Ha3biBaeMmas JIMHEWHAas TPOBOJIOYHAS
AHTEHHA. JTa AHTEHHA COCTOUT W3 IWJIMHIPUYECKOrO0 METAJUIMYECKOTO IPOBOJA
auametpoM Oy 1 amuHON 2, uMeroriero HeOOJBIION 3a30p B IIEHTPE MPOBOJA IS
obecrieyeHus: CHMMETPUYHOTO MUTAHUS C UCIOJIb30BAaHUEM TaK Ha3bIBAEMOW JBYX-
MPOBOJIHOW JIMHUU TI€PE/Iaud, TAKXKE HM3BECTHOW KaK JIBOMHOW BBIBOJ WM JIMHUS
Jlexepa. Kpome Toro, Oyaem cuuTarh, 4yTO JHAMETP MPOBOJIOKH Oy OYCHBH Maj IO
CpaBHEHHIO ¢ JMHOM BoJHBI Uy << Ag. Ha puc. 26 u300paxeHa TuHEHHas TPOBOJIOY-

Hasd aHTCHHA, IIOAKIIOYCHHAsA K JIMHUMW IICPCAaYdn.
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Generstor - T

Puc. 26. Tonkas (JMHEHHAas) TPOBOJIOYHAS aHTCHHA JITUHOM 2|,

IIOJKJIFOUCHHAA K ﬂBYXHpOBOHHOﬁ JIMHUH 1ICpCcaavdn

OI[HaKO, IMOCKOJIBKY IHUIIOJIb KOHCUHOM JJIMHBI MOJXHO pPacCMaTpuBaATb KakK
O6’beI[I/IHeHI/IC MHOKECTBA OCSCKOHEYHO MaJIbIX nnnoneﬁ, MBI MOXXEM HCIIOJIb30BATH
IMPUHOUIT CYIICPIIO3HMIHNHU JIA HAXOXKIACHUA noaer. HamoxeHne MHOTIOYMCIICHHBIX

0ECKOHEUHO MaJIbIX JMIIOJICH UTHHBI (0Z MPUBOAUT K MHTErpaly, UMeroniemy Bun [ 1]

Jnke=4* rhi

E, gin ’l (e =3
J—Lya

dmr

(21)
ITOCKOJIBKY AWIOJIM MUTAKOTCSA OT LIEHTPA U TOKHU JOJDKHBI 3aKaHYMBATHCS Ha
KOHIIaX, XOpolliee MPUOIMKEHNE AUMOJIBHOTO TOKA OMPEACIISIETCSl KaK CUHYCOU Al b-
HOoe. XOpOLIO U3BECTHO, UTO JIMHUS TEPEIaun C ABYMs NPOBOJAAMU U PA3OMKHYTHIM
OKOHEYHBIM YCTPOWCTBOM I'€HEPUPYET CUHYCOUIAIBHBIE CTOSYME BOJIHBI BJOJIb MPO-
BOJHUKOB. ECIIM KOHIIBI BBIBOJIOB COTHYTHI TaK, YTOOBI 00pa3oBaJiCs JIUIOJb, TOKH
BCE PABHO MOXHO alMpPOKCHUMHUPOBATH KaK KyCOYHO-CHHYconaanbHble. Ha pucyHke
27a mokazaHa IBYXHPOBOAHAsA JIMHUS TEpeladyd C CUHYCOMAAIbHBIMM TOKaMu. Ha

pucyHke 270 moka3zaHa CABOEHHAsl JIMHUS MEpeJaydl ¢ CUHYCOUJIaJbHBIMU TOKAMH,
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OKaH4YHuBaromascs AJUIIOJICM. I[I/IHOJ'IBHBIG TOKH MOXHO pacCMaTpuBaThb KakK IIPOJOJI-

JKCHHUC CYIICCTBYIOIINX TOKOB JIMHUM QJICKTpOIICpCaavn.

AN T

Puc. 28. Pactipenenenue Toka

HOCKOJIBKy CUHYCONAAJIIbHBIC TOKH ABJIAIOTCA XOPOIINM HpI/I6J'II/I)KCHI/I€M K TO-
KaM B JINTHEHHOU AHTCHHEC, MBI MOXKEM HaWTH aHAJTUTHUECKOE BBIPAXXCHUC JIs1 TOKA B

ypaBHenuu (21) ([1, 3]) kak

[ Lysin[k(3-2)] 0=z <L/2
I(z') =

Iy sin[ﬁ:[fz‘ +z'}] —Li2=z'=0 (22)

[ToncraBuB ypaBHeHue (22) B ypaBHeHHE. (21) Mbl MOXKEM pPELIUTh ISl MPHU-

OJIM>KEHHOTO QJICKTPHUYICCKOT'O JAJBHETO ITOJIA KaK

E,

gin #

_ Jnlpe— % cu&[%msr‘i] - r:u-sil%]l
T 2ar

(23)
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MarauTtHoe moJie JerKko HauTH

H Jlpe i cnﬁ[% cusrir—ms'%]
* T 2mr sin f
(24)
7| 2
Bexrop IloiiHTHHTa (IIJIOTHOCTH MOITHOCTH B [BT/M“]) HaXoauTCs ¢ MOMOIIBIO
BBIPAKCHUA
1 o 0 |Iy|" |cos(® cos#) — cos( L) .
W6, ) = —| B = - |— \ g 08 2

2n 8 |ar sinf

i. Jol2 nposoonas anmenna.
Korna 21 = Ay/2, Mbl HaxoauMm, 4T0 E§ paBHO

By = _Iznfu! o

—plur [!-:,ﬁf[nf_’] cos i) ]

sinf

JlmarpaMMa HampaBJICHHOCTU JUIOJILHON aHTEHHBI Ag/2 MpejCTaBlIeHa Ha PUC.
29. OOpaTtuTe BHMMaHHE, YTO JMarpaMma HalpaBJI€HHOCTH OYEHb MOXO0Ka Ha JHha-
rpaMMy HampaBJIE€HHOCTHU AJIEKTPUUYECKOTO JUIMOJIA, KOTOpask TakKe MOoKa3aHa Ha pU-
cynke. [lupuna nyda 3 ob oumons Ao/2 cocraBisier 78, a mupHHA JIyda dJIEKTpHYC-

ckoro aumoss — 90°.

Puc. 29. JluarpamMmma HanpaBji€HHOCTH B 3aBUCUMOCTH OT 0 TPOBOJIOYHOM aHTEHHBI C

Ao/2 (crutomIHAs JIMHUA) U AJIEKTPUUECKOTO TUTIONS (MyHKTUPHAS JTMHUS)

44



Il. Ao nposoOHas anmenna.
3neck 21 = Ay u Eq onpenensercs

i e T Tons(reas ) + 1
Eg = 1Zolo— :

sin @
CoOTBETCTBYIOIIAs JHarpaMMa HalmpaBIeHHOCTH aHTEHHBI A IIOKa3aHa Ha PUC.

30. [lIupuna nyga 3 gb cocrasmser 47°.

Puc. 30. JIuarpamma HanpaBJI€HHOCTU B 3aBUCUMOCTH OT O MIPOBOJIOYHON aHTEHHBI Ag

(crutonIHAs JIMHUS) U DJIEKTPUUECKOTO JAUIOJS (ITYHKTHUPHAS JTUHUSA)

lii. 310/2 nposoonas anmenna.
C nmomoripio 2| = 3X/2 HanpsukeHHOCTh Eg mpuaumacet popmy:

e~ W0r Teos((3n/2) cas )
27r sin f)

Ey = ...l'zufn

CooTBeTCTBYIOIIIAs JUarpaMMa HaIllPaBJICHHOCTH aHTEHHBI 3\/2 TpeicTaBIcHa
Ha puc. 31. Mbl Ha0II0/1aeM HECKOJIBLKO JIy4eil B pa3HbIX HalpaBiieHusx. Kpome Toro,
AHTEHHA HE M3JIy4aeT SHEPrui0 B HECKOJbKUX JPYTHX HAMpaBICHUAX (HyJeBas aua-

rpaMma HarpaBJI€HHOCTH). XOTs IIMPHUHA Jy4ya Telepb HAMHOIO MEHbIIE, aHTEHHA

45



TeHEPHUPYET HECKOJIBKO JIy4ei, YTO MOXET ObITh HE OYEHbH IMOJIE3HO B OOJIBITUHCTBE

MIPUIIOKEHU M.

180

Puc. 31. I[I/IarpaMMa HAIIPaBJICHHOCTH B 3aBUCHUMOCTHU OT 0 HpOBOJ’IO‘lHOﬁ AHTCHHBbI

3/2 (cnnomHas AMHUS) U 3JEKTPUUECKOT0 AUMNONS (TyHKTHUPHAS JIMHUS )

ITonnas MOIIHOCTb U3JTYYCHHUS TCIICPb HAXOAUTCS U3:

Zo| Io|?
p - ZAE,

1 n
:;I-H-.I.lf"l_.

Ry = 73140
D10 mpeanoJaraer, uto Ra He 3aBUCUT OT 4yacToThl. OJIHAKO ATO HEBEPHO, MO-
CKOJIBKY MBI MIPEATOIOKIIIN, YTO JIMHA aHTeHHBI 2] = Ao/2. CaemoBarenbHO, 3Ta aH-
TEHHA TPEJICTABISECT COO0M PE3OHUPYIONIYIO CTPYKTYPY, a 3TO O3HAYaeT, YTO BXOJI-
HOE COINPOTHUBJICHUE CHJIBHO 3aBUCHUT OT YacTOTHI. Pe3oHaHCHAsI TpOBOJIOYHAS aHTEH-
Ha CO3/IaeT YUCTO PE3UCTUBHYIO HArpy3Ky Ra, BUAUMYIO B IIEHTPE MPOBOJOYHOU aH-
TeHHbI (cM. puc. 26). B oOmeM ciiydae CONpOTUBIECHUE HATPY3KM HAa OKOHYAHHUH

JBYXTIPOBOIHOM JIMHUY TIepeadd IPUMET CIIOKHBIA BHJ M0 3aKoHy Za = Ra + j*Xa.
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Tonbko B ciydae pe30HUPYIOIIEH MPOBOJIOYHOW aHTEHHBI ¢ 2| = A¢/2 u ManbIM ua-
MeTpoM Oy << Ay MBI OOHAPYKUBAEM YUCTO PE3UCTUBHOE COMPOTUBIICHUE HATPY3KH C
Xa = (. Pacuer KOMIIJICKCHOTO BXOJHOTO CONpOTHBIcHUS Za = Ra + j*Xa mposo-
JIOYHOW aHTEHHBI BHE pe30HaHca 0oJiee CI0XKEH U MOKET OBITh BBITIOJIHEH TOJBKO C
UCIIOJIb30BAaHUEM YHUCIICHHBIX METOJIOB, TAKMX KaK METOJ MOMEHTOB. B riaBe 5 mbl
UCCIIelyeM 3TOT YUCIEHHBIN MeTo Ooliee moipoObHo. HakoHel, Mbl MOXeM orpee-
JUTHh HANPABIEHHOCTh MPOBOJIOYHON aHTEHHBI Ao/2. Bocmonb3oBaBmMch onpeaene-
HUeM (QYHKIMH HampaBjaeHHOCTH (2.11), momydum
Zp|Fg|?
max{ P, &) _ Q2

Ffix 7312
47

D= = 1.64.
CooTBeTCTBYIOIIAs HAIIPABJICHHOCTh, BhIpakeHHas B [lermoenax (10logo(D)),
paBHa D = 2,15 nb, 94TO HECKOJIBKO BHINIE, Y€M HAIPABJICHHOCTH AJICKTPUUIECKOTO

qunois D =1,5unmu D= 1,76 nb.

6.2.3. Croorcennnwiii Ounow

Panee MbI mokaszanm, yTo 6a30Basi MPOBOJIOYHAS AHTCHHA C Ag2 UMEET BXOTHOE
CONPOTHUBJICHUE MPU pe3oHaHce mpudi. 73 Owm. JIByXmpoBOJHAsI JUHUS TEepeaadu
(Lecherline unu aByXmpoBO/IHAs) UMEET HECKOJBKO OOJIbIIIEE BOJHOBOE COMPOTHUB-
nenue, Hanpumep Zgr = 300 Om. B pesynbTaTe 1i1s corinacoBaHusi aHTEHHBI ¢ JTMHUEH
nepenayn noTpedyeTcs coriacyroolasi CXemMa, YTo MPUBEAET K JOTMOTHUTEIBHBIM T10-
TEPSAM W OTPAHUYCHHSIM TIOJIOCHI TpoIycKanus. MoaudunupoBaB 0a30ByI0 MPOBO-
JIOUHYIO aHTEHHY C A¢/2 0 CTPYKTYpbI, TOKA3aHHOW Ha pUC. 32, Mbl MOKEM pean30-
BaTh TOpa3ao OoJiee BHICOKUI BXOIHON MMIIeIaHC. Takask KOHCTPYKIIUS aHTEHHBI Ha-
3BIBACTCS CKJIATYATBIM JHIOJIEM. MOXXKHO TIOKa3aTh, YTO BXOJHOE COIPOTHBIICHHE
THYTOTO BUOpatopa A¢/2 mpuMepHO B 4 pasa BhINIE, YeM y OOBIYHOW MPOBOJIOYHOM
aHTEHHBI A¢/2, MOATOMY ZBX = 4 * 73 = 292 Om. U3nyyaTenbHble CBONCTBA CBEPHY-

TOTO BUOpaTopa A¢/2 BeCbMa aHAJIOTUYHBI XapaKTEPUCTHUKAM HOPMaJIbHOTO BHOpaTO-

pa Aol2.
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AI2

A4 hrd

Puc. 32. Ciio>xeHHbIH TOIYBOJTHOBBIN JUIOJIb

6.2.4. /lupexmopHnasn anmeHnua

JIMpeKTOpHOM aHTEHHOW Ha3bIBAECTCS JUCKPETHAs CHCTEMa, COCTOSIIIAas U3 OJI-
HOTO aKTMBHOI'O IOJIyBOJHOBOTO BHOpaTOpa, peduieKTopa U HECKOJbKUX TUPEKTO-
poB. JlupektopHbie aHTEHHBI ObUTH pa3paboranbl P.A. JIbBoBuYeM B 1925 r. u uc-
[I0JIb30BaHbl B NIEpBbIX oTeduecTBeHHBbIX PJIC. B Hacrosmiee BpeMsi aHTEHHBI TaKOI'O
THUIIA IIUPOKO NMPUMEHSAIOTCS B METPOBOM U JACLIMMETPOBOM JIHMANA30HAX BOJIH B CHUC-
TeMax paguocsasu, Tenemerpuun u B PJIC pazsenku.

OMII, Bo30yk/1€HHOE TOKOM aKTUBHOTO BUOpaTOpa, UHAYLUPYET TOKH BO BCEX
MacCUBHBIX BUOpaTopax. Pa3zmepbl BUOPATOPOB M pACCTOSHUS MEXAY HUMH MO100-
paHbl Tak, 4TO TOKM B BUOpaTOpax OTCTAIOT MO (a3e Apyr OT Apyra Ha OJHY U Ty K€
BEJIMUMHY [0 MEpe CMEHIEHUS OT JIeBOro (mo puc. 5.20) k npaBoMy Kparo aHTCHHBI.
Takum 00pa3zom, B0JIb aHTeHHBI DMB pacnpocTpaHsieTcst ¢ 3aMeaJIeHHOM (ha30Boit
CKOPOCTBIO.- 3aMeUIAIoIIasl CTPyKTypa obpasyercst tupekTtopamu. B cuiy atoro au-
PEKTOPHBIE AHTEHHBI MOKHO OTHECTH TaK)Ke€ K KJIAcCy aHTEHH OeryIieil BOJIHbI, y KO-
TOPHIX MAKCUMYM H3JIy4eHHUs (MpUeMa) COBMAAAET C OChI0 aHTCHHBI.

JlupeKkTopHast aHTeHHA NPEJCTaBIsIeT COO0M aHTEHHYIO PEIIETKY C 3JIEMEHTa-
MU pa3HbIX BOJHOBBIX pa3MepoB. [103ToMy, CTporo roBops, K Heil HeNb3s MPUMEHUTD
TeopeMy InepeMHoxeHus s onpenenenus J(H. OnHako Ha mpakTuKe pas3HUIA B

JUIMHAX pedIaeKkTopa, akTUBHOTO BUOpaTOopa U JIUPEKTOPOB HE3HAYUTENbHA, YTO MO-
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3BOJBICT CUUTATh MX OAWMHAKOBBIMU W IPCACTABUTH MHOKXUTCIb CUCTCMbI C Yy4CTOM

HyMepaiuu Bubpatopos (puc. 33) B Buze

| Sewerk {@)‘ =X me’["‘» +hd, cos®)|

=] -fj

(25)
rie /5?7 IN ~ KOMIUIEKCHBIC aMILTUTYIbI TOKOB B aKTUBHOM U n-m (n @ 2) MacCUBHOM
BuOparopax; ®;— pa3HocTh (a3 TOKOB B AKTUBHOM U n-M MAaCCUBHOM BHOpaTo-

pax; dn — PaCCTOAHUC OT aKTUBHOT'O JO ITACCUBHOI'O BH6paTopa.

Pegnexmop
Hanpaanenuwe wyneecd JAupexmopet
NYCIMeUNNeNsHOCIU
—
\
Hanpasnesue
BLICORDG
WY CMBUMENEHNOCMU
CUMMEMPUNNNIU
oubpamop :

Puc. 33 JlupekropHasi aHTeHHA

Jly1st yripoiiieHus pacieToB 1o ¢opmysie (25) 1omyCcTHM Clieayrolee:
e AMILJTUTYIBL TOKOB BO BCEX BUOpaTOpax OAMHAKOBHI,

e PACCTOSIHUSI MEXKTy BUOpATOpaMU OJIMHAKOBBI U PaBHbI

‘cp:f—'{-N_ 1),

rae L.~ ob1ias AmHa aHTEHHBI,
* (haza Toka B BUOpaTtopax yObIBaeT Mo JMHEHHOMY 3aKOHY
D, =—(n— 1 )kd.
Ecau paccuutath ¢ ydeToM STHUX JOMYIIEHUA MHOXHUTEIb CUCTEMbl (25) u

CPaBHUTDL PEC3YJIbTAT C OKCIICPUMCHTAJIbHBIMU JTaHHBIMH, TO BBIABATCA PACXOKICHUA.

9MHI/IpI/I‘IeCKI/IM IMIyTEM YCTAHOBJICHO, YTO AJIA COIIaCOBAHUSA PACUCTHBIX M OKCIICPpHU-
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MEHTAJIbHBIX JaHHBIX B (popmyiy (25) cnexyeT BHecTH momnpaBky: 3ameHuTb N na N +

2. Torna BeIYMCIEHUE MHOXKUTENS CUCTEMBI IPUBOAUT K CIEAYIOIIEMY PE3ybTaTy:

A 2
sin[ A : ~kd_, (1~ cus[:}}]‘

,";;'I-M.'l EH [H} | = I ’
sim [ N kd, (1-cos® ]] I

Pesynprupyromas ammurygHas auarpamma HanpasieHHoctd (AJIH)«aupek-
TOpUEH aHTEHHBI MOKET OBITH OTpe/eNieHa MEPEMHOKEHHUEM MHOKUTEIS CUCTEMBI U
JIH nonyBonHoBoro Budparopa (puc. 34). 13 pucyHka BUguM, 4TO pacecMaTpuBaeMast
AHTEHHA UMEET JJOBOJIbHO BBICOKUW YPOBEHb OOKOBBIX JIENIECTKOB. (B HEKOTOPBIX CIY-
yasx oH jocturaer -3 ab). TunuuHoe 3HaUE€HHE LIMPHUHBIIJIABHOTO JIEMECTKa IO

YPOBHIO MOJIOBUHHOM MOITHOCTH cocTaBisieT (25...30)°,

Puc. 34.. AMinmutyaHas [uarpaMMa HarpaBJIeHHOCTH AUPEKTOPUEN aHTEHHBI

JupeKkTopHble aHTEHHBI JOBOJIBHO KPUTUYHBI K BEIOOPY pa3MepoB BUOPATOpOB
U PACCTOSTHUS MEXTy HUMU. Hammydime XapakTepUCTHKH JOCTUTAIOTCS, €CITH JTHHA
pednexropa cocrasnser (0,48...0,52)*A, nnuna nupexkrtopa - (0,40...0,58)*A. Pac-
CTOSITHUE MEXIy AaKTUBHBIM BHOPATOpOM H  PEQIIEKTOPOM JOJDKHO OBITH
(0,15...0,25)*\, a Mexay aKTUBHBIM BHOpPATOPOM U NEPBBIM TUPEKTOPOM, KaK U Me-

KAy aupextopamu, - (0,1...0,3)*A. KomnyecTBO TUPEKTOPOB OOBIYHO HE MPEBBINIACT
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10. D10 00BsACHSETCS TEM, YTO TOKU, HABEJCHHBIEC B IUPEKTOPAX, YOBIBAIOT IIPH yBe-
JUYEHUU UX HOMEpa M, CJEeI0BaTeNbHO, BIMsAHUE UX ocnabeBaeT. [Ipu yka3aHHBIX
napaMeTpax akTHBHAs 4acThb BXOJIHOTO COINPOTHMBIICHUS aHTECHHBI W3-32 B3aMMHOTO
BIUSHUS BUOPATOPOB YMEHBINAETCS IO CPABHEHHIO C COMPOTHUBICHUEM OJUHOYHOTO
aKTUBHOTO BUOparopa B 2...3 pa3a. B aToMm ciydae /uisi COrIacOBaHUs TUPEKTOPHOU
AHTEHHBI CO CTAaHJAPTHBIM KOAKCHUAIBHBIM (PUAEPOM, UMEIOIIMM BOJHOBOE COIIPO-
tuBsieHue 75 OM, B KaueCTBE aKTUBHOT'O BUOpaTOpa OOBIYHO MCIOJIB3YETCS OTHOIET-
neBoit BuOparop Ilucronbkopca. CuMmmerpusaiusi MUTaHUS aKTUBHOTO, BUOpatopa
OCYILECTBIISIETCA € MOMOIIBIO C-KOJIeHA.

Kak yxe oTrMeuanoch, JUPEKTOPHBIE AHTEHHBI, XapaKTEpU3YIOIIUECS JIMHEU-
HeIM OP, oTHOCSTCS K anTeHHaM Oerymieii BoiaHbl (ABB). Kak OyaeT nokazano Huxe,
MakcuManbHbli KHJI n mmpuny rimaBHoro nenectka<A/[H Takux aHTEHH MOXHO
OLICHUTH C ITOMOIIBIO CJIECAYIOIINX COOTHOIICHUHN;

p. =4k 20,.-8/%
. fh- " "-!

ITo MCPC YBCIIMYCHUA MJIMHbI AHTCHHBI BJIMAHHNC KpaﬁHI/IX JUPCKTOPOB Ha €C

—

-

HalpaBJeHHbIe CBoiicTBa ocnabesaeT. [lo sToil mpuumHe kodpduumeHTsl 4 U B B
IPUBEJICHHBIX PABEHCTBAX SIBISIIOTCS (QYHKIUSMU BOJHOBOTO pa3Mepa aHTEHHBI (pHuc.
35). YuuTteiBast npuBEACHHBIC BBIIIE COOOpPaKEHUSI OTHOCUTEILHO YKCIIa BUOPATOPOB

Y PACCTOSIHUMA MEKIy. HEMH, HECIIO)KHO TIOJICUUTaTh, uTo D < 20.

A B
10
3 ! 80
6 \ o — 60
S~ _,...>
4 40
2 20
L
0 1 2 3 4 5 A

Puc. 35. 3aBucumocts k03¢ HunneHToB 4 u B MHOroBHOpaTOPHOI aHTEHHBI

OT €€ JJINHEI
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Puc. 36. MHOrOKaHaNbHBIE OJJTHOATAKHBIE U IBYXATAXKHBIE TUPEKTOPHBIE aHTECHHBI

bonbsmue 3nauenust KHJI, a Taxke AJIH cnenunanbHOM (hOpMBI MOXKHO TOJTY-
YUTh, IPUMEHUB HECKOJIBKO JUPEKTOPHBIX AHTEHH, CKOMIIOHOBAHHBIX B OIPEJICIICH-
Hble cucTteMbl. B wactHoctn, B PJIC meTpoBOro amarnazoHa mupoOKOEe NPUMEHEHUE
HAallLIA MHOTOKAHAJIBHBIE OJHOATAXKHBIC W JBYXITaXXHbIE IUPEKTOPHBIC AHTCHHBI
(puc. 36). Takue aHTEHHBI MPEJCTABISAIOT PEUISTKA U3TydaTesied, U UX JuarpaMmbl
HaIPaBJIEHHOCTH MOTYT OBITh PACCUMTAHBL € MPUMEHEHUEM TEOPEMBbI MEPEMHOXKE-
HUSL.

MHoOrokaHajgbHbIE OJTHOATAXKHBIE AHTEHHBI NMPU CUH(A3HOM MUTAHUM KAaHAJIOB
IIO3BOJISIFOT MOJy4YUTh BeepHble JIH, y3Kre B rOpM30HTAIbHON NIJIOCKOCTH U IIUPOKUE
B BEPTUKAJIBHOU. JIByX3TaKHBIE MHOTOKAHAJIbHBIE AHTCHHBI IPUMEHSIOTCS C LIEJIBIO
ocyabnenus BnusiHuga OMB, oTpakeHHBIX OT 3€MHON MOBEPXHOCTH, YTO JOCTUTAETCA

3a CUET Pa3HOM BBICOTHI ATAXKEW OTHOCUTEIBLHO 3€MIIH.

Bonpocwt u 3a0anus

1. B xakoM auana3oHe 4acTOT MIPUMEHSIETCS KOPOTKHM AUMNOJIb?

2. Uemy paBHO BXOJIHO€ COMPOTUBJICHUE MOJYBOJHOTO U KOPOTKOTO AUITONS?

3. HapucyiiTe auarpamMmbl HanpaBi€HHOCTH JIUIOJENH C MEXIIEMEHTHBIM pac-
cTostHUEM A/2 1 3A/2.

4. Yemy paBHbI KO3(PGUIIMEHTH HAMpPaBICHHOTO ACHCTBHS IOJIYBOJHOBOTO

JAUIIOJI 1 ﬂHpeKTOpHOﬁ AHTCHHBbI, COCTOAILICTO U3 ITATHU 3JIEMEHTOB?
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5. Hapucyiite pacnpeneneHne ToKa JIUMOJIEN ¢ MEXKIIIEMEHTHBIM PACCTOSIHUEM
M2 u A

6. [IpuBenuTe BhIpa)K€HUE ISl BBIYUCICHUS HANPSHKEHHOCTH JIEKTPUUYECKOTO
MOJIs1 AUTIOJIBHOW aHTEHHHBI.

7. V3 KaKHX 3JIEMEHTOB COCTOUT IUPEKTOPHAS aHTEHHA?

8. [IpuBeauTe cocoObl MOBBIMICHUS KOIPGUIUEHTHI YCUIICHUST JUPEKTOPHBIX

AHTCHHBI.

6.3. Anepmypnvle anmenmoi
6.3.1. Pynophvie anmernHwl
PynopHble aHTeHHBI OYeHb MonyJigpHbl B 1uana3one YBY (300 MI'u-3 I'Tn) u
0oJjiee BBICOKMX 4YacToTax (MMeercs MH(pOpMalus O pyHOpPHBIX aHTEHHax, paboTaro-
mux Ha yactotax A0 140 I'T). PynopHbie aHTEHHBI 4aCTO MMEIOT JHarpamMmy Ha-
IPaBJIEHHOCTU C BBICOKUM KO3()(PUIIMEHTOM YCUJICHUS] aHTEHHBI, KOTOPBIA B HEKOTO-
PBIX Cilydasix MOxeT gocturath 25 nb, 06sraH0 10-20 nb. PynopHbie aHTeHHBI nMe-
IOT IIMPOKYIO MOJIOCY CONMPOTHBIIEHUS, YTO O3HAYAET, YTO BXOJAHOE CONPOTHBIICHUE
MEIJIEHHO MEHSIETCS B LIMPOKOM JUaNa30He YacToT (YTO TAKXKe MOApPa3yMeBaeT HU3-
ke 3HaueHus Sip win KCB). [lonoca nmpornyckanusi MpakTHUECKUX PYMOPHBIX aH-
TEHH MOXET COCTaByATh nopsiaka 20:1 (manpumep, B auamnazone ot 1 go 20 I'T),
IpU 3TOM noJioca nmponyckanus 10:1 He sABIsIETCS pEAKOCTHIO.
KoadduimeHT ycuneHuss pynopHbIX aHTEHH YacTO YBEJIUYMBAETCA (a IMpUHA
Jy4ya YMEHBIIAETCs ) 110 Mepe yBeIHUeHus: pabouel 4acTOThl. DTO CBA3AHO C TEM, UTO
pa3Mep anepTypbl pyrnopa Bcerja uU3Mepsercs B JJIMHAX BOJIH; Ha Oojiee BBICOKHX
4acTOTax PyHOpHAasi aHTEHHA «3JIEKTPUUYECKH OOJbIIe». ITO CBSI3AHO C TEM, YTO 0O-
Jiee BBICOKAs 4aCTOTa MMEET MEHBIIYIO JUIMHY BOJIHBL. [I0CKOIBKY pynopHas aHTEHHA
uMeeT (QUKCHpOBaHHBIM (U3MUECKUl pa3Mep (Hampumep, KBajapaTHas aneprypa
nuameTpom 20 cM), IUTMHA anepTyphbl OOJIBIIE JIMHBI BOJHBI HA 00JIee BHICOKHX Yac-

ToTaX. M MOCTOSHHOM TeMOW B TCOPHUH aHTEHH SIBIIICTCS TO, YTO aHTCHHBI OOJIBIIIETO
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pa3Mepa (C TOUKH 3peHUs IJIMHBI BOJIHBI U pa3Mepa) UMEIOT 0oJjiee BBICOKYIO HalpaB-

JICHHOCTD.

=z “Qy
22 = '
e e by | - | ’
| | > = |
| | I -------------- '
I
reHepaTop BOJIHOBO/I pymop :
| N )
| N S
§ e ——————— _: S,: \ ] a
- |
= ~ |

Puc. 37. Ilpumep pylopHBIX aHTEHH M BEIOOP 3aKPBITOM MOBEPXHOCTH

PynopHble aHTEHHBI UMEIOT OYEHb HEOOJbIINE MOTEPH, TOFTOMY HAMPABIICH-
HOCTb PYyIoOpa IPUMEPHO PaBHA €TI0 YCUWICHUIO.

PymopHble aHTEHHBI HHTYUTHBHO NOHSTHBI U OTHOCHUTEIBHO NPOCTHI B U3r0-
TOBJIEHUHU. Kpome TOro, akyCTU4EeCKUE PYIIOPHBIE AHTEHHBI UCIIOIB3YIOTCSA U IIPH I1e-
penaye 3BYKOBBIX BOJIH (HampuMep, ¢ NOMONIbI0 MeragoHa). PymopHble aHTEHHBI
TaK)K€ 4acTO MCIOJb3YIOTCS JJIsl MUTAaHUsS MapadOJINYeCKON aHTEHHBI WIH B KaUeCTBE
AQHTEHHBI CO «CTAaHAAPTHBIM YCUIICHUEMY IPU U3MEPEHHUSIX.

[TonynsipHble BEpCUU PYNOPHOM aHTEHHBI BKIIIOYAIOT pynop E-mockoctu, mo-
Ka3aHHBII Ha pucyHke 38. DTa pynopHas aHTeHHa paciupsiercs B E-mockoctu, uto

Y J1aeT Ha3BaHUE. | OpU30HTAIIBHBIN pa3MepP NOCTOSHEH U PaBEH W.

\V./i /
/ f w

Puc. 38. Pynopnas antenna E-mockoctu.
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Jpyrum npumMepoM pymopHOl aHTEHHBI SIBJISIETCSL pynop H-mockocTH, moka-
3aHHBIN Ha pUCyHKE 39. DTOT pymnop pacmupsiercss B H-TIOCKOCTH ¢ MOCTOSSHHOU

BBICOTOH JIJIsl BOJIHOBO/IA 1 pyriopa h.

1 3h

[ ]
7
hilz <

Puc. 39. PynopHas antenna H-miockoctu.

Camas nomnyssipHasi pylopHasi aHTEHHA PacIIMPAETCs B 00€UX MIOCKOCTAX, KaK
Moka3zaHo Ha pucyHke 40. OTo nupaMuanbHBIA PyNoOp, UMEIOIUK MHUPUHY B 1 BbI-

coty A Ha KOHIIE pyropa.

Puc. 40. [lupamuanbHas pynopHas aHTEHHA

PyrnopHbie aHTEHHBI OOBIYHO MUTAIOTCS OT CEKIIMU BOJIHOBOJIA, KaK MOKAa3aHO
Ha pucyHke 40. Cam BOJIHOBOJI 4aCTO MUTAETCSI OT KOPOTKOTO JAMIMOJISA, KOTOPBIHA IMO-
Ka3aH KpacHbIM Ha pucyHke 40. BoyiHoBoj npeacrtasisieT co00il MPOCTO MOy Me-
TaJUTMYECKYIO MOJOCTh. BOTHOBOABI MCMONB3YIOTCS AJISI HANPABJIEHUS 3JIEKTpOMAar-

HUTHOM 3HEPIUM U3 OJHOTO MecTa B Jipyroe. BonHoBoj Ha pucyHke 41 npencrapiser
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cO0OH TIPSIMOYTOJILHBIN BOJHOBOJ IIMPUHOW D M BeICOTOH @, pu 3TOM b > a. Pac-
IIPEAEIECHUE DJIEKTPOHHOIO TOJISI JUIsi JOMUHHPYIOIIEH MOJbI MOKAa3aHO B HWXKHEU

4acTH pUCYyHKa 41.

le

ff A/b'

ITuranue

E

fTM HM ’

>
>

A

Puc. 41. BOJIHOBOI[, HCHOJ’IBByeMHﬁ B Ka4CCTBC UCTOYHHMKA ITMTaHHUA

JUISL PYTIOPHBIX aHTCHH

Llons u ceomempuueckue napamempsl pYROPHuIX AHMEHH

TekcThl MO aHTEHHON TEMAaTUKE OOBIYHO COJEPKAT OYEHb CIIOKHBIC (DYHKIIHH
JUISl MarpamMM HamnpaBJI€HHOCTH PYHOPHBIX aHTEHH. J[JI1 3TOro cHavyana npeamnoJara-
€TCsl, YTO U3BECTHO JIEKTPOHHOE MOJIE B AIEPTYPE PYIIOPHOW aHTEHHBI, a JUarpaMmma
HAIIPaBJICHHOCTU B JAJIBHEN 30HE PACCUUTBHIBACTCS C MCIOJB30BAHHEM YPaBHEHMM
U3IIydeHHs. XOTSA 3TO KOHIENTYaJbHO MPOCTO, MOJYYEHHbIE B pe3yJbTaTe (QyHKIHH
IIOJIS1 OKA3bIBAKOTCS YPE3BBIYAWHO CIIOKHBIMH, U 10 MHEHUIO MHOTHUX CUUTAETCS, YTO
OHM HE MPUHOCAT OOMBIIYIO MOJb3Y. ECiu BBl XOTUTE YBUIIETh 3TU BBIBOJIbI, BO3bMHU-
Te J1I000N y4eOHHUK [0 aHTEHHAM, B KOTOPOM €CTh pa3ziell, MOCBSIICHHbIN pylIOpHBIM
anteHHaMm. (KpoMe Toro, kak MpakTUKYIOIIUN aHTEHHBINA UHXXEHED, 1 MOTY Bac 3aBe-
PHUTB, YTO MBI HUKOTJ]a HE UCIIOJIB3YEM MHTETPAJIbl U3TyYEHUS U1l OLEHKH AUarpamMmm
HANpaBJICHHOCTU. MBI Bcerjga onvpaemcs Ha MPEAbIAyLIIUHA OIBIT, KOMIBIOTEPHOE
MOJIEJIMPOBaHUE U U3MEPEHUSL.)

BmecTo TpaaMIIMOHHOTO aKaJeMUYEeCKOTO MOJAX0/1a K BbIBOJAM HEOOXOIUMO

MIPUBECTH HEKOTOPBIE PE3YJIbTATHI ISl PYIIOPHOM aHTEHHBI, IOKA3aTh HEKOTOPBIE TH-
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MAYHBIE MarpaMMbl HAMPABICHHOCTH U MOMbBITAIOCh J1aTh MPEACTABICHUE O KOHCT-
PYKTHUBHBIX MapaMeTpax pyHnopHbIX aHTeHH. [lockonbKy mupamujanbHas pynopHas
aHTEHHA SIBJISIETCS CaMOM MOIYJISIpHOU, pazdepem ee. Pacripesnenenne 371eKTPOHHOTO
OJIsl IO anepType PYNOPHON aHTEHHBI SBJISIETCSA MPUYMHON U3ITYUYEHUS.

JlnarpamMMa HanpaBJIEHHOCTH PYHNOPHOM aHTEHHBI OyaeT 3aBUcCeTh OT B u A
(pa3mepoB pymopa B pacKpbeITUH) U R (JUTMHBI pynopa, KOTopasi Tak)Ke BIUSIET Ha yT-
JBI PACKPBITUS PYyTIOpa), a Takke b u a (pa3mMepsl BOIHOBOJA). DTH MMapaMeTphl OIl-
TUMU3UPOBAHBI JIJI1 HACTPOMKH XapaKTEPUCTUK PYMOPHOM aHTEHHBI U MPOUILIIOCT-

pPUPOBaHbI HA CIEAYIOIIUX PUCYHKAX.

Puc. 43. TlonepeuyHoe ceueHure BOJIHOBO 1A, MTOJTyUYeHHOE B E-TiockocTu

6 O

OOpatute BHUMaHUE, YTO YIJIBI PAcCKphHITUs ( £ W ~#) 3aBUCSAT OT BBICOTHI,

LWIMPUHBI U JUIMHBI PYIIOPHOM aHTEHHBI.
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VYuuteiBasi cucTeMy KOOPAMHAT, MOKAa3aHHYIO Ha pUCYHKE 43 (LeHTp KOTOpoil
HaxXOJIUTCSA B OTBEPCTUH PYIIOpa), U3ITydCHHE Oy/IeT MAaKCUMAJIbHBIM B HAIIPABJICHUH

+Z (3a IpeeIbl dKpaHa).

S

A 4

A

Puc. 44. Vcnions3zyeMasi cucteMa KOOpJMHAT,

LEHTPUPOBAHHAS IO OTBEPCTUIO PYNIOPHOW AHTEHHBI

Pacnipenenenne 31eKTPOHHOTO MOJS B OTBEPCTUH PYHNOPHON aHTEHHBI MOYKHO

alIpPOKCUMUPOBATH CIELYIOIIUM 00pazoMm:

Kkl x
&, R
2 2 R, i
E_g = ‘\.;Eo COS(-/—?-)(’. - o

DNeKTpOHHOE TMOJie B JalbHEN 30HE OyIEeT JIMHEHMHO MOJSPU30BAHHBIM, a €ro

BCJIIMYMHA 6YI[€T OIIPCACIIATLCA BBIPAKCHUCM

[E|=

[IpuBeeHHOE BBIIIE YPAaBHEHUE YTBEPKIAET, YTO NAIBHUE MOJS PYHOPHOU

k B2 A2
(1+cosf) [

=

Jk(xsin @cosg+ ysin Osin @) , .

E ,(x,y)e

dar :-.Z| 2
AHTEHHBI TPEICTABIISIOT CO00M peodpazoBanue Dypbe MoJei B paCKPhITHH PYIIOpa.
MHorue y4eOHMKU OIEHUBAIOT ATOT MHTErpajl U B UTOre MOJY4YaroT Ype3BbIYAHO

CJIOXHBIE (DYHKITMH, KOTOPBIC, HA MOW B3TJIS, HE MPOJMBAIOT MHOTO CBETA Ha 3aKO-

HOMEPHOCTH.
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UtoOBI AaTh MPEACTABICHUE O TMOJSIX, U3Ty4aeMbIX PYNOPHON aHTEHHOU, OYy-
JICT TIPUBEJICH KOHKPETHBIN MpuMep. Pa3Mepsl BoJHOBOIA JIaHBI Kak & = 9,4 cm, b =
4,16 cm, mrorim, A = 76,2 cm u B = 60,4 cM. DTOT pynop J0BOJIBHO OOJBIION U OyAeT
paboTaTh Ha yacToTax BhilIe nmpumepHo 2 I'Tu. Pymopsl, npennasnaueHHsie amis 00o-
Jiee BBICOKMX 4YacCTOT, MEHBIIE N0 pa3Mepy. DTa pylnopHas aHTEHHA C BOJIHOBOJIHBIM

oOnyyareseM NoKa3aHa Ha pUCYHKE 45.

www.antenna-theory.com

Puc. 45. PynopHasi aHTE€HHA, ONMCAaHHAS BBIIIIE

DTa aHTCHHA MOJICIIUPYETCS C UCTIOJIb30BAaHUEM KOMMEPUYECKOTO BBIUMCTUTEISI
FEKO (xoTopblii MCHOJIB3yeT METOJI MOMEHTOB). /[narpamMma HampaBIICHHOCTH Ha

yactote 2 I'T'1| noka3aHna Ha pUcyHke 2.

Gain_Tot{dB|
18.1
143
105
87
29
09

Puc. 46. Jluarpamma HampaBJIeHHOCTH pynopa Ha yactore 2 [T
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VYcunenue pynopa cocrasisier 18,1 a1b B HanmpaBnenun +z. [llupuna nyya no-
JIOBUHHOW MOIIHOCTU COCTaBIIAET 15 rpaaycoB B miockoctu XZ (tockocts H) u 11
IpaJycoB B INIOCKOCTH YZ (TJIOCKOCTH E).

[Tpupoct Ha yactore 1,5 I'Tu cocraBnser -2,54 nb, yto npumepuo Ha 20 nb
HIDKe, yeM Ha dactore 2 I'T1. BosiHOBOIHBIN KaHAll IEUCTBYET Kak (DUIBTP BEPXHUX
4acTOT; OH OJIOKUPYET DHEPTUI0 HUXKE CBOEH «TIPAaHUYHOI» YaCTOTHI M MPOIYCKAET
SHEPruIo BbllIe 3TOro ypoBHsa. Ha wacrore 2,5 ['T1 ycunenne HEMHOroO yBeJIM4UBa-
ercd 1o 18,8 nb.

['eomeTpust pynmopHON aHTEHHBI BIMSET HA YCUJICHHE €€ aHTeHHBI. JUJIsg moiry-
YEHUS KEJIaeMOr0 YCUJICHHUSI aHTEHHBI B CIIPABOYHMKAX MO aHTEHHAM MOKHO HaWTH
TaOnuibl U TpadUKU, B KOTOPBIX OIMKUCHIBAETCS ONTHUMAJbHAS T€OMETPHUSI C TOUYKH
3pEHHUs IJIMHBI U pa3Mepa anepTypsl pynopa. OJHaKo 3Ta ONTUMalbHasi TEOMETPUs
NEUCTBUTENbHA TOJIBKO Ha OAHOM YacTtoTe. [I0CKOIbKY PYNOpPHBIE aHTEHHBI TOJKHBI
paboTarh B IIMPOKOM JMANa30HE YaCTOT, OHM YacTO MPOCKTUPYIOTCS TaK, YTOOBI
obecrneynTh ONTUMAIILHOE YCUJIEHHE Ha CaMOUM HU3KOM yacTtoTe auamna3zoHa. Ha Gosee
BBICOKHMX YacTOTaX F€OMETPUS YKE HE SIBISICTCS ONTUMAIIbHOMW, MO3TOMY 3JIEKTPOH-
HOE TI0JIE€ Ha anepType He SBIsieTcs] onTUMallbHbIM. OJTHAKO anepTypa pyrnopa cTaHo-
BUTCSA JIEKTPUYECKU OOJIbIle HA 00JIee BRICOKMX YacTOTaxX (arnepTypa yBeIudnuBaeTcs
0 MEpe YBEIMYEHUS YAaCTOThl WJIM YMEHBIIEHUS JJIMHBI BOJHBI). ClenoBaTelnbHO,
MOTEPs] ONTUMAIBHOTO MOJS anepTypbl KOMIEHCUPYETCA AJIEKTPUUECKH OONbIIUM
PYIOPOM, U aHTEHHA CHOBA (DaKTHUECKH YBEIIMYMUBACTCS C YBEJIMYCHUEM YaCTOTHI.

CooTBeTcTBYyIOIIas MIMPUHA JTy4ya MOJOBUHHOW MOIIHOCTH ONPENEISETCS BbI-
paxxenuem Oyp = 2arcsin(0,433Ay/a) B H-tutockoctu u Op = 2 arcsin(0,433A¢/b) B E-
IJIOCKOCTA COOTBETCTBEHHO. Korjma pasmep pynopa yBENIMYHMBAETCS, HMIMPUHA JIyda
yMEHbBIIIaeTCs, MOATOMY AaHTEHHA CTAaHOBUTCS Oosiee HampaBieHHOUW. HampaBinen-
HOCTh HaxoauTcst u3 D = 4w ab A . Ha puc. 4.20 nokaszana TpexmepHas quarpaMmma
HaMpaBJICHHOCTH B [1B] 11 0HOPOAHOM anepTypsl ¢ pazMepaMu a = 4hg u b = 2),.
CooTtBetcTBytolee ceueHue B miockoctd @ = 0 (v = 0) mokazaHo Ha puc. 47. [Tux

MepBOT0 OOKOBOTO JienecTKka coctaBisieT -13,26 nb mo oTHOIIEHUIO K.p.T. OCHOBHAS
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noiis. llupuna myda 3 n1b B mnockoct @ = 0 3TOM anepTypHOil aHTEHHBI COCTABIISET

Onp = 12:40, a Hanpasienrocts D = 20 nbu.

Voo stanguie s sob | wol bl |,

Puc. 47. TpexmepHasi HOpMUpPOBaHHas JUarpaMMa HarpaBJI€HHOCTH B 3aBUCUMOCTHU
ot (0; @) OTHOPOTHOM arepTYpPHI € pazMepamMu a = 4hq u b = 2),,.

Bce 3HaueHus YKa3aHbl B IIB

L e RSN e SR, Sediy B Baliy

5k p

a1

[1
=

P oyl e ey i 151
|
i
i

i
M
£

Puc. 48 ITonepeunoe ceuenue B maockoctu ¢ = 0 (H-mnockocT) HOpMUPOBAHHOM
JTUarpaMMbl HallPaBJICHHOCTH B 3aBUCHMOCTH OT 0 OJHOPOTHOM anepTyphl
¢ pasmepamu @ = 4o u b = 2)y. Bce 3navenus ykasansl B 1b. [llupuna nyqa 3 1b
B 9TOM IIOCKOCTH cocTaBIsieT Opp = 2 arcsin(0,433)0/a) = 12,4° u HanpaBIeHHOCTD

D =20 nbu
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6.3.2. PeghnekmopHvle anmenHbl
HaubGonee wu3BecTHOW peQIIeKTOPHONH aHTEHHOU sBisieTcs mMapaboinyeckas
peduiekTopHas aHTEHHA, IUPOKO M3BECTHAsh KaK CIYTHUKOBas aHTeHHA. lIpumepsr

ATOU mapaboINYeCcKOi aHTEHHBI TOKa3aHbl HKKE Ha puc. 49-50.

Puc. 50. ITapabonuueckass TB-anTeHHa Ha KpbIlie
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[TapaGonnyeckue oTpakaTeiar OOBIYHO UMEIOT OY€Hb BBICOKHM K03 duineHt
ycwiienust (0061yHO 30—40 nb) 1 HU3KYI0 nepekpecTHyIo noispusanuio. OHU Takxke
MMEIOT Pa3yMHYIO MOJIOCY MPOIYyCKaHUS: y KOMMEPYECKH JOCTYIHBIX MOJENen
dbpakiMoHHas ToJloca MPOMYCKaHUsl COCTABIIIET He MeHee 5%, U MOTYT ObITh OYEHb
IIMPOKOIOJIOCHBIMHU B CJIy4a€ OTPOMHBIX Tapesiok (Hampumep, «Oobliasi Tapesika
u3 CtoHdopaa, omucaHHas BbIIIE, KOTOpas MOXET paboTaTh B Auama3zone oT 150
MI'1t go 1,5 MI'). I'Tm).

MeHblIre TapeaoyHble aHTEHHBI 00BIYHO PadOTalOT B Jguana3zoHe OT 2 110 28
ITu. bonbme anTteHHbl Moryt padorate B auanasone YKB (30-300 MI'n), Ho
OOBIYHO B 3TOM pab0OYeM IMana3oHe OHU JIOJKHBI ObITh OYE€Hb OOJIBIIUMHU.

bazoBas KOHCTpYyKIUs MapaOoIMYecKOr MapadoIMuecKOl aHTEHHBI MOKa3aHa
Ha pucyHke 51. OHa cocToUT U3 00JsIydarollell aHTEHHbI, HAalIPaBJIEHHOW Ha mapabo-
JMYECKUM oTpakarenb. [IuTaromias aHTeHHA 4acTo MpPEJCTaBIsIeT cO00i pyHOpHYIO

AHTEHHY C KPYIJIOW arepTypou.

MNapabonunyeckuii
pednektop

N3nyyaTenb

—

Puc. 51. KOMIOHEHTBI TapeI04YHON aHTEHHBI

B ormimune OoT pe30HAHCHBIX AHTEHH, TAKWX KakK JIUMOJIbHAS aHTEHHA, JIJIMHA
KOTOPBIX Ha paboyeit 4acToTe OOBIYHO COCTABJISET MPUMEPHO MOJOBUHY JJTUHBI BOJI-
HBI, pa3Mep OTpa)karollel aHTEHHBI JOJDKEH ObITh HAMHOTO OOJIbIIIE JIJTUHBI BOJIHBI.
JlnameTp Tapesiku COCTABIISET O KpallHEW MEPE HECKOJIBKO JUIMH BOJIH, HO IS Tape-
JIOK C OYEHb BBICOKHM ycwiieHueM (ycuienue> 50 n1b quaMeTrp MOXKET COCTaBISATh

nopsiaika 100 nuH BostH). PaccrosiHne Mexay oOiydaroiie aHTEeHHON U OoTpakarte-
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JIeM OOBIYHO TAKXKE COCTABIISIET HECKOJIBKO JJIMH BOJH. B 3TOM oT/iMune OT yrioBoro
OTpaXkaTelisi, B KOTOPOM aHTEHHA HAXOJWUTCS MPUMEPHO HA MOJIOBUHE JIJIMHBI BOJIHBI
OT OTpa)KaTeJsl.

B cnenyroimem pazaene Mbl OJPOOHO PacCMOTPUM T'€OMETPHIO Tapadoude-
CKOM TapeJiKi U Movyemy rnapadoJia sBiseTcs keaaeMoil popMoit.

["'eomeTpust mapaboIMUECKOM 3epKaTbHON aHTEHHBI

Tenepb MbI TONIBITAEMCS O0OBACHUTH, TOUYEMY Mapa0OIOUT IBISETCA OTIUYHBIM
orpaxatenem. Jljisi Hayana MpeANoI0KUM, YTO YpaBHEHHE Mapaboibl ¢ (POKYCHBIM

paccrosiHieM F M0>XHO 3amucarh B TJIOCKOCTH (X, Z) Kak:

5 D
x“=4F(F —-2). |x|<

2

JlaHHas cxema mpuBEAEHA Ha puUC. 52.

4
v

doKanbHasA
TOYKa

| i L | I 1 I

Puc. 52. NnnrocTpanus mapaboibl ¢ ONpeAesSIIONIMMEU TapaMeTpaMu

[Tapabona MOJHOCTHIO OMHUCHIBAETCA ABYMsI MapaMmeTrpaMu: AuametrpoM D u
¢doxycHbIM paccTostHueM F. Mpl Takke ompezenseM JBa BCIIOMOTraTelbHBIX Mapa-
MeTpa: BEPTUKAJIbHYIO BBICOTY oTpaxartens (H) u mMakcumanbHbll yroa Mexay ¢o-
KyCcOM U KpaeMm Tapenku (0p). DTH mapamMeTphl CBSI3aHbI IPYT C IPYTroM CISAYIOIIUMH

YPaBHCHUSAMMU:
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Jlnst aHanu3a oTpakaTessi BOCHOJIb3yeMCs MPUOIMKEHUSIMH T€OMETPUUYECKON
onTHKU. [10CKOJIBKY OTpa)kaTesb BEJIUK [0 CPABHEHUIO C JJIMHOW BOJHBI, 3TO MpE.-
MTOJIOKEHUE PA3YMHO, XOTS U HE COBCEM TOYHO. MbI OyieM aHaIu3upOBaTh CTPYKTY-
Py C IOMOIIBIO MPSIMBIX JTyuel u3 (POKaIbHON TOUKH, MPUYEM Ka>KIbIH JIyd AeHCTBY-
€T Kak IJI0cKas BojiHa. PaccMoTpuM /iBa Jiyda, IpOMIeAINX U3 (PoKyca, IPUXOIAIIINX
HoJ ABYMsI pa3HbIMM YIJIaMH, Kak MOKa3aHo Ha pucyHke 53. Ilpeamnonaraercsi, 4To

OTpaXaTciib UACAIIBHO HpOBOIIiIHIHﬁ, TaK 4TO JIY4HU ITIOJITHOCTBIO OTPAXKAKOTCH.

www.antenna-theory.com

Puc. 53. JIBa ny4a BeIXOAAT U3 (OKyca U OTpaKaroTcs

oT Hapa6on1/1qec1<0r0 oTpaxaTciid

N3 pucynka 53 MoxHO crenath aBa HaOmoaeHus. Bo-miepBbix, 00a gyda B KO-
HEYHOM UTOT€ JBHXKYTCS B HAIPABJICHUU BHU3 (UTO MOKHO OMPEAEIIUTH, IOCKOJIbKY
YTJIbI MaJCHUS U OTPAKEHUSI OTHOCUTEIHFHO HOPMAJIM K MOBEPXHOCTU JOJKHBI OBIThH

PaBHBI).
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["oBOpAT, 4TO JMyuH KOJUIMMHUPOBaHBI. BTOpoe BakHOE HAOIIOACHHE 3aKI0Ya-
eTcst B ToM, 4To JuinHbl myTeit ADE u ABC paBHBI. DTO MOXKHO J10Ka3aTh C MIOMOIIBIO
HEKOTOPOW TE€OMETPUHU, KOTOPYIO s HE Oyqy BOCHPOM3BOAMUTH 3/1€Ch. OTH (DAKTHI
MO>KHO JIOKa3aTh Ui J000ro Habopa BeIOpaHHbIX yriioB. OTCIoAa CIeayeT, YTo:

* Bce nyun, ucxonsmue u3 pOKyCHOM TOUKHM (MCTOYHMKA WM MUTAIOLIECH aH-
TEHHBI), OyIyT OTPAKAThCS B OJTHOM HAIIPaBJICHUU.

 Paccrosinue, KOTOpoe MPOXOIUT KaXAbIH JIyd OT (DOKAJTILHON TOYKH JI0 OTpa-
Katess, a 3aTeM J10 (POKaJIbHON MIIOCKOCTH, ABJISETCS OCTOSTHHBIM.

Torma aneKTprYecKoe NoJIe B JAIBHEN 30HE IPUHUMAET CJIETYOIINN BU T

!’11;-' E, —gher J [ Repyer sin (7
Eg = }L“ +1--,;:~H‘}:'u:—;r.'rl{”—h]
Py kpasind

— g ke Ege %o o Ji(kgasin @)
Es = 1 + cos ) sin fy—————
’ 2r t ) ko sin f

JlnarpamMMa HanpaBJI€HHOCTH MOKET ObITh HalieHa

IEH{H. r_-;Jll 4 |E.;.“‘. f.':']lj
| Ea(0,0)]2 + | Ea(0,0)]2
jll'[]H .".i.Il H

F()

[1 - COs f.li]z [

Juarpamma HampaBieHHOCTH (B [1b]) moka3aHa Ha puc. 54 mJist ciiy4yas paBHO-
MEPHO OCBEIICHHOM anepTypsl quaMerpoM D = 2a = 4Ay. CedueHue B TUIOCKOCTH () =
0 mokazano Ha puc. 55. IlepBblii OOKOBOM J€NECTOK HAXOAUTCS Ha ypoBHe -17,6 nb
[0 OTHOIICHHIO K.p.T. IJIaBHBIA JIyd M wmMpuHa Jiyda 3 ab coctaBnsioT Opp =
1,02X0=(2a) = 14,6°. Illupuna Ty4a HAIPIMYIO 3aBUCHT OT Pa3Mepa OTPAKATEIIS: YeM
oonpie D, Tem MeHsble mupuHa Jyda. OOpaTuTe BHUMAaHUE, YTO MEPBbI OOKOBOM
JIETIECTOK KPYIJION amepTypbl HHMXKE MEPBOTO OOKOBOIO JIENIECTKAa MPSIMOYTOJbHOM

aneptypsl (-17,6 nb npotus -13,3 nb).
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Uniform circular aperture, D=2a=4 )\ o

N
50 L

Normalised radiation pattern [dB)

| @& D

VESING Sin -1 ' u=sind cos.

Puc. 54. TpexMepHas AuarpaMMa HalrpaBJI€HHOCTH B 3aBUCUMOCTH OT (0; )
napaloyinyeckoro pediekTopa ¢ paBHOMEPHOU arepTypHON OCBELIEHHOCTHIO

nuameTpoM D = 2a = 4),. Bce 3Hauenus yka3ansl B 1b

Puc. 55. JluarpaMmmMa HarpaBiI€HHOCTH B IIIOCKOCTH @ = 0° mapaboinyecKkoro
pedaexkTopa ¢ paBHOMEPHOM OCBEIIEHHOCTHIO anepTyphl quamerpom D = 2a = 4.
Bce 3nauenus ykasansl B Ab. [llupuna y4ya no ypoBHI0 3 1b B 3TO# IIIOCKOCTH

paBHa Op = 1,0210/(2a) = 14,6°
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HekoTtopeie pe3ynbTaThl pacyeToB CBeACHBI B TaOmmiy 3. M3 3Toit Tabmuils!
MOXHO CJeNIaTh BBIBOJ, YTO paBHOMEpHOE ocBemieHue (p = 0) oOecneunBacT Hau-
OOJIBIITYI0 HAMPABJICHHOCTh U KOA(GOUIIMEHT yCuieHUs aHTeHHbl. OJHAKO YpOBEHb
nepBoro OOKOBOTO JIETIECTKA OTHOCUTEIHHO BBICOK. VCmonb3yst B3BEIIEHHOE pacIipe-
JICJIEHNE anepTyphl (CY’)KEHHE), MBI MOKEM YMEHBIITUTh YPOBEHb OOKOBBIX JICTIECTKOB
3a CUeT CHI)KCHHUS HAIPaBICHHOCTH U cooTBeTcTBYIomero KIIJI, koTopsrii cocTaBs-
et Bcero 44% miis p = 2. TpeboBanust AJiT KOHKPETHOTO MTpUMEHEHUs OyAyT orpee-

JSTh ONTUMANbHYIO popMy, PYHKIIMU pacnpeneracHus aneptypsl W (10).

Tabnuua 3. O630p HauboIEe BaXKHBIX TApaMETPOB PEBIECKTOPHBIX AaHTCHHBI

MapamMeTp aHTEHHbI p=10 p=1

WwnpwnHa [1H no yp. -34b B rpaga,. 29,2 Ao :1:':..1jﬂ 42.1 Ao
i i i
A L . Ag L An
WupwuHa OH mexay Hynamu 69.9— 03.4 116.3—
i il il
YpoBeHb 60KOBOrO fienecTka, aAb -17.6 -24.6 -30.6

Do ') Mg 2 - 2
HanpasneHHoCTb ( Ama ) 0.75 ( 2ma ) 0.56 ( 2ra )
Ag Ag Ag

6.3.3. Mukpononockosvle anmerHbl

MUKpPOIIOJIOCKOBBIE WM TMaTY-aHTEHHBI CTAHOBSTCS Bce 0oJiee MOJIE3HBIMU,
ITIOCKOJIBKY MX MOKHO Hare4aTaTh HEMOCPEACTBEHHO Ha MEYaTHOM ruiare. Mukporo-
JIOCKOBBIE€ AHTEHHBI MMOJIy4aloT Bce OOJbllee pacIpoCTpaHEHUE HAa PbIHKE MOOWIIb-
HbIX TenedoHoB. [laTy-aHTeHHBI HEJOPOTH, UMEIOT HU3KUNA MPO(UIIb U JIETKO U3ro-
TaBJIMBAOTCS.

PaccMOTpUM MUKpONOJOCKOBYK) aHTEHHY, IMOKa3aHHYK0 Ha PUCYHKe 56, mu-
TaeMyl0 MHUKPOIIOJIOCKOBOM JIMHUEN nepenadd. llatdy-aHTeHHA, MHUKPOIIOJIOCKOBAs
JMHUA NEepefayd U 3a3eMIIollas IUIACTMHA W3TOTOBJIEHBI M3 METaula ¢ BBICOKOU

MPOBOJIMMOCTRIO (00bIuHO U3 Menu). [laty umeer mmmny L, mupuny W u pacmnoso-
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’KEeHa IMOBEPX MOJJIOKKH (JIMIICKTPHUSCKOH TUIATHI) TOIIIMHOMN N ¢ TUAICKTPUYECKOM

£
IIPOHUITAEMOCTBIO 7 . ToIMHA 3a3eMJISIONIETO CJIOS UM MUKPOIIOJIOCKHA HE UMEET
pemaroriero 3HadeHuss. OOBIYHO BBICOTA N HAMHOTO MEHBIIIEe PadOUeii TMHBI BOJIHEI,
HO HE JIobkHA ObITh HaMHOro MeHbie 0,025 nmunbl BosHBI (1/40 1IMHBI BOJIHBI),

nHaye F(hPEeKTUBHOCTh aHTCHHBI Oy/IET CHIKEHA.

MMKpOﬂOJ’IOCKOBaﬂ

AWHUA nepegaun [ I'IaTq—aHTeHHa

Moanoxka

(a) Bua cBepxy Ha nmary-aHTEHHY

MuKpononockosas MaTy-aHTeHHa
JIMHNA nNepedayn
' !

Moanoxka

«emna» |7

(6) MukponoJiockoBasi aHTEHHA, BUJ] COOKY

Puc. 56. 'eomeTpusi MUKpOIIOJIOCKOBOH (TIaT4) aHTECHHBI

YacToTa paboThl MaTy-aHTEHHBI, MMOKA3aHHOW HA pPUCYHKE 56, ompeaensieTcs

mmHou L. [lenTpanbHas gactota OyeT NpuOIM3UTEILHO pABHA:

J.

c 1
EACETATT
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[IpuBeneHHOE BBIIIE YPAaBHEHHE TIJIACUT, YTO MMKPOIIOJOCKOBas AaHTEHHA
JOJDKHA UMETh JIJIMHY, PABHYIO MOJOBUHE JIJIMHBI BOJIHBI B JAUAJIEKTPUYECKON (I10]I-
JIOKKE) cpejie.

[[Iupuna W MUKpPOIIOIOCKOBOM aHTEHHBI YNPABISIET BXOJHBIM COMPOTUBIICHU-
eM. bounblas mupuHa Takke MOXKET YBEIMYHUTH MPOMYCKHYIO CIOCOOHOCTB. Jliis
NPSIMOYTOJIbHOM aHTEHHBI, TUTAEMOM YKa3aHHBIM BBIIIE€ CIIOCOOOM, BXOJHOE COMpPO-
tuBieHue Oyzaetr nopsaka 300 Om. YBenuuuBas HIMPUHY, CONPOTHUBICHUE MOKHO
yMEHbIINTh. OJHAKO ISl YMEHBIICHUSI BXOJHOTIO conpoTuBieHusa 10 50 Om yacto
TpeOyeTcsl OUeHb MIUPOKas MaT4-aHTEHHA, KOTOPasi 3aHUMAET MHOTO IIEHHOTO MECTa.
[[IlupuHa IOMOJHUTENBHO KOHTPOJIHUPYET AHArpaMMy HampasiieHHOCTH. Hopmanu3zo-

BaHHaA JuarpaMma HaIllpaBJICHHOCTHU HpI/I6J'II/IBI/ITCJII>HO OIIPCACIIACTCA BhIPpAKCHHUCM!

kT sin @sin @
2 kL
Ey; = —sin @
9 Y77 sin Osin ¢ cos 3 sin fcos @ (cos@
2
kW sin & sin @
E,= 2 cos oL sin @ cos@ |cosf sin @
LA kW sin @ sin ¢ 2
2

B npuBeneHHOM BbIIIe pUMepe K — BOIIHOBOE YKCIIO B CBOOOIHOM MPOCTPAH-

CTBe, onpezensieMoe GopMynoi 2zl A . Bennuuna nosieit onpenensiercst Gpopmysion:

f(6.9)=JE; + E;

[Tonst MUKPOTIOJIOCKOBOM aHTEHHBI MOKa3aHbl Ha puc. 57 niust W=L=0.5A.
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de = o

(b) #=290°

Puc. 57. Hopmanu3oBaHHas [uarpamMma HapaBJICHHOCTH

MHUKPOIOJIOCKOBOH (TIaT4) aHTEHHBI

HanpaBiieHHOCTh maT4Y-aHTEHH COCTaBIAECT puMepHO S-7 ab. Ilons nuHeiHO

IIOJIAPHU30BAaHbI U B TOPHU30HTAJIbHOM HAIIPpaBJICHHUH, CCJIIM CMOTPCTh HAa MUKPOIIOJIOC-

KOBYIO aHTE€HHY, KaK IMIOKa3aHO Ha pUCYHKe 57.

Bonpocwt u 3a0anus

1. B kakoM 4acTOTHOM Juaria3oHe MPUMEHSIOTCS pyNnopHble aHTeHHbI? Hazo-

BUTC X OCHOBHBIC COCTaBHBIC YaCTHU.
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2. Kakyr OCHOBHYIO (DYHKIIMIO UCTIOTHSIET U3TydaTeb B TapaboIMIecKuX aH-
TeHHaX?

3. U3 kakuX OCHOBHBIX YaCTECH COCTOMT MHUKPOITOJIOCKOBAS MaTy-aHTeHHA?

4. Kakne 3Ha4YeHHS] MPUHUMAET KOA(DPHUITMEHT HANPABICHHOTO IEHCTBHSI MPS-
MOYTOJIbHOM TaT4-aHTCHHBI?

5. Kak Ha3pIBaeTcs TOUKa, B KOTOPOH CXOJIATCS BCE JIydH NapabOMUeCKUX aH-
TCHH?

6. Hapucyiite THMMYHBIC AUarpaMMbl HaIPaBJICHHOCTH IMapaOdOJUYCCKON aH-
TEHHBI ¥ TIPSIMOYTOJIBLHOM MaTd-aHTEHHBI.

7. B kakux MPHUIIOKCHUAX HAIIJIM OCHOBHBIC IIPUMCHCHUC PYIIOPHBIC AHTCHHBI?
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7. AHTEHHBIE PEHIETKH

AHTEHHas peuieTka npeacTaBisier coboit Habop N mpocTpaHCTBEHHO pa3He-
CEeHHBIX aHTeHH. KomuecTBO aHTEHH B PEIIETKE MOKET COCTaBISATh OT JBYX IO He-
CKOJIBKUX ThICSIY (KaK B PaJMOJIOKAIMOHHON YCTaHOBKE C (ha3sMpOBAHHOW PEIIETKOM
AN / FPS-85, skcrmyatupyemoit BBC CIIIA). B o0miem, mpou3BOAUTEIBHOCTD aH-
TEHHOHW pemIeTKu (i JT000T0 MPUMEHEHHsS, B KOTOPOW OHA HMCIOJB3YETCS) YBEITH-
YUBAETCS C YBEIMUYCHUEM KOJIMYECTBA aHTEHH (RJIEMEHTOB) B PEIIETKE; HEJJOCTATKOM,
KOHEYHO, SIBJISICTCS TIOBBIIIEHHAS CTOMMOCTb, Pa3Mep U CII0KHOCTD.

Ha cnemyromux pucyHKax moKa3aHbl HEKOTOPBIC MPUMEPHI aHTCHHBIX peIlie-

TOK.

Puc. 58. UerbpexaneMeHTHAs: MUKPOIIOJIOCKOBAasl aHTEHHAsl pelIeTKa

(dbasupoBaHHas pelerka)
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Puc. 59. AuTeHHas pelieTKa BbIIIKH COTOBOM CBSI3H.
OTU aHTEHHBIE PEHIETKU OOBIYHO UCTIONB3YIOTCS TPYIIIIAMHU IO 3 MTYKU

(2 mpuemHBIe aHTEHHBI U | Tlepeaaronias aHTEHHA)

OO61yto popMy aHTEHHOM PELIETKH MOKHO MPOUJUIIOCTPUPOBATh, KaK MOKa3a-
HO Ha pucyHke 60. BeibupaeTcs Hauano KOOpAMHAT U CUCTEMa KOOPIWHAT, a 3aTeM
pasmerarorcst N 3JIeMEHTOB, KaX/Iblii B MECTE, 33JaHHOM CJIEYIOIUM 00pa3oMm:
d,=[x v, 2]
[Tonoxenus >neMeHTOB (Da3MpPOBAHHOW PENIETKU MOKa3aHbl Ha CIEAYIOLIEM

PHUCYHKE.

¥ www ° y

Puc. 60. I'eomeTpust mpou3BoIbHON aHTEHHOM perieTku u3 N anemMeHToB
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b 2 SIS ¢

HYCTB N IIpeACTaBJISIIOT BI)IXOI[HOﬁ curHan anTeHH ¢ 1 mo N co-

OTBCTCTBCHHO. BBIXO,HHOﬁ CUTHAJI 3TUX aHTCHH Yalll¢ BCCTO YMHOKACTCA Ha Ha60p N

BecoB — "1: W2+ Wyo g clIOXKEHBI, KaK MMOKa3aHO Ha pUCYHKE 61.

v |

Wy

| Xy ok A

)
S

Puc. 61. B3BemuBanue 1 CyMMUPOBaHUE CUTHAJIOB OT aHTEHH 1Sl POPMUPOBAHUS

BBIXO/IHOTO CUTHaja B (0a3UPOBAHHOMN PEIIETKE

BI)IXOI[HBIG JaHHBIC AHTCHHOM PCHICTKH MOKHO KPATKO 3aIlliCaThb TaK:

N
Y= Zu',,-\',:
n=1
BOT 4TO MpOMCXOAUT B aHTEHHOM pemeTke. OMHAKO S HE OTBETHII, B YEM TIpe-

uMylIiecTBa (pazupoBaHHOW pemeTkd. YToObI MOHATH, YTO MPOUCXOJUT B aHTEHHOM
peuieTke, NepenInTe K CIeAYyIEeMYy pa3aeny «AHTEHHbIE PELIETKI.
IIpeumywecmea anmeHHbIX peuemox
YToObl MOHATH MPEUMYIECTBA AHTEHHBIX PEUIETOK, pacCMOTpUM HaOOp H3

TpE€X aHTCHH, PACIOJIOKCHHBIX BAOJIb OCH Z, IPUHUMAKONINX CUTHATI (HJ'IOCKYIO BOJIHY

d

WM HYXHYIO WH(OpMAIKIO), TOCTYNAIONMIUNA O]l YTJIOM OTHOCUTEIBHO OCH Z ,

Kak MoKa3aHo Ha puc. 62.
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Puc. 62. IIpumep 3-31€MEHTHON aHTEHHOW PEIICTKH,

MPUHUMAIOLIEH [IOCKYIO BOJIHY

AHTEHHBI B (Da3UpOBAHHON PEIIETKE PACIOJI0KEHbI HA PACCTOSIHUH MTOJIOBUHBI
JUIMHBI BOJIHBI IpYyT OT zpyra (¢ nertpom z=0). E-nosne miuockoii BosHBI (peanosa-
raeTcsi, 4YTO OHO BE€3JI€ UMEET MOCTOSIHHYIO AMIUIUTYAY) MOXKHO 3alUCcaTh KakK:

-7k, vk, pt k,z)

E(x,y,z)=e€

_ e - jIk|(sin& cosg x+sin fsing y+cosd z)

—g Jkr

B npuBeneHHOM BbIIIe IPUMEpPE K — BOJTHOBOM BEKTOP, KOTOPBINA ONPEACIIACT
U3MEHEeHHE (pa3bl B 3aBUCUMOCTH OT TOJIOKECHHSI.

Koopnunate! (X, Y) kaxaoil antenHsl paBHbl (0,0); MEHAETCS TOIBKO KOOPIHU-
HaTa Z JJs KaXJI0M aHTeHHBI. [lanmee, ecnu mpearonokuTh, YTO aHTEHHBI MPEICTAB-
JISIFOT COOOM M30TPOMHBIE JaTUYMKH, CUTHAJI, TPUHUMAEMBIM OT KaXKJIOW aHTEHHHBI,
IPONOPLUHUOHAIIEH 3JEKTPOHHOMY TOJIF0 B MECTE PACMOJIOKEHUsI aHTeHHBI. ClenoBa-
TEJIbHO, U1l AHTEHHBI | IPUHSTHIN CUTHAT:

— j—cosé z,
A

=e
[IpuHSATHIE CUTHAJBI OTIWYAIOTCA KOMIUIEKCHBIM (ha30BbIM KOI(PHUIIUCHTOM,

KOTOPBIM 3aBUCHUT OT PAa3HECEHMs aHTEHH U yIJIa NPUXOJa IUIOCKOM BOJIHBL. Eciu

CUTHAJIbl CyMMHUPOBAaTh, pe3yJbTaT OyIeT:

76



- 2

— j—cosfz —j =" cosf z, —j—cosf z3

)-:e 4 +e " +e i

N
b J

27
- j—cosfz,

-3
=1
1
- Z e-—Jm.T cosd

mi=-1

HHTCpGCHO TO, YTO BCJIIMYHNHA Y 0T06pa>KaeTc;1 Ha rpa(bHKe B 3aBUCHUMOCTHU OT

(yron nmpuxoja miockoi BOIHBI). Pe3ynbTaT mpeAcTaBieH Ha pucyHke 63.

directivity in dlif

i
—————

theta in degrees

Puc. 63. Koadpunment HanpapieHHOTO AeHCTBUS 2 (KpacHBIN), 5 (3eIEHBIN)

1 10 (rony0oil) aHTEHHOM PEIIETKH C pacCTOsTHUEM MexAy nemeHTamu 0,44

Ha pucynke 63 moka3aHo, 4TO (pa3upoBaHHas penieTka (akTHuecku odpada-
THIBAE€T CUTHAJIBI JIYUIIE B HEKOTOPBIX HAIPaBIICHUSX, YeM B ipyrux. Hanpumep, an-
TEHHas pelleTka HanboJiee BOCIPUMMUKBA, KOTJa YroJl mpuxoja coctasiser 90 rpa-
nycoB. Hanpotus, korja yrosa npuxoja coctapiseT 45 uinu 135 rpaaycoB, BEIXOAHAS
MOIIIHOCTh AHTEHHOW PEUIETKH paBHA HYJO, HE3aBUCHUMO OT MOIIHOCTHU IaJaroIIen
MJI0CKOM BONHBL. TakuM 00pa3oMm MoiydyaeTcsi HampaBlieHHas AuarpaMma Harpas-

JICHHOCTH, OAaXXC CCJIM aHTCHHBI IIPCAIIoJaralinuCb H30TPOIIHBIMU. HGCMOTpH Ha TO,
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YTO 3TO OBUIO ITOKA3aHO IJIs1 IPUCMHBIX aHTCHH, M3-3a B3dAUMHOCTHU IICPCAAIOIINC

CBOMCTBA OYJIyT OJIMHAKOBBIMH.

Bormpocs! u 3ananus

1. Ucnone3ys s3blk nporpammupoBanus Octave, Hapucyiite nuarpammy Ha-
MPaBJIECHHOCTH Il IMHEHHOW aHTEHHOM PEemETKU ¢ yucioM 351eMeHToB N = 4 u me-
’KIJIEMEHTHBIM paccTosiHueM 0 = A/2. Berauciante KOOpIUHATH HYJIsI 1 OOKOBOTO Jie-
IIECTKA JUArpaMMbl HAIIPaBJIECHHOCTH.

2. Bpruncnure MMpuHy AMarpaMMbl HAIPaBJIECHHOCTH JUISl TMHEWHOW AaHTEHHOMN
pemérku, N = 8, d = V2.

3. Ilepeunciure OCHOBHBIE C(hepbl MPUMEHEHHSI AHTEHHBIX PELIETOK.

4. YTo Takoe BOJIHOBOU BEKTOp, CHOPMYITUPYUTE €ro PU3NUECKUIA CMBICI.

5. Or kakux mapaMeTpoB 3aBHCHUT JMarpaMMbl HaIIPaBICHHOCTH AHTEHHBIX

PELIETOK.
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