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NPEAUCNOBUE

VueGunk «AHTCHHO-(QHACPHbIE YCTPOHCTBA M PACIPOCTPAHCHHE
PaITuoOBONHY HANHCAaH KOJUIEKTHBOM aBTOPOB B COOTBETCTBUM C AeiicT-
BYIOIEH NPOrpaMMOi ¥ IpeAHa3HadeH ANA CTYAEHTOB CHEIHaBHOCTH
«PamuocBA3b, paMOBCIIAHNE W TCICBHACHHE». B OCHOBY yueGHIUKA MONO-
JKEHEI JIEKLHH, YHTAEMbIEC aBTOPaMU B MOCKOBCKOM TEXHHYECKOM YHHBED-
CHTETe CBA3H ¥ HH(OPMATHKH.

YueGHMK MOXKHO Pa3/IesTITh Ha TpH YacTH. B nepBoii yactu (1. 1-5)
H3J1araloTcs OCHOBHBIE BONPOCH! TEOPHH H3TyYCHHS H IPHEeMa PaHOBOIH.
Bo Bropoii gyactu (1. 6-13) paccMarpuBaroTcs Haubonee pacIpoCTpaHeH-
HEBIE THIIEI AaHTEHHBIX YCTPOHCTB H METONBI MX pacdera, 0COGEHHOCTH JIH-
HHM [THTAHHA aHTEHH Pa3/IHYHBIX BOJIH, @ TAKXKE BONPOCH! SJIEKTPOMArHHUT-
HO# cOBMECTHMOCTH aHTeHH. B Tperneit yactu (ni. 14-24) paccmarpuea-
10TCA 0011123 TeOpHsA ¥ 0COOEHHOCTH PacIPOCTPAHEHHS PATHOBOMH Pa3IHy-
HBIX IHANA30HOB. B KHHUI'e HapAMy ¢ TPagULHOHHBIMH BOIIPOCAMH OCBEIla-
FOTCA MOCIEAHME JOCTIKEHHA B 001aCTH aHTEHHO-PHACPHBIX YCTPOHUCTB 1
pacnpocrpaHeHHs pagnoBoiH. Ocofoe BHUMaHHE YHENIETCA BOMPOCAM,
HMEIOIHM HENOCPEACTBEHHOE OTHOLIEHHE K IPOEKTHPOBAHHIO U 3KCILTya-~
TalMH CHCTEM PaHOCBA3H, PAJIMOBEIIAHI H TEICBUICHHA.

H3noxeHue Bcex BONPOCOB BEAETCH C HCIONB30BaHHEM EXHHO Kiac-
cH(HKAIUY YaCTOTHBIX JHAIIA30HOB IO JUIMHAM BonH. Ilocne kaxpnofi rna-
BBl JIA€TCA DS KOHTPOJBHBIX BONPOCOB: OCHOBHEIX H JXONONHHTE/IBHBIX.
OcHoBHBIe, Golee pocThIe BONPOCH! IIPEANONAraioT OBJIaA¢HHE CTYACHTa-
MH MaTepHaioM y4e0H1Ka, JOTIONHHUTEILHEIE — OPHEHTHPOBAHEI HA HCIIONE-
30BaHHE YKa3aHHBIX B CITHCKE JHTEPaTyPH MOHOrpaduii M yueGHBIX OCO-
6uii. Kuura moxer GbITh KCIONBE30BAHA NIPH TOATOTOBKE Gakanaspos IO
HanpasieHHI0 « TETEKOMMYHHKAIMHY, & TAIOKE CTYICHTaMH IPYTHX Paguo-
TEXHHIECKHX CIICUHMANbHOCTEH, CBA3AHHBIX C PACYETOM M 3KCILTyaTaHHeH
COOTBETCTBYIOLIMX PAJIHOCHCTEM.

Ipenucnopue u sBenenne Hamicansl I. A. Epoxussim u O, B. Uep-
HeleBsIM, T 1-7, 9 —T. A. EpoxuubiM, 1. 14-24 — O. B. YUepHBImeBsM,
. 8, 10, 13 — H. 1. KoswipessiM, . 11, 12 — B. T. KouepskeBckuM.



BBEOEHUE

B.1. HazHauyeHue nepegatouieil U NPUEMHON aHTEHH.
BnusaHue cpeabl Ha ycnosusa pacnpocTpaHeHUs pafiMoOBONH

AHTEHHEB! ABAAIOTCA 00S3aTENbHBIM IEMEHTOM JO00H CHCTEMEI
PATHOCB3M, PANHOBEIUAHNS, TEIEBHICHHS, a TAKXKE IPYTHX PAXHOTEXHH-
YECKMX CHCTEM, MCIONb3YIOIMX WIS Ilepeaun uHpopManuy ceobonHoe
pacpOCTpaHEHHE SMEKTPOMArHUTHEIX BONH. CyIECTBCHHOE BIMIHUE HA
paboTy 3THX CHCTEM OKa3BIBAET TaKXKe CPEfla, B KOTOPOI IMPOHCXOOUT CBO-
6oxgHoe pacmpocTpaneHue BoMH: atMocgepa, 3eMis, KOCMHIECKOE Ipo-
CTPaHCTBO H T.II

@OYHKUMH aHTEHH B YKa3aHHBIX CHCTEMaX CBOIATCA K H3IY4EHHIO
HJIH [IPHEMY 3EeKTPOMATHHUTHEIX BOMH. COOTBETCTBEHHO Pa3iNYaioT nepe-
JAIOLINE U TIPHEMHBIC aHTCHHEI, TOAKIII0UaeMble TGO K MepefaTIHKy, 60
K IPHEMHHKY. YKa3aHHOE MOAKIIOYCHHIE OCYIECTRIACTCA OOBIIHO HE He-
TIOCPENCTBEHHO, a C IIOMOIIBI0 JIMHUIH nepenadn sHeprun (Gpunepos).

Iepedarowjas anmenna npeodpasyeT SHEPTHIO BOJIH, IIOCTYMAIOLINX
1o $punepy OT NepeNaTIHKa K aHTEHHE, B JHEPTUIO CBOOOIHBIX KoneOaHui,
PacHpoCTPaHAIOMUXCS B OKPYXKAIOIIEM NPOCTPAHCTBE. [lpuemnan arnmen-
Ha, HaTIPOTHB, YIIaBIIHBAET SHEPTHIO CBOOOAHBIX KOJNeOaHHH U IIpeBpaliacT
€€ B JHEPTHIO BOJIH, KOTOpas MOCTYyIaeT o ¢huaepy Ha BXOJ IPHEMHHKA.

INepenaronias aHTEHHA IODKHA HE IIPOCTO U3ITYHaTh YIEKTPOMAarHUT-
Hble BONHEI, a 00ecriequBars Haubonee palHoOHANbHOE pacpeeICHHUE U3-
TydaeMoil 3HepTHHM B IPOCTPAaHCTBE. B COOTBETCTBHM ¢ 3TUM OIHOH U3 OC-
HOBHBIX XapaKTEPUCTHK MepeJaloIHX AHTCHH ABIACTCA XAPaKmepucmuka
(unu duazpamma) HanpaeneHHOCMY — 3aBUCHMOCTb H3/Iy4a€MOTO IO/ OT
NOJIOKEHHA TOYKH HAOMIONCHNS; TIPH 3TOM TOYKa HaGMIONEHU JOMKHA Ha-
XOXUTHCHA HAa HEM3MEHHOM GOMBUIOM PacCTOSHUH OT aHTEHHBI (B AaNbHEH
30He). TpeOOBaHMA K HAlPaBICHHBIM CBONCTBAM 2HTCHH KOJIEOIIOTCS Ha
MpPAaKTHKE B OUCHB LIMPOKHX Tpefenax — OT ONMU3KUX K HEHANPaBICHHEIM
(HampuMep, UL CHCTEM PAXHOBELIAHUS ¥ X)UPHOTO TENEBHACHHS) IO pe3-
KO BBIPa)KCHHOM HAIPaBISHHOCTH B ONPEICICHHOM HANlPaBJICHUH, YTO MO~
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3BOJIAET O€3 YBETHYECHHA MOIIHOCTH ITepeAaTuHKA YBEIIHYHBATh HAMPSKCH-
HOCTH TIOJIA, H3TYyYaeMOoro B JaHHOM HANpPaBICHUM, B THICAIY M JAXKE MHI-
JIMOHEI Pa3 [0 CPaBHEHWIO C HEHAIPaBICHHBIMH H3mydarensMu. Iloxo6-
HblE aHTCHHBI NIHPOKO HCTIONB3YIOTCSH IS LeieH JalbHEeH KOCMHYECKOH
CBSI3H, B PAZIMOJIOKAlIHH, paJuoacTpoHoMuH U 1p. Kpome Toro, HanpasneH-
HOCTH M3IIy4EHH IO03BOJIAET YMEHBIIATH IOMEXH COCEAHHM PaIHOTEXHH-
YECKUM CHCTEMaM, T.€. CHOCOOCTBYET PEemICHHIO IPOBIEeMBI dlIeKTpoMar-
HUTHOH coBMeCTHMOCTH (OMC). OTMEeTHM, YTO BHICOKAsA HAIIPABIECHHOCTh
JOCTHIaeTCs TONBKO TOIAa, KOTAa pa3Mephl aHTEHHH CYINECTBEHHO Ipe-
BOCXOJIAT JUTHHY BOJIHBI KONIcOaHMid,

JLyis nppeMHBIX aHTeHH uarpaMma HanpasnenHocts (JIH) — ato 3a-
BHCHMOCTB TOK2 B Harpy3Ke aHTEHHEL, T.e. B KOHEYHOM CUETE B IPHEMHHKE,
i JJIC, HaBoIHUMO#i Ha BXOJIE MPHEMHHKA, OT HATIPaBIICHUA IPHXONA JJIeK-
TPOMarHUTHON BONHBL, O0Mydaromed anteHHy. Hanvaue HanpaBICHHBIX
CBOIICTB Y IPHEMHBIX aHTCHH II03BOJIACT HE TONBKO YBEIHYHBATH MOILHOCTD,
BBIACILIEMYIO TOKOM B Harpy3Ke, HO U CYLIECTBEHHO 0CIa0NATh IPHEM pa3-
TTMYHOTO POJa MOMeX, T.€. ITOBHIIIAET KayeCTBO NpHeMa.

OCHOBHBIC XapaKTEPHCTUKH MPHEMHBIX aHTEHH, B ToM uucie JH,
MOTYT OR}Th HalJCHBI, €CIIH U3BECTHHI AHAJIOIHYHBIE XapaKTePHCTHKH
B ClTydae, KOTIa 3TH ke aHTCHHBI paGoTaloT B mepenarouieM pexxuMe. Io
9TOi NpUYHHE HET HCOOXOMUMOCTH H3y4aTh OTACIBFHO TEOPHH MEpenaro-
KX U BPHEMHBIX aHTeHH. OOBIYHO CBOMCTBA aHTEHH H3y4aTh Gonee mpo-
CTO B nepefaronmeM pexume. 1o 3Tolf mpuunHe BCIOLY HUXKe, eciy He Oy-
IIET OTOBOpPEHO 0c060, MoipasyMeBacTCs, 4YTO aHTEHHA Pa0oTaeT B epeaa-
JOILEM PEXKHME.

OTMeTHM, 4TO M3 BO3MOXHOCTH HCIOH30BATh MIOOYIO EpeAaonTyio
aHTEHHY UM IIpUeMa 3JICKTPOMAarHHTHHIX BOJH H HA00OpOT He Cliedyer,
YTO IEPEJAFOIIUE H IPHEMHbIE aHTEHHb! BCETA HICHTHIHEI 110 KOHCTPYK-
M. Jlaxe U1 OHOTO H TOIO XK€ TUNA AHTECHHBI B IIEPEAAIOEM PEXHME
B OTIIHYHE OT MPUEMHOTO HEOOXOOMMO pelarh crnenuduyeckue npobmne-
MEI, CBA32HHBIC, HAIIPHMED, C BHICOKHM YPOBHEM MOLIHOCTH, IIOCTYIAIO-
Iei OT NepeaaTIMKa H MOTYILEH BBI3BaTh TPOOOH aHTEHHEI,

IIpn M3y4eHHH CBOMCTB aHTEHH NMPHHATO CYHTATh (KPOME CITy4aes,
KOTZIa M3/y4aTeH PacToIoXKeHbl HEIIOCPEACTBEHHO Y MOBEPXHOCTH 3€M-
1), YTO AHTEHHA HAXOIUTCA B CBOGOAHOM IPOCTPAHCTEE, T.¢. B HEOIPaHH-~
9eHHOH OHOPO/IHO# cpene Oe3 HOTEPh C OTHOCHTEBHBIME IUAIEKTPHYEC-
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Ko# (€) ¥ MarHMTHOH (1) MPOHMIAEMOCTAMH, PAaBHBIMH €IMHHUE, YTO
B TOYHOCTH COOTBETCTBYET BAKyyMy W MpHOIIDKEHHO — BO3XYIIHOH cpeze.
Bimsinue GakropoB, CBI3aHHBIX ¢ 0COOCHHOCTAMH BIMAHUS CPEITBI HA IPO-
Hece Tiepefiaqdy SHeprHH OT Jepealonieii K npHEMHON aHTEHHE, H3Y4aeTcs
B TEOPHH PACMpPOCTPAHEHHA PaIHOBOINH.,

Baxxayro pons B paboTe aHTEHHRIX YCTPOMCTB HIpaeT JIMHHSA IHTa-
HuA (¢upmep), KoTOpasd NepeNaeT FHEPTHIO OT TEHEPATOPA K aHTCHHE (B Iie-
PEAAIONIEM peXxUME) WIH OT AaHTEHHEI K IPHEMHUKY (B peXUMe IpUeMa).
OcHoBHble TpeGoBanus K QUAECPY CBOXATCA K €T0 MCKTPOrepMETHYHOCTH
(OTCYTCTBMIO M3TyudEeHHS SHEPIHH M3 QHIepa) B MAIbIM TEIUIOBHIM II0TE-
paM. B nepenaromeM pexHMe BONHOBOE CONPOTHBIEHHE (HAEPa JO/DKHO
OBITH COTIACOBAHO C BXOOHBIM CONMPOTHUBICHHEM aHTCHHE! (4T0 00ecnedn-
BaeT B puzaepe pexuM Oerymie BONHEI) H C BHIXOOM INepelaTiHKa (LA
MaKCHMaJIbHOH OTHa4H MOLIHOCTH). B npHeMHOM pexuMe cONIacOBaHHE
BXOJ/la NPHEMHHKA C BOTHOBBIM CONPOTHBIIEHHEM dHIepa obecnieduBacT B
NIOCTIEAHEM peXXHM Oerynieil BoTHbI, CONNIACOBAHKE XK€ BOTHOBOTO COIPO-
THBIICHHA QHAEpa C CONPOTHBICHHEM HArpy3KH — yCIOBHE MAKCHMaNbHOM
OTIaYM MOLITHOCTH B HArpy3Ky NpHEMHUKA. B 3aBHCHMOCTH OT Hana3oHa
PaTHOBOIH NPHMEHAIOT PA3IHYHbIE THITR! QUAEPOB: ABYX~- HIIH MHOTOIIPO-
BOZHBIE BO3IYNIHBIE (GUIEPEI, BOMHOBOABI NPAMOYTOILHOIO0, KPYIIOTO HITH
SIUTHITTHYECKOTO CEYCHHMH, THHIH C NOBEPXHOCTHON BoMHOM H Ap. O6mas
TEOpHA NONOGHBIX QHACPOB H3YJaeTCA B Kypee TEXHHIECKOH MeKTpOIH-
HaMHKH, I03TOMY OCHOBHOE BHUMaHHE B KHUTe OyAeT YAeNeHO H3YyIEHHIO
crenudHIecKIX BONPOCOB KOHCTPYHPOBAaHUA H OKCIUTYaTauH GHIepoB.

I/IcnonmyeMme Ha NNPAKTHKE aHTCHHBI H aHTCHHBIC CHCTECMAI HE Or'-
PaHHYUBAIOTCS, €CTECTBEHHO, TEMH YCTPOHCTBaMHM, KOTOPBIC OMMCaHbI
B KHHre. 31eCh MOMENIeHbl CBEIEHHA TOMBKO 00 OCHOBHBIX THIIAX AHTEHH,
DPHMEHACMBIX B CHCTEMAaX DafHOCBA3H, PaTHOBEIIAHHA, TCICBHICHHUA.
B HMBHEﬁH]CM 1 KPATKOCTH 3TH CHCTECMBI 6YIICM Ha3pIBaTh TAKKC pa-
nuonuHusIMH. Cremyer 0cob0 OTMETHTH, YTO MHOTHE THIIEI AHTEHH, HC-
HOME3YEMBIE B paZHOIMHIAX, IPEACTARIAIOT cO6O0H 3a4aCTyIO BECEMa CIIOK-
HEIC COOPY)XCHHMS, B YaCTHOCTH KOMILIEKCH], OPraHU4HO COMNPAXECHHbIE
¢ 6nokamu 00paboTkH cHrHamoB. Beicokasg cTOMMOCTE TakHX aHTEHH, CO-
ctaBiaomas 1o 50 % obugux 3aTpat, ABIAETCA HE TOJBKO IMIaBHbIM (aKTo-
pOM TIpH BeIOOpE BapHaHTa IIOCTPOEHUA PAJUOHHH, HO H OHpeaenser
BO3MOXXHOCTH PEaJTH3aIMH IPOEKTA B IIeJIOM. B CBA3M ¢ 3THM SKOHOMHYEC-
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Kas CTOpPOHa BOIpOCa IpH pa3paboTke aHTEHH NOJDKHA YYUTHIBATHCA C Ca-
MBIX PaHHHX CTaIHi NPOCKTHPOBAHUA.

Ha paGoty nio60# paiuonHHHH, Kak YIOMHHAIOCH BBIIIE, CYIIe-
CTBEHHOE BIIMSHUE OKa3bIBaeT Cpela (TPaKT) paCpOCTPaHEHHS, ABIAIONIA-
ACA CBA3YIOUIMM 3BEHOM MEXTy NEPeNalolici B MPHEMHOH aHTCHHAMH.
B npocreiiuem ciaydae, KOrna pacupocTpaHeHHe NPOMCXOTHUT B CBOGOL-
HOM IIPOCTPAHCTBE, 3TO BIHAHHE 3aKITI0YaETCA TONBKO B OcNalIeHHH Mo
3a CYET PacXOAMMOCTH BOIIHEL. B ciiyyae peanbHBIX Cpeli OHO Fropaszio CIoxK-
Hee ¥ MHoToOoGpasfiee. , ,

TMonynpoBoxHUKOBBIE CBOHCTBA 3eMITH IPUBOAAT K YTEYKE IHEPTHHU
moss B 3emimo. M3-3a cdpepraHocTH 3eMiTi BO3HHKAeT IMdpakuus, T.e. Oru-
fanue BOMHOM 3eMHOro mapa. Pasmaanoro posa HEpOBHOCTH 3eMHOM MO-
BEPXHOCTHU PacCEUBAIOT H OTPAXKAIOT PaIHOBONHEL, H3MEHSIOT MX IONAPHU-
3110, CO3IAIOT 3aTEHEHHE TyHKTA IPHEMA, 3eMIII H3MEHSAET TAKXKE CBOH-

. ¢TBA aHTCHH, PAaCIIONOXEHHBIX BONIH3M ee MOBECPXHOCTH.

AtMmocdepa 3eMiH ABIACTCA NONIOMAoNIeH HEOAHOPOIHO#H CpenoH,
[I03TOMY BO3HHKAIOT OCJIa0/IeHiEe CHIHAIA M HCKPHBIICHHE TPACKTOPHHU JBH-
’KeHHA BoiHEL. KpoMe o0mel niaBHOH HEOMHOPOIHOCTH B aTMOC(Epe Bee-
I/1a IPHCY TCTBYIOT IOKABHEIE (MecTHBIE) HEOTHOPOXHOCTH, KOTOpEIE pac-
CEHMBAIOT MIEKTPOMATHHTHEIE BOMHEL, Takoe paccesHue, ¢ OHOM CTOPOHEI,
0cnabIseT mone nMpAMoi BOIHEL a ¢ APYToH —~ CHoCOBCTBYET pacnpocTpa-
HEHHIO PACCEAHHOH BOHBI JIAIEKO 32 JIMHHIO TOPH30HTA, YTO U HCIIONB3Y-
€TCA B HEKOTOPBIX CHCTEMAX JaNbHeH CBA3H.

Bepxaue cion atmMocheps! (HOHOCepa) colepikar ra3 B HOHH3HPO-
BAHHOM COCTOAHHMH, YTO IPHBOIUT K NOABIICHHIO TAKHUX CBOﬁCTB, KakK OqHC-
nepcus ¥ aHuzoTpomusi. CBOHCTBO AMCIEPCHH O3HAYAET, YTO YCIOBHA pac-
NPOCTPAHEHK BOJIH Pa3HBIX YaCTOT PAa3NHYHblL. BOIHEI C 9aCTOTAMH HIKE
30 MI'u MCHIBITHIBAIOT CHIIBHOE TIpENoMIIeHHE B HOHOC(Epe H OTpakaoT-
A OT Hee Ha 3eMITio, o0ecIieYHBas JaNbHIOK CBA3E (HAPHMED, B JUANa30-
He KOPOTKHX BOIH). BonHEI ¢ 6071€€ BEICOKMMM 9aCTOTaMH CPaBHUTEIBHO
c1ab0 HCKPHBIAIOTCA B HOHOC(hEDPE, BEIXOMAT 32 Mpefens! arMocdepsl u
MOryT OBITH HCIIONIB30BaHbl B CHCTEMax KOCMHYECKOH cBs3H. U3-3a muc-
nepcuy noHochepsl BOSHUKAIOT TAKXKEe HCKaKEHHs epeIaBaeMbIX CHIHA-
JIOB. AHH30TpONHUA HOHOCHEPH NPOABIACTCA B BUAE NBOHHOTO TydYenpe-
noMnenus BonHs ¥ 3¢dexra dapanes (IOBOPOTa MIOCKOCTH MOAPH3a-
IHH BOJTHHI).
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O6B19HO 1ONIE B TOUKE IpUeMa (OpMHPYETCS HECKONLKUMH BOJTHA-
MH, B pE3yJIbTaTE 1€T0 BOSHUKAKOT UHMEPHEPeHYUOHHbIE 3aMUPAHUA H UC-
Kaoicenus cuenanog. J{ns ocnabnenns 3aMHpaHuii HeoOX0XMMO YMEHBHIMTS
YHCIIO HHTEP(PEPUPYIONIHX BOIH € IOMOIIBIO MIPAaBHILHOTO BEIOOPa 4acTo-
1B, popMel 1 opueHTanuu JIH aHTenH. UToOB! MCKaXKEHUS CUTHANIOB HeE
MPEBHIIATH HEKOTOPOH HOPMEI, IPHXOAHTCA OrPaHHYUBAThH MOIOCY CHUI-
Hajla HJIM CKOpPOCTh Nepeaad HHQopMaIHH.

[TapameTpsl peanbHOM cpeasl paclpoCTpaHEeHHd, Kak IMPAaBUIIO, HE
MOTYT GBITH H3MEHEHE! YEMOBEKOM, UTO IIPUBOIUT K B3aHMOCBS3U BOHPO-
COB PacmpoCTpaHeHHs PaJHOBOIH ¥ IPOeKTHpoBaHHu: aHTeHH. Ha npaxTu-
K€ IPHUXOAUTCS COTTACOBBIBATH MHOTHE NApaMeETPhl HJIEMEHTOB PaMONHU-
HHH C TPaKTOM paclpocTpaHeHud. B 9acTHOCTH, yCIoBHA pacTpocTpaHe-
HHA IpeIbABIAI0T TpeboBanua K JIH anTeHH, HeoOX0mMMOH MONHOCTH
[ePEaTINKa, TyBCTBHTEIbHOCTY IPUEMHHMKA, BUAY HepeaaBacMoii uHgop-
MaiHu | JIp.

B.2. Knaccudmkauua paamoBosH No AuanasoHam

H3noxeHne BONPOCOB, CBA3AHHLIX C ONUCAHHEM KOHKPETHBIX THIIOB
AaHTEHH H YCIOBHAMH PaclpOCTpaHEHHs PajHOBONH, B KHHUIE BENETCH
C HCTIOJNIb30BaHHEM KiaccHdukauy KoneGaHuil o JUiMHaM BOMH B COOT-
BETCTBHH ¢ PernmaMeHTOM pagnocBsA3H, IPHHATHIM MexnyraponisiM Kos-
cynbraTHBHEIM Komutetom o Pamuo (MKKP). VkasanHas KnaccuduKa-
M4 NpuBeneHa B Tabn. B.1.

Ta6nuya B.1
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Merpuueckoe HazBaHHe
PaxHOBOJH
B COOTBETCTBHH
¢ PernamMeHTOM paHOCBA3M

Jinunaa BOJHBI
xoneGaHuii
B CBOOOHOM
NMPOCTPAHCTRE, M

HazBanue paxHOBOJIH,
HCTIONIB3yeMoe
B JIHTEparype

MHuprameTpoBBIe
Kunomerpozsie
T'exToMeTpoBbIe
JlexameTpoBsie
Mertpossie
JleunMeTpoBBIe
CaHTHMeTpOBBIE
MHIIHMETpOBBIC

Ot 100 000 mo 10 000
Ot 10 000 xo 1 000
Ot 1 000 o 100

Ot 100 o 10

Or 1010 1,0

Ot 1,0 10 0,1

Ot 0,1 mo 0,01

Ot 0,01 xo 0,001

Caepxamnnsie (CJIB)
Jnunsie (JIB)
Cpenure (CB)
Kopotkne (KB)

Ymrpakoporkue (YKB)

'B.3. OCHOBHbIe 3aa4y Teopuyn aHTEHH

OCHOBHBIE 33241 TEOPHH aHTCHH MOXHO PasAe/HTh Ha JIBa KI1acca —
33491 AaHATIM3a U 33194 IPOSKTHPOBAHHA, IPHYEM H T, H APYTrUE, Kak Ipa-
BIJIO, PEIIAIOTCSA PUMEHHTENBHO K IEPEIAOIIEMY PEXHMY.

B XOHCTPYKTHBHOM OTHOLICHHH aHTEHHHI NIPEACTABILIOT coboit yc-
TPOJCTBA MM COOPYXEHH, BHIIONHEHHBIC B 001IEM CIyyae U3 METalIa,
IH3IEeKTpHKa (MarHUTOAUAIEKTPHKA) ¥ XapaKTepH3yI0TCA pa3MepaMH, Bhbl-
paXCHHBIMM OOBIYHO B JUTHHAX BOJIH.

Ecnu reoMeTpHs aHTEHHb! [IOIHOCTIO H3BECTHA H H3BECTHBI AJICKT-
pHUYECKUC HapaMeTphl 00pasyIomuX ee MPOBOIHUKOB H UDJICKTPHKOB, TO
3a]a4a aHallKi3a 3aKII0YacTCs B HAXOKICHHH 3JIEKTPHIECKHUX XapaKTepuc-
THK 8HTEHHb!. DTa 3a1a4a, B CROIO 04epe/ib, CBOAMTCS K OTPEAETICHHIO JJIeK-
TPOMarHHTHOTO I10JI BO BCEX TOYKAaX IPOCTPAHCTBA, OKPYXKAIOMIETO aH-
TEHHY, YTO IIO3BOJIAET B KOHEYHOM CYETE ITOMY4aTh TAKHE OCHOBHBIC XapaK-
TEPUCTHKH, KaK JUarpaMMa HalpaBIeHHOCTH, BXOJHOE CONPOTUBIICHUE (HIIH
YPOBEHb COTNIacOBaHM aHTEHHEI C MMTAOILUM (GHACPOM) M Ap. 3afajya aHa-
JU3a PENIACTCS UCXOAA U3 CIEAYIOIIUX YCIOBHIA: HCKOMBIE MOMSL JOJDKHEI
YAOBIETBOPATH YpaBHEHHAM MaKcBelIa, rpaHHYHbIM YCIOBHAM Ha IOBED-
XHOCTH pasfiena IIPH Nepexoie u3 OTHOH CPEJIbl B APYTYIO H YCIOBHAM H3-
Iy4eHus (Ione Ha GONBIMIOM PacCTOSHHH OT AHTECHHE! JOJDKHO IPECTaB-
JATH PACXOMILIYIOCH OErymryio BOIHY, AMIUIUTYNA KOTOPOH C YBEIHYESHHEM
paccrosuus yobiBaeT Kak 1/7 ).

B nono6Hoii cTporoil mocTaHOBKE pELIEHNE 3a1a4l aHaH3a BCTpe-
HaeT cephe3HbIC MareMaTHUYECKHe TPYIHOCTH U IOIYYEHO B HACTOSIIEe
BpeMs TONBKO JUISL HEKOTOPBIX YaCTHBIX CIly4aeB (cM., Hanpumep, § 2.4).
Bonee pacnpocrpaneHbl NPHONKKEHHBIE METOB! PEIICHHA 3334 aHaIU-
3a, COTIIACHO KOTOPHIM pacyeT aHTEHH Pa3ielieTcs Ha JIBE YaCTH: «BHYT-
PEHHIO» 3aKady M «BHELIHIOIO» 3afady. BHyTpeHHAA 3a7ada COCTOUT B
oIpeie/IeHHH TOKOB B AaHTGHHE (PEalbHbIX HITH 3KBUBATCHTHBIX ), BHelmHs A
3aja4a 3aKII04acTCa B TOM, YTO N0 M3BECTHOMY PACIIPEACHCHHIO TOKOB
omnpeneNnseTCs Noe U3IyIEHHA AHTEHHBI, DU 3TOM IIHPOKO HCIIONb3YeTCA
METON CYNEPRO3MINH, CBOAANMICS K Pa3OHECHHIO aHTCHHE] Ha JICMEHTap-
HBIE U3JTy4aTeny (3J€MEHTapHBIH dIeKTpHIecKuid Bubparop, aneMeHTap-
HBIH MarsMTHBIH Bubpatop min aneMent lioiirenca) u nocnenyomemy
CYMMHPOBAHHIO HX TTONEH.
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3ajadeii MPOSKTHPOBAHMS ABIACTCA HAXOXKICHHE IeOMETPHYECKHX
pa3MEpOB KOHCTPYKLHUH, obecneyuBaomen TpeGyeMble 3MeKTpHIECKHE
XapaKTePUCTHKH, BaXKHLIM BOIPOCOM B NIPOLECCE MPOCKTUPOBAHMS ABIIA-
ercs BbIOOp THNA (WU CTPYKTYpPHI) aHTeHHBl. ECITH THIT aHTEHHBI 3apaHee
HE OTOBOPEH, TO BHIOOP €T0 Ha 3TaNne CTPYKTYPHOM ONTHMH3ALMKE OOBIYHO
IPOBOAIMTCA TYTEM CPAaBHEHHSA HECKONbKHX Pa3HOBHIHOCTEH aHTEHH Ha
OCHOBE OIIBITA HpEeAMECTBYIOMAUX pa3paborok. IIpH TpaguHoHHOM Ipo-
€KTHPOBAHHH NOCIIE BBIOOPA THIA aHTCHHBI PacyeT ee BENeTCA METOIOM
IIOCTICAOBATENbHBIX NPHOMIDKEHUH, T.€. ITyTeM H3MEHECHHA NIapaMeTpoB —
pa3MepoB aHTEHHBI H €€ JICMEHTOB (3Tall MapaMETPHIECKOH ONTHMM3a-
IHH) U CpaBHECHHA MIEKTPHYECKUX Xa8PAKTEPHCTHK C TpeGyeMbIMH.

CoBpeMEHHOE COCTOSHHE TEOPHM AHTCHH NO3BOJIAET B HEKOTOPHIX
ciTydasx, MHHYS 3Tall IapaMeTPHUCCKOH ONTHMH3AIMH, OCHOBaHHBIH Ha
MHOTOKPaTHOM niepebope apaMeTpoB, HEOCPEACTBEHHO, ITyTeM HEKOTO-
po¥t ONHOKPATHOMN NpPOLEAYPHI CBA3aThH JMEKTPHIECKHE XapAKTEPHCTHKH,
B 9acTHOCTH (opmy JIH, 1 TreOMeTpHUECKHE NapPAMETPH! aHTEHH, T.€. pe-
IIMTH 3afiady CHHTE3a aHTEHH. MI3BeCTHEI IBE NI0CTAHOBKH 331a9¥ CHHTE3A:
KIIaccH9ecKas 3a7aJa CHHTe3a M 3a7a4a KOHCTPYKTUBHOTO cHHTe3a. [lep-
Bas M3 HHX 3aKJIFOYAETCA B OTHICKAHHM aMIUINTYHO-(a30BOro pacupese-
JIeHMA TOKA (WIIH [0J11), COOTBETCTBYIOMIETO 3aaHHBIM JICKTPHICCKHUM Xa-
pakrepucTHkaMm. [Ipu petuennu aToft 3a1a4i THII aHTEHHBL 0c000TO 3HAYE-
HHs HE HMeEET, JOCTATOYHO, YTo0bI 6blia M3BeCTHa hopMa H3Jydaromei
YaCTH aHTeHHBI. Pemenne knaccHueckoii 3aJja4y CHHTE3a €1E He M03BOJIS-
€T ONpeNeNHTh KOHCTPYKIMIO aHTEHHBI, KOTOpasA BOCTIPOH3BOJUT HalIeH-
HOE paclipeielieHHe ToKa. 3ajiada KOHCTPYKTHBHOTO CHHTE3a CBOIUTCH K
OTIpe/IeIIeHHIO TIOTHOH reOMETPHH AHTEHHBI I10 33JaHHBIM 3JIEKTPHYE CKHM
XapaKTEPHCTHKaM, NPHYEM HCXONHBIM ITAPaMETPOM IPH DEIICHHH 3TOM
3aa4yd OOBIYHO ABIAETCA AMIUIATYIHO-(a30BOE pacipeencHue, HalaeH-
HOE B pe3ynbTaTe PEIIEHHR KIIacCHYecKkoH 3aqaun cunTesa. C TeopeTnyec-
KOH TOYKM 3pCHHA 3a1a4a KOHCTPYKTHBHOTO CHHTE3a CYIECTBEHHO CJIOXK-
Hee, 9eM KJIACCHYCCKad 3afada CHHTE3a, MO3TOMY YaCTO €€ IMPHXOAHTCA
pemars npubmnKeHHo. OHaKo 1 HEKOTOPHIX THIIOB aHTEHH paspabora-
Ha CTpOTras TeOpHs KOHCTPYKTHBHOIO CHHTE3a; OTAENBHBIC BOIIPOCHI 3TOMH
TeopuH GYIYT paccMOTPEHb! IIPH H3I0KEHUH KOHKPETHBIX TUIIOB AHTEHH,

Pewenne 0CHOBHBIX 33/1a4 TEOPHH aHTCHH, 0COGEHHO B CTPOTOH MO~
cTaHOBKe, TpedyeT, kKak npasuio, npuMeHenus OBM. I1pu stom IBM uc-

BeedeHue 11

TONB3YIOTCS B KAYECTBE PACIETHOrO HHCTPYMEHTA He TONBKO ULt OBICTpO-
IO THOJTYYCHHA XapAKTEPHCTHK HCCISNYEMBIX aHTEHH, HO M A YCKOPEHHA
U MOBBILIEHHS Ka4eCTBA IPOCKTHPOBAaHHA aHTCHHO-(QHAEPHEIX YCTPOHCTB,
9TO JOCTHraeTCA NPUMCHEHHEM CHCTEM aBTOMATH3HPOBAHHOIO NPOEKTH-
posanwusa (CAIIP).

B.4. OcHoOBHbIe 328a4U pacnpoCcTPaHEHUA paAOBOSH

3 Bcero MEOro06pasus BONPOCOB, PACCMATPUBACMBIX B TEOPHH pac-
NPOCTPaHEHHUd PaHOBOIH, MOXXHO BBIACIHTh TPH OCHOBHBIC 3a1a9H IIPH-
MCHHTECJIBHO K paﬁore CHCTEM pAamHOCBA3H, PATHOBEUIAHHUA H TCIECBHU-
JECHUA:

1) usydeHue 3MEKTPOMATHUTHAIX CBOMCTB pealbHBIX Cpell, B KOTO-
PHIX PaIMOBOIHEL CBOGOAHO PACIPOCTPAHAIOTCA HA JIMHMAX 3eMiist — 3eM-
JI1 ¥ 3eMIIA — KOCMHYECKHi annapar. IMEHHO OT 3THX CBOHCTB 3aBHCAT
YCIIOBHS PacIPOCTPAHECHHS;

2) u3ydeHue 3aKOHOB CBOOOTHOIO paclpOCTPaHEHHs PaJHOBOIH
BIIOJIb 3€MHOI1 IIOBEPXHOCTH, B aTMochepe M KOCMUYECKOM IPOCTPAHCTBE.
3neck 3aknazbBaeTCs o61as TeopeTHdeckas 6a3a s pacueTa M MPOEKTH-
POBaHMA KOHKPETHBIX PalHONHHHIA;

3) 03HaKOMJICHHE C HEDKEHEPHBIMH METONAMH PacyeTa yCIOBHH pac-
[POCTPaHEHHA PaJHOBOIH Pa3IHYHBIX AHALIA30HOB IPHMEHHTENEBHO K CH-
CTEMaM CBA3H, BCUIAHHA H TCICBHACHUA.



Fnasa 1. PACYET NOAA U3NY4YEHUA AHTEHH.
OCHOBHBIE 3NEKTPUYECKUE NAPAMETPbI
NEPERAIOLIUX AHTEHH

1.1. MNpumeHeHne NpuHUMNA cynepno3uLlMm K pacyeTy nons
M3ny4YeHusi aHTeHH

Kaxk yxe oTMedanochk, CBOMCTBAa aHTEHH B HACTOAILEE BPEMS MPHHA-
TO M3y4aTh IMaBHEIM 00pa30M B EPEHAIOIIEM PEKHME, IIOCKONbKY Xapak-
TEPUCTUKH AHTCHH B NPHEMHOM peXuMe Hambonee MpocTo MoryT OwITh
OTpe/IeNieHbl Yepe3 XApaKTEPHCTHKH TeX ke YCTPOHCTB! B mepenarommemM pe-
HME C TTOMOIIBIO IPHHIMINA B3aUMHOCTH (CM. TIL. 5).

H3ydeHne cBOHCTB MEpeNaroiUX AHTCHH HAYHEM C ONPEICICHUA
3NEKTPOMATHHTHOTO I0JIs, CO3JaHHOI0 NPOM3BOIBHON aHTEHHOH, HaX0As-
nieHcs B CBOGOTHOM MPOCTPAHCTBE, IPH YCIIOBHH, 9TO JJIA 3TOH aHTEHHBI
pelIeHa Tak Ha3blBaeMas BHYTpeHHAS 3amada (cM. § B.3). [l merammm-
YECKHX AHTEHH, HAllpUMep NPOBOJICYHBIX BHOPATOPOB, 3TO 03HAYAET, YTO
pacrpeneleHue AMEKTPHISCKUX TOKOB, SBISIOMNXCA HCTOYHHKAMHE MEKT-
POMATHHTHOTO IIOJIA, H3BECTHO BO BCEX TOUKaX aHTCHHBI. B manHOM cmy-
9ae 37IeKTPOMarHUTHOE I10IT€, CO3/1aBacMOE aHTEHHOH, MOXKHO HalTH, BHI-
YUCIIHB CHaYalla BEKTOPHEIH NOTEHUHAN, a 3aTeM npoxuddepeHInporas

IO KOOp/IMHATaM KOMIIOHEHTS! 3Toro noteHuyana [18]. Oxnaxo 6onee mpo- -

CTO H HaDISAHO PacdeT MOJA TAKMX aHTEHH MOKET OBITH OCYIIECTBIICH
€ HCHOJIB30BAHHEM NPHHIHIA CyNepno3unuu. Beumy muneiinoctu ypas-
HeHni MakcBeruia MOXHO pa30HTh IPOBONOYHYH aHTCHHY AIMHOH L Ha
MEMEHTapHbIE YIACTKH db, KAXIBIH U3 KOTOPBIX IIPH MO TONIIMEE Mpo-
BOJa MOYKHO pacCMaTpHBarh KaK 3lIeMEHTAPHEIH SleKTprdecKHii Bubpartop
(90B), u aanee HaiTH pe3yNBTHPYIOIIEE NOJIE MYTEM CYMMHPOBaHHA BCEX
SIIEMEHTAPHBIX TONIEH ¢ y4eTOM HX NOMApU3aLHi, aMinTyx ¥ ¢a3. B no-
KaabHOH cthepHyecKoil cHeTeMe KoopauHaT ¢/, 0, ¢, cBI3aHHOI ¢ TeMeH-
TOM d& ¥ IeKapTOBOI CHCTEMOI X', ', 2, 0Cb 2’ KOTOPOIi COBNALAET C OCHIO

! Ckasannoe CIPaBCIUIHBO JUIA AHTCHH, HE CONCPXKAIINX aKTUBHBIX JJICMCHTOB, T.C. I TaK Ha3kiBae-
MBbIX MACCHBHBIX AHTCHH.

Pacyem nions uanydeHust aHmerH. OCHOBHBIE 3NIEKMPUYECKUE Napamemps! aHMeHH 13

sIeMEHTapHOTO BHbpaTopa (puc. 1.1), KOMILIEKCHAA aMIUTUTYHA HAIPKEH-
HOCTH BIIEKTPHYECKOrO 1oms uMeeT BUX (cum. [18]).

. 07
dE =6}, 12O o 0’ exp(~i kr’), 1.1
2rA

e £ — nuHelHas KOOpAUHATA, OTCUMTHIBaC-
Mast BIONb IPOBOAA M XapaKTEpH3yollas no-
JIOKEHHEe paccMarpHBaeMoro dneMenTa; /()
— KOMIUTEKCHAs aMIUTHTYAa TOKA B BbLIENEH-
HOM aneMeHTe; d&, — inHa DB k=21/A; A —
IUITMHA BONIHEI B CBOGOIHOM IPOCTPAHCTBE;
2= \/ﬁj{{ — XapaKTepPUCTHYECKOE COMPO-
THBIICHHE CPETBI; 5:’) — OpT cthepHyecKoi cHc-
Temb! koopauHar. B (1.1) u nanee unnexe m 8
0003HaYEHHH KOMIDIGKCHOH aMILTUTY/bI OITy-
uieH. Beipaxkenne (1.1) cnpaBenniuBo B najs-
Hell 30HE BEIAEIEHHOTO YCMEHTA, T.¢. IIPH yC-
nosuH ¥’ >> A (pealibHO IOCTATOYHO YCTOBHA
r’ > 1,5\), 0pH 3TOM NOTPELIHOCTD IO AMIUTHTYAE He npeBocxoauT 1 %).
HanpsxeHHOCTs MarHUTHOTO MONA B AaJibHel 30He DOB cesazana c (1.1)
BrIpaskeHHEM (cM. [18])
Y | S - )
dH = EB-[I’deil, (1'2)

c

Puc. 1.1

roe ;)6 — opT cdepudeckoil CHCTeMB! KoopAuHaT. PesyneTupyromee mone
OIpERENAETCA TyTEM FEOMETPHUECKOTO CYMMHPOBaHHA (HHTErPHPOBAHHSA)
nomei Bcex 3I€MEHTAPHBIX YIACTKOB:

E= [dE, B = (i3, L3)

L L

OTMeTHM, YTO HaXOXAECHHE PE3YJBTHPYIOMEr0 MATHUTHOIO IIONS
qepes pe3yNsTHPYIONIEe MEKTPHIECKOE MOJIe TaKKe MOXKeT ObITh OCymIe-
CTBJICHO N0 (opMyIte, aHanoruuHoii (1.2), Ho [y 3TOro Touka Habmroze-
HUA NOJDKHA HAXOOMTECA B 00NacTH JalbHeH 30HEI, ONpENessieMoii yxe
pa3smMepaMu BCel aHTeHHHI (cM. § 1.2).

IIpnaLIMT CYynepno3HLIMK HCIONB3YETCA IIPH PACUeTe MOl H3TyYe- -
HHS ¥ MarHMTHBIX TOKOB, KaXIEIH M3 3IEMEHTAPHBIX YUYACTKOR KOTOPHIX
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MOXHO PaCCMATPHBATH KaK H3JTYYCHHE JIEMEHTapHBIX MarHUTHLIX BUOpa-
TopoB (OMB). XoTs MarHMTHBIC TOKH B IIPUPOAE HE CYNIECTBYIOT, HX (op-
MaJIbHOE BEICHHUE OKa3hIBACTCA YPE3BHIYAIHO OIE3HBIM TIPH aHANTH3E, Ha-
HpHUMED, aHTEHH, BHIIIONHEHHBIX B BU/IE JUTHHHOH Y3KOif IIE/TH B METAJITH-
4eCKOM 3KpaHe. HalmoMHRM, YTO HANpMIKEHHOCTH 3IEKTPHIECKOTO MO
3BM B nokanbHOM cucTeMe KOOPIXWHAT, BBEICHHOMN TaK Xe, KaK pasee i
33B, uMmeer BUI (cM. [18]D)

"B
dE = o

rae/ "(ﬁl’— KOMIUJIEKCHAS aMILIHMTY/a MATHHTHOTO TOKA B BbIJICIICHHOM 3J16-
MEHTE; @, — OpT cepHIECKOil CHCTEMBI KOOpAMHAT. MarHHTHOE ToNe
B aybHelH 30He OMB MoxHO onpenenuts no Gopmyne (1.2).

B psane ciyuaes, Korza pacipeenieHie ToKa 110 aHTeHHe 1ub0 Heus-
BECTHO, JIH0O CITMILKOM CJIOXKHO, OJHAKO M3 KaKUX-TH00 anpHOPHEIX CO00-
PaXeHUH W3BECTHO pacnpenelicHHe NoJs BOMM3M aHTCHHE! (Takasd CHTYa-
1y BO3HHKAET, HalpHMep, LI aepTypHBIX aHTEHH, B YaCTHOCTH 1A aH-
TEHH TapabonuiecKoro THIIA), HalTH M3TydaeMoe aHTECHHOH MOJIe MOXHO
€ OMOLIBIO TIPHMHIMIIA SKBUBANEHTHOCTH [18]. CorracHo 3TOMY NpHHIpATY
H3ITY4CHAE PEANBHEIX AMEKTPHYCCKHX TOKOB 3aMEHACTCS H3ITyYCHHEM IKBH-
BATCHTHBIX IOBEPXHOCTHBIX AMEKTPHYECKHX H MaTHAUTHBIX TOKOB, pacipese-
JIEHHBIX B TOYKaX BOOOpakaeMOoii IPOU3BOJIBHOI IOBEPXHOCTH S, OKPYIKAIO-
el aHTeHHy. IIOTHOCTE 3THX TOKOB

ja =[HOHS]7 JM =_[ﬁ0‘és]’ (1.5)
e A, o — CAWHMYHAS HOPMAII K [IOBEPXHOCTH S, BHEIIIHAA 110 OTHOIICHHUIO
K 06MaCTH, 3aHATOH anTeHHO; E 5, H § — noJe B TOKaX Ha IOBEPXHOCTH S,
Pa3buBas noBepxHOCTH S Ha SMEeMEHTapHBIE INIOMAIKH dS H paccMarpH-
Bast KOKIYO MIOIAKY KaK COBOKYITHOCTE JBYX 3JIEMEHTApPHBIX H3ITyqare-
11e#i — JNEKTPHYECKOTO H MATHHTHOTO, MO>KHO HaliTH IOJIHOE M0J1E BO BHEI-
He# 061acTH, CyMMHPYS! TIOIA, CO34aHHbIe OTACNEHBIMH 31eMeHTaMi. OObIy-
HO YYHTHIBAIOT TOKH TOJIBKO Ha YaCTH 3aMKHYTOH HOBEPXHOCTH S, TIE OHH
Haubolnee CyIeCTBEHHE], IPHYEM 3TY 4acTh NOBEPXHOCTH BHIOHPAIOT CO-
BIafalomei ¢ hpoHTOM BOJIHBI, H3Ty4acMoii aHTeHHOH. B TaHHOM ciryyae

KaXKAYI0 SIEMEHTAPHYIO TUIOINAAKy MOXHO PacCMaTpHBaTh KaK 3JICMEHT
BOJIHOROTO (pOHTa — 31eMCEHT [fofireHca, dIeKTpHIECKOE TOJE KOTOPOro B

—=225in® exp(—i kr), (1.4)

Pacqem nons uany4eHus aHmerH. OCHOBHLIE 31eKmpuYecKue napamemps! aHmerH 15
JIOKaNBHOM CHCTEME KOOpAHHAT ¢/, §’, ¢/, CBA3aHHOH ¢ 1eKxapToBO#i CHCTe-
Mot x’, ', 2, ocs X', ', z/ KOTOpPO# cOBNafaeT ¢ BHENIHEH HOPMAIBIO n_;
(cM. puc. 1.2), npu #” << A MOXHO TIPENICTABKUTH B BHAE

dE = 0 dEy + §ydE,, : 1.6)
TRC
_.sing’( Z] s
dEy = =i o c cos® +1 |ES exp(~i k') dS, (1.7)
.. cosq’(Z? s .y
dEy =i=—=| Z=+costf |E exp(—i k') dS. (1.8)

c
B dopmymax (1.7) u (1.8) Z — xapakrepucTHUECKOE compoTHBng-
HH CpeJIBL. Bennunna Z, xapakTepH3yeT OTHOLIEHHE  AMILTHTYA noneit ES
u HS. Jlml B3AHMHOIO PACTIONIOKCHAS BEKTOPOB E'S, HS u sxsuBanenTHEIX

TOKOB J , JM (puc. 1.2) Z, = —Ef: / H,(‘ PesynrTHpylommee snexTpudeckoe
mone
= [dE.

Sf (1.9)

Jpyras GopMyaupoBKa NPHHIHUIA SKBHBAJICHTHOCTH IPAMEHACTCA
OOBIYHO NIPH pacyeTe aHTEHH, BRIMONHEHHBIX H3 IUIEKTPHKOB HIIH MAaTHH-
TORHIICKTPHKOB. 3neck mpH H3BECTHOM
none E ¥, H sryTpu obvema V aHTeHHbI ¢
napaMeTpamMH €, , U TIONe H3XYy4ECHHA
PacCUUTHIBAETCA KAK PE3YNBTAT U3JTyYSHHUS
SKBHBAIECHTHBIX OOBEMHEIX 3/IEKTPHYECKHX
M MarHUTHBIX TOKOB NOJIsipu3anuHx [39]:

jnon"lm(gam € )EV

J.non _lm(“’alrr Ma)HV (110)
pacnpeaeICHHBIX B CPEAE C TAKHUMH XK€ I1a-
paMETpamH €, Ma, 49TO H B oxpyx(alomeﬁ
cpene. }_IJI}I HAXOXIACHUA PE3YJIBTHPYIOLIC-

Puc. 1.2
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0 NoMA u3itydenne TokoB (1.10) HHTerpupyeTcs no o6beMy, 3aHATOMY Mar-
HHTOIHMANEKTPHYECKON aHTEHHOH.

OnHCaHHbIH MPHHUMI CYTICPTIO3MIIMK IPHMEHHM H IS HaXOXKAe-
HHA TOJsL CHCTEMBI POHM3BONBHBIX HACHTHYHBIX H3MydaTelled, pacrono-
JEHHBIX B IIPOCTPAHCTBE M0 ONPENEIICHHOMY 3aKOHY, €CITH H3BECTHO IOJIe
H3IIy9eHHs OJHOIO JJICMEHTa, BXOIAIIETo B cHcTeMy. B cdepuueckoit cuc-
TeMe KOOPJIMHAT 7, 0, ©,, HICHTHYHO CBA3AHHOM C KAK/BIM H3 H3ITy9alo-
IHX JIEMEHTOB C HHIEKCOM 7, 31EKTPHYECKOE TIOTE B JaNbHEH 30HE 3TOT0
dIEMEHTa MMECT B OGIIEM CITydae KOMIIOHeHTs Eg n E , T.e

E, =8y,5 +80,5,,, (1.11)

npudeM no aranoruu ¢ (1.1) unu (1.2) kaxkaas KOMIOHCHTAa HE3aBHCHMO
OT (PH3MYECKOH NIPUPOIBI H3MydaTesneil MoxeT OBITh IPEACTaBICHA B BULIC

E, =ayl, 78,0, exp(-i k)7, (1.12)
E, =a,l,7{(6,,9,)exp(-i kr,)/r,. (1.13)
me ae, aMHIIH'I'y,T.IHBIe MHOXHUTEIIH, OHpC,IICJUICMbIC THIIOM H3JTyYarens;

I - -rox B n-M m3nyuarene; /00, ¢,) uf, ("’)(Bn, 9,) = IH u3nyqaroniero
3MEMEHTa [10 COOTBETCTBYOMIEH KoMIoHeHTe moms. B o6mem ciyvae JTH
OTIpeNENseT YIIOBYIO 3aBHCHMOCTD HE TONILKO aMIUTHTYABL, HO 1 (ia3bl u3-
Jy4eHHoro 1o, nostomy B (1.12) u (1.13) GuIypupyloT KOMILIEKCHEIE
JTH f8, ¢) = fiB, 9)expliw(8, )], rxe f8, ¢) =70, ¢)| ~ avnmrynHas
JH; (8, @) — pazosas JTH. Ecnu 3akoH pacnpeeneHns TOKa [0 H3IyJaro-
IIHM 3IEMEHTaM H3BeCTeH U 3)exT B3aHMHOH CBA3H HE HCKAXAET CTPYK-
TYpy DOJS KaXJ0To K3 M3nydareneit (moapobHee ator Bonpoc GyxeT pac-
cMOTpeH B 3.2.1), To pesynsTHpyoee noje

E=3E, (1.14)

n=l

rae N — 49MCIIO H3ITydaTenei B CHCTEME.

1.2. OcobeHHOCTH pacteTa NonA B ganbHeW 30He aHTEeHHbI

Bripaxenus (1.3), (1.9) u (1.14) ans pesynsTHpyIOWero o Ha
TEePBHI B3MNIAA MPOCTHI; OXHAKO NMPH HPOM3BOIBHOM MOJIOXKEHHH TOYKH
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HaONMIONEHIA NIPOLICCC HHTETPUPOBAHNUS MITH CYMMHPOBAHHS He NO3BOJACT
MOJY4aTh NPOCTHIX 3aMKHYTBIX BBIPaXKEHHH, JOIYCKAIOMMX HATTAIHYIO -
TPAKTOBKY. C0XHOCTh 3Ta CBA3aHA NPEXIEC BCCTO C TEM, UTO IT0JIC KAXKI0~
IO H3.Ty4arOIIEro 3IeMEeHTa H3BECTHO B CBOEH COGCTBEHHOM CHCTEME KOOp-
JHHAT, CBSA3aHHOM C CAaMHM H3TYy4JaTCIICM. IIIB{ HaXOXACHUA PE3YIbTHPYIO-
II{Ero ToJi HeO0OXO0AMMO BBECTH OUHYIO IUI BCEX SIEMEHTOB CHCTEMY KO-
OPAMHAT M BRIPa3uTh IOJIA BCEX DIEMEHTOB B 3TOM obmel cucreMe Koop-
JMHAT.

HauGomsiumit npakTHYeCKHii MHTEpEC MPH U3ITy4eHHH aHTCHHBI Pe-
CTaBNIAET INCKTPOMATHUTHOE TIOJE, CO3AABAEMOE Ha GONBIIOM PACCTOSHUU
oT Hee (TaK HAa3BIBAEMAsd JATBHAS 30HA AHTEHHBI WK 30Ha Mpaynrodepa
[18]). CdopMynupoBats CyTH yIPOIIEHHH, TOIyCKAEMBIX IIPH PacueTe TOoNs
Ha 6OIBIIOM PACCTOAHMH, 3 TAKXKE OLIEHHUTH 3TO PACCTOSHHE MOXKHO CIICTY-
01UM 00pazoM.

PaccMoTpuM crcTeMy M3 THCKPETHBIX H3Ny4YareneH, ONMHAKORO OpH-
€HTHPOBAHHBIX B MIPOCTPAHCTBE, 8 HMEHHO TaK, YTO J1000# u3mydaroumit
SJIEMEHT MOXET GHITh COBMELICH C APYTHM TOIBKO IyTEM NapajUICIEHOTO
HepeMelleHNs B TIpocTpaHcTBe Oe3 BpauieHus. Beenem obuyto npsMoy-
TONBHYIO CHCTEMY KOODIHHAT X, ¥, Z, HEHTP KOTOPOii pacTonoXuM BHYTPH
u3Myqaronieit cucteMsl. BoimenuM MpoH3BONBHBI 3MEMEHT ¢ HOMEPOM #
(puc. 1.3), HaxomAMMIACS HA PaCCTOAHME P, OT Hayana OOMIEH CHCTEMBI
koopauHat. OCH JIOKATbHOH CHCTEMBI KOOPIHHAT X,, ¥, Z, OPHEHTUPYEM
TIapaNNIENbHO COOTBETCTBYIOIMM OCSM CHCTEMBI KOOPIMHAT X, J, z. Bae-
JeM Takxke obuIyio cepHdecKkyio CHCTeMy KoopauHaT r, 6, ¢. B cucreme
KOOPJMHAT 7,, 0, @, Ka1as KOMIIOHEHTa TI0JIA U3TyUCHHS PaCCMaTpHBae-
MOTO BIEMEHTA UMEET B (MHIEKCHI, COOTBETCTBYIOIINE PAa3IHIHEIM KOM-
TTOHEHTAaM, OITYLICHEI)

E,=al,f,(9, ¢,)exp(-ikn)/r,. (1.15)
Heobxomumo Bece dynkuuy, sxonsmue B (1.15) u 3aBucamue or Ko-
opauHar r,, 8,, @, BRIpasuTh Yepes r, 6, ©. C oco6oit OCTOPOKHOCTEIO Clie-
JYeT NOZIOATH K 3aMeHE ¥, Ha 1 B Ha30BOM MHOXHTENIE eXp(—ik7, ), TOCKOIBKY
Aaxe HeGOMBIIOE OTIMYHE 7, OT ' MOXKET IPUBECTH K GONBIIMM (a3oBEIM
ommbkam. Tax, ecii p, cocrasmser Bcero 15 MM, To Ha yactore /=10 I'T

(A =3 cm) MmakcHManTbHas (a3opas OMMGKA PH 3aMEHE !, Ha 1 HE3aBHCHMO
OT abCOMIOTHOTO 3HAYEHHs 7 MOKET cocTaButh AD = kp, = 180°. Paccros-
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HHE F,, XapaKTEPU3YIOILEE MONIOXKEHHE TOUKH Habmonen s M B IOKanbHOH
CHCTEME KOOPIHHAT, MOXXHO ONPENCIHTE 110 hopMyne

r,,=\{r2+pi-2rpncosoc,,, (1.16)

e O, — yroil MeXJy BEKTOpOM ?0 U P, = XX, + Yoy, +Z,2z, — BEKTOPOM,
HalpaBleHHEIM M3 Hadana ofmeid cHCTeMbHl KOOPAMHAT B TOYKY
PACIONOXKEHHA #-To dieMeHTa (cM. puc. 1.3, a). [lockoneky mpH BCex
3HaYCHHAX P, HMEEM P, < ¥, TO MOXXHO PasNOXKHUTb #,, ONHChBacMoe (1.16),
B P/l 11O CTENCHAM OTHOIICHHSA P, /7

2
1
r,=r l—g"-cosan+-—-9—"- (l—cosz(xn)+... . 1.17)
r 2\ r .
B nanpreit 30H¢ H3mydaomei CHCTEMBbI MOXKHO OTPAHHYHMTELCA NIEp-
BHIMH JIByMsl 9JIEHAMH PA/1a, T.€. MONOKUTH

¥, =r—p,cCcosc,. (1.18)

VkazaHHOE PaBEHCTBO PABHOCH/IEHO TOMY, YTO JIy4H, IPOBEICHHbIE
B TO4KY HaGmonenna M u3 Hauana o6meii CHCTEMBI KOOPIMHAT K M3 TOUYKH
PacuoNIOKEHHS M3IYYaeMOro JIEMEHTA, CYMTAOTCH NAPAIUIEILHEIMH (CM.
puc.1.3, 6). Benwauna p,cosc,, = Ar, HOCHT Ha3BaHHe Pa3sHOCTH XOZa JIy-
geif. M3 napannensHocTH ytei cpasy CieayeT PABEHCTBO YIIOBEIX KOOp-
aunar: B, =8, @, = ¢. CrenoBaTelIbHO, BEKTOPH f , CO3aBaeMbI€ OTHEIIb-
HBIMH H3ITyJaTe/IAMH B TOYKe HabmioneHus, napanensHel Mex Ity coboii;
KOMIIOHEHTBI PE3YJIETHPYIOILEr0 BEKTOPa MOXKHO HAXOMKTh KAK CYMMY KOM-

P
-~
/

Puc. 1.3

Pacyem nons uanyueHus aHmeHH. OCHO8HbIE 3/I8KMPUYECKUE NapamMempbl aHMeHH 19

MOHEHT KaXXIOTO U3 IEMEHTapHBIX MOJIEH; U KOKIOH N3 KOMIIOHEHT NOJIs
MOXXHO BHHECTH H3-TI0J 3HaKa CyMMbI QYHKITHIO, COOTBETCTBYHOIIYIO KOM-
nnexcuoi JTH.

Yro kacaeTcs BeMIuHEl 1/7,, BIMsromei Ha aMiumTyRy nosi (1.15),
TO €¢ MOYKHO 3aMEHHTH Ha 1/r. Bo3HHKa0as IpH 3TOM HOrPEIHOCTS {ome-
HUM €€ 110 MOIYIIIO, IOCKOJIBKY ¥, MOXET ObITh Kak GoIbIIe, TaK # MEHBINE 7)
5, =l - -2 |=| < 2 (1.19)

n
r rr, rn,

n
rae D — MaxcuMaJbHBIH JTHHEHHBIH pa3sMep Hajyvamomel cucremsl. Ilpn
GOIBIIMX 3HAYEHHUAX # MOTPEIHOCTH O, << 1.

EctecTBeHHO, YTO NPHHATHIC BBINE XONMYIIEHHA TEM CTPOXE, YEM
6ornbiie paccrosuue r. Onpenenum Gonee TOYHO, IIPH KAKOM PACCTOAHHH
MOXKHO MMM NONnb30BaThcs. OCHOBHAs HoOrpemHocTs npu 3amere (1.17)
coorHomenueM (1.18) ompenendercs TpeTHHM CIIAT2€MBIM B KBaJPATHBIX
ckobkax (1.17). OrbpaceiBarue 3TOro claraeMoro jaer omuOKy npy Bbl-

: 2

o)
gucneHuH (a30BOro MHOXHTEA, PaBHYIO k 2"
r

HOM 3HaueHuH sinc., = 1 (o, = 1/2) u p, = D/2 (ipu PacIIONOKEHHH HAYAIA
001ImeH CHCTEMEI KOOPAHHAT B CEPENHHE HTyHAlONIeH CHCTEMBI) 3T OMHOKa
pasua 1D%4\r. Ecnu notpe6osars, 4robei hazosad ommbka He NpepbiLa-
na 11/8, 1.e. 22,5°, To HEOOXOQUMO, YTOOE!

r22DYA. (1.20)

s 2
sin” @, , [Tpu MakcuManb-

H3 (1.20) cnenmyer, 4To ¢ yBenHYCHHEM Pa3MEPOB U3TyJaloileit cHe-
TeMBI I'PaHHIA JanbHeH 30HbI PE3KO OTONBUIaeTCs OT aHTeHHEL. Tak, eciy
D = 10\, To manbss 304a Hauusaercs ¢ » = 200A. [pu wactore /= 10Ty
(A =3 cm) 910 paccrosuue coctaBut 6 M. [lpu D = 100 rpanuna gamkHei
30HEI HaquHaeTces ¢ paccTosuus r = 200004, uro cootBercTByeT 600 M.

OtmMeTnM el pa3, uTo yenosHe (1.20) taeT BEpXHIOK IPaHHILY 1ankb-
Heid 30HbI BO BCEM CEKTOPE YIVIOBOTO MOIOKEHHS TOYCK HaOMIONEHNA OTHO-
CHTE/BHO aHTEHHbI, [IOCKOIBKY OHO CTIPABEJTHBO JUIA YTIIOB L, , GMH3KKX K
/2. Tlpy 3Ha4eHHsX Of,, ONM3KMX K HYO, TPEGOBAHHA K PACCTOAHHUIO 7,
TIpH KOTOpHIX cripasenBa 3aMena (1.17) na (1.18), 3HauuTensHo ocmab-
JIAIOTCA, T.€. TPAHUUR JabHEH 30HB! B 3THX HalpaBICHHAX IIPUOTHKAECTCS
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K aHTEHHe H ONPEAEAETCA, T10 CYIECTBY, YKe He (ha3oBBIMH OIHOKAaMH IpH
cymmuposanmu (1.14), a aMIUTATYAHEIMH TIOTPEIHOCTAMH, 00YCIIOBIEHHbI-
MM OTIH9HEM r, OT r. Taxum 06pa3oM, Ipu 3a/JaHHOM T€OMETPHH RHTCHHbI
IPaHHLA AaNbHEH 30HEI 3aBHCHT OT YITIOBOTO NOJIOXKEHHA TOYEK HaOIIFOReHUA.
OOLIMHO PACCTOAHHUE MEXTY MEPEAOIEH AHTEHHON H TOYKOH TpH-
eMa CYIeCTBEHHO GOnbLIe, YeM 310 Tpebyerca popmynoii (1.20), ogHako
3HaHHe TPaHHIB! JaJlbHEH 30HBI BAXKHO IPH YKCHEPHUMEHTANIEHOM HCCITe-
JOBaHHUH XapaKTEePHCTHK aHTEHH, B YaCTHOCTH mpH H3mepennu JTH.
BepHeMca k npouenype HaxOKIACHHA Pe3yIbTHPYIOLIETO MO, U3-
TY4aeMoro CHCTEMOH U3 AUCKPETHBIX U3MYYATeNnei ¢ H3BECTHRIM 3aKOHOM
pacnpeReNeHHA ToKa B IeMeHTax. B nanbHei 30He BRIpa)keHHE I 110N
n-ro usnyyaremn (1.15) B exunoii ccreMe koopauHar r, B, ¢ npuMer Bug

E, = % I,7,(8, @)exp(~i kr)exp(i kp, cosa, ). (1.21)

B o6mem BHe pa3HOCTH Xona A, = p,COSC, MOXET GBITh BEITHCIIE-
Ha KaK NPOeKHs BEKTOPa P, = XyX, + Yo, +Zo2, » TAE X,, ¥, Z, — KOOpIH-
HaThl TOYKH PAcIIONOXEHUS #-TO H3MydaTesd, Ha OpT ?0, KOTOPBIH, HCTIONb-
3ys GopMyIIbI IEpexoia oT AeKapTOBBIX KOOpAHMHAT K cepuueckuM [14],
MOXHO IPENCTABUTH B BHIC

ry = X, sinBcosQ + y,sinBsin@ + Z, cosh. (1.22)

CoOOTBETCTBEHHO IIOTYYHM

Ar, =p, coso, = x, sinBcos@+ y, sinBsin@ + z, cosO. (1.23)

TIpy 3TOM KaXXIyH0 KOMIIOHEHTY Pe3yNBTHPYIOINEro MOMNA MOXHO
BBIYHCIHTD KaKk

. ~ N,
E= % Jo(®: @)exp(-i k) 21, expli K(x, sinBeosg-+
= (1.24)
+y,sin@sin@+ z, cos0)] .

OnucaHHEIE BBILE H3Ty4alOMHE CHCTEMBb] H3 HICHTHIHBIX SIEMEH-
TOB HOCAT Ha3BaHHE AHTEHHEIX peIueTok (AP) H MIUPOKO NPHMEHAIOTCS B
AHTCHHOH TEXHHKE JUIA yBEIHYCHHS HAMPABICHHOCTH H3IyYeHus. U3 BhI-
paxenus (1.24) Bunno, 9ro g AP fuarpaMma HanpaBIeHHOCTH BCEi H3-
JTy9aroniei CHCTEMBI, T.€. 3aBHCHMOCTD HAPKEHHOCTH IIOMA OT YIJIOBBIX

KOODAHHAT, ONPEICIACTCA A KKAOH H3 KOMIOHEHT BEIPAXKEHHEM
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76.9)= 7,8, w)[éin exp(i kp, cosct, )] =

= /5(6,9)- 7.(6,9), (125)
me];)((-], ¢) — xommexcHas JIH H3mydalonero 3eMeHTa, a8 MHOXHTENb fc
(6, () HOCHT Ha3BaHUE MHOVICUMENA cucmeMmbl (MBOXKHTENS PEUIETKH).

TogyepkHeM, YTO MHOXKHTENb CHCTEMBI 1A moboif aHTCHHOR
pELIETKH U3 EMEHTOB, HAECHTHYHO PAaCHOJOKEHHBIX B IPOCTPAHCTBE,
onpenensercs Tpems (paKTopaMi: aMIUTATYIOH TOKOB B 3/IeMeHTax, dasa-
MH TOKOB B 3/leMeHTaX ¥ (Ha3oBbIM CIBHIOM MEXTY HOJIAIMH, 00yCIIOBICH-
HBIMH Pa3sHOCTBIO XOfa Jyd4eH OT KaXKIOro 3JIEMEHTA MO CPABHEHMIO C
JAyHOM, IPOBEAECHHBIM B TOYKY HaONIONEHHA M3 Hayana oOmieli cHCTeMBI
KOODIIMHAT.

PaccMOTpHM CMBICT MHOMKHMTENS CHCTEMEI jN"c Ipeanonoxum, 4To
3JIEMEHTEI PELICTKH HCHANPABIICHEI, T.€. 70 = 1. Torna u3 (1.25) BuAHO, 9TO
MHOXHTEIb CUCTCMbl Xapakrepusyer [[H peureTkH U3 HEHaNpPaBICHHBIX
3NIEMEHTOB, BO30YKIaeMbIX TEMH Xe TOKaMH [ , 4TO M 3]IEMEHThI HCCIETY -
emoit AP. Ha ocHoBanuu (1.25) MoxkeT GBITE chopMynHpoBaHO obimee npa-
BHJIO YMHO)KSHHS {HarpaMM HaIlpaBIeHHOCTH.

IInarpaMMa HAaIpaBICHHOCTH CHCTEMBI H3 HACHTHYIHBIX H3JTy4dare-
neit npencrasniet coboif npouseeneune JJH oxxoro anementa Ha JIH ta-
KO JK€ CHCTEMBI, HO COCTOALIeH M3 M30TPOMHEIX H3Ty4aTenei ¢ TeM xe
COOTHOIIEHHEM aMIUIMTYZ U (a3 Bo3Gyxxaromux TokoB. [IpaBmno ymuo-
XEHHS 3HAYUTENbHO obJieryaeT aHaim3 AP ¢ caMbIMM pa3HBIMY H3ITydare-
JIAMH, TaK KaK MHOXKHTEIb CHCTEMBI HE 3aBHCHT OT THIIA H3Ty4aIoIIHX 3J1e-
MEHTOB ¥ OJIHHAKOB JU11 H000i koMnoHeHTH o4, [Tocnennee o3Havaer,
9TO COOTHOLICHHE MeX Ty KOMIIOHEHTaMH [10JIA, T.€. HOJAPH3aLHA H3Tyde-
HHS, JUI CHCTEMBI OCTAeTCs TAKHM 3Ke, Kak JUIA OXHOIO 3NEMEHTA.

JU1a M3y JaroIMX CHCTEM ¢ HETPEPHIBHBIM PacTIpefeJICHHEM HCTOY-
HHKOB yKa3aHHBIE BHIILE YIIPOLIECHHA NIPH BHIONHEHHH ONEpalHit HHTer-
puposanus B (1.3) u (1.9) coxpaHAIOT CHITY, €CIIH U3ITy4YaTeNH pacupesee-
HEI BJIOJIb NPAMOH (IIPOBOIOYHBIC aHTEHHBI) HIIM Ha TIOCKO# IIOBEPXHOCTH
(ameprypHbie aHTeHHBI). {11 IPOBOIOYHBIX aHTECHH € H3BECTHBIM 32KOHOM
pacnpezeneHus ToKa /(z) BIONb OCH Z MONOXEHHE H3TYYAIOIHX dleMeH-
TOB XapaKTepH3yeTca TONBKO OHOM KoopamHatoii z. CnegoBaTebHO, o
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aHanoruu ¢ (1.23) pa3HoCTE X0Aa AL IPOU3BOIBHOTO d7EMEHTa Ar = z¢0s0.
B pesynbrare Oyaem uMeTh

2rA
PesynsTHpyromas JIH onpenendeTcs, Kak u paHee, B BH/IE IPOH3Be-

nennaﬁ) ®,09) - fc (8, ¢), mpuuem JJH uznyvaroniero 3nememaf;) 0, 0)=
= 5in0, a MHOXHTEIL CUCTEMBI

~ L 0
J.(6,0) = [I(z)exp(i kzcosB) d&. (1.27)
0

0 L,
E,= i-Z-g—sineexp(-i kr) [1(z)exp(i kzcosB)dz. (1.26)
(]

Jns anepTypHBIX aHTeHH (amepTypa COBMEINEHa C TJIOCKOCTBIO
z = () ¢ U3BECTHBIM aMILTHTYJHO-(a30BEIM pacnpenencHHeM (ADP) mons

B Packphise l-:f‘(x ) = $oEof (x, ), The Ey — ampumTyna nons B Hadane
KOOpAHHAT, pe3ynsTaT uarerpuposanus (1.9) npu yenoBuu Z=Z 0 moxer
ObITE, KaK K paHee, IPEJICTARICH B BH/E IPOU3BENCHHUA f0 f Bu,u ¢byHK-
LMH f; OIIpEAENAETCA B 3aBUCHMOCTH OT OJIAPH3ALIMH TIOJIA:

79 = sing (cosB +1), £® = cos@ (1+cosB); (1.28)
MHOKHTEN CHCTEMBI OT MOMAPHU3ALHH HE 3aBHCHT:
f.= j' f(‘x, y)expli k(xsin BcosQ+ ysinOsin@)] dxdy. (1.29)
§

[TockonmbKy, KaK yxKe 0TME4anock, HANOONBLINH HHTEPEC MPeACTaB-
JIA€T 1I071e, CO3/AHHOE AHTEHHOH Ha PACCTOSHHH, TIPEBHIIIAIONIEM I'PaHHILY
nanbHei 30861 (1.20), nepeyncianM OCHOBHEIE CBOHCTBA 3MEKTPOMArHHUT-
HOTO TOJIs, CO30aHHOro Moo aHTeHHOH B 3TOH oOnacTH:

1. CocTaBisioniue BEKTOPOB Eu ﬁ B JATBbHCH 30HE B HAllPaBICHHH
pacmpocTpaHeHus orcy"rcmylm' E 0, H 0.

2. Bexropsl En ﬁ nepneH,unKympHm Ipyr ,upyry H HAIPABIEHHIO
PacTpOCTpaHEHHs; B O0IEM cnyqaeE CWA +q)0 H =0,H, +(p(,Hq,,
HpHYEM .
Ey/H,=20, E,/Hy=-Z, (1.30)
e Z° — XapakTepHCTHYECKOE COnpOTHBICHHE cpefbl. Haromuamm, yto
B Boayxe Z0 = 120m Om .
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3. 3aBHCHMOCTB aMIUTUTYAE! OIS OT KOOPAMHATH 7' B JaNbHEH 30He
onpenendeTcs MHOXKHTeNEM 1/, OT YIIoBeIX KoopauHatr 8 H ¢ — dopmoii
ammmtynsoit JTH A0, ¢). 3aBucuMocTs da3sbl ond OT KOOPIHHATEH ¥ B
JanpHeH 30He onpenenseTcs MHOKATeNNeM exp(—ikr), OT YIIoBbIX KOOpIH-
HaTt — bopmoii dazosoit JH (MuoxuTenem exp(iy(6, ¢)).

4. CpenHee (BO BpeMEHH) 3HaYEHHUE IUIOTHOCTH NOTOKA MOIHOCTH B
JanbHel 30He CBA3aHO ¢ KOMILUIEKCHHIM BekTopoM [ToiHTHHT2 1? U3BECT-
HBEIM cooTHOUICHHEM [ 18]

ﬁcp = Reﬁ=Re-;- Ed =%Rc%{EeH¢—E¢He}.

B cuy (1.30)
7 BOOF HEQCOP . Ee.0)f
In,= 220 = 27, (1.31)

Pacuer nons B 061acTH IIPOMEXYTOYHOH 1 OITIDKHEH 30H CYILIECTBEH-
HO CIIO’KHEe, 4eM B JANbHEI 30He, BRUY HEBO3MOXXHOCTH HCIIOIB30BAHMS
NPHHATHIX BhINIE HomymeHuH. OCHOBHOE OT/IHYHE CTPYXTYPHI OIS B IPO-
MEXCy TOIHOH 30HE OT NOJIA B JANIbHEI 30HE NPOABIAETCH B ToM [49], wro Ha
MOHOTOHHOE YOhIBAHHE ITOJIA 10 33KOHY 1/# HAKJIaOHIBAETCS OCHMILIHPYIO-
Iice aMILTUTYIHOE 3aTYXaHue, a YITIOBasd 3aBHCHUMOCTS I10JIA -0Ka3bIBaeTCs
3aBHcAlIeH ot 7, T.e. [IH B mpoMekyTo9HOM 30He HCKaxaeTcs. B GmmxHeit
30HE IOJI1 MMEIOT KAK IIONCPEYHbIE, TaK W IPONONEHBIE COCTABIAIONIME,
3aBHCHMOCTB OT PacCTOAHHA # HOCHT 3A€Ch HEperyJspHEIi xapakrep. He-
06X01MMOCTB 3HAHYA IOJIS B MPOMEXKYTOTHOM K GNIOKHEH 30HaX CBA3aHA ¢
PacyeToM BXOHOTO COTPOTHBIICHHS aHTEHH, 3Q(EKTOB B3aHMHOM CBA3M
MeX Ty 6IH3K0 pacloNoKEeHHEIMH aHTeHHAMH (po6iieMa 3/IEKTpOMATHAT-
Ho#l cosMecTuMocTH (OMC)), BIHSHUS MO AHTCHHBI Ha 0OCIY)XHBAIO-
wui iepconan. Kpome Toro, 3HaHHE CTPYKTYPhI 0N B ONKHEHR Wiv nIpo-
MEXYTOYHOH 30HE [I03BOILICT IyTEM COOTBETCTBYIOILETO [IEpecyeTa onpe-
nenate JIH aHTeHHB! B fankHeiH 30He. DTO HCIOJIB3YETCA Ha IIPAKTHKE VIS
GoNbIIMX aHTeHH, y KOTOPHIX Pa3sMepH! NabHEH 30HE YPE3MEPHO BEIHKH
[eM. dopmyiy (1.20)], uTo 3aTpynHseT HemocpeacTBeHHOe u3Mepenue J{H
B JanbHEH 30He. ‘
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1.3. OcHOBHbIe aneKTpuvyeckre napamMeTphbl
' nepegaroIlunx aHTeHH

Kak yxe orMedanocs, B ZallbHEH 30He KaXIpli u3 BekTopoB £ m H
B O0OHmIEM CiTy4yae MOXKHO NPEACTABUTH B BUAE CYMMBI JBYX NPOCTPAHCTREH-

HEIX KOMIIOHEHT: E = B, E, + BoE,, H =8,Hy +§,H,,. Komnnexcuyio duae-
pamMy HanpagnenHoCmuU MOXKHO BBOIUTE 10 OTHOLICHHUIO KakK K Pe3ybTHpY-

FOLLEMy MO0 (HE3aBHCHMO, JIEKTPHIECKOMY HIB MATHUTHOMY, BBHIY HX PO~
MOPUHOHANBLHOCTH B JAJIBHEH 30HE), TaK M K €r0 OTAC/ILHBIM KOMIIOHEHTAM.

Hanomsum, yto kommuiekchas JTH 7(8, @) = £(6, @)expli y(6, )] xapak-
TEPH3YET 3aBUCHMOCTD aMIUTHTYIbI M a3bl H3ITy4aeMOTO OIS OT YTJIOBBIX
KOODIIMHAT MPH HEM3MEHHOM DACcCTOSHHH 7 OT aHTEHHBI 10 TOYKH Halo-
nernst. COOTBETCTBEHHO pa3nuyaroT amnaumyonyio JJH (6, 0) = lf(G, ®) |
u ¢dazoryro TH — y(0, @). OrMeTHM, 9TO A1 TOYHOTO ONHCAHHUA (Ha30Boi
JUH cnemyer yKa3beIBaTh, OTHOCHTEIBHO KAKOH KOHKPETHO TOYKH, BHIOpaH-
HOH 32 Ha49aj0 KOOPAHHAT, OCYLIECCTBIIETCS pacdeT Wi n3Meperue JH.
Amvniutynaas JJH 06B19HO HOpPMHpYETCSL K MAKCHMAIBHOMY 3Hade-
HUIO 3TOM XAPAaKTEPHCTHKH, T.€. K 3HaueHuIo aMumMTyiHo# JIH B nanpas-
JICHHHM IMaBHOTO MaKCHMyMa H3IydeHHS, [TO0KEHHE KOTOPOTO OIpeens-

eTcs yrioBsIMH Koopruaatamu 0, ¢ . Hopmuposannas ammutynnas JTH

F(8, 0) =6, 9)/f8;, 9,,). (1.32)

CornacHo onpeneneHuIo
aMmmmutynsas JIH npeacrapnser
z c000H IPOCTPaHCTBEHHYO QHUIy-
PY, TIOBEPXHOCTH KOTOPOH OIH-
ChIBACTCS KOHLIOM pafHyca-BeK-
TOpa, HCXOIAIIETo M3 Hayaa Ko-
OpAHHAT, IUTHHA KOTOPOTO B KaX-
JIOM HAIpaBJICHUH paBHAa (yHK-
uuu F(8, ¢). Ha npaxtuke wuc-
HONB3YIOTCA Kak ciaaboHanpas-
nennsle JIH, HanpuMep B hopme
6)
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17,0 z

nmE Py

Puc. 1.5 Puc. 1.6

Topouza, coorsercTByIomue JIH saneMeHTapHOro aJIeKTpHYecKoro Bubpa-
Topa (puc. 1.4, a), Tak H OCTpOHANPaBIeHHbIE (MroNEIaTol GopMEr), H306-
paxeHHbIe Ha puc. 1.4, 6, TIe NoKa3aHH TaK Ha3bIBAEMBIH anasnblil nenec-
mox u 6oKogble ienecmKu, BCETAA IPHCYIHE OcTpoHanpasieHHoi JTH, ¢op-
MHpYEMO#i peabHOM aHTEHHOH BBUY MHTEP(EPEHIMOHHOTO XapaKTepa
oJ1s.

Yacto orpaHM4HBaIOTCA aMIIATYIHBIMU JIH, n3006paxarommmu ce-
YeHus NpocTpaHcTBeHHEIX JIH B kakux-1160 MI0cKOCTAX, OGETIHO B3aHM-
HO TEPIEHIUKYIAPHBIX. IS aHTCHH, U3MyqalomuX JIMHEHHO-ONSPHU3H-
POBAHHOE 110JIC, TAKHMH [LUIOCKOCTAMH ABILAIOTCS IUIQCKOCTH, B KOTOPBIX
nexut 6o Bexrop E (mnockocts E), mubo Bextop H (nnockocts H). Ha
puc. 1.5 nokasana popma aMmuTyaHoi JH aneMeHTapHOTO 9NeKTpHYEC-
Koro BHOparopa B miockocTax E u [ cootBercTBeHHO. Ha prc. 1.6 npuse-
JEHEI IPUMepHI HACATbHBIX aMInHTYIHEIX JTH criennansHoi GOpMBIL: cek-
TOpHOIt 1 kKocekaHckoH. CexropHas Gpopma JTH obecnieanBaeT nocroaHCTBO
HaNpsHKEHHOCTH MONA B ONPENEIICHHOM CEKTOPE YITIOB MPH HEH3MEHHOM
PaCcCTOAHNH TOYEK NIPHEMA OT NMEPEAAIOIICH aHTCHHBI, KOCEKaHCHAA — IIPH
BO3PACTaHHU TOTO PACCTOAHHA OT OJHOTO Kpas cekTopa k aApyromy. Che-
pHYECKas WM TOJApHAs CHCTEMBI KOOPIHHAT, B KOTOPHIX OBUIH NpuBee-
HEI PacCMOTpPEHHBIE BEIIE IIpuMeps! J{H, RocTarouHO HAIANHLI, OAHAKO
ceueHHua ocTpoHanpasnennsix JJH yno6Hee u Tounee m3obpaxars B nps-
MOYTOJILHOH CHCTeMe KOOPAUHAT, [IOCKOJIBKY YITIOBOM MacIuTal 3mech Mo-
XeT OBITh BBIOpaH NMPOM3BONLHO B COOTBETCTBHHM ¢ mupuHOi JTH. Yacto
OpH u300paskeHNH aMIMTYIHBIX JTH B pAMOYTONBHON CHCTEME KOOpIH-
HAT MCHONB3YI0T JorapupMudeckuii Macrab (B peuubenax), BEOOUMBIH
coorrowenueM F(0, @) = 201gF(8, ¢). Jlorapupmuyeckuii Macmrrad mo-
3BOIIIET CYIIECTBEHHO MOBBIIATH TOYHOCTH U300paxeHus GOKOBEIX JICTIE-
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CTKOB ¢ Ma/lbiM OTHOCHTEIIBHBIM YPOB-
HeM. lng npuMepa Ha puc. 1.7 npuBene-
HBI CEYEHMS OIIHOH H TOH ke OCTpOHAI-
paenensoi JIH B nossapHoii H mpaMoy-
TONBHOH CHCTEMax KOOpAMHAT (B OTHO-
CHUTENTLHBIX EUHHUIIAX U Jlenubenax).

B HEKOTOPHIX Cily4asx MONb3yIOT-
¢ IoHATHEM aMIuuTyaHoH JIH B kBaz-

I Za,, ! 7 pate, Te. F (0, ¢). [lockombky cpennee
R (B0 BpeMeHM) 3HaYEHME MIOTHOCTH TIO-
! - ¢  TOKa MOIIHOCTH B JAIBHEN 30HE MPOTIOP-
! et I{HOHAJNIBHO KBapaTy aMmuTyaHoH JTH,
| . il dyuxuus F (0, @) HOCHT Ha3BaHHE Ou-

i E i azpammul N0 MOUHOCTU.
; [l /-\ Ha npaxTvKe NIMPOKO MCHOMb3Y-
[ A i I 10TCA Kaprorpadudeckie MeToqs! U3006-
paXkeHHs NpocTpaHcTBeHHEIX JIH, xorna

Puc. 1.7

Ha IUTOCKO# CeTKe KoOpauHar 6 1 ¢ B TOM
WM HHOM MacIITabe 3aMKHY THIMH JIHHH~
AMH H306paXKaloTCs TMHUHM PaBHOTO yposHsi QyHKUuH F (6, @).

Ceuenne octpoHanpapneHHoH JIH npHHATO 4HCIEHHO XapaKTepH-
30BaTh NIMPHHOH NIABHOFO JICNECTKa (INMPHHOH Tyda) M ypoBHEM OOKO-
BhIX nenecTKoB (YBJI). O0bI9H0 BBOAAT MORATHE IIHPHHEI ITTABHOTO JICTIE-
CTKa 10 YPOBHIO HYJIEBOTO H3ITyYeHHs AB ) — yIia Mex/Iy HaupaplIeHHIMH,
BHOJL KOTOPHIX aMIUIMTYAa HANPSHKEHHOCTH ITOJIA MaJaeT O HyJIA, H IIH-
PHHEI INIABHOI'O JIENECTKA I10 YPOBHIO TOJOBHHHOH MOLIHOCTH A()Q5 - yrna
MEXIY HAaPaBJICHHAMH, BIOJIb KOTOPBIX aMILTHTYa HAPAXKEHHOCTH 0N
nagaet 7o 1/N2 = 0,707 0T MaKCHMATTBHOTO 3HAYCHHA. Tepmun «no ypos-
HIO NIOJIOBHHHOM MOITHOCTH» CBA33H C T€M, YTO B YKA3aHHBIX HallpaBJIeHU-
X ILTIOTHOCTh MOTOKA MOIIIHOCTH, PONOPIHOHANIbHAS KBA[PaTy HAIIPSIKEH-
HOCTH 1OJIA, yObIBaeT B 2 pasa N0 CPaBHEHHIO C MAKCUMANbHBIM 3HAY€HHU-

M. OTMeTHM, YTO B Norapudmueckom maciuTabe 3HadeHus AQ) 1 A8, s
H3MEPSIOTCA 110 YPOBHIO ~ i —3 1B coorBeTcTBEHHO (CM. pHC. 1.7). MHor-
Jia, 0COGEHHO B Clly4asx, KOrna npoBans! 0 HyIq B ammaryanoi JH or-
CYTCTBYIOT, BMECTO ITHPHHEI TTIABHOTO JIENECTKA IO HYJIAM» TOBOPAT O
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mmpuie IH no yposuio 0,1 MomHoCTR A6 | — yI1a Mex Iy HanpaBIeHHs-
MH, BIO/Tb KOTOBIX aMIUTHTY/a HANDMKEHHOCTH MONA nagaer a0 110 =
= (0,316 or MakcuManpHOTro 3HaueHus (wiu —10 b B norapudmudeckoM
macmTabe).

‘ VpoBeHb GOKOBBIX JIENECTKOB & XapaKTePU3YIOT BEINIHHON MaKCH-
MyMa Haubonbiero 60koBoro enecTka (06p14HO GMKDKaIIero K IMaBHO-
My) 110 OTHONICHHIO K BEIMYHHC TNIaBHOTO MakcuMyMa. Uncnenno VBII
paBeH 3HAYEHHIO HOpPMHPOBaHHON aMmumuTyaHo# JIH (B OTHOCHTENBHEIX
eMHMIaX I Aenubenax) B TOYKAX, COOTBETCTBYIOMIMX HaNpPaRICHHIO
MakcuMyMa Haubonsurero GokoBoro nemnecrka. FIHOrIa BaykHO 3HATh OTH-
6aioIIyI0 YPOBHA OOKOBBIX JIEIIECTKOB.

3uanue dazosoit JTH (6, ¢) BaxxHO mpexe Beero i pPemiCHUS
BOIIPOCA, MMEET JIH JaHHast aHTeHHa da3oBbii nentp. Ecim y(6, @) = const
(mm MeHAeTca cKaykoM Ha 180° mpu nepexoze ammmrynno# JJH gepes
HYJb), TO TaKasi aHTCHHA UMeeT (Ha30BBIA LEHTP B TOUKe, C KOTOPOii ObLI0
COBMENICHO Hayano KOOPAHHAT HpH pacycTe UM n3mepenun ¢azosoit J1H.
Hone U3JIy4CHHA aHTEHHEI B 9TOM ClIydae NPEICTaBseT YHCTo cdepryec-
xylo BOJIHY, HCXOAALLYIO U3 (a3oBoro nenrpa. Ecmm (0, @) # const, 1o
aHTeHHa He HMeeT (Ga3oBOro UeHTPa. Jls TaKOH aHTEHHEI MOXHO IIOXO-
OpaTh TOYKY, OTHOCHTENBHO KOTOPOH dasosast IH HanMeHee yKIOHACTCS
OT HEKOTOPOH [OCTOAHHOH BeNM4MHBIL. Takas TOYKa HOCHT YCIIOBHOE Ha-
3BaHHUE YeHmpa UNyyenus GHMeHHbL.

C BBeeHHEM NOHATHA HOPMHpOBaHHOM ammnuryaHoi JIH B mans-
;ieumeM 6yner yno6Ho Hapsazgy ¢ (1.12) u (1.13) ncrions3osars npencras-
AEHHE IONA, CIPABEIIMBOE 1A N0G0H KOMIIOHEHTH B HanbHeil 30HE, B
BHJIE

=—F(9 @)exp(—i k), (1.33)

Ioe F(e, @) = F(8, @)exp[iv(6, ¢)]; F(8, @) HopMupoBaHHas aMIDIHTYA-
Has JTH; y(0, ¢) — dasosasa JTH; 4 — aMmumuryansiii ko3duument, 3age-

" HHE KOTOpOr'O 3aBHCHUT OT THIIa aHTCHHBI; / — TOK B aHTEHHE.

Ilonspu3aunonHbie Napamerpnl antesH. Hanomuum, 9To mox
TONAPH3ALHEH 10111 H3ITYYEHAS IOHUMAIOT OPHEHTALMIO B [IPOCTPAHCTBE
Bektopa £ . B 3aBHCHMOCTH OT COOTHOIIECHHA aMIUIUTYI i a3 COCTaBIIsIO-
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HIHX MO E U E Pa3nUYAIOT IMHEHHYI0, JUIHITHYECKYIO HIIH KPYTOBYIO
NOSAPH3ALHH. Ecnn KOMIIOHEHTHI E H E cuHdazHb Mexay cobolt wiH
X (a3shl OTIMYAIOTCA Ha TT, TO nomzpuwuwz nons aunelina. KoHnen Bekropa
E B (puKCHPOBaHHOH TOYKE NPOCTPAHCTBA C TCUEHHEM BPEMEHH CKOJIL3UT
10 IpAMOH, HAaKJIOH KOTOPOH B MPOCTPAHCTBE 3aBHCUT OT COOTHOIIEHHS
aMIUTHTY KOMIIOHEHT Eg u E o YcnoBueM kpy2060ii horspusayuy sIBIAET-
Cst PABEHCTBO aMILTUTYX STHX KOMOOHEHT H )a30BbIH CABHT MEXIY HHMH,
PaBHBIH 171/2. B 3TOM Cirydae KOHEI pe3yIbTHPYIOILETO BEKTOPA ONKCHIBA-
€T BO BPEMEHH OKPYXHOCTb, IIPUYEM HANPABICHHE BPAIICHUA IPOUCKORUT
B CTOPOHY BEKTOpa, 3ama3iblBaroilero no ¢ase. Pasnuyator npasoe u je-
BOE HanpasiennA BpaiieHus. [IpH npaBoM HANpaBIeHHH BPALICHHE BEKTO-
pa E Bo BpeMEHH Ju1A HaOIIONaTe N1, CMOTPSILETO BCIEX BOJIHE, IPOUCXO-
JIMT 10 YaCOBOH CTPEJIKE, IIPH JIEBOM HAaNPaBIIeHAY — IIPOTHB YacOBOH CTpel-
ku. B ofmeM ciydae noyspHzanus S/UIHNTHYECKas, T.6. KOHEI[ pe3yabTH-
PYIOLIETO BEKTOpa B (PUKCHPOBAHHOH TOYKE MPOCTPAHCTBA ONHCHIBAET
B INIOCKOCTH, IEPHEHIHKYIAPHOH HAaIIPaB/ICHUIO PAaCIIPOCTPAHCHHS BOJIHE
H XapaKTepuzyeMoi ZIBYMS OPTOrOHAITBHEIMH KOOP/MHATAMHA &unm, corna-
JAIOIMMH C OpTaMHU (po %4 60, 3IUTUINC. 3TOT LIHIIC B CBOIO OYEPENb XapakK-
TepH3yeTcs Kodh(HIHEeHTOM JWIUITHIHOCTH 5 = a/b, rie a 1 b — cooTser-
CTBCHHO MaJas ¥ GoIbIIas OCH JUIHIICA, HANIPABJICHUEM BpAIEHUs H 110-
noxeHdeM GoNBIION ocH B pocTpaHcTse (yron B, cm. puc. 1.8).
Takxum 06pa3om, KaKARIH U3 BHIOB NOJISAPH3aLHUii OMHO3HAYHO Onpe-
JETAETCA 33JaHHEM ABYX TapaMeTPOB: O, — OTHOILCHHEM aMILUTHTYL OpTO-
TOHAIIBHBIX COCTABNAIOMINX NONA B AAaHHOHK TOY-
K€, XapaKTepPH3yeMOH YIIIOBRIMH KOODIHHATAMH
0y, ¥, 1 pasHocTIo MX a3 Ay. C ygeTom 060-
\‘f 3HayeHwuit, mpuRATHIX B (1.33), a0 = A F (0, @,)/
F ,p(e(): Do), Ay =y(6y, @) — wq,(e()’ @), pH-
4eM HeOOXOAMMBIM YCJIOBHEM NS THHCHHOM 110~
A JApu3anuu asuserca Ay =tnm,n=0,1,2, ..,a
§ s KpyroBoi momapusamuu o = 1, Ay =+(2n +
+On/2,n=0,1,2, ...
JInaelnas nOJpH3aIUs H3Iy4SHHS 00bIY-
HO HCTIONB3YETCS B CHCTEMAX, KOI7la NONI0XKEHHE
nepenaromei u MPHEMHOH aHTEHH B IIPOCTPaH-
Puc. 1.8 CTBE HE MEHACTCS M Cpella He OKa3hIBacT Cylle-
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CTBEHHOTO BNHMAHHA Ha MONAPU3aLHIo Nond. Takas CHTyausa UMEET MECTo,
HalpUMep, B Ha3¢MHOM TEICBM3HOHHOM BemlaHHH. [IpH ocyluecTBieHnH
CBA3H C IOABIKHBIMU 0OBEKTaMH L{elIeCO00pa3HO HCIIONb30BaTh KPYTORYIO
ROJAPH3AIMI0. B 3TOM cllyuae NPHMEHSIOT CIICLMANBHEIC KOHCTPYKLIHH
aHTEHH, HAaNPUMEp, TYPHHKETHBIE HIIM CIIMPANBHELE.

Ja onHO#M ¥ TOH 7K€ aHTCHHbI BUJI IOJIAPH3ALUH H3Ty4YeHHOTO MO

3aBHCHT OT HaNpaBJICHHUA B TOYKY HaONIOOeHHA. 3aBHCHMOCTH HOJIAPH3a-
LMK OT HANpaBJIeHHA 0COOEHHO CYILIECTBEHHA, eci ammuTynHas J{H we
uMeeT Hyaei. JlokazaHo [38], 9To B 3TOM ciiy4ae Bcerga HaHAETCA Takoe
HanpaslieHHe, rae Ko3GhQUIHEHT STHITHIHOCTH § MPHHUMAET Mo0oe Ha-
nepexn 3alaHHoe 3Ha4YeHHe (0T HyJS 10 eIHHHLIBI).
" VHorna B aHTEHHAX, NPEAHA3HAYCHHDIX JUI U3IydeHUs THHEHHON
TOAPH3ALUUM 110JI, BO3HUKAET Mapa3suTHOE U3Iy4eHHE C OPTOTOHATEHOM
HOJNSPH3ALHEHi 32 CIET HETOYHOCTH H3TOTORIEHHUS WIH B CHITY HEKOTOPEIX
KOHCTDYKTHBHBIX ocobeHHocTe. B 3TOM Cltydae pa3nuyatoT OCHOBHYIO WITH
FIaBHYIO COCTABIAIONLYIO NOIAPU3ALIMHN MOJIS M3ILyYEHHS U KPOCCHOMAPH-
3AIHOHHYIO (BPEAHYIO) COCTABILAIONIYIO.

CymecTBYIOT TAkoKe CHCTEMB! PafHOCBA3H, B KOTOPBIX KaXIas M3
OPTOTOHAIBHEIX MOMAPH3ANMI HCTIONB3YETCA I HE3aBHCHMOI Iiepenadyu
nHopMaryH. g TAKMX CHCTEM BeCbMa BaXKEH BOIIPOC PEAIH3aIMH OYEHD
HM3KOTO YPOBHS KPOCCIIONAPU3ALMOHHON COCTABAIOMIEH. :

Ko duuuenr mojiesnoro geiicTeusi, ko3gppuuneHT HaNpaBjieH-
HOTO JXelicTBHA, KOY(ppHuMenT yeunenus. B nepenaronyx aHTeHHaxX He-
M30€XHBI [I0TEPH MOIIHOCTH P, IOABOAMMON K aHTEHHE OT TeHEPaTopa,
Ha TEIUIOBO} HAarpeB MPOBOAHHUKOB H H30JATOPOB. DTH NOTEPH YYMTHIBA-
10TCA BBeieHHEeM ko3ddumenTa nonesnoro aeictaus (K1) mo popmyne
(Tpeamnonaraercs, YTO OKPYXAKOMAS CPENA MOTEPh HE MMEET)

n=Py/Py=Py/(Py+P,_), (1.34)

rae Py — MOWHOCTb, H3/Ty4aeMas aHTEHHOMH; P, — MOIIHOCTh IIOTEPh B
aHTeHHe.

Koagppuyuenm nanpasnennozo oesicmeus (KHJI) xapakrepusyer
Coco6HOCTL AHTCHHBI KOHIIEHTPHPORATH H3ITYYCHHYIO MOLIHOCTS B OIpe-
AeNECHHOM HaNpPaB/IeHHH. JTO MOHsATHE GBUI0 BBeIEHO B 1929 . oTeuecTBeH-
HEIM y4aeHEIM A, A. Ilucronskopcom. [o onpenenenuto KH] (0Go3naunm
ero D) ecTh OTHOIIEHHE CPEAHEro (BO BpEMEHH) 3HAYEHH IUIOTHOCTH TIO-
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TOKa MOIHOCTHM, H3TTy9aeMOH JaHHOH aHTCHHOH B AaHHOM HAIIpaBJICHHH,
XapakTepu3yeMoM yriamu 6y, @), K IWIOTHOCTH OTOKa MOIIHOCTH, H3ITy-
gaeMoil BooOparkaeMoi aGCOMOTHO HeHaNpaBeHHOH (M30TPONHO#) aHTEH-
HOMH, IpH paBeHCTBE MOMIHOCTEH, H3Ty4aeMbIx oOeuMu aHTeHHaMHu. [Ipu
3TOM NPEINONaraeTcs, YT0 TOYKA HaOMIONEHHUA HaXORUTCA Ha OJUHAKOBOM
paccrosHuH oT obeux anteHH. [Tockonpky B fanbHel 3oHe cormacuo (1.31)
=3
(6, 9)= |E®, )l %/2Z 2,10 ¢ yuerom npencrasnenns nois s Buge (1.33)
AP
11, (89, 99) =———5-F"(6,, 9,). (1.35)
2r'z,
Teneps HaiifieM MONIHOCTL H3/TY€HHA MyTeM HHTETPHPOBAHIA 1,
10 chepHIeCKOif MOBEPXHOCTH S, OKPYXKaIOIIEl aHTCHHY B JaabHeil 30He:

PZ =chpdS. (136)

C yueroMm TOTO, 9TO B chepHUECKON cHCTEMe KOOpAHHAT
dS = rsin@dBde, nonyunm

p = LU0 o sinoded '
2= M (8, ¢)sin6dBd. | (1.37)

I 47r?, IpHYEM COTIIACHO

JInst ©30TPOMHOM aHTEHHEL PEHW =, sony

ONPENENEeHUI0 sz‘,rp = Py. Otciona
A2 (][ .
Al [ [F?(84, 0,)sin0d0de.

CP-HIITP 875"222 00
Takum 06pazoM, nMeeM

5,80, 90) __ 4nF*(8y, 9,)

II

D= n2n ‘
wwon [ [F?(@, ¢)sinOdBdep (1.38)
00

O6s14H0 3HayeHue KH]] BRIMACIAIOT B HaNpaBJIeHAM [TIaBHOTO MaK-
cuMyMa. B sToM citygae

2T
D, =4/ [ [F?(8, ¢)sin0d0do. (1.39)
00

Ecnu JTH o6nanaeT oceBoit CHMMETpHEIA, T.€. HE 3aBHCHT OT a3MMY-
TaJBHOTIO YIfa ¢, To
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n
D, =2/ [F*(6)sin0db. (1.40)
0

OTMeTHM, 9TO B CITy4ae aHTEHH ¢ IUTMITHYECKOH NONspH3anueH mox
F(8, ¢) cnenyer moHUMaTh aMIHTYAHy0 JIH 18 pe3yasTHPYIOmEro moss.
Huorna ynobuee na Haxoxaenua KH/I ncnons3osare napuuansusie KHJT
110 ©-i1 ¥ Q- nonApU3ALUAM:

nn

Dﬂmux =47/ _[ IFQZ(B, (P)Sin BdBd(p,
00 :

¢ max

nln
Dy mex =41/ | [F2(8, ¢)sin 0d0dy. (1.41)
00

Benmuuuny 17 cp(6, ©) B 3TOM Cciry4ae ¢ momomsio (1.31) npencraBum
B BHIE

, — |1p {Ag 2 2p2 09 }
Hc,,(e,(o)—p—z—o Fy(8,0)+ A,F, (6, 9)y. (1.42)
Wznyvaemas MOITHOCTH
|72 o 2 2 .
Py =5 | [{4sF5 (B, 0)+ 4,F; (B, @))}sinOdbdy. (1.43)
c00

Bripaxenne qis KHJ MoxHO 3amucats Kak

475{!“(31:;)2 (ea (P) + A:Fcpz (e’ (p)lnax

max ~ g2n .
[ [{42F2(8, )+ 42F2(8, 0) }sinBdodg (1.44)
00
Iepexons x Benuuune, o6patHoii D, morydaem
1 A2 1,
Do {42F2(8,0)+ £F20,0)} Doma
A; 1 (1.45)

+ >
{BF20,0)+ £F20,0)} Do
e ko puIHeHTSI, cTosmme nepen 1/D, 1 l/D(pmu, OTIPEETIAIOTCA 3HAE-

HHSAMHM I10/151 IO K2X10H NOIAPH3ALHNH B HANPABJICHHH [TIABHOIO MaKCHMYMa.
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B nansueiiieM HapsTy ¢ ke HOTy4eHHBIMH popMynamu byner yro6-
HO KcIonb308aTh BeipaxkeHns a1 KH/L B Bugnie

Mo _|E®,0) Py 217 _
B l4nrt ZB,

r 12 2 a2 22
_2n) 0 P {AgFy (8, 9) + AiF2 (0, 0)} (1.46)
ZJP
Koa¢dunuenT HanpaBlIeHHOTO AEACTBHA HE YYHTHIBAET OTEPH 104~
BOlIHMOﬁ 3HCp1'HPI B AHTCHHEC, B CBA3H C YCM BBOOUTCA napaMeTp G, yqn'rm-

BAIOLIMIf 3TH TIOTEPH U HA3BIBAEMBbIi k03 guyuenmom ycunenus (KY) an-
TEHHBI:

G=Dn. (1.47)

CwMeici 3Toro koaddunuenTa, y4uTeiBas JaHHOE BHILIE ONpeene-
nue KH], saxmouaercsa B cnenyronieM. Koadgdunuent ycunenus npen-
CTaBNIAeT OTHOIICHHE CPEIHETO (BO BPEMEHH) 3HaYCRUA INTIOTHOCTH IOTOKA
MOIIHOCTH, H3Ty9aeMOH JaHHOH AHTEHHOH B TAaHHOM Hanpasienuu 6y, @,
K IUIOTHOCTH TIOTOKA MOIHOCTH, H3Ty4aeMOH H30TPONTHON aHTEHHOH, NIPH
PaBEHCTBE MOIHOCTEH, TOABOANMBIX K 06euM anTeHHaMm. IIpu atom npen-
MOJIaraeTcs, 9TO 1) H30TPOIHOH aHTEHHB! paBeH 1 ¥ 00e aHTEeHHBI HIEANb-
HO COTJIaCOBAaHKI ¢ GUASPOM.

CymecrByet u apyroe onpeaenerue KY, coracHo KOTOpOMy 3TOT
k03(QHHIHEHT NIOKA3BIBAET, BO CKOILKO Pa3 CICAYET YBEITHIUTH [IOIBOIM-
MYIO MOIIHOCTDb NpH 3aMeHe TaHHOH aHTEHHHl M30TPOIHOH aHTEHHOH C
KII/, paBBbIM emunuAIEe, 4TOOB! HANPSXKEHHOCTS MO B JIAHHOM HalpaB-
JieHUd (NIpY HEH3MEHHOM DAacCTOAHHH [0 TOYKH HaOMIOICHHA) OCTanach
HEU3MEHHOH.

BxonHoe conporusieHue aHTeHHbI. [lepenaroman aHTeHHa npen-
CTaBIISET IJI1 FeHepaTopa HEKOTOPYIO Harpy3Ky; U KOJTHYECTBEHHOH Xa-
PaKTEPUCTHKH 3TOH Harpy3KH He00XOIMMO 3HATH BXOJHOE CONPOTHBIICHHE
anTeHHBL. [Tox 6xodnbiM conpomuenenuem aHTEHHE! IOHUMAETCS OTHOLIE-
HHe HanpsDkeHHs U, IPHIOXEHHOTO K BXOJHBIM TOUKaM 2HTEHHBI, K TOKY
10 Ha BXoJe: )

D

z, =Uy/l, (1.48)

BX 0
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B cTporoii TeopHy aHTCHH TOKH (B TOM 9HCJIE H TOK I;) Ha BXOJI€ aH-
TEHHbI) H CO3aBacMble MMM IO ONpPENEAIOTCA KaK PEHICHHE COOTBET-
CTBYIOIIEH rPaHU4HOM 3a/1a4H JMEKTPOAUHAMUKH IIPU 33[AHHOM 3HAYCHHH
HanpskeHus Uy Ha BXOJe aHTEHHEL. B 3TOM Cifyuae caMo HaxoxzaeHue Z .
no dopmyne (1.48) npencrapngerca mocne pelIeHHs YKa3aHHOH 3anauu
TPMBHANBHBIMH, TIOCKOMBKY BCSA TPYAHOCTh COCPENOTOYEHA B HAXOXKICHHH
TOKa B aHTeHHe. B npubiikenHoi TeOpHH aHTEHH 3371392 HAXOXICHHA TOKa
(BHYTpeHHAA 3aa4a) pemaercs npHOMDKEHHO, HA OCHOBE 3HAHHSA KAKHX-
11160 06IINX 3aKOHOMEPHOCTEH HITH PE3YNIETATOB MHOTOYHCIICHHBIX SKCTIE-
puMeHTOB. B aTOM cirydae, Hanpumep s BUOpaTOPHBIX AHTEHH, Ia)Ke 3Ha-
HHE 3aKOHa PaCTIpENENICHHA TOKa HE [I03BOJIAET HalTH abcoMmoTHOE 3Hade-
HM€ TOKa [, TAK KaK OCTA€TCs HEBBLACHEHHBIM BONPOC, KAKOMY 3HAYCHHIO
U, ou cooteerctayet. BoamoxuoCT Henonb3osanns popmynst (1.48) npu
9TOM HCKIIouaercs; Gonee IONOTBOPHBIM B MPHOMIDKEHHOH TEOpHH aH-
TEHH ABIAETCSA IIOIXO K HAXOXKAEHHIO Z, , HA OCHOBE SHEPIETHYECKHX CO-
ofpaxeHHii, OCCHOBAHHBIX HA IPESACTABICHAH aHTEHHEI B BHIE IBYXIIOIIOC-
HHKa K CONOCTABJICHHH H3BECTHBIX COOTHOIIECHHUH U3 TCOPHH 3EKTPHYEC-
KHX [enel H 3eKTPOIMHAMHKH.

H3 Teopuu neneH M3BECTHO, 9TO BXOJHOE CONPOTHBIIEHHE ABYXIIO-
JIOCHHMKA MOXHO PacCYMTaTh 0 GopMmyie

z, =Prlil), (1.49)

e P — KoMILIEKCHAT MOIHOCTE TEHEPATOPa, IATAIOIIETO IBYXIIOIOCHHUK; I-
TOK Yepe3 IBYXIOMOCHHK. B a5eKTpoImMHaMiKe KOMILIEKCHAA MOIIHOCTb CTO-
POHHHX HCTOYHHKOB, ARILTIONIMXCA IEPBONPHIHHOH BOHMKHOBEHHA MECKTPO-
MATHHTHOTO HOJIA, MOXET OBITE B OTCYTCTBHE KaKHX-1160 II0Teph BLMUCICH
€ HCIIONBE30BaHHEM TeopeMbl T1oiHTHHTa B MHTErpabHOMH dopMe [18] kak

P=§']IdS+i2m[WM -W,1, (1.50)
IAe S — NOBEPXHOCTh, OKPYXaromas antenny; W, u W, — cpennue senuan-
HEl MaTHMTHOH H JNICKTPHYECKOH 3HEPrHil B 06/1aCTH, OrpaHHYEHHOHA 10-
BEPXHOCTHIO S; () — KPYroBas 4acToTa.

YynTeiBasi, 9TO pacnpeneneHue Toka B 00mieM caydae mepeMeHHO
10 JUIMHe aHTEeHHBI, IPH onpefenenuy Z,  cienyer B (1.49) nox Toxom no-
HHMarh TOK /; Ha BXOJI€ aHTEHHE, T.€.
22013
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=2p/7 12
z, =2P/|L ]2 (1.51)

C ucmons3oBanueM (1.50) u (1.49) nomyqaem

Red/IdS | Imdmids + (W, -W,)
Z =R _+iX =—5 +i——— :
BX R‘BX BX |Io |2 /2 |10 |2 /2 (152)

Beruucirenue Re zj [1dS Nerko oCymECTBUT IO MOBEPXHOCTH Che-

pEI panuycoMm S B nam;ﬂf:ﬁ 3oHe yepes JIH [cm. tdopmyny (1.37)]. Benuuu-

Ha Im zf I1dS ® nanbHeit 30He paBHa Hy/IO BBUY CHH(A3HOCTH BEKTOPOB
A

E nH.Brrancnenve pasaocts duepruii [W, — W 1B obmem CITy 43 BCTpe-
4aeT 3HAYUTENBHEIC TPYAHOCTH, IIOCKONBKY Ka)XKAasd U3 SHEPTHH B OTHEIb-
HOCTH IPH R — oo MoxceT ObITh OeckoHeuHo Gonbmoit. [oatomy dhopmyna
(1.52) ucnions3yeTca 0OBIYHO TONBKO JUIS pacyeTa aKTUBHOH 4acTH BXOI-
HOTO CONPOTHBJICHNA

Red77dS

Ry=—%—. (1.53)
Y P2

VKkazaHHEIA METOJ pacyeTa HOJYYHII Ha3sBaHHE Memooa éekmopa

Iotinmunza. OTMETHM, 4TO €CITH aHTEHHA 00nagaet notTepsamy (cpeaa mo-
MPEXHEMY CUHTACTCA HIeaapHOI), TO B npapoii yacty (1.50) Heobxomumo

Y4eCTh MOIIHOCTE TEMIOBBIX NOTEPh, KOTOpast, Gyayuu othecenax | [ [ /2
onpenenier JOMOTHHTENBHYIO COCTARISIOUIYIO AKTHBHOMH YaCTH BXOQHOTO

conmpoTHBIeHHs R . B aT0oM ciyvae

Recfﬁdg
R, =R +RYT =S4 RN, (1.54).
BX |IO |2 /2 BX . )

npudem R/ RY" =1 — KII/l anTeRHSL.
Jiia HaxoxIeHus aKTHBHOH M PeaKTHBHO#M yacTell Z, y4dine Bcero
KOMILIEKCHYIO MOILHOCTh CTOPOHHHX MCTOYHHKOB OPEHE/ATh HETIOCPE -
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CTBEHHO Hepe3 IapaMeTpsl CaMHX MCTOYHHKOB. B wacTHOCTH, eciu pac-
[pelcICHHE TOKA B AHTCHHE W3BECTHO, TO HMEHHO 3TOT TOK MOXHO CUH-
TaTb IICpBOHpI/[‘lHHOH BO3HHUKHOBCHHS 110J151, HCKITIOYHB 1A HpOCTO’I‘H BCC,
APOHCXO/IALIEE B IEHEPATOPE, THHHM TIEPEIavH, COEAMHAIOLIEH reHepaTop
¥ aHTeHHY, 1 1p. 13 reopemsl IoiinTHHTa CiefyeT, 4To KOMIIIEKCHAsA MO~
HOCTB CTOPOHHHMX MCTOYHHKOB, 33/IaHHBIX B BUJIE TOKa C 0OBbEMHOI IIIOT-
HOCTEIO T

~ 1.=%
P=—|[Ejav, (1.55)
2y

" =
e V — o0beM, 3aHATHI ToKaMi; E — BEKTOP HaNpsHKEHHOCTH OIS, CO-

3AHHOTO 3THMHM ToKaMH. COOTBETCTBEHHO JJIA HAXOXKJICHHS BXOJHOI'O CO-
TPOTUBIICHNS MOITYYHM (OpMYIy B BHIE
Lo
[Ejdv
Zy =l
VA

ITpumenuTebHO K BUOpPATOPHEIM aHTEHHAM Ioclieanas gopmyna
ARIACTCA BRIPAXKCHMEM METOAA, IIOTY4HBLIETO B CBOE BPEMs Ha3BAHHE Me-
mooa Hagedennvix I/]C.

OHepreTHYECKUIT IIOIXON JIEXKHT U B OCHOBE NPUOIHKEHHOTO METO-
A2 HaXOXJeHUA Z , Ha OCHOBE SKBMBAJICHTHBIX CXeM, HAPHMED KBHBA~
JIEHTHOH JUTMHHOH JIMHKH i1 BHODATOPHBIX aHTEHH. 371eCh, IPUPaBHUBAS
MOIHOCTD, H3TyJacMyI0 aHTEHHOH, K MOIIHOCTH IIOTE€Pb B 3KBHBAJICHT-
HO¥ cxeMe, OMyJaeM IOTOHHEIE [TApaMeTphl SKBHBANCHTHON IHHHH U, KaK
CIIEACTBHE, BXOJXHOE COTPOTHBIICHHUE AHTCHHEL.
. OtmeTnM, YTO BBECTH MOHATHE TOKA /) HA BXOJIE, KAK M BXOJHOTO
HanpspkeHus U, He Beerna hi3HIecky Bo3MoxHO. HanpuMep, ajis anTeHH
PYNOPHOrO THIIA, MUTaeMBIX BOTHOBOZHOH JIMHHEH mepeiavu, 3TOro ciae-
narh He ypaercd. O BXOHOM CONPOTHUBICHHH TAKHUX aHTEHH MOXKHO CyANTD
10 OTPAXEHHIO OT aHTEHHbI, KOTOPOE BOHHMKACT B BOJHOBONHOM TPAKTE.

Ecnu antenna coriiacosana ¢ TpaktoM (ko3g¢uuuent orpaxenus I = 0)

(1.56)

To Z = Z, THe Z, — BOJIHOBOE CONPOTHRICHHE TPakTa (IIpeAnonaraercs,
4T0 TpakT paGoraeT B 0HOMOIOBOM pexxnme). B ofmem cnywae I'# 0,
NpHYeM, NockonbKy I” = (Z_ ~ Z ), BXOIHOE CONPOTHBIICHHE
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w =Ly T (1.57)

OTMeTHM, YTO HAJTHYHE OTPAXKEHUI CONPOBOXKAACTCS LETBIM PAIOM
HETAaTUBHEIX ITOCIEACTBHH, B TOM uHcie cHixenreM KIIJ] muraromero
¢dunepa, HapymeHHEM YCTOHYMBOCTH paboOThl TeHEpaTopa, MCKaXKEHHEM
nepenasaeMoii HHGQOpMaLHH, CHIDKEHHEM YPORHS JOITYCTUMOH MOILHOCTH.

OnHAM H3 OCHOBHBIX TapaMETPOB aHTCHH ABJLIETCA TaKKe pabouas
nonoca wacmom, B IpefeNiax KOTOPOH OCHOBHEIE JIEKTPHUECKHE TapaMeT-
PHl YIOBJIETBOPSAIOT ONPEACICHHBIM TEXHHIECKUM TpeboBanuamM. O6braHO
pabouas monoca YacTOT ONpeNesIeTcs TeM NapaMeTpoM, 3Ha9EHHE KOTO-
POTro NpH H3MEHEHHH 4aCTOTHI PaHbLIC APYTHX BRIXOMUT U3 NOMYCTHMBIX
npenenoB. Yamie BCero TakMM NapaMeTpoM ABIAETCS BXOZHOE CONPOTHB-
JeHuEe aHTEHHHI. B paAne ciyyaes pabouas mMooca 4acToT OMPEAEIACTCS
H3MEHEHUEM HalIPaBIICHH MAKCHMAJILHOTO M3NTy4YeHHs, pacuupenneM JTH,
ymensienneM KHJT u np.

YcnrosHO NPAHATO K Y3KONIOXOCHEIM aHTCHHAM OTHOCHTDH aHTCHHBI,
OTHOCHTENIbHAA paboyas IIOTOCa YacTOT KOTOpLIX He mpebimaer 10 %.
AHTeHHBI ¢ 110510coi 9acToT cBritie 10 % cYHTaroTCA NIHPOKOOIOCHEIMH.
Ecnu orHOIIEHHE MakcHMANbHOH YacTOTEl K MHHHMAJILHON (ITepeKphITHE
9acToT) cocTaBnAeT 5 : 1 u Gonee, Takue aHTCHHB! HA3BIBAIOT C8EPXULUPO-
KONONOCHBIMY WITH YacmomHo-He3asucumvimy. LIINpOKoNoNIOCHEIE aHTEH-
HBI NPAMEHAIOT U1 H3JIy9CHUA ITHPOKONOJIOCHBIX CHTHAJIOB; B CITy4ae y3-
KOIIONIOCHBIX CHTHAJIOB TaKHe aHTCHHBI NO3BOIMIOT Oe3 mepecTpoiiku pa-
6oTarh OpH NEpeXose ¢ OMHOH IaCTOTHI HA APYTYIO.

Eme oIHAM IapaMeTpoM IEPENaroIHX aHTeHH ABIACTCH npedens-
Has MOWHOCMB, KOTOPYIO MOXHO NOIBECTH K aHTCHHE, HE BBI3BIBaA IIpO-
605 OKpyKaroLei cpes! H He HapyIas IeKTPHYESCKOR NPOYHOCTH H30NA-
TOpOB.

Jlumepamypa: ocnosnaa [18, 34, 49), oononnumenvuasn (2, 38, 39).
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KoHTponbHble Bonpockl®

1. TloscHATE CYTh NPHHLMNA CYIEPNO3HINH NPHMEHHTEIBHO K PacueTy aHTEHHBIX YCT-
po¥icTB.

2. TlepeucanTe OCHOBHEIE (GaKTOPDI, OIPEAESIONIHE BHI MHOXHTEIA CHCTEMBI HIEH-
THYHO PACTIONIOKEHHBIX HATydaTesieH.

3. MonyuuTe B 061IEM BUIE BRIpaXEHHE U1 Pa3HOCTH XOAa B PEMIETKE C MPOH3BONb-
HBIM pasMelIeHHEM HIEMEHTOB B IPOCTPAHCTBE.

4, Kaxos dpu3Hueckuit CMBICT MHOXKHTENA CHCTEMEI?

5. Onpenenure rpaHuIly AanbHel 30HBI JUIA H3Ty4aTens, HMEIOIEro KBaxpaTHyIo top-
My 1x1 M, npu wactore 12 I'T.
. 6". 3anuumre 1 noscHKTe TeopeMy IToiHTHHIA B HHTErpanbHOi (opMe WA cpemsl ¢
TIOTCPAMH.
) 7*. CdopMyrpyiiTe NPHHIUI IEPECTAHOBOYHOMN JABOMCTBEHHOCTH ypaBHeHH# Makc-
Bema. .
-8". ChopmynupyiiTe NPHELKI IKBHBAIEHTHOCTH, OCHOBAHHbIH Ha BBECHHH DKBHBA-

' JCHTHBIX MOBEPXHOCTHBIX NICKTPHYCCKHX H MArHHTHBIX TOKOB.

9. ChopMynHpyiiTe MPHHLMI SKBUBAJICHTHOCTH, OCHOBAHHBIH Ha BBEJICHMH JKBUBA-
JIEHTHBIX OOBEMHBIX MIEKTPHUECKHX H MaTHUTHEIX TOKOB MOJAPH3ALMH.
" 10. Yro noHUMaeTcs oA aMIITynoi H ¢azosoit JJH B nepenaromem pexnme?
" 11. 3anMIINTE M MOACHUTE YHHBEpCANbHOE TIpe/ICTaRTIeHHE oM B JaJbHell 30He Mpo-
‘HIBONLHOI aHTEHHE! Jepe3 HOPMHPOBAHHYIO AMILTMTYAHYIO ¥ da3oryro JH.
- 12. Onpenemure BemuunHy KHJI sneMenta IofireHca B HanpaBlneHHH MaKCHMyMa H3-
fmysenus npu Z_= Z0.
“"13*. Haiigute NapaMeTphl NOJAPHIANHOHHOTO 3JIHICA B TOYKE, IAe
}f,fl 0,05exp(in/3) B/m, E¢= 0,lexp(i4n/3) B/m.
" 14. CpaBHHTE, BO CKOJIBbKO pa3 omiavarorcsas KHI aByx aHTeHH, €C/IH H3BECTHEI MX 3Ha-
4gHMA B feuubenax: D, = 20 ab u D,= 40 xb
_ . 15. CpaBHHTe, BO CKOJIBKO a3 OTIHYAIOTCS YPOBHH GOKOBLIX JIEIECTKOB, ECIH B JELH-
Genax ux 3uaenus cocramsor & =10 ab, &, =20 gb.
" 16. TlepeunCnHTE OCHOBHBIC CBOMCTBA OIS NIPOU3BONILHOM aHTEHHEI B JaNLHEH 30He.
17. aiite onpeneneHHe H NOACHHTE CIOCO0H pacyeTa BXOZHOIO CONPOTHBIEHHA aH~
TEHHEL

!3necs u nanee Bonpock noskEHHOH TPYAHOCTH OTMCYCHBI 3BE37104K0H (*).



Fnasa 2. TEOPUA CUMMETPUYHbLIX BUBPATOPOB

2.1. O6wue coobpaxeHHs.
MpubnnikeHHbIK 3aKOH pacnpeaeneHns Toka
B CUMMETPUYHOM 3S1eKTPUUecKkoM BubpaTtope

Bubpamopom B TEOpHH aHTCHH HA3BIBAIOT M3Iy4arellb B BUIE TOH-
KOTO IIPOBOJHHKA (MEKTPHYECKHH BHOPATOp) MIIH Y3KOH JUIMHHOH IIeNH,
TIpOPE3aHHOM B METAJUIMYECKOM dKpaHe (IeneBoii BuGpatop). Bozbyxne-
HHe BHOpaTopa MOXET OCYIIECTBIATECA Pa3NHYHLIMH c11ocobaMH, B Ipo-
cTeffIeM 13 KOTOPBIX IHEPrIs OABOTUTCS OT TEHEPATOPa C MIOMOILIBIO IBYX-
npoBoxgHoit muHuK. Ecou 5Ta MTHHHA MOACOeRUHSETCS K BUOpaTopy B ero
CEPENNHE, TAKOH U3ITyYaTenb HOCHT Ha3sBaHHE cuMmempuyroz2o. Bubparop-
HBIC aHTEHHB! HaXONAT MHPOKOE MIPHMECHEHHE KaK CaMOCTOATENbHBIE H3-
Jyd9aresH, a TAKXKE KaK dJIEMEHTH! 00IIee CIIOKHBIX aHTEHH.

PaccMmorpumM cuMMeTpHYHELH dneKTpuyueckuii Bubparop (COB), npen-
CTaBIAIOMIHH co00it TOHKMA LUIMHAPHYECKHI MPOBOXHUK PagUyCOM 4,
PpacnoloXeHHBIH B CBOOOIHOM BO3AYIHOM IPOCTPAHCTEE, IHLIIEHHOM HO-
Tepb. JnmuHy Kaxxaoro mueda 0603HaIHM depe3 /, IMpHHY 3a30pa, K KOTO-
POMy MOZKIIOUAETCS BO3GyKIarommas JBYXIPOBORHAS IHHUA, — depe3 A.
Hockoneky 06s19HO A <</, To 06mmas guuHa Bubparopa L = 2/ (puc. 2.1).

IToxn Bo3aeiicTBHEM HANPSHKCHHHA, IPHITOKEHHOTO K 3330py Ha BXOIE
aHTEHHDI, B [IeYaX BHOPAaTOpa BO3HHKAIOT 3NIEKTPHYECKHE TOKH, CO3/aI0-
IIHE B OKPYXKAIOLIEM IPOCTPAHCTBE INEKTPOMAarHUTHOE noite. Eciu npen-
HOJIOKHTh, ITO IUIEYH BUOpaTOpa BHINONHEHB U3 UAEAIBHOTO [TPOBOIHH-

Ka, TO paclpeeicHHe TOKOB Ha
4 eyax BHOpaTopa nomy4aercs Ta-

! 4 Z
(B S —rF KHM, YTO TOJHOE IEKTPHISCKOE

MBS HF— > TIOMe YNIOBIETBOPAET IPAHHTHOMY
] l ycnosuio E = 0, rie T — KacaTens-

~ Has KOMIIOHEHTAa K MOBEPXHOCTH

Prc. 2.1 BHOpatopa. CTporoe peleHue 3a-

oy

Teopusa CUMMeMPUYHbLIX 8ubpamopos 39

Puc. 2.2

ftadu HAXOXKJIEHHUS TOKd, HECMOTPS Ha IIPOCTOTY T€OMETPHH 3a1a4H, BCTPE-
raeT GonpIIne MareMaTHuccKue TpyaHoctd (cMm. § 2.4). IpubmmkenHas
feopHs ANEKTPHICCKUX BUOPATOPOB M3 TOHKMX POBOJIOB OCHOBAHA HA AHA-
Hordd ¢ JUTHHHOM JIHHHEH.

B nepsoM npuONKeHNH 3Ty TMHHIO MOJKHO IIPEACTABUTH Kak 00pa-
tl%bBaHHyIO PazBOPOTOM INed BUOPATOpa BOKPYT TOYEK MUTaHuUs (puc. 2.2).
ﬁhonyqennoﬁ TakuM 00pa30M DKBUBAIEHTHOH PAa3OMKHYTOH JIMHUH [ITH-
Ho# / IOTepy SHEPrHH OTCYTCTBYIOT, TAK KAK IIPOBOJIA JIHHKH, KaK M T(POBO-

‘ Hd su6paropa, cunTarTCA HIEANsHO TpoRonsIMMH. [Tockombky BuGpaTop,

Kak 1 m00as aHTeHHa, IPH IOAKIIOYEHHH TEHepaTopa H3JIy4acT SHEPTHIO,
a HOTEepH 3HEPrHU Ha H3ydeHue (Iomne3HEli 3¢ deKT A1 aHTEHH) HUYeM
F€ OTIMYACTCA OT NOTEPh HA TEMNOBOM HATPeB (MHKOYIERBl MOTEPH), TO
B 3KBHBAJICHTHYIO JJIMHHYIO THHHIO CIIGAYET BBECTH IOTEPH. DTO MOXKHO
¢AeNnaTh JByMs CII0CO0aMHM: IPOZIOKAS MO-TIPEXKHEMY CHUHTATh IIPOBOXHH-
KM JIMHMH MCAIHO TPOBOJANIMMH, NOJKIIOYHTh K BRIXOJLY IMHHM HEKO-
TOPOE€ KOMILICKCHOE CONIPOTHBIIEHHE, IOTEPH SHEPTHH B KOTOPOM YYHTBIBA-
10T o dexT U3NydeHUA SHEPTHH aHTEHHOH, TG0, OCTaBIIIA IMHHIO Pa30M-
KHYTOM, CIHTaTh, YTO CaMHU NPOBOAHMKH 06JIa/Ia10T TEIUIOBBIMH IOTEPAMH.

Hcrons3yem Bropoii cnocob. B pazomkryToii miHuu 6e3 noreph pac-
ppenencHUe TOKA BAONE THHHH NPeICTaBLIETCS CYIEpIIo3HLHeii aByx be-

TYIIHX BOJIH: afaromei 1 OTpaXXCHHOH, aMILTHTY/ABI KOTOPAIX paBHEI. [Ipu

HAIHYMH 1TOTEPE aMIUIMTY/IA MaJaromei BOIHBI B KaXI0H Touke mpeobna-
ZaeT Haj aMILUIATYO0H OTPa)KeHHOH BOJIHBI; B PACIpPENEIEHHH TOKa TeIEeph
OXCYTCTBYIOT Hy/EBBIC 3HadeHHA. PYHKLUA pacnpeaeneHus TOKa IPH 3TOM
ONMCBHIBACTCA BRIpaxkeHUEM [37]

- I
I(Z)=—OSh'Y(1—Z), (21)
shyl
TAE /, — TOK Ha BXOze THHHH; ¥ = o, + if}, oL — ko3 puunenT 3aryxanus, -
koaddunment ¢asbl; z— KOOPAMHATA, OTCIUTHIBACMAS BIONE JIHHHH OT BXOJI-
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N HBIX TO9eK (pHc. 2.3). Merozu-
Ka pacyeTa ko3¢ puuueHTOoB O
4 B nana mxe (cMm. § 2.3). Ha
pHc. 2.3 crulomHOH NHHHUEH
H300paXKeHO XapaKTepHOe pac-
npeJieieHAe MOZIYJIA TOKa B DK-
BHBAaJIC€HTHOH Pa3OMKHYTOM
JIMHHH, OUCHIBAEMOTO hopMy-
no#t (2.1), a Takke BIOML IUIed
BHOPATOpPa, NOMY9aeMOr0 My TeM
z  obpaTHOro pa3BepTHIBAHAA IIPO-
7 BOIHHKOB JKBHBAJICHTHOH JIH-

HuH. OTMeTaM, JTO 1 BHGpa-

Pnc. 2.3 TOpa BBUJLY CUMMETPHH KapTH-
Th’T TOKa OTHOCHTENIBHO TO4eK NHTaHuA B (2.1) HCOOXOOZHMO BBECTH

z|, 1e

172)]

II'IZIII .
= 11,

\\
8 i

s
N

i(z)= ——shY(l— [z]). (22)

Ha xoHIax TOHKOTO BUOPATOPa TOK BCEra paBeH HYJIO; IPYyTHE Hy-
NeBhIe 3HAYEHHM, KaK yKe 0TMEYaNoch, OTCYTCTBYIOT. B moGHIX fBYX TOU-
KaX, CHMMETPHYHBIX OTHOCHTENBHO Z = 0, HalIpaBIICHHE TOKA OMUHAKOBO.

Ipu pacdere TH dbyHKumMIo pacnpeneneHus ToKa MOXHO eme Gonee
yHpocTHTh, IpeHebperas 3aryxanueM, T.e. monarat & = 0, § =k, rne k =
=2n/A — ko3¢ dummenT a3sl B cBOGOIHOM NpoCTpaHCTBE. B 3TOM Cityyae
shy(I- |z1)= sink(l — | z}) 1 pacupenenenue Toxa onncriBaeTca dpyHkmHeit

I(z)= smk(l— Iz)), (2.3)

coome'rcmylomcu YHCTO CTOAYCH BOJIHE C HYJICBBIM 3Ha4Y€HHEM HA KOH-
13X aHTEHHHI (Y3€JI TOKa); IIPH lz| <1 Y3JIBl ¥ yYHOCTH 9EPERYIOTCA Ue-
pe3 A/4. KpuBas pacmpesieniesus T0Ka, COOTBETCTByomas (2.3), mokasaHa
LITpUXOBOMH THHMeH Ha puc. 2.3. Tlepexony | 1 (£4] | qyepes Hyllb B 3TOM CIIy-
9ae COOTBETCTBYET H3MEHEHHNE (pa3bl TOKa Ha IIPOTHBOIONOKHOE, 9TO OT-
aKEHO COOTBETCTBYIOMIMMH CTPeNIKaMH Ha puc. 2.3, Kak BuIHO, OTAHYHE
]|)I 2 |or KPHBBIX, COOTBETCTBYIOIIMX 00Jiee TOYHOMY BHIpaXKeHHIO (2.2),
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HEBEJMKO M HaGMIONaeTcs TONBKO B 00MacTH BONH3H HY/JICBBIX 3HAYEHHIA.
CoOOTBETCTBEHHO IIOTpemHocTh pacieTa JJH no pacnpenenennio Toka (2.3)
OyzieT TakoKe HEBEHKA H ONIPEICNAeTCA B IIEPROM NPHONHMKEHUM PasHHIICH
nomaaei Mox KpUBBIMY ToKa. O6paTuM BEUMaHue, 4o pH / = nA/2 , TIe
n=1,2,3, .. 3HameHarens B (2.3) obpawaerca B Hynb. B 9T0M ciny4ae
BBOJIAT OHATHE TOKA B IyIHOCTH 1 (TepMuH 13 TEOPHH JUIMHHBIX JIMHUA),
KOTOPBIN BCEra OTIIHICH OT HYIIS. l'locxonu(y I I/sinkl, To BMecTO (2.3)
MOXKHO HCIIONb30BATh

I(z) = L sink(l - | z|). (2.4)

Kpome pacripezieneHus TOKa MpeICTaBIsIeT HHTEPEC BOIPOC O pac-

npe/IeiIeHHH 3apAN0B BIONb BHOpaTOpa, Ba)kHBIH JUIA ONpeNelcHHA Tpe-

JeNbHOM MOILITHOCTH, KOTOPY!O MOXHO IOABECTH K BUOPATOpY, HE OMacaich

npobos. Mcnonk3ya ypaBHeHue HeTIpepbIBHOCTH [ 18] 1 yaHTEIBaA, YTO TOK

B TOHKOM BHOpaTope HMeeT TONBKO NPONONIBHYIO COCTARIAIOILYIO, IOMydaeM

dl(z

; )+1mQ(z) 0, 2.5)

TIe Q(z) —3apAn Ha equHuIy UIMAEL U3 (2.5) 1 (2.4) cnenyert, yto npubiu-

JEHHBIH 3aKOH paclpe[eneHHus IIOTHOCTH 3apA/ioB ONHUCHIBAETCS BHIpa-
KEHHEM

Oz) = £iQ cosk(l - |z|), « (2.6)
TIPHYEM 3HAK IUTIOC OTHOCHTCA K TO9KaM z > 0, MUHYyC ~ K TodkaMm z < 0,
Q. =] /e, ¢ ~ ckopocTh cBeTa. Kak cnenyer u3 (2.6), Ha konnax Bubparopa
BCErZa HMeeT MeCTO IyYHOCTh 3apsA0B; Y3IThl H ITYYHOCTH 3apsJI0B uepe-
LYIOTCSl, KaK M TOK, Jepes A/4.

OTMeTHM, 9TO NPH HECHMMETPHIHOM BO36YXICHHH BHOpaTopoB
pacnpeieneHie TOKA | 3apAIOB CYyNICCTBEHHO MEHSACTCA, HO U1t BHOPATopoB
PE30HAHCHOM AyuHEL, T.e. Np [ = nA/2, n=1, 2, 3 ... OCTaeTCA HEH3MEHHEIM.

2.2, luarpamma HanpaBneHHocTu CIB,
KoacpchuumeHT HanpaBneHHoro AecTBUA
Y AelCTRYIOWaNA ANUHA

s pacaera JTH nenonb3yeM 061y o METOIHKY pacdeTa o H3ITy-
YeHHs aHTEHH, U3NOKEeHHy0 B § 1.2, Cunraem, 4To pacnpeneneHHe TOKa
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onuckeBaeTcs NpuOIKeHHOH opMmynoit
(2.3). CymmapHas HanpsHKEHHOCTD EKTPH-
YeCKOro IoJif, CO3aBaeMasi BCEMH IEMEH-
TaMH, Ha KOTOPBIE MOXHO MBICIIEHHO pa3OUTh
BHOpaTop, B chepHIecKoi cHCTEME KOOpIH-
HaT, TOKa3anHoH Ha puc. 2.4, onpenenserca
v  Gopmyioii tuna (1.26) ¢ npenenaMu HHTeT-

pHpoBaHHA OT —/ (HHXKHHUH KOoHel BUOparo-

pa) 1o +/ (BepxHuit koHel). Mcmons3ys me-

Puc. 2.4 TOJ HHTETPHUPOBAHHS «II0 JacTam» [14],
OKOHYATEJILHO MONyYaeM
0:
£y =i ZC'I0 cos(klcc?s(:) coskl exp(—i k7). 2.7
2nrsinkl sin“ 0

B dopmyne (2.7) nmpenHaMepeHHO HE COKpAaIEH MHOXHTENb Sind.
OG6parHM BHHMaHHE Ha TO, YTO B J000i TOUKe JabHel 30Hb! 1Tojte BHOpa-
TOpa MMEET JTHHEHHYI0 nonspusanuio. 13 (2.7) cnexyert, 9To aMILTHTyAHAS
JH cumMMeTpHIHOTO dneKTpHIECckoro BUOparopa

cos(kl cos0) — cos|

sin’ @ I
MpHYEM HEepBBIA COMHOXUTEND B IpaBoH yactH (2.8) omuceiaer J{H ane-
MeHTa Toka (D3B), BTopoii — MHOXHTENE cucTeMbl. AHanu3 (2.8) nokassi-
BacCT, YTO aMIUIUTYXHAA ﬂH HE 3aBHCHUT OT a3UMYTAJIbLHOI'O yma (P, YTO BIIOJI-
HE €CTECTBCHHO B CHIIY HO/IHOM CHMMETPHH 3aa4i OTHOCHTENBHO 3TOTO
yria. CenosaresnsHo, JIH cuMMeTpiuaHOro Bubparopa B €ro 9KBaTOPHAIIL-
HOH 1ockoctH (0 = 1/2, mockocts H), Kak u B cirydae DOB, npencrasis-
€T B MOJISIPHOH CHCTEME KOOPJMHAT OKPYXKHOCTE. Bun amunurynaoit TH 8
TIUIOCKOCTH, IpOXo/amIeH Jyepe3 ock BuGparopa (11ockocts E), Uit TOHKHX
BHOPATOPOB 3aBHCHUT TOJNBKO OT oTHOIIEeHH //A. Tlpu mro6oit 1mMEe mieya
C3B, xak 1 O3B, He u3ny4aer BRoms cBoeit ocu. [Tpu wmne meya /< 0,7)
MaKCHMyM H3nydeHus COB opHEeHTHPOBAH NEPIEHAHKYISPHO €ro OCH, T.e.
B HampasneHuu O = 1/2. Jlns takux BuGparopos fl0, @) . = |1 - coskl|
H HOpMHpoBaHHas amiumTyaHas JIH nocne cokpanieHHs MHOXKHUTENS Sind
MOXeT ObITh IIPEICTaBICHa B BHIC

f(8,9)=|sin0 (2.8)
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) U4=0,25; Abys 200" YA=05; Abos=44°
0° 30° b
m’ F250505] 50" |Abes 27 )
180° 150° 720° 60°
a) )

1/A=0,625; ABos=31"

2% T il

la=q75 180° YR=1 70°
4 2) a9
Puc. 2.5

_|cos(ki cos8) - coski|
| (1-coskl)sing |’
Jna Gonee AMMHHBIX BHOpPaTOpOB HEOOXONMMO CHavala HaiTH [o-
JIOXKEHHE H BEIHYHHY INIABHOTO MAKCHMYMA H3ITy9ICHHUS, a 3aTeM OTHOPMH-
poBath BeIpaxkeHue (2.8) 10 OTHOUIEHHIO K 3TOMY MaKCHMyMY 1o hopMyre
(1.32). Cepus pacuernbix amiatyansix JJH B wrockoctu E qus pasinuy-
HBIX OTHOLUIEHUI //A mpuseseHa na puc. 2.5. Tlpu /A << 1, BrutoTs 0o I/A =
=0,25 (puc. 2.5, a), IH noxobua nuarpaMMme HanpasieHHocTH OB, Vae-
InyeHne UIMHE BuGparopa 1o 3uageHus /A = 0,5 (puc. 2.5, 6) conmpoBox-
JaeTcs ToNnbKo cyxeHueMm jaenectkos JH. Ilpu nansHelimeM yBelTHyeHUH
OCHOBHEIE JIEECTKH NPOJOJKAIOT CYKAThCA, HO NOABIAIOTCA GOKOBEIE Jie-
nectkH (puc. 2.5, ), HHTeHCUBHOCTB KOTOPbIx npH /A = 0,75 (puc. 2.5, 2)
YK€ IpERbIIACT YPOBEHb H3MydUcHHA B HanpaBneHuu 0 = 7/2. pn /A =
= 1,0(puc. 2.5, ¢) mamydeHHe B HANPABICHHH HOPMAIIH [IOJIHOCTHIO IPOMa-
naert u B JIH nipucyTcTByI0T TONbKO OoKoBbie Nenectiku. Monobuas dhopma

F(6,¢) 2.9
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JIH nerxo o6BACHAETCA paclpeneacHHeM
TOK2, XapaKTepHBIM 4715 Bubparopa ¢/ = A,
2 HMCHHO HAJTMYHEM Ha KaXKJIOM IIede IBYX
TIPOTHBOGAIHBIX YIACTKOB PABHOM IJTHHEI, H3-
Jy4eHHA KOTOPHIX B HarpaBiieHHH 0 = /2, Tne
PasHOCTH X0/Ia OTCYTCTBYET, KOMIICHCHPYIOT
Jpyr apyra. Ha npakTuxe BuOpaTops! ¢ IyH-

HOit wieva / > 0,7\ He HCIONB3YOTCA.
, ) /A ®a3a HanpsHKEHHOCTH IO, CO3IaBa-
9. 0z 430 662367  emoro COB, B cooTBeTCTBHH C (2.7) He 3a-
Puc. 2.6. BHCHT OT yriia 0, TodHee, MeHdAeTcs Ha 06-
paTHyIo npH nepexone amiumtynnHoi JTH
qepes Hynb. TakuM 06pa3oM, B COOTBETCTBHM C ONPEIENEHHEM, JAHHBIM
B § 1.3, COB obmnamaet ¢a3zoBsiM NeHTpOM (COBIATAIONINM C IIEHTPOM BHO-

paropa) M H3MY4aeT YHCTO CHhepHIECKYIO BOJIHY.

Koad¢uuuenT HanpasneHHoro aeicTsus COB MOXHO onpenenuTh,
HCIONb3ys BhIpaxkeHue i ammmryasoit AH (2.9), mo dopmyne (1.40).
Bemucnenue uaTerpana B (1.40) 06bI4HO MPOU3BOAUTCSA YHCIEHHEIM Me-
TOIOM; KOHEYHBIH pe3yneTar 3aBucumoctd KHJI B HanpasneHHH HopMamu
K OCH BHOpaTopa OT JUIMHBI IUteda / mpusefeH Ha puc. 2.6. Kak BumHo,
makcumym KHJI, papnsiit 3,36, nmeet mecto npu /A = 0,625. Ilpu Gouns-
mwx 3uagennsax /A KHJI nagaer, NOCKONBKY, KaK yKe 0TMEYalIoCh, YMEHb-
IIaeTCA HHTCHCHBHOCTh H3TyUeHHS B HampasieHuH O = 1/2 u Bo3pacraer
YPOBeHb OOKOBBIX JIENECTKOB. OMHUYECKHE ITOTEPH B BUOPATOPHLIX aHTEH-
HaXx, KaK MPaBHIIO, BECbMa MaJbl, [I03TOMY MOXHO CHHTaTh, YT0 K03ddu-
muenT ycunenus G = D.

HHorna ans npoBONOYHBIX AHTEHH, K YHCITY KOTOPEIX IPHHAUIEKHT
u COB, BBOZAT ellle OAWH MapaMerp — AeHcTBylomyto iuHy. Ipumenu-
tenbHo K COB nox deticmayioweii Onunoii In MIOBUMAIOT MONHYIO [UTHHY
BooGpakaemMoro BuGparopa ¢ pABHOMEPHBIM PACTIPE/E/IEHMEM TOKA, PaB-
HBIM TOKY [ Ha Bxozic COB, co37al0NIHM B HANPABICHHHE MaKCHMYMa H3-
JY49EHHS T10jIe, aMIUTHUTY/a KOTOpOro paBHa aMIuuTyne nonsa COB B rias-
HOM HanpaBlicHHH. OGBIYHO TOHATHE NeHCTBYIOMEH ITHHBI BBOIAT IIA
BHOpaTopoB ¢ ANHHOI 1eva ! < 0,7A; TIaBHBIM HanpaBleHHEM B JaHHOM
clTy4ae ABIAETCA Hanpasnedue 0 = /2. [Ing COB aMniuTyza nois B 3T0M
HallpaBJICHHH OMpeesIAeTCA ¢ MOMOMBIO (2.7) COOTHOIIEHHEM

o

301

25

20t

t
|
|
!
!
]
|
|
I
!
!

10
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£ 8ol coshry. (2.10)
rsinkl

s BooGpaxkaemoro BHOPaTopa B 3TOM K€ HANPABICHIH aMILTHTY-
LIy TIOJISt JIETKO BBIYHCIIHTS, HCTONB3YA dopmymny (1.1) mma D9B:

5 S0 olly @.11)
rA . '
[pupasuusas (2.10) u (2.11), Haxomum
_Al-cosk 2.12)
" m sinkl

®opmManbHO COOTHOMIEHHE (2.12) MOXKHO ITOIYYHTH TAKXKE, NPHPaB-
HAB IUIOIA/Ib [I0J{ KPHBOH TOKA B (2) | B rewax COB, onuceiBaemoii (2.3),
¥ IUIOIab ToKa | 1,11 BooGpaxaemoro Bubparopa AnkHoOM /, ¢ paBHOMEp-
HBIM pacHpeIeIeHHEM TOKa.

2.3. BxoaHoe conpoTtusieHue U CoONnpoTUBeHUe U3nyyeHun

ITpubnmwkennsi pacyer Bxoauoro conporusierns COB MokeT GITh
OCYIIECTBIICH C HCTIONB30BAHHEM JIBYX METONOB, OMHMCAHHEIX B § 1.3: me-
TozoM HaBezeHHEIX JJ[C [cM. dopmymy (1.56)] 1 METOIOM 3KBHBAIEHTHOIMA
cxeMsl. B HacTos1IeM pasesne HCIIONb3YeTCs BTOPOil METO/], OCHOBaHHEIH
Ha aHaJIOTHH TOHKHX CHMMETPHYHBIX BHOPaTOpOB C Pa3OMKHYTOM NMHHHEH
C MOTEPAMH.

M3 Teopun nimHHEIX THHAH [37] cnemyerT, 4To BXOAHOE CONPOTHBIIE-
HHE JIHHUH C TIOTEPAMH, SKBHBAJICHTHO# BuGparopy,

Z, = Zcthyl, (2.13)

e Z_ — KOMILIEKCHOE BOTHOBOE COIPOTHBIICHHE JTUHHH (KOMIUIEKCHOCTD
BBI3BaHA IIOTEPAMH B JIMHHH); Y = ¢ + i} — KOMIUIEKCHas TOCTOSHHAS pac-
IIPOCTPaHEeHus, 0, — KO3 HIHEHT 3aTyxaHHA B THHAHY, B — koddPunpent
¢aser; / — muHA SKBUBATICHTHOI JIMHHY, PABHAS [UIMHE I1€4a BUGpaTopa.
OcraHOBHMCA Ha BOTIPOCE ONPENCICHHA BEIHIHH Z., ,oup.

KomnexcHoe BOIHOBOE CONPOTHBIICHHE JIHHHOM JIMHHM ¢ NOTE-
pamu [37]
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ol Ly 2R (2.14)
inC, C oL’

e R, — IOTOHHOE CONMPOTHBIEHHE KaXIO0TO MPOBOAHMKA JUIMHHOMN JHHUH,
L H C — IOTOHHBIE HHAYKTHBHOCTb H €MKOCTh JJIHHHOH JIHHHM; Z — BOII-
HOBoe CONpOTHRIeHHE MuHUE Ge3 yyera moteps B Heif, npuuem Z =
= \/IT VLC,/C,. lockomsky 1NLC, = c, Te ¢ — CKOpOCTb CBeTa, HMeeM
Z = l/cC]. Benuany C, onpeniensaroT 06b1MHO MeTOIOM X0y, HAXOMA IO~
HYIO €eMKOCTB BHOPaTOpa KaK YEIHHEHHOI'O HMIHHAPHIECKOTO TENa pagHy-
COM a H 3aTeM YCpenHss ee AelleHHeM Ha obInylo AnHuHy BuOpatopa L = 2/.
B pesynbrare i Z, nonydgaem Gopmyry

Z =120[In(!/a) - 1]. (2.15)

Iocroannas panpoCcTpaHeHMs CBA3aHA ¢ MOTOHHBIMH NAPaMETPaMK
L,C, u R, coorHomenueM [37]

(2R, +ioL)ioC,. (2.16)

l'lpn CPaBHUTENBLHO MATIBIX 3HAaYCHUAX R (R, << @L)), kax cnenyer
U3 aHanu3a Belpaxkenus (2.16), nonyyaercs, yro o = R,/Z, [3 o ann
IIpu aTom B (2.14) BrOpoOii KOpeHDb peobpa3yercs K Bw:y 1- lRl/OJLl) =
=1 — io/P). OkoHYaTENBHO HOTyYaeM

= 120(1111—1)(1 - IEJ . 2.17)
a B

KoaddunueHT 3aTyxaHus O pacCYMTHIBAETCA, KK OTMEYANIOCh B
§ 1.3, u3 ycnoBus paBeHCTBAa MOIHOCTH TEIUIOBBIX NTOTEPh B SKBHBAJICHT-
HOM nuHUH:

|i(2)F
=2 D gy @18)
o0 2
rae ko3bduumeHT 2 nepen HHTErpaioM YYHTHIBAET HATHIHE JBYX IPOBOJI-
HHKOB B 3KBHBANEHTHOf JTHHHH, MOIMHOCTH M3TyYCHHS CHMMETPHYIHOIO
aMeKTpHYecKoro Bubparopa Py. MomHocTs Py OIpenesaeTCs HHTETPHpO-
BaHMEM cpenHero (BO BpeMeHH) 3Ha4eHUA Bektopa [TonTuara (1.31) o
cdepHUEeCKOil HOBEPXHOCTH PaadycoM R B JanbHEH 30HeE:
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B = j j| Ey [’ R?sin0d0d¢. (2.19)
2Z, 50

BBO/11 IOHATHE CONPOTHBIICHHS M3Ty4EHHA R, Kak kodddummenTa
TIPONIOPLMOHATEHOCTH MekAy Py H IONOBUHOM KBa/[paTa TOKa B Iy4HOC-
™, T.6. R, = 2P/ II |2, ¢ nomompio (2.19) 1 (2.7), noxyuaem

J.[cos(kl cos@) - coskl]*
21t 0 sinf

I'paux 3aBrucHMOCTH R OT OTHOMERHS //A,, IOy UCHHbIH METOIOM
YHCIEHHOTO HHTCTPUPOBAHHSA, NPUBEACH Ha pHc. 2.7. OTMeTHM, 9TO Benu-
umHa R, onpexensemas Gopmynoit (2.20), 0OCHOBAaHHOH Ha CHHYCOUAITb-
HOM pACHIpelelNeHHH TOKa, CIPaBEIUIMBOM B IIEPBOM NPUONMKEHHH JUTs
TOHKUX BHOPATOpPOB, HE 3aBUCHT OT TOJIIMHBI IUTed Bubparopa u ux ¢op-
mel. ITpupaBauBas (2.20) u (2.18) 1 npoBonsd HHTETPHPOBAHHUE B HOCIE-
[AHEM, OKOHYATENTLHO TOTyYaeM

=Ry /120 InL—1|[1- 52K ) (2.21)
a 2kl

Yro kacaercs koodduuuenta ¢assl 3, TO OKa3KIBAETCA, YTO B HCH-
CTBHTENBHOCTH 3TOT KOG GHIHEHT OTIHYAETCS OT BEIHYHHBI, PaBHOU &.
O0bacHAETCA 3TO YIETOM IOTEPh, BIHIHHEM TOPLIEBOH €MKOCTH MEXIY
Tie4amu BuGpaTopa, a Takxke TeM pakroM, uro L C u R, nisa COB, B otu-
Yme OT OOBIYHOM JUIMHHOM JIMHHH, IEPEMEHHBI
1o [umHe BUGparopa. OGbIMHO 3Havenus B Ge- %22
PYT H3 pe3yJIETaTOB 3KCIICpUMEHTa [2 ], KOTOpEIe
CBUJIETEIILCTBYIOT O TOM, 4TO 3 > £, T.€. IyiHHa
BOJTHEI B SKBHBACHTHOW JIMHAK A = 27U/[3 MeHb- 200
I1€ JUIMHBI BOTHE! B CBOOOHOM IPOCTPAHCTBE
A =2n/k. lns NOBBILICHHUS TOYHOCTH pacdera 750 |
no popmyne (2.21) B Heili Takxe cnexyer ocy-
OICCTBHTH 3aMEHY BEIIUYHHEI £ Ha f3.

Ha puc. 2.8 mpuBenieHsI TpadbHKH akTHB- 55 |
HO¥t (R ) ¥ PEaKTHBHOH (X ) COCTABIAIOMHMX
Bxoxuoro conporusienua COB, paccunranHo-
ro 1o dopmyne (2.13) ms pasnHIHbIX 3Haye-

. (2.20)

250 |

100 }

1

1 L
g 0,25 05 07 A
Puc. 2.7
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RocJon 00 =60 HHMI panuyca Bubparopa @. DTH KpHBBIE, TIOCT-

POCHHEIE B 3aBMCHMOCTH OT COOTHOLIEHHA /A,
MOXHO NpH (HKCHPOBaHHOH YacTOTE paccMar-
PHBATh KaK 3aBHCHMOCTH OT JUTHHBI 1uteda /. [Tpu
(UKCHPOBAaHHOM 3HAYEHUH / 3TH JKe KpHBHIE
XapaKTePH3YIOT YaCTOTHBIE CBOHCTBA BUOPaTopos
0 BXOTHOMY COIIPOTHBJICHHIO. AHATH3 Tpadu-
KOB [O3BOJIAET CAENATh CICAYIOMIHE BRIBOABL:

1. Bomusu //A = 0,25 u I/A = 0,5 peak-
THBHAA COCTaBIAIOMAA X, 00paiaercs B Hynb,
HpH 3TOM B okpecTHOCcTH /A = 0,25 BHGparop
BezeT cebs mofo6HO moceJoBaTeNEHOMY Kolie-
6aTeIBHOMY KOHTYDY, B OKpeCTHOCTH /A = 0,5 — mofo6HO apasuiensHoMy
KOHTYpy. TouHOe 3Ha4YeHHe PE30HAHCHBIX JUTHH HECKONBKO MEHBIIE, 4EM
0,25\ 1 0,5), 4TO OGBACHAETCA OTMEUECHHBIM BbIlIE OTIHIHEM KodhdHIHEHTa
¢azs1 B ot k. Taknm oGpa3om, Uit TouHO# HacTpoliku COB B pe30HaHC [IHHY
BHOpATOpa ClieflyeT HECKOJIBKO YKOPOTHTS 110 cpaBHenHio ¢ 0,25A (npu noc-
JIEIOBATEIIBHOM pe3onance) win 0,5 (IpH napauie-HOM PE30HAHCE); Be-
NYYMHA YKOPOYCHNUS 3aBHCHT OT paguyca Bubpatopa. [Ipn nocnenosarens-
HOM pe3oHance (/A = 0,25) penmuuuna R_pasna 73,1 OM (115 BuGpaTopos
¢ paguycoM a — 0); npu yBenuaeHuH pamuyca 1o 7 - 10°A R =94,8 Om.
Tpu napannensuom pesonance (/A = 0,5) Bemiduna R CHITEHO 3aBHCUT OT
pazMyca H COCTaBIsET COTHH H faxe Teicaad OM (s BuGparopos ¢ g —> 0).

2. YeMm 6onbine paguyc BUGpaTopa, TEM IIABHEE KPUBBIC 3aBUCUMO-
ctu R, u X ot qactorel. Mcnons3yst TEPMHHONOTKIO TEOPHH LIETIEH, TOBO-
PAT, 4TO TOJCTHIE BUOpaToph! (BHOPAaTOPH! ¢ HU3KHM BOTHOBEIM COIIPOTHB-
neHueM) o6nanaroT MeHbIIeHR TOOPOTHOCTHIO 0 CPABHEHHMIO C TOHKHUMH
Bubparopamu. Takue BuOparopsl Moryt 6e3 nepectpoiiku paborars B 6o-
Jiee IIHpPOoKo#i monoce paboyux YacTor.

800
600
400
200
0
-200

- 400

Puc. 2.8.

2.4. OCHOBbI CTPOroro peleHUs 3afaum
O CUMMEeTPUYHOM 3NeKTpU4eckoM BuGparope

B HacTosiee BpeMs CTpOras 3a1a4a HaXOKAEHHA 3aKOHA paclpeleneHus
TOKA, HABOJMMOTO B TLIedaX BHOPATOPHOH AHTEHHDI IO/ AeHCTBHEM IPHIIOKEHHO-
TO HanpshkeHus U K BXORHBIM TOYKAM aHTEHHbI, CBOJUTCS K PELICHMIO HHTEPaib-
HBIX ypaBHeHHH. [IpuBeneM KpaTkHe cBecHHA 00 OTHOM U3 HHX, TONy4YHBIIEM
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Ha3BaHUE unmezpansiozo ypastenus Iamrena. Ilpu BeiBoge ypaBHeHus ['anneHa
HCXOAAT U3 CIIEYIOUIEH eKTPOAHHAMHYECKOH Mozieny 3anayu. [Ipeanonaraercs,
YTO PaHyC BUOPATOPA MHOTO MEHBLIE KAK [UIMHBI BOXHEI A, TaK u meya /. B cuty
3TOTO HPH pacyeTe Nojs MOXKHO NpeHeGpeyb TOPIEBEIMU TOKAMH H CHHTATH, YTO
TOK Ha GOKOBOH IOBEPXHOCTH BUOPATOPa MMEET TONBKO IPOLOMBHYIO COCTABIAIO-

YO C IOBEPXHOCTHOH IIOTHOCTHIO J (Z), KOTOpas 06paIaeTCs B HYIb Ha KOHIAX

nnﬁpa'ropa H3JI)"{CHHC 3TOI0 TOKa 3aMCHACTCA HU3JIYYCHHEM TakKOIoO XK€ TOKa, HO

‘TeKyIero no GeCKOHEHO TOHKOH HHTH, COBNaAAKOWIE ¢ OChio z (cM. puc. 2.1).

0603HaYHM 0CEBO# TOK [ (2), mpuuem [ (z) 2an /(). Dnexrputeckoe nose, co-
3]laHHOE AAHHBIM TOKOM, MOXXHO BEIYUCIIHTH Yepe3 BEKTOPHBIH IOTEHUHAT A4, xo-
TOpHlif, kak H3BecTHO [18], HMECT TaKHe XK€ KOMIOHEHTEI, KaK M IUIOTHOCTh MO~
POXNAIOLIETO €I TOKA, T.€. A = zoA Tlpu nuseiiHOM pacnpeleneHHn TOKa

A(2)= i‘i [i(z )Mdz 2.22)
T

rfie z — KOOPAMHATA TOYKM HabMofeH A (TOUKa, B KOTOPOH ONPEREIAETCS BEKTOP-

HBit IOTEHIHAI); 2’ — KOOPIMHATA TOYKH HHTErPUpoBaHus; R = y(z —z)? + a®

~ PacCTOSHHE MEXAY TOUKOH HaOMOAEeHHA U TOYKOH HHTerpupoBanus. Hanpskes-
=3

HOCTb 3JIEKTPHYECKOTO 11O/ CBA3aHA C BEKTOPOM A M3BECTHBIM COOTHOIIEHHUEM

E = —imj - grad div Z (2.23)

a“’a
IR
[ockonsky 4 =2, A, TO TAHT€HLMANILHA K IUIEYaM BUOPATOpa KOMIIOHEHTA
IMEKTPHYECKOTO 110/
i d*4
mea“’n dZ 2

[Tonaras, yTo BUGpaTOp BHIMONHEH U3 HACAILHOIO NPOBOAHHUKA, HA OBEP-
XHOCTH KOTOPOIO BHINOJIHAETCA rpanuyHoe ycnosue E = 0 (rae E_— kacarenbuas
KOMIIOHEHTH! BekTopa £ ), u3 (2.24) nonyyaeM, 4To BO BCEX TOUKax Ha GOKOBOIH
NOBEPXHOCTH Iuled BuOparTopa

d2

E =-iad, -

¢4

z, (2.24)

=z 4kt4, =0. (2.25)

Ipu Bmxone‘(z.ZS) HOAPa3yMEBAETCA, YTO BEHUUHA £ ONpe/eseTcs TONbKo
u3ny4eHueM Toka /(z), T.e. He YMUTHIBaeTCA MpeHeOGpexHMO Maloe COGCTBEHHOE
H3IIyueHHe yCTpOoicTBa, Bo36yxaatowero Bubparop.



50 AHmeHHo~udepHbIe ycmpot“/cmea u pacnpocmpareHue paduosonH

(0):7) 3 BEKTOPHOrO MoTeHUKANa A € IPHJIOXKEHHBIM K BHOpaTopy B €ro 3a-

30pe Hanpxmeﬂuem U MOXeT OBITh YCTAHOBIICHA 4EPE3 CKANAPHBIH NOTCHUHAI (n

CBS3AHHBIA ¢ A ycnoBueM KanuOpoexku [18], koTopoe B TouKax Ha MOBEPXHOCTH
BuGparopa HMEeT B
1 dd

o=i— " . (2.26)

BBy MaJIoCTH 3a30pa, K KOTOPOMY NOJBOAHTCA MUTAIOLIEE HANPKEHHUE,
MOXHO CYHTATh, YTO Pa3HOCTh NIOTCHLHANIOB

-¢=U, 2.27)

rae (bl H (p2 — noTeHMans! B Toukax ! # 2 (cM. puc. 2.1).
Pewenue ypasHeHus (2.25) MOXHO NPeNCTaBUTh B BHIE

A(z) = (1, /4m)(Acoskz + Bsinkz), A/2< z <1,

A(z) = (u, /4m)(Ccoskz + Dsinkz), -1 S 2 < -A/2, . (2.28)

rae A., B , C uD - HEKOTOpEIE MOCTOSHHEIE; KOIGGHUHMEHT W /AT BBEACH JUTH
ynoGcTsa ganeHeRmux npeobpasopanuii. B cury cummerpu 3agaun C =4, D =
=-Bu

A(z) = (n, /4m)(Acoskz + Bsink | z[), -1 S z <], (2.29)
Mocroanuyo B naitzem us ycnosus (2.27), nonaras A — 0:
B=-ifen/2.°)U,. (230)

C yueroM (2.29) u (2.30) nony4HM HHTETrpaibHOE ypaBHeHue [anieHa

!

JI(z")lexp(-ikR)/ R)dz’ = Acoskz —i(2n/ Z)U sink | z|. (2.31)
-l

Hocronunas A onpenenderca U3 ycnous oGpatieHus B Hy/Ib TOKA HA KOH-
1ax aHTeHHb! (z = 1),

Pemenus ypaBuenus (2.31) B aHaIUTHUECKOM BHAE HE CylecTByeT. Hau-
Gonee paclpOCTpaHEHB! YUCIEHHBIE METO/IB! pelleHUs ypaBHeHus [aiiena, Ha-
NpHMEp METoA MOMeHTOB. CyTh METO/A CBOAMTCH K clieayomemy. Mckomyo gyHk-
LMIO pacnpeaenenns Toka [(z) NPeCTABIAIOT B BUJIE PA3NOKEHHA B PAJL [0 HEKO-
TOpOii cicTeMe QyHKUMil (C HEU3BECTHEIMU KOd(DdMLIHEHTaMH), HOCAIUMX Ha3Ba-
HHE 6asuchblx, IpU4eM Kaxaad u3 6a3HCHBIX (GYHKIMI MOXET NPelCcTaBiiTh
pacnpeneneHHe TOKa Kak 110 Beeil [uinHe BUOpaTopa, Tak M [0 OTPE3KaM, Ha KOTO-
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psie pasbusaror Bubparop. B nocneanem ciydae Heobxomumo obecrednTs Hempe-
PHIBHOCTB TOKA B TOYKAX Ha TPAHHIAX COCEAHMX OTPE3KOB. [Nt HAXOXKEHUS amn-
auTyx 6a3HCHBIX QyHKUHMHA MOryT ObITh HCIIOIB30BAHE! PA3AMYHEIE CIOCOGH, Ha-
[pUMEpP OCHOBAHHBIE HA YXOBICTBOPEHUH ypaBHEeHNA (2.31) B HEKOTOPBIX PHKCH-
POBAHHEIX TOYKaX Mo JuHHe Bubparopa (moapobuee cM. [32]).

MOXHO 1OKa3aTh, 4TO CHHYCOUAANBHKIH 3aK0OH pacupenencHud Toka (2.3)
JaXe JUIA TOHKHX BHOPATOPOB ABIACTCA ML NEPBLIM NPUOMIDKCHHEM PEIICHHS
ypasHeHus ["awieHa. OTmuuHe JeHCTBHTENBHOIO PAaCIIPENEIECHH TOKA OT CHHYCO-
HJAJILHOTO TEM CHIIbHEe, YeM Tonule Bubparop. OJHAKO OTMETHM, YTO Jaxe CTPO-
r¥e METOABI PELICHH 3aa4d PaclpeecHNs ToKa 1Ja BUOpaTopoB cpeateit min
60/1BIIOI TONIIHHLL HE MOTYT y4eCTh OCOOEHHOCTH KOHCTPYKIMM BOIH3H TOUEK
AMTaHHA, MIMEIOIME MECTO HA NPAaKTHKE. B CBA3M € 3THM CTPOTHE METOBI, B HacT-
HOCTH H3JIOKEHHBL B HACTOALUEM pa3lene, BaXXHbI HE CTONBKO 1A aHAIH34 OfH-
HOYHEIX BUOPATOPOB, CKOMIBKO IS CJIOXKHBIX aHTEHHRIX KOHCTPYKIHiA, COCTOAIEX
H3 OTAENBHBIX IPOBOAOB, KAXABIH H3 KOTOPHIX JOCTATOYHO TOYHO COOTBETCTBYET
3IEKTPOAHMHAMHYECKOI MOZIENH TOHKOTO BHOpaTopa. ITH ke METOABI MOTYT GbITh
HCIONB30BaHE] [UIA aHAJIW3a BIMAHUA METALINYECKHX TENl Ha JIICKTPHYECKHE Xa-
PaKTEPUCTHKH YCTAHOBJIIEHHBIX Ha HUX aHTEHH, €CIH TENa MPEACTAaBUTh B BHIE
CETYATOM KOHCTPYKUMH, COCTOALIEH U3 OTPe3KoB 1pososos [32].

2.5. CummeTpuuHbIN WeneBOK BUBpaTop

BTOpEIM IprMepoM CHMMETPHYHOTO BHOpaTOpa ABIIAETCA LIENeBO
H3ITy9aTenb, BHIMONHEHHBIH B BUAE Y3KOTO OTBEPCTHA IHPHHOI ¢ H obmeii
IUTHHOIR 2/, npope3aHHOro B MeTauTHIeckoM skpane. Kondurypanus me-
neBoro BuGparopa mokasana Ha puc. 2.9. 3xech xe uzobpaxena cheprauec-
Kasf CHCTEMa KOOPAHHAT, B KOTOPOii MPOM3BOOUTCA pacdeT Mojis H3myde-
HU; WIens napajviensHa ocd z. CaurtaeM, 4To BO30YKICHHUE MIETEBOTO H3-
Iy4aTens OCYIIECTBIETCA C MOMOILBIO IBYXIIPOBOAHOH JIHHUH, OACOE-
JUHEHHOMH K POTHBOIONOKHBIM TOUKaM nocpeauHe meny. [lox neficTer-
€M MIPUIOKEHHOTO HAaPSKEHUS U0 B IIIe/TH BO3HHKAET NIEKTPUYCCKOE 110Ie,
JMHHAM KOTOPOTO MEPNEHAUMKYIAPHEI e KpasM (cM. puc. 2.9). Bnaronaps
TOMY 4TO ¢ << A, pacupeneNeHHbIe 10 B IIONEPEYHOM CEYEHHH MOXKHO
cuMTaTh nocTosHHEIM. [ToaToMy B 115060# TOUKE z HAIPSKEHHE MEXKITY Kpa-
AMH LIETH Uz) = E@)t. PacnipeneneHue HAPSHKEHUA 110 JUTHHE HISTH MOX-
HO B [IEPBOM NPUGTIKEHUH ONPEICUTE, PACCMATPHBA IIENb KAK KOPOT-
KO3aMKHYTYIO C JIByX CTOPOH JUTHHHYIO JIHHHIO, B KOTOPO#
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: U, .
U(z) = —L-sink(i=| z)). (2.32)

HIH BBOAA mo aHasorud ¢ COB noHATHe Hanps)keHHA B IyYHOCTH
U,=U,/sinkl:

U(z)=U,sink(I-|z}). . (2.33)

Kak BupHO 13 (2.32) 1 (2.33), Ha konnax menu U(z =) = 0. Pacnpe-
JeJICHHE HAMPHKEHHOCTH MEKTPHICCKOTO MONA B ILIOCKOCTH IEIH BIONb

ee IUIMHBI
E( )= - ——sink(l/~|z |)— -y sink(/-|z]), (2.34)

i (] Eo =U, olt- 1'1011 JieHCTBUEM Hanpamenm B HIEIIH B IPOCTPAHCTBE, OK-
PYXaIoIIEM IIENEBOH M3Tyvarenib, BOSHHKACT 31EKTPOMAarHHTHOE I0Je,
npyudeM B 060l ToUKe SKpaHa (KOTOPHI cYMTaEM BEIIOIHCHHBIM H3 HAe~
IBHOTO MPOBOAHHKA) COINIACHO FPaHMYHBIM YCIIOBHAM JIMHHH 3JIEKTPH-
YeCKOTO Mo MOIXOMAT K SKPaHy NOX IPAMBIM yriaoM. Takum oGpasoM,
€CJIH 9KpaH uMeeT GeCKOHEYHBIE pa3sMephl, TO B INIOCKOCTH 3KpaHa Kaca-
TENbHAS KOMIOHEHTA 3IEKTPHYECCKOrO MO

U (z) U, Eo

E, = .EO sink(/-|z|). B npenenax menu
sink/

E’T = (0 B OCTAJILHBIX TOUKAX, (2.35)

NpHYeM B OGOM MOMEPEYHOM CEYEHHH
LIeNy Benu4uHa E, 0CTaeTcs IOCTOSHHOM.

AHallH3 Takoro CHMMETPHYHOIO
meneBoro Bubparopa (CILIIB) ynobuee
BCEr0 TPOBOXHTH, HCIONb3YS HOHATHE
FHITOTETHIECKOrO MArHHTHOTO BHOpaTopa. 7

17
PaccMOTpHM cHa4ala aHANIOTHIO MarHHT- N .&.

Horo Bubpatopa ¢ COB B BHJle METALIN- _‘l y
4eCKOH JICHTHI IMPHHO# ¢ ¥ o0weit 1in- .-

HOH 2/ (IOCKONBKY pa3Mepsl 3Toro BHG- . - y

paropa COOTBETCTBYIOT pasMepaM IUCTIH,
Takoi COB nomomHgeT mess A0 HOIHOTo
9KpaHa H COOTBETCTBEHHO HOCHT Ha3Ba- Puc. 2.9
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HHME META/UIHYECKOro aHanora menx). CYuTacM, 4T0 PaclioIOKCHHE Mar-
HHUTHOTO BHOpaTopa B chepuueckoii cHcTeMe KOOPAMHAT COOTBETCTBYET pac-
TIOJIOEHHIO IIENH, TOKa3aHHOMY Ha puC. 2.9, T.€. aHaJIOTHYHO NPOCTpaH-
CTBEHHOM OpHEHTAanuH, MpuHATOH npu arammnse COB (cM. puc. 2.4). Tlo-
CKONILKY Ha IIOBEPXHOCTH MarHHTHOTO BHOPATOpa rpaHMYHbIE YCIOBHA 1A
MAarHMTHOTO HOJIS (H =() COBNAAI0T C FPaHUYHLIMH YCIOBHAMH JUIA 371CK-
TPHYECKOro MOJLA (E = () Ha nosepxroctu COB, To pacnpezneneHue Mar-
HHTHOTO ToKa | (Z) B CHMMETPHUHOM MATHHTHOM BUGPATOE IOTIHHACTCA
TeM Xe ypaBHCHHAM (HanpuMmep, Tuna ["annena), 910 ¥ pactipeficIeHHE eK-
tpuyeckoro Toka B COB. HanpuMmep, B kadecTBe nepBOro npubImKeHns
MO>XHO MPHHATH CHHYCOHAAILHOE pacTipeieNieHne, onHceiBaeMoe (2.3), T.e.
M

. I
M(z)=—2
@) sinkl/

sink(I-|z|), (2.36)

rae f " — TOK Ha BXOJE MATHUTHOTO BUGparopa. V3 NPHHIMNA nepecTaHo-
BO‘IHOH IBOVCTBEHHOCTH YPaBHEHHH Maxcsem]a [54] cnenyert, gro, npo-
u3Bens B (2.7) 3amens! E na H, I na I Z? wa 1/Z?, cpasy nomydum Bo3-
MOXXHOCTB ONPEACIUTH Mamxm{oe none, CO3/jaHHOE MATHUTHEIM BUGpaTo-
POM B IajbHEH 30HE :

" cos(klcos0)— coskl
2nZ0rsinkl sin6

DneKTpHIECKOE TONTE CBA33HO ¢ MATHUTHEIM H3BECTHEIM COOTHOLIE-
HueM (1.30):

E,=-Z°H, (2.38)

Kax cnexyer u3 (2.38), NHHHH 3IEKTPHYECKOTrO NOJA B AanbHeH 30He
TIPEACTABIAIOT cO00# OKPYXKHOCTH, JIeXKaUIue B IVIOCKOCTH, NEPIeHIHKY-
IApHOW MarHuTHOMY BHGparopy
(puc. 2.10, a). K mnockocra pacnonoxe-
HuA BUOPATOpa 3TH JIMHAH NOIXOIAT HOZ
OpAMBIM yriaoM. B6i#3u MarauTHOTO BHG-
paTopa IHHHH 3IEKTPHYECKOro IO OX-
BATHIBAIOT BUOpATOp; KacaTesibHasA KOMIIO-
HEHTA JMIEKTPHYECKOro noss E Hampas- a) P
JIeHa monepexk BHOPaTopa H YHCIICHHO

Hy =i

xp(—i kr). 237

Puc. 2.10
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paBHa rIOBEPXHOCTHOH IIOTHOCTH MarHUTHOrO ToKa. [TpH ManeIx f MOXHO
CYMTATH IUIOTHOCTH TOKA MOCTOAHHOH MmO TiepuMeTpy BuOpartopa, Torma
I : =1"12t,tne 2 - nmepHMETp BHOpaTopa.

PaccmoTpHM Teneps BooOpa)kaeMylo IIIOCKOCTE, B KOTOPOH JIEHKHT
IUIOCKHA MarHHTHBIH BHOpaTop. B TouKax 3TOi MIOCKOCTH BBINONHAIOTCH
ClIeAyIONMe TPaHRYHbIE YCIIOBHA [UIA KacaTeNbHOH COCTaBNAIOIEH BEKTO-
Pa HaPKEHHOCTH 3IEKTPAYESCKOro MOJA:

= ! 2(‘2) = Er_gi‘_}er?Sin k(I-|z ) B npenenax miockoro
MAarHHTHOTO BHGpPaTOpa, (2.39)

E_ =0 B OCTANIbHBIX TOUKAX,

NpHYEM BEITHYHHA 13"1 0CTaeTcs NOCTOSHHOH B TOYKaX JIFO60ro monepeyHo-
IO CEYEeHHH.

IMockonbKy rpaHHuHble yenoBusa (2.35) B IIIOCKOCTH 3KpaHa, B KOTO-
POM MPOpe3aHa Mienb, H B IUIOCKOCTH PACTIONOKEHHA MATHHTHOTO BuOpa-
Topa (2.39) npu U = 1 /2 uZeHTHYHBI, TO U3 TEOpPEME! EIHHCTBEHHOCTH
[18] cnegyer, uto none, coauabacmoc INEJTBIO, TIONTHOCTHEO AHAJIOTHYHO TOMTI0
H3Iy4eHHA CHMMETPHYIHOTO MATHHTHOTO BHOpPaTopa, €Cii BMECTo f:n (2.37)
nozncrasuth 2U, Te.

Ha i UO. cos(kl co§6) —coskl exp(—i kr),
nZlrsinkl sin®

E,=-2H,

(2.40)

Paznmuune 3aKi1i049aercs TONBKO B TOM, YTO MEKTPHIECKHE CHIIOBLIE
JIMHUM 11 MATHHTHOTO BHOparopa (puc. 2.10, a) ABIsoTCS 3aMKHYTBIMH,
a ana menu (puc. 2.10, 6) HanpapnieHb! B BEPXHEM H HIKHEM NOIYTIPOCT-
PaHCTBAaX B NPOTHBONONOXKHAIE CTOPOHH!, [103TOMY U1 HHXKHEro oMY Ipo-
crpaHctea B 06eux ¢popmynax (2.40) cnemyer H3MEHHTH 3HaK Ha POTHBO-
nonoxHeIA. CXOACTBO MEX/Y LIENEBBIM H3TydaTeNeM B OeCKOHEYHO TOH-
KOM HJIEa/IbHO MPOBOJALIEM TUIOCKOM IKPaHE H META/LUTHIECKHM aHATIOrOM
mienu, Kak mokasan A. A. [Tncronbkope, Moxer OBITh JOKa3aHO cTporo [45].

W3 dopmyn (2.40) cnenyer, 9T0 HanpasneHHbIe CBOHCTBA CHMMET-
puunoro menesoro Bubparopa H COB nonxocthio ananoruynel. Ilone
CLB, kak u C3B, B saabHel 30HE THHEHHO HOI1pKH30BaHO. OTIHYME THX
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- —
xonei TNPOSABIACTCA TOJIBKO B TOM, YTO BEKTOPbI E w H MeHAKTCS MECTa~

MH, OCTaBasAch B3aMMHO IEPHEHAUKYPHBEIME Mex Xy coboii. B mrocko-

‘CTH, IEPIEHANKYIApHOH memu (mnockocts E), IH npencrasnser okpyx-
HOCTb. B III0CKOCTH, IpOXOA1IIeH uepes och wenH (1wockocTs H ), hopma

-

JIH 3aBUCHT TONBKO OT OTHOLICHHA //A H MOXET ObITh PACCUMTAHA C MC-
nons30BanueM (2.9); BRoIb CBOEH OCH IieneBoi BHOPATOp HE U3ITy4aeT.
Mommocts uanyuenus CLI{B moxHO HalTH 1o dopMmyne (2.19), 3a-

‘MEHHMB B Hell £ Ha E(P, onpenenseMoe (2.40). BBoxs moHsTHE NPOBOAMMO-

¢TH u3tydeHn Gy, CBA3b MOIHOCTH H3My9eHHA P}, C HAIPSKEHUEM B Iy4-
HOCTH U MOXHO YCTaHOBHTS 10 opmysie, ananoruunol dopmyine Jhxoy-
ns-Jlenma:

2 =l|(;n ?G,. (2.41)

Berancnas G ¢ ucnonssosannem (2.41), (2.40) u cpaBHuBas nomy-
WEHHOE 3HAYEHHE C R onpenenseMbIM (2.20), MOXHO YOSIUTHCS B TOM,
910

G,= 4R NZ°Y, 2.42)

TAe R, — COMPOTHBICHHE H3NTyUCHHS TUIOCKOTO META/LIMYECKOrO aHaora

mienu. [Tomumo nposomumocty u3nydenus CIIB xapakTepusyercs Takxe

~

BENHYHHON BXOZHOH IPOBOXMMOCTHY,, = , CBA3b KOTOPOH CO

P
ARE
BXOJHEIM CONPOTHBIIEHHEM COOTBETCTBYIONIETO METAJUIMYECKOIO aHAJIOTa
Z_ omnpeNienaeTCs COOTHOLIEHHEM, aHANOruaHEM (2.42):

Y =4Z /[(Z°), (2.43)

TIpuuem 3Hauenue Z__ B (2.43) HOMKHO GBITH H3BECTHO IS IIOCKO-
ro COB. [TockonbKy 3HaYeHHA Z M3BECTHBI OOBIYHO JUIs SEKTPHYECKHX
BHOpaTopoB LMIMHApHYEcKoH GOPMEL, B Cllydyae MIOCKHX BHOPaTopos
HIMPHHOH ! MOXKHO HCHIOMIB30BaTh JaHHEIE 11 NIHHAPHIECKHX BUOpaTo-
POB ¢ panuycoM a = t/4.

Ilpu onpeneneHHbIX 3HAYCHHUAX //A, 111eTb, KaK U ANEKTPHYECKHI BHO-
patop, obnagaeT pe30HaHCHBIMH CBOMCTBaMH, KOTJIa PEaKTHBHAS COCTAB-
nmomas Y obpamaerca B Hyms. OGBIMHO HCIIONB3YIOTCA PE3OHAHCHBIC
IIeIH, o61Iast JUTNHA KOTOPBIX HECKOIBKO MEHBIIE A/2; HE0OX0MHMOE YKO-
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podenne TeM Gonpine, 9eM mmpe menb. OTMETHM, YTO B IIOTYBOJTHOBBIX
PE30HAHCHBIX HIENAX 3aKOH pachpenencHHs HanpsKeHHA BROJb HIENH,
a ClexoBareNbHO, M HAIPABICHHELIC CBOMCTBA MIEIH HE 3aBHCAT OT MeCTa
HOOIUTIOYECHHA HCTOYHHUKA BO3OYXKICHHA M OCTAIOTCS HEH3MEHHBIMH JAXKE
U1 pacIipelIeNIeHHOTO CIoco0a BO36yXIeHMs, HMEIOLIETO MECTO B BOJTHO-
BBIX IIENEBHIX aHTEHHaX (CM. III. 7).

Ha npakTHKe OOBI9HO CTPEMATCS K TOMY, YTOOBI HIC/IeBasd AHTCHHA
H3JTy9alia TOJBKO B OXHO IOMYIPOCTPAHCTBO. ITOTO MOXHO J0OHTHCA, 33K-
PHIB TIIENB CO CTOPOHEI BTOPOIO NOIYIPOCTPaHCTBA METATITHIECKOM IOJIO-
cTBIO (pe3onaropoM). Hamuaue pe3oHaTOpa IpakTHIECKH He M3MEHAET pac-
npenencHue HANPKEHHA B INENH, TeM Oolee NPH pPe30HAHCHOM IUTHHE.
B sToM cirywae MOoXkHO cIHTarh, 9To JIH memi ¢ OXHOCTOpOHHUM H3IIyde-
HHEM B pabo4eM NOTynpOCTpaHCTBe cornagaer ¢ JIH menu ¢ IByXCTOpoH-
HHM H3JyYeHHEM, IPAYEM TIPH OIMHAKOBOM 3HAYEHHH BO30YXIaOMIEro
Hanpsokerns U 6yXyT paBHBl H aGCONIOTHBIE 3HAYEHHA HANPSXXEHHOCTH
noyeif. Tlone BO BTOPOM NOMYNpPOCTPAHCTBE 1A OJHOCTOPOHHEH IIEIH
HOITHOCTBIO OTCYTCTBYeT (IpH GECKOHEYHBIX pasMepax akpaHa). Cootser-
CTBEHHO MOIIHOCTH H3Ty4eHHA 1A LHETH C OXHOCTOPOHHHM H3ITyYeHHEM
Oyzet B 2 pa3a MeHbIIIe, IOCKONBEKY HHTETpHpOBaHHE B dopmyne (2.19)
GyzeT oCyIeCTBIATECA 110 IOBEPXHOCTH TONbKo nonycdepst. To xe camoe
CHpaBeTTHBO JJ1 KOMIUIEKCHOH MOIIHOCTH P, omnpenensemoit (1.50). cre-
IOBATENBHO, M MPOBOAMMOCTD H3TYYcHUA G, ¥ BXOAHAA IPOBOAMMOCTD
IIeH ¢ OMHOCTOPOHHHMM H3ITy4EHHEM B 2 pa3a MEHBIIE COOTBETCTBYIOIMX
BEJIMYHH JUIs IIENM C IBYCTOPOHHMM U3Ny4eHueM. B otnomenmy Y, noc-
JICIHEE YTBEPXKICHHE CIIPABEAINBO, €CJIH PE30HATOP HE OKA3RIBACT LIYH-
THPYIOLIEro ASHCTBHA Ha IIEJIb, YTO JOCTUTAeTCA COOTBETCTBYIONIEH KOH-
CTpyKIHMeil pe3oHaTopa. OTH BOIIPOCHI, a TAKXE BOIPOCK KOHEYHBIX pa3-
MEPOB KpaHa Ha IapaMeTph LIEIEBRIX aHTeHH 00cyxaaloTces B § 6.6.

JIumepamypa: ocnosnan |2, 34, 49), dononnumenvnan [18, 32, 37).
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KOHTpOﬂ bHbleé BONPOCHI

1. TloAcHHTE, MOYEMY B epBOM NMpPHOMKEHUH MOXHO CUMTaTh, YTO pacnpeneiieHHe
Toka B COB nogauHsercs CHHyCOMAanbHOMY 3aKOHY.

2. V306pa3ute pacipeieieHHe TOKa H YKaXHTE €TI0 HalPAB/ICHHE B PA3IHYHEIX TOYKAX
o inee Babparopa npu ! = 0,34; 0,5A; 0,75A.

3. ITosicuute, noyemy mpu / < 0,254 TH C3B mano ommaaerca ot J{H 39B.

4. TTosicuure cMeicn fefctByromel umEsl COB. Kak 3aBHCHT JeficTByOIas MIHAA
mieya BuOparopa?

5. B 4eM 3aKITI04aeTCS IOAXOX K pacyeTy Z, BUOPAaTopa Ha OCHOBE METOMa SKBHBANICH-

THO# cxeMb1?

. 6.Yro Ra3LIBaETCA CONPOTHBICHKEM HaTyderus COB? [Ipu kako#t suHe ruieya Bubpa-
Topa R, =R ?
i 7.Yro moHnMaeTca noA pesonaHcoM COB? Kakumu daxropamMu onpeaenseTcs TO4HOE

‘3HaYEeHHe Pe30HAHCHOH [UIHHBI?

8. M3obpasute npUMEpHyIO KapTHHY 3aBHCUMOCTH R u X or qmHbl mwieda COB
B JIONIAX JUIHHBI BOJTHBL

9. TTosCHHTE NPEHMYILECTBA, KOTOPEIMH 00TaaloT ToNCThIE BUOPATOPEL.

" 10". Ha 9eM OCHOBaHa BO3MOXHOCTE OTOXIECTBICHNA noneil CLUB u CMB?

11°, TTosAcHHTE BO3MOXKHOCTE HCMONB30BAHNA IPHHIMIA ABOHCTBEHHOCTH JUIA pacyera
rions CMB.
i 12. B yeM 3aKm09aeTCA NPHYHHA OTIMYHA B 2 pa3a BXOAHOH MPOBOXHMOCTH OXHOCTO-
POHHEH W/ M e ¢ ABYCTOPOHHHM H3JIyueHHeM?

13°. KakoBo pacnpenenecHne Toka, HaBeASHHOTO 32 CYET HIMYHeHHA INENH, Ha IKpaHe,
B KOTOPOM NpOpe3ana mes?

14, Kak MoxHO Roxa3ats, gTo (hazormiit uentp CIB u CILB naxonsrca B cepenune
sAGparopoB?

15. KaxoBa nonspusauus nons u3nyyenus COB u CILB?



Mnasa 3. USNYYEHUE AHTEHHbIX PELLETOK

3.1. O6wue cBeeHNA

Kak yxe orMedanocs B § 1.2, 114 nonydenys BHICOKOH HallpaBIeH-
HOCTH H3Iy4eHHs, 4acTo TpebyeMoi Ha MpaKTHKe, MOXXHO HCIOJIL30BATh
CHCTEeMy clnaboHampaBICHHBIX aHTEHH, TaKuX Kak BHOparopsl, Iueny,
OTKPHITHIE KOHIIb! BOJIHOBOZOB H IPYTHX, ONpefielieHHbIM 06pazoM pacho-
JIOKEHHBIX B MPOCTPAHCTBE M BO30YXIAEMBIX TOKaMH C TpeOyeMBIM COOT-
HOLICHUEM aMITuTy 1 (a3, B aTom citydae ob1mas HapaBJIeHHOCTE OIIpe-
Jensercs, 0cobeHHO npH 6oNbIIeM YHCIIE H3TydareicH, B OCHOBHOM raba-
PHUTHBIMH pa3MepaMH BCelf CHCTEMEBI M B ropa3f0 MEHBIUCH CTEICHU —
WHAWBUTYaJILHEIMA HATIPaBICHHEIMH CEOHCTBAMH OTAETbHAIX H3MydaTeNeH.

K gucniy Takux crcTeM OTHOCSATCS aHTEHHBIE pemeTky. HarmoMHuM,
uTo AP Ha3bIBaeTCA CHCTEMa OXUHAKOBEIX U3TYYalONIHX 37IEMEHTOB, HICH~
THYHO OPHEHTHPOBAHBIX B IIPOCTPAHCTBE U PACIONIOKEHHHIX II0 OLpese-
JICHHOMY 3aKOHY. B 3aBHCHMOCTH OT pPacTIONIOKCHHA 3]IEMEHTOB pa3iHya-
10T JIMHEHHEBIE, MOBEPXHOCTHBIE H O0OBEMHEBIC PELICTKH, CPEAH KOTOPBIX
Hauboree pacpoCTpaHEeHH! MpsAMoIuHeHHbIe U ninockue AP. Mnorna us-
JyYalomIHe MEeMEHTEI pacloNnaraloTcs 10 Jyre OKpy>KHOCTH MM Ha KPHBO-
JMHEHHBIX IOBEPXHOCTAX, COBIMANAOIIHX ¢ (opMoOii 0OBEKTA, Ha KOTOPOM
pacnonoxena AP (xoudopmuas AP).

[Mpocteiimeii sBngercsa auHelHas AP, B KOTOpoi H3MyJaronue mie-
MEHTBI PacIoaraloTcsa BROJb NPAMOH, HAa3BIBAEMOH OCBIO PELIEeTKH, Ha
PaBHBIX PacCCTOSHUAX APYT OT Opyra (3kBuauctanTHas AP). Paccrosaue d
Mexny (a30BBIMH HEHTpaMH M3IydaTellell Ha3BIBAKOT IIATOM PELISTKH.
JIuneitHas AP moMHMO caMOCTOSTENBHOTO 3HAYCHUS SABIAETCA YacToO OC-
HOBOH IIpH aHau3e Jpyrux THIOB AP.
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3.2. luHenHble AP c paBHOaMNNUTYAHbLIM BO36yXaeHUeM
¥ NIMHERHbIM U3MeHeHueM dasbl

3.2.1. MHOXUTenb cucTeMbl NuHenHon AP

PaccMoTpuM THHEHHYIO SKBHAHCTAHTHYI0 AP, 31€eMEHTHI KOTOpOH
pacmonoxeHsl Bonk ocH z (puc. 3.1). IIpenmnonoxum, 4To pemerka cocro-
HT H3 HEUCTHOTO YHCJIa H3MydaTeneil N =2M + 1, npudeM NeHTpaIbHBIH
ANIEMEHT PACIIOIOXKEH B Havaje KOOPAMHAT, —M U M — HOMEpa HIOXKHETO U
BEPXHETO JIEMEHTOB COOTBETCTBEHHO. TOrAa IONOXKEHHE /-TO 3JIEMEHTa
XxapakTtepusyeTcs koopaunaramu x =0,y =0,z = nd. [Ipexnonoxenwe,
YTO YHMCIIO H3JTy4aTe/IcH HEUETHO, BBEACHHOE UL YIIPOILCHHS aHAIH3a, HE
ABIIOTCA NPUHIMIIMANLHEIM. Bee nony4eHHbIe HUXe COOTHOIICHHS OCTa-
I0TCS CTIPaReTMBEIMH TIPH YETHOM YHCTIe H3Nydareneii N = 2M.

INomaraeM, 9T0 KOMIUIEKCHAs aMIUTMTYAA TOKA B #-M H3JIydareie

I, = I exp(—i ny), 3.1)
T.€. TOKH BO BCEX 2IEMEHTAX PABHbI [0 AMILTHTY -
z
e, a ha3a TOKa B KaX/0M U3 3IEMEHTOB OTCTa- y Pirb.9l

eT oT ¢a3bl B IpEABLIYILEM HA BEMHIHHY \f (JTH-
HEHHBIH, UITH IPOTPECCHBHBIN, 3aKOH H3MEHE-
HHA (aser; puc. 3.2). [Tono6Hoe pacnpeneneHue 24 /o

TOKA MMPOKO HCTIONb3YETCA Ha MPaKTHKE. 3aMe- '
THM, 4TO BONPOC NMpPaKTHYECKOH peann3aluu

>

TpeGyeMoro pacrpeaeneHns TOKOB JOCTAaTOYHO
CIIOKEH, B YaCTHOCTH, H3-3a 3¢ (eKTa B3aUMHOIA
CB3H, HEOIMHAKOBOH JU1s LICHTPAJIBHOTO U Kpai-
HHX 371eMeHTOB. [Ipy HacTOAINEM aHATHM3e TOJIa- E
TaeTcs, YTO TOKH B 3IEMEHTAX PEIICTKH U3BECT-

HBI ¢ yueToM a¢dexra B3auMHOH cBa3u 1 JJH -N
OIIHOTO JNIEMEHTA B PEILIETKE OCTACTCA TAKOH XKe,

KaK B cly4ae yeuHeHHoro namydarens'. B ka- Puc. 3.1

! Y1ounuM, uto noHuMaerca nox JIH aneMenTa B cocrase peiueTkd. B cutyalmu, ecnu 3aiaHel TOKH B
aneMentax AP, [IH oxHoro a1cMeHTa COOTBETCTBYET PEXUM, KOTAIA IRHHBIH 3NCMCHT Bo36YXICH, a Ha
BXOJIE OCTAJILHBIX 3ITEMEHTOR TOKH PaBHbI HYMIO. J111 BHOPATOPHBIX aHTCHH 3TO COOTBETCTBYET Pa3Mbl-
KaHHIO BXORHBIX ToYCK. IToR0OHEIC pa3OMKHYTHIC 3NEMEHTH! (IpH UIHAE ruieya ] # /2 ) oKa3bIBaloT
CPaBHUTENLHO MAIOE BINAKHE, KOTOPHIM MOXHO ITpeHeOpeys.
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Aunumyda  Pasa 9YecTBe 3JIEMEHTOB IJI MPOCTOTHI pac-
CMOTDPHM HEHAIPABIICHHBIC H3TyaTelH,
noaroMy npu pacyere JIH mocraroyHo
OTPAaHMYMTHCH AHAJIN3OM MHOMKHTENS
CHCTEMBI.

Hcrnione3ys obimme COOTHOIIEHMUS,
nomyveHHbIe B § 1.2 [em. (1.23) n (1.25)],
HaXoIMM, 9TO Pa3HOCTh XORa AJBI A-TO
3MEMEHTa O CPABHEHMIO C HEHTpasb-
HBIM, PacHoliOXE€HHBIM B Hayale KOop-
JIHHAT, Ar” = ndcosB, a MHOXXHTENL CHC-
TEMBI

= Yexplin(kdcosd-y)l, (2)

n=-M

~

1
=

2
je
n=0e
-1e

20

«g

AREREEAN

i

-Me

Puc. 3.2

npudeM Boipaxkenue (2.3) (B KOTOPOM OMYILIEH HECYIECTBEHHBIH OCTOSH-
HBIA MHOXHTENb [) CIpaBeIMBO Ais mo6OH U3 KOMIIOHEHT MOJIA E‘e HITH
E » CO3/1aBAEMOil H3MyYaTEIAMHU B HanbHEH 30HE.

Bripaxenue oz 3HaKoM CyMMHI B (3.2) npenicraBiaer coboi reoMeTpH-
9eCKyI0 NPOrpeccHio U3 N WieHOB, 3HAMeHaTeNb KoTopoii p = expli(kdcosd —
— V)], a nepBbIii WICH HPOrpECCHH, COOTBETCTBYIOLMI B = — M, onpeeneT-
ca Kak a, = exp[-iM(kdcos® — )] = p™. Hcrioms3ys GpopMymy s CyMMEI
reomeTpreckoil iporpeccuu S = a,(p" — 1)/(p — 1), nomyyaem

fo=pM@" -Dip-=
= p-M(pNIZPN/2 _ lezp—NIZ)/(pIIZPIIZ __pllZp—l/Z)_
BrineceM H3 uncnuTend apobu p™2, a u3 sHaMeHarem p'2. B pesyns-

TaTe MOMYIUM WieH p¥ - V2 = p@M+ -12 = pM Bpenem 06o0IIeHHYIO YIIiO-
BYIO HEPEMEHHYIO

u=N(kdcos®-y)/2 3.3)
H npeo6pa3syeM 0CTaBIIyIoca Ipobhb ¢ ucrons3oBaHieM GopMyisl Diinepa:

7= pi-pN? __ expiu)—exp(-iu) _
¢ p"-p*  exp(iu/N)-exp(-iu/N)
sinu _ sin[N(kdcos6-y)/2] (3.4

T sinw/N)  sin[(kdcos®-y)/2]
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Beipaxxenue (3.4) moqy4nnock YHCTO BEIECTBEHHBIM. JTO 3HAYHT,
qr0 (pa3oBas AHarpaMMa HanNpaBJIeHHOCTH AP He 3aBHCHT OT YITIOBBIX KO-
OpZAHHAT H JIHIIb MEHAETCA CKAYKOM Ha T IPH NePeXoe 4epes Hylb BhIpa-
sxenui (3.4). Takum o6pasom, nuHeiHas AP ¢ pacnpenenenneM Tokos (3.1)
HE3aBHCHMO OT BEITHYHHE] Y H3ITyJaeT BOAHY CO chepuueckuM GpoHTOM 1
ee (pa3oBrIit LeHTp coBnafaet ¢ cepenuHoi AP. BripaxeHue a1 HopMupo-
panHO# ammuTyxHO# JH (HOpMMpPOBaHHEIH aMILTHTYIHEII MHOXWTENb
CHCTEMBI) HMEET BUL

1 sin[N(kd cos—y)/2]|
£.(8,,) sin[(kdcos6—y)/2] |’ 3.5)

rae f(8_ ) —3naueHHe QyHKUHH /, B HAPaBIECHHUH IIABHOTO MaKCUMyMa 6 =
= 0_. 3HaK MOZIyNs B JaJbHEHIIEM Ul YIIPOIIEHHA 3anucH Gynem omyc-
kath. OOpaTuM BHUMAHKE, YTO BeNH4MHA (kdcosO — ) B apryMeHTe YHCIn-
TENA ¥ 3HaMeHaTend (3.5) xapakTepusyeT CABHT (a3 MeX Iy MOIAMH ABYX
COCCIHHUX JICMEHTOB B RaybHei 30He. B 3aBucHMocTH ot dasoBoro csura
| M3MEHACTCA MTONOKEHHE MAKCHMYMa H3myucHHst. COOTBETCTBEHHO pas-
JH4AIOT PEXHMBI HOPMATILHOTO, HAKIIOHHOTO H OCEBOTO H3IyYeHHIA.

£,(8) =‘

3.2.2, PexxuM HOpManbHOro uany4yeHua (y = 0)

TIpn y = 0 sneMeHTH pemeTKH Bo3byxaatoTca cnHdpaszHo. Makcu-
MYM H3JTy4€HH OPHEHTHPOBaH 110 HOpManH (6 = 90°) K OCH pemeTkH, TaK
K4K B 3TOM HANPABICHHH PA3HOCTH XO/1a PaBHA HYJIIO H IIONS CKIANBIBAIOT-
s cuiGa3sHo. D10 — PeKHM HOPMAILHOTO H3TydeHnus. J{narpaMma Hanpas-
JIEHHOCTH OnuchIBaeTca popMyroi

_sin[N kd cos 6)/2]

fo=—— - (3.6)
sin[(kd cos0)/2]

B nanpapnenuu 6= 90° soipaxenue (3.6) npencrarnser co6oi Heo-
npexenendocts Buaa 0/0, IpH pacKpHITHH KOTOPOi 1o npasuy Jlonurans
noyqaem f(8_) = N. CoorsercTBenHo HopmMupopanHas JIH umeer BHR

_sin[N kd cos0)/2] _ sinu
¢~ Nsin[(kd c0s8)/2] N sin(u/N)’ G.D

rae u = (Nkdcos)/2.
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=8p2)

33

£x =0 £x=0
/ 0 0
A x4 -3 3
" & 7 .f
2 -2 7 -7
2 ¥ -2
5 -3 3|3 = \
7A
78 re r.7 rE
Puc. 3.3

OneMeHTapHOEe PacCMOTPEHHE OCHOBHBIX CBOMCTB nHHEHHON AP
MOXKHO OCYIECTBHTBH, He pHOeras K aHanH3y Beipakenus (3.7). Kaxnoe
crmaraemoe B (3.2), NpoNOpLHOHANBHOE IIONIO H3TydEHHA COOTBETCIBYIO-
IIeTo dneMenTa, 6yneM u306paxkaTh Kak BeKTop Ha (a3oBoit (KoMIUIeKc-
Hoit) mnockoctu. Ha puc. 3.3 nocnenoparensHo mpeACTaBiaeHbl BEKTOPHEIC
JHMAarpaMMel AJI1 HECKONBKHX Touek HabmoneHus. Eme pa3 mogdgepkHeM,
9T0 paccMaTpHBAaeMble BEKTOPHEIC IMarPaMMEI OTPaXaloT (asoBEIe COOT-
HOIIEHHA MEXAY INMOJAMH OTHENBHBIX 2IEMEHTOB M HHKAK HE CBA3aHBHI C
PAacIonokeHHEM BEKTOPOB B IPOCTPAHCTBE.

B rouke 4 (8 = 90°, pazHocTh Xoxa Ar = 0) Bce BEKTOPH! CHHA3HBI
Mexy coboit, B pe3ynsTare CyMMapHOE NoJe HMeeT MaKCHMAJIbHOE 3Haqe-
Hue. TakuM o6pa3oM, B HaNpaBNECHWH HOPMaTH K ocu AP dopmupyercs
makcumyMm JTH. B Touke B cunda3sHoCTs CIOKEHHA YKE HapyllaeTcs, Npu-
YEeM BEeKTOPHI, COOTBETCTBYIOMINE JIEMEHTAM ¢ MOJIOKUTEIbHBIMI HHICK-
CaMH, OTIEPEIKAlOT, 4 C OTPHIIATEEHBIMH — 3alIa3AbIBAIOT IT0 OTHOMICHHIO K
BEKTOPY C HHIeKCOM # = () Ha BetMuuny nkAr = nkdcos6. [ins cyMMHEpoBa-
HHA BEKTOPOB B TOYKE B MOXXHO COBMECTHTH Hayajlo KaXIOTO BEKTOpa C
KOHLIOM TPEABIIYIIEro H MOTYyYEHHYIO JJOMAaHYIO 3aMKHYTh PE3YIbTHPYIO-
UM BeKTOpoM (cM. puc. 3.3), KOTOpHIH, €CTECTBEHHO, GyeT MEHBILNM,
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4yeM B Touke A. [Ipu nanpHeiimeM yMeHbILEHHH yIia O «Beep» BEKTOPOB
PAacKphIBAETCA BCE CHIBHEE, COOTBETCTBEHHO PE3yNBTHPYIOMIHI BEKTOP
CTAHOBHTCSH BCE MEHbIlE, ToKa B Touke C, YIIOBOE HONIOXKEHHE KOTOPOi
obo3HauuM 0 = 801, OH He 06patuTcs B Hynb, Kak BUAHO, Ga3oBbIi CABHT

MEXJY OTACIBHBIMH BEKTOPaMH, PaBHBIH kdcosB, ; cocTaBIseT B 3T0H TOY-
ke 21/N. Orciona
cosf,, = A/Nd. (3.8)

3ameTum, uto ycinosue (3.8) MoxeT OBITh BHIIOIHEHO, TONLKO €CIU
Nd 2 A. B nporusHOM ciydae B JTH OTCYTCTBYIOT HallpaBIEHHS C HYJIEBBIM
HanyueHueM. Yem Gounpie npousBeneHue Nd (4eM JUIMHHEE PENIETKA), TEM
yxe ocHoBHol nenectok JIH. IIpu 0 < 6, mauunaercs obnacts Gpopmupo-
BaHHs GOKOBBIX JIEIECTKOB. MakCHMyM nepBroro 60KoBOTO JIETIECTKA FOITY-
gaercs B Touke D. UHTEpecHO OTMETUTS, YTO B 00NIaCTH GOKOBOTO H3ITy4e-
HHA BEKTOPBI, COOTBETCTBYIOIIHE CPEIHHM 3JIEMEHTaM, KOMIICHCHPYIOT JPyT
apyra (cM. puc. 3.3) U cyMMapHBIii BEKTOp OIIPEREIIETCA TOJIBKO BKIAIOM
SJIEMEHTOB, PacHIONIOKeHHBIX BOMn3K kpacs AP. [1oaToMy HHTEHCHBHOCTD
GOKOBBIX JICIECTKOE B HPUHIIHIIE MOXHO YMEHBIIHTE, BRIOHpas 3aKOH pac-
TpeeICHUA TOKOB, CNIANAIONIHNA K KPasM PEIICTKH.

B Touxe E cymmapHBIH BEKTOp OI4Th 00pamniaercs B Hyib. [IpH gansb-
HelilieM yMeHbleHud yra 0 npoomikaercs npouecc GOpMHUPOBaHHS AAITb-
HEX 60KOBBIX JenecTkoB. OHAKO IPH CPABHATENHHO GonbIIoM d BO3MO-
eH ciy4aii, kora $a3oBBIi CABUT MEXAY COCEIHUMM BEKTOPaMH JOCTH-
racT BENWIHHEI 27, T.€. BCE BEKTOPHI OIIATH OKA3bIBAIOTCS PACIIOI0KCHHBI-
MH NapalUIeNnbHO APYT APYTY H HX CyMMa JaeT JONONHHUTENbHEIH [IaBHBIH

MakCHMYM. DTO MOXET UMeTh MeCTo Npu yrne 6 = 6___ , onpenenseMoM
COOTHOIEHHEM
B, e = arccos(A/d). (3.9)

N3 (3.9) BHIHO, YTO M HCKIIIOYEHHUS IOIOJHUTENBHBIX [IABHBIX
MaxkcuMyMoB B JIH cunda3Hol peleTky U3 H30TPOIHBIX 3JIEMEHTOR HE00-
XOZHUMO BRIOHpATh

d<A\. , (3.10)

B Toukax B, C’, D', E’ BeKTOpHbIE THATPAMMBI MMEIOT aHAIOrHY-
HEII BHJI, H3MEHAETCA TONBKO 3HAK (HA30BOTO CIBUI'A MEXIY IOMAMH CO-
ceHuX 3neMenToB. [Ing noctpoenus JITH Heo6xoxuMo B pamuaibHbIX Ha-
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MpaBJIeHHIX, COOTBETCTBYIOMUX PACCMOTPEHHEIM TOUKAM, OTJIOXKHTD OTpe3-
KM, IPOTIOPIMOHANILHEIC PE3YNbTHPYIOIHM BEKTOpaM B KX IO Touke. Xa-
PaKTEPHBIN BUA NOn06HOM THArpaMMBl (B IWIOCKOCTH, IIPOXOAALIEH yepes
och pemerky) npuseeH Ha puc. 3.3. Ilpu nmoctpoenun [{H yurena cum-
METPHA CHCTEMBI OTHOCHTEIBHO OCH PELIIETKH M ILIOCKOCTH, NEpICHANKY -
nspHoii ocH. CooTBeTCcTByOmas npocrpancteeHnas JIH nomyuaercs my-
TEM BpaliCHAA KpHBOH, n300paxceHHO Ha puc. 3.3, BOKPYT OCH PEILIETKH.

ITepeitnem x 6onee nerameHOMY anam3y J{H, onncbiBaeMoii Belpaxe- -

HueM (3.7). HanparneHus, B KOTOPBIX HITy9eHHE OTCYTCTBYET, ONPeeNaeTcs
u3 ycnosus NkdcosO, /2 =tmm, tae m=1, 2, ..., IpudeM 3HAK IUTIOC COOTBET-
crByer ymiam 6 <0 _, a sHak Muryc — yriam 6 > 6. CooTBETCTBEHHO HaxouM

cos@, =1tmA/Nd. @3.11)

IIpu m =1 Beipaxenne (3.11) copnanaer ¢ momy4eHHbIM panee (3.8).
Ecau Nd >> A (peassro npa Nd 2 3R), To u3 (3.11), ucnonszys gpopmyny
cost = sin(/2 — @) = /2 — 0L 1% YIIOB O, GnH3KKX K 7U/2, HMeeM 6, =
= /2 — A/Nd). B clily CHMMETPHH JHarpaMMBl OTHOCHTEIBEHO HOPMAJIH K
OCH pEeMIeTKH MIHPUHA OCHOBHOrO ienectka JIH 1o ypoBHIO HyeBoro us-
JIy4eHHs ONpezienyTea no hopMmyie

ABy =2(8,,—8,)=2A/Nd =115°A/Nd. (3.12)

IIInpuny TH no nonoBHHHON MONIHOCTH MOXXHO HAHTH 110 mpH6/M-
KEHHOIt dopMyre

A8, s = 0,897/ Nd =51°\/ Nd. (3.13)

Hanpasnennsa MakKCHMYMOB GOKOBBIX JTENECTKOB MPHOIIKEHHO MOX-
HO ONpPERETHTE H3 YCJIOBHA MaKCHMyMa duciaTen (3.7), Tak kak 3HaMeHa-
TeJIb ITOTO BHIPKEHUA, 0COOCHHO TpH 6onbiiom Nd, MEHSETCA 3HAYHTENIBLHO
MeaneHHee ucanrens. OTcona, NpHpaBHUBas apTYMEHT 9HCIIHTENA
+(2m + 1)n/2, umeem
=1(2m+1)A/2Nd, m=1,2, ... 3.19

Tloncrasnss sHayenue 0=0_ 3 (3.14) B (3.7), momyyaeM oTHOCH-
tenbHEI YBIT: ' )

En = /{lem[@-;-;rl)ﬁ]} (3.15)

cos6, .\
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Benuuuna §  MakchManbHa Juisi m = 1, C pOCTOM m HHTEHCHBHOCTS
OOKOBBIX JIETIECTKOB CHa4yana yObIBaeT, 3aTeM Bo3pacTacT. MHHHMAIBHOS
3HaYeHue § uMeeT npH aprymente curyca B (3.15), pasrom +71t/2. Yrosoe
MTOJIOXKECHHUE ITUX JICIIECTKOB MOKHO ONPEIEHTh, IPHPABHAB apryMEHT CH-
Hyca B 3HaMeHarene (3.7) k /2, otkyzna nomydum cosd = tA/2d. Slcuo, uto
IUTA HCKIMIoUeHHs Bo3pacTanus YBJI HeoGX0AMMO BBITIONHEHKE YCIOBHA

d<A2. (3.16)

VYenosue (3.16) npenvssinser Oonee sxecTkue TpeboBanng K mary
perueTky, 4eM Tpebosanue (3.10), mpyu KOTOPOM OTCYTCTBYIOT JOTIOJNHH-
TEJIbHBIE [NIABHBIE MAKCHMYMEI.

ITpu 6onboroM 3HadyeHHH V(N 2 10) nia nepBrIX GOKOBBIX JienecT-
KOB MOXXHO IOJIYYHTH IPHOMDKERHYIO GopMyITy

£, =2/[n2m+1)]. (3.17)

a=051; N4 a=03A; #=3

@@ck:‘:b

a=43a; N=7

| ———

dz23; N=3
a=4,51; N=19
a) 9

Puc. 3.4
3—2013
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U3 (3.17) umeem, ato npu m = 1 (nepsriii Gokosoii nenecrok) &, =
= 0,21 (uma & = —13,3 1B) u He 3aBUCHT OT N,

Ha puc. 3.4, a npusenena cepns pacuetssix JIH, nemonctpupyro-
IMHX 3a8BHCMMOCTb IUHPHHEI OCHOBHOTO JIENIECTKa MpH pa3MdHBIX N, Ha
nocrosuHoM mare pemetku d = 0,5A. Cepus JJH, npuseneHHsIX Ha
puc. 3.4, 6 nus pasmadHBIX codeTanuil N u d (Ho Takux, 4ro (N — 1)d =
= const = 4)), IEMOHCTPHPYET NPAKTHIECKYIO HEH3MEHHOCTh OCHOBHOTO
JIENECTKA X BOSHMKHOBEHHE BTOPUYHEIX IIaBHBIX MaKCHMYMOB IIpH d = A.

3.2.3. Pexxum HaknoHHoro uanyyenus (0 < y < kd)

B a10M pexuMe MaKCUMYM H3/Iy4eHHA OTKIIOHAETCA OT HOPMAJH K
OCH pellIeTKH, IPHYeM Ha TaKoi yTol, IpH KOTOPOM pasHOCTh ¢a3 3a cdet
PasHOCTH XOJa I OTAENBHBIX EMEHTOB KOMIICHCHPYETCA CIBHTOM (a3
H3-3a HecuHdasHocTH Bo3Oyxnenus. PaccMorpuM, Hanpumep, 1Ba COCSTHUX
anementa ¢ n=0wun=1 (cM. puc. 3.1). PazHocTs a3 3a cuer pasHOCTH X002
TS TIOTIS 3TIEMEHTA ¢ 72 = 1 TI0 OTHOILEHHIO K TIOIMO HEHTPAILHOTO EMEHTa
cocraBiAeT +kdcosB, a 3a caer Bo30yxaeHHA (a3a ero Mois OTCTACT Ha BE/H-
quny (). Komnencanms Hactymaer, korna kdcosd — y = 0, oTkyna

cosd_ = y/kd. (3.18)

M3 (3.18) BuaHO, UTO NP BO3PACTAHUH Y OT HYNA 110 kd Hampasiie-
HHE MaKCHMYMa H3IY9CHHS OTKJIOHAETCA OT HOPMAIH H NMpHOmDKaeTcs K

Fo(8)

e AT B

o N P22 A W VT2

e YN

" R

[\

o Y|

=SV TAVAPTS PN

; Y 4
20 40 50 a0 00 20w 8, rpoa

Puc. 3.5
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OCH pELIETKH, T.€. OTKIIOHACTCA B Ty XK€ CTOPO- : #=7

Hy, B KOTOPYIO IPOHCXOIMT OTCTaBaHHe (a3bl C>'Q

BO30YXKICHHA NIEMEHTOB pereTKH (puc. 3.6).

T 8y
Dddexr nepeMenienyis HanpaBieHHs MaKCH- Ora
MAJILHOTO H3ITyYEHHA IIPH H3MEHEHHH (a3oBo- Daty
o CABHra |y HAXOIHT UIHPOKOE NPAKTHIECKOES .

npHMeHeHHe B ckapupytonmx AP (cM. . 9).

" Bripaxenue s JTH B ruiockocTy, npo- ) oegpekd
xopAmeif gepes ack pemerky, mMeet BUN (3.5),
npudem f(6_) =N, xak 1 B ciydae cHHpasHoro _

Bo36yxnenus. HarpaBneHus Hyned H3TyueHus
OIPENENIAIOTCA H3 YCIIOBHA PABEHCTBA HYIIFO YHC-
matend (3.5), r.e. N(kdcosd, — w)/2 = tmm, or-

Kyna shahd
cos8,, =y /kd +m\/Nd. (3.19)
\ BnuwkaimuM x rmaBHOMY MakCHMyMY

HanpaB/ICHASM HYIEBOTO M3/y4EHHS COOTBET- .
crByioT yriusl 6, 1 8, (cM. pHc. 3.6), mpudem Prc. 3.6

o1
6, =arccos(cos 6, + A/ Nd),

™o

B4y = arccos(cos,, —A/Nd).

B ommnume o1 pexnMa HOPMAJIBbHOTO H3IYYEHHS HYIH PacIoNoxKe-
HBEl HECHMMETPHYHO OoTHOCHTENBHO 6. Hlupuna JIH mo ypoBao HyneBoro

M3Ty9eHHs. MOXeT OhITh OmpelelieHa Kak pa3HOCTh YIJIOB 90(_‘) u 0 e
AB,=6,_, 8, _

ITpn maneix oTknoHeHHAX MakcuMyma JIH or Hopmamu u Nd >> |
CTeNeHb HECHMMETPUH HEBENHKA U BeuuyHa AG MoxeT GBITh pacCYHTaHa
no npubmxerHoH popmyne

A8y =2A/Nd sin®,_, =115°A/Nd sin8,,. (3.20)
Benuuuna A6, ; py MasbIX OTKIIOHEHHMAX ONPEAENACTCS Kak
A6y s ~0,89M/Nd sin6,, =51°A/Nd sinB,,. (3.21)

W3 (3.20) 1 (3.21) BHAHO, YTO [0 MEpE YBENMHYEHHS OTKIOHEHHA JTH
OT HOpMaIl¥ OCHOBHO¥ JIENECTOK paciuupseTcs B 1/sin@_ pa3 mo cpabHe-
HHIO CO CITy4acM CHH(A3HOTro BO30YKISHHU.
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Hanpasnenus MakcHMYMOB GOKOBBIX JIETIECTKOB MOTYT OBITh Haiie-
Hb! H3 TpHOIDKEHHOTO COOTHOIICHHS

cosO =y/kdt(2m+1)/2Nd. (3.22)

max m

Otnocurensusiit YBJI onpenensercs peipaxenneM (3.15), Te. Tak
XK€, KaK B peXKHME HOPMAIBHOTO H3IIyYCHHS.

Haiinem ycnoBust, IpH KOTOPEIX OTCYTCTBYIOT JONIOMHHUTEIBHEIE IT1aB-
HBIe MAKCUMYMBl B DEXHME HAaKIOHHOTO M3mydeHHs. Kak oTMedanocs
B 3.2.2, yka3zaHHBIE MAKCHMYMbI BO3HHKAIOT TOTAa, KOraa (a3oBblif CABHT
MEXIY NOJIIMH JIBYX COCEIHHX 3NMEMEHTOB focTHraeT 27. B paccMarpusa-
€MOM CiTy9ae 9TO BO3MOXHO B TaKHX HanpasneHusax 6 =0 . xorma
kdcosO_  —W =127, npuuem 3HaK IUIIOC COOTBETCTBYET MOSBICHHIO BTO-
PUYHOTO INIABHOTO MakCHMyMa B obnactu O < 0_, a MuHyc — B ofnactu
0> 86_. O6o3nauum y/kd =y, Torna nomyaum

0 =y*Md. o (3.23)

BI max

Bo u3bexanue NoABNEHUA BTOPHYHLIX INIABHBIX MAaKCUMYMOB He00-
XOIMUMO, 4TOObI NpaBast YaCTh NMPEBbIIIANA (10 MOXYII0) efuHULY. MuHH-
MaJlbHOE 3Ha4YeHue IpaBoi 9acTH (3.23) COOTBETCTBYET 3HaKy MHHYC, 1O~
STOMY JIOJDKHO BRITIONHATECA ycioBHe (Y — A/d) < —1. O1cioga monydaem
TpeOOBaHHUE K IIATY PEIIETKH

d <M1+ (3.249)

YuuTHIBAS, UTO B PEXHME HAKJIOHHOTO H3Ty4eHus Y = /kd = cos6_,
¢dopmymy (3.24) yrobHee HCIONBE30BATH B BULE

d<M(1 + cosb._). (3.25)

Ecnu NOMHMO OTCYTCTBHSA XOMOMHHUTENBHBIX ITIABHBIX MAKCHMYMOB
Heobxoxumo, uto6sl YBJT yOnIBan mpy yianeHnH oT IMIaBHOTO JIETIECTKA, K
ILIAry peureTky npenbasmercsa 6onee xecTkoe TpeboBaHue

d < M2(1 + cosB ). (3.26)

Pesynsrare pacdera JJH nuneiinol AP M3 ceMH M30TPOIHBIX dJ1e-
MEHTOB ¢ aroM d = 0,5, B30y KAECHHBIX ¢ (a30BbIM CBHIOM Y = 0 1 \f =
= kdcos60°, npuBeneHs! HA pUC. 3.5 B IPAMOYTONBLHOM CHCTEME KOODIUHAT.

OtMeTHM, 9TO NpH NPUGIMKEHUH Y K kd TTaBHEIC JICNIECTKH ClICBa 1
CIpaBa OT OCH PEINETKM CIIMBAKOTCA U CyMMapHBIH rmapHsIH nenecrok JJH
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npuoGpeTaeT ABYropOblii xapakrep (M. puc. 3.6). DTO NPOMCXOTHT TEM
OricTpee, ueM MeHbIne Nd, T.€. luupe IN1aBHbIe TenecTky. B fanHoM cnyyae
TEPMHUH HAKIIOHHOE M3ITydIeHHE» TEPAET CBOI CMBICIL

3.2.4. Pexxum oceBoOro nany4eHun (y 2 kd)

Ipu v = kd cundazHOE CIOKECHHE NOJEH OTACIBHEIX JEMEHTOB OCY-
IIECTBIIAETCS, Kak cnetyeT u3 (3.18), B HanpasneHnu ocH peweTky, T.e. 6 =0.
370 — pexUM 0CEeBOTO H3TyYeHud. J[uarpaMmMa HalpaBiIeHHOCTH B ILIOCKO-
CTH, IIPOXOZALICH Uepe3 OCh PEIIETKH, PHOOPETACT BUL, H300pakeHHbII Ha
puc. 3.6. ITpu y > kd u3 (3.18) nomy4aem cos@_ > 1. Tlocnenmee o3navaer, 4to

"HH B KaKOM HaIIPABJICHHH ITOJIA HE CKIIAABIBAIOTCA cnmbasuo. Onuako 1 B 3ToM

Cily4ac MAKCUMYM H3ITy4eHHs HalpaslieH BIOJb ocH pemetkH (8 = 0), mo-
CKOJIBKY 371€Ch (ha30BBIi CIBHT MEXTY MOSMH S7IEMEHTOB PEIETKH MHHEMA-
JIeH; BO BCEX JPYTHX HanpaeieHuAX oH Gompie. C yBEHMUICHHEM | IO CPaB-
HEHHIO ¢ kd yros MeIy BeKTopaMH Ha (a30BOH IUIOCKOCTH B HaIIPaBJIeHHH
0= 10, pasuslii (kd — V), npubmxaercsa k (—27/N), Ipu KOTOPOM M3ITyYeHHE
BIOJIb OCH HCYe3aeT (KPHTHIECKHI PEXUM). ITO MPOUCXOMUT NPH Y = V.

IMokaxem, 910 BO3pacTaHue | B MHTepBae kd < y < V,, CONPOBOX-
Raetca (MpH ORuHAKOBOM Nd) cy)xeHueM ocHOBHOTO Jrenectka JIH u Bos-
pacraaueM YBJI, B pexaime ocesoro mamydenns [TH MoxeT ObITh paccuuTana
1o obueit hopmyne (3.5), nprdeM B HaNPaBICHUH INIABHOTO MAKCHMyMa

10 =sin] X )| fsin] -1 6.2

W3 (3.27) BuaHoO, uTo ipu Y = kd Bemmamna f(0_) = N (xax u panee).
Ecnu y > kd, To f(8_) <N. ®opma [TH cuMMeTpHYHA OTHOCHTENLHO Ha-
npasnenus 6 = 0 (cm. puc. 3.6). Ilonoxenus nyneit JIH onpenensiorcs
coorHoLIcHHeM (3.19), B KOTOPOM CIIEAYET HCIONB30BaTh TOMLKO 3HAK MHHYC,
TIOCKOJILKY BCE HYTTH PAcTIONOKEHbI Ipu 6 > 6. Jlis mepBoro Hyss HMeeM

cos0y ) =W/kd —A/Nd. (3.28)
JInst JUTHHHBIX PEILETOK B MpeesiaX IMIaBHOro ENecTKa MOXKHO C4u-

Tats cos®=1-06%/2. Torna c yaetroM cummerpuu JIH OTHOCHTENBHO Ha-
NIPaBIEHH MAaKCUMYyMa U3ITy4eHHs

A8y =28y, = 2\/5\/A/Nd ~y/kd +1. (3.29)
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Ipu vy = kd

A8, =2¥2A /N = 16220 V. (3:30)

Ipu y > kd ocHoBHo# nenecrox JH cyxaercs (pH 0xHOM H TOM e
Nd), npudeM TeM cunbHee, yeM Gonblne Y. 9T0 IPOROIKAETCA BIUIOTH O
V,, =kd +2m/ N, xorna, kak BuaHo 13 (3.29), A6 = 0 u uanyyenue Bre-
Pen mpomajaer.

INonokeHne MAaKCHMYMOB GOKOBEIX JIENECTKOB ONIPEHENAETCS TaKoi ke
dbopmynoit (3.22), Kak 1 B pesKHME HAKJIOHHOTO H3TydYeHHs. OIHAKO OTHOCH-

Y I 1 |
= BO3pacTaer, mo-
TenbHbI ypoBens HX €, 70 sin|2m +1)1t/2N]| 03p 104]

CKOJIbKY C yBENMYEHHEM Y nanaer penausa f(0 ), onpenemnsemas (3.27).
VkazaHHble (AKTOPH! — CyXeHHe ITIABHOTO NENECTKa H YBETHYCHHE
YBJI no-passomy BiusioT Ha BeawauHy KHJI. Brauane, mo Mepe pocra y
npeobnanaeT GpaxTop CyxKeHHA IIABHOTO JienecTka, BeneacTsie yero KH
BO3PACTaeT, JOCTHIad MAKCHMYMa B ONITHMATLHOM peskuMe (Y = Ve, 1 3a-
teM KH]I magaet u3-3a Bospactanus 60koBsIx JienectkoB. [Tonpobree sTor
BOIIPOC paccMaTpHBaeTca B § 3.6. B onruMansHOM pexuMe npu Nd >> A

A8, =118 YA/ Nd, A8y s = 61°VA/Nd. (3.31).

MaxkcumyM nepBoro 60KOBOIO JIENECTKAa B ONITHMAIIEHOM PEeXHMe
€, = 0,33 (wm 10 1B). - (332

OTCYTCTBHE JIOTIONHHTENHHOTO INIABHOTO MAKCHMYMa B PEXXHME 0Ce-
BOTO H3ITy4€HHA 06ECIIEYHBACTCS BHIIOTHEHHEM JUI 1ATra PEIETKH yCIIo-
BuA (3.24) IIpH NOICTaHOBKE COOTBETCTBYIOILETO 3HadeHHs . YObIBato-
muii 3akoH u3MeHeHus YBJI ofecreanBaeTcsa npH 1Iare peuleTky B 2 pasa
MEHBIIE, T.€. IpH

d< M1 +v). (3.33)

Ha puc. 3.7 uzo6pakens! JJH nuneiinoi AP u3 14 u30TponHsIxX 3ne-
MEHTOB, PACTIONIOXKEHHBIX C maroM d = 0,25A, mpu Wy = kd u y = Vo

! 3ametHM, uto Makcumymy KHJI cormacko onpenenenuto (cM. § 1.3) cooTBercTayer MakcuMaibHOE
3HAYEHME TNIO/IA B TOYKE HA OCH AHTCHHBI IPH YCAOBHH HCH3MCHHOCTH YPOBHA H3Ty4aeMOit MOLIHOCTH.
Ecm e HeH3MCHHOMH COXPaHAETCS aMILTHTY/Ia TOKOB B HNEMCHTAX PCIUETKH, TO, €CTECTBEHHO, MAKCH-
MYM NOJIA B YKa3aHHOI TOUKE HMeeT MECTO [py CHHGOAIHOM CIIONKEHMH Nonel, T.e. npH W = kd.

ManyveHue aHmeHHbIX pewsmok 7T
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Ecnu po30yxneHne oTACNEHBIX 9neMeHToB AP ocymectiaercs Ge-
rymeii BOIHOH (HalpHMEp, ¢ IOMOILBIO TMHAN IHTAHM), PAacTIPOCTPaHs-
Ionieiica B0 OCH pelreTky ¢ $a3oBoii cxopocTsio §, To $asoBrii casur
MEKIY AByMs COCEAHUMH 3eMenTamu W = Bd, e P = ke/B, ¢ — cropocTs
cBera. Benuunny ¢/8, uncneHHo coBmagaromyo ¢ koddduumeHToM y =
= Y/kd, Ha3sBaoT k03¢ huyuenmom 3amednenus. llonoGuste AP HocsT Ha-
3BanHue anment bezywyeti sonnvt (ABB). Bee dopmymsr ang AP, nomyqeH-
HBI€ BEINIE, CTIpaBeyIHBEI 114 ABB, ecli B HHX OCYIECTBHTH NOJCTaHOB-
Ky Y = kdc/9. B uacrrocts, JTH onuchBaeTcs GopMynoi

RO 755" [2 oS85 }/ "[ °°Se_“)] (339

npuuem (8 )=Nnpu0<c/d <1.Ecmuc/vz 1,10 f(8 ) onpenensercsa
dopmynoii (3.27). PexxuMy HOPMaJILHOTO H3Ty4eHHA COOTBeTcTByeT ABB
¢ GeckoHeuHol (a3oBoil ckopocThio (Y = ¢/8 = 0), pexxuMy HaKIOHHOIO
mrydesus — ABB ¢ 6sicTpoit Bonsoi (Y = ¢/® < 1). I'maeHBIi enecTok
aHTEHHB! ¢ GBICTPOl BONHOI HAKIIOHEH B CTOPOHY ABIXEHHA BO36yxaaro-
mteit BonHe!l. B pexxuMe ocesoro mamydeHns ABB nomkwa Bo36yxnarscsa Mel-
JICHHO#M BOJTHO#H (Y = ¢/0 2 1).

Bce nosty4eHHEbIE B 9TOMH INIaBE COOTHOMIEHMA CIIPABEIUIHBEI I AP
K3 abCOJIOTHO HEHANPABJICHHbIX 30eMEHTOB. IIpH MoCTpoeHuH KOHKpeT-
HBIX AP HeOOXOMHMO MCIIOME30BATh ATEMEHTEI, MAKCHMYM HATYYEHHA KOTO-
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peix cosrmanaet ¢ 8 . Ha puc. 3.8 mokasanbl
BapUaHThI PacroNokeHHs BUOPATOPHBIX H3TY-
yareneii B AP ¢ HopManbHEIM (a) ¥ 0CeBBIM (6)
uznyuennamy. Hanpasnenusie cBoicTBa anie-
MEHTOB CIIEAYET YYMTHIBATh, yMHOKad ux JTH
Ha dynkupo F.

Ha npakTHKe MHOTIOA MCHONB3yeTCA
CHCTEMA, COCTOAILAS BCErO U3 ABYX H3Ny4a-
TeNei, BRIMOMHEHHEIX 00BI41HO B BHae COB ¢
opueHTaLHel, COOTBETCTByomeH puc. 3.8, 6.
IIpu d = 0,25\, Y = 90° ¥ paBHEIX aMIUIATY-
[Iax TokoB nogoGuas AP paGoraer B pexime
0CEBOro M3JIydeHHs M o0ecnevnBaeT ONHO-
HANpaBIEHHOE M3TyYeHHE ¢ MAKCHMYMOM B
Hampasienud 6 = 0 (3xecs mona oboux u3-
mydaresieil CKIafbIBalOTCA); B MPOTHBOIIO-

Puc. 3.8 NOXKHOM HAaNPaBIIEHAH U3JTyYEHHE OTCYTCTBY-
eT (mons BEMYUTAIOTCA). MHOXKHTENb CHCTE-
MBI AT 3TOTO ciry4as (N = 2) uMeeT BHI

PP P PP

L.l

F, =sin(kd cos6— 90“)/2sin%(kd c0s0-90") =

1 (3.35)
= _cosE(kd cos6-90%)

¥ onuckIBaeT kKapauony (puc. 3.9). Ecin caurars,
YTO paccMarpuBacMas CHCTeMa 00pa3oBaHa myTeM
nobaenenus usny4darens 2 (c da3oii, 3ana3geisaro-
et Ha 90°) Kk HCXOAHOMY H3TyJaTelo /, To H3Iy-
Yarelb 2 Ha3bIBAIOT Oupexmopom (110 OTHOIICHHIO

Ww K u3nyuaremo /). B o6parnoii curyanuu, xorna k

=0

o

w0° HCXOIHOMY H3JTy4arellio 2 foGaBiieTcs H3ryqareib
onsa-so”t I (c dazoii, onepexarorueit Ha 90°), mocuenHuUi
- ©
3 Ha3bIBAKOT peguekmopom.
g
@Pasa 0 o
1
Puc. 3.9
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3.3. Bnusinue HepaBHOMEPHOCTU aMNANTYAHOrO
pacnpegenenust Ha AH nuHeinHon AP

Beimre paccMaTpuBanyCch PEIIETKH ¢ PABHOAMIUTMTYRHBIM BO30YX-
JeHHeM aieMeHToB, YBJI koTopbIx B pexMMe HOPMAbHOTO H3Ty4eHHS
(—13,2 gb) noronswo Benuk. [Ipu aToM 66170 YeTaHOBIEHO (cM. 3.2.2), 4TO
B HaIllpaB/IcHHH OOKOBBIX JICIECTKOB OCHOBHOH BK/IaZl B PE3YILTHpPYIOIICE
[10JI€ JAOT KpaifHUe S7EMEHTHI peleTKH. Cle0BaTeIbHO, HHTEHCHBHOCTB
6OKOBBIX JICIICCTKOB B [IPHHIIHIIE MOXHO YMEHBIIIHTD, BHIOHpasi 3aKOH pac-
npeJieicHHs TOKOB, CHafaomui K kpasM AP. B 10 sxe Bpema nmogoGHoe
pacrpe/eneHne TOKOB IPHBOXHT K PACHINPEHHIO OCHOBHOTO Jenectka JIH
10 CPaBHEHMIO C PABHOAMIUTMTYIHOM pelIeTKo TaKo#H e [UTMHEL JTO JIeT-
KO TIOKa3aTh C MOMOIIbIO BEKTOPHBIX AHarpaMM Ha (a3oBo#f MIOCKOCTH.
PaccmorpuM cusa3Hbli pexxuM Bo30yXKIeHHA, KOTa MO BCeX dJIeMeH-
TOB CKJIAJIBIBAIOTCA CH(}a3HO B HAITPABICHUHM HOPMAIH K OCH PELICTKH He-
3aBHCHMO OT aMILTUTYAHOTO pacnpeaencnus, T.e. 6 = 90° . B Hanpasne-
HHUH IepBOTO Hy/A (0 = 0,,) BeKTopHas nuarpaMma it CHH(a3HOH paBHO-
aMIUTMTYJHOH pEeNIETKH HMEeT BHJ, H300paxkeHHbIH Ha pHc. 3.10, a. ITo-
CKOJIBKY JUTHHBI BEKTOPOB IPONIOPIHOHAIBHB! TOKAM B COOTBETCTBYIOIIHX
aNeMEeHTaX, TO IPH YOBIBAaHHH aMIUTMTYIBI TOKOB K Kpasm AP BexTopHas
auarpamma juia yrina 6 = 6 Gyner omiuyarhes TONBKO AMHON BEKTOPOB,
TpHYEM YTON MEXIY NBYMS COCEIHUMHM BEKTOpaMH No-upexHeMmy Gyaer
paseH kdcos8, (puc. 3.10, 6). Jlerko BUIETH, 4TO CyMMapHOE MOJIE TENEPD
yoke He O6yaeT paBHO HyMO. [ JOCTHXKEHUS HyJIS BEKTOPBI JOJDKHEIL pas-
BEPHYThCs Ha HECKONBKO 66nbumit yron kdcosd; > kdcosd, , uto mpuso-
AuT K ycnosuto 8;, < 6, . Taxum 06pasom, cianaiomiee aMIUIMTYTHOE pac-

IpeneIeHUE YBEIHYNBAET LINPHU-
HY OCHOBHOro nenecrka [JH

ere0 DB, =2(6_-6)).
7 -7 PaccmoTpuM noapobuee
E=0 cBolictBa AP M3 H30TPONHEIX 3Me-
? -2 MEHTOB C aMIITUTYTHBIM pacIipe-
JENCHUEM «KOCHHYCOHAAIBHOTO)
3 -3 THIIA, IIHPOKO NPHMEHAEMEIH Ha

q 9 TIpaKTHKe:

828y, 2 8=60; o

7 -7

Puc. 3.10
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nn
N-1
Chavana npoanamuzupyeM cHHGazuslii pexxum (Y = 0). Ucnonbays
bopmymry Diinepa, npencrasuM (3.36) B BuIe

I, =1cos exp(—i ny). (3.36)

i= %exp[—i /(N - 1)]+%exp[i /(N -1)). (3.37)

IlepBoe cnaraecmoe B (3.37) COOTBETCTBYET PaBHOAMILTHTYZHOMY
pacHpeneNeHHIO ¢ IMHEHHBIM 3ana3piBaHueM (a3bl OT 3IeMEHTa K JJie-
MeHTY Ha BeTH4uHHYy 7/(N — 1). Bropoe ciaraemoe 0TIH9aeTCs OT NEPBOro
TOJNBKO 3HaKOM a3kl [l pacaera J{H MoxHO Henoms30Bath hopmyny (3.4).
B peaynsrare nonyanm

sin ﬁ[kd cosO ———T-:-—) sin| ﬂ(kd cos6+~——E——)
2 N-1 + 2 N-1

sin l(kdcose——n—) sin l(kd cos@+ —T ) (3:38)
2 N-1 2 N-1

TIpn GonbnioM ynce 3MeMeHTOB MOXKHO cauTaTh N— 1 = N. O6o3Ha-
qast u = Nkd cos8/2 u Hopmupys dyrxumro (3.38) k ee 3HageHHIO TIpU 6 =
=0_=0, nomy4aem

fo=

F=C sin(u —1/2) + sin(u+m/2)

4 N sin-(u-n/2) N sin-c(u+mn/2) (3.39)
N N
HanpaBienns Hy/ei H3TyqeHHS, TTONOKEHHS ¥ BETUIHHA GOKOBBIX
NETIeCTKOB MOTYT GBITH onpeneneHbl MyTeM aganu3a ¢yHkuuu (3.39) no
MeTony, npHBegeHHoMY B 3.2.2. Ilpu Nd >> A munpuHa OCHOBHOTO Jienec-
tka JIH onpenensercs no gopmyne

A8, ~172°A/Nd, A, =683°A/Nd. (3.40)

OTHOCHTENBHEIH YPOBEHb NEPBOro GOKOBOTO JIENECTKA COCTABIACT
€, = 0,066 umu —23 1B (sMecto —13,2 1B B clryyae PaBHOAMILTHTYIHOTO
pacnpeneneHus).

I naneHeifero yMeHbpmeHUA GOKOBBIX JIENIECTKOB HEOOXOMHMO
HCNONB30BATH PACIpPENCeHHs TOKOB, GoNee pe3ko CajaloImue K KpasM

M3arnyreHue aHMeHHbIX PeWemoK 15

peLIeTKH, HaNpHMED IO 3aKOHY «KOCHHYC B KBafipaTe». OHAKO IPH 3TOM
CHJIbHEE pacIIUpAeTca OCHOBHOH nenectok JJH. OTMETHM, 9TO IIPOTUBO-
MOJIOKHBIH CITy4ail — Bo3pacTaHHe aMILUTATYAB! TOKOB K KpasM pemeTKH —
NPUBOIHT K PE3KOMY POCTY GOKOBBIX JIEIIECTKOB U Ha IIPAaKTHKE 0OBIYHO He
HCnonb3yeTca. XapakTepHole 3HaueHus napaMerpos JIH cuadasHbIX pe-
NIETOK ¢ HEPaBHOMEPHBIM aMILIMTYIHBIM pacrpeneiendeM (npu d < A/2)
MOXHO HOJTY9HTh, HCTIONB3YA AaHHbIE Ta0N. 3.1 (cM. cTp. 87) and muHeHHBIX
HeTpepPBIBHBIX H3JTydarenei, JIHHa KoTopeix L = Nd.

ECNH 3]IeMEHTH HEpaBHOAMILUTMTYIHBIX PELIETOK M3 M3OTPOMHBIX
3JIEMEHTOB BO30YyXKIA0TCA C JIMHEHHBIM (a30BBIM CABHIOM W/, TO H3MEHE-
HHA, NpoHCXOasmye NpH 31oM ¢ JTH, mono6Hu paccMOTpeHHBIM Bbimre. B
9aCTHOCTH, ecii 0 < Y < kd, T0O MaKCUMYM H3TydeHHA IOBOPAIUBAETCA B
CTOpOHY 3anasaeiBanus (assl, npudeM cos0 = y/kd. [Ipu y 2 kd nacryna-
€T pexuM ocesoro u3nydenus (8 = 0). s uckmodeHus TOMONHUTE N b-
HBIX IVIABHEIX JIEMIECTKOB IPH JII060M aMILTHTYAHOM pachpeneneHuH Heob-
XONMMO BHITIONHEHHE TaKUX ke ycrnoBuif (3.24), 4TO ¥ 1A PaBHOAMIUIH-
TymHBIX AP,

3.4. BnusaHue chasoBbix UCKaxXeHniA Ha [1H nuHeliHO pelueTku

Beinre npeanonaranock, 9o TOKM, Bo36GyxXIaommue sneMeHTs AP,
cuadassel 60 pacnpenenexue dpasel HMeeT IMHeRNbIH XapakTep. UMeH-
HO Takue (a3oBBIC pacnpeneIeHHs 0ObI9HO HCIONB3YIOTCS HA PAKTHKE.
Onnaxo u3-3a HETOYHOCTEH H3TOTOBICHHA PEIIETKH HIIH H3-33 IPYTHX (aK-
TOPOB ()a30BO€ PACIPEAEIICHHE MOXET OKa3aThCA OTIIHYHBIM OT Tpedyemo-
ro. 3o orinuue (Ppa3oBble OUMOKH) MOXET HOCHTh CHCTEMATHIECKMI 1K
CIy4aliHblil xapaxrep. B nanHOM pa3nene pacCMOTpHM BIMAHKE CHCTEMA-
THYeCKMX OMMO0K. Bianue cny4aitieix ¢a3oBsix omubok va JJH anTeHn
npusenaeHo B 8.2.4. OrpaHHYHMCS ClTyyaeM, Koraa ¢a3oBbie omnbKu npo-
HOPIHOHAILHEI IEPBOM, BTOPOH HITH TpeThel CTENeHH HOMepa HalTydaTes
B peIIeTKe:

exp[iy .., 2n /(N —1)] (mnaetinbe ommbxy),
exp{[iy,,,,2n/(N -’} (xsanpatiunsie omu6ky),
exp{[iy,,2n/(N —1)]*} (xybugeckue oumbxu).
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3pece W W o, W, . —MaKCHMallbHble BENMYMHbL (a3oBhIX OLIM-
60K Ha Kparo PeUISTKH MO CPABHEHHIO C IIEHTPANLHEIM 31EMEHTOM.

IIpu nuueHHOM HCXOXHOM pacnpeiericHHH (a3sl H nuHEHHBIX (a3zo-
BBIX onmibKax pe3ynbTHpyoliee ¢pa3zoBoe pacnpeeneHHE IIPUMET BHI

exp[-in(y — Ay)], (3.41)

rae Ay =2y__ /(N —1). U3 (3.41) Buano, 9To Hanmuuue $a3osbix ommbok
HE MEHACT THHEeHHOTro XapakTepa $a3oBoro pacipeneieHns, a JIMIIb H3Me-
HSET PE3yAbTHPYIOMMHA caABUr (a3 MeXy TOKAMH B COCEIHHUX H3JIydaTe-
mx. IIpu 3ToM ocTaloTCs CIpaBeaIMBEIME Bee GOPMYIIBL, HOTyYeHHbIE pa-
Hee U THHeHHOTo (a30BoOro paclpeneneHus, eClIH B HUX BMECTO Y TIO-
CTaBHTH (Y — AY). B 4acTHOCTH, HOBOE HATIPABICHHE MAKCHMYMa H3JIydc-
Hua 6, onpenenseMoe u3 cooTHomenHuA cos8;, = (Y — Ay)/kd, cMecturcs
Ha HEKOTOpBIi yron A, 3aBucaimi or 3Haka $a3oBoit omuoOku. Bennunna
AB He 3aBHCHT OT BUA aMIUIUTYTHOIO pacripeeleHus.

ITpu xBagpaTHUHEIX B KyOHIecKuX (a3oBbIX OMIHOKaX aHAMMTHYCC-
kHe popmynst s JTH cTaHOBATCS BechMa TPOMO3IKHMY H 3/1€Ch HE IPH-
BOIATCS. DNEMEHTapHas TPAKTOBKa NPOHCXOAALIMX IIPH 3TOM IIPOLIECCOB
MOXeT OBITh JaHa clIemyoumM o0pa3oM. ITycTs HCXOMHBIE TOKH ABIAIOTCS
cuHpazaevu (Y = 0). B mepoM mpuONmkeHHH 3aMEHHM KBAaXPaTHYHOE
pacnpenenenue (assl gByma nuHeiHBIMH (puc. 3.11). Toraa xaxayto mo-
JIOBHHY aHTCHHBI MOXXHO PacCMaTpHBaTh KaK PEHIETKY ¢ IMHEeHHbIM da3o-
BBIM pacnpefenexueM, JIH koTopoH OTKIOHAETCA B CTOPOHY 3amas/ibiBa-
Hug daser. C poctoM Y, . cymmapHas JIH 6yaer coOTBETCTBEHHO paciu-
PATBCS, IPHYEM HE3aBHCHMO OT 3Haka . [Ipu Gompmmx _  noseins-

max2’ max2

€TCA IPOBaJl B CCPCAUHE OCHOBHOTO JICTICCTKA. TouHbli aHAIN3 10KA3EIBA-

1
.ﬁ/
757
) 4
2
4 A I3
29\ 2 2
-—k\ }J

Puc. 3.11 Puc. 3.12
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€T, YTO IOMHMO pacIIipeHHd OCHOBHOTO JienecTka JIH npu kBagpaTH4HbIX
thalosrix omubkax npoucxonst ysenwienue YbJI 1 ucuesnosenne («3am-
JsIBaHME») Hyeit TH.

KyOuueckue $azoBpie HCKaXXEHUA B IIEPBOM NPHOTHXEHHH MOXHO
annpOKCHMHUPOBATE IOMAHON TMHUEH, KXKIBIHA U3 OTPE3KOB KOTOPOH COOT-
BETCTBYET IHHEeHHOMY pacmpenenenuio ¢assl (puc. 3.12). Ha puc. 3.12
u3o6paxkens! Taloke JJH Kaxknoii u3 9acTeil pelIeTky ¢ TMHEHHEIM (ha3o-
BBIM pacHpeleieHHeM (C y4eToM pa3MepoB KaxaoH u3 yacreit). Cymmap-
Has JTH moBopaunBaeTcs, IpH 3TOM YBEIHYNBAETCs HOKOBOE H3Ty4EHHE CO
CTOPOHBI, B KOTOPYIO [IOBOPaYHUBACTCA MAKCUMYM H3TydeHHs. Pe3ynsraTel
To4HOrO pacyera JIH npu xBagpaTH4HBIX M KyOudeckux (a3oBbIX OIIHO-
Kax TpeACTaBiIeHbl Ha pHC. 3.13 u 3.14 cOOTBETCTBEHHO JUIA PEIIETKH U3
CeMu M30TPONHBIX u3myyareneii (d = 0,51) ¢ paBHOAMIITHTYAHbLIM pacIpe-
nenenneM. CteneHs uckaxeHni JH, BeI3bIBaeMbIX (ha30BbIMH OIMOKaMH,
CHIDKAETCA IPU aMIUIHTYAHOM PAcIpeelCHUH, CAJalomeM K KpasM pe-
IIETKH.

IIpH npoU3BOIEHOM 3aKOHE aMILIMTYAHO-()a30BOTO PACIpEIEICHHUS
(ADP) nonyyeHue aHATMTHYECKHX BBIpaXKE€HUH, onuckiBatomux J{H, cra-
HOBHTCS BECbMA CIOXKHOM 3anaueii. B atom cmygae mns pacuera JIH okaswr-
BaeTcA Gonee 1enecoo6pasHbIM HENOCPEACTBEHHOE CyMMHPOBAHHE TONei
OT K)KH0T0 deMeHTa no dopmyie (1.25) ¢ npumenenneM IBM.

B 3axmouenue ormetuM Hamnuue kiacca ADP, obecneunBarommx
CyIIecTBOBaHHE y M3my4arens dazosoro neHrpa. K sromy xiaccy, kak rmo-

Felé]
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Ka3aHo B [24], OTHOCATCA pacIpecICHNS, YETHEIE IO aMILTHTYAE OTHOCH-
TEIbHO CEPEIMHBI aHTCHHBI H HEUETHbIE (€ TOYHOCTHIO /IO HOCTOAHHOIH CO-
crapmomeit) mo ¢dase. Pa3oBblii HEHTP NPH STOM COBNAIAET C LIEHTPOM
aHTEHHBL.

3.5. BxoaHoe conpoTuBneHue Usny4aowero anemeHTa AP.
MouyHocTb, uanyyaeman AP

3HaHHE BXOJHOTO CONPOTHBIICHHS H3NYJarOINero sneMeHTa B AP
HeoOXOMMO [P [TPOEKTHPOBAHHM CHCTEMBI THTaHMA, 0beceyHBaromeit
TpeGyemoe ADP. BxonHoe conpoTHRIeH e KXI0M0 H3MyJaIoIIEero IeMeH-
T1a (Z ) onpenenseTcsa He TONBKO €T0 COGCTBEHHON KOHCTPYKIHEH, HO H
B3aHMHBIM BIIHAHHEM COCEHUX 3JIEMEHTOB, KOTOPOE, B CBOIO 0Y4EPENb, 3a-
BHCHT 0T ADP B036y>alOIHX TOKOB H MOJIOXEHHA 37eMeHTa B AP.

ITosicHuM MeTonMKy pacyeTa Z , Ha mpumMepe npocreiimei AP, co-
CTOALLEH U3 ABYX OXHMHAKOBBIX M3JydaTeneii, Hanpumep, B Buae COB. ITo-
CKOIbKY pacCMaTpHBacMas CHCTEMA JIMHEHHA, VI TOKOB M HANPKEHHH Ha

BXOJaX Kaxuoro uanyqarens (I, I, u U, U, COOTBETCTBEHHO) MOXHO

3aMUCaTh CHCTEMY JIMHEHHBIX ypaBHEHHH THNIA ypaBHeHH# Kupxroda:
l}OI = Zu]on + ZlZIOZ’
[}02= ZZII:)I + ZZZ];)T (342)

. CTRYIOIMMH HaNpSXKEHUAMY, U3 (3.42), nonenns neproe ypaBHCHHE Ha |
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Koadduumentsi Z |, Z,, HOCAT Ha3BaHHE COGCTBEHHBIX COMPOTHRBJIE-

HHUH, a Z ), Z, — B3aHMHBIX CONPOTHBICHUH H HMEIOT CIEAYIOMHHA CMBICIL.
ITycrs BTOpO# BUOpaTOp pasoMKHYT B TOYKaX BXOAR, T.¢. [, = 0. Torna u3
nepsoro ypasuenus (3.42) umeem Z,, = U, /1 . IIpu pa3oMkHyTOM EPBOM
suOparope Z,, = U, /I,. Taxum 06pa3om, kaxmoe u3 COGCTBEHHBIX COMpO-
THBIICHHH PaBHO BXOXHOMY CONPOTHBICHHIO COOTBETCTBYIOLIEro BHOpa-
TOpa B PEXHME, KOTa ApyroH BUOpaTop pa3oMkHyT. B nepsom npubmmke-
HHH OOBIYHO CYHTAIOT, YTO BIIMSHAE Pa30MKHYTHIX BUOPATOPOB HEBEHKO
(3T0 CIpaBeTMBO, ECITH JUTHHA TIeY BHOpATOpa OT/INYHA OT PEe30HAHCHOM
JUIHHEI), ¥ OTOXIECTBIAIOT COOCTBEHHOE CONMPOTHBIECHHE C BXOXHBIM CO-
NIPOTHBIIEHHUEM KaXI0T0 BUOpaTopa B CBOOOIHOM NPOCTPAaHCTBE.
B pa6ouem pesxuMe, xorna o6a BuGpaTopa BO30yKAAKOTCA COOTBET-
01°
a BTOpoe Ha [ ,, NOMYYHM 3Ha49eHNs BXOIHBIX CONPOTHBIEHUIH BUOpaTopoB
B COCTaBE PeHIETKH: :

Zo1 =Up /Iy =Zu+1-—02212 =211+ Zyyyaes (3.43)
ol
o I
Zyy =Up /Iy = ‘jﬂ‘Zm 2y = Zyipan + Z2s (3.44)

02
e IlOGaBO'{HBIe COIIPOTHBIICHHSA, BXOJAIHE B COCTAB BXOIHBIX COIIPOTHUB-
JIEHHIA, HOCAT HA3BAHHE HABEOEHHBIX CONPOMUENEeHU, TPHIEM
I
— 201 :
luas — TZZI' (345)
01 02

2uas

1
zZ, =‘I-£2"les Z,

Kak BumHO u3 (3.45), mpu paBHBEIX TOKax, T.e. I;l = I,,, B3aUMHBIE
CONpPOTHBIICHHUS PaBHBI HaBeAeHHEIM. OTMETHM, YTO ¢ IIOMOLIBIO IPHHIIH-
Ta B3aUMHOCTH [ 18] MoxHO oKa3ark, 9T0 Z, = Z, , IPHIEM 3TO PABCHCTBO
COXpaHAETCA NPH Pa3HbIX IIMHAX BUOPATOPOB H NPOM3BONBHOM B3aHMHOM
PAacIoNOKEHHH B IPOCTPAHCTBE. J1s1 HaBEAIEHHBIX CONPOTHBIIEHHH MO06-
HOE PaBEHCTBO, KaK ciexyeT u3 (3.45), HecnpaBeAIUBO, OQHAKO HABECH-
HEBIC COMPOTHBIICHHA MOTYT OBITh HaiiIeHbI Yepe3 B3aUMHEIE, SCITH H3BECT-
HBI TOKM Ha BXOZaX H3JIydaTenei.

Jna HaxOXICHHA B3aHMHOTO CONpPOTHBICHHA BHOPAaTOPOB MOXKET
65ITH Mcnonk30BaH Meron HaBeneHHBIX OJIC, onucanubii B § 1.3 [cM.

(1.56)]. PaccmoTpum cHTyalMIo, KOTa TOKH Ha BXOaX BUOPATopoB paB-
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Hbl, T.€. [, =, = [, ipudem cuuTaem, 4T0 pacnpefeneHue Toka B Bubparo-
pe, paboraroniem B cocrase AP, ocTaeTcs TakuM e, Kak B cBoOGoxHOM mpo-

CTPAHCTBE, H ONHCHIBAETCS BHIPKEHHEM [ = Iokl sink(I-}z]). Obpem V
B (1.56) cootBeTCTBYET 0OBEMY, 3aHATOMY Toxié?a, T.¢. 00beMy BUOpaTopa.
HaIIpH)KCHHOCTL SJICKTPHYECKOro Mo E B TOYKax, COOTBETCTBYHOIIHX
00BeMy, 3aHATOMY NEPBHIM BHOPATOpOM, PEICTABHM B BHIE CyMMBI IBYX

2
noneli: E | — Nois, CO3AAaHHOrO TOKOM, TEKYIIMM B TiepBoM Bubparope, 1

N
E |, — 014, CO3A2HHOTO TOKOM, TEKYyIMM BO BTOpoM BuGparope. ILnot-

s L ‘
HOCTB TOKA B IEPBOM BUOpaTope J; = Zgy -Et’, e S — nonepevHoe ceueHHe

Bubparopa, E:" — SMMHMYHBIA BEKTOp BJONE OCH Nepsoro BuOpatopa. [Ipu
atom (1.56) npuoﬁperaer BHJ

”(Eu +E12)ZOl.]1 deZl

VA l=_S—I
" |Io|

L. .
JE.1  ndz, .[ 12]1d21 (3.46)
1

)

|4y [ |

e Ii= (1 o/sinkl)sink(1-|z |). Cpasnusas (3.46) ¢ (3.43) npu ycnosun

I01 102, BHINM, 9TO IIepBOE cnaraeMoe B (3.46) MOXKET ObITh MCTIONBE30BAHO
WIS pacyeTa COOCTBEHHOTO CONPOTHBIEHHA Z,, & BTOpOE — Il pacuera
B33UMHOTO conporusnenus Z,, = Z, . I1pu pasnuunsix kouurypanusx sut-
ParopoB COGCTBECHHOE CONPOTHBIEHHE Z,, MOKHO HAMTH, npuMeHHs (1.56)
Ko BTOpoMy Bubparopy. Ilonpo6HbIe AaHHbBIE LI pacdeTa B3aHMHBIX CO-
IIPOTHBJICHHH pa3IHYHLIX BROparopoB npuBeneHs! B [1.36]. (Cnenyer umers
B BHJY, 94T0 B GOMBIIHHCTBE TabIML ¥ IpaHKOB B3aHMHBIE CONPOTHBIIE-
HHA OTHECEHB! K TyYHOCTH TOKA; B MPEATIONOKECHRH CHHY COHIATBHOTO pac-
HpEIEICHHA TOKa IEpeCcYeT B3aMMHBIX COIPOTHBICHHH KO BXOIHEIM TOY-
KaM OCYILECTBIIETCSA MyTeM IelIeHUs Ha sin’k/). PacueT BXOOHBIX COmpo-
THBJICHHH H3ITydaTeliell IpyTuX THIIOB BCTPEYaeT 3HAYUTENbHbIE CTIOKHOC-
TH, IO3TOMY 4aCTO HCIONB3YIOT 3KCIICPUMEHTANIBHBIE NaHHEIE.
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Jna pemerku u3 N usirydareiied BXOZHOE COMPOTHBIICHHE KX, I0T0
U3 U3ITy4aTeneif pacCUHThIBAETCA 110 hopMyrne, ananornanoi (3.43) u (3.44):

M
ZBX" =RBXII +iXan = Z"h + lemnnan’ (3.47)
m=-M

rae Z, — coGCTBEHHOE BXOIHOE CONPOTHBICHHE A-TO H3Tydarens, Z —
HaBeZICHHOE CONPOTUBIECHHE, OTHECEHHOE K TOKY Ha BXOJIE A#-TO H3/Iy4are-
na. Iltpux npu 3Hake cyMMBI B (3.47) 03HaYaeT HCKIIIOYCHHE WICHA C
m = n. IIpy 3TOM B Ka9ecTBe Z,  OGBIMHO HCTIONB3YIOTCS 3HAYEHHUS HABE-
JOEHHBIX CONpPOTHBICHUH, 00yCIOBNEHHEIE B3aUMOLEHCTBHEM H3JIyyare-
Jieii TONBKO C HOMEpaMH 1 U m, 6e3 yueTa BCeX OCTaNbHBIX 3JIEMEHTOB.

IMonnas MOMHOCTE M3Iy4eHUs AP MoxeT OBITH B OTCYTCTBHE IO-
Tephb HaliJieHa KaK CyMMa MOLHOCTEH, M3MyIaeMBIX KaX/JbIM H3lydarenem,
o opmyie

ZPZn ZlIOn I R

n=~M n=—M

3.6. KoachdpuumneHt HanpaBneHHoro AencTsna nuHenHbix AP

Koadduument HanpapieHHOro AeiicTBus THHEHHBIX AP, Kak M mo-
60it aHTeHHEI, MOXeT ObITh BBIUMCIeH Mo Gopmyne (1.39). Jna Tounoro
pacdeta Heo6xomumMo 3HaTh JIH ¢ yueToM HanpaBlIeHHbIX CBOHCTB OHOTO
sneMeHTa. OJHAKO B CIydYae JOCTaTOYHO JUIMHHEIX aHTeHH JH pemerkn
B OCHOBHOM OIIPEIENACTCA MHOKHTEIEM CHCTEMBI. PaCCMOTPHM pelieTKy
¢ [IPOM3BONBHLIM aMIUIMTYAHEIM paclpeleleHUeM TOKOB II0 3aKOHY

I =1, exp(—iny) (I, > 0). Mns pacqe’ra KH/I B nanpasnenuu 6 =6_ cnpa-

. BepnuBa Gopmyna [34]

»

n=—M n=1 m=-M

D=f; (em)[ 572 +25 cos wm::kd( Y1, ,m)]‘l- (3.48)

M
Iae B omIMYMe OT 0603Havenuit, npuaaTex B § 3.2, /.(0,,)= 21, npH

31, explitkd ~y)]

n=—M

0<y<kd, f,(8,)= npu ¥ > kd.
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Paccmotpum ciEQasHbii paBHOaMIIMTYHBIA pexum (W =0, =
=1,£(6_) = NI). Pesynsrarsl pacdera rio popmyse (3.48) nokassisaior, uro
NpaKTHYECKH MpU M0O0M (QHKCHPOBAHHOM YHCIIE M3ITYYaIOLUIMX JICMEH-
toB N makcumym KH]I HaGironaercs npu d = 0,9A. Ilpu naneHeiuem yse-
IMYEHHH paccTosHuA MexAy anemenTaMu KHJI ymeHbIaercsa B CBA3U €
nosBleHHeM (MpH d/A = 1) AOMONHUTENBHBIX INIABHBIX MakCHMYyMOB. Ogi-
HAKO eCJIM 3a/1aHa auHa pemeTku L = (N — 1)d (Juis ITHEHBIX aHTeHH L =
= Nd), To ma nomyaenns Makcumyma KHJI 6onee nenecoobpasuo Bbibu-
pars d/A =0,5. TTpu TakoM 3HadeHny mrara YBJI yGs1BaeT mpH ynaneHu o1
HarpaBlieHHA Makcumyma m3myqenns (cM. 3.2.2). Kpome toro, npu aans-
nefimem ymensmiennn d KH]I octaercs npakTnaecky HewsMeHubM. TIpn
d/h = 0,5, yuntsisas, 4to kd =T, sinnkd = 0, u3 (3.48) nmomyqaem

D=D,=N. (3.49)

3T0T K€ pe3yIbTaT MOXKHO OOBACHHTE TeM, 9TO Ul H3OTPOITHBIX
9IEMEHTOB IIPU d, KPATHEIX A/2, aKTUBHAs YaCTh B3aUMHBIX COIIPOTUEBIIE-
Hui obpalaercs B Hy/b ¥ Np¥ GUKCHPOBAHHOM 3HAYEHHH P, MOIIHOCTH
IEIMTCA IOPOBHY MEXIY BCEMH dlleMeHTaMH. IIpH 3TOM TOK B KaskioM

snemente Gynet B 1/VN pa3s MeHbile, 4eM TOK B OHOM 3IIEMEHTE, H3ITy4a-
IOIIEM TY k€ MOIHOCTh P;. CymMMapHOe Nojie B HANpaBIeHHH MAKCHMyMa
OyIeT mpeBHIILAThH NOIE OJHOTO YJIEMEHTa B NOAN) =N pas, cooTBeT-
cteeHno KHJI pemretxku Bo3pacrer B N pas.

Jna pauaHBIX penietok N = L/d, mostomy

D, =2L/\. (3.50)

ITepeiineM k pexHMy 0CEBOro H3NydeHHA, Korua Y = kd. Ilpu d/A. =
=0,25 (sinkd = 0), uto cooTBeTCTBYET cornacHo (3.33) yOriBarouieMy 3ako-
Hy nsmenenus YBJI, sermmuuna KH/I, kak ¥ B peplayieM ciydae, paBHa
N. Onnako Teneps Mar penieTky B 2 pasa MCHBIIE, TAK YTO

D =N=L/d=A4L/\. ' (3.51)

Taxum o6pasomM, IPH 0HO# H Toilt e IIMHE aHTEHHE! L B pexxume
OCCBOTO H3IIy4eHHs NpH Y = kd 3Havenne KHJI MoxHO noiyunTs B 2 pasa
Gonbre, 4eM B PEXHME HOPMANEHOTO M3JTYYCHUA.

Ananu3 dopmynsl (3.48) nokassiBaeT, 4To HpH Y > kd nabmomaercs
cHavana ganpHeimui poct KH/I, a 3areM ero peskoe cHmxenne. CkasaH-
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HOE CIIpaBeIHBO NPH IIare PeIIETKH, YIOBIETBOPAIOILEM YCIoBHIO (3.33),
— MpaKkTH4ecKH MmpH d/A = 0,25. B onTHManbHOM peXuMe, COOTBETCTBYIO-
meM makcumyMmy KH]T, npu Nd >> A

(y/kd),, =1+2,94/ Nkd, (3.52)

D=182N =182L/d =72L/\. (3.53)

dusuveckre npuInHE noxobHo# 3asucuMocti KHJI o1 BenuyHHbL
W o6cyxaamucs B 3.2.4. 3mech TONBKO OTMETHM, 4T0 Gopmyny (3.52) qac-
TO YNPOIIAIOT, monarag 2,94 = 1. Torna s AMHHEIX aHTCHH

(/kd),,, =~1+A/2Nd =1+A/2L (3.54)

Ipu 3ToM da30BEIi CABHT MEXXY TOMAMH IABYX COCEIHHX ICMEH-
TOB B HanpaB/ieHHH 8_ =0 COCTaBNAET BeIMYUHY ~TU/N; COOTBETCTBEHHO
NOJSA KPaifHUX HIEMEHTOB OTIHYAIOTCS APYT OT Apyra mno ¢ase Ha 1. Jina
aHTeHHE! Gerymeit Bonunl (ABB) onTumanbsHeI ko3dduUMERT 3aMene-
HUA OTIPEEIIETCA COOTHOIICHNEM, aHANIOTHIHBIM (3.54), T.e.

(&/®)gps = Yo = 1+A/2L. (3.55)

OOwuit Bug nosenennst KHJI papHoaMmmuTynHO# AP B 3aBHCHMOC-
TH 0T Y = W/kd nipu d = 0,25\ npencrarnex rpaduxoM Ha pHc. 3.15 (cruroni-
Hast nuHuA). O6paTUM BHHMAaHHE Ha IPAKTHYCCKH MOCTOAHHOE 3HAUCHHE
KH/I Ha Ha9anbHOM y4acTke rpaduka, T.e. B peXKHMe HaKIIOHHOTO H3ITyJe-
HHA. D10 O0BACHACTCS TEM, UTO pac-
IIMPEHKE [TIABHOTO JIENECTKA IPH €10 pyp
OTKJIOHEHHH OT HODMaJli KOMIIEH-
CHPYeTCH YMEHBIICHAEM TENIECHO-  §
TO yTIia, 3aHHMAeMOT0 JaHHBIM JIe-
TIECTKOM, MOCKOIIBKY OH IpHoOpe-
TaeT B MPOCTPAHCTBE BOPOHKOO6-

pasHyio ¢popmy (cM. puc. 3.6).

e b
et —

e . e e o e

Iepeiinem Teneps k amMmm-
TYIAHBIM pacripeeiCHHAM, CIAaio-
IIMM K KpasiM pemeTky. B cundas- . J
HoM pexxume (W = 0) nipu d = 0,51 T -
u3 (3.48) noxyuum :

] 02 0,4 o6 28 > =y;/td
Puc. 3.15
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M N[ u
D=[ ):1") I (3.56)

n=—M n=-M

U3 cpasaennd ¢ (3.49) umeem

M\ M
D/D, =( 21,,) N( 213)51; (3.57)
n=~M n=—M
Otnowenne (3.57) Ha3wBaeTca KO3duyueHmoMm UCnONL306aHUA
nunelinoit AP (v), xotopsiii yuntsiBaeT cHkenne KHJI npu cnapaiomem
aMILTHTYAHOM pacnpeaeIeHHH 10 CPABHEHHIO ¢ CHH(a3HBIM PaBHOAMILIH-
TynHbIM Bo36yxaenueM. [Ipy usBectHoM ko duuuente v

D=vDy=v-2L/A. (3.58)

B yacTHOM cy4ae NpH KOCHHYCOHAAIbHOM aMILTHTYIHOM pacipe-
JeneHuH B cuHpazHoM pexxume (Y = 0) 114 INMHHEIX aHTEHH KO HIH-
ent v=0,81. [lng 3T0ro aMmiATyAHOro pacnpeneneHus 3apucumMocts KHJ{
OT BeJIMHHHB! ¥ = Y/kd, cripaBeyinBas npy inare d, onpexensemom (3.33),
npuBeAcHa Ha puc. 3.15 (rrpuxosas nuHKg). Kak BugHO, MpH KOCHHYCOH-
JATEHOM aMIUIHTYNHOM DACTpenNeNeHHH TAKKe CYIIECTBYET OMTHMANb-
HBIi pexuM, IPHYEM BETMIHHA ONTHMAIIBHOTO 3aMeIeHHS Gonbie, 94eM
TIpH PaBHOAMILTHTYIHOM BO30YAcHHUH. Bolbie oka3biBacTCa ¥ 3HA9EHUE
KH]I B onTHMaNbHOM pPexXHMe MPH KOCHHYCOMAABHOM PACIPe/IeTICHUH.
310 06BACHAETCA TEM, UTO, KaK H B PaBHOAMIUIMTYIHBIX PEIIETKAX, 10
Mepe pocTa  OpH W > kd oIHOBpEMEHHO IPOHCXORAT JBA IpoLEcca —
CYXXEHHME TIABHOTO JIeIeCTKA ¥ BO3PACTAHHE OTHOCHTENEHOTO YPOBHS Go-
KOBBIX JIENECTKOB. OITHAKO H3-3a CNaJaHHs aMIUIMTYABI TOKOB K KpasM pe-
IIETKH QAKTOpP CYXKCHHS IIABHOTO JICTIECTKA HPH BO3PACTAHHH Y NOJbIIE
okasbIBacT npeobnagaroniee neicToue. J{na Apyrux aMIUMTyIHBIX pacpe-
IeleHuH, 6onee pe3ko CHAagaloIUX K KpasM, HallPUMMEP [0 3aKOHY
1, =Icos’[mu/(N ~1)], sddexr Bospacranns KHJ| B onTHMaIsHOM pe-
’XHMMe NPOSBISCTCA elle CHIBHEE.

TakuM 06pa3zoM, MOKHO CAENaTh CIACAYIOINHE BHIBOALL JINHEHHEIE
PEIIETKH C paBHOAMILIMTYIHEIM BO30Y>KICHHEM UMEIOT MaKCHMaJIBHOE 3Ha-
gyeHue KHJI o cpaBHEHHIO C APYTHMH THIIAMH PACCMOTPEHHBIX BBILIE pac-
npefeNeHui B pexkuMe HOpMallbHOIO H3MyYeHHs. B pesxxuMe oceBoro u3-
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nydyennd 6onbumit KHJI ¥MeloT pemieTky ¢ HepaBHOMEPHBIM aMILIUTY/-
HBIM PacIpeelICHHEM, CTIafalolHM K KpasMm.

Bce cka3aHHOE CIpaBeIUTHBO, ECIIH [OJI OTJENBHBIX 3NEMEHTOR B
ITIABHOM HAIIPaBICHHH CKJIAIbIBAIOTCSA CHH{(AZHO HIH C MAJIBIM (asoBeIM
ciBurom. B nporuBHOM ciyuae, Koriia GOpMEpOBaHHE AHATPAMMEI BO BCEX
HalpaBIeHHAX, B TOM YHCIIE B HaNIpaBJICHUH [IABHOI'O MAKCHMYMa, OCy1LIe-
CTBISETCA Ha pa3HOCTHOM 3¢ ¢eKTe, TEOPETHIECKH BO3MOXKHO (cM. 4.4.2)
IOCTW)KEHHE CYIIECTBEHHO 60pbIeil HanpaBlIeHHOCTH, OHAKO HCIIONIB30~
BaHUE ONOOHBIX PEIEHHH (TaK Ha3bIBACMBIX «CBEPXHAIPABICHHEIX) HITH
«PeaKTHBHBIX» aHTCHH) BCTPECYACT NPAKTHUECKH HENPEOJOMHMBIE TPYLHO-
CTH H3-3a PE3KOTO BO3PACTaHUs aMILTHTYL TOKOB. OTMETHM, 9TO yBeIH4e-
HHE aMILUTHTYJ TOKOB (IpHEMIIEMOE, ONHAKO, ¢ NPAaKTHICSCKOH TOYKHM 3pe-
HUS) HAYHHACT NPOSBIATHCA yixe B AP ¢ 0CEBBIM H3Ty9EHHEM B ONITHMAIIb-
HOM PEXKHME C paBHOMEPHBIM pacIpeaeIeHHEM TOKOB, TeM Oonee npu cra-
JaHHM MX K KPasAM PEILETKH.

®azoBrle OIKMOKH, KaK KBaAPATHYHBIE, TAaK M KyOHUCCKHE, MPHBO-
aat k caxennio KHJ. Crenens chmxenus KHJI 3aBHCHT OMHMO BeJd-
YHHBI OINOKH TakXKe OT THIA aMIUIUTYHOTO pacnpeneneHus. Ecim amn-
JHUTYIHOE pachpe/IeeHUe cHanaeT K KpasM PemeTKH, TO TIPH IPOYHX pas-
HBEIX YCIIOBHAX BIHAHHE (Ha30BEIX OMIHOOK YMEHBIIAETCS, TAK KAK CHHXKA-
€TCs BKJIAJL B pe3yIBsTHpYIOIIEe Mojie OT Hanboiee paca3npoBaHHbBIX Kpaid-
HMX DJICMEHTOB.

3.7. NoHATHE O HenpepbIBHOM NTMHEMHOM u3nyJarersne

Teopus HENPEPLIBHBIX NHHECHHBIX H3Ty9aTeNeH IUPOKO HCIONB3Y-
€TCd KakK JUIA pacyeTa KOHKPETHHIX aHTEHH (HanpuMep, MPOBOLA C TOKOM),
TaK W I aHaJIH3a bonee CIOKHBIX CHCTEM, HANPHMEP H3NYJaIomuX [o-
BepxHocTei (cM. 1. 4).

PacueT MHOXKMTENS CHCTEMBI HETIPEPLIBHOTO JIKHEHHOTO H3ITyJaTe-
as pnuHo# L ¢ A®P, onuckiBaeMbM dyHKIueH I(z)=1(2) expliy(z)],
MOXeT GBITh ocymecTsiIeH o obmei hopmyne (1.26). Onnaxo npomie mc-
MO/IB30BATH MOTYYEHHbIE PAHEE BRIPAXKEHHS JUIA f; mHelHpIX AP, paccMat-
PHBas HETPEPHIBHBIA H3/Ty4aTeNb KaK MpecIbHbI caydait AP (cM. puc.
3.1), ecm yncno u3mydarenei crpeMHTCS K GeckoneaHOCTH (N — oo), 1rar
peLIETKH ~ K Hymo (d —> 0), HO TaK, 4to Nd = const = L. J{ns cuadasHoro
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paBHOaMILTHTYAHOTO pacnpeaenenus (/(z) = I, y(z) = 0) dopmyna (3.7)
IpUMET JUIA HENPEPHIBHOTO JIMHEHHOr0 H3TyJaresis CIERYIOIMHA BUI;

F_=sinu/u, (3.59)

rae u = kLcos6/2. Ilpu nomy4ennu (3.59) yureso, uyro B 3HameHarene (3.7)
B CHJTy MaJIOCTH apryMeHTa (d — 0) MOXHO ONOXUTH Sinx = x. Bripaxe-
uue (3.59) crpasemmuBo npu Mo6oi ¢pu3HIECKOll MPHPOaE HCTOIHHKOB,
o0pa3yionIix HEeTpepLIBHOE PACTIpEACICHHE, NPH 3ToM QyHKuHa [(z) Mo-
XKET COOTBETCTBOBATE PEANBHOMY IEKTPHYECKOMY TOKY, MATHUTHOMY TOKY
WM HEKOTOPEIM SKBHBAJICHTHBIM H3IIyJaTeIAM; BIHAHHE HX HA Pe3yIbTH-
pyrouryio JIH yqHTBIBaETCA MHOXHTEIIEM F;I

Jlns cuH(basHOro KOCHHYCOHAATLHOIO aMILTHTYXHOTO pacnpeere-
uus (I(z) = I cos(nz/ L), y(z) = 0) seipaxkenue ans F, nomyaum u3 (3.39),
HCIIONB3yA COOTHOmEenHe sin(x 1 7/2)=tcosx:

F, =(m/4)cosul{(m/2)* - u?} (3.60)

HpuaumnuanbHOil 0COGEHHOCTBIO HENMPEPLIBHEIX IHHEHHBIX H3ITy-
qarenei pH JHoOoM pacnpeaeneHHH Bo36yKIaloIIeT0 TOKa 10 CPaBHEHHIO
C JIMCKPETHRIMH DEIIETKAMH ABJAETCA OTCYTCTBHE BTOPHYHBIX TMaBHBIX
MaKCHMYMOB, ITOCKONBKY 3x¢ech d — 0. I'paduxn pyukumii (3.59) u (3.60)
MIOKa3aHbl Ha pHC. 3.16 (kpHBEIE [ M 2 COOTBETCTBEHHO) B 3aBHCHMOCTH OT
060061meHHo IepeMeHHO# u.

B Tabn. 3.1 npuBencHEI BBHIPaXXCHHUA, OIMCHIBAIOLINE MHOXUTENE
CHCTEMb! HEIPEPHIBHAIX IHHEHHBIX H3JTydaTenel IPpH PasINdHbIX AMILIH-
TYIHBIX pacTpeleIeHnaX (B TOM YHCJIE IPH Pa3HBIX 3HAYEHHAX A — OTHO-
CHTENFHOIO YPOBHA BO30YXKACHHA Kpad aHTEHHB]), a TAK)Ke XapaKTepHEIE
3HaueHHA napametpos JIH (6¢3 ydera HanpasiieH-
HBIX CBOHCTB 3/ICMEHTA), CHPABETHBEIC U1 CHH-
thaznoro pexxuma Bo3Oyxaenud. JanHbie MOTyT
OBITH HCIIONIF30BaHBI A4 aHAMH3a AP, miar koto-
PBIX JOCTaTOYHO Mald, B 00AACTH OCHOBHOTO H
nepBbIX OOKOBBIX JIENECTKOB (AanbHue OOKOBBIE
JIENECTKH 114 AP Heckoneko Gonpiue).

B cundasnoM pexxume Ui paBHOMEPHOTO
pacnpenenenus (/(z) = 1) comacao (3.50) ume-
eM D =Dy =2L/A. IIpu HepaBHOMEPHOM pac-

Fe
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npenenenun KHJI cHikaeTcs; BelMIMHa €10 paccuuThiBaeTcA Kak D = vD,
npuIeM K03(QPUIHESHT HCIOMb30BAHHA

L2 2 2
v=[ jI(z)dz} /L [I*(2)dz. (3.61)

-L/2 -L12

Bripaxenue (3.61) cxonso ¢ (3.57) H cnpaBeIHBO U1 «HECBEPX-
HAIPABIEHHEIX)» aHTeHH. 3HAYECHNUs V IIPH Pa3iIMIHEIX aMILTHTYRHBIX pac-
npeleleHuIX B CHHpa3HOM pexxuMe NpHBeneHs! B Tabu. 3.1.

Tabnuna3l.l
Avmmaryz. | POPMYNa MHOKHTe- Vposeus | Koapduuu-
Hoe pacnipe- | T CHCTEMbI F(u) A8 A8 TEpBOro  |€RT HCTIOMb-
nenexue I(z) u=EL cosd ’ > Goxosoro | 30BaHHA
2 nenectka, ib| v = D/D,

I2)=1 sinu/u NS ML | 51°0ML -13,2 1
cos(mz/L) |mW __cosu 172° ML | 68,8° ML -23 0,81

4 (m/2y - u?
cos(mz/lL) |po __sinu 229,2°A/L | 83,1° ML -32 0,667

u( ~ u?)

1-4(1- | 3 pasinu_
-A@EIL} |2+A° u

-2 -0+

u

+2(1-8)]
A=08 121,5° ML | 52,7° ML 15,8 0,994
A=05 130,6° A/L | 55,6° A/L -17,1 0,970
A=0 : 163,8° AL | 66° AL -20,6 0,883
A+(1-A 1 sinu

— A= +
xcos(mnz/L) (1-4) 12?'_ A Y

n cosy
. +‘§(1 - A)(TE/Z)Z _ uzl
A=05 1324°NL | 556°ML|  -17,6 0,966
A=0316 143,8° ML | 58,4° ML -20,0 0,935
A=0,1 162,1° ML | 63,0°A/L 224 0,374
1-(22/L)  |(sin Uy : 229,2° ML | 73.4° ML -26,4 0,750
22

V- @aLy |A® 139,6° ML | 589°AL| -17,6 0,925
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JluneitHoe pacnpeneneHre (Gassl B HEMPEPHIBHBIX JIHHEHHBIX H3NTY-
YaTe/IIX JOCTHIAeTCA 3a cUeT Bo3OyxmeHns Oerymeil BOIHOH, pacnpocT-
PaHAIOIEHCs BB OCH z C (ha30Bof CKOPOCTHIO L (aHTEHHB! Oerymieif Bon-
uel — ABB). llpu stom dysxums y(z) = —(c/vYkz = ~Ykz, toe y = c/v —
k03 OHUIHERT 3aMEIUICHHA BONHBI; ¢ — CKOPOCTH cBeTa. MsMeHenus, npo-
ucxopsue ¢ JJH muaefinoro u3myqarens pH M3MeHeHHH ¢a3oBoii ckopo-
" cTH, oApoOHO omMcansl B 3.2.4. Jlnd pacyera MHOKHTENS CHCTEMEI IpU
NHHEHHOM (a30BOM PaCHpPEICIICHHY B IPHBEACHHLIX B Tabm. 3.1 dopmy-
nax mua F, focratouno BMecTo # nopcTasuth (kL/2)(cos6—c/v) u npo-
H3BECTH COOTBETCTBYIOIYIO HOPMHPOBKY. B 4acTHOCTH, B peskHMe 0CEBOTO
H3Jy4eHHa (C/U 2 1) NpH paBHOAMILTHTYAHOM PACIIPEIEICHHH MHOKHTE!b

sin| —| 1-— sin| —| cos®——

F = 2 v 2 v
: k—L[l——g] ﬁ(cosﬁ—ﬁ) (3.62)

2 v 2 v
ITpu paBroaMrumTynHOM pacnipenenennu 1 v = c(y = 1) KHJ{ moxer
ObITE paccuHTaH o aHasoru ¢ AP imrok L ¢ noMomkio popmynst (3.51).
B ontuMansHOM pexume (yo‘m = 1 + A/2L) 3nauenne KHJI onpenensetcs
¢dopMmymoit, ananoruyuoii (3.53), Ilpu coagarmonieM K KpasM aMILTHTY/IHOM
pachpenesieHuH, KaK H B ciaydae AP, onTHManpHoe 3HaYeHHe Y BO3PacTaer,
npu 3ToM yBenmunBaercs 1 KH]I. BiausgHue kBaIpaTHYHBIX H KyOHIECKUX
(a30BbIX OLIHOOK AHAIOrUYHO H3IMEHEHHAM, poucxominmM ¢ JIH anren-
HBIX PEIIETOK.

z B xadecTBe MpUMEpa HENMPEPLIBHOTO JIHHEHHOTO H3-
Tydarens paccMOTPMM NpPOBOX ¢ TokoM (puc. 3.17), usme-
HAOLIMMCA 110 3aK0Hy [ (2) = 1 exp(—ikz). TIpumep uaTepe-
CeH TeM, 4To pesymsTupyiomas JJH cunsHo oTudaeTes ot
Buja Qynkunn F . JleHCTBUTENBHO, OCKONBKY U = (Y =
= 1), TO MAKCHMYM MHOXHTEISA CHCTEMbI COOTBETCTBYET
0_ = 0. OnHako 5MeMEHT NpoBosa ¢ TOkoM (hakTHYeCKH
[ oz D3B) B 3TOM HanpaejeHHH BOOOIIIE HE H3TydaeT (MHOXH-
TeJIb 3neMenTa F) = sinB); MakCHMyM €ro H3Ty4cHUs OpH-
r CHTHpOBaH nof yrioM 6 = 90° k ocu nposona. B pesynsra-

Puc. 3.17 Te MakcuMyM JIH nojrygaercs B HEKOTOPOM HallPaBIICHUH

1fz)

NanyyeHue anmeHHbIX PeUemoK 89

8, < 90° xotopoe npu GonblioM 3HadeHHH L/A MOXHO MPHOMIHKEHHO
HaHTH U3 yCIOBHA MakcuMyma gucinutens (3.62), 1.e. u3 paBeHCTBa
kL(cosB,,, —1)/2=-n/2 (B34T 3HAK MHHYC, HIO-
CKONbKY MCKOMBIH yron 8 >6_(cM. 3.2.4)). Oxonva-
TEIBHO MOYYHM

=1-A/2L. (3.63)

Bun JIH B ceuennu, napaieIsHOM OCH HPOBO-
na, npuBeneH Ha puc. 3.18. IIpoctpancteennas JH
uMeeT GopMy KOHMYECKOi BOPOHKH. B kauectBe ca-
MOCTOSATEIBHOTO H3JTy4aTens nposos ¢ Geryuie Bom-
HO# ToKa 00pI4HO He NMpuMeHdeTca. OxHako B aHTEH-
HOH TEXHHKE C YCIIEXOM HCIIONB3YIOTCS pa3iHvHBIE
KOMOHHAIIHY M3 TAKUX IPOBOJOB (Hanpumep, poMOu- Pic. 3.18
gecKas aHTeHHa, cM. § 11.4).

(8]

cos0, .,

3.8. NMnockue aHTeHHbIE pelleTKn

PaccMOTpeHHEIe paHee muHeiinble AP B peXXHMaX HOPMAlbHOTO M
HAKJIOHHOTO M3TyYEeHHH NO3BOIAIOT CHOPMHPOBATh HAMPABICHHOE U3ILY-
9YEeHHE TONBKO B OFHOH ILIOCKOCTH, MPOXOAAIIEH yepes ock pemerku. [lnoc-
kHe AP 1a10T BO3MOXHOCTH CKOHIEHTPHPOBAThH H3MY4YEHHE B Y3KHIf My<OK
B BYX MockocTax. @opma riockoil AP (¢popma pakpbiBa pelieTKH) Mo-
XKeT GBITh NPAMOYTONBHOM, KPYTTi0i, IeCTUYTOIBHOM H T.X. H OTIPEHENIACT-

VA2 )
3 XN

dx

dx

Puc. 3.19
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z Gl Cs KaK TPeGOBaHHAMH, TPENBABIAEMBIMH
/ 1 K popme JIH, Tak H KOHCTPYKTHBHBIMH
r 0coBeHHOCTAMH CHeTeMBI. Hlamydarenu B
nnockux AP pacrionararorcs B y3iax nps-
MOYTONBHOH HIIH TPEYroibHOH (rekcaro-
~My HanbHOH) ceTkH (pHc. 3.19).
L L) Y/ O61ee BEIpasKeHHE JJ17 MHOXKHTE-
w, L L LY L A% cuctemsr miockoit AP (puc. 3.20)
" ¢ Gruto nomygeno s § 1.2 [cm. (1.25)]. Pac-
s CMOTpPHM NMofipobHee HTYYeHHE IUIOCKOH

AP npsmoyronsHo# GOpPMEI ¢ pacrono-

JKEHHEM H3OTPONHHEIX H3mydaTencit B

Puc. 3.20 110CKOCTH z = 0 B y3/1aX IPAMOYTO/IBHOM

ceTkH. IlycTs pemeTka COCTOMT U3 Ny =

= 2My + 1 pasoB H3MyuarTeneH, mapamieNbHbIX OCH y, IPHYEM PACCTOSHHE

MexIy pagamu pasHo d . Kaxstit psg cocront w3 N, = 2M, + 1 w3nyyare-

nei ¢ maroM d . KoopauHaTs! H3/mydaTenei B IIOCKOCTH PENIETKH onpe/e-

nmorcs Kak x, =nd(-M <n SM)uny, = nydy(— My <n < My). Torna
MHOXHTENB CHCTeMB! (1.25) npuMeT BHI

X, 4

— M M .
f.= 2 i!(n)exp[i k(x,sinBcos@+ y, sinBsin@)]. (3.64)
-M, M,
Haunbonee npocthiM ABNACTCA CHy4ai, KOTAa paclpeneneHHE TOKa
MOXeT OBITH IPEACTABNCHO B BUJIE NIPOM3BEACHHA ABYX QYHKIMIA, 3aBHCS-
IHX TOJIBKO OT X H TOJBKO OT y:

i) =If(n)f(n,). | (3.65)
ITycTs pemerka BO36ysaaeTcsa paBHOAMIUITHTYIHO, IPHYEM

f(n,) = exp(-in\,), (3.66)
f(ny) = exp(=in,y,). (3.67)

Toma aMrUTHTY,I[HHﬁ MHOXHTEJbL CHCTEMBI HMECT BHI, CIPABCATH-
BBIif JI1A IPOH3BONBHOM IUIOCKOCTH (@ = const), npoxomsweii yepes Hop-
MaJib K IJIOCKOCTH PELIETKH:
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sinl:-lL (kd, sinBcos@ -, )-'
2 X

Je=—71
sinl:i (kd, sinBcos@ -y, )]

N
sin[—z—" (kd ,sinBsing -y, )]

X .
68
sinB (ka, sinesincp—\u,)] 3.68)

MOXHO [TOKa3aTh, YTO KOKILIH U3 cCOMHOXHTEeH B (3.68) coorBeT-
CTBYET MHOXXHTEILIO CHCTEMBI JIHHEHHOi AP, OpHeHTHPOBaHHOH BIONB OCei
xumu y ¢ ADP (3.66) u (3.67) coorsercTBeHHO. Takue xe BHIBOABI CIIpa-
BEJUTHBBI U1 JIOOLIX pacnpeieaeHAH BO30YKIAIOIIEro TOKa, PECTaBIIcH-
HBIX B BUJE QyHKIMiA, pazfensiomuxcs o KOOPAHHATAM X H ).

‘ Npu y, =y, =0 (cHadasnas pemeTka) MAKCHMYM H3TYICHUS OPH-
€HTHPOBAH 110 HOPMAJIH K IUIOCKOCTH pemerkH (puc. 3.21, a). UanyueHue
B HIDKHEE NOAYIPOCTPAHCTBO YCTPaHACT-
¢ 06b19H0 60 BRIGOPOM OXHOHAIPAB-
JEHHBIX M3NYYalonIMX S]EMeHToB, mito
€ HOMOIIIBIO 3KpaHoB (pHc. 3.21, 6). dop-
Ma JTH B KaXX10# ¥3 IIaBHBIX TUIOCKOCTEH
(x0z 1 y0z) onpefienAeTCA TONBKO TEOMET-
PHEH peIleTKH B 5TOH INIOCKOCTH H aMIl-
JUTYOHO-(a30BEIM pacrpeleliCHHEM B
37O e nmockocTH. Ilpu aToMm cnipasen-

JIUBHI Bce MpuBeAcHHbIE B 3.2.2 u 3.2.3 %)
oneHky Juig napamerpor JIH.
Ilpu nunetinom ¢asosoM pacnpene- Puc. 3.21

neHuw, Korza \, <kd u Y, < kdy (uto xa-

paKTepHO AN Iockux AP), HalpaBiaeHHe MAaKCHMYMa OCHOBHOTO JIETIECT-
ka (8_,y ) ompenensercd u3 yCrnoBuit pABEHCTBA HyIIIO GHCTHTENCH 060MX
comuoxmrenci B (3.68):

sin®,, cos@,, =V, /kd,, sin@,,cosg,, =y, /kd,, (3.69)

OTKyJla noiry4aeM COOTHOLICHHA, CIIPABCJIMBLIC IIPH nobom aMIUTATy -
HOM pacCnpencjcHun:
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g9, =v,d, /w.d,, sin’0, =y, /kd ) +(y,/kd ).  (3.70)

Jna pacyera JIH B npoH3BOIEHON MIOCKOCTH MOMUMO BEIPaXKEHHI
THna (3.68) MOryT 6BITH TaKXKe HCITONB30BAHEI PE3YNIBTATH! TEOPHH JIMHCH-
Hbix AP. locTrraercs 31o BBEACHHEM IOHATHSA SKBHBAJICHTHOH JIMHEHHOH
peuietku. PaccMorpuM g npumepa JJH kBanpaTHO#H pemIeTKH C IIaroM
d= dy = d B IIIOCKOCTH, CHie]l KOTOPOH, COCTaBAIONMMIA yron ¢ = @, = 45°
C OCHIO X, Ha puc. 3.22 o6o3HaueH s—s (IuaroHanbHas mwiockocTs). [Tycrs
3JIEMEHTH! pelIeTKH BO30ykKRawTcsa cUH(A3HO U PaBHOAMILIHTYZHO
(i (n)=1 ) ITpoBemeM Yepes TOYKH PACHONOKEHUS H3IIydaTeneii INTpUxo-
Bbl€ JINHHH, TICPIICHIUKYIAPHBIE clieRy s—s. s nmro6oit Touku Habmone-
HHA B MHTEPECYIOILIEH HAC IUIOCKOCTH B JallbHEH 30HE M3IydaTeH, Jiexa-
IIHe Ha OIHOM M3 STHX JIMHHMIT (0603HAYMM YHCHO TAKUX UITydareNeit yepes
1), paBHOYIANEHE], COOTBETCTREHHO NONA HX CKITA/KIBAIOTCs CHHGazHo. [o-
aToMy npyt  BeraHcneHur J{H nnockoil perueTke B IIOCKOCTH s—s AeHCTRHE
BCEX HM3ydaresicif MOXHO 3aMEHUTh M3TYYCHHEM OJHOTO SKBHBAICHTHOIO
3JIGMEHTa C TOKOM ., PACTIONOKEHHOTO B 000 TOUKE ITPHXOBOH JIHHHA,

Ha puc. 3.22 qns yro6cTBa 9KBHBaICHTHEIE U3Ty4aTelld H300paxe-
HEI Ha IPAMOii BHE INTOCKOCTH pemeTki. COBOKYIHOCTE TAKHX SKBUBAJIEH-

N,
\
N AN AN A N N\,
\ \ \, AN N,
N N\, N\, N
S < X
N \ \, N
\, \J
N A \, N )
N NN N
\\ . \\
\ ANy N\,
N, \
N \,
AN AN
N
\
N Puc. 3.22
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THBIX 31CMCHTOB H 06pa3ye1‘ JKBHBAJICHTHYIO IIHHeﬁHYIO pPELIETKY C ma-

roM d,, =d/V2. JlnMHa SKBUBAJICHTHOH PEIIETKH B PACCMATPHBAEMOM

¢llydyae paBHA JHAaTOHAIIM KBAJIPaTa, a pacrnpeeicHHe TOKOB OCTAaeTCs CHH-
¢a3HBEIM B GIH3KO K TPEYTOILHOMY, YTO COOTBETCTBYET BECbMa HH3KOMY
YPOBHIO nepBoro 6oxoBoro nenectka (—26,4 1b). 310 CymeCTBEHHO HIXKE,
9¢M B IJIAaBHBIX IUIOCKOCTHAX, HaHMeHee ONaroNpHATHBIX C TOYKH 3PEHHA
fokoBoro u3rydenus. Ecnu cpaBEuTs mMpuny JH B maBHeIX u auaro-
HAIBHOH ITOCKOCTAX KBafApaTHOH AP, To OHM OKa3LIBAIOTCH IIOYTH PaBHbI-
MM, TaK KaK ClIafaHHe aMIUTHTYAB! K KpasM S5KBHBaJICHTHOH AP xoMneHCH-
pYeTcs YBEIHIEHHEM €€ JUTHHBI I10 CPABHCHHIO C Pa3sMEPOM CTOPOHBI KBal-
parta, onpenensomumM mupuHy JIH B rnaBHBIX IIOCKOCTAX.

IIpH npOM3BONBHOM 3HAYEHHH YTJIA ( = () SKBHBATCHTHaA AP momy-
4aeTcs HeAKBUOMCTAaHTHOH. g rakoit pemrerku JIH MoxxHO paccuMrars
Kak cymmy JIH HecKONbKEX 9KBHAMCTaHTHBIX AP Hiu HenmocpeacTseHHo,
rcnons3ys dopmyny (1.25). OTMeTHM, YTO IIPH HCIIOTB30BaHUH PEATBHBIX
H3TYYalONIHX IEMEHTOB MHOXHTEb CHCTEME], COOTBETCTBYIOIIHH 3KBH-
BaJICHTHOI pelIeTKe, He0OXOTUMO YMHOXHTE Ha (DYHKITHIO, O CHIBAIOILYIO
JIH onuxoro sneMeHTa B IWIOCKOCTH @ = @, COOTBETCTBEHHO NOJAPU3IALIH-
OHHAs XapaKTePUCTUKA HOJIS HITYYEHHS ONPENeACTCA MOIPU3ALHOHHBI-
MH CBOHCTBaMH H3Ty4JalOmET0 3IEMEHTA B 3TOH ILIOCKOCTH.

IIpu HecuHda3HOM BO36YMIEHHH 3NIEMEHTOB TUTOCkoi AP nns Ha-
XOXKICHHA TOKOB B JIICMCHTAX KBHBAJNICHTHOH AP HeoOxomuMO CKIajbI-
BaTh TOKH COOTBETCTBYIOIIHX IEMEHTOB ITOCKOH pEelIeTKH ¢ yueToM (assl,
T.€. CKJIAIbIBATh KOMIUIEKCHBIC 3HaueHH TokoB. OOpaTHM BHHUMAaHHE, YTO
IIPY OTKJIOHEHHOM IJTaBHOM MAaKCHMMyMe OOBIYHO paccMaTpHBAaIOTCI cede-
HAA npocrpaHcTBeHHol JTH B 1ByX mnockoctax: npoxonsimeii 4epe3 och 2
M Hampae/eHue @ = @_ (YCIOBHO-BEPTHKANBHAA INIOCKOCTE) H TIEPIIEHTH-
KyJIApHO#H e, mpoxopsieit Yepe3 HarparneHHe MakCHMyMa u3nyuenus. Ha
OCHOBaHHMM METOXA 3KBUBATICHTHOH IHHEHHON PEUIETKH MOXHO YTBEPXK-
JlaTh, YTO IUIS U3OTPOIHBIX IEMEHTOB [0 MEPE OTKIIOHEHHSI MaKCHMyMa
H3IydeHHA OT HOPMAIM H3MeHsercs (pacmmupsercs) dopma JIH Tonmsko B
BEPTHKANBHOM IIIOCKOCTH; BO B3aHMHO HEPNCHIMKYIAPHOH €if IIIoCcKoCTH
¢opma JJH npn OTKIOHEHHH HE MEHAETCA.

OT1MerHM, 4TO MIABHEIE IUIOCKOCTH Hanbonee OIacHbI C TOYKH 3pe-
HHs BOSHUKHOBEHHS BTOPHYHBIX MAKCHMYMOB, IIOCKOJIBKY IIIar SKBHBAJICH-
THBIX PELIETOK MaKCMMaJIeR HMEHHO B 3THX muiockoctax. [Ipu pasmenie-
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HHH H3Iy4aTesielf B y3/aX NpAMOYTONbHON CETKH OH COCTABNACT d, M dy
(cM. puc. 3.19), Bo Bcex OCTATBHBIX CEYCHHAX MIAT 5KBUBANICHTHOMH pemer-
KH MeHb1e, [To3TOMY, eCllM YIOBRNETBOPAETCA YCIIOBHE, aHaorHyHoe (3.25),

d, <[A/(1+sin®,)}, d, <[A/(1+5in6,,)), (3.7)
rae 6_ — yron oTkIOHeHHS MakCuMyMa [IH B COOTBETCTBYIOMIEH ILTIOCKO-
CTH OTHOCHTEIEHO HOPMAJIH K IIOCKOCTH AP, TO BTOPHYHEIE ITIABHBIE MaK-

CHMYMEI OTCYTCTBYIOT NpH oTisioHeHHH JIH B mo60ii nockoctH. Jlna rek-
COroRanbHON CETKH MaKCHMANBHEIMH IIAr IKBHBANECHTHON peIIETKH HMEET

MECTO B ceYeHHM (¢ = T/2 ¥ cocTaBseT d,,, =d/V3/2.CnenoparensHo,

IIPH TEKCOTOHANLHOH CETKe I YCTPaHECHHS BTOPHIHBIX INTABHEIX MaKCH-
MYMOB HeoOxozuMo mar d BHIOHpaTh U3 YCIOBHA

d< 21[\/;(1 +5in6, ):]. (3.72)

‘Yka3aHHOE 06CTOATENBECTEO ABJIAETCA NPEHMYIIECTBOM I'eKCOTOHAIb-
HOJ CETKH 110 CPaBHEHHIO C NIPAMOYTONLHOMN C TOYKH 3PEHUA BOZMOXKHOC-
TeH pasMemeHHe WMy YalOIHX SIIEMEHTOB, NOCKONLKY ycnosue (3.72) me-
Hee xecTkoe, geM (3.71).

B o6mem ctysae KHJ mmocknx AP moxer 6bITh paccunTaH ro dop-
Myne (1.39). Jina npaMoyronbHeIX cHHGA3HBIX PENICTOK H3 OXHOHANPAB-
NeHHBIX H3myuareneii u3 (1.39) cnenyer, yro

D=mD.D,, (3.73)

tae D 1 Dy — KHJI 3xBHBaNeHTHBIX TUHERHBIX AP, napannensHbIX 0CAM X
H y cootBeTcTBeHHO. Popmyna (3.73) cripaBennnea s ocTaTouHo 6oms-
KX pemeTok npu d, = d = A/2 ¥ aMIUTHTYZHOM pacnpeneieHuM, pasaens-
IOLIEMCA 110 KOOPAHHATAM X H J, YTO OOBIYHO BRINONHACTCS HA MPAKTHKE.
Ecin 0603Ha4HTh pa3Mephl PEIETKH ITO OCAM X H ¥ COOTBETCTBEHHO Yepe3
L u L, T0, ncnons3ys ¢popmynsi (3.73) u (3.58), noxynm

D =(nv,2L,/A)(v,2L,/\) = 4nv,S/ 22, (3.74)
IIe v, H V, — KO3QGHUHEHTE HCMONb30BAHHA IKBHBAICHTHBIX THHEHHBIX
PEICTOK, NAPAIUIENbHBIX OCAM X M p; S = [ L — niomans MOBEPXHOCTH
pEUICTKH, Ha3bIBa€MOH 10 aHAJOTHH C MOBEPXHOCTHEIMM aHTEHHAMH
(cM. rm. 4) anepmypoii peusemku; v, = v, v, — K03QOUIHEHT HCIIONB30BAHUS
noeepxnocty (KUIT) pemerxku. Ecnu aMmmaTyas! Bo30yKIaronux TOKOB

Hanyverue aHmeHHbIX peuwIemox

PaBHbL, TO v, = | HE3aBHCHMO OT ()OPMEI PACKPEIBA.
Takum 0Gpa3oM, Ang cuHa3HO BO3OYXICHHBIX
mnockux AP, kak 1 na nuHeitasix, KHJ makcuma-
JieH TIpH PaBHOAMILIMTYXHOM BO30YXICHNH; eClH
amMmIpTyaa cnagaer k kpaaM, KHJI ymenbmaercs
(v, <1). [ln4 KpyIIBIX PELICTOK 3HAYEHUs V, MOTYT
6BITE HCTIOMB30BAHE! U3 Ta0L. 4.1,

Ipu HecundaznoM Bo3OYKICHHH YIEMEHTOB,
Koraa ¢aza M3MEHAETCA O JIMHEHHOMY 3aKOHY H
maxkcuMyM JIH orkioHsAeTCA OT HOPMATH Ha yron Puc. 3.23
6_, onpenensemslii (3.70), 0CHOBHOH /1eNeCTOK, Kak ’
YK€ 0TMEYAlIoCh, PAaCIIMPAETCA N0 3aKOHy 1/c0s6_ TONBKO B BepTHKAJILHOM
rockocTH @ = @_. [llupusa nenecTka B ApyToH, MEPICHIMKYIIIPHOH IVIOCKO-
CTH He Mensiercs, nosromy KH/T Moker GbITh paccumTan mo dopmyie

D=4nv,Scosb,, /A2, (3.75)

CrpaBeyIMBOH, eciu HanpasiacHue MakcuMyMa JTH se cimmukom npu6n-
*aeTcd K IIocKocTH pemerky. Ymensienue KHJI npu otknorennn JH
i,do;xno OOBACHHTL YMEHBIIIEHHEM SKBUBAJICHTHOH NIOBEPXHOCTH, IEPIEH-
JHMKYJSIPHO HATIPARICHHIO MaKCHMyMa (puc. 3.23).

Ipu xBagpaTHyHEIX N KyOu4ecKHX (Pa3OBEIX HCKAXEHHAX H3MEHe-
HAg B [JH ninockux pemerox aHaJOTHYHBI ONUCAHHBIM B § 3.4. O6a Buna
HCKaXkeHUH npuBoaaT Kk cHmxeHnio KHJT.

3.9. HeakBuAUCTaAHTHLIE peLUETKU

OTKa3 OT HKBHAUCTAHTHOIO PacroNoKCHHA HITYHAIOMHX IMEMEHTOB MO~

'3BOJIAET NPUIATH PEIUETKAM Pl HOBBIX CBOMCTB, TAKHX KaK YCTPAHEHHE AOTIONHH-

TEJNBHEIX [IABHEIX MAKCHMYMOB [1PH YBETHYEHHH PACCTOSHUA MEXKY JMEMEHTAMH
H YMeHbILIEHHE YPOBHA OOKOBOIO M3JIYYEHHsA B PEIIETKaX C PABHOAMILTHTYAHBIM
B0o36y:xaenueM [40]. 310 M03BONACT, B YACTHOCTH, PEILUTDH NpobieMy HCKIIOYe-
HHA GONBLIOIO YHCIIA 3MEMEHTOB M3 MCXOAHOH SKBHAMCTAHTHON pemieTkH (4To
CYIIECTBEHHO YIPOLIAET aHTeHHY) 6e3 3amMeTHoro yxyaurenus JJH mocnenueii.
PaccMmoTpuM U1 ipuMepa CHH(a3HYI0 PEIIETKY C ILIAroM, YAOBIETBOPAIO-
muM ycoBuio (3.10). PeryaspHoe «u3baTHE» AIEMEHTOB, HAPUMED, Yepes OIHH,
MPUMEHATH HEJIb351, TaK KaK IIPY 3TOM B HanpaBlieHHsx 6, onpenenseMeix (3.9),
BO3HHKHYT JONOJIHUTEbHbIC IIABHRIE MAKCHMYMBI. ECITH 2%e 0CyIuecTBUTE Hepe-
CYIIpHOE pa3pexeHHe, HanpUMep, Mo ClIyvadHOMY 3aKOHY, TO B YKa3aHHBIX Ha-
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NpaBIeHHAX YCIOBHS CHH(A3HOTO CII0KEHHA NONeH OTAEBHBIX 3NEMEHTOB, MPH-
BOAAIIME K 00pa30BaHHI0 BTOPHYHBIX NIABHBIX MAKCHMYMOB, HapylawTcs. B na-
IpaB/CHUHN e HOPMAJTH K PEIIETKE HOJIA [O-NpexHeMy OYIyT CKIaIbIBaThCS CHH-
¢asxo, cregoBarensHoO, HanpapieHue Makcumyma JIH He usmenutcs. Hlupuna
OCHOBHOTO JienecTka AQ | B paspeXeHHBIX PEIUETKAX IPHMEPHO COXPAHAETCA Ta-
KO¥ k€, KaK B HCXOQHOH peLleTKe, 0NHaKo yBennuuBaeTcd cpeaunii YBII. Bennun-
Hy KH]I paspexxeHHBIX pelIeTOK MOXHO pacCuHTaTh NpocTo kak D = N, rae N —
YHCJIO OCTABLLIHXCH 3IEMEHTOB, I0CKONBKY I(P(HEKT B3AHMHOM CBA3ZH 31€Ch YMEHb-
HIaeTCs M3-33 YBE/IMUCHHS PACCTOSHIA MEXY W3nydaTensmH. Takum o6pasom, Uc-
KITIOYEHHE 3IEMEHTOB IIPUBOAHUT K yMeHb1eHHIo KHJI. Pemerku ¢ GonsiinM pas-
PEXEHHEM HCIONB3YIOTCA 00bIMHO TaM, rae BaxkHa Gonbias paspemaonias cro-
COOHOCTS, HANPHMEP B PaHOaCTPOHOMUH.

Teneps paccMOTPHM BO3MOKHOCTE YMEHBIIIEHHA GOKOBBIX JieniecTkoB B JIH
HEdKBMIHCTAHTHEIX AP ¢ paBHOaMIUIMTYAHEIM Bo30yxieHueM. Bribepem ucxosn-
Hy10 IKBUAUCTAHTHYIO AP, orubatowas pacnpeieieHus ToKoB £ (z), B KoTopoit co-
orsercTByeT TpeGyemomy YBII (puc. 3.24, a). 3aganuM cpeaHHii ar HedKBHIUC-
TaHTHOH AP dcp = (0,5...1,0)A u naiieM 4ucnO usnyyarenel aToit pemetku N =
= L/dcp, rae L — nnuna ucxonsoit AP, Onpenenum mtowmans S, noa Kpusoi f(z),
NPONOPLMOHANBHYIO IOHOMY TOKY B anTenHe. Pazofsem miomans S na N pas-
HBIX 4acTei, COOTBETCTBYIOLIHX TOKY B KOKAOM H3 H3TyHaTelleil HeOKBUAMCTAHTHOR
AP, 4 BrizermaM Ha yepTexe N IONOCOK C ONMHAKOBOH miowansio (puc. 3.24, 6).
Torxa nonoxxeHKe u3nyyareneil HEIKBUIUCTAHTHONH AP MOXHO ONpeseHTs MpH-
6AKKCHHO KaK MOJIOKEHHE LIEHTPA TAXKECTH KK N0# nonocku. [lonydeHHas Takum
obpasoM HeakBuaucTaHTHas AP (puc. 3.24, ¢) € MIABHO MEHAIOIUHMMCH PaCCTOAHH-
eM MEXCAY HIIy4arelsMH K OJHHAKOBOH aMIUIMTYHOH TOKA B 3leMEHTax MMeeT

_ W \f(z}
1] H, L h}; .
a) z
f(z)
3) - z
7} ) z

Puc. 3.24
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NPAKTHYECKH TAKUE XKE XAPAKTEPUCTHKH, 0COOCHHO B 0ONACTH OCHOBHOTO H Nep-
BbIX GOKOBBIX JIETIECTKOR, KK H HCXOJHAA HEPaBHOAMILIMTYIHAS aHTeHHA, HO 60-
Jiee IPOCTa B OTHOIIEHHH CLIOC00a peanu3anuy aMIUIHTYIHOTO PaclipeAeeH s,

Pacyer XxapaKTepHUCTHK HEIKBHAUCTAHTHEIX AP poBOAUTCS 0OBIYHO C O-
Moisio 9BM nyTeM HemoCpeACTBEHHOIO CYMMHUPOBaHUA NOIeH OTASNBHEIX Jlie-
MeHTOB Mo dhopmynam trna (1.25).

Jumepamypa: ocrosuas (2, 34, 49, dononvumenvuan (7, 38, 24].
KOHTpOﬂbele BONPOCHI

1. Kakumu ¢dakropamu onpenenserca mupura JIH curbasHOH pemeTkH U3 H30TpoIl-
HBIX 3JIEMEHTOB?

2. Tlosicaute, noueMy npd kd =y 2 0 emuunna f(0 ) =N, anpu ¥ > kd f(0 ) <N.

3.* Toscuure, yto noaumMacrcs nox JH uamyuarens B cocrase peirerku. IIpH kakux
YCIIOBHAX MOXKHO NPHOMHKeHHO 0TOXAeCTBIATS 3Ty JIH ¢ JTH s1eMeHTa B cBOGOXHOM Npo-
crpascTBe?

4, KakoBnI hHU3HYECKHE NIPHIHHBI BO3HHKHOBCHHS BTOPHYHAIX INIABHBIX MaKCHMYMOB?

5. TlosicHHTE IPHYHHBEL, TI0 KOTOPBIM NIPH kd >\ > 0 MAKCHMYM H3TyUeHHs IOBOpPadHBa-
€TCA B CTOPOHY JIEMEHTOB C 3ama3fguiBaronteit asoit.

6.* INouemy TpeGoBaruA K mary AP, CBA3aHHBIC C OTCYTCTBHEM BTOPHYHBIX TTIABHBIX
MaKCHMYMOB, Y)KECTOIAETCA ¢ POCTOM \y? ’

7.* Kak MOxHO 00BACHHTS 3 dexT ymeHbuieHus YBIT 1 pacninpeHns oCHOBHOTO Nerne-
CTKa NIPH CNaIaH¥} aMIUTATYIbI TOKOB K kpasM AP?

8.* IMoscHuTe cyTh MeToAa HaBeAeHHBIX JIC MPHMEHHTENEHO K PacueTy B3aHMHBIX
CONPOTHBIEHHH CHCTEMBI BUGPATOPOB.

9. KakoBo ¢u3Hueckoe 0GbACHEHHE IPHYHH, YTO JUIA CHH(}a3HOH paBHOAMIUTHTYIHOM
pewerky npr d = 0,5A semrunna KH]I pasha ukcay Hanydareneit?

10. TlosicHHTe METON 3KBHBATIEHTHOM JTHHEHHOH pelIeTKH, HCIONB3YEeMBIi [T pacyeTa
JH nnockux AP.

11. Kakue wamenenns ¢ JIH miockoit AP IpOHCXOMAT NpPH OTKIOHEHHH MaKCHMyMa
HITYYCHHS OT HOPMaJH BCIEACTBHE IMHERHOTO ha3oBOTO pacTipenesicHna?

12. N3o6pa3ute JIH qByx H30TPONHbIX H3TyyaTenel, pacroNoKeHHBIX Ha PAaCCTOAHUH
0,25)\, TOKH B KOTOPEIX PaBHHI IO aMIUTHTYAE, HO CABMHYTHI 1o dase Ha +90°, [oacuute,
9TO TOHKMAETCA 107 pehIeKTOPOM H JHPEKTOPOM B 9TOH CHCTeMe.

13. Yo noHMMaETCs NOX ONTUMANBHBIM PEXKUMOM PaboTs! IMHEHHOM pelmeTky oceBo-
0 U3my4eHna? KakoBsl MpeHMYIIECTBA H HEAOCTATKH 3TOTO pexumMa’?
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Mnasa 4. U3NTYHEHUE BO3BYXXAEHHbLIX
NOBEPXHOCTEM

4.1. AnarpaMmMbl HanpaBreHHOCTHU NPAMOYTofibHbIX
M KPYITbIX PacKpPbIBOB ¢ CUH(pasHbIM
W PaBHOAMNNUTYOHbIM BO36yXaeHneM

Bhicokas HalpaBIeHHOCTb H3IYYeHHS MOXET OBITh IONy4YeHa Io-
MHMO AP ¢ TOMOIIBIO TAKHX aHTEHH, KaK PYIIOpHEIE, 3epKaNbHbIE U AP.
XapakTepHoH 0COOEHHOCTBIO ITHX aHTCHH ABJIACTCA HAIHYIHC H3Tydalo-
IIETr0 PacKphIBa (aneprypsl), T.6. HEKOTOPOH NOBEPXHOCTH, 4EPE3 KOTOPYIO
U3ITydaeTcs SHeprud. Pacyer HanpaBneHHBIX CBOWCTB anepTyPHEIX aHTeHH
B NIPUHIMIIE MOKET OBITH OCYLIECTBICH TAKHM 3Ke criocoboM, kakoii uc-
TONB30BAVICS, HATIPUMED, /UL PacyeTa BHOPATOpHBIX aHTEHH. 1 3Toro
HE06X0MUMO HaliTH pacnpeeneHye JeKTPHIECKOT0 TOKA B AHTEHHE, KaXK-
IBIH 3JIEMEHT TOKA IPEICTaBUTh Kak DJB H 3aTeM mpoCcyMMHpOBaTh MO
BCeX 3/1eMEHTOB. OIHAaKO HAXOXK/ICHHE SNECKTPUUECKOrO TOKA B aepTyp-
HBIX AHTEHHAX BBH/Iy OTHOCHTETEHOMN CIIOXHOCTH MX KOH(HTYPALUH CBA-
3aHO ¢ GONBIIMMM TPYTHOCTAMH.

3HAYNTETLHO HPOIIE ANIS PAcueTa HalpPaBICHHbIX CBOHCTB HCHOJNb-
30BaTh APYrol crocob, OCHOBAaHHBIH Ha MPUMEHCHNY NPHHIIMIIA JKBHBA-
neHTHOCTH (cM. § 1.1). CormacHo atoMy cnocofy H3Ty4YeHHE peallbHBIX
JNMEKTPUYECKHX TOKOB, BOSHHKAIOMNX B aHTEHHE, 3aMEHACTCA JieHcTBHEM
IKBHBAJICHTHBIX DJICKTPHYCCKUX ¥ MAarHHTHBIX TOKOB B MpEAEIax H3ryJa-
IOILEro PacKphiBa. PackpriB 06BIYHO NperonaraeTces IoCcKuM, popMma ero
3aBHCHT OT KOH(HIypanuy aHTeHHbl. B 1aHHOIi IMaBe pacCMaTpUBaIOTCS
HaNpaBJICHHbIC CBOHCTBA alepTyp B NPEAMONOKEHHH, 4T0 opMa anepry-
PBI ¥ 3aKOH paclpesie/IEHHA I10J14 U3BECTHBI.

PaccMOTpHM ILIOCKHI HPAMOYTONBHBIH PaCKPHIB, IIOLAAL KOTOPO-
ro o6ozna4uM S (puc. 4.1). [lonoxum, 4To Bo36YKIAFOIHE HCTOYHHKH Ha-
xonarcs B obnactu z < 0, T.e. oile B pacKpbIBe COOTBETCTBYET JIHHEHHO
HOJIAPH30BAaHHOM BOJIHE, PacIpOCTpaHAoNeHca CHU3Y BBepX. B3aumuoe

- — - -

pacnoiokeHne BeKTopoB £ » H, J,n J, B pacKpHBe IIOKa3aHO Ha

Hanyveriue 8036yxAeHHbIX NosepxHocmel

puc. 4.1. IIpu NpOU3BONBEHOM aMIIUTY/-
HO-($a30BOM paclipeieNieHnH [oJie B pac-
-+

KpHIBe npeicTaBHM B Buupe E (x, y) =
= qurﬁ'x, ), tae E — amnnutya nons B

LeHTpe PackprIBa; f(x, y) =f(x, y)exp[iy(x,
¥)]— GyHKIHS, XapaKTepHU3yOLas aMILTH-
TyAHOE pacrpenenenue; GyHkius Y(x, y)
OIMCHIBAET pacnpeneneHue $asel B pac-
KpblBe, MpHYEM B LICHTPE PacKphiBa Puc. 4.1
y(0,0)=0.

Pesynsrupytomas IH, kax noxasano B § 1.2, onpeaensiercs B Buze
npoussenenus f f., rae f,— AMarpaMma HanpaBIeHHOCTH 3/emeHTa [1o#-
eHca 10 COOTBETCTBYIOUICH NONAPH3ALMH [10JI H3ITYHEHHUS, TIPHYEM H3
(1.28) caenyer, uTo B IIOCKOCTH @ = T/2 (WIH IVIOCKOCTH E) f®=1+cosb,
B IWI0CKOCTH @ = 0 (wmn wiockocty H) f9=1 + cos6. Bun stux JIH noka-
3aH Ha pHC. 4.2. MHOXHTENb CHCTEMBI f, OT IONISPU3aLMK HE 3aBUCHT. [Tpu
Gonbmux pasmepax pacKphlBa HaNpaBleHHbIE CBOACTBA ONPENE/AIOTCS B
OCHOBHOM MHOXHTEJIEM ]:: Ponk MHOXHTENS f, IPAKTHYECKH CBOAMTCA K
YCTpPaHEeHHUIO U3MTYUeHHS B HIKHEE NONYNpocTpaHcTBo. [IpeanonoximM, 4to
PacKpsIB Bo30yxIeH CHH(Aa3HO U paBHOAMILIMTYAHO, T.€. f{x, y) =1, y(x,
¥) =0 (naeansHad rockas aHTedHa). Torna B pesy/brare HHTETPHPOBaHHA
no ¢opmyne (1.29) 1 HOpMHPOBKH NMONYIHM

. (ka (kb .
sin TSchos(p sin ?smesm(p

F;:

@D

J%asinﬁcosfp k—;-sinesin[p

Beipaxenne (4.1) Taicke HENOCPEACTBEHHO Clie-
myer u3 GpopmyIibl Wis £, niockoit pemetky (3.68), ecnu
nonoxuts Y, =Y, =0,Nd =a, Nd = b u coBeplnTs
npenensHEeii nepexon. CundasHo Bo30yxneHHas mosep-
XHOCTb ¢ PaBHOAMIUTUTYAHLIM pacrpeneeHueM 1o,
KaK M pemeTka ¢ MoAoOHEIM pacnipe/ieiieHieM, HMEeeT
($azoBwlii IEHTp, COBMAJAIONIHIT C LEHTPOM PACKPHIBA.

B rnasueIx nnockocTax (@ = 0 u @ =n/2) HopMu-
POBaHHBIE MHOXKHTENH CHCTEMBI HMEFOT BHJI, AHAIOTHY- Puc. 4.2
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HBI MHOXKHTEIIIO CHCTEMBI IMHEHHOTO H3NTyaTeNs ¢ CHH(}a3HbIM H PaBHO-
aMILTHTYXHBIM Bo30YxaeHHeM (3.59), COOTBETCTBEHHO OCTAIOTCA CIIPABEN-
TMBEIMH OLHKH 215t AG , AB 1 YBJI. B wactHoCTH, AG = 51° Ma (tutoc-
xocth X02), AQ; = 51° A/b (mmockocth y0z), ypoBeHbs EpBOro GOKOBOTO
nenectka B o6eux miockoctax & = 0,21 (~13,2 1b), Hanpasnenue MakcH-
MyMa OCHOBHOTO fenectka §_= 0.

Pacder MHOXHTES CHCTEMBI B HPOU3BOJILHOM CEYEHHH, COCTABIIA-
IONIEM YTOI () € OCBIO X, MOXET OBITE OCymiecTBICH 1o obmeit hopMye
(4.1). JIna BeiaBaeHns ocobennocteit JIH B mpon3BoasHOM CEYEHHH BECH-
Ma HAIMAIEH METOJ KBUBAIEHTHOTO JINHEHHOrO U3IIydareld, CyTh KOTO-
pOTO aHATIOrHYHA METOXY SKBHBATICHTHOM NHHeiHo# pemeTkH (cM. § 3.8).
InockocTs packpriBa pa3buBactTcad Ha OECKOHEYHO Y3KHE IOJOCKH, Hep-
NCHMKYIAPHBIC K HaNpaBICHHIO, ONpENenieMoMy yriioM @, (puc. 4.3).
Kax1oif monocke cTaBHTCA B COOTBETCTBHE JIEMEHT 3KBHBAJICHTHOTO JTH-
HelHOTO M3JTy4aress, IpHYEM HANpaBleHHbIE CBOMCTBA 3TOrO 3/IeMEHTa
TOJDKHB! OBITE TAKHM JXe, Kak y aneMeHTa [ofireHca. JluarpaMma Hampas-
JIEHHOCTH IOXO00HOT0 SKBHBAJIECHTHOTO JTMHEHHOTO H3TyJaTeNs onpeaels-
et JIH nnockoro packpeiBa B JaHHOM CCYEHHH. TaK KaK B HalleM CIIydae
PackphIB BO30YKIaeTCA CHH(A3HO H pABHOAMILTHTYIHO, aMIUIMTYIHOE pac-
IpeeneHHe B SKBHBAICHTHOM JIMHEHHOM H3ITyqarene B KaX/J0#H Touke npo-
NOPLHOHAIBHO HPOCTO IIHHE COOTBETCTBYIONIEH monocku. s riiaBHBIX
IUIOCKOCTEH aMIUTHTYHOE PAaCHIPEIENEHAE B IKBUBAICHTHBIX H3ITyaTeNaxX
paBHOMEpHO (CM. pHc. 4.3). JluaroHanbHOE ceyeHHe XapaKTepU3yeTcs Hau-

Gonee CHIIBHBIM CIIaJ0M aMILTHTYABI
K KpasimM; YpOBEHb GOKOBOTO H3ITy1e-
MMMMMM ¥=0 HUS B 3TOH IWIOCKOCTH OyIeT MEHBLIIE,

YeM BO BCEX OCTAIIBHBIX CEUEHMAX.
} / MakCHMYM H3ITy4eHHUA Mpo-
\ % ctparcteeHHON [TH opueHTHpOBaH
NEPNEeHNUKYJIAPHO IIOCKOCTH pac-
N, KpeiBa. Bun stoit JIH anamorunyen
TIpUBeNeHHOH Ha puc. 3.21. OTinyue
COCTOMT B TOM, YTO U3ITyICHHE B HHK-
#°%2  Hee mOMYIPOCTPAHCTBO 31€Ch BCELNA
YCTPaHAETCSA 33 CYET OIHOHAIPABJIEH-
Puc. 4.3 HOTO H371yueHHs 3eMeHTa [foiiren-

$=7/2 (2
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ca (cM. puc. 4.2). [TockonbKy H3IIy4aroUIHe SICMEHTHI B PACKPHIBE paciipe-
JIeTIEHbI HENIPEPHIBHO, OMONHHTEILHBIM OTITHYHEM H3ITY4SHHS BO30YKIeH-
HOH TIOBEPXHOCTH OT U3IIYYCHHA PELIETOK ABIACTCA TAIOKE OTCYTCTBHE BTO-
PHYHBIX IMABHEIX MAKCHMYMOB, IPHCYIIHX IIPH ONPENENEHHBIX YCIOBHAX
JUCKPETHBIM H3ITyJalolINM CHCTEMAM.

JI1s KpyTi10# M3yqaromei MoBEPXHOCTH PaJJHyCcOM 4, Jexanici B
Iockocty z = 0, HHTErpupOBaHHE NIPH HAXOXKAEHHH MHOXKHTEIISA CHCTEMBI
(1.29) nenecoo6pasHo NpOBOOMTH B MOIAPHOH cHcTeMe KoopauHar. Ipu
cuH(a3HOM PaBHOAMILIMTYIHOM BO30YKIACHHH HOPMHPOBAaHHEIH MHOXH-
TEJb CHCTEMBI .

F_=A(u), 4.2)

rae u = kasin®, A (1) — namOna-ynxmus nepsoro nopsaka. Kak u B cayyae
HcaNnbHOMN NPAMOYTOILHOH anepTyphl, MAKCHMYM H3Ty4CHUs OPHEHTHPO-
BaH B HANPABJICHHM HOPMATH K TIOBEPXHOCTH, T.€. COOTBETCTBYeT 0 = 0.
Bripaxenue (4.2) cnpaseiuBo s T060il MIOCKOCTH, TPOXOIAILEH
dgepe3 HOpMalb K INIOCKOCTH packpsisa. [IpH a >> A mupHHA 0CHOBHOTO

JIEMIECTKA N0 YPOBHIO MOJNOBUHHOK MOIHOCTH AQ ; = 59° A/2a, ypoBeHB

nepporo Gokosoro memectka & = 0,132
(-17,6 nb).

Kax Bupno, JIH kpyrioro packpeiBa mmﬂ Aﬂm{W] “Ww
JuaMeTpoM 2a B moOoM CE4EHHH WMpe H 06- T\
nanaer MmeHpmnM YBJI, uem JIH kBanparHo-
TO pacKpbIBa pa3MepaMH 2aX2q B INIaBHBIX
ILIOCKOCTSX. DTO JIETKO 00BACHAETCS Pa3HBIM
aMIUTUTYXHBIM PacipeeneHHEM B SKBHBAICH- [/
THBIX JIHHCHHBIX H3My4aTe/IiX, COOTBETCTBY-

IOIIMX KBaJPaTHOMY H KPYTJIOMY PacKpEIBaM Puc. 4.4
(puc. 4.4). {ns 5KBUBANEHTHOIO JTHHEHHOTO
H3ITy4aTeid, COOTBETCTBYIOMIETO KPYITIOMY PACKpPBIBY, AMIDIHTYZHOE pac-

HpeeNeHNe B OTIIHYHE OT PACIPENEIICHHU U KBAAPAaTHOTO PACKpPHIBA CIia-
JaeT K KpasM, 9T0 ¥ OOBACHAET OMHCAHHBIE BHIIIE 3D HEKTEL




102 AHmeHHo-(budepHble yempodicmea U pacnpocmpaHeHue paduoeonH

4.2. BnuaHue aMmnnutyaHbIX ¥ (pa3oBbIX pacnpeneneHnin
Ha [iH nany4alowmx noBepxHocTen

PaccMmorpuM cHauana NpAMOYTONBHBIH pPackphlB B CiIydae, Koraa
MOXHO CYHTaTh, 9410 (X, ¥) = 0 (cun(asHoe Bo3OyxueHHe) U f(x, y) =
= f(x)f(¥), T.e. aMIIMTyAHOE pacHpenelIeHHe PasfenieTc N0 KOOpAHUHa-
TaM x ¥ y. Toraa (1.29) MOXHO MpPEACTaBUTL B BHAE ABYX MHOKHTEINEH,
Ka)Ib1H ¥3 KOTOPBIX 3aBHCHT OT KOHKPETHOTO BHIa GyHKuui f(x) u f(y).
B pesyneTare B kKol U3 NIaBHBIX IWIockocTel (¢ = 0 u @ = 7/2) MHOXH-
TEb CUCTEMBI HETHKOM ONpPENEIIAETCA TONBKO Pa3MEepPaMH PacKphiBa M aM-
IUIMTYAHBIM pacnpeneIeHAEM B 3T0ii IockocTH. [lapaMeTpsl packpHiBa B
JIpyroii INIOCKOCTH He OKa3biBaloT BausHug Ha JJTH, MakcHMyM H3ITydeHHA
opueHTHpOBaH B Hanpapienun O = 0. Jlna pacyera JIH npamoyronsaoro
PacKpHIRa B TTIABHEIX THIOCKOCTAX MOTYT GRITh HCIIONE30BaHH! JAHHEIE, IPH-
BecHHABIE B Taby. 3.1.

Jns xpyrnoro cHHGA3HOrO pacKphIRa ¢ 0CECHMMETPHYHBIM HEpaB-
HOAMILUTMTYIOHLIM BO30YKAeHHEM PacCMOTPHM paclpeneneHue

fP)=A+1-M)[1~(p/a)T, (4.3)
obJtazaroniee JOCTaTOYHOH OOIIHOCTHIO NIPH Pa3IHYHBIX 3HAYCHHSX A H 71.
3mech: P ~ PacCTOSHUE OT LIEHTPA 0 [IPOM3BONBHOH TOYKH B PACKDHIBE;
A — OTHOCHTEINILHEL YPOBEHD ITOJIA Ha Kpalo pacKpeiBa (mbegectan); # =0,
1,2, 3 ... (mpu n = 0 pacupeneneHue NOTyJaeTCA PaBHOAMILIUTYIHBIM, TaK
e Kak Ipu A = ]| 1 mo6oM »). BeipakeHHe 1718 MHOXKHUTEIS CHCTEMB] HMe-
€T BH

_n+l
“ nA+1
rae u = kasin®, A (x) — nam6aa-GyHKIMs #-TO HOPSMIKA, CBA3aHHAA C QyH-
Kimei Beccens nepsoro poaa #1-ro NopsAaka COOTHOIICHHEM
A, (x)=nl(2/x)"J,(x).

ITapamerps: JTH npu pasiuyHbIX 3HAYCHHAX 72 U A NPHBEICHH B
Tabm. 4.1. \

Heocecummerpuanoe Bo36yaeHNe KPYITIOro pacKphiBa MOXKET OBITh
BO MHOTHX CJIy4asX anNpOKCHMHPOBAHO BhIPAXKCHHEM

f@,0)=1-(p/a)*(1-A cos’ ¢’ -A, sin? @), 4.5)

[AAl(u)“'%Anﬂ (u)], (4.4)
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Tabnuuad.l
A A8 ‘VpoBeHb nepBoro KoadpuumeHt
n 0,5
- GokoBoro senectka, 1b | Hcnons3oBanus
1,0 59° A/2a -17,6 1,0
1 0,8 60° Af2a -18,6 0,996
0,6 62° A2a -19,8 0,98
0,4 64° AM2a -21,5 0,94
0,33 64,8° M2a -22.0 0,92
0,2 67° M2a -23,7 0,87
0 72,5° M2a -24,7 0,75
2 0,33 66° A2a -26,5 0,88
0,2 70,1° A2q -32,3 0,81
0 84,2° A2a -30,7 0,55
3 0,33 66° AM2a -30,8 0,87
0,2 71,3° AM2a -32,3 0,79
0 94,2° AM2a -36,1 0,45

rae ¢’ — yriosas HONApHAS KOOPIMHATA IPOM3BOIBLHON TOYKH B PACKphIBE,
A, ¥ A, - BemuMHA TBefeCTaNa B MockocTH O = 0 u ¢ = /2 coorset-
cTBeHHO. PacueThl NOKA3bIBaIOT, 4TO € JOCTATOYHOM CTENEHBIO TOYHOCTH
MOXHO CUHTaTh, 410 JIH B IIPOM3BONLHOM CEYEHHH () = @, IPH pacipene-
neHu (4.5) TaKas e, KaK H IPH 0CECHMMETPHUHOM pachpeneleHUd 1o
3aKoHy (4.3) IpH 1 =1 ¥ 9KBHBAJICHTHOM 3HAYCHHMH NbelecTana [62] A =
= A cos’@, + Asin’Q,.

-4 32 w-m 74\7 37 47 2

L

Puc. 4.5
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OTMeTHM, 4TO NIPH CIOXKHBIX PACIpeNeIeHUIX, OTCYTCTBYIOIMMMX B
Tabmuuax, MoxeT GbITh HCIOJIB30BAaH MPHHIMII CYNIEPIO3HIMH, CONIACHO
KOTOPOMY pacrpelielIcHAE NPECTaBIAETCA B BHIE CyMMBI HECKOIBKHX Clla-
raeMBIX, JUISL KOTOPBIX H3BecTHH napuuansusie JJH. Pesynsupyromas JTH
pu 3ToM paBHa cymMe J1H kxaxoro u3 cnaraeMsix.

PaccMOTpHUM NpHMEHEHHE STOTO IPHHIHINA IS KPYIIIOH anepTypsl
C Pa3pLIBHEIM pacHpeicieHreM 1ons (YaCTHIHO 3aTEHEHHBIE PAaCKPBIBHI,
puc. 4.6). Ilono6GHele pacnpencneHus BO3HUKAIOT OOBIYHO IIPH HAIHYHU
KakMX-JTH0O MpeNnATCTBHH Ha ITyTH BOMHEL IIpencraBuM pa3peIBHOE pac-
npefeneHue Kak pasHOCTh AByX pacmpeneneHui. OIHO M3 HHX COOTBET-
CTBYET HE3aTCHEHHOMY PACKPHIBY PAJHYCOM 4, IIONE B KOTOPOM OIHCHIBA-
ercs GyHkimeit f{p). Jlpyroe pacnpeneeHHe OMUCHIBAETCA TOM JKe CaMOi
¢yHkumed f{p), HO TONBKO B MPEAENax 3aTEHEHHOTO Y9acTKa PaIUycoM a,
(oGO @, << a). Torna pesyasTHpyrowas JIH onpenenurcs Kak pasHOCTh
asyx JIH, coOTBETCTBYIOIIMX HE3aTCHEHHOMY PACKPHIBY H 3aTCHEHHOMY
yuactky. [Ipu Beraucnenuu J[H Ha/to NpOsSBIATE H3BECTHYIO OCTOPOXKHOCTD
¥ YYMTHIBATh HE TOILKO a3y, HO ¥ aMILIUTYIHBIE MHO)KHTENIH NapHHallb-
HEIX JTH, koTOpEIe 0OBIYHO OIYCKAOTCS B HOPMHUPOBAHHBIX BEIPAXKEHHAX.

Iycts flp) =1, Torna, yYuThiBasd, 9T0 aMINIHTYZAa napuuansHex JJH
MIPOMOPIIMOHANBHA TUIOIIAH PACKPHIBA, MOITYyYaeM

7.= A (kasin®) — (a /a)*A (ka,sin®). " (4.6)

BnusaHue 3aTeHeHUs yCIOBHO NOKa3aHO Ha pHC. 4.6, rne Kpusas /
coorBercrByet JIH npu orcyTcTBUM 3aTeHeHU, KpuBad 2 — JTH 3areneHHo-
IO y4acTka (C y4eToM 3HaKa MMHYcC), kpuBasi 3 — pesynsrupytomeii J[H.
Kax BHIHO, HAHYME 3ATCHEHHS NPUBOIHT K HE3HATHTENLHOMY CYIKEHHIO

#8) OCHOBHOTO JIe[IECTKA H POCTY HEYETHBIX

7 OOKOBBIX NlenecTKOB. OTMETHM TaKKe, YTO
flp) I\ BIMAHME 3aTCHEHHS YBEIMYHUBAETCS TIPH

‘: =B- é CrajaroniX K KpasM aMIUIHTYIHBIX pac-
i /' npenenenusax. [T03TOMY MONBITKH YMCHb-

omte YBJI IpH HanmM4My 3aTeHEHHs Imy-
A TeM c11aboro Bo3Gy>KIeHHS KPaeB PacKpbl-

\W ¢ pane mpunocaT ycnexa, HeoGxomaMo noz-
Z 6Hpan, CIICIHUAJIbHBIC PACIIPCACIICHYA, 38~

BHCANIME OT XapaKTepa 3aTCHEHM A,

(a,/a} 2

Puc. 4.6
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HecnndasHocTs H3Iy4arolel MOBEpXHOCTH MOXET OBITH NpUCyIa
IaHHOI aHTeHHEe BcleAcTBHE 0cOGeHHOCTEH ee yeTpoiicTBa THO0 BHI3LIBA-
€TCSA HETOYHOCTHIO BHINOJIHCHNSA aHTCHHEI, B HEKOTOPEIX CiTyqasx Ha anep-
Typ€ CCHANLHO YCTaHABIMBACTCS ONPEICICHHEIA 33aK0H H3MeHeHu a3kl
(4aiie Bcero JIMHEHHBIN) UM yIpaBneHUA TONOXEeHHEeM Makcumyma JIH
wid nonydenus JH cneruansuol GopMet.

Paccmorpum smnefiHOe pacnpenencuue $assl no Kaxpo U3 Koop-
JHHAT X M y, omuceiBaemMoe QynkmuaAMH Y(x) = exp(-iykx), y(y) =
= exp(—iyyky), ey ny, - K02 dUIMEHTE! 3aMEICHUS BO30Y:KAaIOmeiH
BOJIHE! 10 KOOD/IHHATAM X H Y, IPHICM Y, < 1, 4TO OOBIYHO 2114 IIPAKTHKH.

Torna HarnpapJICHUEC MAaKCHMyMa OCHOBHOIO JIENIECTKA HAXOAMTCS H3 pa-
BCHCTB

sin@_cos@_ =1, sinf_sins@_ = .7

CIIPABEIHBLIX NpH Jiio6oii hopMe packpiBa ¥ MOGOM aMIDIUTYLHOM pac-
npenenenaun. Koapourmentsr y u Y, YIOGHO HHOI/IA CBA3ATH C MAKCHMAJIb-
HBIM 3HA9eHHeM a3l B KpalHHX TOYKaX IVIABHBIX CEYEHHI PacKphIBA
tdopMynamu

Y= 2, Jka,y,= 2y Jkb. (4.8)

Pacuer /TH npAMOYTroJsHOTO PacKpEIBa B ITIABHBIX MIIOCKOCTAX MPH
JTHHEHHOM pacnpefeNeHHH (assl MOXHO OCYIECTBIATE MO GopMyaam,
TpHBEAEHHBIM BHIHIE JUIL CHH(A3HOTO pexnuMa, NOACTABNIAL B HHX B 3aBH-
CHMOCTH OT HHTEPECYIOIIEH ILIOCKOCTH 3HaYeHus ¥ = ka(sin® — v )/2 nnu
u = kb(sinb — Y,)/2. Asmenenns, npoucxonsmue ¢ JIH npu nuneiinom da-
30BOM paclIpe/Ie/ICHHH, a Taloke IIPH KBaIpaTHYHBIX M KyOudeckux ¢aso-
BBIX OIIHOKaX, aHAIOTHIHEI ONTHCAHHEIM B § 3.4

y’

4.3. Koadhhmuuent HanpaBneHHOro AeUcTeus
M3ny4arlmx noBepxHoOCcTen

Hna onpenenenna KH]I usmyqaromero packpbiBa npH cHHpA3HOM
BO30Y>KICHUH B HANPaB/JICHHM MakCHMyMa u3JydeHus (8 = 0) Bocrons3y-

emcs dopmynoit (1.46): Dy, =217 | E | / Z2P;. Cornacro (1.7) n (1.8)
3NIEMEHT PacKphiBa, T.e. aMeMeHT [oiirenca, npu 0= 0 u3mydaer mone, aM-
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IIATYxa Kotoporo npu Z = Z? coctaenser dE,,, =(E,/Ar)dS. Tak kak B
HaNpaBjIeHHH @ =() Pa3HOCTh XO[a Iy4ei paBHa HYJIO, TO

E, =Elf( ydslar, 4.9

e f(x,y) - GyHKIUA, XapaKTepH3yIomas pacnpezeneHue Mojs Mo pac-
KphIBY. 3Hagenue Py nerde BCero HalTH, HHTETpHpys BexTop IloHHTHEra
HETIOCPE/ICTBEHHO 110 TOBEPXHOCTH pacKpsiBa. CpeHee 3HaYeHHE BEKTOpa
TNotnTHHra B TOYKax packpsiBa I1 = E*f*(x, y)/2Z °. MomHOCTS, H3NTydac-
Mas pacKpHIBOM,

P, =(EX2ZO f(x, y)dS = (E240m)| f¥(x, y)dS.

Orciona nony4aeM
, | [£(x.y)dS
D=(4n/A)E—— .
(4n [7Cxy)ds (4.10)
N

B cirydae uneansHo# miiockoi cuadasnoii antenss! (f(x, y) = 1) Bol-
paxenue (4.10) mpuHUMaeT BUL

D=D,=4nS/\?, 4.11)

crpaBeIHBEIH pH mo6oit Gopme packpsisa. Ompeaenys g IPAMOYTOIb-
HOro packpbiBa u3 Tabn. 3.1 suayenus AQ . (B Tpagycax) B IIaBHBIX IIIOC-
KOCTAX uepe3 OTHOLIEHHUs a/A, b/A u moacrasus ux B (4.11), monyanm

Dy =32700/AB§IA8. (4.12)
Ipn HepaBHOMEPHOM aMIUIMTYIHOM pactpeneneHud KH]I ymeds-

maeTcst. Ymensiienne KH/I npusasaro oneHnBats xoaghguyuenmom ucnons-
306anus nogepxnocmu aneptyprl (KHAIT)

| [Fx,p)dS P
v, =5 <1.
© S yds (4.13)
s
Beipaxxenue (4.13) cnpasenmuBo mis GyHKImii f(x, y), CpaBHATEID-

HO MEJICHHO MEHAIOIMXCS IO PacKpPHIBY, YTO OORIYHO BBHINONHACTCH Ha
npakTuke. B o0meM cityuae 114 Tak Ha3blBAEMBIX «CBEPXHAIPABIEHHBIX»
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aHTeHH (cM. 4.4.2), peanu3aus KOTOPhIX CBA3aHa C OTPOMHBIMH CIIOXKHOC-
TAMH, BO3MOXHO v_ > 1.
IpencraBum (4.10) B BUzE

D = 4mv S/A* = 4nS /A2, 4.14)

rae S, = Sv, — neiicraytomas (Wi 3pQeKTHBHAS) TOBEPXHOCTE PACKPHIBA.
Cpasnenne (4.14) u (4.11) noxasbiBaet, 4To S, MOXKHO Ha3BaTh IUIOLAIBIO
TaKkoH uaeanbHOM miockoi anreHHsl, KH] xotopoit pasen KH/I nanHoro
packpeiga. [Ipn cHr(asHoM BO30YKIEHHH V, 3aBHCHT TONILKO OT BHA aMIl-
JMTYIHOTO pacmlpefeneHus. s npAMOyTroNsHOIo packpeiBa ¢ pacipee-
JIEHWEM TIOJIs [0 KOODIHHATAM X H ¥, T.e. f(x, ) = f(x) f(y), Benuamna v,
MOXET OBITH pacCUMTaHa Kak

v=vy (4.15)

a x )

T V, MV, IPE/CTABISIOT c060it K03 HIHEHTH HeTIONB30BaHHs [cM. (3.61))
9KBHBAJICHTHBIX JIMHEHHBIX H3TydaTesel, mapajulelIbHbIX OCAM X B  C pac-
mpenenenueM f(x) u f(y) coorsercreenno. 3HaveHHE vV, U v, MOTYT OHITH
HCIIONb30BaHEl U3 Tab. 3.1.

OTtMeTHM, 9TO B CITydae aMIUTHTYAHBIX pacipefeIeHNH, CTIafatoInX
K Kpasu, oIb30BaThcs popMynoit (4.12), npumenseMoi U1 paBHOAMILIH-
TYRHOTO BO30YXIeHHUs, HeNMb3s. Ecnu aMmiuTyiHOe BO3OY)KAEHHE B KaXK-
JIOH IIIOCKOCTH Crajiaet, K npumepy, A 0,3, 6onee TOIHBIM OKa3BIBaETCA
COOTHOIICHHE

D = 43000/ A6A8Y?.

3Ha9eHHs v, JUIs KPYIIIBIX PACKPHIBOB NPHBEIEHE B Tabm. 4.1.
IIpu maneiinom dasosom pacnpenenennu KH/I B nanpasnennu (0_,
¢_) YMCHBIIAETCA 110 33KOHY

D =4mv ScosB_/A%. (4.16)

@aszoBble oMMOKH B PacKphIBe, KaK CHCTEMATHYECKHE, TaK H CIIy-
YaiiHble, IPUBOAAT K YMEHbUIEHHIO v . 3aBucHMocTs KHT ot criyqaiinbix
$a30BbIX OMMGOK PACCMOTpPEHA B IUL. 8.
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4.4. MeToabl peLieHUA 3afja4 CUHTe3a
aMnnMTyaHO-(ha3oBLIX pacnpegeneHni

4.4.1. NMocraHoBKa 3afa4Ku CUHTe3a

B § 3.2-3.4 u 4.2 611H npoaHaTM3HPOBaHbI pasinuHele THIB ADP u coor-
perciBytonye uM J{TH. EcTecTBeHHO, UTO paccMOTpeHHBIE THIIB! pACTIpesieNeHuil B
ofeM ciryyae He MOI'YT OXBaTHTb Bce BO3MOXKHBIe TpeGoBanus K JIH. B ceasn
C 3THM BO3HHKaeT npobnema oreickaHua ADP, COOTBETCTBYIOIMX 3aJaHHEIM K
JIH TpeboBanusamM (KiTaccHUeCcKas 3a1a4a CHHTE3a aHTEHH, WIM 3a1a4a cunre3a ADP,
cM. § B.3). Petuenuro KIacCHYECKOM 3a1au¥ CHHTE3a IOCBAMIEHO BOMbILOE YHCIO
pabot, B TOM yrciie MoHorpadwuii [24, 40], B KOTOPBIX HCCIIENYIOTCA TAKHE BaXKHEIE
BOMNPOCH!, Kax peannsyemocts J{H 3anannoi GopMbl, HOUCK peilieHiti ¢ HamTyInuM
npubmmKeHneM K 3axannoi JIH, ycToiuMBOCTE NOMYYEHHBIX PELIEHHI U Ap.

B nannom pazpene GyAyT pacCMOTPEHBI METOAS! PELISHUS KIACCHYESCKOM 3a-
Jla4M CHHTE3a, KOIla 3a1aHHOM aBiagercsa ¢opma JH. B npunnune cymectsyror n
HECKOJIEKO UHbIE TOCTAHORKH, Gonee 4acTHbIe, Hanpumep cuute3 AOP ¢ onTHMAE-
Ho#t [TH, nMeromeit MUHMMAIBHO BO3MOXHYIO [IHPUHY OCHOBHOTO JIEIECTKE IPH
3aganHoM YBJI, cunres AQP ¢ makcuManbubivM KH/L B [1aBHOM HarpaBieHHH H Jp.

4.4.2, YcnoBus CyweCTBOBaHKS TOYHOFO PeLLeHuUs.
CBepxHanpaBneHHOCTh.

OrpaHu4HMCS PacCMOTPEHHEM CHHTe3a JIHHEHHOro M3jlyvarens, Tak Kak
OH, BO-TIEPBhIX, HanGoee APOCT, & BO-BTOPHIX, PE3yNLTATHl CHHTE3a JTHHEHHBIX
H3Jlydareneif MOryT GbITh HEROCPEACTBEHHO HCIIOIB30BAHEI U1 IUIOCKHX H3Iy4a-
lowux nosepxHocreii (cM. § 4.2). Bynem cuurarts, 4to 3ananHas J{H onuceiBaeTcs
¢dyHxuueit }:(6), COOTBETCTBYHOLICH TOJIIBKO MHOXUTENIO CHCTEMEL ]’;:(9). Hamnpas-
JIEHHEIE CBOMCTBA H3JIy4JarouIero I?:JIICMCHTa BCCI‘,[IE MO)I'(NHO Y4e€CTs B HCOGXOII,PIMHX
Ciy4asx, paccMatpupas BMecto f(8) dyrxumo f(8)/ £, (0). [Ipu 310M npeanona-
raercs, 4To Tpebyemas MONAPH3ALMOHHAN XapaKTEPUCTHKA MO M3IyYeHHs aH-
TEHHbI COOTBETCTBYET NOJIAPH3AIMOHHBIM CBOHCTBAM H3NYYalOLEro MeMenTa. [ina
JHHEHHOTO H3NMyyaTens Ipy u3secTHOH yHkumu I(z) coracuo (1.27)

L2 L2
fo= [ I(@)exp(ikzcos®)dz = [i(z)exp(ixz)dz, 4.17)
-L12 -L12

rae ¥, = kcosO. [Ipu uamenenuu yria 6 B npeaenax 0 < 6 < n pennunna Y, Menserca
or +k a0 —k (o6nacts peanbabIx yrnos). Iockonsky /(z) =0 npu z > L/2, 10 (4.17)
MOXHO 3aIIHCaTh B BUJC
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0 = [H(z)exp(ing)dz. (4.18)

Bripaxenue (4.18) noxaseisaer, yro JJH MMHEHHOTO H3JYy4aTesa MOKHO
paccMarpuBath Kak npeoGpasosanie Oypre ot Gynxuuu /(z). Otciona cnexyer,
YTO NpH 33AaHHOM pyHKuuK f(0) pacnpeneneHne TOKa MOKHO HaiTu Kax o6par-
Hoe npeobpazosanne Oypre:

oo

I(z) = (1/2m) [F () exp(=ixz)dy. (4.19)

IIpu BeruKcnennH (4.19) Tpebyercs aHaTHTHIECKH NPOAOIKUTS GYHKLHIO
f(x), 3aJaHHYIO TOJBKO B IMANa3OHE PEabHEIX YIIIOR (les k), Ha BCIO Betle-
CTBEHHYIO 0Cb . PyHKUMIO /(Z) MOXHO PACCMATPHBATE KAK CIIEKTP Npeobpa3oBa-
Hus Dypee ot dynkimu £ (X). [TockonsKy pacnpeneneHde Toka I(z) HOIDKHO ObITh
OTIAYHO OT HyJs ToNbKO NipH | z| < L/2, To oTcIona scHo, 4To K K/IACCy peanusye-
Meix JTH oTHOCSATCS NHIIB TaKue, KOTOpbie OMHCHIBAIOTCA (YHKUMAMY C OTPaHH-
YEHHBIM CIIEKTPOM. ‘

Tpebosanue npunagiexHocts JJH k cneunansHoMy Kiiaccy byHkuui Teo-
pETHYECKH HE OTPaHMYHBAECT BOMOKHOCTH CHHTE3a, MOCKONBKY JIO0YIO Helpe-
PHIBHYIO (GYHKUHIO MOXHO B JIHANa30HE PEANbHBIX YITIOB C K000 CTeneHBI0 TOY-
HOCTH aNNpOKCHMHPOBaTh QYHKUHEH C OrpaHHYeHHBIM criekTpoM. [IpoTskeHHOCT
CIeKTpa 3TOH QYHKIMH MOXeT OBITh JIIOOOH, B TOM YHCIE CKOMB YTOOHO MAJIOH,
4YTO COOTBETCTBYET CKOJIb YIOJHO Manoit anuue L. OTclona BRITEKAET, YTO Teope-
THYECKH M06as, B TOM 4ucie oueHb y3kas, JIH MoxeT ObITh pealn3oBaHa aHTeH-
HOH ¢ NH0GEIM, J@Ke OYEeHBb MabIM 3HaYeHuem L.

okaxeM, OHAKO, KAKHE NPAKTHYECKHE CIOKHOCTH BOSHHKHYT IIPH M1O-
IBITKE PELLIKTE TaKylo 3agaqy. Jina dyuxuuit f(X) (C OrpaHHYESHHEIM CIICKTPOM) H
I(z), cBasanHBIX Mex 1y coboii npeobpasosanuem Dypne, MOXHO ToKa3ars [40],
YTO

max | F/(0) KV /3

L2
Nli(2) P dz12, (4.20)
~L/2

e 7’()() = af(x)/d(x) ~ 0,7(6)/0(9) — npousBoaHas JIH no yrnopoit nepeMeHHOH.

L/2

ﬂ i(z) |2 dz HocuT HasBaHue Hopmsl moka. Us (4.20) cnenyer, uto
-L)2

npu Gombmoit nponssoaHoii | f(x)| (nanpumep, npu y3xkoit JIH win JIH cextop-
HO¥ (POPMEI) HEOGXOANMO YBENHYHBATE IMGO HOPMY TOKa, THOO IVIHHY AHTEHHBI.

Benuuuna
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VBenu4eHHe HOPMbI TOKA CBA3AHO C YBENHYCHHEM a0CONIOTHBIX 3HAYCHMI TOKa B
AHTEHHE, YTO NPUBOAMT K JONOTHUTENBHEIM NOTEPAM. OTMETHM, YTO YBEIHYCHHE
HOPMEI TOKa (TIPY HEH3MEHHOR MOLIHOCTH M3/y9eHHs Py, COOTBETCTBYIOWIEH 38~
JaHHOM QyHKUuH f())) CBA3aHO C TEM, YTO MO OT OTASABHEIX SIEMEHTOB aHTEH-
HBI CKJIA[IBIBAIOTCA HECHH(]A3HO H MOYTH BO BCEX HANPABAECHHAX KOMICHCHPYIOT
JApYT Apyra. ToNbKo B CEKTOPE YINIOB, IPHMBIKAIOLIMX K HANPABICHHIO MAKCHMY-
ma JH, ara komnencauus Oynet HenonHoi. BOIM3M TaKuX aHTEHH BEIHMKH SHEp-
THH, 3a0aCeHHEIe B 3JEKTPHYECKOM M MAarHMTHOM mojsax. CIeACTBHEM 3TOrO
[em. (1.52)] srnsrores GoMblas peakTHBHAS COCTAaBIAIOILAA Z W BO3PACTaHME

Jno6poTHOCTH cHcTeMsl. [To 3TuM npUYKHHAM peleHus ¢ 6OnbUION HOPMOH ToKa, |

COOTBETCTBYIOIIHE «MAJIOTa0apUTHRIM» AHTEHHAM, Ha3LIBAIOT -CEePXHANPAGNEH-
HbLMU WIH peaKmueHbIMY, 1 UX CTPEMATCA HCKIIIOUNTB, YMEPEHHAs CBEPXHAIpaB-
JIEHHOCTb, HpPHEMIIEMas C IIPAKTUYECKOH TOYKH 3PEHH, IPOKBIAETCA B aHTEHHAX
Gerywueit BONHBI C 0CEBBIM H3TYUYCHHEM B ONTHMAIBHOM pexume (cM. 3.2.4).
CreneHp CBEpXHaNpPaBISHHOCTH aHTEHHBI YIOOHO OLIEHMBATH COOTHOLIE-
HHEM aMIUIMTYA TOKOB (0G03HauuM ero {3) B [2HHOI aHTEHHE U PaBHOAMIUIHTYA-
HOM H3JIy4ateJie, 00ecreYHBaIONIEM B HANPAaBICHHH MAKCUMYMa M3IIy4eHUs CHH-
thasHOe cloXKeHHE MOJIEH OT OTAENbHAIX JIEMEHTOB, IPH HEM3MEHHON MOLIHOCTH
H3jtydeHns obeux anteHH. B ABB ¢ oceBbIM H3nyyeHHEM B ONITHMAIBEHOM PeXHME
B=2,1 mpu I(z) = 1 u B= 17,5 npu I(z) = Icos(nz/L). Ilpu BLICOKOH CTENEHH CBEPX-
HAIIPABIEHHOCTH 3TOT k03¢ duument moxer goctarars 107...10° [38].

_ Poct HOpMBI TOKa MOXET MPOHCXOAMTH HE TOILKO B CIIy4asX, KOT/Aa BEJHKO
| f ’(x)| , HO ¥ IpY MOMNLITKaX cuHTe3uporars JH cnetmansHoit dopmul. [eiicTen-
TeNBHO, Kak ciIenyeT 13 pasercTna [TapceBais [40] ans byHKuHM, CBA3AHHEIX MEX-
zy co6oii npeoGpasosatueM Dypse, HOPMA TOKA OMPEENAETCA IOBEAEHHEM (yH-
kupH f () na Bceit ocu

L/2

[ i@ dz= [|Foo P ax=

-L/2 —o0

LA ke 421
= N17af d+ (] + DIF@P d @.21)
X -k

IIpu nonwiTkax ToYHO anmmpoxcumMupoeats JIH crnennansHoit dopmsl, 3a-

k
. Foan 2
niaHHO# B 06nacTH peansHbIX yrios | |< k, murerpan [ (%) Pdx (nponopuwo-
-k
HaybHBI coracHo (1.37) MOmHOCTH H3MyueHHs Py NHHEHHOH aHTEHHbI) OCTa-
eTCH NPAKTHYECKH HEeM3MEHHEIM, OHAKO B o61acth | |> k Moxker pesko BO3pac-
TaTh, YTO NpHBEAET cornacHo (4.21) k pocty HOPMBI ToKa. [ KonM4YeCTBEHHOH
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OLIEHKH ABJICHMA CBEPXHANDABIEHHOCTH BBOIMTCA TAKXKe KoagQuyuenm ceepx-
nanpaenennocmu (KOdGOUUHEHT PEaKTHBHOCTH)

e k -
y=[1FfQF dut [IFOOF dx. 4.22)
—o0 -k

JLna NCKIIoueHUs ABIEHUS CBEPXHANPaBIeHHOCTH KO3 dUIIHEHT Y IOIDKEeH
OBITH OJIM30K K €AMHHLE.

4.4.3. NpubnuxxeHHbIe MeTOAbI PELIEHNA 3aAay CMHTe3a

Ha mpaktuke TpeGyemas dopma JTH 3anaerca 8 Bune mubo rpaduxa, mu6o
(yHKUMH, HE YAOBIETBOPAIOIEH B 061EM cilyyae yCIOBHAM CYINECTBOBAHUA TOY-
Horo pelieHus. PaceMOTPHM [iBa METOa pelieHis MOoA0OHbIX 3a/a4: MeTO[ HH-
Terpana ®ypbe H MeToA mapuuanbHbix JJH.

B metone unrerpana ®ypre GyHkuna f(0), coorBeTcTBYIOMad 3a8aHHON
JTH B 06nacTi peafbHBIX YIVIOB, 15 o0ecniedeHu YCIOBHA | = | 0CTaeTCA paBHOH
HYIO B 06ACTH MHMMEIX YIJIOB, T.6. IpunuMaetcs, uto f(x) = 0 npu |x|> .
OnpenenenHas TakuM 06pa3zoM QYHKINMA HE NPHHAUIOKHT K Kiaccy QyHKIMI,
06nagaomux KOHEUHBIM CIIEKTPOM, IIO3TOMY PacIpesieleHHE TOKa

k ~
I(2) = (1/2m) [ F(x)exp(=ixz)dx, (4.23)
“k

MI0y9aeTCs OTIHYHBIM OT HyIia Ha Beel ocu z. Ha puc. 4.5 usoGpaxena s npu-
Mepa yHkiua pacnpeaenenus Toka I(z), coorercrayromas JIH cexropHoit dop-
MBI IMpHHOH 60°, CHMMETPUYHOH OTHOCHTEILHO HOPMAIHM K OCH aHTEHHBI
({(z) mpx 3TOM nonyyaeTcs YMCTO BElleCTBEHHON QyHKuueil). EcTecTBeHHO,
pealibHas aHTEHHA JO/DKHA UMETh KOHEUHYIO JUIHHY, CICIOBATENBHO, HAMICHHOE
pacnpenencHue I(z) HEOOXOTMMO ype3aTh, OCTABMB TONLKO YaCTh €r0 B MPeNenax
lzls L2 u OT6pOCHB OCTaBIIMECH Y4acTKH (CM. puc. 4.5). Ocrasiueiics dacTn
pacnipenenenns [ (z) Gyner coorBercTBOBaTh [JH, onuceiBacMas QpyHKumMedt

- L2

L= [L(2)explixz)dz.

-L/2

MoxHo noka3sarp [24], uTo npH 3TOM 00eCeYUBAETCS MHHUMYM CpENHE-

KBaJipaTHYHON OIIHOKH

8 = ji T~ FxCOF dx. (4.24)

ITpuuem
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5 -L/2 = . )
8" = I + I | I(z) I dz. (4.25)
~e L2

M3 (4.25) BUAHO, YTO BEUYUHA CPEAHEKBAIPATHIECKOH OrPEMIHOCTH Ofl-
pellenseTcs MIOMWAABI0 OTOPOIIEHHBIX YYaCTKOR KpUBOii | / (z)| BO3BEICHHOH B
KBagpar. OTCIoa NoMyYaeM NPOCTOi H HaMIAAHKIH KpUTEPHil BEIGOPA UIHHbI aH-
TeHHBI L B MeToge uHTerpana ®ypoe.

Cornacto metony napuuanbusix JIH 3anannas JIH annpokcHMHpyeTcs CyM-
Moii pyHKIHiA f (), 1.e. byHkuHeH

f0= ;a 7,00

Jna xaxaoif u3 napuuansaeix JH f (%) ammmTynHo-(azoBoe pacnpese-
nenue B npenenax usnyyarens (|z|< L/2) nomkro 6erre m3BecTHO. B KavecTse
napuyanbaeix JIH yno6xo Gpate ¢yHkumu sinu/u, tae u = (Ly/2) — nm, cooTBET-
CTBYIOLIHE IOCTOSHHOM aMILIMTY e BO3OYKIEHHUS U IMHeHHO U3MEHAoLIelics (ase
(cm. § 3.7) ¢ MakcUMaNbHBIM 3HAYEHMEM (a3bl B KPaHHHX TOYKAX H3MyyaTels,
paBHbIM n7t. MakcuMyMEl yHKumi f () HMeroT MecTo npu X, = 21n/L, BCe oc-

Ta/bHbIE QYHKIHU B 3TOH TOUKE PaBHEI Kymo. Ecnu BRGpath kospdunments g =
= f(2nn/L), To pyHKUHI

= S e F o S Sinldx/2)-nm]
£ ngNanfn(x) _E_l: L) 2 (4.26)

6yleT TOYHO COOTBETCTBOBATH 3aaHHON (YHKLUM f(x) B TOYKax X = 27n/L
(puc. 4.7). Uncno takux Touek Oyner tem Gonee Gonbiie, yeM Golblie AIMHA aH-

%) #1{x)
W/ N
M\
[
v [
L=44 i1
ot [
\ ] \
044 'l \‘
\ I
g2 ! 4
~VY NN
-X L.5K N0, ~ =N 5,25kN D5 \l{ l, x
\J

Puc. 4.7
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TEHHbI L; B OCTAIbHBIX TOYKaX QYHKIMA f(x) 6yZeT BOCCTRHOBJEHA C IOIPeHO-
crbio. [lapnuaneneie JIH, MakcUMyMBI KOTOPHIX JIeXaT B 001acTH |x| >k
(cM. puc. 4.7, mTpHXOBas JIHHUA), MOTYT B IIPUHIMIE HECKOJBKO YIY4UIHMTb CO-
pranenue f(X) u f (X) B IPOMEXYTKAX MEXKIY TOUKaMH X, = 27tn/L 3a CyeT CBOHX
6oKoBBIX JenecTKOB. OHAKO /1 3TOT0 HX MHTEHCHBHOCTH AOXKHA ObITE HOCTa-
TOYHO BE/IHKA, UTO IPHBEAET K PE3KOMY YBENHUECHHIO Kodpuuuenta y. [lostomy,
Kak 1 B Metone Pypse, IH f(Y), 3anaHHad B AHaNa30He pealbHBIX YIIOB, MPO-
JoJKaeTcs HyneM B 061acTH MHHMEIX YINIOB; COOTBETCTBEHHO YHCIIO NAPLHAIIE-
Hbix JTH orpannunBaercs 3HayeHueM N <L/A. PacnpeneneHue Toka OpH METONE
napuuaibaeix JIH HaxoguTcs Kak

N

I(z)= Y f(2nn/ Lyexp(-innz/L). 4.27)

n=—N

Ha puc. 4.8, @ 1300paXkeHH! pe3y/IbTaThl pacyeTa aMILIMTYAHOTO Pacipese-
JIeHUs AJ1A M3Tydarens JumHoi L = 4\ ¢ JTH cexTopHoil popmsl, IpHBEIEHHOM HA
puc. 4.8, 6.

Kak Ow10 IOKa3aHO BEILIE, HO-
Gapnenne mapnuansHoii JIH paxe c
ool aMmTHTYI0# B 06nactu | 1>k
MAI0 H3MeHAET GOPMY PE3YIETHDYSO-
wei IH B o6GmacTi peanbHEIX YIioB.

Opnnako B pacnpenencHuu toka (4.27)
MOABJIAETCA claraemoe ¢ GONbIIOH aM-
IUIATYAOH, YTO CHIBHO U3MEHAET pac-
npeaeneHue Toka. OTMedyeHHBIH bakT
00yCcnoBieH 0COOEHHOCTAMH YPaBHEHHS \
(4.18), rne HemspectHas pynkuys I(2) =57 w 7 b
CTOMT NOJ 3HAKOM HMHTeTpaia, BCIel- U
CTBHE 4ero 3a/iauya CHHTe3a B PaccMOT- -

PEHHOH TOCTAHOBKE OTHOCHTCH K TaK L=4A 3
Ha3BIBAEMBIM HEKOPPEKTHO IIOCTABIEH-

HbIM 3aa9aM [10], wis koTopsix Xapak- Puc. 4.8

TepHa HEOAHO3HAYHOCTh PeIIeHHUit: 0a-

HOIt U TO# %€ TOYHOCTH peanu3aliy 3a~

nanHoii JIH MoryT cooTBeTCTBOBATE pasHule pacnpeaeneHus Toka. [l ycrpaHe-
HUA 3THX 0COOEHHOCTEH MCIOMB3YIOT METOBI PETYIAPU3ALAN PELICHA, TIPSO~
xeHHEIe B paborax akanemuka A. H. TuxonoBa. OTMETHM, YTO B PACCMOTPEHHEIX
BRILIE METOAAX HEKOTOPas PETYIAPU3ALMA PELIEHHs OCYIIECTRIIANACK 32 CUET BB
6opa dyHkimr f()) =0 B 06nacTH MHHMEIX YIJIOB.

f18)
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4.4.4. OcobeHHocTU cuHTe3a ADP aHTeHHbIX PeLeToK.
Aonbd-YebbilweBckue peleTkn

Jliist sxBuAKCTaHTOM NuHe#HOH AP (cM. puc. 3.1) U3 M30TPONHBIX JTEMEH-
TOB ¢ ucnons3oBanueM (1.25) u o6o3HayeHHil, NpUHATHIX B 3.2.1, MOXHO nony-
quTh 1A JIH BeipaxeHue, KOTOpoe ¢ y9eToM 0003HaueHus ), = kcosO uMeeT BUL
pana Oypre:

M
F) = 21, exp(indy). (4.28)
n=—M

Qyuxuud (4.28) — nepuonnueckas, ¢ nepuonom 7'=2n/d. Toxu 1;, obecne-
4HMBAIOLIME HAWTY4LIYIO CPeIHEKBAAPATHIECKYIO ANNPOKCHMALMIO 3aaHHOH (yH-
KUMH f()(), MOTYT OBITh HaiiieHb! Kak Ko duuuents Pypoe:

L nid_
I,=(d/2m) [fO0exp(~indy)dy, (4.29)
~-n/d

fIpUYeM Luar peleTKy d JOMKeH BHIOHPAThCA U3 YCAOBHS NONABICHHA BTOPHY-
HBIX IIABHBIX MAKCHMYMOB. B uacTHOCTH, 1% pemieTkH npu d = A/2, Kak BUJIHO H3
(4.23), Toxu I, COOTBETCTBYIOT BHOOPKAM M3 HENPEPLIBHOIO pacnpenenenus /(z),
HaiiieHHOrO 110 MeTony Dypbe, B TouKax z = nA/2. ECTeCTBEHHO, YTO HCKPETHBIIH
XapakTep pa3sMEIleHHA H3Ty4alolMX MEMEHTOB B AP orpaHH4uBaeT, B OTIHYME
OT HENpPEpHLIBHOTO H3ITyJaTelld, BOZMOXHOCTH peanu3alyu npoussonsuoit JH, B
YacTHOCTH CO CKOJIb YTOHO BBICOKOil HAIPaBIIEHHOCTHIO NpPH 33aJaHHOM JTHHE
pemeTkH L.

YacTHBIM ClyyaeM KIACCHYECKOH 3a1a4H CHHTE3a aHTEHH C ONTHMAIIBHOH
JH sBisieTcs, Kak OTMEYaI0Ch, 331248 HAXOXK/ICHHA TOKOB B aneMeHTax AP, obec-
NEYUBAIOMMX NPH 337aHHOM YDBJl MHHMMAaNbHYIO IIUPHHY OCHOBHOTIO JIENIECTKA
WK NIPH 33 aHHOM ITHPHHE OCHOBHOTO JienecTka MUHHMaNbHbIH YBIL. Pemenue
9To#i 3aaun 66110 BiepBhle nonyyeHo Jonbgom ¢ UCNONE30BAHHEM TIOIMHOMOB
Yebrbiuepa, B CBA3M C 4eM Takie AP nomyduin HasBaHUe 001b-yebbiutescKux.

AHanus BeIpaxeHH (4.28) noka3bIBaeT, YTO MHOXUTENb CHCTEMEI AP Mo-
ket ObITh NMpeacTaBlIeH B BUJIE NOMHHOMA cTeneHd 2M = N —1 o nepeMeHHOi,
CBA3aHHOH ¢ ymioM 0, npuyeM ko3(hQUUMEHTE! ITOTO [OIHHOMA OMPENENAIOTCH
TokaMH [, B anemenTax pemerku. IIpu d = M2 Toxu I moxHO momobpars Tak,
YTOGB! yKa3aHHbIH OJMHOM COOTBETCTBOBAI TONHHOMY YelhieBa Toii sxe CTeneHu
2M. Tpaduk nonauoma Yebpunesa 7, (x) ans M =4 npusesneH Ha puc. 4.9. O6na-
CTH PEabHEIX YIJIOB (|x|> k) cooTBeTCTBYET HacTh 3TOr0 rpaduka B npepenax
0, S x < 0 (o) > 1). Baxubim cpoiicTBoM nonutomos YeGrimesa spnsercs 1o,
YTO 3TH IOJIMHOMBI B nipesienax orpeska —1 < x < 1 (061acTs G0KOBEIX JEMECTKOB)
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Taix) ]
\ 0
N
N
N
3 14 N
N N
3 . R
" , \
N N
R
N - - - -
N -+ + + R
~ot, - 40 2 10 ap
Puc. 4.9

HAaHMEHEE YKIIOHAIOTCA OT HYIS IO CPABHEHHIO CO BCEMH APYTHMU IOIHMHOMAMH
AAHHOH CTENEHH, MMEIOIIUMH OJHHAKOBBIE KO3 GHLUMEHTE IPH CTapieil cTeneH
x. Ilpn |x| > 1 nonuuom COOTBETCTBYET OCHOBHOMY Jenectky JH. Ot Benuuuun
0L, 3aBHCHT COOTHOMIen e Mexay YBJI ¥ mupuHoii ocHoBHOro nenectka. Hanpas-
JIEHHE MAKCHMYMa M3ITyYEHHs 3aBHCHT OT (ha30BRIX COOTHOLUEHMI MEXIY TOKAMH
u onpepensercs (3.18). Yenopue 0TCYTCTBHA BTOPHYHBIX IMIABHBIX MAaKCHMYMOB
aHanoru4Ho (3.25).

Ipu d < 0,5\ yka3saHHRIMH 3KCTPEMAIBHBIMU CBOMCTBAMH 061aNAI0T 1O-
nuHoMel YeObunepa — Axuesepa. PenteTkn ¢ mOZOGHBIM IArOM HCIOAB3YIOTCA
OOBIYHO B PEXHME OCEBOIO u3myyeHud. CylecTBYIOT NoApo6HEIE TAGHHIIbL, 10~
3BOJIAIOLUKME PACCYHUTHIBATE NONb(-yebblineBcKue peleTkH ¢ 3a0aHHbIM YBII pu
Pa3sTHYHOM MHCIE u3nydareneii [2, 7).

Jlumepamypa: ocrosnan (2, 34, 49), donosnumensnan [7, 24, 38, 40).
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KoHTponbHble Bonpockl

1. TloueMy 1 cvHGa3HBIX PaBHOAMILTHTYAHBIX pacnipenenchHuil sennunHa KH]I He
3aBHCHT OT KOHKPETHO#H KOHQHIYPAIHH PacKPRIBA H ONPEEHALTCA TOMBKO €10 IIIOMaAbI0?

2. ToscHuTe METOR YKBUBAJICHTHOTO TWHEHHOTO HIMyYaTeNs, NPEMEHAEMOTO IPH aHa-
nM3€e IIOCKHX U3NyYaronnX nopepxHocrei. Uro npeacrariser coboit IH anemenTa sxsu-
BaJICHTHOTO H3nyyarensa?

3. Tlouemy mnst kpymioH cuabasno Bo3GyKneHHON paBHOAMINIMTYAHOH NOBESPXHOCTH B
BHAE Kpyra [uaMeTpoM d yposeHb Y BJI B ITaBHBIX TNIOCKOCTAX MEHBIIE, YeM JUTA KBaApaT-
HOTO PackpeIBa CO CTOPOHOIH, paBHOH d, mpH TakoM xe ADP?

4. TIoAicHHTE BIMAHUE 3aTEHEHNA aNEPTYPE C NOMOIIbIO IIPHHIIMIA CYTIEPIO3HIIHH,

5. BO3MOXHO JIH B HEMPEPHIBHBIX H3TyYaTe/IAX NOABICHHE BTOPHIHBIX TIABHBIX MaK-
CHMYMOB?

6. KakoBbl pesMymIecTBa H HENOCTATKH CHH(A3HLIX anepryp ¢ PaBHOAMIUIMTYAHEIM
Bo3GyxmeHneM?

7. Uro npeacrasiger coGoit [IH sneMenTa H3myyaromero packpsisa?

8. Kaxnmu dakropaMu onpenensiorcs IIHPHHAa OCHOBHOTO JIENECTKA H YPOBEHb HOKO-
BBIX JIENECTKOB B ITABHbIX IUIOCKOCTAX NPAMOYTOIBHOH anepTyphbi?

9. Kakue nameHenns ¢ JIH IPOHCXOAT NpH OTKIOHEHHH MAaKCHMyMa M3Iy4eHHs OT
HOpPMAJITH K ITOBEPXHOCTH H3-3a MMHeHHOro (asoBoro pactpeneneHus?

10.” TlosicHUTE TIOHATHE CBEPXHAIIPABICHHOCTH B TEOPHH aHTEHH.

11." Ha ueM ocHoBaH MeTon wHTerpana ®ypse B 3agadax cuuresa AOP?

12." B ueM cocTouT cyTh MeToAa MapuHansasix JIH B Teopun cunTesa ADOP?

13." B uyeM 3akmiouaeTcs HEOXHO3HAYHOCTD PELICHHUI 3a1a4 cHHTe3a ADP?

maesa 5. OCHOBbI TEOPUU NPUEMHbIX AHTEHH
5.1. dusnyeckue ocHOBbLI NpoLiecca npuema

Brime cBo¥icTBAa H OCHOBHBIC XapaKTEPHCTHKH aHTEHH H3YJallHCh
OPHMEHHTENBHO K IEpeAaloNIEMy PEXHMY, [IPH TOM IMIaBHOH 3aj1aueit 65110
HAXOKACHUE 3aKOHA paclpe/ie/ieHHs TOKa U CO3JaBaeMOro HM IO M311y-
qenus. OCHOBHEIM BOIIPOCOM IIPH H3YYCHHH NPHEMHBIX aHTCHH SBIIIETCA
ONpECIICHHE MOIHOCTH, BEIENAEMO B Harpy3ke IMPHEMHOH aHTCHHEI,
T. €. B IpMEMHHKe, IO AeHCTBHEM IIafaloIIei Ha aHTCHHY JIeKTPOMAarHHT-
Hoit BOMHSBL. JI1g 3T0r0 HEOOXOMUMO IPEX/IE BCErO 3HATh TOK, BOSHHKAKO-
muit B Harpyske. BenuuuHa ero, eCTECTBEHHO, 3aBHCHT OT OPHEHTALMH
aHTEHHHI IO OTHONIEHHMIO K Najaromeil BonHe. COOTBETCTBEHHO OIHOM H3
TVIABHBIX XapaKTCPUCTHK IPHEMHOH aHTCHHBI ABJIACTCA JUaTpaMMa Hanpas-
JIEHHOCTH — 3aBUCHMOCTb TOKA B HArpy3Ke OT HalpapICHUA IPHX0Aa 00Iy-
yaromeii Boael. MexaHu3M nporecca npyeMa ponie BCero MOsSCHHTD Ha
HNPpUMEPE aHTEHHBI, BBIIIOIHEHHOM B BHAEC CHMMETPHYHOI'O JIIEKTPHIECKO-
Tro Bnﬁpa'ropa HYCTB 3Ta aHTCHHa 06nyqaeTc51 BO.IIHOH HpHXOﬂ}IIIICH C Ha-
IpaBIIeHNA 2’y XapaKTepU3yeMOro yrnaMH 6 °5", (p0°5" B CHCTEME KOOPJIMHAT,
CBA3aHHOH ¢ NPUEMHON AHTEHHOM
(puc. 5.1). ITockonbKy HCTOYHHK 00- z Foor
AyJdawmei BONHB PacHOJNOXKEH
06LIMHO JANEKO OT IPHEMHOH AHTEH- £ omn
HEI, GyIIeM CUHTaTh, YTO (PpOHT Majiato- 3
mmelt BOHBI B OKPECTHOCTH MPHEMHOMH
aHTEHHBI 6IH30K K IVTOCKOMY H COOT- z'
BETCTBEHHO BEKTOPHI Moxs obmy4aro-
meit Bommer E °5%, H o6 fiescar B muioc- 2
KoctH ¢ponTa z' = const, HOpMalbL ¥
K KoTOpoii o6pasyer yron (1 — 6°67)
¢ ocelo BuOparopa z (cM. puc. 5.1).

Puc. 5.1
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= —
Crpoextupyenm Bextop E % na oprsr 699, (?006", COOTBETCTRYIONIME Ha-
TIp2RJIEHUIO HPHXOMA BOHBL. B ofiem ciryuae
BT =0 B + G ES. (.1)

obn

OGoszmaunm Eg = Eg™ exp(yp™), EX = E™ exp(iys™), rie

6t 6 6 G
ESE q," Y™, ly(p" ~ COOTBETCTBEHHO aMIUTMTY/bL # (a3bl cocTas-

NAIOUHX MONA B Hayane kKoopiuHaT. CauTas BHODATOp TOHKMM, HaiieM,
4T B MOGOH TOYKE C KOOP/IMHATOH Z KacaTebHas K IOBEPXHOCTH BHGpPa-
TOpa COCTARIAIOIIAS 3MEKTPUIECKOTO T0IA 06Ty darommeii BOIHEI
o6 o6 : 06.
EX" = —Eg%s5in 0°™ exp(ikz cos 0°™). (5.2)

Tpejst

Iox meiicTBHeM NanKHOM COCTaBILIIOMIEH 3IEKTPHIECKOTO MO, Na-
pannemsHOH ocu BUOpaTopa, B ieyax BUGparopa Bo30yxAAIOTCA MPOKONE-
HBbIE TOKH, HOCKOJILKY COIIACHO ONPEACICHHIO HAlIPAXEHHOCTh S7ICKIPH-
94eCKOro IO €CTh CHIA, IPUBOMAILAS B JBIKCHHE CBOGONHEBIE 3apsiabl,
T.€. BBI3BIBAIONIad MOABICHHUE TOKA B IIPOBOAANIEH cpele. DTOT TOK, IpoTe-
Kas Yyepe3 Harpy3ky npuemuuka Z, (cM. puc. 5.1), Bolnenser B Heil aHEp-
THIO (ECTECTBEHHO, €CIH aKTHBHAS COCTABIIAIOAs CONPOTUBIEHHUE Z, OT-
AvgHa oT Hyna). TakumM 06pa3oM, OCYHIECTBISSTCS NPOLECe NEPeadH SHEP-
THH OT HaJAI0NIEH MCKTPOMATHHTHOH BOJIHEL B HAMPY3Ky NpueMHuKa. Ecmt
Harpy3ka MoACOeAHHEHa K IPHEMHOI aHTEHHE He HEIIOCPEACTBEHHO, A ve-
pe3 ¢unep, To NPOUCXOAAIIHE NPOUECCH OTIHIAKOTCS TONLKO TEM, UTO TOK,
HaBeJIeHHBIH B aHTeHHe, CHadana Bo36yxnaet kojebanna B duaepe, a 3a-
TEM SHEPIHA 3THX KoleOaHuH BHIE/IAETCA B HAIPY3Ke IIPHEMHHKA.

3HaveHMe TOKa B OHO M TOM XK€ NpUeMHOH aHTCHHE 3aBHCHT OT
yra npuxona o6mydatomeit Bonusl. [Ipu GHUKCHPOBAHHOM HANpPABNEHUH
OpPHXOXA BOJHE! 3HAYEHHE TOKA 3aBHCHT TAKXKE OT OPHEHTAIHH BEKTOPOB
3NEKTPOMArHUTHOTO 10N OTHOCHTENBHO IPHEMHOH aHTeHHEI. Tak, B ciy-
Jae, €C/I BEKTOP MEKTPHIECKOro 10oNA 00IyJaromieil BOIHE OPHEHTHPO-

6 E!:) 061 — ¢y ofn E—) oén -
BaH NCPICHAUKYIIAPHO NPHEMHOMY BHOpAaTOopy (T.C. (PO ), Ka
caTeNbHas COCTaB/LAIONIas [TONA Najalomie BOJIHE Ha ITOBEPXHOCTH BHO-

patopa paBHa HyIIO H TOK B BHOpaTope He BO3HHKAET; COOTBETCTBEHHO HE
BBINENACTCA JHEPTHA B Harpy3ske Z,. HanpoTus, TOK MaKCHMAIIEH, €CITH IPU

EN
HEH3MEHHOMN aMILTHTYIIE pe3y/IbTHPYIOIIETo BekTopa £ %%, T.e. py ycnosuu

OCHOBL! MEOPUL NPUEMHBIX 8HMEHH 119

(E5n + (E, 0572 = B, (53)

rie B — KOHCTaHTa, er0 OPHEHTALHA COBIAJAeT C OpUECHTaLHEH BekTopa E

CO37aBaEMOTO B HampapicHuu 6°%", ¢°8% 31oit e anTeHHOM, paboTatomei
2 > .

B HIepefatomeM pexume, T.e. E 0= 99 08 (cum, § 2.2). Bonee monpo6Ho
BOIPOCEHI COITIACOBAHHA 00/Ty4alolleH BOJIHE] H IPHEMHOM aHTEHHBI 110 110-
NAAPH3AMHAM pacCMaTpUBAIOTCA B § 5.3.

3anaua HAXOXKIEHHMA 3aKOHA paclpeleleHHsA ToKa B IPHEMHOMH aH-
TEHHE MOXeT OBITH pemieHa ciexyromuM obpasom. TokH, HaBomUMBIE B
NIPHEMHOMN aHTEHHE, ABJIAIOTCA HCTOYHHKAMH BTOPHIHOrO H3Tydenus. Ecix
NPOBOI, M3 KOTOPOTO H3rOTOBIEH BUGpaTop, 00namaeT HaeaLHOl IIpoBO-
IMMOCTHIO, TO CyMMapHas KacaTelbHas COCTABIIAIONIAsd HaNpsKEeHHOCTH
3MEKTPUYECKOTO MO Ha OBEPXHOCTH BHOpaTopa NoJDkHA 06pamaTses B
Hymb, Te. EX = E9% + E_, tne E®¥ — cocrasmsmomas, o6ycnoneHsas
nafaomeii Bonso# (5.2); E, — cocTapisomas, 00yCIOBICHHAA TOKaMH,
HaBE/ICHHBIMH B BUOparope; Benmuanna £ MoxeT GbiTh HaliieHa gepes dyH-

* KIMKO Pacnpe/ieNieHns Toka 1o ¢opmyse (2.23). YCIoBHS PaBEHCTBA HIIO

BenudHEbl EZ COBMECTHO ¢ YCTIOBHEM HENPEPHIBHOCTH TOKA Ha 3aKHMaX
COIIPOTHBIEHHA HAIPy3KH B IIPHHIHIIE JOCTATOYHO JUIA HAXOXK/ICHUA 3aKO-
Ha pacripenieneHus Toka. CTporoe pemeHue 3TOH 3a[a4H, KaK M CTPOroe
PEIICHHE aHAIOTHYHO# 331a4H B NepearomeM pexnme (cM. § 2.4), Bcrpe-
9aeT 3HAYMTENbHBIC MaTeMaTHIeckne TpyqHocTH. OfHAKO A onpenesne-
HH OCHOBHEIX XapaKTEpPHCTHK NMPHEMHOH aHTEHHH! HeT HeobxomumocTH

PelIaTh 33834y HAXOXICHHSA TOKa BO BCEX TOYKaX aHTEHHBI, TOCTATOYHO

3HATh TOJLKO TOK, NIPOTEKAMONMH vepe3 Harpysky. Kak Gymer mokazano
HIDKE, 3HAYEHHE 3TOT0 TOKa MOKHO HAMTH C HCIIONB30BaHHEM IPHHIMIIA
B3aHMHOCTH.

CremyeT mOMHHUTE, YTO NIPOLECC H3BJICYCHHS MPUEMHON aHTEHHOM
MOII[HOCTH U3 MaJaloMieil BOIHEI CONPOBOXKIACTCH, KaK yXKEe OTMEYajloch,
H3Ty4EHHEM TOKOB, HABCACHHBIX B AHTCHHE, T.€. IPHEMHAs aHTCHHA HE TONb-
KO MOTTIOINIAeT SHEPTHIO, HO H ABIACTCA HCTOYHUKOM BTOPHYHOIO H3JIyde-
HHA. DTH Npoleccs HeoOXOAMMO y4YHTEIBATH, HAIPUMED, HIPH PELICHAK
npoOieMsl 3MeKTpoMarHuTHOH coeMectuMoctH (OMC) (eM. . 13). OT-
METHM, 4TO TOK B OIHOH M TOH e aHTeHHe, paboTaromeii B MPUEMHOM H
HepealolleM pexXuMax, B o0IIeM ciTydae pacnpeneniercs no-pasHoMy,
TIOCKOJIBKY B IIEPEAAOIIEM PEXHME TOK BO30yKIaeTcs MO ASHCTBHEM CO-
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CpPeOTOYEHHOTO UCTOYHHKA (HAIpUMeEp, HONKII0YaeMOro KO BXOAHBIM 3a-
sxuMaM COB), a B IpHEMHOM peXUME HCTOTHHKOM BO30YKIEHHS ABIIACTCS
KacaTeJbHas KOMIIOHEHTA MaJIaloIero Mo, pacnpenelieHHas BIoIb BHO-
paropa ¢ paBHOMEPHOH aMILTMTYAO0H H JMHEHHO M3MeHAomeHca (as3oi
[em. (5.2)]). Benencteue atoro IH anTeHHs! B nepeaaiomem pexume u J{H
10T, HEPEH3Ay4acMOro IPHEMHOH aHTEHHOH, B 00LIeM cllyyae OTiIHYa-
I0TCA MEXAY coboit.

5.2. MpumeHeHue NPUHLMNA B3AUMHOCTH
ANA aHaNK3a NPUEMHbIX aHTEHH

PaccMmoTpaM ZTBe npou3BONbHEIE aHTeHHB! / U 2. CuutaeM, 910 aH-
TEHHbI HAXOMATCA B AaNbHEH 30HE OTHOCHTENBHO ApyT Apyra. Ilong uzmy-
YEHHUs YKA3aHHBEIX HTCHH B MEPENAIOLIEM PEXHUME MOIYT HMETh NpOH3-
BOJIbHYO nojisipu3anuio. Ilycts cHadana aHTeHHa / pabotaeT B mepenaro-
IIEM pPEeXUME, aHTECHHA 2 — B IIpUeMHOM. K BXOAHEIM 3aKHMaM aHTCHHB! |
noxxioueH reseparop ¢ IJIC é] H BHYTPEHHHMM CONIPOTHBICHHEM Z, K 32KH-
MaM aHTCHHB! 2 IPHCOCAMHEHO CONPOTUBICHHE Harpysku Z , (puc. 5.2, a).
Ton neiicreuem JJIC él B aHTEHHE 1 BO3HHKaET TOK, BENHIHHA KOTOPOro
Ha BXOJHBIX TOYKAX I 1 CBA3aHAa C El COOTHOIMICHHEM

€= I.I(ZBxl +2), 54

e Z,, | — BXOJHOE CONpPOTHBIEHHE AHTEHHBI / B MIEPENAIOIEM PEXHME.
DnexTpHIecKoe Mojie, CO3AABACMOe aHTeHHO# | 1 00/IyJaoniee anTeHHy 2

2
(0603HaunM ero E :‘,_’G"), MOXET OBITB B TOYKE PACIOJIOKEHHA aHTCHHEI 2
[PEZICTARJIEHO C UCIIOJIB30BaHHEM 0003Ha4YeHHIT, IPHHATHIX B (1.33), kak

= I . A -~ 1 11
E* = 7‘exp(—1kr )[901A91F 6l (9?6 ,O7° )+

+ (TJOIAQ:IF ol (9;)6“: (P:m )]’

TIIE r — PaCCTOSHHME MeX/Ay anTeHHamu; 6%, (pfﬁ" — YIJIOBOE TIOJIOXKEHUE
IpHEMHOH aHTeHHHI 2 B ceputeckoil CucTEMe KOOpPIHHAT 1y, 0,, @, cBs-

(5.5)

= >
3aHHO# ¢ aHTeHHO# /. [Tox nelictBueM E 35" B Harpy3ke NpHEMHOH aHTeH-
HBI 2 BO3HHKAET TOK /. XOTs HAC MHTEPECYET HMEHHO 3TOT TOK, HOCTYIHM
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2
1
Z;
Znz . .
¢ /5) —Z 1R,
Zy )
a)

Zn 17
4

Puc. 5.2

maree cnemyrommm obpazom. Chaqana u3 (5.5) HaiieM BHIDOKEHHE LA

TOKa I, v noxcrasuM ero B (5.4). Momyuum

= E;)Gnr(zaxl +Z1) (5 6)
= T (nobn 061y , -~ & (nobn 061 YR .
(001401 F1(6,™", 017 ) + @y A1 Fiy (87", @ )] exp(—ikr)

Teneps, He MEHAA B3aHMHOTO PaclONOXKEHHA, H3MEHHM PEXHMEI

paboTel 00enx aHTeHH, NOJKITIOYHB KO BXOMHBIM 33)KHMaM aHTeHHH! 2 Te-

Heparop ¢ O/IC €, U BHYTPEHHAM COIPOTHB/ICHHEM Z,, 3 K 3AKHMaM aH-

TEHHBI | — CONPOTHUBIEHKE HAIPY3kH Z , (pHC. 5.2, 6). Tok B Harpy3ke aH-

TeHHS! /, paboTatomeii B npueMHOM pexume, 0603nagum I . [Tposons pac-

CYXIICHMA, aHAJIOTHYHbIE TIPEABIAYIIEMY CITY4al0, H UCIIONb3ys CHCTEMY

KOODAMHAT 7,, 0,, ¢,, CBA3aHHYIO C aHTCHHO# 2, OIyYaeM

- E]‘)Gnr(znxl + ZZ) (5 7)
A s obn . ofa M - obn . o6a . C .
(00 40y F2 (0", 92" ) + By Ao Fpa (87", 93" ) exp(—ikr)

g HaXOKIEeHHs HHTEPECYIOIIHX Hac TOKOB 1., u 1, npumem, 4TO

Z,=2,,2,=Z, (5.8).

€

€

Venosue (5.8) M03BONACT YOPOCTUTE JaNbHEHIIHI BEIBOM, NPUBJIE-
Kas GOpMYIHPOBKY IIPHHITUIA B3aHMHOCTH, H3BECTHYIO M3 TEOPHH JJIEKT-
prdeckux uenei [37]. CymuocTs NpUHIKIA B3aHMHOCTH COCTOHT B ClIE-
IywomeMm. Eciu xo BXomy JTHHEHHOro NMacCHBHOTO YETHIPEXMOJIFOCHHKA
(puc. 5.3, a) moaxmoyen rereparop ¢ DIC él H BHYTPSHHHM COIPOTHBIICHH-
€M Z,;, TO Ha €T0 BHIXO/IC B CONPOTHBIICHHH Z,, BO3HHKAET Tok ,,. Ecrm rene-
parop ¢ JJIC €, 1 BHYTPEHHHM CONPOTHBIIEHHEM Z,, IONKITIOYEH K BBIXOJI-
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& . 2 &2
Zus N2 1 Zus

a) 9)
Puc. 5.3

HBIM 325KHMaM (pHc. 5.3, 6), TO Ha BXOJIE YETHIPEXTIOTIOCHHKA B COMPOTHB-
neHan Z , nosBHTCA TOK [ ;. COIIaCHO NPUHIMITY B3AHMHOCTH

t-:l/I"2 = sz/lm. 5.9
Ecnn cpena, oxpyxaronias aHTeHHS, NTHHeHHa H H30TPOIHA, TO 3a-
JKHMBI AaHTEHH MOXXHO OTOXKIECTBHTH C 32XKHMMaMH YECTHIPEXITOTIOCHHKA H

HCIIONb30BaTh COOTHOILICHHKE (5.9), COIMAacHO KOTOPOMY, IPYIITHPYS COMHO-
JKMTENM ¢ HHAeKcaMu 1 u 2, momydaem

L (Zys + Zy1)

Bxl

E (801 Aoy Foy (87, @) + oy Ay F (07", 7))

— jnZ(stZ +Zn2)
: a > oba o = = 061\ 5.10
5”[602A62F 92(626 ) (sz) + @y 4y F, cpz(egﬁnx ‘Pz6 )] (5.10)

TTockonbKy aHTEHHBI ABIAIOTCA IPOH3BONLHEIMH, TO OYEBUH/IHO, YTO
nieBas ¥ npaBad yacTH (5.10) paBHEI HekoTOpo# mocTosHHOI C , He 3aBHCA-
mieit or THna anTeHH. M3 (5.10), BREIMONHAB Onepanyso CKaaipHOro YMHO-
MEHH BEKTOPOB, IOIYYHM COOTHOLIEHHE, CTIPAaBEIHBOE LI T060H npH-
.€MHOH aHTeHHB:

I(Z,+2) =C
oﬁnAeFe Boﬁn’q)oﬁn)_l_Eoﬁn Aq;F (eoﬁn,(poﬁn) ' (511)
BreneM nonsarue sxksuBaneHTHOH J/IC mpueMHOH aHTEeHHE
B = CLES™ 4Fy(8°, ™) + EJV 4,F, (6%, ™). (5.12)
'Ijor,ua, ucnons3ys (5.11) u (5.12), nomyyaem, 910 TOK B Harpy3Ke
I,=¢,,/(Z, +2Z). (5.13)

Taxum obpa3oM, mobas npHeMHad aHTEHHA MOXKET PaCCMATPHBATh-
csl Kak 9KBuBaeHTHRIH reneparop ¢ JJIC €, ¥ BHYTPEeHHHM CONPOTHBIIE-
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HHEM, PaBHEIM BXOXHOMY COHNPOTHBICHHIO 3TOH .
Su
e aHTEHHBI B MEPENAlOIEeM PEXHME, BO30YK-
JAIoMmi TOK B Harpy3ke Z_ (puc. 5.4). Zox Zy

Jina Haxoxnenus nocrosuoit CpaccMor-
pHM 3I€MEHTapHBIA IEKTPHYCCKUH BHOpaTop,
o6iy4yaeMBlii ¢ HaNMpaBIEeHHUs, COCTARISIONIETO
yron 8°8" ¢ ochi0 BUGPaTOpa, IIOCKOH TMHEHHO NIONAPH30BAHHOM BOIHOM,

Puc. 5.4

BEKTOD SIEKTPUIECKOTO MOJA KOTOpoik £ °F = §, °5"I:: 61 Bpuy Mambix
pasmepos BuGpaTopa KacaTe/bHas K HEMy COCTaB/ISIOMas NOJs ITOH BOJI-
HBI COTJIACHO (5.2) pasna —E 0615in@ °%" 1 COOTBETCTBEHHO SKBHBATICHTHAA
SIC €, = -—E9°5"smB°6"l rae | — auna Bubparopa. B T ke Bpema U3
oﬁmen (bopmynm (5.12) ¢ ucnonssosanueM (1.1) monydum, 4ro

= CES™i i; sin8°”". 3 cpaBHeHus ByX TOCIETHUX BEIPAKCHHI BHJI-

v

HO, UTO
C =iM60m. (5.14)

OTMGTHM, YTO YINOMAHYTO€ BbILNIC YCIIOBHC H30TPOMMHOCTH CpEeXbl

" OBITO 00A3ATENBHBIM IIPH HCMOJAL30BAHMH COOTHONICHHA NPHHIIHNA B3a-

HMMHOCTH KaK HHCTPYMEHTa HCCIEIOBaHUH CBOHCTB MPHEMHOH aHTEHHBI.
OnHako 3TO HE OrpaHHYHBAET YCIOBHS IIPHMEBHMOCTH ¢opmyn (5.12) u
(5.13) mns aHM3OTPONHEIX CpeX, €CNH TONLKO 06NAcTh aHW3OTPOMHOCTH
CpeIbl PaciioNoKEHa JOCTATOYHO RATIEKo OT 00eHX aHTeHH (nepenatonieii u
npueMuoil). B 3ToM citydae, Kak # A 10601 HEOTHOPOTHOH Cpexp!, Moz

Eotng (5.12) noppasyMeBaeTcs HANPAKEHHOCTD I10J18, HCIBITABIIETO BO3-
IeHcTBHE HEOXRHOPOXHOCTH.

@opmynsl (5.12) 1 (5.13) no3BONAIOT CAENATE BRIBOX O q)opmc JH
TIPUEMHON aHTE€HHBI KaK 3aBHCHMOCTH TOKAa B HAarpy3ke OT HallpaBJICHHA
npuxozna obmygaromeit Bomusl. Kak cneqyer u3 ykazanneix dopmyn, JH
IIpHEMHOM aHTeHHbI cBA3aHa ¢ ¢popmoit JTH 31oii e aHTeHHHI B Hepeao-
IEM PEXHME, HO B O0IIeM CiTyyae He TOXAECTBEHHA ¢, B wacTHOCTH, pH
0biTy4eHHN IMHEHHO TONAPH3OBAHHON BOIHOH, nonarasa 6o E ot = =0,
6o £ E 061 = (), uuM, uto JIH npueMHO# aHTEHHEI nponopunona.uma F
I F‘p COOTBETCTBEHHO, T.€. TOKACCTBEHHA {HarpaMMaM T0 COOTRETCTRY-
IOI[HM KOMITOHEHTaM B pexxuMe nepenaqs. [Ipu npousBonbHOi NONApH3a-
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an 00myyenus ¢popma JIH npueMHONR aHTCHHEI 3aBHCHT OT COOTHOLICHHSA
MeXy KOMIIOHEHTaMH 00y 4aromiero ee Hois, T.€. OT €70 NOISPHU3AIHOH-
HO# xapakrepucthiu. [Tonxoe conanenue JIH B npueMHOM U nepenaro-
IIEM PEXXHMAX B 3TOM CIydJae HMEET MECTO IIPH COTTIaCOBAHHH IOJLIpH3a-
[HOHHBIX XapaKTEPHCTHK 00y JaIolero N0l H IPHEMHOMH aHTEHHH B pe-
XKHMe NIepeaady SHEePTUH.

5.3. CornacoBaHue NpMeMHON U NepeAaroLled aHTeHH
no nonaApuzauuu. YCNosua BbigeneHUs MakCuManbHou
MOLLHOCTU B Harpy3ke NpUeMHOW aHTeHHbI

MouiHoCTb, BeLACAAEMad B HArpy3Ke IPHEMHOH aHTEHHBI, MOXeET ObITh
BBIYMCIIEHA C MCIIONb30BaHHeM CooTHOMIEeHH (5.13) kak

potiR | EeRy

3KB

2 2|z, +z, [’

rae I, u e, — Moxynu Toka [, 1 O[IC € COOTBETCTBEHHO; R, — aKTHBHAA 4acCTh

conpotusienus Z . OnpeensM NpeBapHTENbHO YCIOBHA MaKCUMyMa sgu. Cuc-
nons3oBanueM (5.12) u (5.14) naxonumM, 4To

2
e, = (%E) [(Egﬁ" /191v1,)Z + (E,gﬁ" A(‘,Fq,)2 +
+2E§VESS Ay, FoF, cos(A\u°6" +Ay )] ,

(5.15)

(5.16)

Tre Ay = ot — y oW Ay = yo— ,; B BEIpaenusx s Fy, F, 1 W, Y, Ans
IPOCTOTHI 3AITHCH OITYLIEHE apryMeHThI (6°67, (po67),

Jna monmy4denus Makcumyma (5.16) HeoO6xoauMO BEIIONHEHHE [ABYX YCIIO-
Buii. [TepBoe u3 Hux

Ayoon=__Ay, (5.17)
MpU 3TOM
€ = (A 60m)2 (ES™ AoFy + EQ A, F, ). (5.18)

BTopoe ycnosHe MakCHMYMa IIONYYHM, BOCIIOIH30BaBIIHCE MeTOA0M Jlar-
parxa (METOIOM ONpeeNeHHA MaKCHMyMa (YHKIHI HECKONBKIX MEePEMEHHBIX C
NOMOILBIO BBEACHHA HEONPEACICHHbIX MHOXHUTeei [ 14]. PaccMotpum (5.18) Kak
dyHKLHMIO 1BYX MepeMEHHBIX £,°5" 1 E (p"ﬁ", CBA3aHHBIX yci08HeM (5.3). B pesyss-
Tare AMPdepeHIMPORaHIS [0 YKA3AHHBIM IEPEMEHHBIM CYMMBbI ABYX BHIPRXKCHHI,
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a MMeHHO (5.18) M YMHOXEHHOr0 Ha HEOTpeieeH bl MHOXHTENL [ COOTHOWIE-

uus (5.3), npHBeEHHOrO K BURy (E°%) + (E ‘p"ﬁ")2 — B =0, Haxonum

24gFo (M1 60m)* (B AgFy + ESY A F,) + 2BE™ =0, (5.19)

24,F, (M1 60T)* (ES™ doFo + Eg™ A, Fp) + 2BES™ = 0.

2 .
M3 (5.19) nonyyaeM BTOpoe yCIOBHE MaKCHMYMa BETHYHHbI €7, !

G/ o6M —
Ey° /Eq," = AeFe/A(pF e (5.20)
[Ipu Bemonuenun (5.20) dopmyny (5.18) Moxno npeobpasoBats K BHITY
€ = (M 60MY (B (47 Fy” + 4, F,)), (.21)

tae E° =[(E"")? + (Ew"ﬁ")2 112 — ammTyna pe3yAETHPYIOLIETO BEKTOpa Eo6n

[MockonbKy noaspH3aus o6nyyaromeli BOIHE ONPeNenieTcsa B CBOGoIHOM
NPOCTPaHCTBE NOIAPH3aLHOHHBIMH CBOHCTBAMH COOTBETCTBYIOIUEH IEpeaatomeH
GHTEHHBI, TO MonyyeHHbIe yeiioBHa (5.17) u (5.20) maxcumyma agn Ha3bIBaIOT yC-
NOGUAMY CO2NACOBARYUA NPUEMHOT U nepedarowjelt anmeny no norspusayuu. Ha-
TIOMHHM, YTO IO/ [IOIPH3aLHOHHLIMH CBOMCTBAMH NPHEMHO# aHTEHHEBI IIOJpasy-
MEBaeTCs [IOJIIPU3ALMOHHAS XapAaKTEPHCTHKA JTOM )X aHTEHHBI B NEPEAAIOIEeM
pexume. V3 cpaBrenus (5.17) u (5.20) ¢ cOOTHOIMEHUAMH, IPHBEJEHHEIMU B § 1.3
BUJHO, YTO [UIA [IPHEMHO# U IepeJaloNieil aHTeHH ¢ AUIHITHIECKON NONAPH3aLH-
eii coracoBaHie N0 NONAPHU3ALMHM HMEET MECTO, €CIIU B HAIIPaBAeHMH 00Ny eHut
paBHbI K03QOHIEEHTH JUIMITHYHOCTH, OAHHAKOBE! OPHEHTALIHA UIHIICOB B HPO-
CTpaHCTBE H HaNpaRJIEHHE BpaILECHHA BEeKTOpoB. [locnenHee ycnoBue cienyer U3
cootrolieHud (5.17), KoTopoe 03HaYaeT, YTO B SAUHOH CHCTEME KOOPAHHAT, CBA-
3aHHOM C MPUEMHOM aHTEHHOH, HaNPaB/ICHHA BPALIEHHA BEKTOPOB IPOTHBOMOIOK-
Hel. OJ1HaKO HallOMHUM, YTO HaNpaBleHUS BPALIEHUA I KaX/10# U3 BOJIH onpe-
AEJIAETCA BCET/A 10 OTHOLICHHUIO K HabMIONaTe N0, CMOTPAILEMY BCIIE] BOJIHE, yKa-
3aHHbIE e HanpaBJIeHHs 1UI1 IPHEMHOI U nepesatoLeil aHTeHH B3aMMHO [POTH-
BOIOJIOXKHEL. B ciTyuae aHTeHH ¢ TMHEHHO#H noApH3aleti CORIacOBaHHE MO MOJIPH-
3aLMH MMEET MECTO, €C/IH COBNAAAIOT IVIOCKOCTH 1IO/APH3ALIMH (IVIOCKOCTH, IIPOXO-

23
JALye Yepe3 HanpapieHHe paclipOCTPaHEHH BOIHBI M HANpaBlIeHHe BekTopa £).

MoxHO NOKa3aTh, YTO ém= 0, T.c. IpHEM NONHOCTBIO OTCYTCTBYET, €CIIH
Npu paBeHCTBe KO3 PHLUMEHTOB 3MTUNTHIHOCTH OPUEHTALMM 3ILIMIICOB B3aHMHO
OpTOrOHANbHEI M HAIIPABICHUA BPAILICHHA BEKTOPOB MIPOTHBOMONOXKHEL. JInis Jiu-
HEHHO NONAPH3OBAHHELIX aHTEHH ITO COOTBETCTBYET OPTOTrOHANIBHOMY PACIIOJIOXKE-
HHIO IUIOCKOCTEN NONAPH3aLIUK.

Ipeobpasyem Boipaskenne (5.21) ma cinyyas, koraa oOny4alomas BojiHa
OPHXOMUT C HalpableHHs MakcHMaibsHoro npHema. Hcnonesys (1.44) u (1.43),
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ronyyaeM, 910 (Aﬁ Fy* +Aq, F, )max D o2, P,:/ on| i P, tne Bennuunnl D
Py u | 7] COOTBETCTBYIOT IIEPEAAIOIIEMY PEXHMY HCCIIE/YEMOH AHTEHHRL.

Cuurad, 4r0 / COOTBETCTBYET TOKY Ha BXOIE AHTEHHE, T.€. J ¥ IIPHBIIEKAd COOTHO-
wenye (1.54), Haxopum

€2, = (A /60m)2(E®")2 D, ZOR™" / 4m, (5.22)

rae R %" — cocTaBiAomas BXOAHOTO CONPOTHBIEHNs aHTeHHE, paboTaoweii
nepejaroLieM pexume, 00yCIOBIEHHAS H3TyIeHHEM SHEPTHH,
Bepuemcs k (5.15) u HalineM yclIoBHe MAKCHMYMa OTHOIIEHUs R, / |
]2 3710 yC0BHeE, KAK H3BECTHO U3 TEOPHM CKTPHYESCKHX Leneit [37], nmee'r
BHIl

R =R, X =-X umZ =Z, (5.23)

U Ha3KIBAETCA YCAOGUEM COZNACOBAHUR HAZPY3KYU C AHMEHHOU.

B nmpenpiayieM H3noxeHMH MOAPa3syMeBAIOCh, YTO HArpy3Ka (IPHEMHHUK)
NOJCOEAMHACTCA HEMOCPEACTBEHHO K 32)KHMaM aHTeHHbI. OObIYHO NPUEMHHK [IPH-
COE/INHAETCA K BHTEHHE C NOMOWBI0 Graepa. B aToMm cnywae noa Z, B popmymnax
(5.23) cnemyeT NOHMMATh BXOAHOE COIPOTHBICHUE NPHEMHHKA, IEPECIUTAHHOE
10 GopMynaM TEOpHH JIHHHEIX THHUH K KIIeMMaM aHTEHHEI, 6o nox Z,, — sXoxt-
HOE CONPOTHBJIEHHE aHTEHHEI (B NEPEAAIOMIEM PEKHME), MEPeCIHTAHHOE K KIIeM-
Mam npremHuka. Ha npakruxe o6b4HO NPHEMHUK K AHTSHHY CTPEMSITCS TOPO3HD
cornacogatk ¢ pugepom!, T.e. obecnednTs yeaosue

an = Rsx = Zn’ ZH = RH = Zn’ (5.24)

rie Z, ~ BONHOBOE conpoTuBiIeHue gupiepa. [Ipu 3tom ycnosue (5.23) okasbisaeT-
€3 BHIIIOHEHHEIM aBTOMATHYECKH, OLEHHTh BIHAHHE PACCONIACOBAHMSA AHTEHHLI
HIIM [IpHEMHHKA ¢ QHAEPOM MOXHO, BBOIA KOI(DPHLIHEHT OTpaxeHU, onpejense-
Mol o popMynam, aHanordyHuM (1.57). Tak, Npu HaIM4YKMM PAaCcCOITIACOBAHUA
HpHEMHHMKa ¥ (HIepa MOIHOCTh, NOCTYNAKWas B NPHEMHHK, YMEHBIIACTCS
B(l- |r 2) pas, rae r- K03 OHIUMEHT OTPAXKEHHUA OT BXOJA IPUEMHHKA, AHAJIO-
ruyksie GOpMYITl MMEIOT MECTO NP PACCOTIZCOBAHKH AHTEHHB! ¢ puepoM (ko-
3¢ unuenT oTpaxenns I OT BXOAa aHTEHHH! NIPH 3TOM U3MEPACTCA B PEXKHME
Nepenayr 1 y4UThIBAET OMHYECKHE NOTepU B aHTeHHE). OTMETHM, YTO OLIEHKA CO-
IIaCOBaHMA 4Yepe3 KO3 (HIUEHT OTpaKEeHHA 0COBECHHO ynoOHa JIA aHTeHH (Ha-
NpPUMEP, PYIIOPHOIO THMA), KOTOPhIE B OTIIMYHE OT «POBOJOYHBIX» AHTEHH HE
HMEIOT YETKO BBHIPOXEHHBIX BXOAHLIX TOYEK, OTHOCHTENLHO KOTODHIX BBOAMTCH
noHATHe Z_,

! Tlono6uas cutyauus MOXeT GuiTs peanuaosana & uanasone YKB, a Take npu npodeccnonans-

HOM NpHeMe Ha iIekaMeTpoBbIX Bonnax. OcobGeHHOCTH npHeMa B axanasoxax CB, 1B n C/IB onuca-
Hu B § 12.5.
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Tpu BrinonHesuy yciroBHA (5.23) wiu (5.24), cornacoBaHHH 10 NO/IApH3a-
HHH ¥ Ipuxoe o0nysaroleil BOJHbI C HanpaBIeHHs MaKCHMAIBHOTO IpHeMa

A Y ZOR™
P=| 2 “max e Tax
(mn) ()2 Am-8R, (5.25)

C yueroM 1oro, uto R ¥*/R_ =, rae 1 — KI1J] npueMHO# aHTCHHEI B IIepe-
JAIOLIEM PEXUME, VIS Bosnymnon cpem,x Z 3 = 1201 OM) nMeeM

P=(A/T)*(E*) D,y /960 = (A / 7)* (E%)2 G, pay / 960, (5.26)

npuuem G, = D .1 —x030dOUINEHT ychneHHs MPHEMHOH aHTEHHEL, paGoTato-
e B NepeaaroneM pexuMe.
Dopmyny (5.26) MOXKHO NepenHcaTs B BUIE

}"szax (E06n)2

pP=——mart - " q 5.27
an 240m " 5-27)

Tor,ua ¢ yaetoM (4.14) n (1.31) 6ynem umets

P=S,1155m, (5.28)

rae S, — aeficTayromas (Win 3eKTHBHAL) HOBEPXHOCTh MPHEMHOMN aHTCHHEI B
nepe;(alomem pexXHME; II 961 _ cpennee (Bo BpeMeHH) 3Hauenue Bextopa [lofiu-
THHTa 0bmydaromeH BOHHBI. Honatuio s¢exTHBHON NOBEPXROCTH, BBEACHHOMY
IPHMEHUTENBHO K TepealomeMy pexuMy (cM. § 4.3), MOXHO aTh ipocToe (PH3H-
JeCKOEe TOJIKOBAaHHE HENOCPEICTBEHHO B NIPHEMHOM PEXHMe Kak d@@exmueHoii
no2nowaiowel nosepxHocmu, T.e. IoWmaay GppoHTa MIockoi obmy4aromeii Bon-
HEI, B3 KOTOPOIi H3BJIEKaeT MOIIHOCTh NPHEMHAA AHTEHHA, IPHYEM BEIUYHHA 3TOH
MOLHOCTH P*® =S 13 962 Torna, kak cnemyet u3 (5.28), ko3dbduuueHT 1), BBEAEH-
HuIH kax KITJT am*eﬂum B [IEPEAIOIIEM PEXKUME, MOXKHO ONPENIeTHTH B IPHEMHOM
pexuMe kax 1} = P/P**®, T.e. KaK OTHOIIEHHE MOIUHOCTH, BBIACNAEMOH B Harpyske,
K MOIIHOCTH, N3BJICKacMON aHTCHHOH K3 AJAIONICH Ha Hee BOMHEL

B HEKOTOPEIX CIy4asX, HAIPHMEP JUIL aHTEHH allepTYPHOTO THIIA, BEXHYH-
Ha S MOXET GBITh BRIYHC/IEHA HENOCPENCTBERHO NPH aHAH3e [PHEMHOTO PEXH-
Ma paGoThl UCXOMA U3 CIEAYIOMHUX cooOpaxkeHuil. DHePrus, H3TydacMas nepena-
IOIICH aRTEHHOMH, TONBKO YACTHYHO MONANAET Ha anepTypy NPHEMHOH| aHTEHHSI,
OCTaNIBHAs 4aCTh «IepeIHBacTCa» MAMO Hee. OMHAKO M SHEPrHA, Mafaomias Ha
aneptypy, 6yIeT NOMHOCTHIO IPHHATA AHTEHHOH TONBKO TOTAA, KOIAA pacpesesie-
HHeE [OJIA B aepType aHTEHHEI, BO30YKACHHOI B NEPENaloIIeM pexHMe, onpene-
JIEHHBIM 00Pa30M COOTBETCTBYET PACTIPENEICHHIO T0JI, 00yHaIOMIEro NPHEMHYIO
aneptypy. 1o aHa/IOrHA ¢ NEPEAANOIMM PESKHMOM BBOAUTCA K03b(HUMEHT HC-
TIO/TL30BAHNSA TOBEPXHOCTH ANEPTYPHI v, = S, /S, KOTOPHIi IOKA3KIBACT, KAKAS HONIA
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MOLUHOCTH, NafAOLIEil HA PaCKpPHIB S MPHHUMAETCA AHTEHHOH B IPUEMHOM PEXH-
Me paGoTtst. C ucnonszosanuem seMmel Jlopenna [ 18] MoxHO nokasars, 9To B CIIy-

4ae CorfmacoBaHua HpKeMHOﬁ Hu nepenaxomeﬁ AHTCHH MO NMOJIPH3aLHH

| IEDEIIE'I'IcpdS IZ
S

v, = ™ v 2
*OIE® P ds [|E™®} S
N Ay

e EmeP — HaNpHKEHHOCTh JIEKTPHYECKOTO IOJIA, CO3ABAEMOr0 HCCenyeMOoi
NpUEeMHON aHTEHHOMH B IEpPENaloLIeM pexHME (CUHTAEM, YTO B 3TOM PEXHME aH-
TEHHA HIEANbHO COrACOBaHA C MUTAIOIMM TPakToM). [lockonbKy cornacHo Hepa-
penctBy lIBapria

| f ESEmePgs P < j' | E%5 2dS I | E™P [%dS, 10 oueBuaHO, 4TO 3HAYEHHE v, He npe-
BgCXOJlHT ennnuums. MaxcHMasis Hoe 3Ha4YEHNE, PABHOE SAMHHLIE, IOCTHFAETCS, €CIH
BEITIOIHACTCS YCAOBHE E o = E"“P, Tae a— NOCTOSHHAA, T.C. E P oTHHYAETCH OT
E°5 tonpKo 3HaKOM (asbl NPY MAESHTHYHOM PaCipEACIIeHHH aMIIATYA 060HX 1o-
neit B mpenenax packpeia S. [Tockonbky mose E°, cosziaBaeMoe yAaieHHBIM
HCTOYHHKOM H3NYy9eHHd, B NIpeleaX pacKpblBa IPHEMHOH aHTEHHEI TOCTOAHHO
110 aMIUIMTYZE, NONY4eHHOe COOTHOLIEHUE U1 V, B TOYHOCTH COOTBETCTBYeT (4.13).

IMpocryio hu3HuecKyI0 TPAaKTOBKY HEOCPEACTBEHHO B IPHEMHOM peskuMe
paGoThl MOXXHO AaTh W APYTHM [apaMeTpaM, BBeAEHHEIM paHee B NepefaoleM
pexume. Tak, k03¢ GuuHeHT HANPABNEHHOTO AeficTBus D, . IpH NPHEME, COMa-
COBAHHOM MO NOJSIPU3ALHH, MOXKHO TPAKTOBaTh KAK OTHOLIEHHE MOLIHOCTH, II0-
cTynaronieii Ha BX0J| IpUeMHUKA NTPH 00IyYEHHH aHTEHHE] C HANPABIESHUA MAKCH-
MaJIbHOIO TIPHEMa, K CpeHeii 1o BceM HaNpaBJIeHHAM MOLIHOCTH, NOCTYNaIomIeH
HA BXOJ IPHEMHHKA, ECJIH aHTEHHY 00JIy4aTh IOOUEPEAHO C Pa3HBIX HalpaBIeHU
TONeM C HEH3MEHHOM aMmIaTyoit £°0, Koadduument ycunenus G, MOKHO
TPaKTOBAaTh KaK OTHOLIEHHE MOUIHOCTH, MOCTYNAIOIIEH Ha BXOJ MPHEMHHKA [IPH
OpHeMe Ha JaHHYIO aHTEHHY, K MOLUHOCTH, HOCTYMalomell Ha BXOA NPHEMHHKa
fipU NIpUeMe Ha HeHanpasnenHyo antendy ¢ KI1J{, papusiv epvauue. [pu atom
npeanoaaraerca, 4To 06e aHTEHHBl HMEIOT ONTHMAJIBHOE COTJIACOBAHHE C MPHEM-
HHKOM H COIJIaCOB2HBI [0 MONAPH3ALIMH ¢ OOIYYaIOLIMM TTONEM.

YnoMsHeM ewme OOMH MapaMeTp, BBEAEHHEIH paHee NPMMEHUTENBHO K Ie-
PeAaIoIIEMY peKHMY, — JEHCTBYIOMYIO JUIMHY aHTeHHH! (cM. § 2.2). B npuemuom
PEXHME ACHCTBYIOLIYIO JUTHHY MOXHO PacCMaTpHBATh Kak k03 QUIMEHT npomnop-
HHOHAIBHOCTH MeX 1Y 3KBHBaNeHTHON DJIC npueMHO# aHTEHHb! H HANPSHKEHHOC-
Thi0 nonist E °6" goniHpl, 06myuarowmeit aHTeHHY ¢ HAPABIEHHA MAKCHMAJIBHOTO [TPH-
eMa. B cootBercTeHE ¢ (5.21) nIpH COrTAcOBRHUHM 11O NOJAPU3ALMH
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L= 2R+ 4252 (5.29)
j 607 Aﬂ 8 A(p ¢ /max * .

Hcnons3ya (2.7), HETPYAHO M0KA3aTh, YTO /UL CHMMETPHYHOTO 3/IEKTPH-
YeCcKoro BUGpaTopa B MPHEMHOM PEXHME NPHU COMIACOBAHMH IO MOIAPH3ALHM

=&1—cosk1
7 sinkl

(5.30)

n

T.€. COOTBETCTBYET YHCICHHOMY 3HAYEHHIO /| B nepenaiomem pexume (2.12).
Jumepamypa: ocrosnas |2, 49), donoanumenvuan [34).
KoHTponbHbie BONPOCHL

1. Yro nonumaercs mox [JH aHTeHHBI B IPpHEMHOM pexuMe pabot?

2. Kaxosa cBa3s JJH aHTEHHBI B IPHEMHOM PEeXHME C THAarpaMMoOH HalpaBIeHROCTH
3ITOH ¢ aHTEHHBI B NIepefarolleM pexume pabore? Korma sti JIH nomrocTEIO COBNaja-
ior?

3. MoscHuUTe MeXaHK3M Iponecca npHeMa Ha npumepe COB.

4. CpopMynupy#HTe NPUHLHAIN B3aHMHOCTH NPHMEHHTEILHO K THHEHHOMY TaCCHBHOMY
YCTHIPEXIOMOCHHKY.

5. ITycts COB — nepenatomas anrenna, CII[B — npuemnas anTeHra. Kak cienyer pac-
NOJIOXUTH 3TH aHTCHHE! OTHOCUTENBHO APYT ApYTa JUIS BBIIEICHHA MaKCHMAJIbHOH MoII-
HOCTH B HAIrPy3Ke NPHEMHOH aHTEHHbI?

6. TlosicHUTe, KAKHMH TIPOLIECCAMH COMPOBOXKIACTCA HARICUCHHE SHEPTHH IPHEMHOH
AHTCHER! M3 NaJaloNIeH Ha Hee BOJHEL
i 1. U306pa3suTe SKBUBANCHTHYIO CXeMY IPHEMHOI aHTEHHBI, HCOMB3YEMYIO IS pacye-

-Ta noromaeMoi MomHocTH. Ot KaxuX (aKTOpOB 3aBHCHT BEAHYHHA dkBHBaneHTHoH JLC?

_ 8. Coopmynupylite yCIIOBUS COIACOBaHHA PHEMHOH aHTEHHBI C HATPY3KOH NPH Ha-
JVUHH COSIUHATENBHOTO BHIEpa.

9. KakoB dusnyeckuii cMaic 3ddeKTHBHOM OBEPXHOCTH IIPHEMHON aHTEHHBI?

10. INepeuncnnTte Bce HEOOXOAUMBIE YCIIOBHSA COITIACOBAHMA NEpeaaloeit H NPHEMHOR
AHTEHH No noaspH3auxu. Ha ueM cka3siBaeTcs HEBBIIONHECHHE STHX YCIOBHIH?

11. TIpn kaxuX ycnoBHusX, CBA3aHHEIX C NONAPH3anKeH, MOXKET TIOJIHOCTHIO OTCYTCTBO-
BaTh CBA3L MEXY NEpEAalOIeii ¥ IPHeMHON aHTEHHAMHK?

12.° ins oCyIeCTRIEHHA CBA3H C OABHXHBIMA OOBEKTAMH TIPH OTCYTCTBHH HX CTabH-
AH3AaUHY B NPOCTPAHCTBE CTPEMATCA HCMOMB30BATh aHTEHHH! C Bpalllalomeiics nonspusa-
LMeii nons HATydIeHHs. KaKoBBI HEZOCTATKH STON0 METOAA, ECIIN Nepe/Ialoniasd aHTEHHA HMEET

' KPYTOBYIO NOMAPH3AUKIO B HANPABICHUH TPHEMHOM aHTEHHEL, @ [IPHEMHAA — THHERHYI0?

13.* Haiire onpenenenus KHJI, KY u KI1] aHTeHHBI B IPHEMHROM peikume paboTst (pH

. YCIIOBHH COTNIACOBAHUS C NIEPEAAIONICH AHTEHHOM MO TOMAPH3AINH).

14. Kaxos cMbich aeiicTByomeH JIHHb IPHEMHON aHTCHHBI?
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Cnasa 6. NPOCTbIE BUBPATOPHbIE U LWENEBBLIE
AHTEHHbI YKB AUAMNA30HA

6.1. OcobeHHocTu aHTeHH YKB gnanasona

Vnprpakopotkue BomHs! (YKB) mHpoko HCHOIb3yIOTCA B PaJHOCBS-
3H, paIHOBEHIaHUH ¥ APYrHX 00NACcTAX COBPEMEHHOM paqHoTeXHHKH. Met-
POBBIC BOJHBI [IPUMEHAIOTCS, B YACTHOCTH, JUIA TCJICBUACHHA U PaJlHOBe-
maHug. JlenMeTpoBbIE H CAHTHMETPOBBIE BOJIHBI IIMPOKO HCTIONB3YIOTCS
JUIA paguopeneiHOi MHOTOKaHAIBHOH CBA3H, PaaHOCBA3H C KOCMHYECKH-
MH 0OBEKTaMH, CBA3H C IIOMOIIIHIO HCKYCCTBEHHBIX cTyTHUKOB 3emu (MC3),
MPHMEHAEMBIX B KaYeCTBE PETPAHCIIATOPOB, 2 TAKXKe B paTHONOKaI|H, pa-
JUOHABHIAIMK, PAEHOACTPOHOMHH M T. 1. IIpH pa3paboTke HOBBIX THHHH
CBA3H, 0COOCHHO [IpeAHa3HAYCHHEIX JUTA NIepenavH IMPPOBBIX COOOMEHNH,
TpeOyIOMMX Ype3BbIdaiiHO MIHPOKHX I10JI0C NPONYCKaHHUA, 00pamanTcs
K Ooree BHICOKHM 4acTOTaM.

VIBTpakopOTKHE BOTHBI NO3BONAIOT OCYIECTBHTL YCTOMYUBYIO CBA3b
MEXTy Ha3zeMHBIMH OOBEKTaMH B TIpeAenaxX Tak Ha3sIBaeMoH NpAMOi BU-
JMMOCTH, KOTOpasg 3aBHCHT OT BBICOT HOJBECA TiepeAaronieH H MPHEMHOH
anTenH (cM. 20.1.2). [Ins yBenHdeHHS PAacCTOSHMA NPAMOI BUAMMOCTH
AHTEHHBI NIPUXONUTCS MOJHUMATH HAa GONBIIYIO BHICOTY, YTO 3aCTaBIAET
NPEXBABIATH MOBHIIIEHHEIE TPeOOBaHHA K MEXaHHYECKHM XapaKTePHCTH-
KaM aHTEHH, MpesKe BCero K IPOYHOCTH, Macce, napycHocTH. [ToBbmen-
Hble TpeOOBaHUA MPEABABIAIOTCH TAKXKe K KOHCTPYKIMAM HA3eMHBIX aH-
TEHH JUI1 KOCMHUYECKOH CBA3M H PaJHOIOKAIMOHHBIM aHTCHHAM, KOTOPHIE
B MPOLIECCE IKCILTYaTalNH HeOOXOMMMO IIOBOPAuHBAaTh IS CIEKEHHA 32
WC3 wm nensio. Ilensiii psan cnemuduueckux TpeGOBAHMI MPETBARITETCA
K KOHCTPYKUMSM OOPTOBBIX aHTEHH, OCOOSHHO [UI1 KOCMUYECKHX CHCTEM.

B auanazone YKB ro3MoXHO OCTpoeHHe aHTEHH, pa3MepEl KOTO-
PBIX BEJTHKH TIO CPAaBHEHMIO € IUTHHOH BONHEL JTO NO3BOJAET IPH NpHEM-
JAEMEIX Pa3Mepax aHTeHH PeaM30BBIBATH BHICOKYIO HAIIPaBIECHHOCTDb M3-
Jiy4eHus (Ha canTuMeTpoBsix BonHax KH]I MOXKeT ZOCTUraTh COTEH ThICAY
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WIH JaX¢ MHIUIHOHOB eIHHMN). OIHAKO MCHOMB3YIOTCA TAKOKE aHTECHHEI
VKB, pazMepsl KOTOPBIX CPAaBHUMEI ¢ UIMHOM BonmHb!. K TakuM aHTeHHAM,
obnajaronyM cpaBHATENBHO muMpoko# JIH, oTHOCATCS IpocTsie BUOpaTop-
HBIC ¥ IIENEBBIE aHTEHHBI, PACCMAaTpPHBaEMbie B HacToAIeH rase. IIpo-
CThI€ aHTEHHH! HCIONB3YIOTCS JINOO0 KaK 3/IeMeHTHI Goliee ClIOXKHbIX aHTEHH
(HanpuMep, B COCTaBe aHTEHHLIX PELICTOK, B Ka4ecTBe o0mygarencii 3ep-
KanbHBIX aHTEHH U T. I.), TH00 Kak CaMOCTOATEIbHBIE H3TyJaTeN Iy,

OOmKMH 3IEKTPHICCKUMH TpeOGOBaHUAMH K aHTCHHAM paccMaTpH-
BaeMOr0 JMala30Ha SBIAIOTCA: OTHOCHTENBHO MIMPOKas Ioaoca Mporyc-
K4EMBIX 9acTOT, OONBINas 3MeKTPHUECKas MPOYHOCTh M BRICOKAs CTCICHD
COTTIACORAHHMSA C ITHTAOLIUM TPAKTOM.

6.2. Bo3byxaeHue cMMMeTpUiHbIX BUGpaTtopoB
CUMMETPUYHON NIMHUEN.
Pa3HOBMAHOCTU NPOCTbIX BUGPATOPHbLIX AaHTEHH

Bo36y>xxzneHie (IHTaHUE) CHMMETPHYHEBIX BUOPaTOPOB MOXET OCY-
INECTBIATHCA KaK CHMMETPHYIHOM, TaK 1 HECUMMETpHIHOH muHuel, Hau-
©ornee NpocTO OCYLIECTRIETCS THTaH!E BHGPATOPOB C IOMOIIBIO CHMMET-
PpHYHO THHHY, IPOBOXHHKH KOTOPOH NOACOEXHHAIOTCA HEMOCPEACTBEHHO
K Turedam BuOpatopa (puc. 6.1). TokH, paBHbIC O BENHIHHE, HO IIPOTHBO-
MOJIOKHBIE TI0 HANIPABIICHHIO B IIPOBOAAX JIMHHH, IEPEXOLA Ha IIPOBOXHUKH
BUOpaTopa, IPOTEKAIOT B OJHOM HAIPABICHHH, YTO 0GecniedrnBaeT CHH}as-
HOE B030yIeHHe Iwied BHOpatopa. Jlis yiryqmeHHs JHana30HHBIX CBOHCTB,
MEXaHHYECKOH NPOYHOCTH, & TAK)KE CHHIKCHHHA HANPSXXEHHOCTH MONA
Y IOBEpXHOCTH IIPOBOJA BUGPATOpPEI OORMHO BEIIOIHAIOT U3 TPy WK mna-
CTHH ¢ GOJIBIIMM NEPHMETPOM MOMEPEYHOTO CEIEHNUS (BHOPATOPE! € MOHH-
CHHBIM BOIIHOBHIM CONPOTHBIICHHEM).

PopMa HONEPEIHOTO CEYEHHA MOXKET OBITh ~
pasmM4YHOH: KPYIJIOH, NPAMOYTOIbHO#, Tpe- I >/ &
YronsHoM U T. 1. JUIs yMeHbIICHUA IIYHTH- é

pyIomiero AeiCTBUA EMKOCTH MEXIY TOpIa-
MH IUIed BHOpaTropa HOMEpeYHoe CeYeHHne
BHOpPATOpOB NOCTENEHHO YMEHBIIACTCH K
ToukaM nHTanud. Kpemienue Bubparopos
MOXET OCYIIECTBIIATLCSA C IOMOILBIO METaNI-

]
~

Puc. 6.1
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JIHYECKOTO «H3ONATOPA», MPEACTABIAIONLIEro c060ii 3aMKHYTHIH OTpe3oK
CHMMETPHYHOM NHHHH JUIHHOH A/4 (cM. puc. 6.1). Bxonnoe conpoTrHBie-
HHE TAKOH JTMHMH BECbMa BEJHMKO H HE OKa3bIBAeT LIYHTHPYIOILEro Jek-
CTBHA Ha JIHHHIO MMUTAHHA.

JimHa BuGparopa onpenenserca Tpebosanuamu k ero JJH u corma-
coBaHMI0 BUOpaTopa ¢ muTaromedi muHuel. [N nony4eHns BEICOKOTO KO-
abduuuenTa Geryuieit BonHs! (KBB) B nutaromel miHuu HeoOX0aHMO,
4T06EI BXOAHOE CONPOTHBIIEHHE BUOpaTopa 6biIo 4HCTO aKTHBHEIM (YCII0-
BHC Pe30HaHCa) ¥ O/IM3KMM K BOTHOBOMY COTIDOTHBJICHHIO JIKHHH Z_, KOTO-
poe B quanasode YKB cocrasnger npumepso 200...500 Om. Jing cpaBHu-
Te/ILHO TOHKHX BHOPaTOpOB yCIIOBHE PE30HAHCA BBINONHAESTCA TIPH IITHHE
Bubpatopa, 6muakoit k 0,5A wnn 1,0 OnHako B mepBoM cirydae R, Oka3si-
BAETCA CYIIECTBEHHO MEHBIIE, 2 BO BTOPOM CIy4ac — CYIecTBeHHO Gob-
me Z, (cm. § 2.3). ObecneuuTs XOpoIee COrmacoBaHHe CHMMETPHYHOTO
BHOpaTOpa ¢ MHTAIOIIECH TUHHEH MOXHO, ecu BHOPATOp BHINONHHTE 110
NETNeBOH cXeMe, npemimkeHHoi A. A. [TucronskopcoM (Tak HasbiBaeMBbIi
uneiig-subparop, puc. 6.2, a). Bubparop cOCTOHT H3 ABYX NapaiensHBIX
IPOBOJIOB, HAXOAAIMXCA Ha HeGOMbIIOM PacCTOAHHH APYT OT Apyra (d/A =
= 1/20...1/40). Koxus! MpoBoJoB 3aMKHYThl HAKOPOTKO, JUTHHA BHOpaTopa
BEIGHpaeTcA paBHON NpHMEPHO A/2. :

PacnipenenesHe Toka B nnewieBoM BHOpaTope B epBOM IpHOmKe-
HHH COBNIAZAET C PACIpPENCICHHEM TOKA B JKBHBAIEHTHOH KOPOTKO3aMKHY-
TOH JBYXIPOBONHOM JIMHHH, NIEPEXOX K KOTOPOH MOKasaH Ha puc. 6.2, 6.
IIpoBona nernesoro BuGparopa Bo3byxnatorca B daze. Beumy mamnocru
PAcCTOAHKMS MEXAY NPOBONAMH NPH pacyere NONA M3ITYYeHHS METIEBOTO
BHOpaTopa ero MOXXHO 3aMEHHTh OOBIYHEIM MOTYBONHOBSIM CHMMETpPHY-

Puc. 6.2
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HEIM BHOpPaToOpoM, TOK B KOTOPOM paBeH [= 21;1, rie I:u —~ TOK B muneiid-
pubparope. OueBunHo, ¥to JJH nureii-pubparopa npakTHIECKH HE OTIIH-
yaetcs ot J{H o6sr4Horo0 nonysonaHoBoro Bubparopa. OnqHako BXOXHOE CO-
NPOTHRIEHHE 3THX [BYX HM3llydaTclell OKa3bIBAETCA PasHEIM. AKTHBHYIO
4acTh BXOJHOIO CONMpOTHBIEHUs mineHd-subparopa R, =~ MOXHO HaHTH,
NpPHPABHAB MOLHOCTH H3NYyIEHNS ETICBOIO BHOpaTopa ¥ CAMMETPHYHO-
ro BuOparopa ¢ TOkoM [=2] : |Im | anx'm/ 2= 21, | 2R ./2,ta¢ R, — aKTHB-
HOE BXOIHOE CONMPOTUBIICHHE CHMMETPHYHOTO ITOTYBOIHOBOTO BHOpaTopa.
OrcromaR, = 4R =40 13= 292 OM. PeaxtuBHag COCTABIAIONIAsA BXO/I-
HOrO CONpOTHBNEHMA mNekd-BubpaTopa MoxeT ObITH 00palicHa B Hylb,
€CITM HACTPOHTH BHOPATOp B PE30HAHC, T.€. HECKOIBKO YKOPOTHTb €T0 JUIH-
Hy Tlo cpaBHeHuIO ¢ A/2. Ecnn nutanme muiefid-subparopa ocymecTBIATE
THNIOBBIM CHMMeTpHIHEM duaepom ¢ Z, = 300 Om, To KBEB B unepe 6y-
JeT OMHM30K K enHHUIe.

 VkasanHas BENWYHMHA R, COOTBETCTBYET IETICBOMY BHOpATopy
C OIMHAKOBBIM JHAMETPOM BEPXHETO H HHXHETO MpoBojos (d, = d,) Ilpu
HEOJIUHAKOBHIX JHAMETPAX NMPOBOJOB BXOJHOE CONPOTHBIECHHE OTIHIACT-
€4 OT yKa3aHHOro. JIHana30HHbIE CBOMCTBA METIEBOT0 BHOpaTopa 3aBHCAT
OT OTHOWIEHHS d,/d, u aGcomoTHOH TONUKMHEI MpoBoaoB. Kpennenne
nuiefi¢-BHOpaTopa K ONOpe MOXHO OCYILECTBHTD € NOMOLIBIO METAIUIH-

"HECKOr0o CTCPXKHA, MOACOCAHMHEHHOIO K CEPECAHHC BEPXHEIO IIPpOBOAA

(cM. puc. 6.2, a). Tak kak B HEHTPE 3TOr0 IPOBOLA HMEET MECTO y3€l Ha-
OPSKEHHOCTH 3JIEKTPUYECKOTO IO, TO HANUIHE CTEPIKHs NMPAKTHIECKH
He BIHsieT Ha paboty Bubparopa.

IerneBsie BHGPATOPHI ITHPOKO NPHMEHAIOTCA B JHAIIA30HaX METPO-
BBIX M IEUHMETPOBHIX BOMH (HalpUMep, B IPUEMHEBIX TEJICBU3HOHHEIX aH~
TEHHaX).

Jlns paciapenns paGodero quanazoHa BHOpaTopoB HenecoobpaszHo
(Hapaxy ¢ YMEHBIICHHEM BOJHOBOTO CONNPOTHBICHUA, IOCTHIAEMOTO YBe-
JMYCHHEM OHaMeTpa BUOpaTopa) BHINONHATH aHTCHHY H3 [BYX YacTei,
VIMEIOHIMX PA3NHIHBIC YACTOTHBIC 3aBUCHMOCTH BXOIHBIX COTIPOTHBIICHMIA.
Himoctpanmeii MOXKET CITyKUTh IMaNa30HHLIH LTyHTOBOI BUOparop, mpex-
noxenustit I 3, Aiizen6Geprom (puc. 6.3, @). lllynr 3-7-4 onnoBpeMeHHO
BBIIONHAET QYHKUHH KPEMIeHNS. YIIpOlIeHHad YKBHBAICHTHAA CXeMa aH-
TEHHBI NPE/ICTaBleHa Ha pHC. 6.3,6. [Ipu cooTBeTCTBYIOMmEM NT0nGope reo-
METPUYECKHX pa3MepoB BUOparopa H IIyHTa PEakTHRHAA COCTABIAIOIIAL
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Puc. 6.3

Pa3OMKHYTOTO OTpe3Ka SKBUBATIEHTHOH TMHUH 3—5—6—4 KoMIeHCHpyeTCs
PEaKTHBHBIM BXOXHBEIM CONPOTHRICHHEM 3aMKHYTOro oTpeska 3—7—4. TIpu
9TOM YZHAeTcs NMOJY4YHTh YIOBIEeTBOpHTENbHOE coracoBanue (KBB 2 0,3)
IIPUMEPHO B IATHKPAaTHOM Auanasowe BonH (0,15 < I/A < 0,65). Vron ¢ (cMm.
puc. 6.3, @) 06BI9HO He IPEBOCXOIMT 45°, IPHYEM C YBEIHYEHHEM ITOrO
yrna Bo3pactaeT HepasHoMepHocTh JIH B H-nnockocTd (MakcHMyM H3ITy-
YeHHA HANPAB/IEH B CTOPOHY, NPOTHBONONOKHYIO IIYHTY).

Jns yMeHbmeHua Macchl BHOpaTopoB npu GONBIIOM AHAMETPe MX
MOXXHO BBIIOJIHATE NONBIMH (B Buae Tpy6xu). OgHako B [Hana3oHe METPO-
BBIX BOJIH Ja)K€ I10J1bIe BHOPATOPHI MOI'YT HMETh CIHIIKOM DOMNBIIYIO Mac-
cy. B atoM ciygae nenecooGpazHee BBHINIONHATE BUOPaTOp M3 NPOBOIOB,
pacnonmkeHHEIX 1Mo obpasyromed MUIMHAPA (TAK HA3LIBAEMBIH AHIONB
Hanenenxo, puc. 6.4). IIpn pacdere BOTHOBOIO CONPOTHRICHHA Z_ NUIIONA
HapeHeHko ero MOXHO 3aMEHUTh CIUIOIUHBIM [UMHHAPOM C 3KBUBAIEHT-

HBIM JHAMETPOM d,, = dYnd/d , Tie n—umcno nposonos (06sr4Ho 7 =6...8);

8— nuamerp npoBonoB; d — aHamerp qunons Hagenerxo, [Turanue aunomns
Hanenenko uenecoobpa3Ho OCyIEeCTBIATh GPHUACPOM C BOIHOBLIM CONpPO-
tuBneHueM Z, = 300 Om. Ilpn atom B auanasone 0,25 < //A < 0,63 3Hade-
uue KBB He nanaer mixe 0,3. YimyumeHne cornacopaHus MOXKeT OBITE KO-
CTHIHYTO NIPUMEHEHHEM [IPOBOJIOYHOTO BAPHAHTA LITYHTOBOFO IIHTAHUA,

LE] 0ARMOPS! p) a4

~

Puc. 6.4
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Puc. 6.5 Puc. 6.6

BecpMa MIHPOKONOIOCHE], IPHIEM HE TOJHKO TI0 BXOZHOMY COMpO-
THBJICHHIO, HO H II0 HAIIpaBJIEHHBIM CBOHCTBaM, GHKOHHYECKHE aHTCHHBI
(puc. 6.5). Ipu MaibIx 6, BXOTHOE CONPOTHBIEHHE OHKOHMYECKHX AHTEHH,
KaK ¥ TOHKHX LMIHHIPHYECKHX BUGPATOPOB, PE3KO 3aBHCHT OT YaCTOTHL
IIpn yBenuueHHy 6 3aBUCHMOCTD OT YaCTOTHI CIIIXKHBACTCS, AKTHBHOE BXOZ
HOE CONPOTHB/IEHHE KoyebueTca BoKpyT Benuuunnl Z, = 120Inctg(8/2), rne
Z_ — BOJHOBOE CONPOTHBIICHHE GeCKOHEYHOH GHKOHMYECKOH JIMHMAH, peak-
THBHOE COIMPOTHBIICHHE KOJNEOIETCS OTHOCHTEIBHO HY/JAEBOrO 3HAYEHHA.
VYHOBIETROPHTENBHOE COIACOBAHHE C MUTAIOMAM QHACPOM OCTHTaCTCA
PaKTHYCCKH B NOTYyOSCKOHEYHOH 10/I0CE JaCTOT, HAYHHAA ¢ HEKOTOPOit
TpaHUYHOM 4acToTHl f= frp.

ViydIuTh CTENEHb COTNIAaCOBAHHA M CHU3HTh frp (4TO 3KBUBAICHTHO
YMCHBIUCHHIO JUIHHBI AHTECHHB! / IPH JaHHO# 4acToTe /) MOXHO, IIPHMe-
HAAs CONIACYIOIHE YCTPOHCTBA THIIA NIYHTOB, PACTIONOXEHHBIX HENOCPE-
CTBEHHO B aneprype Bubparopa S (puc. 6.6). [TonoGHsle IIYHTH 2KBHBa-
JIEHTHBI HHAYKTHBHBIM IOTHIPAM B PETYIAPHBIX JIHHUAX MEPENaTd, HAIIPH-
Mep, B IPAMOYTONBHOM BOJYHOBOJE, OHAKO HOMHMO PEAKTHBHOCTH BHOCST

HEKOTOPEC aKTHBHOE COIIPOTHBICHUEC 32 CYET M3IyYCHUA NIPOTCKAKOIIHX MO

HHUM TOKOB.

K yncity mmpoKomonoCcHBIX aHTEHH OTHOCATCA TaKXKe INIOCKHE BUO-
PaTOpBI C IUIeYaMH TpeyToNbHOM Gopmel. ECIH yrosi nmpu BEpUIMHE PaBeH
90°, nono6HbIe BHOPATOPE! HA3BIBAIOT CAMOOOHOTHUMENbHbIMY, TIOCKONb-
Ky KOHQUIypanus weneBoi 4acTH aHTEHHB! MOMHOCTBIO COOTBETCTBYET
¢dopme npoBozsIEi YacTH.

PeasrsHO aHTEHHY H3 IIOCKMX KOHYCOB BBIMIONHATOT 110 CXEME, H300-
paxxeHHOH Ha puc. 6.7, a. MeTaIUTHYECKHE IIYHTHI, 3aMBIKAIOLIHE KPast KO-
HYCOB, HIPAIOT TaKyIO JXe pOJib, KaK B pACCMOTPEHHOIA BhINIE CXeMe GHKO-
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HHYecKoi aHTEHHEL. Yron 6, Beibu-
paercsa B npenenax 35...50° B 3a-
BHCHMOCTH OT BOJIHOBOI'O CONpPO-
THRIIEHUS nuTatowero duaepa. INo-
JIoOHbIE aHTEHHBI PabOTalOT Mpak-
THYECKH B N10Ty0ECKOHEYHOM MO0~
€€ 4acToT, O/1HaKo UX JuinHa L (puc.
6.7, a), Heobxonumas I YIOBIET-
BOPHTEJBHOTO COINIACOBAaHUA HE
TPaHHYHOH 4acTOTe, HECKOJIBKO
IpeBhIIaeT AuHy GukoHryecknx antend (0,34 10,24 COOTBETCTBEH-
HO). Jlns yMeHbIIeHHA JUIHHBI INIOCKHX BUOpaTopoB 63 yXyALIeHH ypOB-
Hf COIMIACOBaHMS MOAKIIOYEHHE IIYHTOB MOXXHO BBINOJHATH IO CXEME,
H300paxeHHO#H Ha puc. 6.7, 6. Poie JONONHUTENRHOIO COIMACYIOLIEro 3Je-
MEHTA 3/1€Ch HIPAET EMKOCTHOE CONPOTHBIICHHE, 3HAYEHHE KOTOPOTO OIIpe-
JIeNIAeTCs 3a30POM MEXKIy TOpLamMu BHOpaTopa U METAILINIECKOH IepeMbId-
KOif, COeAMHSAIONIEH IIYHTEI, ¥ [IONIEPEYHLIMH Pa3MepaMH [IEPEMBIYKH.

6.3. Bo3byxaeHue cumMmMmeTpn4YHbIX BUOpaTopoB
KOaKCHManbLHOMN NuHuen. CuMMeTpUpylolme ycTponcTea

CuMMeTpHYHAsA ABYXIIPOBONHAS IMHHUSA OTHOCHTCA K OTKPBITHIM JIH-
HUAM TIepeRayH, OCHOBHEIMH HEJOCTATKAMH KOTOPBIX ABIBIIOTCS IIOABEp-
KEHHOCTB BO3AEHCTBHIO aTMOCEPHEIX OCA[KOB M H3ILydeHHe caMoil Iy~
HuH (aHTeHHBIH 3¢ dexT), Bo3pacTaroniue ¢ poctoM 4acroThl. Iloatomy B
Imanaszone YKB g nuTaHHs CHMMETPHUYHBIX BHOparopoB xkenaTenbHO
MIPUMEHATH 3KPaHUPOBAHHbIE MMHUH B BUIE KOAKCHANBHBIX Kabeneit uu
JKECTKHX KOAKCHAJIBHBIX JIHHUHA.

IIpn HeMOCPEACTBEHHOM NPHCOEAMHEHHH KOAKCHAIIBHOTO Kabens K
CMMMETpHYHOMY BHGparopy (puc. 6.8) Tok /;, TeKylmii 10 BHyTpEHHEMY
TIPOBOJHHUKY, PaBEH TOKY B IPaBOM Iu1ede BubGparopa. Tok I, Tekymmit o
BHYTPEHHEH NMOBEPXHOCTH 3KPaHa, PA3NENAETCA Ha JiBa Toka: I, (Teder
10 niesoMy Tuiedy Bubparopa) u 1, (Tedet no Hemnei nosepxHocTH 06o-
nouku kabens). Tak kax I, # I, To nureun Bubpatopa Bo30yXIal0TCa HEO-
IIMHAKOBBIMH 1O AMILIMTYE H hase Toxamu, uto nckaxaet J{H snGparopa.
Kpome Toro, usimyuenue, 00yCIOBIEHHOE TOKOM L, CO3aeT NONOIHATENRHOE

' FeHepaTopa, paszemniercs B ouke 0 Ha ABE paB-
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L

Ak

Puc. 6.9

ucxaxenue JITH. IloatoMy nutanue CHMMETPHYHBIX BUOPAaTOpOB HECHM-
METPUYHBIM KabesleM TOIKHO OCYLIECTBIATHCS C IOMOIIBIO CIEIMATBHEIX
CHMMETPHpPYIOIINX YCTPOHCTB.

PaccMOTpHM CHMMETPHpPYIONIEE YCTPOHCTBO THIIA «CTaKaH», CXEMa
KOTOpOTO nmpuBeneHa Ha puc. 6.9. Tlonsiit MeTamnnueckuit mumHAp (cTa-
KaH), HMCIOIHH QHHY A/4, COSTHHEH HaKOPOTKO ¢ BHEIHEH NOBEPXHOC-
TBIO TIUTAROIIEro $puaepa 1 obpasyeT ¢ Hel KOaKCHABHYO JIHHHIO. Bxon-
HO€ CONPOTHBIICHHE 3TOH JIMHHH B TOYKaX @b OYE€Hb BEHKO (IPH MPOTIHX
PABHBIX YCIOBHAX YBETHYHBAETCS C POCTOM OTHOMICHHS nuameTpa CTaka-
Ha M BHEIIHETO JHaMeTpa Quaepa), BCIEACTBHE Yero TOK [, TeKyIHii o
BHYTpEHHeii II0OBEPXHOCTH 3KpaHa, IMOYTH LETHKOM NEPEeXOHUT Ha IIeY0
pubparopa. Taxum 06pa3oM, METAIIMYECKHH CTAKaH UTPAET POJIb H30IA-
TOpa, HPENATCTBYIOMIETO OTBETBIIEHHIO TOKA /, HA BHEIHIOK MOBEPXHOCT
mHTaromero ¢uaepa.

JpyriuM THIIOM CHMMETPHPYIOLIETO YCT-
po¥icTBa ABILAETCS YCTPOUCTBO THITA «U-KOTIEHON
(puc. 6.10). Tok I, Texymuii M0 BHYTPEHHEMY
MPOBOIHHKY OCHOBHOTO Kabeld, MIYIETO OT

HBIE YaCTH, KOTOPBIE IOCTYNAIOT Ha ITeYH BUG-
partopa, IpHYeM IYTh ac OTIIHYAETCA OT IyTH abd
Ha A /2 (tme A, — JiuHa BonHBI B Kabene). Tak
Kak B JUTMHHOH NUHHH HA TyTH A /2 da3a Toka
MEHsieTCA Ha 00PaTHYI0, TO TOKH B TOUKAX ¢ U d
OKassiBatoTcs B nporusodaze. Mpu sToM mwiean

42

Puc. 6.10
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BHOparopa Bo36yKIal0TCA CHHGA3HO TOKAMH OJMHAKOBOH aMIITHMTYABI.
Opnsako 1A MOJIyYeHHA TMONHON CHMMETPHH BO30yAeHHA HEOOXOIUMO
BBIPOBHATE TOKH, OTBETRIMIOLIMECS Ha BHEITHHE TIOBEPXHOCTH Kaberrt BOmu-
34 TOYEK C U d, JUTA 9er0 HeoGXONMMO BHEIHHE TOBEPXHOCTH COSTUHNUTS
kopoTko3ambikateneM K. O6BIMHO KOPOTKO3aMBIKATe b ITOMEIAN0T BOIH3H
Touek ¢ u d. Pasmep / (cM. puc. 6.10) 3aBucuT OT THIA BUOpaTOpa; COOTBET-
CTBYIOLIMM BEIGOPOM €70 BO3MOXHO 00€eCIIeIHTE cornacoBanue Bubparopa
¢ obmumM xabenem. Tak, Wi CHMMETPHYHOTO ITOYBOIHOBOTO BHOpaTOpa,
HACTPOCHHOTO B PE30HAHC, paccTosHue / BuIGHpaloT paBHbIM A /4. CuM-
METPHPYIOLIEE YCTPOHCTBO THIIA « J-KOTIEHO», KaK M YCTPOHCTBO THIIA «CTa-
KaH», ABIAETCH Y3KOIOIOCHBIM.

Ha puc. 6.11 usobpaxena cxeMa IIENEBOro BO30yXACHHUA CHMMET-
puyHOro BHOparopa. O601019Ka XKeCTKOH KOAKCHANLHOM THHHHM paspe3acT-
A IByM# Y3KHMH LIEIIIMH, IIPH 5TOM JIBE MOJOBUHBI 060JIOUKH MOXKHO pac-
CMaTpHBATh KaK JBYyXIIPOBOAHYIO IHHHIO. BHyTpeHHHIH IpOBOX MHHUH KO-
POTKO3aMKHYTOM [epeMBIukoii K coenuHeH ¢ OXHOMH U3 MONOBHH 060109-
ku. B Toukax a u b nmprcoenunsioTca miedn Bubpatopa.

Kak u3BecTHO, IpooNbHEIE mend B 060m04ke Kabensi, B KOTOPOM
pacHpocTpaHAeTcs BOJIHA TUNa T, He NepeceKaloT INHHH TOKa NPOBOIMMO-
CTH Ha BHYTPEHHEH NOBEPXHOCTH 000IOYKH M IO3TOMY BOIMHOH Tuna T He
B0o30yxnatorcs. IIpH HaTMYHH KOPOTKO3aMblKaTens K TOK, NPOTeKAOMHMH
o HeMy, Bo30yXJaeT B KabeJie OTPaXKCHHYIO BOJIHY THNa T M OTpaXeHHEBIE

BOJIHB! BHICIIHX THIIOB, B IEPBYIO OYepellh BONHY THIA

0~ H,, xoakcuansHo# muaud. [lockonsky pasmeps kaGernst

=i ) HIDKE KPUTHYECKHX JUTS JAHHOTO THIIA BOIHEL, TO OHA

He pacnpocrpansercd. OXHaKo nonepeHsie TOKu J, n

HaBOIHMMEIE 3TOH BOJIHOI Ha BHYTPCHHEH IIOBEPXHOCTH

000104KH, BO30YXKIAK0T IIEIH, IPHIEM HAIIPSHKSHUA B
wenax U, candasusi (cM. prc. 6.11).

JByXxnpoBonHas THHHS, 00pa3oBaHHas IBYMI

i 9acTAMH pa3pe3aHHoi 060/109KH, Bo30YKIaeTcs B pe-

2 sxkume T-BonH. COOTBETCTBEHHO I/IcYH BUOpaTOopa BO3-
6) 6y»xaatoTca cnH(a3HO C paBHOH aMILTHTYIOH IPH JT10-
6oii 1uHe wenei, T.e. yCTpoHcTBO MOXkeT paborarh B

IuanaszoHe 9acToT. OMHAaKo HaWIydllee COTNacOBaHHe

Puc. 6.11 BHOpaTopa ¢ muTaromei IMHKCH (TIpH paBeHCTBE BXOJ-
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HOTO CONpPOTHBJICHMA BUGparopa R, BONHOBOMY CONPOTHBIEHHMIO Kabens
Z,) IPOMCXOMT TIPH JUTHHE WieNeH, papHOH A/4, IpH 3TOM BXOTHOE COTIPO-
THRJICHHE JIBYXNPOBOAHOH JIHHHH (3aMKHYTOH Ha KOHIIE, T.€. B TOUKE C)
O4EeHb BEJIHKO M He IyHTUpyeT BuOparop. Eciu R, # Z, TO NpUMEHSAIOT
YeTBEPTHBOJIHOBOIH COTMacyOIHi TpaHc(hOpMaTop ¢ BOITHOBBIM CONPOTHB-

NCHHEM Z, ., =\} R, Z,, npHieM peanu3yloT TpaHcpopMarop o6bIYHO co-

OTBETCTBYIOIMM H3MEHEHHEM ANaMeTpa BHYTPEHHErO POBOJAHHKA KOaK-
CHanbHOTO Kabend Ha JTMHe A/4 BOIM3HM TOYeK ITHTAHUA.

JUns NUTaHHA CHMMETPHYHEIX BHOPATOPOB TaKXKE IIHPOKO HCIOIb-
3yIOTCA YCTPOICTBA ¢ CHMMETpHpYIOILe#i npuctaBkoii (puc. 6.12, a). 3necs
PAZOM ¢ KOAKCHANLHON MHHUCH NapannensHo e moMemaeTcsa cnenuans-
HEI IPOBOHHUK, HMEIONMH TaKHe Xe BHEIIHHE pa3sMephl, 9To U Kabens. C
3THM IPOBOJHHKOM COEUHSAETCS BHYTPEHHHMI IPOBOAHKK IUTAIOMIEH TTH-
HHH. JIn4 BHIPaBHUBAHHSA TOKOB /| i H I, OTBETBIAIONMXCA KaK C BHYTPEH-
HEro NMpOBOJHHUKA Kabells, TaK M C BHyTpeHHeﬁ NOBEPXHOCTH ero 000mou-
KH, 060n04ka kabelns COeAMHACTCA C JONOIHHTENBHEIM IPOBOJHHKOM KO-
potkosambikatenieM K. B pesynbrare paBHBIMH TOTYYaloTCs W TOKH 1, 1),
B030y>Knaromme mwie4d Bubparopa. Buemsiow rxonepxuocrb oGonqun Ka-
6114 M IPOBOIHHK, 110 KOTOPEIM HPOTCKAIOT TOKH Il” u 1)’, MoxHO paccMar-
PHBATE KaK ABYXIPOBOAHYIO JIHHHIO C BOIHOBBIM conpomsneHHeM Z s
Tak Kak HanpaBJICHHE TOKOB I H I ' IIPOTHBOIIONOKHO, TO OHH npamqec—
KM HE H3IIyqaioT.

: OKBHBaJIEHTHAsA CXEMA YCTPOMCTBA IpHBezicHa Ha puc. 6.12,6. Ilpn
JUTHHE JINHUH [, paBHO# A/4, BXOZHOE CONPOTHBIICHHE €€ 04EHE BEJIMKO H
He IIYHTHpYET BHOparop, T.¢.

TIHMHHA UTPAET POJIb METAILIH- i i

9eCKOr0 M30IATOPa, K KOTO- ~———— —
POMy KpensT IUledH BuOpa-
Topa. Ecnu BXomHOE conpo-
TuBneHue subparopa R,
PaBHAETCA BOJIHOBOMY CO-
NIPOTUBIICHHIO Z KOAKCHATTb-
HO# JIMHHUH, TO CXEMa OKa3bl-
BaeTCA COMIACOBAHHOM (MpH
R, # Z MOXHO HCIONB30-

Zpx

Ny

e
——

',‘: - i

==
L

)

Puc. 6.12
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BaTh METBEPTHBOMHOBLIH TpaHc(OpMAaTop, pa3sMemacMbIid B OCHOBHOM Ka-
Gene BOMU3M Todek muTanug). [IpH HIMCHEHUH YACTOTH CHMMETPHPOBA-
HHE OCTaeTcs, HO COIIACOBAHME YXYAIIaeTCA M3-3a ITYHTHPYIOLIEro Jei-
CTBHSA KOPOTKO3aMKHYTOH MMHHH H H3MCHEHHA BXOJHOTO CONPOTHBICHHS
BuGparopa.

B 3axynoueHne OTMETHM, YTO PACCMOTPEHHBIE YCTPOHCTBA NPHMEHH-
MBI JU1A THTAHHA HE TOJIBKO CHMMETPHYHEIX BHOPATOPOB C HOMOLLEIO KO2K-
CHAITBbHBIX JIMHHH, HO ¥ JIPYIHX THIIOB 8HTCHH C CHMMETPUYHEIM RXOJOM.

6.4. UanyyeHne BUOpaTopoB, pacnonoxeHHbIX BONU3N
uAaeanLHoO NpoBoAALLeit NNOCKOCTH,
HecummeTpuyHble BUGparopbl

B npeapiaymmx paszenax paccMaTpHBalock H3ITyYCHHE aHTEHH, pac-
MONOXKEHHBIX B CBOOOAHOM NPOCTPaHCTBe. B peanbHbIX yCnOBUAX aHTEH-
HBl YCTaHABIHBAIOTCA BOJNH3M IMOBEPXHOCTH 3eMJIM, HA KpHIIAX 34aHHH,
BOMH3M KOpIyca Hecymero ux oGpekTa (caMoneta, Kopabis, KoCMHYECKO-
ro ammapara ¥ T.I). Ilox meficTBHEM 5NEKTPOMArHHTHOTO MOJIA, CO3/ABae-
MOTO aHTEHHOM, B OKPYXaIOIIHX TeJIaX HABOASTICH TAK Ha3bIBAEMBIE 6MO-
puyHbie moxy (TOKH NPOBOXHMOCTH H TOKH CMEINEHHA), H3TyYCHHE KOTO-
PBIX cymiecTBeHHO m3MeHgeT JJH aHTEHHE! H €€ BXOHOE CONPOTHUBICHHE.

AnTenanl YKB 06b19HO pacnionaraiotT BONKH3H METaJIIHIECKHX Tl
C BBICOKOH IPOBOTMMOCTHIO, YTO NO3BONAET NPH TEOPETHYESCKOM pacueTe
3aMEHHTH UX HACAIHHO NPOBOMAUIHMH TenaMH. PaccMoTpuM NpocTeimuii
ciryqaii, korna BHOpaTopsl HaxonaTcs Haj GeCKOHeYHOH IIOCKOH Haeats-
HO IIPOBOAAIIEH NOBEPXHOCTHIO. J{IA pacyera o H3IyHeHHA MOXeT ObITh
KCIIOIb30BaH METON 3¢PKANbHBIX oTpaxeHHi. CyTs METOa 3aKII09aeTCA B
TOM, YTQ METAJLTHIECKAS IUIOCKOCTh H3 PACCMOTPEHHSA HCKITIOIAETCA, 4 ACH-
CTBHE BTOPHYHEIX TOKOB, 06€CIIEYHBAIOIKX BEINOIHEHHE IPAHHYHOIO yC-
nopus E = 0 (rne E ~ xacare/ibHad COCTABISIOMAs NOIHONO HOMS) Ha IPO-
BOIAIICH IUTOCKOCTH, 3aMCHACTCA M3ITy4eHHEM (QHKTHBHOTO BHOparopa,
SABIIONIETOCS 3¢PKAJILHEIM H306paXkeHHEM peallbHOro u3nyJarei. I1apa-
MeTpB! QUKTHBHOTO BUGPATOpa JO/DKHBI 06€CTIEYHBAaTh BLINIOIHEHHE yKa-
3aHHOTO BBILIE YCIOBHA E = () B TOYKAX PACION0KEHH: IIIOCKOCTH. B 3TOM
CJTydae Ha OCHOBAaHHY TEOPEMEI eIMHCTBEHHOCTH | 18] MOJKHO YTBEpKIATh,
4TO penIeHns o6enx 3ama4 (B BEPXHEM MONYNPOCTPAHCTBE) HACHTUYHDL.
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PaccMOTpHM J1Ba BapHAHTa PacrioioxKeHHa BUOPaTOpOB — BEPTHKAIIb-
HO H TOPH3OHTAJILHO 110 OTHOWIEHHIO K NPOBO/ALieH miockocTH, Hetpyn-
HO TI0KA3aTh, 9TO JUIS YHAOBIETBOPEHHS TPaHHYHOTO ycnosus E = 0 Tok
B QUKTHBHOM BHOpaTope DOMKEH OBITh PABEH 110 aMILIMTYRE TOKY B pealib-
HOM BHOpaTope U cOBIagarTh ¢ HHM No dase npH BepTHKANBHOM BHGparo-
pe, a IpH FOPH30HTAIEHOM BHOpaTope GHITH B IpoTHBO(A3E (MMETH IPOTH-
BOIONIOKHOE HampaslicHHe). B 3toM nerxo ybemurhes, paccMaTpHBas

puc. 6.13, rie Ha npUMepe SIEMEHTAPHbIX AEKTPHYECKHX BUOPaTOPOB NOKa-
3aHBI TOKH B PEABHOM (I;B) 71 (bummmi (I;)nlnnﬁpampax H CcO3/1aBac-
MBI€ HMH BEKTOPBI IIEKTPUIECKOro 1o £ e E o8B TIPOH3BOIIBHOM TOUKE
Ha IUIOCKOCTH (CIHTAaeM, UTO TOUKA HAXOMWTCA B JaiubHel 3one DOB, roe

OTIHYHA OT HYJIA TOJBKO OFHA COCTABIAIONIAA IO/LA, NIEPIECHUKYIAPHAL
HANPABICHUIO B TOUKY HaGmioferus). [IpuseneHHbIE pacCyKICHUS OCTa-

"HOTCA CpaBCIVTHBEIMH H JUIA 6oJee CIIOKHBIX AHTCHH, B TOM YHCJIC pacIrio-

JIOKCHHBIX HAKJIOHHO K [TIOBCPXHOCTH, TOKH B KOTOPHIX MOTYT OBITE nmpen-

CTaBJICHbI B BUJIE CYMMBI 2JIEMCHTApHBIX nanyaneneﬁ, HMEIOLMX B 00-

IIEM CITy9Jac BEPTHKAIBHLIC H FT'OPU30HTAIbHBIE KOMIIOHCHTEI.

Peanswid Igg
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&=
Erpg frpg
r7PR - Eoy
Purmubneri
338 Tas
Peamnsid 338 a)
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Erpe Erpy
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Puxmubrui 338 s)
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[TonyueHHBIE aMILTHTYXHO-(A30BbIE COOTHOLICHHS MEXXY TOKAMH
B peaibHOM U QHKTHBHOM BHOpPATOpax MO3BOAAIOT YTBEP)KAATH, YTO H3NTY-
YeHHE BEPTUKAIBHOI0 BUOpaTopa mpu moboii BeIcoTE NToABeca OyneT HMETh
MAaKCHMYM BROIb OeckoHeuHOM TNIOCKOCTH, IJIs TrOPH3OHTAJIBHOTO BHGP&-
TOpPa H3TYYEHHE BIONb IIOCKOCTH BCEIIa OTCYTCTRBYET. 3aRUCUMOCTH (op-
Ml TH oT BBICOTHI HOBECa aHTEHHEI MOXET OBHITH MIPOAHAN3HPOBAHA
¢ noMouisio GopMyI, ITOTy4SHHBIX B TEOPHH aHTEHHEIX pemeTok. [Iponn-
JIOCTPHPYEM 3TO Ha IPUMEPE TOPHU30HTAILHOTO BUOpaTopa ¢ AHMHOIM Iiie-
dal=0 ,25A,, pacTiONOXeHHOro Ha BbIcoTe h = 0,25A. MHOXHTEIb CHCTEMBI
F Moxer ObiTh paccuntan mo Gopmyne (3.5) ¢ y4eToM TOrO, 4T0 N = 2,
\u 7. Pesynsrupytonryio [IH naiinem, ymHOXas F Ha JTH BuGparopa E,
HMMEIOMIYIO B INIOCKOCTH ff (OpMY OKPYXXHOCTH, B ILTOCKOCTH E — hopMmy,
6mH3KYI0 K «BOCEMEpKe». OKOHYATENbHEIE PE3yNBTATH IIPEICTABICHBI HA
puc. 6.14,

g Fc Fo
naH o E
.%
—O—
F=RE .
naH mE
F=Fk

Puc. 6.14

HatineHsele uarpaMmsl 10CTaT09HO ONH3KH cooTBeTCTRYOmMM JH
BHOpaTopa ¢ mapauIenbHbIM eMy SKpaHOM KOHEYHBIX pasmepos (puc. 6.15),
HpYMEHAEMBIM Ha IPAKTHKE g GOPMHPOBAHHA OZHOHANPABIEHHOTO H3~
JrydeHus. DKpaH pacnoaraercs Ha paccrosaun 0,25A ot BuGparopa. Mz-za
KOHEYHBIX pa3MEPOB 3KpaHa U 3aTeKaHHA TOKOB Ha 00paTHYIO CTOPOHY 3K-
PaHa M3IIy4CHHE B 33JHEE NOIYNPOCTPAHCTBO YCTPAHSICTCA HE MOTHOCTEIO;
TIOABJIAETCS TAKKE HEKOTOPOE H3Ty4EHHE BIIOJIb SKPaHa.
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IlIupoxoe pacnpocTpaHEeHHE 10Ty IH-
M HECHMMETPHYHBIE BHOPAaTOPEI Haf 3Kpa-
HOM. JTxo0y¥0 13 pacCCMOTPEHHBIX BBIIIE CHM-
METPHYIHBIX BHOPaTOPHBIX @HTEHH MOXHO P
[PEBPATUTH B HECHMMETPHIHYIO, ECITH MC-
MOJIB30BaTh TOJBKO OXHO ITEY0 BHOparTopa,
pacnojiaras €ro nNepneHAUKYIApHO IPOBOA-
mIeit NOBEPXHOCTH M NOACOETUHAA OHH 33~
JHM TeHeparTopa K BHOparopy, Jpyroi — K
MeTaJUTHYeCcKoM Itockoctu (puc. 6.16, a). B
Ka4eCTBE IPOBOIMLIEH IVIOCKOCTH MOXKET OBITH HCHONB30BaH META/LIHYEC-
KUl KOpITyC aBTOMOOMIIA, CaMoleTa, Kopabiisi U T. II. WIIH ClleliHaTbHbIH 9K-
paH. Bo30yxIeHne oCcymecTBIAeTCA OOBIYHO C NOMOILUBI0 KOAKCHATIBHOTO
Kabens.

Pacuer HanpaBiIcHHBIX CBOCTB HECHMMETPHYHBIX BUOPAaTOPOB IPH
6eCKOHEYHOM 3KPaHe TakKe MOKHO IPOU3BECTH METOAOM 3€pKaTBHEIX H300-
PaXEHM, TEPEXONS IPH OPeIeSICHIH NOJA B BEPXHEM MONYIPOCTPAHCTBE
OT HECUMMETPUYHOTO BHOGparopa ¢ AaHHOM mieya, pasHoi /, k COB ¢ Ta-
KoM ke JuIHHOH mieda (puc. 6.16, a). Ilpu srom JJH HecummerpHaHOTO
BuOparTopa cooTBeTCTBYeT BepxHeii monoeude JIH COB (puc. 6.16, 6). Ko-
HEYHOCTDb IKpaHa NMPHBOIUT K OTKIIOHEHHIO MAKCHMYMa H3YUeHHS OT €10
IUIOCKOCTH H HOSABIEHUIO H3TYYCHHS B 33J{HEM MOy IPOCTPAHCTBE.

Jns HeCHMMETPHYHEIX BHOPATOPOB TOCTATOYHO IIPOCTO MOXKHO pac-
CUHTaTh BXOJHOE CONPOTHBICHHE. [I0CKONBKY MOIIHOCTD H3ITy4EHHS He-
CHMMETpHYHOTO BHOparopa B 2 pa3a MEHbIIIE MOIIHOCTH, H3Ty4aeMoii COB
TpH TOM XK€ TOKE Ha BXOAE (MHTErpHUpOBaHue BekTopa IloliHTHHT2 OCyIe-
CTBIIICTCA 37I€Ch TOIBKO IO BepXxHeil nonycdepe), To, kak BUAHO U3 (1.53),

Puc. 6.15

-3 1=0,254

JKkpaK

|~ a) - 6)

Puc. 6.16



144 AxmenHo-budepHbie ycmpolicmea u pacnpocmparerue paduosonH

3Ha9eHHE R, HECHMMETPHIHOTO BUubparopa B 2 pasa MeHblie, ueM R . COB,
TIpH TO# e JUTHHE IUeda. OTo iK€ OTHOCHTCA H K PEaKTHBHOH 4acTH Z,,.

PaccMOTpHM HEKOTOPHIE BAPHAHTHI HECHMMETPHUIHBIX anTeHH. [Ipo-
cTediuas HeCHMMETpPHYHas BHOpaTopHas aHTEHHA (UITHIpEBAA aHTEHHa)
npeacTaeneHa na puc. 6.17, a. Beicora anteHHs! BEIGHpaeTcs OKoMo A4
Hpu MonCTpoHKe aHTEHHE! B PE30HAHC BXOTHOE CONPOTHBIIEHHE YHCTO aK-
THUBHO ¥ OH3k0 K 36 OM, 4TO NM03BONAET O3 CIeHalbHBIX COMNIACYIOMMX
YCTPOHCTB OCYHIECTBUTD [IUTAHUE KOAKCHATLHBIM KabeneM ¢ Z, = 50 Om.
Jns yMeHbIIEHHs! BEICOThI aHTEHHB! IPH COXPAaHEHHH YXOBJICTBOPHTEINb-
HOTO COMIACOBAHUA BHOPATOP WHOINA BEITIONHSIOT NPOBOJOM, HABHTHIM 11O
CIIHpaJIH.

Ha pwuc. 6.17, 6 n306paxkeH BapHaHT HECHMMETPHYIHOTO NIETIEBOTO
Bubparopa, cHabKeHHOTo NepeMbIYKOH 1A HacTpoiky. IIpenMymiecTsoM
aHTEHHB! B KOHCTPYKTHBHOM OTHOLICHHHM SBIAETCA BO3MOXHOCTb HEHOC~
PEICTBEHHOTO KpEILICHHA €€ K 3Kkpany. BapuanT a1oH jke aHTEHHBI, ITOKa-
3aHHBI Ha pHC. 6.17,6, MIO3BONACT YBEIHYHBATE JCHCTBYIOMIYIO BRICOTY
AHTEHHBI IIPH MAITBIX BEPTHKAIBHBIX pa3Mepax 3a cuet Oonee paBHOMEPHO-
IO pacIIpEeAENICHHs TOKA Ha BEPTHKAIbHOM YacTH aHTeHHBI (NopodHee cM.
§ 12.3). B HecMMeTPHYHOM BapHaHTE HUCIIOIB3YIOTCSA TAKOKE IIHPOKOIO-
IIOCHBIC KOHHYECKHE BUOPATOPHI, B YACTHOCTH ILIOCKHE BHOPATOPHI C IIYH-

Tamu (puc. 6.17, 2).
&
8) 4)

Puc. 6.17

ii
9

B oTnenbHBIX Ciyyasx 5KpaH aHTEHHbI MOXKET ObITh BHIIIOJIHEH B BHIE
CHCTEMB! paJHAITbHBIX IITBIPEH ITHHOIM 0KoIo A/4 (puc. 6.18). B nnanaso-
He YKB mupoxo IIPHMEHAIOTCH HECHMMETPHYHBIE JUCKOKOHYCHBIE aHTEH-
HEI, NPCACTARIAIONHE CO00H KOHMYCCKHI H3TyJaTeNlh C 3KPaHOM MaJloro
panuyca (quckoM). [luTaHue K aHTEHHE TOABOUTCA KOAKCHATBHBIM Kale-
A€M CO CTOPOHHI KOHYCA, IpHUUeM HEHTPANLHLIH IPOBOIHUK MONCOSHUHSA-
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—
</

Puc. 6.18 Puc. 6.19

eTca K AHCKY, a obomouka — K koHycy (puc. 6.19). Yron 2y Bribupaercs
paBHeM 30...60°. AHTeHHa paboTaeT B HIMPOKOM JAHANa30HE 9acToOT, IIpH-
YeM Ha HIDKHEH YacTH JAMama3’oHa IiHHa o0pasyrollei KOHyca JODKHA
66ITh Heckonbko Gonbine A/4. luametp aucka d = 0,70, roe D — nnametp
OCHOBaHHS KOHyca. [{HarpaMMa HanpaBIeHHOCTH HMEET HEHAIPABICHHYIO
¢dopMy B FOPH3OHTANBHOM IIOCKOCTH. B BEPTHKAIBHOM MIIOCKOCTH MaKCH-
MYM H3Iy4YEeHHA OTKIIOHACTCSA B CTOPOHY KOHYCA, IPHYEM TEM CHITbHEE, IEM
BBIMIE 9aCTOTA KojeOaHuii.

6.5. AKTUBHbIe Bu_BpaToprle aHTeHHbI

BasxHoit mpo6nemoli npu pa3zpaGoTke MPaKTHYECKHX KOHCTPYKUHU
BHOPATOPHEIX aHTECHH ABIIACTCA YMEHBIICHHE HX pa3MepoB. F3BecTHO, 9T0
KH/I cnabonanpaBieHHBIX aHTCHH JOCTATOYHO MAJIBIX Pa3MEPOB NIOYTH HE
YMEeHbIIaeTcs NMpH ux JaneHelimeM ymensmenuH (Tax, KH/I cummerpuy-
HOro Bu6paTopa npH yMeHbIIEHHH JUIMHB Iwieda ot / = 0,25\ mo4tH ao
HyJIA H3MeHseTcs ot 1,64 mo 1,5). OnHako npH YMEHbIICHHH JUTHHEL OOBIY-
HOro BUOpaTopa pe3ko yMeHbIIAeTCS aKTHBHAS U YBETMIUBAETCSA PEAKTHB-
Hasd COCTaBIIAIONINE BXOXHOTO conpoTuBieHus. [IonbITKa corlacoBarh Ta-
KyI0 aHTE€HHY C (PHIEPOM MIIH CO BXOXOM IIPHEMHHKA C IOMOLIBIO IACCHB-
HOTO YETHIPEXTIOMOCHHKA H3 PEaKTHBHBIX JIEMCHTOB He AaeT TpebyeMbix
Pe3yNIbTaToB JaXe B BEChMa Y3KOH MOIOCe 9acToT H3-3a yMeHbieHus KI1/1.

Pemenue 3a1aqn pacIIMpeHHA ITONOCH pabounx JacToT Majoraba-
PHTHOH aHTEHHBI MOXET ObITh OCYLIECTBIICHO C OMOILIO AKTHBHEIX aH-
TEHH, T.€. H3JIyJaTeneii ¢ BCTPOCHHEIMH HEIOCPEACTBEHHO B HUX aKTHBHBI-
MH NOJYNpOBOAHUKOBEIMH npubopamu. ITofo6HbIE aHTEHHB! SABIAIOTCA
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Puc. 6.20

HEB3aHMHBIMH YCTPOHCTBAMH H OOBIYHO TIPHMEHAIOTCS B IPHEMHOM pe-
JKHUMe.

PaccMoTpHM B KadecTBe IpHMEpa HECHMMETPHIHEIH BHOparop
(puc. 6.20, a), Ha BX0O[€ KOTOPOTO MOAKIII0YEH NIIHPOKOIONOCHBIH TPaH3HC-
TOPHBIH YCHIIMTENb, COOpaHHBIN IO cXeMe ¢ OONMM KOJUIEKTOpOM (Lienn
MIMTAHUS TPAH3UCTOPA HA PHCYHKE HE NMOKA3aHb(), SKBHBAJICHTHAA CXeMa
ycTpolicTea IpuBeeHa Ha puc. 6.20, 6. Ilpu nmHe wieua BuGparopa / <
< 0,25\, ;, BemTuna oksuBanentHol OICe, =/ E 061 (e E°6" — manps-
MEHHOCTh OOMyYarolero NoJiA) NpaKTHYeCKH He MEHAETCA NPH H3MEHe-
HHMM YacTOTHI KOneGaHUi ¥3-3a NOCTOSHCTBA NEHCTBYIOIEH MUIMHBI /|
(cM. § 2.2). B omindaue or 0OBIYHOTO IPHHATOTO B MACCHBHEIX NPHEMHBIX
aHTeHHax (cM. § 5.3) pexxuMa KOMIIIEKCHO-CONPSKEHHOTO COTVIACOBAaHHS
BXOJIHOTO COIPOTHBIICHHA AHTCHHE! Z_, ¥ BXOTHOTO CONPOTHBIICHHS YCH-
nurens ZYM(Z = Zkg;f“") B JaHHO# cxeme BHIOMpaeTcs pexum
!Zg(""”] >>)] Z, xl . Tako# paccornmacoBaHHbIH pexxHM 06ecreYHBaeT Npak-
THYECKH HEH3MEHHOE 3HA4EHHE HAIIPSOKECHHA Ha BXOZE YCHITMTEIA, HECMOTpPS
Ha H3MEHCHUE BXOXHOTO CONPOTHBIIEHUA aHTEHHHI B ripouecce paborsl [15].
CooTBETCTBEHHO 00eCreYNBACTCA YaCTOTHAA HE3aBUCHMOCTD HATIPKCHHA
Ha Harpyske yCHIUTENA, eciti K03hQUIUueHT nepenaiu no HanpmKeHuIo
[pH H3MEHEHHH 4aCTOThl OCTAeTCA MOCTOAHHBIM. TIoCKONBKY yKa3aHHOE
CBOHCTBO COXPaHAETCA HE3ABUCHMO OT H3MEHEHHS Z_, TO ITHHy BHOpaTo-
pa Taioxe MOKHO YMCHBIIHTE 10 TpeGyeMbIX, JOCTaTOYHO MAJIBIX pa3Me-
pos. ITpu 3ToM yMenbnieHne BennasHs! JJ[C, HaBOqUMOH MoNeM Iajao-
IieH BOJIHBL, MOXKET OBITh CKOMIIEHCHPOBAHO 32 CYET YCHIHTENA.

ECTeCTBEHHO, UTO BBEJICHHE YCHIHTETLHOTO KACKA/A B AHTCHHY MpH-
BOJIHT K YBEIMYCHHIO TEIUIOBBIX BHYTPEHHHX ITYMOB, OHAKO B HHU3K0Yac-
ToTHOM aMana3zoHe YKB (mo 30...50 MI'), rae cymecTsyroT Gonpluue
YPOBHM BHCIIHHX IITyMOB ¥ COOTBETCTBEHHO He NPEABABIAIOT 0COOBIX Tpe-

Mpocmeie subpamopHsie u Weneebie aHmeHHs! YKB OuanasoHa 147

60BaHHI{ K YPOBHIO BHYTPEHHHX LIIyMOB, 3TO BIOIHE HomycTHMO. [Tomo6-
HEIE YCTPOMCTBA IPHMEHSIOT OOBIYHO B Ka4ECTBE aBTOMOOHIILHBIX H Telie-
BU3HOHHEIX aHTEHH.

6.6. LlleneBble pe3oHaHCHbIE AHTEHHbI

llleneBrie aHTEHHE! B OTIHIHE OT BHOPAaTOPHBIX ABIAIOTCA HEBBICTY-
HAOMMMH, I03TOMY HE HapYLIAIOT A9PONHHAMUKY 00BEKTOB, Ha KOTOPEIX
OHH ycTaHOBJIEHHI. [Togo6Hoe mperMymecTBo 06yC/IaBIMBACT, B YACTHO-
CTH, MAPOKOE NPUMEHEHHNE HX Ha CaMOJIETaX, PAKETaX H APYTHX NEPEIBHK-
HBIX 00BekTax. OmHAKO, OCKONBKY IPOpe3aHye MENH B Koprnyce o0bekTa
ocnabniseT NpOYHOCTh KOHCTPYKIIMH, HIENEBbIe aHTEHHBI (B OOBIYHOM HC-
MOITHEHMY) UCIIONB3YIOT NIABHBIM 00pa3oM B JELIHMETPOBOM H CAHTHMET-
POBOM MaNa3oHax BOJH, TIE HX JUIMHA, paBHas 0GBIYHO A/2, HeBenuKa.

Jis co3naHHMs ONHOHANPABIEHHOIO M3IyYeHHMs INelnb cHabkaercs
Pe30HaTOPOM, HaIIpHMep, BOTHOBOAHOrO THNa (pHc. 6.21). JinnHa pe3oHa-
TOpa U1 yCTPaHEHH IITyHTHPOBAHHS 1€ BHIGHpaeTCa paBHoi A /4, Tie
A, COOTBETCTBYET AHHE BOIHB! H,; B NPAMOYTONBHOM BOJIHOBOJE C pas-
Mepamu axb (puc. 6.21). YIpoLeHHO PE30HATOP MOXKHO IIPEACTABHTH B
BHJIE 3aKOPOYCHHOH Ha KOHIE ABYXIPOBOJHON JIMHUH, KOTOPAs NPH IITHHE
A, /4 obnanaeT 6eCKOHEUHBIM BXONHBIM compoTHBieHUeM. Lllens Bo3Gyx-
IraeTcA KOaKCHaJIbHBIM KabemneM. Jlis ITydimmero corfiacoBaHus mienH (BXox-
HOE COTPOTHBIICHHE KOTOpPOH NpH IUTHHE, paB-
HOii A/2, cocrasisier mpuMepHO 1000 OM) T0Y-
KM IHTaHus 1enecoobpasHo pacmonarats He B
LEHTpE e, a OIKe K OXHOMY U3 €€ KOHI[OB.

MerTammyecKie MOBEPXHOCTH, B KOTOPBIX o,
NPOpPE3aHb! IMEH, HMEIOT OTPaHHYEHHbIE pa3-
MEpEI, II03TOMY B 00mIeM caydae GopMyIsl, mo-
JIy4eHHble ans pacdera JJH Ha ocHoBe mpHHIH- "’T
na ABoiicTBeHHOCTH (CM. § 2.5), HENPUMEHHMBIL. Ask
B mockoctu H (napannensHoit ocu menu) JJH
MaJjio 3aBHCHT OT PasMepoB 3KpaHa (IIOCKOIBKY
HIeNb HE H3IY4YaeT BJOJb OCH) H B IIEPBOM IIpHU-
6MMKEeHHH ocTaeTca Tako#t ke, Kak as 6ecko-
HEYHOTO0 3KpaHa. CKa3aHHOE OTHOCHTCH M K 1ie-

Puc. 6.21
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Puc. 6.22

NEBBIM AHTCHHAM Ha METAJUIMYECKHX NTOBEPXHOCTAX Apyro# dopmer. s
pacuera TH B mmockocT E He0OXOMHMO HCIIONB30BATE CTPOrHE METOIIH,
OCHOBaHHBIE Ha PEIICHUH COOTBETCTBYIOMMX 3axa4 mudpaxuuu [33]. Bau-
sHHE Pa3MepOB IVIOCKoOro 3kpana Ha JIH B miockocTi E HLMOCTpHpyeTCs
Ha puc. 6.22.

Jumepamypa: ocrosnas [2, 34, 49), dononnumenvnas [7, 15, 18, 33).
KoHTponbHbie BONPOChHI

1. M306pa3snte pactpeneneHue Toka B mueiid-subparope Incronekopca. OGpAcHHTe,
nodemy JTH storo nanysarens cosnanaer ¢ JJH oberaHoro COB Taxo# ke JIHHEL

2. KakHe npeHMyILecTBa HMEIOT BHOGPATOPEI GOBIIOTO ONIEPEYHOTO CEHEHHAT

3. TIouemy BHOpPATOPHDBIC AHTCHHLI MOXKHO BEITIONHATH B BUAC NOJLIX IUAHHAPOB (TPY-
60K)?

4. Yro npeacrarnger coboit MeTa/tHyeckuit H3onarop? Kax o6pACHHTS IPHHELMII ero
pabotei?

5. TToAcHATE HEOOXOXHMOCTB HCTIONb30OBAaHUSA CHMMETPHPYIOIUMX YCTPOHCTB JUIA ITHTa-
Hus C3B.

6. OOBACHHTE NPHHLHI paGOTE CHMMETPHpYIOIEro YeTpolictsa Tina «U-koneHoy». H3
KakHX coobpaxeHn#t BeiGupaerca pasmep / (cM. pue. 6.10)?

7." YTo noHMMaeTcs IOl CAMOZKOTIONHHTEILHEIME AHTEHHAMH B TCOPHH BHGpaTOpon?
KaxoBi 0COGCHHOCTH DIEKTPUIECKHX XapPaKTEPHCTHK NOAOOHBIX aHTEHH?

8.ITosicHUTE, MOYEMY TOK B 3epKaIbHOM H300pakeHHHM BHOpaTOpa, pacmoloXeRHOro
HaX HAeadbHOH MpoBOALIIeH TOBEPXHOCTHIO, CHH(a3eH TOKy B peallbHOM BHOparope, ecinu
OH OPHEHTHPOBAaH HOPMaJbHO K MOBEPXHOCTH, H HaXOXHTCA B NMPOTHBO(dA3E, ECIIH peaib-
HBl# BHGpaTOp MapaJUieneH OBEPXHOCTH.

9. H3o6pa3nre npumepHbiit ux JIH ropusonTansHoro subparopa Hajx GeCKOHEIHBIM
HJICaJIbHO TPOROMAMIAM 3KpaHOM. JUTHHa Neda BHGparopa / = 0,251, BeicoTa A = 0,25A.
Kax ckassiBaerca Ha JIH KOHEUHOCTE pa3sMepOB 3KpaHa?
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10. Mz06pasute npuMepHsrid B JJH HecHMMETpHYHOIO 3a3eMIIEHHOTO BHOparopa,
PAacCnONOXKERHOTO Ha/l 6ECKOHeYHOM HeansHO NPOBOAALICH NOBEPXHOCTRIO. [lHHa mieya
0,25A. Kak cxa3siBaetcs Ha JIH kOHEYHOCTE pa3MepoB 9KpaHa?

11. TloscauTe, HOYEMY BXOIHOE COTIDOTHBIICHHE HECHMMETPHYHOTO 3a3eMIEHHOTO BUHO-
PaTOpa OTIHYAETCA B 2 pasa oT Z,, CHMMETPUYHOIro BuOpaTopa ¢ TakoH ke JUIMHOH Iuieva.

12°, Kakum 06pa3zoM ZOCTHIaeTCd MOCTOAHCTBO HANPSEHHA HA BXOJE YCHIHTENA B
AKTHBHBIX BHOPATOPHEIX aHTEHHAX?

13. KakoBb! OCROBHbIE IPEHMYILECCTBA IIeAeBBIX aHTeHH? Kak focTHraerca ofHOHAM-
PaRNEHHOE H3TYICHHE STHX aHTECHH?

14. Kak cxa3biBaeTcs OrpaHHYECHHE pasmepoB dkpaka [[H menesrix aHTenH?



naea 7. AHTEHHbI NTONEPEYHOIO U OCEBOI'O
U3NYYEHUU YKB AUMANTA3OHA

7.1. CuHdasHble BUOpaTOPHbIe aHTEHHbIE peLleTKu

O6mas Teopus cHH}Aa3HBIX pemeTok GblTa paccMOTpeHa B IiI. 3.
B a10#i r1aBe paccMaTpHBaeTCA yCTPOHCTBO CHH)a3HbIX BUOPAaTOPHBIX aH-
TEHH, IPAMEHAEMBIX 1A CO3AAaHHA HAPaBIEHHOTO H3TYYEHHA B METPO-
BOM H JXELIAMETPOBOM THANa30HaX BOJH.

CymecTByeT HeCcKOIBKO MOIUGHKAIMH CXEM NMTaHUs BHOPAaTOpOB:
MOCJIEAOBATEBFHOTO TUTAHHSA, TAPAJLIENBHOTO IMTaHUS ¥ UX KOMOHHAIIMH.
Hanb6onee npocroii apnfercs cxeMa, H306paxeHHas Ha puc. 7.1, @, B Koro-
po¥i BEPTHKAIBHEIC IPYINIBI BHOPAaTOPOB NMUTAIOTCA NMOCHCIOBATEILHO, HO
COEIMHAIOTCA MEXY co00# napauienbHO Ha BXOZe aHTeHHE. BuGparopsr
BEPTHKAIBHOMH IPYIINEI MOACOCTHHAIOTCA K BEPTHKAIBHORH IBYXIIPOBOXHOMH
mHuH. [TockoNBKy HanpskeHHE B TOYKAX THHUM, YIAIECHHBIX APYT OT IpY-
ra Ha A/2, MeHsercs Ha 180°, nns obecriedenus cHH(a3HOCTH MUTaHHUA BUO-
PaTopoB MpoBoza (puaepa nepeKpelHBaIOTCA.

BxoznHoe conpoTHBieHHe KaXA0ro BHOpaTopa ompeneiserca KaKk
cyMMa coGCTBEHHOTO M HaBEACHHBIX CONPOTHBIICHHUIA 110 hopMyIIe, aHaso-
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Puc. 7.1
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ruaHoH (3.47). Tlockonbky BUOPATOpHI IOACOEAMHAIOTCA K DHIEPy depes
A/2, BXOAHEIE CONPOTHURICHHS BHOPATOPOB NEPECUMTHIBAIOTCA K HA4aly
nuHuM (TOukH [-1" 1 2-2’, puc. 7.1, ), Tak 9TO OKa3BIBAIOTCH BKITIOMCHHBI-
MH TapajuienbHo. [{ns Toro, 4ToGh pe3y/IbTHPYIOILEE aKTHBHOE COMPOTHB-
neHHe GBUI0 COMMEPUMBIM C BOJIHOBEIM CONIPOTHBICHUEM (uaepa (peak-
THBHAs KOMIIOHEHTa CONMPOTHBICHHA yCTpaHieTcs Olarofaps HacTpoiike
BHOPaTOPOR B pe30HAHC), HEOGXOAMMO, YTOOH! BXOMHOE COIPOTHBICHHE
BHOpaTopoB GBUIO BENHKO. JTO HOCTHIaeTcA BHIOOPOM IUIHHEI Iieda BHO-
paropoB, GIH3KOH K A/2, NPU KOTOPOH cOGCTBEHHOE BXOAHOE CONMPOTHBIIC-
HHe BuOpaTopa BecbMa 3HauuTenbHO (cM. § 2.3). Pacnpenenenue aMmin-
Ty TOKOB, BO30Y)XIaroumx BHOPaTOps! BEPTUKAIBGHOH IPYINIEL B CXEME,
u3o0pakeHHoit Ha puc. 7.1, a, Giusko k paBHOMepHOMY. J{ns cyxenus JTH
B TOPH3OHTANBHO MIOCKOCTH YHCIO BEPTHKAIBHBIX IPYIN BHOpaTOpoOB
Moxker ObITh yBenmdeHo. HepaBHOMEpHOE aMIITUTYAHOE paclpeencHue
(112 yMEeHBIICHHSA YPOBHA GOKOBBIX JIENECTKOB) B TOPH3OHTAJILHOI MITOC-
KOCTH MOXeT ObITh 06ecniedeHO TOR0OPOM BOTHOBBIX CONPOTHBICHMUI Ma-
panenbHO BKIIOYEHHBIX (HaepoB. Hepexon or AByXNPOBORHOM JTHHHH
K KOaKCHaIbHOMY Kabento Ha BRIXOZIe aHTCHHBI OCYIECTBIACTCA C TIOMO-
HIBIO OXHOM H3 CXeM CHMMETPHPYIOIHX YCTPOHCTB (cM. § 6.3).

HexnocraTkoM onMcaHHOH CXEMBI ABISETCA €€ Y3KOIOINOCHOCTB, 110-
CKOIIbKY CHH(}A3HOCTh NMTAHHA PE3KO HapyLIaeTcd IpH oTxone pabouei
9acTOTHI OT PaCUCTHOM, IIPH 3TOM HAPYMIACTCA M aMILIUTYIHOE pacmpele-
JICHHE B BHOpaTOpax BEPTHKAJILHOH TPYIHIBL.

3HaunTeNbHO Gonee NIMPOKOTIONOCHOH ABIAETCA CXeMa, H306pakeH-
Hag Ha puc. 7.1, 6. Cunda3HocTs NIUTaRNA 34eCh JOCTUracTca Ha moboii
4acToTe, MOCKOIbKY PACCTOAHHA OT BXOJa aHTEHHE! J0 M00oro BHOparopa
OINMHAKOBBL. UHcno ataxeli W uMciio BUOPaTOpOB B 3TaXe JOKHO GHITH
paBHo 2", rnen=1, 2,3 ... [lonoGHas cxeMa NMUTAHUA 3HATUTENHHO CIOK-
Hee npeasiayiel, ocobeHHo npu 6oIbIIOM YHCIe BHOPATOpPOB.

VYROBICTBOPUTEIIBHEIE PE3yNbTaThl MOTYT OBITH JOCTUTHYTHI TIPH
HCNONb30BAHUK 6ollee MPOCTON KOMOMHHPOBAHHOM CXeMBI NHTaHAA
(puc. 7.2), xoraa oTAeNbHbIC IPYNILI BHGPATOPOB, MHTaeMBIE IEPEKPELLH-
BAOIMMCA (HICPOM, IapaLIeNEHO COSTHHAOTCS Mexny coboit B cpen-
HMX TOYKaX.

MaxcumansHoe H3ITyueHne cHHMasHOM penleTkH BUGPaTopoB OpH-
CHTHPOBAaHO HOPMATIEHO K ILIOCKOCTH PacIoNoXeH!A BUOPaTOpoB, MpHIeM
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HAIpaBJEHHOCTh H3JIYYeHUI B E-INOCKOCTH (IIOCKOCTH, NapaUienbHOM
ocsiM BUOpaTopoB) onpeaenseTcsa YMCIoM BUGPATOPOB B OHOM 3TaXE, a B
H-nmnockocTH (IUTOCKOCTH, MEPHEHANKYIAPHOR ocaM BHOPaTopoB) — yHc-
noM staxeil. ONHOHANPABICHHOCTh H3MYUCHHA HOCTHTAETCA NPUMEHCHH-
€M 3KpaHoB (pedICKTOPOR), OTCTOAMIKX OT aKTHBHOTO MONOTHA Ha PaccTo-
suuu ipuMepo A/4. Pediekrop B auanasone YKB suinosnmsercs ofsraHo
b0 CIUIOMIEEIM, JTHOO M3 MPOBOZOB, NAapaJUIETILHLIX BUOpaTopaM, Hars-
HYTEIX Ha xecTkoH pame. Kpernenne BubparopoB K 3kpaHy (pHc. 7.3) ocy-
IIECTBIAETCS C IOMOIIBIO METAITHYECKHX CTEPIKHEH, MOICOCTHHAEMBIX K
ceperMHe 1UIed BUOPaTOpoB (B TOUKE y3J1a HANPSDKEHUA) M HE OKA3bIBalO-
KX TT03TOMY BIHSHHS Ha HX paboty.

@opMynsl 1 pacqeTa MHOXHTENS CHCTEMB! cHH(a3Ho# BUOparop-
HOM penreTky npuBeneHs! B § 3.8.

7.2. AHTeHHbI B Ne4aTHOM UCNONTHEHUU

[Tpumenenue 8 quanasone YKB Hapaxy ¢ ABYyXNpPOBOOHBIMY KOAK-
CHaNbHBIMH JIHHUMH M BOTHOBOAAMH HOJNIOCKOBLIX HHHH nepenadn npu-
BEJIO K CO3/I3HHMIO CMEIHATIBHBIX MOJOCKOBBIX aHTCHH, BEITIOIHAEMBIX Me-
TOJAOM IIEYATHHIX CXEM. OCHOBHEIM NpeuMylIECTBOM 1'10,11061{]:1)( aHTCHH Ha
JEIMMETPOBLIX H CAHTHMETPOBBIX BONHAX SBIAIOTCA Majas Macca, Ipo-
CTOTa KOHCTPYKIIMH, BEICOKAS TOYHOCTH H3TOTOBJICHHS, BO3MOXHOCTB CO-
3MaHHA HEBBICTYTIAFOIHX KOHCTPYKIWiL. [ToockoBEIe H3my4aTel 0coGEHHO0
yXOOHBI B KAYECTBE IEMEHTOB AHTEHHAIX PELICTOK, IPHYEM HCTIOIE30Ba-
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HHE IIEUaTHOM TEXHONOTHH CYIECTBEHHO YIPOIIAET PEATM3alHIO PA3BETB-
JIEHHOM CXEMBI NNTAHHUS ACMEHTOB.

CymiectByer 60NBNIOE KOJIHIECTBO PA3HOBUAHOCTEHA NIEYaTHBIX aH-
TenH [19, 43]. HanGonsniee pacopocTpaHeHHE TOTYYHIIH IEIATHBIC H3TTY-
YaTeNd PE30HAHCHOTO THIIA, IPEACTABIIAIONINE COGOH NNaCcTHHY, pacojo-
KCHHYIO HaJ METaJIIMYECKUM KPaHOM Ha ITHOICKTPHIECKOH IOMIOKKE
1 BO36y>K1aeMy0 KOaKCHAIILHOII HITH ITONIOCKOBo# nuauei. [Ipumepom ne-
YaTHOTO H3/TydYarels pe30HaHCHOTO THIIA ABICTCH aHTCHHA, H300paXeH-
Has Hapuc. 7.4, a. AHTeHHa Bo3GyXIaeTca HECHMMETPHYHOH HOIOCKOBOM
JMHHEH, PacTIONOKEHHOH € TOM 3e CTOPOHBI 3KpaHa, YTo U anTenHa. Hamy-
HeHHE aHTEHHH OnpenenaeTcd MEKTPHUCCKHMHE TOKaMH, TEKYIMMH 110
MOBEPXHOCTH IUIACTHHE H 3KPAHA, 3 TAKKE TOKAMH CMELCHHA B THIJICKT-
puaeckoit mozutoxke. OnpeneieHHe CTPYKTYPhl THX TOKOB IIPECTABIAET
co60it BeChMa CIOXHYIO ANIEKTPONHHAMIYECKYI0 3anady. Ilo aTok npuan-
HE Ha PaKTHKe Ucronb3yeTcsa Gomnee npocTas pacueTHas MOLENb, COTmac-
HO KOTOpO# 11076, CO3XAHHOE AHTCHHOH, paCCMaTPUBACTCA KaK H3TyYEHHE
MArHHTHOI'O TOKa, IIPOTEKAOIIET0 B IIEH MEXAY KPacM IUIaCTHHbI H 9Kpa-
HOM TEPIEHIMKYIAPHO JTHHHAM 3JeKTpHYeckoro noius. IInoTHocTs mar-

. NN
HUTHOTO TOKa ONPENe/IeTcs H3BECTHEIM cooTHOWEeHHeM J, = [n E ], Tne

ﬁ; — BHENIHSA HOpMAIh K mieny. IIpu pacdyeTe TOKa HCXOAAT M3 IIPEATIONO-
JEHHMs, 9TO CTPYKTYPa O MEKIY IITIACTUHON ¥ 9KpaHoM O/TH3Ka K CTPYyK-
Type mons B 0GEMHOM pe3oHarope ¢ KonebaHHeM Husuero tuna Ej .,
MMEIOIIMM IIPOZONBHYIO KOMIIOHEHTY E, ¢ O[(HOM Bapuauueii BIOIb OCH y.

Ha pc. 7.4, 6 noka3ano pacnpeelicHHe MArHATHOTO TOKA B aHTCH-
He HCXOZs1 U3 PEe30HATOPHOro MOJXOAa K IONOCKOBOi aHTeHHe. U3mydyenue
dopmupyetca B ocHoBHOM mienamMu I u II, Toxu B KOTOPBIX, pABHOMEPHO

pacrpeneneHHbIE IO AMuHe, CHH(a3HBI APYT APYTY ¥ 06Pa3yoT MAKCHMYM

R R IR IR

g 9
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H3Ty4CHHA BIONB HOPMAJIH K 3KpaHy. U3iry-

YEeHHE OCTANBHBIX IIENeH MOXHO NpaKTHIeC-

KH HE YUUTHIBATH BBHY NPOTHBOIIOTIOXHOTO

HanpapjeHHA TEKYLIHX B HHX TOKOB

(cm. puc. 74, 6).

Bo36yxnenne cuHGA3HBIX PEMIETOK

M3 MeYaTHHIX H3MydaTesielf MOXeT ocymie-

CTBIIITBCAH aHAJIOrMYHO CXeMaM, H300pakeH-

HbIM Ha pHc. 7.1 1 7.2. [Ins peanu3alud Ha

MOJIOCKOBBIX JIMHHAX TIEpeAadd 0COOEHHO

~ / Z YROGHBI CXEMEBI pa3BETBIIEHHOTO THIIa ((par-

Puc. 7.5 MEHT OXHOH U3 HUX JIaH Ha pHc. 7.5), obna-

JAOIHEe MAKCHMAJIbHOH IIHPOKOMOIOCHO-

CThI0. B 3aBHCHMOCTH OT THNA H3/Ty4aTeNd [ONOCKOBBIE CXEMBI MTHTAHUA
MOT'YT pactionararbcs ¢ 0OpaTHOHN HIIM JIHLIEBOH CTOPOHB! OT 9KPaHa.

OCHOBHBIM HEOCTATKOM aHTEHH B II€YaTHOM HCIIOITHEHHH SIBIISAIOT-

Cf Majas 3MCKTPUYECKAd MPOUYHOCTE, Y3KONONOCHOCTE U CPABHHTENBHO
uuskui KITJT,

|

7.3. MHOroujenesble BONTHOBOAHbI€ aHTEeHHbI

B nmana3zoHe CAaHTHMETPOBBIX M MHJIMMETPOBBIX BOITH IS HOTyYe-

HHA y3xux JIH, MakcuMyM KOTOpPBIX OPHEHTHPOBAH I10 HOPMAJIH K aHTEHHE
WIH OTKJIOHEH OT Hee Ha HEKOTOPBIH Yrofl, IIHPOKO HCIIONB3YIOTCA MHOTO-
IIEJIEBLIE BONHOBOXHEIE AHTCH-
Hbl. OGBIYHO NMPHMEHAIOTCA
[ield, NpOpe3aHHble B y3KOH
W HIM [IMPOKON CTCHKE NpAMOY-
TOJILHOTO BOTHOBOZA, paboTaro-

LIETO B pexuMe BONHH H |, u
'/ BO30Y>X/laeMble TOKAMH, TEKY-
MY Ha BHYTPCHHEH HOBEpX-
= . HOCTH CTCHOK BoJiHOBOZa. Kap-
THHA JIMHHH TOKa B QHKCHPOBAH-
HBIH MOMEHT BpEMEHH MOKa3aHa
Puc. 7.6 Ha puc. 7.6. Smopsl cocrapns-
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JOIIHX IVIOTHOCTH TOKA NPHBEICHEI Ha PHC. 7.7, 31€Ch %€ yKa3aHbl Halpas-
JICHHUS 3THX TOKOB.

Eciu mens, npope3aHHas B CTEHKE BOJIHOBOJA, IIEPECECKACT JIMHHH
IUIOTHOCTH TMOBEPXHOCTHOTO TOKA, MOCICAHUH MEPEXOTUT B TOK CMeLIe-
H¥sA, TEKYIINi IEPICHARKYIAPHO KpasM HISIH; MEXIY KpasMH IIEIH Co-
3[aeTCH Pa3HOCTh MOTeHnuanoB. IlogoOHas Iels BHI3HIBACT H3IIYyUCHUC
2JIEKTPOMarHHTHOM SHEPTHH B OKpyXkatomiee npoctpancTso. Ecnu y3kas
LIE/Tb HE MPEPHIBACT JIMHAM TUIOTHOCTH MOBEPXHOCTHOTO TOKA, TO OHA HE
B030yXIaeTcs H COOTBETCTBEHHO HE H3JTyYaeT.

~ CnenosarenbHO, IPONONbHAA IEb HAa Y3KOH CTEHKE BOMHOBOMR
(¢M. puc. 7.6) BhI3BIBaET H3TyYEHHE HE3aBUCHMO OT ee mojioxeHns. Ha nu-
PPOKOIi CTEeHKe BOITHOBOZA HHTEHCHBHOCTS BO30Y K XSHHA IPOXONLHOM 1enH
3aBHUCHT OT MONIOXKEHMS e, MakcuManbHasd HHTEHCHBHOCTB MOTyYaeT-
¢4, KOIZa IIeab HaXOXHTCA BONM3HM Kpas CTEHKH; IIPH PacCHOJIOKEHHH
TIPOZIONBHOM IUENTH B CEPENHHE IIMPOKON CTCHKH OHA HE H3ITy4aeT, Tak KakK
IJIOTHOCTH MONEPEYHOTO TOKA J, 31€CH paBHa HymO (CM. pHc. 7.6). [Tome-
pedHas mennL Ha y3KOH CTEHKe He M3/Iy4aeT,; UHTCHCHBHOCTD U3ITyYeHU
NONIEPEYHOM IIETH Ha MINPOKOH CTCHKE YMEHBIIAETCA P CMEIEHHH 1IEH-
Tpa HICJIA OTHOCHTENBHO CEPEAHHEL. Haxonusie H3JIy4aronHe mciv Mox-
HO Ipope3aTh KaK Ha y3KOii, Tak M Ha mHpoKoH cTeHKe. HHTEHCHBHOCTE
BO30Y:KICHHA TaKuX IIeNeH MOXKHO PErylIMpOBaTh U3MEHEHHEM YITIa Ha-
KJIOHA,

iens, npope3aHHas B CTEHKE BONHOBO/IA, IPEACTABIIAET A4 OCIIe-
JHETO HEKOTOPYIO HArpy3Ky M BIHAET HA PexHUM ero paGotsl. YacTs sHep-
IMH, HIyIIEH N0 BOTHOBOMY, H3MYYacTCs IIENbIO, YaCTh — OTPAXKAETCH OT
Hee, KaK OT BCAKOH HEOIHOPOIHOCTH, K HAIIpaBIAeTcA 00paTHO K reHepa-
TODY, YaCTh — NPOXOIUT AaNblie. DNEKTPONHHAMAYCCKHI aHAIIH3 TOKA3bI-
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BACT, YTO BIHAHHE TIONEPEHOH IENTH, MPOPEe3aHHOM Ha IMPOKOH CTEHKE
BOJIHOBOJIA, YIHTHIBACTCA NOTKTIOYCHHUEM B JUTMHHYIO JIMHUIO, SKBHBAJICH-
THYIO BONHOBOLY [18], mocnenoBarenbHO BKIIOYEHHOTO CONPOTHUBICHUS
Z= R +iX, a npoxonbHO# — napallienbHO BK/IHOYEHHO#H IPOBOAMMOCTH ¥ =
= G + iB, mpudeM NpH HACTPOIKE IENH B PE30HAHC (HEKOTOPOM H3MCEHE-
HHH JUIMHEI OIEJTH N0 CP3BHEHHIO ¢ A/2) peakTHBHBIE KOMIIOHEHTH! X H B
o6pamatorcs B Hyib [2].

OIHUM U3 BO3MOXHBIX BADHAHTOB [IOCTPOCHHA MHOTOLICIIEBOH BOJI-
HOBOJHOH aHTEHHEI SBIACTCH aHTCHHA ¢ HEPE30HAHCHBIM BO30YKACHHEM
1iened, MpPOpe3aHHBIX B CTEHKaX BOJHOBOJA, Harpy>KCHHOrO Ha coraco-
BaHHYIO Harpy3ky. B cxemax ¢ npsamMoa3Hoi cBA3BI0 IIC/IEH C BOTHOBO-
noM, n300paxeHHoN, HanpuMep, Ha puc. 7.8, a, xorna dasbr Bo30yKICHUS
Ienei coBnanaot ¢ (hazoii Gerymmeii BONHLI B TOYKAX pasMeLIeHH s IIeei,
cxeur a3 MexLy COCeRHHMH Ienamu \f = 2nd/A,, rne d — paccroanue
MEXIy IEHTPaMH Ieneil; A — JUTHHEL BOJIHE B BOAHOBONE. MakcuMyM u3-
Ny4SHUs IIPH 9TOM OTKJIOHAETCS OT HOPMAIIH K OCH BOITHOBOZA Ha yroj

8., = arksin(y/kd) = arksin(\/A,), (7.1

T.c. HaIpaBlieHHe MAKCHMYMa M3IyJECHHS HE 3aBHCHT OT wara d. IIpu uc-
IO/Th30BaHHH CTAHJAPTHBIX BOTHOBOXOB A, = 1,4A COOTBETCTBEHHO yron
8, =~ 60°. Bo n36exaHie 10ABNEHHA BTOPHYHBIX [IABHBIX MAKCHMYMOB 1Iar
d He JOIDKeH NPeBLIIaTh 3Ha4eHHA, onpexenseMoro (3.25).

Jns yMEHBIUEHHS | H COOTBETCTBYIONIETO yMeHbIICHHA O Hc-
MONB3YIOTCA CXEMEI C mepeMeHHO-(a3HOoH CBA3bIO, IPH KOTOPOH W =
= 2d1t/7\.B + m. JIONONHUTENEHLIH CABUL, PABHBIN T, JOCTHIAETCA, HAIPU-
Mep, 33 CYET NIAXMATHOTO PacHOJOKEHHA MPOJOIBLHAIX MeNneH Ha MIMpo-
Koii cTeHKke BoHOBOAA (pHC. 7.8, 6), BO30yKHaeMbIX NONIEPEIHBIMH TOKA-

4
e
8 =D > o
e 4 ]
a a ﬂ) = .
. S —
—to
d d 3 Puc. 7.8
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MM, TEKYIIUMU B pa3HbIe CTOPOHB! OT OCH BONHOBOAA (cM. puc. 7.7). AHa-
JIOTHYHOTO 3¢heKTa MOXKHO HOCTHYD, IIPOPE3as HAKIOHHbIE IS Ha y3-

KoM CTeHKe BOJIHOBOJA C [IEPEMEHHBIM YIIIOM HakJoHa (puc. 7.8, 6). Uany-

(v o -
YCHHE TaKHUX MIETICH OIPEACIAETCA B OCHOBHOM COCTABJIAIONICH BECKTOPa E

B LIEAX, TIapaJuIelbHOI OCH BONHOBO/A.

B Hepe30oHaHCHBIX MepeMeHHO-(Pa3HbIX aHTEHHAX IIar peHIeTKH d
BBIOHPAETCA HECKOJIBKO OTIHYHBIM OT A /2. [IpH 3TOM OTpakeHMs OT OT-
JEeNBHBIX HieNiell B 3HAYUTENBHOH CTENEHH B3aHMHO KOMIICHCHPYIOT IpyT
JpYra H aHTCHHA OKa3bIBAETCA XOPOIIO COTTACOBaHHOM C HUTAIONIMM BOJI-
HoBOnOM. KpoMe TOro, MOXHO CYHTaTh, OCOGEHHO TIpH GONBILIOM YHCIE
meneii (N 2 15), gro pexxum, 6nuskuii k 6eryiueii BolHe, ycTaHaBIMBaeTCA
1O BCEi [THHE aHTCHHBL IIpu oIMHAKOBOM CMEIIECHIH I1IieNIei OTHOCHTEIILHO
cpenHeil IMHAH WIH 3HaYCHHH YIJIa HaK/IOHa 1esiei y (puc. 7.8) HaGimoxa-
ercs ocnabneHne HHTEHCHBHOCTH BO30Y)KIECHMA mIeNeit 10 Mepe UX NpH-
6nmxeHHsA K Harpyske. JTO OOBACHAETCA MOCTENEHHBIM YMCHBUICHHEM
MOIHOCTH, GeryIeil 10 BOIHOBO/Y, H3-32 H3Iy4CHHA €€ EAMH («BhITe-
KAHHS» SHEPTHH). MONHOCTE, MOIomaeMas B COITIACOBAHHOM HArpy3Ke,
cocrtasgeT 06b14HO 5...10 % (KIIA 1 =0,9...0,95).

Pacuer nonokeHUA NICNCH NPOH3BOIHTCA UCXORA M3 TpebyeMoro
aMILTHTYRHOTO pacnpeelieHHs BLoIb aHTeHHb! B Beuauast KITJI. B vact-
HOCTH, HOCTETIEHHO YBEIHIHBAA PACCTOSHHE MEX]TY IPONOIBHBIMH IIENA-
MH M CpeIHEH NHHHEH WIH YBEIHIHBAsA YTON Y MO Mepe NPHOMIKeHU K
Harpy3ske, MOXHO PeallH30BaTh PaBHOAMIUTUTYIHOE BO3GyKIeHHe meneii.

IIIupuua mienH HE3aBHCHMO OT €€  PacHONOXeHHs BRIOHpaeTcs uc-
XOZA U3 ycloBuHil 06ecredeHHs HeOOXOTUMOH SNEKTPHIECKOM NPOYHOCTH
¥ TpebyeMoii onoce! paboynx JacTor.

~ Jlnarpamma HanpasieHHOCTH MHOTOIIENIEBOH AHTEHHBI B ILIOCKOCTH,
NpPOXOAAWIEH Yepe3 OCh BOIHOBONA, ONPEAEIACTCA KaK IPOU3BENCHHE f f,,
rae f, — JIH onmoit memu ¢ 0HOCTOPOHHUM H3TyYEHHEM — MOXET GBITh
paccunTana o popMynaM g 6eckoHETHOTO 3KpaHa (cM. § 2.5), a MHOXH-
TeNb CHCTEMBI f, 3aBMCHT OT aMILIMTYHOrO H (a3oBoro pacmpenenenui
BIOMb aHTeHHBI (cM. 1. 3). [Ipu d > A /2 MakcuMyM H3ITy4eRHA OTKIOHEH
OT HOPMAJI{ K OCH aHTEHHEI B CTOPOHY COITIACOBAHHOM HarpyskH, mpH d <
<A,/2—B cTOpOHY reHepaTopa. B IocKocTH, nepnesRHKyIApHOM 0cH BOA-
HoBoxa, /TH ompenensercsa TONBKO HalPaBICHHBIMH CBOWMCTBAMH OXHOMN
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LIeJIH, TPUOIH3HTEIBHO TaK XK€, Kak JId IIOCKOIo 9KpaHa KOHEYHBIX pas-
MepoB (cM. § 6.6).
IIpy H3MEHEHHH YaCTOTHI TEHEPATOPa H3MEHAETCA OTHOUIEHHE A/A,
M, CJIEIOBATENBHO, B COOTBETCTBHH ¢ (7.1) usmenserca yron 0. J1o 06-
CTOATENBCTBO UCTIONB3YETCS TIPH CO3NAHUH aHTEHH C YACMOMHbIM CKQHU-
posanuem. J{js TIOBBILEHNUA YIIOYACTOTHON 3aBHCHMOCTH, T.€. CKOPOCTH
u3MeHeHHs O NpH M3MEHEHHH YaCTOThl FEHEPATOPa, UCMOMB3YIOTCS BOJ-
HOBOZEI 3Meiiko00pa3Hoii HopMbl MO0 CrieLHaNbHbIE C OBBILICHHOMH TUC-
nepcueil. OCHOBHBIM HEOCTaTKOM HEPE30HAHCHBIX AaHTEHH ABIAETCS «3¢)-
(bexT HOpMaJK, 3aKIII0YAI0NIHICA B pe3KOM pacCOTTTaCOBaHUH aHTCHHBI C
TIMTAIONUIMM BOJTHOBOZIOM Ha YaCTOTE, IIPH KOTOPOH Iiar pemetku d =\ /2 1
H3JyYeHHE JOIDKHO GBITh HATIPABIICHO MO HOPMAJIH K aHTeHHe. IIpu TakoM
HIare OTPaXEHHs OT OTAENbHBIX IIENeH y)Ke He KOMIEHCHDYIOT APYT Apy-
ra, B pe3yJbTaTe 4eT0 HabMoaaeTCA CHILHOE OTPAKEHHE SHEPTHH OT BXOa
aHTEHHEL.
s opMupOBaHKS MaKCUMYMa H3NTYUYCHUS IO HOpPMaJH K OCH aH-
TEHHBI HCIIOIMB3YIOTCS PE3OHAHCHBIE aHTCHHBI, HAMPUMED, HA OCHOBE TIPO-
JONBHEIX [eneif, pa3Merae-

ulte) Tzt MBIX B IIAXMaTHOM TOPS/IKE Ha
% % IIMPOKOH CTEHKE BOJIHOBOAA
(puc. 7.9, a). Ulenu pacmona-

; TalTCA Ha PaccTOSHHH A /2,

.
Kopomuosamanymend
Ropuens

C!E#: \ uto obecrmeunBaeT cuHpa3-
——— HOCTh MX BO30yxnenus. I{msa

7 \ :I!:%:' \y YCTpaHEHHA PAaCcCOITTACOBaHMA,
Ast? A2 42 | ) CBOMCTBEHHOro CHH(pa3HOMY
BO30YXIEHHIO LIeNeH, aHTeH-

' HbI CHaGXKAIOT KOPOTKO3AMKHY~
Q G’ G 6’ ﬂ G’

—

THIM NOPIIHEM H CHIEUHAIBHEIM
E) 06pa3oM moAGHPAIOT BETMIHHY
CMEILCHHAA 1LeleH.

ol JlnAa MakcHMAaJILHOH HH-
TEHCHBHOCTH BO30yXAeHUA
TIPOAONBLHBIX Ieel HeoOxoau-

€) MO, YTOOHI PacCTOSHUE OT TIOp-

Puc. 7.9 INHA 10 IEHTpa KpaiHeH menn
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COCTABJIAIO A /4; TIpH 3TOM ILUENb MOMNANAET B IyIHOCTH MONEPEIHOHR CO-
CTaBIAIOLIEH OBEPXHOCTHOrO ToKa (cM. puc. 7.9, a).

DKBHBaNIEHTHAA CXeMa ITO00HOH aHTeHHBI IPHBEAEHa Ha pHC. 7.9, 6.
TIpu ONMHAKOBOM CMEIIEHHH BCEX INENeH OTHOCHTENBLHO CPEAHEH JIMHUM
BOJTHOBOJA SKBHMBAJCHTHbIE MPOBONMMOCTH BCEX Mienei paBHEL [Tockois-
Ky HanpspxeHus (puc. 7.9, 6) B TOUKax, OTCTOAIIHX BAONb AJMHHON THHUA
Ha A /2, paBHbI 110 aMILTHTYJIE, BCE ILEH, HECMOTPS HA YMEHBIICHHE MOII-
HOCTH, IEPEHOCHMO# BIOIE BOHOBOJ(A, M3-33 H3TY4EHHS, BO30YKaatoTCs
¢ OMHAKOBOM HHTEHCHBHOCTHIO. CyMMapHas BXOAHAd MPOBOAHMOCTD aH-
TeHHBI, cocToAIei u3 N menei, Gyaer papua G, = NG, rne G’ — 3xBuBa-
JIeHTHAA MPOBOAUMOCTb OHO mienu. Jlist cormacoBaHus aHTCHHDI C TUTa-
IOIIMM BOJIHOBOZOM 06®r4HO BEIGHpatoT G, = 1, Torna G' = 1/N. Ioce-
JIHEE YCIIOBHE PEaIn3yeTCs COOTBETCTBYIOIIMM BEIOOPOM CMEINECHH LICITH
x,. IIpu 5TOM pexxuM BONHEI B AHTEHHE MEHACTCA OT YHUCTO CTOTIEH (BOMH-
3H KOPOTKO3aMKHYTOTO IIOPIIHA, CM. pHC. 7.9, 6) Jo Geryuieif Ha Bxoje aH-
TeHHb1. [l peanuszanyiy HepaBHOAMILIMTYIHOTO BO30Y>KACHHUA, HAIPHMED,
CHajalolero K KpasM A ymessmeHus YBJI, HeobxomuMo cMemenue
miefel YMEHBIIATh 10 Mepe yHAJICHHS [ieteii OT CepeJUHbI aHTCHHEL

TpaxTi4ecKkd yIOBIETBOPHIENBHOE COTIACOBAHHE NOTY4aeTCs TOMb-
KO B O4€Hb Y3KOH MOJOCE YACTOT, YTO ABJIAETCH OCHOBHBIM HEJOCTATKOM
PE30HAaHCHBIX AHTEHH.

MeTonuka pacieTa NoNoKEeHUs LeNneH NpH 3aJaHHOM aMILIHTYAHOM
3aKkoHe BO30YXIEHHA KaK Pe3OHAHCHBIX, TAK M HEPE3OHAHCHBIX AHTEHH
npuseneHa B [2,7].

PaccMmorpenHbIe Bhillle HEPE3OHAHCHBIC BOTHOBOAHO-IICIICRBIE aH-
renns! (BUJA) npencrasmsiior coboi onuH H3 BADHAHTOB aHTCHH BRITEKA-
JOINEi BOMHBI. AHTEHHBI 9TOrO THIIA PeaaH3yIOTCH MyTeM BHECEHHS pas-
JIMYHBIX M3IYy4alOMMX HEOJHOPOAHOCTEH B IHHMIO Mepefad SHEprHy,
BBI3BIBAIOMIMX “BRITEKAHME” 4aCTH SHEPIMH, NEPCHOCHMON JaHHOH JTHHH-
eit. HeomropoaHOCTH MOryT GLITh BHIOTHEHEI B BHAE IeNeH, OTBEPCTHIH,
PEIIETKH H3 METAJUIMYECKHX TIOMIOCOK HIH HeNIPEPhIBHOM y3KOH 1l , Ipo-
pesanHOH, HanmpuMep, B OOKOBOI CTEHKE MPAMOYTOIBHOrO BOJIHOBOAA. Pac-
NpeficICHUE aMILTHTYZ, B AHTCHHE BBITEKAIONICH BOMHBI 3aBHCHT B OCHOB-
HOM OT pa3MepOB ILENCH H OTBEPCTUH, @ TAKOKE OT PACCTOSHUN MEKITY HUMH.
Ma3oBoe pacnpenesicHHE B aHTEHHE COOTBETCTBYET 3aKoHy Oeryiueit Bo-
HEl ¥ OnpejeNnsercs NaBHRM 06pa3oM (a3oBoil CKOPOCTBIO B HEBO3MY-
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HICHHOH JINHUH IIepelady; CHENOBATEBHO, HANPABICHHE MAKCUMAIBHOTO
M3ITYyYeHHUA ONpenereTcs B cooTBeTcTBIH ¢ (7.1). B mpaxriyeckux kKoHCTPYK-
muax xpocruraercq 10° < Bm < 85°. AMnnuTynHoe U $a3oBoe pacnpepelne-
HHA MOTYT PETy/IHPOBATLCA IIOYTH HE3aBHCHMO APYT OT ApYra, 0COOEHHO
JUISL IUTHHHBIX RHTEHH, YTO TI03BOJIAET PEANTH30BBIBATE IMHpoKuit Kiace JIH.

7.4. ANpeKkTOpHbLIC aHTeHHbI

JupexropHbie aHTCHHB! (AHTEHHE]! THIIA «BOIHOBOH KaHam») mupo-
KO MCIIOJIB3YIOTCA HA METPOBLIX M AEIHMETPOBBIX BONHAX B KAYECTBE Ha-
TIPABIEHHBIX AHTEHH OCEBOTO HATYUCHHA.

AHTEHHA COCTOMT M3 OQHOTO aKTHBHOTO H HECKONIBKHMX IIACCHBHBIX
Bubparopos. IJaccugHbim Ha3kBaeTCA BHOPATOp, K KOTOPOMY BMECTO T¢HEpa-
TOpa KO BXOIHBIM TOYKaM NOINCOSAHHACTCA CONPOTUBIEeHNE Z, s HACTPO#i-
ku. TOK B accUBHOM BHUOPaTOpe HABOIUTCS 3a CYET HONA, H3TyJaeMOIO aK-
TUBHBIM BHOpaTopoM. B yactHOM ciTydae Bendina Z, MOXKET PABHATECS HYIO.

PaccMoTpuM cHadaia cBocTBa 60iee MPOCTHIX H3TYJalOMMX CHC-
TEM, COCTOADINX H3 OJHOTO AKTHBHOIO

7 4 H OJHOTO NMACCHBHOTrO BHOparopa, co-
NPOTHBJICHHE HACTPOHKH KOTOPOTo HMe-
€T YHCTO PEaKTHBHEIR Xapaktep: Z, =iX,

11'01 fI'az (puc. 7.10). Hcnone3yeM juia ananusa
oy ,P h Xy 3TOM cHcTeMbl ypaBHeHHs Kupxroga
(3.42). Meproe ypapHeHue, BXOAfIICE

B (3.42), 1na RaHHOM CHTYalHM OCTaeT-
Cs1 HeM3MEHHBIM; BO BTOPOM YPaBHEHUM
CIeyeT y4ecTh OTCYTCTBUE FEHepaTopa
B maccuBHOM Bubparope (U, = 0) u co-
NPOTHBJICHUE HACTPOHKH Z, = LX, B pe-
3ynsTare

0= 1;1221 * I;)2 ZytiX), (7.2)

Puc. 7.10

rae Z,, — coOCTBEHHOE CONMPOTHBICHHE NACCHBHOTO BHOpaTopa, 3aBHCA-
Inee OT ero AMaMeTpa M IHHBL, Z,, — B3AUMHOE CONPOTHBIIEHHE, 3aBUCA-
1ee OT reoMeTpHd Beeld cucreMul. IIpencrasum (7.2) B BuAe 1'02/!01 =
= gexp(iy). Torma
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‘I=\/R221+X221/\/R§2+(X22+Xu)2, (7.3)
vy = n+arctg(X,, / Ry, ) —arctg[(X,, + X))/ Ry ] 7.4

IpaxTiyecknii uHTEpeC NPEACTaBIUIH OBl CIyYaH, KOraa IpH d =
= 0,25\, ¢ = 1, ¥ = t1/2, T.e. nacCHBHBI BEOPaTOp O OTHOIIEHHIO K aK-
THBHOMY BHOpaTopy BBHINONHAN (QYHKUHMIO peduieKkTopa HIH THPEKTOpa
(cM. § 3.2). Crporo no6uThes STHX YCIOBHI OMHOBPEMEHHO I g H Y B
CITydae MaCCHBHOTO BUOparopa Hepo3MoxkHO. OZIHAKO, KaK IOKa3bIBAET aHa-
3 [2], mpu AnuHe wieva akTHBHOTO BUGpatopa [ = 0,25A 1 0,2A < d <
< 0,25\ nacCHBHEIH BUOPATOP MOXKHO HACTPOHTH B PEXUM, OIM3KHIA K pe-
XuMy pedrextopa, eci (X,, + X ) > 0. Pexum, Gnu3Kkuit K pexuMy 1u-
peKTOpa, RoCTHraeTcs mpH (X,, + X,) < 0. Benuauny (X, + X)) MOXHO
PEryaHpoBaTh KaK C IIOMOIUBIO CONPOTHBIICHUS HACTPOHKH, TaK H 32 CUET
H3MEHCHHA JUTHHEI HACCHBHOTO BHOPATOpa, T.¢. PEryiIpys BEIHIHHY X,,,
HpH 3TOM CONPOTHBICHHE X, NIONIAraloT PABHBIM HYJIIO, T.€. 3aMBIKAIOT Ha-
KOPOTKO BXOJHEIE TOUKH ITaCCHBHOTO BUGparopa. B mHana3zoHax METpOBBIX
H ISOVMETPOBLIX BOJIH 0OBIYHO HPUMEHAIOT BTOPOit crroco6. Uto6s! nac-
CHBHBIH BUOpaTop paGotan B kayecTBe peduexropa, €ro nonHas QIMHa Lo~
%Ha ObITh Heckonbko Gompme 0,5X, [cM. rpaduk X, = A{//A) Ha puc. 2.8].
Jisn paboTHl B KadyecTBe AMPEKTOPA MIHHA IIACCHBHOTO BUOpaTOpa JOIDKHA
6rITH HECKONEKO MeHbie 0,5A. ‘

VBENUYHTh HANPaBIEHHOCTh M3JTydeHHS MOXKHO OIHOBPEMEHHBIM
WCIONB30BAHHEM HECKOIIKMX ITACCHBHEIX BHOpaTopoB. OGBYHO §YHKIHIO
pediiekTopa BHIMOTHAET TONBKO ONMH MacCHBHBIH BHGpatop (puc. 7.11),
TaK KaK IIPH YCTaHOBKE XOMOIHHTEb-
HBIX [TaCCHBHAIX BHOpPaTopoB OHH Oy-
AyT BO36yxkxaTrbca odeHs caabo.
HHorna s yMEeHbIICHHS YPOBHA H3-
Jy4YEHHA B 33JHEM TOIyIPOCTPAHCTBE
HCTIONB3YIOTCA IOTONMHUTENbHBIE ped-
NEKTOPHI, PaCHOI0KCHHBIE HAXl OCHOB- -
HBIM pednexTopoM H nog HuM. Yuc-
JIO JUPEKTOPOB MOXeT OBITH JOCTa-
TOYHO GONBIINM, ITOCKOJIBKY KaXK bl
NpeABIAYIIHI TUPEKTOP HAampaBiser

Puc. 7.11

6—2013
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SHEPTHIO B CTOPOHY ITOCIEAYIOILIEro (OTCIONA Ha3BaHHE «BOTHOBOH KaHAI),
TEM CaMBIM CO3/1aBas ONarONpHATHBIE YCIOBHA A BO30YXIEHHA JHPEK-
TOPOB.

[Tpu Hajiexamel HacTpolike aHTEHHB! TOK, HaBEICHHLIH B peduiek-
TOpe, HOJKEH OMepekaTh Mo dase TOK B akTHBHOM BUGparope. TOKH B Iu-
peKTopax MOJDKHEI OTCTaBaTh O (pase, MpHUYEM TEM CHIIbHEE, JeM Aalble
OTCTOHT JUPEKTOP OT aKTHBHOTO ieMeHTa. [IpH 5ToM MakCHMyM H3Tyde-
HHSA HaNpaBJICH BIO/Nb OCH aHTEHHH (B CTOPOHY AHPEKTOPOB).

Ipn 3agaHHOl reOMETPHH aHTEHHBI, T.€. NPH M3BECTHHIX ATHHAX
BHOPaTropoB M PacCTOAHMAX MEXTY HHMH, aMIUIHTYXB! H (a3kl TOKOB BO
Bcex BHOparopax, HeoOxonumele 1 pacdera JH, MoxxHO HaiiTh, pemras
cucreMy u3 N ypaHenuit Tuna Kupxroda (3.42), rne N — nomsoe 1ucno
BHUOpaTOpOB, BKIIOYAIONICE OIMH aKTHBHBIA BUGparop, peduexrop u au-
pexropsl. [TockomsKy aMIUTHTYIHOE pacnpeaeleHHe B TMPEKTOPHON aHTEHHE
OTAMYAETCA OT PaBHOMEPHOTO, pacder JJH mocie HaxOKACHUA TOKOB Ciie-
IyeT BecTH mo obmeii popmyne (1.25). Ipu stom popmy JH ommoro sne-
MEHTa MOXHO NPHONIDKEHHO PaCCIUTHIBATH IO JIHHE, COOTBETCTRYOMIEH
aKTMBHOMY BHOparopy.

Topasno Gonee coxHO# 3amadeii ABIACTCA 3371398 CHHTE3a AHPEK-
TOPHOMH aHTEHHE!, T.€. HAXOXICHHE YHCa BUOPaTOPOB U HX PACIIONOKEHHA
DS pealH3alHH 3aJaHHBIX MEKTPUYECKUX XapaKTEPHCTHK aHTEHHE], Ha-
npumep, KHJI. O6uiero MeTona pemenus 3aaun CHHTE3a TOX06HEIX aH-
TEHH IT0Ka He cylecTByeT. O6GBIMHO HCTIONB3YIOT YHCIEHHEIE METOMH OI1-
THMU3ALIKH, peanusyeMeie Ha IBM [38].

B nacroamee Bpems paspatorano 60NBbINOE YHCIIO PA3THYHEIX KOH-
CTpyKuuii AMpeKTOpHBIX aHTeHH YKB nuanaszona [11]. PaccrosHue Mexmy
aKTHBHBIM BHOpatopoM H peduektopom Geperca pasueM (0,15...0,25)A.
IlepBoiit TMPEKTOp OTCTOMT OT akTHBHOTO Bubpatopa Ha (0,1...0,35)A. Ta-
KOE )K€ pacCTOsHHe BhiGHpaeTca Mexny aupektopamu. MHorma mns pac-
MIMPEHUS JHANa30Ha pabodux 4acToT MepBblit TUPEKTOP YCTAHABAMBAKOT
Ha MayioM pacctoasud (0,051) ot akruBHOTO BUGpaTopa. JnuHa mocnenHe-
o BLIOMpaeTCs U3 YCIOBHA KOMIIEHCALHH PEAKTHBHON COCTaBNAIOLICH BXOJI-
HOTO COTIPOTHBIICHHA (C YUETOM HaBeNEHHBIX CONMPOTHBJICHHIT). [[NHHBI
peditexTopa ¥ IHPEKTOPOB OTIMYAIOTCA OT JUIMHEI aKTHBHOTO BUGparopa
mpuMepHO Ha 5...10 % B CTOPOHY Y/UIHHEHH H YKOPO4€HHSA COOTBETCTBEH-
HO. C 1ensio yMeHbIIeHHA G0KOBBIX JIENECTKOB IJTMHEI JHPEKTOPOB YMEHb-
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{IAIOT 1O Mepe MX YAaJeHUs OT aKTHBHOro BHOparopa. J{HpEKTOpHYIO aH-
TEHHY MO)KHO BBITIOJIHATE TAKXKE B IEYaTHOM BapHaHTE,

B xauecTBe akTHBHOTO BHOpaTopa 0OBIYHO IPUMEHAETCH NMETICBOH.
D10 0OBACHACTCA TEM, YTO 33 CYET BIMAHUI TACCHBHBIX BHOPAaTOPOB BXO/I-
H10€ CONPOTUBIICHNE AKTHBHOTO BUOPATOpa B IMPEKTOPHOH AHTEHHE YMEHB~
maercs. [Ipu Henonb30BaHUMH OOBIYHOTO TIONTYBOIHOBOTO AKTHBHOTO BHO-
paTopa ero BXOZHOE CONPOTHBIICHHE B COCTAaBE AHTCHHB! YMEHBUIACTCA 110
20...30 OmM, uro 3aTpyaHSET COINIACOBAHHA aHTCHHBI C TUTAIOLICH THHHEH.
CobcTBeHHOE BXOMHOE CONMPOTHBIICHHE HeTIeBoro BHGpaTopa (okomo

'300 Om) B 4 pasa Gonblre, 4eM y 0GBIYHOrO CHMMETPHIHOTO BHGpaTOpa,

HO3TOMY JI2)Ke MOJ{ BIHSIHHEM COCEIHHMX ITACCHBHBIX BHOPATOPOB OHO OC-
TaeTCcs JOCTAaTOYHBIM 471 cortacoBanusa. KpoMe Toro, aToT BubGpaTop Mox-
HO KPEenuTh B TOUKE HYJICBOTO MOTEHINANA HENOCPEACTBEHHO K METAIIIH-
if'lgcmMy cTepxHIO (cM. puc. 7.11). ITaccuBHEIe BUGPATOPH TAKOKE KPENAT-
cs (o6b19HO NpHBapHBAIOTCA) B cpeHEH TOYKE K 3TOMY CTEPAKHIO, YTO OYEHb

yno6HO B KOHCTPYKTHBHOM OTHOIIEHHH. [IMTaHHE aHTCHHEI OOGBIMHO OCY-

IIECTBIACTCA N0 KOAKCHAIBHOMY Kabellio ¢ MCIOIb30BaHHEM CHMMETPH-
i)yromnx YCTPOHCTB, ONTMCAHHBIX B § 6.3.
N HemocTarkoM aHTCHHSBI ABIIAETCA OTPAHHYEHHOCTD ¢¢ pabouero au-
anasoHa. [Ipy H3MCHEHHH JJIMHBI BOJIHEI PACIIMPAETCS IIABHBIH JIEMECTOK,
BO3pacTacT ypOBeHb GOKOBBHIX JIEIECTKOB, YBEITHIHBACTCA M3IydCHHE B
OBPAaTHOM HANPARIEHHH, HAPYIIAETCA COTTACOBAHME AHTCHHA C IUTAOIIIM
(hHunepoM. AHTEHHA MOXKET HCIIONB30BaTh-
€4 B II0JIOCE JaCTOT HPHMEPHO 5...15 %
OT OCHOBHOH 9aCTOTEL.
JIMpEeKTOpHBIC aHTEHHE! IIHPOKO
NPHMEHSAIOTCA B KaYCCTBE IIPHEMHEBIX Te-
JI€BU3MOHHBIX AHTEHH U B PAIHOIOKALWH.
OT OXHHOYHOIM AHPEKTOPHOM aHTEHHEI
06bI4HO He yraercs noxyduTs J{H nmpu-
Holt Menee 15...20°. JIjis NOBbIlIEHNS Ha-
NIPAaBIEHHOCTH M3/TY4CHHS aHTCHHEI 06Be-
IuHATOT B cHH(asuble pemeTkH (puc. 7.12).
JpyraM crioco60M MOBHIMEHHS
KHJI raKux aHTeHH CO CPABHHTENBHO HE-

GOHBmHM YHCJIOM BlflﬁpaTOpOB ABIIACTCA Puc. 7.12
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MOCTPOCHUE HA MX OCHOBC aHTCHH 06pa'l'HOP0

ILIOCKHM OTpaXkaresieM, KOTOphlii pacronaraer-
s BOHM3H TIoCeARero aupekropa (puc. 7.13).
MakcHMabHOE H3Ty9eHHE aHTEHHBI OJTyYa-
H H €Tcs B HaIlpaBleHHH, 0OpaTHOM HAIIPAaBICHHIO

z {  maxcumyma [TH mupexropuoit anTenssl. [lo
NpHHIUITY JeHCTBHSA aHTEHHBI 00PaTHOTO H3-
JIy4eHAs HECKOJIPKO HAaIIOMHHAIOT Napadonu-
geckHe (CM. ML 8), OMHAKO OTIMYAIOTCS OT HMX 3HAYHTENBHO Gonee mpo-.
croit opmoii orpaxarens. [Ipy GonpmIHX pasMepax INIOCKOTO 3KpaHa

Sl

TUTTTTTT

Puc. 7.13

(D> LWL/ A) mapaMerpsl aHTEHHH! YXYAIIAIOTCA, 4TO 0OBACHAETCS HO-

SBIEHHEM Ha Kpasx OTpaxxarens npoTHeodasHo Bo30yxaaeMbIX o6nacTei
u3-3a GONBIIOH PA3HOCTH XOAA OT AKTHBHOro BHOpaTopa 0 IIEHTpalbHOM
Y KpailHHX TOYEK OTpaxarels. B CBA3H ¢ 3TUM KpasM OTpaxarens mpuyia-
eTca crynendaras ¢popma (cm. puc. 7.13, mrpHxoBas THHHSA).

OTMeTHM, YTO aHTEHHBI 0OPATHOTO U3IYICHUA MOTYT ObITh MOCTPO-
€HBI HA OCHOBE JPYTHX aHTCHH OCEBOro H3/Ty4CHHs, HalpUMep, CTepXKHE-
BBIX JHUVICKTPHYECKHX aHTeHH (cM. 7.7.1) MM cnupanbHBIX H3Tydarenci
(cM. 7.6.1). :

ClefyeT MMeTh B BUJY, YTO OCHOBHOE NMPEMMYINECTBO aHTEHH 00-
ParTHOro H3ITy4YeH!s — YMEHBIIEHHE IPORONBHBIX Pa3MEPOB — MOCTHTAETCA
3a cYeT CYIEeCTBEHHOI0 BO3PACTAHHSA ITONIEPEYHBIX pasMEpOB.

7.5. loronepuoguyeckue BUGPATOPHbIC AHTEHHbI

Jloronmepuonnyeckue anTeHHs! (JI[TA) oTHOCATCA K KIaccy cBEpX-
IIHPOKONOOCHBIX AHTEHH, COXPAHAIOMUX [IPH H3MEHEHHH JacTOTHI KaK
¢dopmy JTH, Tax u BenHIMHY BXOAHOTO CONpOTHRICHHA. CymmiecTByeT 60mnb-
nIoe Yucno pasnuyHex Moaudukamui JITTA. PaccMoTpuM BapuaHT BHOpa-
TopHoii JITIA, npusefeHHoM Ha pHC. 7.14. AHTEHHA COCTOMT U3 THHEHHEIX
BHGPATOPOB, MPHCOCAMHEHHBIX K ABYXnpoBoaHolt nuxun. Bo3Gyxnenne
OCYIIECTBIMETCA ¢ HOMOIIBIO KOAKCHATFHOMN JIMHKH, KOTOpas NPOJIoKeHa
BHYTpPH OXHOTO M3 IIPOBONOB NBYXIPOBONHOMH JIMHHH, HMeIowcH dhopmy
Tpy6xu. ITogoGHbIA Nepexon 0T KOAKCHANBHOH K JIByXIIPOBOAHOM JIHHMU
He TpeOyeT CHMMeTpUpYIoIIero yerpoiicTsa. Jinune! BHOGpaTopoB yROBIET-

usnyuenns. s 3Toro aHTeHHa cHabxaeTcs
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Puc. 7.14

BOPAIOT COOTHOMEHHUIO /, /I, , | =T, TIie T — IEPHOJ CTPYKTY DI, HE3aBUCHMO
ot womepa n (n=1, 2, ...). JIluauu, coeguHAIONIHE KOHIB!I BUOPATOPOB, 06-
PasyioT YTolI .

o npuHLkny nelicTus moxodHas JITIA HalloMHHAeT IUPEKTOPHYTO
anrenny. Ha gacrore f pesoHupyer, T.e. B030yxnaercs HauGonee HHTEH-
cHBHO, BUOpaTOp, JUIMHA Mieda KoToporo 6muska k Ay/4 (A, = c/fy), mo-
CKOIBKY BXOIHOE CONPOTHBIIEHHE 3TOr0 BHOPATOpa MOXCHO CUMTATE AKTHB-
HeIM. JIpyrue BHOparopsi BO36GYXAArOTCA 3HAYHTENLHO cnabee, Tak Kak
BXOJIHOE CONIPOTHBIIEHHE WX BEIHKO M3-33 OOJbIIOH peakTHBHON COCTaB-
JAromei. AKTHBHAA 06/1acTh AaHTEHHBI, (POpMEpYIOIad H3TyICHHOE NOJE,
BKITIOYAET OOBIMHO TPH — NATH BUOPATOPOR, B TOM YHCIC PE3OHAHCHBIN U
NPHIIETAIOIIHe K HEMY C ABYX CTOPOH. (Da30BbIe COOTHOMIEHHS TOKOB B BUO-
paropax aKkTHEHOH 00JIacTH ONMpeneNsfIoTcs JMIHHOH BHOPATOPOB, B3auM-
HEBIM BITHAHHEM H II00YEPENHBIM MONKIIIOUCHHEM HX K Pa3HBIM NPOBOIHH-
KaM muTaromei muHuuy. Ilpn 5ToM oKa3pIBaeTCA, YTO TOKH B folee KopoT-
KHX BHOpaTopax oTCTaloT, a B 60n€ee JUIMHHBIX — OLIEPEXKAIOT N0 (a3e TOK B
pe3oHaHCHOM BHOpaTope. CooTBeTCTBEHHO Goee KOPOTKHE BHOpaTops! pa-
GoratoT B pexxHMe IHPEXTOPOB, a 60iee [UTHHHbIE BRUTONHAIOT QyHKUHIO ped-
NexTopa. MakCHMyM H3JTy"JeHHA HaTIpaBleH B CTOPOHY BEPITHHBI AHTCHHBI.

Ecmu yacToTa reHepaTopa yMEHBILHTCS H CTAaHET PaBHO# Ty, TO Hay-
HET pe30HHpPOBaTh CIIeAYIOmuH, Gonee NTHHHBIH BUOPATOp, COOTBETCTBCH-
HO aKTMBHAg 00NacTh NEPEMECTUTCE B CTOPOHY Oollee AMHHBIX BUGparo-
pos. HanpoTHs, npy yBen4eHUH YaCTOTH! aKTHBHAA 001aCTh CMECTHTCS K
BepuiHHe aHTeHHEL. Ha Beex wacroTax
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=7 (7.5)

Tae n— HoMep BHOPATopa; f, — pe30HaHCHAA 4acTOTa #1-r0 BU6GpaTopa, cBOi-
CTBa AHTCHHHI OCTAIOTCS HEH3MEHHBIMM. B HHTepBanax Mex Iy pe3oHaHC-
HBIMHM YaCTOTaMH CBOMCTBA aHTEHHBI MEHAIOTCS, HO He3Ha4YHTeBHO. [1po-
norapu¢muposas (7.5), nonyuum Inf, = (n — Dint + Inf,. B norapudmu-
4ecKoM MaciTabe pe30HaHCHBIE YaCTOTHI IIOBTOPAIOTCS Yepe3 HHTEPBAIL,
paBHEIE InT, YTO U ONpPENES IO Ha3BaHUE AHTEHHBI 3TOTO KJIacca.

U3 n3moxkeHHOTO ACHO, YTO MKpHHa paboueii momock gacror JITIA ¢
HIOKHEH CTOPOHBI OTPaHUYUBAETCS AOITYCTHMBIMH Pa3MepaMH CaMbIX JUTHH-
HeIX Bu6Gparopos (A, =4/ . ), a ¢ BepxHe# CTOPOHEI — BO3MOXHOH TOY-
HOCTBIO BBINOJIHCHHA BHOpAaTOpoB BOMM3M TO4eK nutanma (A . = 41 . ).
IpakTHYeCKH MOXHO IOJNYYHTh IPHMEPHO B JECATHKPATHOM AHAIA30HE
BoiH (f . /f, . = 10) noaru sensmennyio JIH. B atom xe nnanasone KbB B
¢unepe (npu rannexameM soibope Z ) ve nanaet Hmwke 0,6...0,7. Cnenyer
YIHTBIBaTh, YTO BCIICICTBHE NIEPEMEIECHHA aKTHBHOH 006JacTH 1O MiuHe
aHTEHHBI C U3MCHEHHEM YaCTOTHl MEHAETCA Taloke IMoNokeHHue (Ga3oBoro
HEHTPa aHTeHHH!. [TocnenHee 06CTOATENECTBO HE HMEET 3HAYCHHA, HATIPH-
Mep, IIPH IPHEME TEJISBH3MOHHAIX MPOrPaMM, HO NPHHIHITHAIEHO IIPH He-
nonb3oBaHHH JIITA B kadecTBe 00myyarens napabolndecKHX aHTEHH (CM.
. 8), a TaloKe MpH paGoTe ¢ MIHPOKOMONOCHRIMH CHIHAJIAMH.

Pacuer TokoB B Bubparopax JIITA Tpebyer yuera HX B3aHMHOTO BIIH-
SHHA HE TOJIBKO 1O CBOGOXHOMY NPOCTPAHCTBY, HO M IO POBOJAM IIHTAl0-
meit mHIH. Metonuka pacdera npuBeneHa B [34].

B cBs3H ¢ TeM, YTO B H3TydYEeHHH HA JAHHOH YaCTOTE YIACTBYET TONBKO
Heckonmbko BHOparopos, JTH noygaercs JOBOIBHO IMHPOKOH, (pHC. 7.15),
npudeM B E-IIOCKOCTH (ILUIOCKOCTE, B
KOTOPOH DACTIONOKEHEI BHOpaTOpEI)
NOYYaeTCA yxKe, 9eM B H-ImockocTi
(TI10CKOCTD, EPNEHANKY/IAPHASA OCAM
BHOpaTopoB). YBelIHIEHHE T IPH HEH3-
MeHHOM 0. cykaer JIH, Tak kak yBem-
YHMBAETCA YMCIO BHOPATOPOB, BXOAAIIHX
B aKTHBHYIO O0NIacTh. YMEHBILCHHE YITIa
Ol IIpH HEH3MEHHOM T Takoke cyxaer JTH,
TIOCKOJIBKY NIPH 3TOM YBEJIM4MBAETCHA
Puc. 7.15 paccTosHue MEXTy COCEIHHMH BHGpa-
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Bxad

Puc. 7.16

TOpaMH, T.e. aKTHBHas 001acTh pacumpsiercs. Cka3aHHOE CIPaBEIMBO TONb-
KO JI0 HEKOTOPHIX KPHTHYECKHX 3HadeHui T, ~095u o . =~ 10°.

Ecmi npoBona muamu, nuraromeit JITIA, pasmMecTiTs oK YIIIOM IpyT
K ZpyTY, TO nony4utcs npocrpancteenHas JIIA (puc. 7.16). Inarpamma
HaNpaBICHHOCTH TaKoi aHTEHHHI B H-MJIOCKOCTH NOIy9aeTcs 3HAYHTETb-
HO Yxke, yeM y mnockoii JITIA, 3a cueT BIMsHHA MHOXHTENIA CHCTEMEI, 06~
pasoBaHHOMH pasHeceHHeM B H-IUIOCKOCTH aKTHBHEIX 00/1acTei KaXKIOro H3
nonoted. B E-mnockoctr Bug JIH ocraerca npakTudecky npexaumM. Ipo-
BOZa NUTAIOLIEH JIMHHH B ONOGHOH KOHCTPYKIMH BHI3EIBAIOT H3ITydCHHE

. C napasn'moifx nonﬂpnaauuel‘f[, OJIHAKO OHO, KaK NPaBHIIO, HCBCJIHKO.

B muanasone YKB noronepuoaM4eckHe aHTEHHB! IPHMEHAIOTCH
B KayeCTBe ITHPOKOMOJIOCHBIX 00iyyareiiei napaboHIecKUX H ITHH30BbIX

- @HTCHH, IPHCMHBIX TCJICBU3HOHHBIX aHTEHH H T. JI.

7.6. AHTeHHbI BpawalowWenc nonspusatiumn
7.6.1. TypHUKeTHLIA U3nyvartenb

B npocreiiniem BapuanTe TyPHHKETHBIH H3TyJaTe)lh COCTOMT K3 ABYX
CHMMETPHYHBIX Y/IEKTPHIECKHX BHOPATOPOB, PACTIONOMKEHHEIX TIEPIICHIH-
KyJIAPHO APYT X Apyry (puc. 7.17). Bo3Oyxnenne subparopos ocymecTs-
nifeTcA TOKAMH PaBHOH aMILTHTYIbI, HO CABHHYTRIMH 10 ¢ase Ha 90°,

B TouKe 4, nexanei Ha ocH z (M. puc. 7.17), BEKTOPBI 3MEKTpAUEC-
KOTO I10/11, H3)Ty9aeMOr0 BHOpaTopaMu, OPTOTOHANBHEI APYT APYTY, HMEIOT
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Puc. 7.17

PpaBHBIE aMILTHTY/IEI M CABHHYTHI IO dase Ha 90°, a0 obecmeurBaeT B 5T
TOYKE KPYTOBYIO MOJAPH3ALHIO pe3ynsrapyromero moud (cM. § 1.3). Ilpu
OTKIIOHEHHMH TOYKH HaOMomeHua oT ocH $a30BbIe COOTHOUICHHS MEXITY
KOMITOHEHTaMH MOJIEH COXPaHAIOTCA, OMHAKO aMILTHTYHBIE COOTHOIICHHS
Hapymatorcs. Tak, B Touke B, nexame#i B mrockocry y0z (cm. puc. 7.17),
aMIUTATYJa KOMIIOHEHTHI TI0JA, CO3NaHHOTO BUOPATOpOM, OPHEHTHPOBAH-
HBIM BZOJb OCH y, YMEHBIIAETCs, B Pe3ynbIaTe Noje NMeeT SIUIHNTHYeC-
Ky'o nojspusanuio. B Toukax, pacnonoxeHHsIX B mockocTH x0y, Homsipu-
3arusl JTHHeiHas, TOCKONbKY 00a BHOparopa cO3atoT B THX TOYKAX TONb-
KO OZHY IPOCTPAaHCTBEHHYIO KOMIIOHEHTY YMIEKTPHYECKOTO MOJA, JIEHKAILYIO
B IUTOCKOCTH X0y, IIPHYEM B TOUKAX HA OCH KXKIOTO U3 BUOPaTopoB (TOUKH
C, D, E u F Ha puc. 7.17) none co3aercs TONBKO 3a CIET UITyYEHHA JIpy-
roro BuOparopa. JlnarpamMmMa HalpaBIIEHHOCTH B IaHHOH MITOCKOCTH HMEET
KpyroByo (opmy.

OcoGeHHOCTBIO TYPHUKETHOIO M3MyHaTeNns ABILCTCA 3aBHCHMOCTD
(ha3b1 H3ITYYEHHOTO [0V OT YIIIOBREIX KOOPAHMHAT TOUKH Habmonenns. ng
JIOKa3aTeNILCTBA 3TOr0 OCTATOYHO PacCMOTPeTh Noms B To9kax C u D H
CPaBHHTH HX MEXAY cO0O#: OHH PaBHBI IO AMIUTHTYXE, HO OTIHYAIOTCA IO
daze Ha T/2. CnenoBaTeILHO, TYPHHUKETHBIC AHTCHHBI HE HMeI0T $a30BOr0
neHrpa (cum. § 1.3).
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H3irydeHne aHTEHHEI B HIXKHEE [IOTYIPOCTPAHCTBO OOBIYHO yCTpa-
HACTCA 3a CYET KPaHa, OTCTOALIETO OT INIOCKOCTH PacloIoKeHH BUOpa-
TopoB Ha 0,25\. TlonBOKa MUTAHNA K KaXIOMY BHOGpaTopy OCYIIECTRIIA-
eTcs 00BITHO KOAKCHATIBHBIM KabelleM ¢ HCIIONB30BaHHEM CHMMETPHPYIO-
miero ycTpoiictea (cM. puc. 6.12), koTopoe yro6HO KpenuTs K 3kpaHy. Bxo-
IBI CHMMETPHPYIOIIMX YCTPOHCTB COETUHAIOT Mexay coboii. da3oBslii
CIBHT MOXKET OBITh peanu30BaH BKIIOYEHHEM B TPAKT IMUTAHHUS OXHOTO U3
BHGPATOPOB JIONOHUTEILHOTO OTPE3Ka TMHHH JUTHHOM A /4, Tie A, — [iH-
Ha BOJIHBI B JINHHH.

TypHHKETHBIC aHTEHHBI HCIIONB3YIOTCS MHOINA IPH IOCTPOCHHH Te-
NEBU3HOHHBIX NEPEIAIOIINX aHTEHH C TOPH30HTAIBHOM MONAPH3ALHCH.
Hs3irydeHne 1o ocH z B TAKMX aHTEHHAX IOJABIAETCA 33 CUET HCIOJIb30Ba-
HHA HECKOIILKHMX TYPHHKETHBIX H3IIyuarenei, napaiiensHbX JpYT APpyry |
CMEIIEHHBIX 110 OcH z Ha 0,5A.

7.6.2. CnupanbHble aHTEHHbI

CnupansHbIe aHTEHHBI ITHPOKO NPUMEHAIOTCA B JUAana3oHaX CaHTH~
METPOBBIX, ICLHMMETPOBBIX H PEXE€ METPOBBIX BONH. PacCMOTPHM CHavasia
IWIMHAPHIECKYIO COHPAbHYIO aHTEHHY, H300paxxeHHYIO Ha puc. 7.18.
AHTEHHA COCTOUT H3 CIIHPAITBHEIO [IPOBO/A, COCANHEHHOTO ¢ BHYTPEHHHM
MIPOBOJHHKOM B0O30y X JaloIero KoakCHaJIbHOro kabesns. Buennuii mposox
(omnerka) xabens IPUCOCHUHAETCA K METAILIHIECKOMY JHCKY (3Kpany),
KOTOPHI IPENATCTBYET NMPOHUKHOBEHHIO TOKa, TEKYIIETO [0 BHYTPEHHEH
NOBEPXHOCTH KalelId, Ha €ro Hapy>KHYI0 oBepXHOCTh. KpoMe Toro, auck

l
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HIpacT ponb pedrexTopa, yMEHbIIasA H3TyYCHHE aHTCHHBI B 33/JHEE TOITY-
IPOCTPaHCTBO.

Jna obecneueH s pexXuMa 0CEBOT0 U3TydeHHA THAMETp ciupanu D
BBRIGHpAIOT TaK, 9TO0H! JUTHHA BUTKA / OBLIa IPHMEPHO PaBHA IJTHHE BOJHBI
TOKa B cupany A (npu 3toM D = A _ /). TeopeTHuecKue HCCIEI0BAHKA
TIOKa3bIBAIOT, YTO B GECKOHETHO# CIIMPAITH TIPH YCIOBHH / ~ A yCTaHaBITH-
Baerca pexum Oerymie#t BoHB! ToKa ¢ ¢asoBoii ckopoctsio § = 0,8¢, e
¢ — CKOpOCTb CBETA, H JUIMHOMN BOMHEL A, = AV/c, TIi€ A — InHHa BOTHEI B
cBoGogHOM mnpocTpaHcTBe. [IpH YKODOUECHHH [UIMHEI BONHBI A (asoBas
CKOPOCTb MOBHIIIAETCS, IPHOIMKAACH K CKOPOCTH CBETA, NIPH YIMHEHHH
BOJIHEI V YMEHBIIAETCA. B ciupany KOHEYHOH JUIMHEI HMEET MECTO OTpa-
’KEHME OT KOHIIa, HO OHO HEBEIHKO (K03(dHLHEHT OTpaKeHHA HE PEBHI-
maet 0,2). Kpome Toro, B Hauane H KOHLE aHTEHHHI BO3HMKAIOT BHICLIME
THIB! BOJH. OGBIYHO B NMEPBOM NPHOMMKEHNH OTPaXKEHHEM M BHICIIHMH
THIIAMH BOJIH NPEHEOPEraloT H CYMTAIOT, ITO AaMIUTHTYAA TOKA [IOCTOSHHA
IO JTHHE aHTCHHBI.

PaccMOTpHM H3ITyHeHHe OHOTO BUTKA aHTEHHBI JUIHHOH /= A, cuH-
Tas ero JUis NPOCTOTH! IUIOCKUM. B pexxume Geryiieid BonHel pacnpene-
JIeHHE TOKa N0 BUTKY OmMCHIBacTca BhipaxenueM I(E) = Ijexp(—iBE), rae
I, - avmmTyna Toka; f = c2m/0A,; § — KOOPIMHATA TOYKH HA BUTKE, OTCHHTHI-
BaeMas BIOb OKPYXHOCTH. MrHosennoe sHayenue Toka I(€) = I cos(wr —
—&). Ha puc. 7.19 npuBeneHo pacupeeIeHHE TOKA I1J11 MOMEHTOB BpEMeE-
uu t=0, 7/8, T/4. Kak BHIOHO, B KKABIH MOMEHT H3yYCHHE BUTKA SKBHBA-
JIEHTHO H3JIY4YEHHIO ABYX H30THYTHIX CHH(}a3HO BO30YXIeHHEIX BUGparo-
POB, CO3JaIOLIHX MAaKCHMYM M3ITy4eHHS BIONb OCH BUTKA C IOJIAPH3aIHEH,
napamieabHol npsamoit /-1” (cM. puc. 7.19). Tlonoxenue 3Tux BUGparopos

Puc. 7.19
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BO BPEMEHH HENPEPHIBHO MEHAETCS C KPYTOBOH YaCTOTOH (M, B pe3ynbTaTe
BJOJIb OCH CO3KACTCA U3IYUCHHE C BPAMAIOMIEHCA IONAPH3aHEH.

MHOroBUTKOBass KOHCTPYKLMS CIIHPANBHOH aHTEHHBI MPHUBOIUT K
YCHIICHHIO M3]Ty4€HHS BIIOJb OCH aHTeHHBI. Onpenemum 6onee TOYHO Tpe-
fOBaHMA K JNMHE BHUTKA /, YIHTHIBas, YTO peanbHO BMTOK 3a CYET Ilara
HAMOTKH S He JIXKUT B OHOH IIIOCKOCTH. Pa3BepTka 0JHOTO BHTKA CIIHpa-
nM mokasasa Ha puc. 7.18, 6. Cxeur da3 MexIy NOIAMH IBYyX COCEOHHX
BHTKOB B TOYKE Ha OCH aHTEHHBI CKIaqkIBaeTCs U3 HabGera ¢assl Gerymeit
BOJIHBI TOKA 110 BUTKY criupany f = B/ u pa3HocTH a3 3a CYeT Iara HaMoT-
KH | = kS. PesynsTupyroumit gpazossiii casur Ay =y —y,. Jlna oGecnede-
aua Makcumyma KHJ Heo6xoquMo, Kak H3BE€CTHO, YTOOHI 3TOT CABHT OBLI
6mu3kuM K /N (cM. 3.2.4), rne N — aucno BuTKoB. OIHAKO, TIOCKOJIBKY B
CIIHPAJIH B PEXHME 0CEBOTO H3JTyUeHHs BEIHYHHA | BeTHKa (61H3Ka K 27r),
o6ecneunts MakcumMyM KHJI MOskHO TONBKO NIpH YCIIOBHY, 4T0 Ay = 27 +
+ ft/N. Otcrona nonydaem

A\
\u=—————-=2n+—;—;l=(s+x+ﬁ):. (7.6)

[pw Bemonsenuu ycnosus (7.6) u GonboioM N nonspH3alus mons
Ha OCH CIHMpayH GiiM3ka K Kpyroeoil. bonee onTHMasbHEIE YCIOBHA MIIs
KPYTOBOH MOJIAPH3AIMH NMOMYYAOTCA IPH HECKOILKO MEHBIIEM 3HAYCHUH
I = (§ + A)v/c, xoropoe MOXHO HalTh H3 ycnosua Ay = 2m. IIpu s1oM
YCIIOBHH TIOJIA 3NIEMEHTOB BHUTKA, pa3sHECEHHHIE Ha YeTBEPTH €ro IJIMHEI
H GopMHpYIOIIHE H3TYyYECHHE C B3aUMHO TEPIEHANKYIIIPHOH MONIPH3AIH-
eii, cCABHHYTHI IO a3e TOYHO Ha T/2. IIpy OTKIIOHEHHH TOYKH HaOIIOXeHHUA
OT OCH [IOJBIPH3ALUS CTAHOBUTCA JIUTHIITUYECKOH.

IockonpKy ¢ ykopoueHHeM A OTHOLIEHHE V/¢ yBenHuuBaeTcs (M Ha-
060poTt), ycnoue (7.6) , CICAOBAaTEIIHO, HAIPaBJICHHEIE CBOACTBA IIPaK-
THYECKH COXPAHAIOTCA B CPABHUTENBHO HIMPOKOH NONOCE YaCTOT, IIpUMeEp-
Ho ot (0,7...0,8)A o 1,2A,, Tnie A, — pacyeTHAs JUTMHA BONHEIL J{HarpaMmy
HAIIPaBIICHHOCTH CITHPANBHON AHTEHHHE MOXHO PACCYHTATh HA OCHOBAHUM
(opmynsi (3.5), npunss B Helt d = Su y = (/. Bemuuna R, = 140/A.

Jins nocTHKEHHA MAKCHMATbHOH MIMPOKOMOIOCHOCTH YTOJI HAMOT-
KH O BpiOupaeTca paBHLIM 12...15° (S = 0,15...0,3)). Paguyc 3kpana
(crumomHoro Wi pemeryaroro) o6sr9HO Gepercs pasHbM (0,5...0,8)L, rie
L — pnuna croupand (cM. puc. 7.18, a). Hlnpuna JH numasapudeckoit cu-
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panbHOM aHTEHHBI [0 MOJOBHHHOM MOIIHOCTH 00bIYHO He MeHbIIe 20...25°,
J{mA yayqmeHHs HanpapieHHbIX CBOHCTB CIIHPATbHBIC AHTCHHBI COETHHS~
HOTCA B PEIICTKH.
XoT4 TeopeTHIECKOE paccMOTpeHHE [9] MOKa3LIBAET, YTO CNHPANL-
HAS AHTCHHA, KaK ¥ TYpHHKETHbIH U3Ty4arells, He HMeeT (a3oBoro neHTpa
B CTPOTOM IOHHUMAHHH, B fipefenax rasHoro jenectka JJH MoxHO cdu-
T4Th, YTO MOBEPXHOCTD PABHLIX (ha3 MaJo OTKJIOHAETCA OT Ceprueckoi,
LEHTP KOTOPOii pacrioNnoxen B TeOMETPHYECKOM LIEHTPE aHTEHHbI. 3HaHHE
(}ha30BOrO HEHTPa BaXKHO, HANPHMED, NPH MCHONL30BAHMM CIIMpANbHbIX
aHTEHH B Ka9eCTBe 00Iy4are-
el mapaGoNUUYecKuX aHTEHH.
Konuueckue cnupans-
HEle aHTeHHH! (pHc. 7.20) 06-
JIAJIAFOT JIy JIOMMH JHAINa30H-
HBIMH CBOMCTBaMHM, 4eM IH-
JTHHAPHYECKUE CIHUpaIbHbIE
anTeHHBL. OceBoe H3TyYCHUE
TaxKHMX aHTeHH (opMHupyeTcs
He BCEi aHTEHHOM, a JIHIIL aK-
THUBHO#H 0BJIACTEIO, T.€. BUTKA-
MH, IUIMHA KOTOPHIX ONH3Ka
Puc. 7.20 K A. C H3MCHEHHEM YacTOTHI
aKTHBHasA 00nacTh mepeme-
, IAETCH BAOIb OCH AHTEHHBI.
[ITupokoe NpHMEHEHHE HAXONAT ILUIOCKHE CMHpANbHBIE aHTEHHBI,
B TOM YHCIIC aHTCHHBI B BHAE apXxuMmenoBoi ciiupanu (puc. 7.21, ). JIByx-
3apsAaHas CIHPaIbHAA AHTEHHA MOXKET BHITONHATHCA EYATHBIM CIIOcOo00oM
H BO30yxaaercd MHOO JBYXIPOBOIHOM JIMHHUEH, MO0 KOAKCHAJILHBIM Ka-
OereM, POIOKEHHBIM BIIOJIL OJJHOTO K3 ILied (BAOJB JPYTOro Mneda mpo-
KIIaJbIBAETCA IS COXpAaHEHUS CHMMETPHH XoJlocToH kabeins, puc. 7.21, 6).
AHTEHHY MOXHO PaCCMaTpPHBAaTh KaK CBEPHYTYIO B CIIHpalb ABYXIIPOBOJ-
HYIO JIHHHIO, IPHYEM B Ha4aJIbHOH JACTH aHTEHHBI TOKH B COCEIHHUX BHT-
KaX HaxofAsTcsA B pOTHBOdase H COOTBETCTBEHHO He H3nmydaroT. C ynane-
HHEM OT TOYEK ITHTaHHA (a30BbIif CIBHI MEXAY TOKAMH B COCEIHHX BHUT-
KaxX YMEHBIIAeTcs 3a CYET Pa3HOCTH xoza. JleHCTBUTENBHO, 3IEMEHTEI |
H 2, PacronoxeHHBIe 110 06e CTOPOHBI OT OKPYXXHOCTH PaJIHyCOM 7, Ha pa3-
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Puc. 7.21

HBIX 3aX0JIaX CHHpaJi, HIMEIOT Pa3HOCTh XO/3, PaBHYIO NOJOBUHE JTHHEI
3TO#H OKPYXHOCTH, T.€. Ar =77, C yueToM npoTHBodazHoro Bo3byxaenus
pasHocTs a3 snementos / u 2 6yper = kAr + 1. Ilpu = A/27 BetuunHa
Y =21, T.€. coCeiHHE BUTKH BO30YXAat0Tcs crH(a3HO B pexume Oeryiueit
BOMNHBI. DTH BUTKH U GOPMHPYIOT MOJIE U3JIyUEHHUs C KPYroBOil nonApH3a-
1Heii B HaNPaBJICHHH OCH aHTEHHEI, KOTOPOE COXPAHAETCA B IIUPOKOH I0-
Joce yacToT. HikHaA yacToTa onpenenseTcss BHEIIHAM IHAMETPOM CIH-
paiH, a BEPXHsA — TOYHOCTHIO BBIMOJIHEHUS aHTCHHB! BOIM3M TOYEK NHU-
TaHUA.

JuarpaMma HalpaBIEHHOCTH COCTOUT H3 IBYX IIHPOKUX JICIECTKOB,
OPHEHTHPOBAHHBIX HOPMAJILHO K IJIOCKOCTH COMpanid. MOXHO TaKkke Io-
JIyYUTH OJHOCTOPOHHEE H3MyYCHHE CIIUPAIH, €CITH MO33H HEE IIOMECTHTE
akpaH (06BIYHO Ha pacCTOsHMM A /4, THe A, — IIKMHA BOJHEI HA CpeaHeH
YacTOTe JMAana3oHa), OJHAKO HaJlH4he 3KpaHa CyxaeT pabouyio mosiocy
YacTOT.

OnucaHHEIE THIBI CIIHPATHHBIX AHTEHH KPOME CaMOCTOATENLHOIO
NpUMEHEHHMs HCIIONB3YIOTCA, KaK YKe 0TMEUanoch, B KauecTse ofiyyare-
neil 3epKallbHbIX AHTEHH, DJIEMEHTOB PA3IHYHBIX PEIIETOK, B TOM YHCIIE
(asUpOBaHHBIX aHTEHHBIX PENIETOK (CM. UL, 9).
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7.7. AHTEHHbI NOBEPXHOCTHBLIX BOMH (AlNB)
7.7.1. QuaneKkrpu4eckue CTepKHeBbIE AaHTEHHbI

JlusnekTpryecKue CTEPKHEBbIC aHTEHHB], OTHOCAIIMECS K aHTEHHAM
0CEBOro H3TydeHHs, HanGoee IIUPOKO MPUMEHAIOTCA B JHANa30HE CaHTH-
METPOBBIX BOH. AHTEHHE! IPEACTARNAIOT COOO0H TUANEKTPHICSCKHI CTep-
)E€Hb, BRITIOJTHEHHBII H3 BEICOKOYACTOTHOI'O IUNIEKTPUKA C MAJIBIMU IOTE-
psMH (monuctupon, TeduIoH H Ap.). Bo30Oyxaenne o6b19HO 0cymiecTBIAET-
¢S OTPE3KOM BOTHOBOJA MPSMOYTONBHOTO HIIM KPYIITIOTO cedeHHs (pHc. 7.22).

CrpyKTypa 1ofs B BOITHOBOAE COOTBETCTBYET BONHE OCHOBHOTO TUNA —H, )

(MpAMOYTONBHEIH BOTHOBOR) WK H, | (Kpymiisiii BOMHOBOL).
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Puc. 7.22

TIpu GecKOHEHON UIHHE CTEPKHA YKa3saHHBIHA cnoco® Bo3byxme-
HHA TIPHBOIHUT K BOSHHKHOBEHHIO B CTEPIKHE KAK B IHOIEKTPHYCCKOM BOJI-
HoBoxe Gerymeit Bonuel rubpnnsoro Tuna HE,,, uMeloniell NpogoiLHEe
COCTaBIAIONHE KaK MarHUTHOTO, TaK H MeKTpHIeckoro nons. CTpykrypa
TIOJI 9TOH BOJHBI H30OpaxeHa Ha puc. 7.23.

Bonxa HE|| OTHOCHTCA K TaK HA3BIBACMBIM NOBEPXHOCTHBIM BOJI-
HaM, TOJE KOTOPHIX TP YAANCHUHN OT MOBEPXHOCTH CTEPXKHA B PaMalb-
HOM HanpaBIeHHH yObIBaeT MO 32KOHY, OJIM3KOMY K DKCTIOHCHIIHANBHOMY.
OU3KMYECKH BOSHHKHOBCHHE NIOBEPXHOCTHOM BONHE! 00bAcHseTCa addek-
TOM ITOJIHOTO BHYTPEHHETO OTPa)KeHHs Ha TPAHMIIE pasjena JUICKTPHK —
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Bo3ayx. ®a3oBas CKOPOCTH BOJIHBI V) 3aBHCHT OT MaTepHana cTepxHs. Yem
Golbie qUaMeTp CTEPXKHA, TeM OIKe U K CKOPOCTH CBETAa B HEOTPaHH-
YEHHOM JH3NICKTPHKE, T.€. K BEIHUUHE ¢/VE , TIE €, — OTHOCHTENbHAS TH3-
JIEKTpHYECKasi IPOHNIIAEMOCTh MaTepHana crepxHs. C yMeHbIeHMeM d
BEMYMHA V — ¢, IPY 3TOM BOIIHA CIab0 CBA3aHA CO CTEPXKHEM. JaBHCH-
MOCTB V/C OT €, 4 OTHOIIEHHS d/A ipHBesiera Ha puc. 7.24. OcobeHHOCTBIO0
BoxHbI HE || B IU3EKTPAYECKOM BOTHOBONIE ABISETCA OTCYTCTBUE KPHTH-
4eckoif JTHHBI BOTHBI (A, p = °); T.C. BOJHA MOXET PacnpOCTPAHATLCSA
B CTepxKHe mpH moboM ero auamerpe. OnHako npu 60nbIIOM AHaMeTpe
B CTEPKHE MOTYT BO30YIUTECH BONHEI BLICIIHX THIIOB, YTO HEXXENATENBHO.

OTMmeTHM, UTO HOBEPXHOCTHO#H BonHe HE | | IepefacTCs TOJILKO 9aCTh
MOMHOCTH (P,), nofBeneHHOH K Bo30yxnatomeMy BonHoBoxy. OcraibHas
YacTh MOIIHOCTH (P,) HEMOCPENCTBEHHO H3Ty4aeTcA BO30yaUTENEM B OK-
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pyxatoniee npocTpancTso. COOTHOIEHHE MEXNY 3THMH MOIIHOCTAMH
onpezenseT 3pekTuBHOCTH Bo36ymurens = P\/(P, + P,).

TIpy KOHCYHOM [TKHE THANEKTPHICCKOTO CTEPKHA MOKHO NpuGm-
3KEHHO II0JIararh, 9T0 CTPYKTYpa HOJLA OCTAaeTCs TAKOH e, KaK B 6eCKOHEd-
HOM BOITHOBOJIE, OZTHAKO OOPBIB CTEPKHS MPHBOJUT K BOSHUKHOBEHHUIO H3-
ayuenus. Pesynsrupyromas JIH aHTeHHEI onpenenieTcs B3aUMOIeHCTBU-
€M H3Iy4eHHs, pOpMUPYEMOTO 3a CYET KOHEYHOCTH CTEPXKHA, H HEIIOCpexX-
CTBEHHOrO H3my4yeHHs Bo3Oyaures. CIOXHBIH XapakTep GOpPMHpPOBAHHA
JIH 3arpynHseT AaTh OLEHKY TOTHOTO NNoNnoxeHus hazoBoro neHTpa. B nep-
BOM IIPHOIIDKEHHH CIUTAIOT, YTO OH HAXOMHTCA B CpeAHEH TOYKE [0 JTHHE
CTEpIKHA,

Crporuii pacdeT NOJIA H3IIy4eHHA YPE3BEIYaHHO CIOXKEH U TpeOyeT
PpEIICHHS COOTBETCTBYOLIEH 3amaqn fudpaxuuy [17]. [IpubmmkenHO MOX-
HO CYHTATh, YTO [0 HAPABIEHHBIM CBOHCTBAM TUANEKTPHUECKAT aHTEHHA
COOTBETCTBYET HENPEPHIBHOHN CHCTEME H3MMydarenei, Bo30yxJaeMEIX ¢ paB-
HOM aMILIHTYXOH M JIWHCHHBIM H3MEHEHNEM (ashl, XapaKTepHBIM Ui aH-
TeHHBbI Oerymei BomHsI (cM. § 3.7). Ponb usimyvareneit HTpaloT Tak Ha3bIBa-
€MBIC TOKH TONAPH3AIHH, IIIOTHOCTH KOTOPHIX ONpPEeNeNieTcs Pa3HOCTHIO
H3IEKTPUYECKOM MPOHHIIAEMOCTH CTEPXKHA H JHINEKTPHYCSCKOH IIPOHHU-
aeMOCTH OKpYyxaromieit cpeast [cm. (1.10)].

Kak BunHO 13 pHc. 7.23, TOKH NONSIPH3aLMH, COOTBETCTBYIOILIIE BOIHE
HE||, MMCIOT IPEMMYIUCCTBEHHOE HAMPAB/CHUE, IAPANIENLHOE OCH X, U
dbopMupYIOT THHEHHO NOXIPH30OBaHHOE Nole H3TydeHHs. HanpasneHHbIe
CBOMCTBA Ka)KIOI0O 3IEMEHTAPHOTO U3JIydaTeNd MOTYT HE YYHTHIBaThCA B
IpHOMHXXEHHBIX pacdeTaXx OCHOBHOTO JienmecTka pesynsTupyromeit JH.
Onnako B ofnactu mepBeIX 60koBbIX JemecTkoB JIH m3mygaromero 3ne-
MEHTa MOYKET OKa3aTh CHIIBHOE BIIIHHE.

OrpaxkeHHAs BOJIHA OT KOHLA CTEP)KHA MPHBOIUT K MOSBICHHIO B
JH nononHATENbHBIX GOKOBBIX JIENECTKOB, COOTBETCTRYIOIMX H3TyYCHHIO
aHTCHHBI B 06paTHyI0 cropoHy. KoaduuueHT oTpaskeHHs 3aBUCHT OT CKO-
POCTH U BOJIHBL B CTepiKHe. [i yMCHBINCHHS OTPaXKCHHOM| BOTHEI CTEPIK-
HIO TIPHIAIOT KOHHYecKywo ¢opmy (puc. 7.22, 6), 4To MPHUBOAHUT K I10CTe-
HEHHOMY POCTY Ha30BOMH CKOPOCTH L U NPUOIMIKEHHIO €€ K CKOPOCTH CBE-
T4 ¢ ¥ KOHIIA crepxHus. Pacuer ocHoBHoro nenecrka JJH Taxoi aHTEHHBI
MOXET ObITh OCYIIECTBIICH, KaK M JUL1 INHIMHIPHYECKOH aHTEHHBI, C HC-
Honb30BaHueM GopMyisl (3.62) [0 BENHYHHE v B CepeHHE CTEPXKHA. Ypo-
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BeHb GOKOBBIX JIENIECTKOB Y KOHHYECKOH aHTEHHE! OTydaeTcsa MeHbe. Ha
puc. 7.25 nmpuBeneHs! pe3ynbrarsl ToaHoro pacueta [17] IH neyx anrenn
uHON L = 3,3A: KOHHYECKOIro CTEPXKHSA C MAKCHMAIBHBIM JaMeTpoM
d .. = 0,627\ u yrmom o = 4° (CruIomHAA THHHA) H IHIHHAPHIECKOrO
CTEPHA C AMAMETPOM, PAaBHBIM CPEXHEMY JTHAMETPY KOHHYECKOrO CTEPK-
Hs (LWITPHXOBag MUHUA). JuaeKkTpHyeckas IPOHHNAEMOCTh B 000HX ClIy-
qasnx €= 2,5.

JH3NIeKTpHYECKHE AHTEHHBI ABIAIOTCA CPABHHTEIBHO IIMPOKOIIONOC-
HBIMH. J[Hana3oH pabo4HX 4acToT ONpeaeseTcs B OCHOBHOM CBOMCTBAMH
B030y:xxatoiiero BonHoBoaa. Ilupuna JJH mo ypoBHIO OJOBHHHOM MOLI-
HOCTH O{THHOYHO¥ JHINEKTPHYECKOH aHTEHHb! COCTaBIAET OOBIYHO HE Me-
Hee 20...25°. TIpUMEHSIOTCA THATCKTPUIECKHE aHTEHHEI KAK CAMOCTOATE b~
HbIE M3ITy4aTelH, 00 MydaTeny 3epKall M 3JIEMEHTHI Pa3THYHbIX PEIIETOK.

Baraacacacacacal
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Hcnonk3ayrores Taioke peOpHCTO-CTEPIKHEBLIC aHTECHHDI, aHATOIHY-
HBIE N0 CBOMM CBOHCTBaM JHINEKTPHUECKHM CTEPKHEBEIM aHTECHHaM
(puc. 7.26, a). [ing nomydeHUA Bpalalonleiics nonspu3aniy Bo36yxaeHue
pebpHCTO-CTEP)KHEBBIX aHTEHH OCYINECTBIAAETCA CIIHPAJIbHbIM H3Iydare-
nieM (puc. 7.26, 6).

7.7.2. NInockue aHTeHHbI NOBEPXHOCTHbLIX BOJTH

Hapsany ¢ Au3eKTpHICCKUMH CTCPXKHEBLIMH aHTCHHAMH NIPUMEHS-
0T IUIOCKHE THIIEKTPHYECKHE H peGprcThie (rodpHpOBaHHEIE) aHTEHHEI,
MOMYYHBIHE TAKKE HA3BaHHE HMITCIAHCHBIX. AHTEHHEI COCTOSAT U3 BO30y-
ZUTEN, HaOPHMep, PYIIOPHOTO THIIA H CTPYKTYPHI, HAallpaBJIsioleH BOIHY,
B BHJE CIIOA AMINIEKTPHKA Ha MeTallle MIH peGpUCTOH MOBEPXHOCTH
(puc. 7.27). Pebpucrbie cTpyKTyphl 0OBI9HO MPHMEHSIOTCS B CAHTHMETPO-
BOM JIHaNa3oHe BONH. J{H3NeKTPHYECKHE CTPYKTYPbl, HMEIONIHE HECKOIb-
KO 60MBIIME IOTEPH, IPEATIOYTHTENBHEI B AELMMETPOBOM THANA30HE H3-32
KOHCTPYKTHBHBIX IIPEHMYILECTB. AHTEHHB! MOTYT OBITh TaKk)Ke CHabKeHBI
9KPAHOM, BEICTYHAIOIHM Nepel HalpaBIAIOmeH cTpykrypoii. Pons akpa-
Ha MOXeT HI'PaTh OBEPXHOCTH KOPITyca 06BEKTa, Ha KOTOPOM PacTIoNosKe-
HA aHTEHHA.

Puc. 7.27
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ITpu cooTBeTCTBYIOIEM BEIGOpE NapaMeTPOB HANPABIIAIOIIEH CTPYK-
TYpHI TIONIC HAJ HEil HMEET XapaKkTep NMOBEPXHOCTHOH BONHHI THHA E, He
obnafaronieit KpHTHYECKOH JUIHHOH BOIHBI (AKP = 00), IPHYEM IIPH YKa3aH-
HOM cHoco6e Bo30YXTEeHHA BEKTOp MarHUTHOTO 101 [IapallielieH OCH Y, a
3NEKTPHIECKOE NoJie KpoMe E, uMeeT cocTasndtontyio £, . Hanpasnsrouryio
CTPYKTYPY IPHHATO XapaKTEPH30BATh MOBEPXHOCTHBIM CONMPOTHBIICHHEM
(MMITeTaHCOM), PAaBHEIM OTHOLICHHUIO KACaTeIbHBIX K IOBEPXHOCTH COCTaB-

JIAIONIHX BEKTOPOB EL) H IL{)Z
Z;=E/H, (7.7

Benuunna Zg 1 peGpHCTOl CTPYKTYPHI 3aBHCHT OT INyGHHBI KaHa-
BOK, [T UBIIEKTPHIECKOTO CIIOA — OT JHIICKTPHYECKOH NPOHHIIAEMOCTH
€, H TOMIHHE! CI0A. [l nopepkaHus IOBESPXHOCTHOM BOHEI CONPOTHE-
nenue Zg= iX; NOJKHO HMeTh MHIYKTUBHBIA Xapakrep. [ns peGpucroi
MOBEPXHOCTH 3TO NOCTHTAETCA, €CIH NTyOMHA KaHABOK HE MPEBOCXOMHT
0,25A. :

Hanpasiennsie ceoiicTa mrockoit AIIB, kax u guanexTpmdaecko
CTEPXKHEBOI AHTEHHBI, ONPEJCIAIOTC] B OCHOBHOM B3aHMOJCHCTBHEM H3-
Jy4eHHs, BHI3BIBAEMOI0 OTpPaHHYCHHBIMH pa3MepaMy Hanpassiomeii ro-
BEPXHOCTH, ¥ HEMOCPEACTBEHHOTO H3Ty4eH s BO30Y>KIaIOMIEro YCTpoicTBa.
Tpubmmkenno TH MoxeT OBITH BEIMHCIIEHA TAK XK€, KaK JUIA aHTCHHEI Oe-
rymei BOIHBI MTHHOM L ¢ 3aMenneHHOR $a3oBoit ckopocTeio. CooTBeT-
CTBEHHO BHIPAXEHHUE JUI1 MHOKHMTENA CHCTEME! onpenenserca GopMymnoi
(3.62). N3myyaroImuM 31eMEHTOM aHTEHHR! MOYKHO CYHTATH HOJIOCY TOKA C
aMIUTUTYHBIM PacHpeielieHHeM 110 OCH Y, COOTBETCTBYIOLIHM pactpene-
JICHHUIO B PACKPBIBE BO3OYIHTEN, T.C. 110 3aKOHY cos(Ty/d). [loaroMy B mioc-
Koctu x0z (E-nnockocTh) MOXKHO c4uTaTh, 9To JIH u3nydaromero anemen-
Taf; = 1, a B ockoctu y0z (H-IIIOCKOCTE) BMECTO ff, CIIEIYET MOACTaBHT
Beipaxcenre (3.60). Ha ¢opmy JH B E-IIIOCKOCTH BIMAKOT TaKXE TOKH,
B030yxaeMble Ha 9kpane. KOHEUHOCTh 3KpaHa NPHBOMHUT K OTKIOHEHHIO
MaKCHMyMa H3JTyHeHHs OT IPORONBHOI OCH AaHTEHHB! HA HEKOTOPLIH YIOIL
OTMeTHM, 9TO TOYHEIH pacdeT ONTHMATBHOH THHLI aHTECHHBI 3aTPYIHEH
BBMITY CIIOXKHOH 3aBHCHMOCTH ¢¢ oT 3Q(eKTUBHOCTH pabOTH! BO3GYIHTENS.

ITpeumymecrsom mrockux AIIB sBnserca mamas Beicora. ITomo6-
HBIE AaHTEHHB! IPAKTHYECKH HE BBICTYNAIOT HaJl MOBEPXHOCTHIO 0GBEKTA,
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Ha KOTOPOM OHM YCTaHOB/IEHBI, II0ITOMY HX 0COGEHHO enecoobpasHo uc-
TIOJIb30BATh HAa CaMOJIeTax H JPYTHX NepeIBIKHBIX 06bEKTaX.

7.7.3. CunTes nnockux AMNB

Hanpagnenssie csoiictBa AITB MOXHO CYIMIECTBEHHO YITyYIIUTh, €CJIH IIPH-
MEHHTH CTPYKTYDY C NepeMEHHbIMH MO JUINHE NapaMeTpaMu (MOAYITHPOBaHHEIE
aHTeHHsI). TaKUMH MapaMeTpaMu MOTYT ObITh I'lyOHHa KaHABOK B pebpHCTO# CTpyK-
Type WIH TONIHHA CIIOA AUDIEKTPHKA M (opMa HANpPaBIAIOMEH MOBEPXHOCTH.
C noMoub0 MOTYIHPOBaHHBIX aHTEHH MOXHO A0CTHIb moBeimuenns KHJI mmu
nonyuuts JIH cneunanbHO# GoOpMBl, HaNpUMEP CEKTOPHOM, KOCEKAHCHOM MIIH
¢ maneM YBJI. HaxokmeHue napaMerpoB, XapakTepU3YIOLIMX aHTEHHY, IO 3a-
naHHEIM TpeGopanuam k J{H npencrasndger 3agayy KOHCTPYKTHBHOIO CHHTE3a
anTeHHEI (cM. § B.3). HauGonee paspaboTaHbl METOAB! pelICHHA TaKOH 3a4a4H JULT
pebpucThIx MOBEpPXHOCTeH [2] o 3apaHee 3aJaHHON CTPYKType MO, COOTBET-
cTByomeii TpeGyemoii JTH.

PaccMOTpHM 33a1ady CHHTE3a aHTEHH C BHICOKOMH HANpPaBIICHHOCTHIO U3ILy-
yenus. B oObrunbix AIIB, nanyuenne KoTOpLIX ONpeAeNseTCs NIMHOI AHTEHHE] 1
K03 pHUMEHTOM 3aMEAIEHUA BOJHE], NoMy4eHHe y3kuX JIH He MoxeT GbITh pea-
JM30BAHO MO CeAyomuM npuyunam. Kak cnexyer u3 (3.31), B cnyyae Mansix AGO,5
HeobxoxuMa Cobiuas JuiMHa aHTEHHH, 4To Tpebyer cornacuo (3.55) Manoro 3na-
YEHH1 Y, T.€. MaJI0r0 3aMeIeHHA OBEPXHOCTHOH BonHbL. IIpu Y, , = 1 amnnutyna
TIOBEPXHOCTHOH BOJIHBI MEJIEHHO CIIAJaeT NpH YAJEHHH OT HANPaBJSIOmeH no-
BepxHocTH. [loxoGHy0 BoAHY TPYAHO BO3GYAUTH, B PE3YIIETATE YErO MOUIHOCTS,
NoABECHHAA K aHTEHHE, B OCHOBHOM TPAaTHTCA Ha HEMOCPEICTBEHHOE H3llyYeHHE
U3 BO3OYAUTENA ¥ MOYTH He [IEPEXOJHT B MOLIHOCTS MIOBEPXHOCTHOMN BOMHEL,

[TpencrasuM Tenepb aHTEHHY, B KOTOPOit ¢ TOMOIIBIO PYIIOPHOro BO3GYAM-
Tens (puc. 7.28) popMupyeTcs NOBEPXHOCTHAA BONHA C GONBIIKMM 3aMeIEHHEM.
IMapamerps! Takoro Bo3GynuTeNs MOKHO PacCYHTATh TAKMM 05pa3oM, YToGsl OH
obnapgain Beicokoii addextusHocTsIo [21]. [ToBepXHOCTHAA BOMHA € GOMBIINM 3a-
MeieHreM (BOJHA IHTaHUA) MCNIOJIB3YETCA B JAIbHEHILIEM TOIBKO IS I0BEAE-
HUS DHEPIMH K Y4aCTKaM, BBI3BIBAIOIMM H3Ty4eHHe SHEPTHH.

Tone, hopmupyromiee JIH aHTeHHE! (BOHA HAMTyY€HUA ), IPEACTaBHM B BUAE
MOBEPXHOCTHOMN BOMHEI C MaJIbIM 3aMeJUICHHEM, PacipoCTpaHsoLieiica B o0imeM
Ciyyae MoJ HEKOTOPhIM YrjioM O. K ocH z (cM. puc. 7.28). EctecTBeHHo, 4TO Ha-
npaBlleHHe MaKCHMYMa H3lly4eHHs NpH 3ToM OyleT coBnagats ¢ ochio z’. AMILTH-
TyRy NOJIA H3IyYeHHs CiiedyeT BEIOUpaTh U3 YCIOBHA SHEpreTHyeckoro 6anaHca,
T.€. M3 PaBSHCTBA MOLIHOCTEH BOJHB! [IHTaHHA, BO30Y>KAaEMOM PyNOpOM, H BOIIHBI
H3NTy4eHHA.
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3amaga CHHTE3a 3aKMIOYAETCS B OTHICKAHHH AapaMETPOB aHTEHHB!, TIPU KO-
'i'opux BOJTHA NMTaHUs npeobpasyercs 3a C4ET HEOAHOPOXHOCTEH MMIEJAHCHOMH
@TPYKFYPH B BOJIHY U31y4eHHA. FICKOMBIME napaMeTpaMH IIPH PELICHHH JAHHOH
3a7a4M ABJIIIOTCA ryOuHa KaHaBok W orubaromas pebep (npoduib aHTEHHSI,

: ]iuc. 7.29). 3Ti napamMeTpsl HAXOMATCA HCXOIA H3 CHeRyIoMX coobpaxeruii. ITo-

CKOJIbKY HallpaBA0L1as MOBEPXHOCTh aHTCHHBI YMCTO PEAKTHBHA, T.€. OTCYTCTBYET
KaK [OITIOUICHHKE, TaK ¥ H3JIy4€HHE SGHEPTHH B LICJIOM 10 ITOBEPXHOCTH H B KaXaoun

= =
ee Touke, To BekTop [loifHTHHIra (TOYHEe, €ro cpeaHee 3HAYCHHE Hcp = Rell)

B K&)KIOH TOYKE HaIpasJIEH 110 KacaTelbHOM K ITOBEPXHOCTH. Tak kak cornacHO

IOCTaHOBKE 331241 CTPYKTyDa MOJIHOTO IO/ ABAAETCA 3aJaHHOM, TO NpoduiIk aH-
TEHHBI MOXeT OBITh HaiileH B BUJE KPHMBOi, KacaTelbHad K KOTOPOH B KaXmoi

=
TOYKE COBIIANACT C HAIIPABICHUEM BEKTOpa RC]I, ONpeACIACMOr0 I10 [OMHOMY MO0

Puc. 7.29
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(T.e. cyMMe BONH MUTAHMS H H3MydeHus). ImyOnHa KaHABOK HaXOMHUTCA 10 3HAYe-
HHIO IOBEPXHOCTHOrO UMMEaHCa Zg, Ol KOTOPHIM CleAyeT IOHMMATh OTHOLIEHHE
COCTaBJIAIOIHX MEKTPHIECKOTO 1 MAarHUTHOTO T1071eH, KacaTeNbHBIX K IIOBEPXHOCTH
AHTEHHBI B IAHHOH TOYKE.

BrinonHeHue yciuopus sHepreTrieckoro 6ananca, B COOTBETCTBAR € KOTO-
pBIM BBICHpaeTCs aMIUTHTYAa IOJIA M3MydeHHs, obeceduBaeT HONHbIA Hepexon
3HEPrUy NMUTAIONICH BONHL B 3HCPTHIO BONHE H3NyIeHUA. 3TOMY COOTBEICTBYET
IpodHIIb aHTEHHBI, KOHEYHAA TOYKa KOTOPOro (Touka B) exXHT Ha THHUH, THe HH-
TEHCHBHOCTH BOIHEL OUTAaHAA [peHeGpexumo Mana (nuaus I—1’, puc. 7.28). mo-
3TOMY HalpaBICHHBIC CBOHCTBA MOAOOHBIX AHTEHH MOTYT GBITH PaCCYHTAHEI € YUe-
TOM 3KBHBRJICHTHBIX JJIEKTPHMECKAX H MarHHTHBIX TOKOB B alepType, COOTBET-
CTBYIOLIHX TOJBKO BONHE U3TYYCHHS.

Bo3MOXKHO TaKKe NpeAcTaBlIeHne mond, Gopmupyromero 3agannyo JIH,
B BUJE IPYNIEI IOBEPXHOCTHEIX BOJIH ¢ Pa3HBIM 3aMEICHHEM, PaclpOCTPaHAI0-
IIHXCA NOJ Pa3IMYHBIME YIIIaMM K IPOROJBHOH OCH aHTEHH, WIH B BHIE 0N,
COOTBETCTBYKIEr0 H3JIYYEHHUIO PEMIETKH H3 3JIEMEHTOB C 3aMaHHBIM
COOTHOLIEHHEM aMILIHTYA M (a3 Tokos. Ilono6Hoe mpeAcTaBIEHHE BOJHBI
H3TydeHHd MO3BOJIAET PealH30BRIBaTh MUpoKuit knacc JTH, T.e. cymecTBeHHO
pacHIHpAET BO3MOXHOCTH CXEMEI 10 CPABHEHHIO ¢ OOBIYHBEIMH KOHCTPYKLHAMHE
AIIB.

Jumepamypa: ocnosnan [2, 34, 49), donornumenvran [7, 9, 11, 17, 19, 43).
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KoHTponbHble BONPOCH!

1. Kaxue dakrops! Bmusior Ra dopmy J{H curdasno#t pemerku subparopos? 3a cuer
4ero MoxeT GbITh IOCTHTHYTO OJ[HOHANIPABIEHHOE H3TyYCHHE?
2. Tosicunre Metox pacdera JIH mevaTHoH aHTEHHBI B BHAE NIACTHHLI HAJl METANIH-

'4eCKOH MOIJIOKKOH.

3*, M306pasure npuMepustil Bux JIH nevaTHOl aHTEHHSI, OKa3aHHBIA Ha puc. 7.4, B
E- u H-nnockocTax.

4", V306pa3nTe NPUMEPHEIH BHA PACNPENEICHHS HANPAKEHHS B MHOTOIIIENEBON BOII-
HOBOZHOH aHTeHHEe Hepe30HAHCHOTO THNA,
' 5.YTo jaeT MaXMaTHEHE CIOCO PasMEmeR s le/el B MHOTOILENEBBIX BOTHOBOMHEIX
aHTeHHax?

6°. KaxoBo pacrpefie/ieHHe HanpsAKeHUs BAOb PE3OHAHCHON MHOTOUIENEROM BOIHO-
BOJHOHN aHTEHHBI, COMMIACOBAHHOMH C MHTAIOUINM TpakToM?
" 7. CopMymHpyiiTe, IpH KAKUX YCIOBHAX NACCHBHEIR BUGPATOp MOXET ocymecmmrm

'c[)yHKumo peduekropa? Qupekropa?

8. IMoueMy B KadeCTBE aKTHBHOTO BHOPAaTopa B IMPEKTOPHBIX aHTEHHaX OGEIYHO HC-
none3yercs ueiich-subparop Incronskopca?

9. J{nst yero UCoab3yeTcs NEPEKPECTHOE MOAKIIOYEHHE BHOPATOPOB K ABYXIIPOBOIHOH
muru B JITTA? TToueMy Ui IIMTAHUA 9TOH aHTEHHE! He TpeGyercs CEHHAIbHOE CHMMET-
pHpyloLiee YCTpoHcTBo?

10. KakoBbI IpeHMYIECTBA H OCHOBHBIE Henocrarku JITIA?

11*, Kaxue woncTpyxumu JIIIA, Kpome pacCMOTpEHHEIX B AaHHOH rmase, Bam uasect-
He1?

12", Jlokaxure, 9T0 B TUICCKOCTH PACHONOKEHHS BUGPATOPOB TYPHHKETHAs aHTEHHa
umeer JIH B popMe OKPYKHOCTH.

13", JIokaxuTe, YTO TyPHMKETHAs aHTCHHA He MMeeT (a30BOro LIEHTPa B CTPOTOM CMBICTE.

14. ITosicanTe, No4YeMy RHaMeTpP HIHHAPHYECKOH CIIMpaNbHON aHTEHHH! BEIGHpaeTcs
6nu3kuM k /T,

15. U3 xakux cooGpaxeHHii BHIGHPAIOT YHCIO BHTKOB M 1Ar IHWIMHIPHYSCKOH Cru-
PanbHOH aHTEeHHHI?

16. Jloxakute, 4TO aKTHBHAA 061acTh MIOCKOH CIIHPANBHON aHTEHHBI COOTBETCTBYET
BHTKAaM C JIHAMETPOM A/,

17. KaxoBa cTpyKTypa No/Id BOJHEL, B030yxkaaeMoit B lIHBIIeKI’pH'ICCKOM CTepXkHe aH-
TeHHBI? KakoBa noiApH3auys nojis HITydeHHS 3TOH aHTeHHEI?

18*, Yto moHHMaeTCs TIOX HMIEIAHCOM aRTeHHE! TOBEPXHOCTHOH BomHEI? JlokaxwTe,
9TO0 /11 MOAAEP>KaHHA MOBEPXHOCTHON BOMHEI HaJl peGPHCTONH CTPYKTYPOit HMIIENaHC 0N~
XKEH HMeTb HHIYKTHBHEIH XapaKTep.

19*. UanoxuTe CyTh METONIa CHHTE3a HMNENAHCHBIX AaHTEHH.



Mnasa 8. ANEPTYPHbIE AHTEHHbI

8.1. PynopHble aHTeHHbl!
8.1.1. AHTeHHb! B BUAe OTKPbITOro KoHLa BONTHOBOAA

B kagecTse cnaGoHanpasneHHBIX aHTeHH YKB mUMpoKo WCnons3y-
I0TCS AHTEHHEI B BUE OTKPHITOTO KOHIA BOTHOBOJOB [PSIMOYTOISHOIO KITH
KpPYIJIOTO CedeHui. DNeKTPOMATHHTHASA BOTHA, PACIPOCTPAaHAIOIIAAC HO
ROJIHOBOJLY, OIS 10 €ro OTKPHITOro KOHIIA, YaCTUIHO U3MTY4acTcd, a Jac-
THuHO orpaxaetcd (puc. 8.1, a). Pu3MIECKUMH UCTOYHUKAMH U3ITyYCHHS
ABRILIIOTCA NEKTPUYECKHE TOKH, BO30YK1aeMble IaBHBIM 00pa3oM Ha BHYT-
PEHHHX CTCHKaX BONHOBOXA. Pacuer U3/Iy4eHUs METOOM, HCITONB3YIOIUM
pacrpeeneHHne ToKa BOIH3M PACKpHIBa BOIHOBO/A, O4EHb CIIOMKEH, [T03TO-
MY MCIIONB3YETCS METOJ, OCHOBAHHEIN HA IPMMEHCHUH NPHHIHIE 3KBHBA-
aenTHoctH [18]. JI5s 3TOr0 BOIHOBON OKPYXAIOT 3aMKHYTOH MOBREPXHOC-
THIO. DTa NOBEPXHOCTE NPOBOAMTCS TaK, 4TOOHI OHA COBNIana ¢ MOBepX-
HOCTBIO OTKPHITOrO KOHIA BOHOBOAA W Jajiee CTCIMIACH MO HAPYKHBIM
MIOBEPXHOCTAM CTEHOK BOJNHOBONA. TaHTCHIHANBHEIC COCTABMNAIOIIUE NONS
HA HAPYXHBIX NOBEPXHOCTAX CTEHOK BOJHOBOAA (TIOBEPXHOCTHBIC TOKH)
TIPUHHUMAIOTCA PaBHBIMH HYJIIO.

T

5

Puc. 8.1
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B MHXeHEPHOM pellleHHH TPUGIMKEHHO TOJIAraloT, 4T0 CTPYKTypa
9JIECKTPOMATHUTHOTO MONS B IUIOCKOCTH OTKPHITOrO KOHLA BOJIHOBOZA Ta-
Kas e, KaK B IIONepeIHOM ceueHHH 6eCKOHETHO JUTHHHOTO BOTHOBO/A, T.C.
ppeHeOperaloT BOIHAMH BRICIIHX THIIOB, H3TyYCHHEM TOKOB, 3aTEKAFOIHX
Ha HApYKHBIE IOBEPXHOCTH CTEHOK BOJTHOBOZOB, Y HE YIHTHIBAIOT BOJTHBI,
OTpa)XCHHBIE OT OTKPHITOro KOHIA BOJHOBOAA. B ciygae BonnoBoza nps-
MOYTOIILHOTO CeYeHHA, BO36y)KnaeMoro 0CHOBHO#M BOJIHO# H |, Ha OTKpbI-
TOM KOHII€ CYIIECTBYIOT B3aHMHO NEPHEHIUKYIAPHBIC TAHICHIHANBHEIC
cocTaisiomye nons £, u H,, 3aBHCHMOCTS KOTOPBIX OT KOOPIUHAT H3BEC-
THa (puc. 8.1, 6).

TakuM 06pa3oM, XapaKTepUCTHKY HallpaBIEHHOCTH OTKPBITOTO KOH-
Ia BOJIHOBOIA NpPAMOYTOINBLHOTO CEYCHMA B IIOCckocTH E, napasiensHoi
pa3mepy b NOMEPETHOTO CEUEHHS, MOXHO NIPECTaBHUTE B BHIE IPOU3BE/IE-
HHA MHOXHTEJIS CHCTEMBI TIOCKOro packpsia [cuM. (4.1)] Ha xapakTepuc-
THKY HalPaBIIEHHOCTH d1eMeHTa [fojirerca B 310t mockocty [eum. (1.28),
B KOTOPOIi ClezyeT IIONOXKHUTE ¢ = /2 1, CIeI0BaTENBHO, Sing = 1].

B mmockocti H XapaKkTepHCcTHKA HANPaBICHHOCTH OTKPBHITOTO KOH-
[a BOJIHOBOJIa MPAMOYTOBHOTO CeYeHHs NpecTaBIAeT co6oii npousBee-
HHE MHOXUTEIIA CHCTEMbI CHH(a3HOTO PaCKPHIBA ¢ KOCHHYCOHIAIBHBIM pac-
npefieleHHeM aMILTHTYABI BO30YK/IAIoNmero mois [HarpuMep, MHOKHTENh
(3.69)] Ha xapaKTepHCTHKY HaNpaBlIEeHHOCTH 31eMeHTa [JolireHca B Iuioc-
kocty H [cM. (1.28), B koTopo# cineayet NpHHATE ¢ = 0 H, CAEIOBATENBHO,
cos@ =1].

ITockonbKy nonepeyHsle pasMeps! MPAMOYTONBHOTO BOJHOBOAA d H
b HeBEHKH ¥ COU3MEPHMBI C THHOM BOIHBI A (OGBIMHO [N CTaHAAPTHBIX
BonHOBOROB a=0,7A, b=0,351), To IH aHTEHHBI B BHAE OTKPHITOrO KOHUA
BOJIHOBOJA MMEET OUH IIHPOKHi1 JIETIECTOK, T.6. aHTEHHA ABLAeTCA c1abo-
H'anpanncnﬂoﬁ.

CuienfyeT OTMETHTD, 9TO TOYHOCTH PACUETOR TIO BHIIIETIPHBEXCHHBIM
TaK Ha3bIBACMBIM alEPTYPHEIM GOPMyiaM ABIACTCA YIOBACTROPHTEIEHOH
TOJIBKO B IEPEAHEM NOIYIPOCTPAHCTRE. B 3aMHNX KBafpaHTaX pe3ynbTaThl
pacdeta no 3tuM GopMynam He 06E€CIECIHBAIOT YAOBIETBOPUTENLHOIO CO-
BIAAEHUA C DKCIIEPHMEHTAIbHBIMA JAHHBIMH, DTO OOBACHAETCS TEM, 4TO
H3JTy4eHHeE B 33THHX KBaJIpaHTaX Kak B INIOCKOCTH E, Tak 1 B mockoct H
B OCHOBHOM ompezenseTcd xudpakuneii Ha MHPOKHUX CTEHKAX BOJIHOBO/A.
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XapaKTepHCTHKY HAIpaBIESHHOCTH OTKPHITOTO KOHI[A BOJHOBOXA
KPYIIIOro CEYeHNs PagHyCcoM a B IOockocTAX E 1 H MOJKHO pacCUHTaTh HO
upuOIIKEHHBIM GOpMYITaM, MOMyYEHHBIM HPH TEX 2Ke JOMYLUEHHUAX, ITO K
UL IPSMOYTONBHOTO BOMHOBOAA. IIpH 5TOM MHOXMTENbh CHCTEME! BEIpa-
XKaeTcA UTHHIPHISCKAMH QyHKIHMAME. B npeAnonoxKeH i , 9To CTPYKTY-
pa HOJIA B PacKPhIBE OCTAETCA HEHCKAKEHHOH, T.€. TAKOH K€, K4K B IIOTIE-
pPEYHOM CeyeHUM 6eCKOHEUHO JUTMHHOTO BOTHOBOAA, PacyeTHbIE (BOPMYIBI
MOXHO HaiiTu B [2].

AHTeHHEI B BHJIC OTKPEITOTO KOHIIA BOTIHOBOJA NPHMEHSIOTCA B CaH-
THMETPOBOM IHaNa30HE BONIH B TeX CIy4asX, Korga tpefyercs mMpokas
JH. Hx gacTo ncnoms3yioT B kadecTse oOiyyaTeneii 3¢pkalbHBIX aHTEHH
(cm. § 8.4).

AHTeHHa B BHJE OTKPHITOro KOHIA BOITHOBO/A OKa3bIBAETCA ILIOXO
COITIACOBAHHOM CO CBOGOMHBIM MPOCTPAHCTBOM H3-32 PE3KOT0 M3MEHEHHA
YCIIOBHI pacnpOoCTpaHeHHA NPH IEPexoie OT BOMHOBONA K cBOOOIHOMY
npoctpaHcTBy. KoadduuuenT oTpaxeHus OT OTKPHITOrO KOHLA MPAMOY-
TOIILHOTO BOJIHOBOZA JocTuraer 3uadenns 0,25...0,3, koadduuuenr orpa-
KEHHA OT OTKPBITOr0 KOHIIA KPYIJIOTO BOIHOBOJ2 HECKOIBKO MEHBIIC H
coctasiser 0,1...0,25.

[IpuMEHAA MOACTPOCYHEIE ANEMEHTE, MOXKHO 3HAYHTENHHO CHUZUTH
K03 GHIHEHT OTPaskEHHA OT OTKPHITOrO KOHI@ BOMHORO/A.

8.1.2. MNpuHUUN AeNCTBUA, OCHOBHbLIE CBOMCTBA PYNOPHLIX aHTEHH

KonuenTpanusa u3nydeHns B npezenax Gonee y3Koro TeJI€CHOT0 yIa
JOCTHTacTCH YBEIHYEHHEM Pa3MepoB CHH(}a3HO BO3OYKICHHOH MOBEpX-
HOCTH. Ecnu pa3sMepsl cedeHus BOIHOBOZA
BBIOHpAIOTCS TAKUM 00pa3oM, 4To0k! obecne-
9HTH (popMHpOBaHHE HEOOXOTHMOH CTPYKTY-
Phl IONIA, TO, IUIABHO YBEIHYHBAA CEUCHUE
BOTHOBOJI4, 3TY CTPYKTYPY MOXKHO COXPAHUTB,
a pa3sMephl M3iTyyaeMoii IOBEPXHOCTH YBENH-
-4uTh (pHC. 8.2). B MecTe mepexona or BOI-
HOoBona K pymopy (cedeHde S’) BO3HHKAIOT
BBICIIME THIIEI BOJIH, HO NPH XOCTAaTOYHO

Puc. 8.2
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fUIaBHOM pacIIMpPEHHH BOIHOBOAA (MANBI YTON pacTBOpPA PyTopa) HHTEH-
GHBHOCTB THX BOIIH HEBEJIHKA.

CyLIeCTBYIOT PasIMuHbIe THIB pynopos. Pymnop, o6pajoaHHbIi
‘yBenMUEeHHEM pa3Mepa b BONHOBOJA, IapATLIENBHOTO BEKTOPY E , Ha3hIBa-
«e1ca cekmopuansibim E-nnockocmusim. Pyniop, 06pa3oBaHHbIN yBemnde-
‘fieM pasMepa a BOJIHOBOJA, NapajlIebHOTO BEKTOPY F1 , Ha3bIBaeTCs cex-
.mopuansvim H-nrockocmusim. Pynop, 06pa3oBaHHbIi OIHOBPEMCHHEIM
A/BENHYCHHEM Pa3MEPOB @ ¥ b TIONEPEYHOr0 CEICHMS BONHOBOJIA, HA3bIBA-
ercH nupamudansHeim (CM. pHC. 8.2), a yBeIMueHdIeM NOTIePeIHOTo cede-
‘HHS KPYTIIOTO BONHOBOZRA — KOHuYeckum. [IpH IUIaBHOM NEpEeXofie OT BOJl-
‘#OBOJIa K PyHopy CTPYKTypa HOIA B NOCTEAHEM HAOMUHALT CTPYKTYPY
‘tons B BONHOBOZE.

e BeKTOpBI 3IEKTPOMArHHTHOTO TOAA IPH NIEPEXOJIe W3 BOMHOBO/A B
PYTIOp HECKONIBKO H3MEHSIOT CBOIO hopMy, ITOOH 06€CTIeYHTS BHITIOTHE-
HHE IpaHAYHBIX YCIIOBHI Ha CTeHKax pynopa (puc. 8.3).

' HanpasnenHsle CBOMCTBA PYTIOPHOH aHTEHHBI NPUOIIKEHHO MOX-
HO aHAJIM3HMPOBATh, KaK H B CTy4ae OTKPHITOTO KOHLIA BOTHOBOAR, MOJb3Y-
ACh IPMHLMIIOM SKBHBAEHTHOCTH. Ha H3ny9aroliedl MOBEpXHOCTH pynopa

. nCﬁCTBYIOT OBE B3aHMHO NEPIICHIUKYNAPHBIC TAHMCHIIHAIBHBIC COCTABIIA-
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FOIHE MOJIA Ey 1 H_(npamoyronsHbli
PACKpBIB), AMIUIMTYIbl KOTOPhIX HE 3a-
BHCAT OT KOOPAMHATEI Y, & BJOIb KOOP-
JMHATHl X OHH W3MEHAIOTCA MO 3aKOHY
KOCHHYCa.

OnHako B OTIHYHE OT HOBEPXHO-
CTH OTKPHITOrO KOHIla BOJIHOBOZA TN0C-
Kas H3IydJaromias NOBEPXHOCTh pyropa
He MOXeT ObITe cuH(}a3HOH, Tak Kak
B PacKphIBE pynopa MMerTca (a3oBble
HekaxeHua. Haiinem dasy Bo36yxnaro-
LIETO MOIA B MPON3BOIBHOH TOYKe M
H3IYHaloNIero packpbiBa H-mnockoctHoro pynopa (puc. 8.4). Jyra NOP
OKpPYXXHOCTH ¢ IEHTPOM B TOuKe O, €CTh /IMHKA paBHbIX (a3, [Ipeanonaras
IUIs TIPOCTOTEI, YTO B pynope B = & = 27/A, nomydaeM

V() =kOM -Ly)= %(\/LZH +x? —LHJ =

2n( x* Xt
7(5?'87)
H H
rae L, — amuna H-niiockocTroro pynopa. O6519H0 Ly, >> X, I03TOMY MOX-
HO OrPaHMYHMTHCA TIEPBHIM WieHoM pasnoxkenus, Toraa Wix) = WAL -
CnenoBarenbHO, B pACKPHIBE PYHNOPHO#H aHTEHHBI HIMEETCA NPHMEPHO KBa/l-

paruuHOe $ha30BoOE pacnpenecHHe.

Maxkxcumanbhelit cIBHr (a3 Ha KpasiX packphiBa (x = ta p/2)

= 2
Winax = Tap/A - 4L, 8.1
o .

IIpn nocrarodaHo GONBIIMX 3HAYECHUAX WE‘“" = 90°) I[I;I PYNOpHOH
aHTEHHH! 3aMeTHO oTnHYaercs ot JIH cundaznoit usnyyaromeit nosepxuo-
ctu. IIpu stom cummerpus J{H oTHOCHTENBEHO HOpMaIu K BO30OYXIeHHOH
TIOBEPXHOCTH COXPaHAETCA.

ITyTeM aHAIOTHYHBIX PACCY)KASHHH MOXHO ITOKa3aTh, YTO MaKCH-
ManeHbIH cIBHT ¢a3 Ha Kpasx E-IIOCKOCTHOrO pynopa

Puc. 8.4

Yo = Wb/ - AL, (8.2)-

e Ly — anuna E-TUI0CKOCTHOTO PyIopa.
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MaxcuMansHEI caBHr (a3 Ha KParo pacKphBa KOHHYECKOTOo pynopa
(panmyc pacKpbIBa a , JUTHHA PyTIopa L)

Vo = TAZ/AL. (8.3)

IMocKONBKY B pyHOPHO#t aHTEHHE HPAaKTHIECKH HEBO3MOXHO TOOHTh-
51 TIOTIHOM CHH(a3HOCTH H3Ty9aioLiel MOBEPXHOCTH, TO OOBITHO, 33/1aBa-
SICH HEKOTOPBIM JOIyCTAMBIM CIBUIOM (pa3, BHIOHPAIOT pa3sMepsl PacKpEl-
Ba pyIopa H ero UIHHY. OTOT CABHI JO/DKEH ObITh TakuM, 9T06b JIH py-
NOpHO¥ aHTEHHE! Malio oTIkYanack oT JIH cungasuoi uanydaromei mo-
BEPXHOCTH, PAa3MEPHI KOTOPOH PaBHH! pa3MepaM PacKphiBa pynopa. B nau-
HOM CITyuae XapaKTepUCTHKY HaNnpaBJICHHOCTH PYNIOPHOM aHTCHHBI MOYKHO
paccuuTars 1o dpopmynam Tabi. 3.1, 3aMEHAA B MHOXKHTEIAX CHCTEMBL L
COOTBETCTBYIONIMMH pa3MepaMu pymnopa, a cosO Ha sinf.

JlomyCcTUMBIN MaKCHMAINILHBIH COBUT (a3 OTPENENIETCs YCIOBHEM
nonydenus MakcumansHoro KHJI npu 3amaHHOH OTHOCHTENBHOM IJIMHE
L/A pynopa. C yBennieHHEM OTHOCHTEILHEIX PasMEPOB PacKphIBa pynopa
(a /A um bp/l) mpu HeM3MEHHO# JuHe ero JIH cHaYana CTaHOBUTCA Y)Ke H

PACTeT, TaK KaK yBEIMYHBAIOTCA Pa3sMEPh! HITYYatolei HOBEPXHOC-
TH, KOTOpAasi IPAaKTHIECKH OCTaeTCA CHH(asHo# (cIBuT pa3 v, Man). [Ipu
JanbHEHINEM YBEIHYSHHH Pa3MEpOB 3AMETHO PACTyT (a30BHIC HCKAKEHH,
Beneactue vero JTH Haumuaer pacunpsthes u KHJ ymenpmaercsa. Ha
puc. 8.5 0 ocH opAMHAT oTokeHo npousseacHne KH] E-miockoctHoro

(Ra/ap)B;
i A Le/g=100
0
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pyNopa Ha OTHOHICHHE A,/a . AHAIOrHYHbIE KPUBBIE CYINIECTBYIOT M JUIA
H-mrockocTHbix pynopos. Ilpu 3amannom otHomenun L/A umeercs onpe-
JENEHHOE ONTHMAIBHOE 3HA4CHHUE g P/)» wm b /A, mpu xoTopom KH]I au-
TEHHBI — MAKCHMAJILHO BO3MOXHBIH. Onmmanmomy 3HAYCHHIO /A wnn
b /A COOTBETCTBYET AOIyCTHMEIH cIOBHT (a3. Pymop, pasmeps xomporo
nonoGpamﬂ TaK, 4To0B! IpH 3afaHHON AnHHE L/A HOMy4UdTH MaKCHMalb-
ubtit KH/I, Ha3sBaeTCA onmuMansHuiM.

H3z (8.1) u (8.2) BugHO, 9TO U1 TOTO, 9TOOHI NPH YBEIHYCHUH pa3-
MEpOB PacKpHIBa PYNOpa MaKCHMANBHEIH CABHT (a3 HE H3MEHSICH, OCTa-
BasCh PaBHHIM onycTrMoMy, T.¢. KH]I Bo3pacTan, oTHOCHTENbHASA LITHHA
pynopa L/A RomkHa yBeTHYHBATHCS IPONIOPLMOHAIEHO KBAJAPATy OTHOCH-
TEeIBHEIX Pa3MEPOB PacKphIBa PyIopa. '

AHaH3 KpHBBIX, IPHBEACHHBIX Ha PHC. 8.5, NOKA3BIBAET, 4TO B CIIY-
yae E-nnockoctHoro pynopa MaxcuMansHbii KHJI nomydaercs mpH BhI-
HOIHEHHH PaBEHCTBA

Lg™ = b2 (8.4)

IToncrasus (8.4) B (8.2), MOoMyYMM AOMYyCTAMBIH MaKCHMATBbHBIMH
caBur ¢a3 1y E-IIIOCKOCTHOTO pymiopa WAo% = 7i/2,

Paccmorpes ananoruuneie kpussie D A/b = fIL /A, a /A), MOXHO

HalTH ROMyCTUMBIH cxBur da3 W, . = 37/4 u om‘umanwyxo JUTHHY
H-nii0CKOCTHOTO pynopa:
Ly = a2/37L . (8.5)

VBenuuenue nomycTHMoro casura a3 B cinyuae H-II0CKOCTHOrO
pynopa 1o cpaBHEHHIO C E-IUTOCKOCTHBLIM OOBACHACTCSA CNATaHHEM aMIl-
IHTYAB1 BO36YXIAOUIETO HOMA K KPasM 3TOTO0 Pynopa B INIOCKOCTH H.

KoaddumueHT Hanpap/ieHHOTrO AeHCTBHS ONTHMANbHOrO E- uin
H-nnockocTHOrO pynopa MoxeT 6biTh paccuuTad 1o (4.14), mpuaem KHII
pynopa ¢ y4eToM HecHH(a3HOCTH H HepaBHOMEPHOCTH BO30YKICHHA CO-
crapyser 0,64 (y nupamMuansHoro pynopa v, = 0,52),

B HacTosmIee BpeMs HaXORAT NPAMEHEHHE PYHOPbI, Y KOTOPBIX C/BH-
ru (a3 oM B pacKphIBE 3HAYHTENBHO NIPEBOCXOMAT MAKCUMAIBHO JOMyC-
TiMble. TIpu GopImX 1m0 CPaBHEHHIO ¢ A PaCKphIBax a, b]J H GombImHx
yI7ax pacTBopos pymopa Y, JJH cranoBuTcs o popme 6nn31con K CTON006-
pasHoii. Takue pacasupoBaHHbIe pynops! 061agaT 601ee IUPOKUM pa-
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604MM JHana3oHoM, 9eM cuadasneie pynopsl. Mx JTH mpu vy, > 1,57
CpPaBHUTEILHO MO 33BHCAT OT 4acToThl. PopMyinsl s pacyera J[H pac-
¢a3sHpOBAHHEIX PYIIOPOB HMEIOTCA B [2].

8.1.3. PynopHble aHTeHHbl C KPYroBoW nonspusauuen nona

Jlas norydeHus KpyroBoii (MM GIIH3KOM K HeH) ONApHU3anyH H3Iy-
HaeMOT0 PyIOpOoM IIOJIA NPUMEHSIOTCA hasHpyoLIye CEKIMH, YCTaHABIH-
BaeMble B BOJIHOBOJIE, IMTaIONIEM pymnop. B dasupyromei cexuuu mpouc-
XONAT Pa3IoXeHHEe BEKTOpa JMHEHHO MOIAPH30BaHHOTO IEKTPOMATHHUT-
HOTO T0JIs Ha B¢ B3aMMHO MEPHEHAUKYIAPHBIC COCTABIAIOLINE, JIeKaIIHe
B IUIOCKOCTH, NEPICHAMKY/IAPHOH HATPABICHHIO PaCHPOCTPAHEHUs BOJI-
HBI, 1 obecnedeHne MeXITy HUMH Ha BRIXOIE CEKIIMH cBHra das B 90°.

CymecTtBytoT pasnudHsle (asupyomue cekiuyd. B kadectse Qasn-
pyIOIIeH CEKIMH MOXHO, HaIPHMEP, HCIOIB30BATh OTPE30K BOJHOBOJA C
KBaJIPaTHBIM TMOMEPEYHBIM CE€4eHHEM, BO30YKIAEMBIH NPAMOYTONBHBIM
BOJIHOBOZIOM ¢ BOJIHOM H. Jo- BO30YsaroLIHii BOIHOBOZ coeauHsieTcs ¢ da-
3UPYIOMIEH CeKuueit [TaBHBIM MHPaMHIAIbHEIM nepexonoM. ITonepeunsie
ceyeHH BO30YKIarOMIero BOMHOBOAA M Qa3sHpyrowLIei CeKIHH TIOBCPHYThL

OTHOCHTENBHO ApyYT Apyra Ha 45° (puc. 8.6). B pesynsrare Bekrop E moms B
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(asupyronteii cexuuu GyneT UMeTh cocTaensonme £, n Ey, napanienbHbIe
B33MMHO NEPIEHIMKYIAPHEIM cTeHKaM. TakuM 06pasoM, noie B CEKIMH
MO’HO pacCMATPHBATh KaK CYNepro3unuo Bomd H u H),.

Jns cosnanns HeoGxoauMoro capura $has MEXIY COCTaBISIONMMY
E wE, B daznpyronryto cexuuio (/) yCTaHaBIHBAIOT TOHKYIO IMIIIEKTPH-
qecxyxo nnacTHHKY (2), npHIeM Tak, yTo6b oo pasMep ee monepey-
HOTO cedeHHs GbUI napannencH au6o cocrasmuomeit £, 6o E Takas
TUIACTHHK BIIHSCT B OCHOBHOM Ha ¢a30By10 CKOPOCTh TOH somm TIHHUH

BEKTOpa E KOTOpOIi napainienbHbl NOBEPXHOCTH ILTACTHHHL, To/mmuHa ia-

CTHHKM BEIGHpaeTCA IOCTATOMHO MaJIOH MO CpaBHERMIO ¢ paboyei MmO
BonHEL. TeM caMbIM OHA HE OKA3BIBAET 3aMETHOTO BMUAHHA HA (a3oBy10
CKOPOCTH BOJIHBI, BEKTOD E KOTOPOM NepeHAHKYIAPEH DOBEPXHOCTH MIa-
CTHHEL

TpH KBa[PaTHOM PacKphIBE MHPAMHIATEHOTO PYTIOpa IHPHHA TJIaB-
Horo nenectka J{H B IByX B3aUMHO NEepIEHIHKY/IAPHBIX IIOCKOCTAX IO-
JTy9aeTcst HEONMHAKOBOHM H3-33 Pa3THYHBIX aMIUIMTYHBIX PacTIPeNCIeHni
BO36Y>xnaromero nous B E- u H-mockoctax. B H-miockoctn H (1o Hy-
1sM) mpuMepHo B 1,5 pasa mmwmpe, yeM B E-nockoctd. Mexny TeM B pane
CTydaeB XenaTelsHO MMeTs omuHakoBeie JIH B ofenx miockocTax. 310

0coBeHHO BaXKHO NIPH KPYTOBOH NOIAPH3ALHM H3TydaeMOro Nons.
OnuH u3 cnocoGos monyyenus ogunakossix JH coctouT B TOM, 9TO
B KBA/[PaTHOM PAcKpHIBE YCTAHABIHBAIOTCA META/LTHYECKHE pebpa BICO-
Toit A Ha pacCTOAHUH ¢ < A/2 IpyT OT 1py-

ra (puc. 8.7). N

y Eciau BekTop E nonsapusoBaH
BHONL OCH X, TO TaKasd BOJHA HE MOXET
PacnpOCTPaHATHCA MEXIY TIACTHHAMY,
nmapajurenbHBIMA OCH X, H3-33 TOrO, 49T0
pasMep ¢ < A2, [l Hee pasMep PacKphI-
/ Ba g, Kak OBl yMEHBIHAETCS H CTAHOBUTCA
paBubiM a—2A, Ecin A=0, 17a,, 10 pas-
Mep anepTyps a napannensﬁon ocCH X,

Q\”&\\%

% 4 x B 1,5 pasa6yzer MeHbIIE pasmepa b, Ta-
& panensHoro ocH y. Tak Kak Ha coCTaB-

astouryio E | naHHble peGpa He BO3nel-
Puc. 8.7 4
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ctBy1oT, To JAH 114 06enx nonApusanmii moind B rockoctd x0z 6ynyT npu-
MEPHO OMHAKOBB!. AHATOTHYHBIM 00pa3oM (¢ moMoIisio pebep, npukpen-
NEHHBIX K JPYTrHUM CTeHKaM pyIopa) MOoxHO BhIpoBHATH JIH B nimockoctH
y0z.

MoHO peau3oBaTh CBOMCTBA (a3HpYIOLEeH ceKIun H 6e3 pa3mMe-
LICHUA THNEKTPHIECKOH ITacTHHEL., JI14 3TOro BMECTO BOJTHOBOIHOM CEK-
UMM KBaJPATHOrO CEYEHH CIIEAYET B3ATh BOTHOBOJ, HECKOIBKO OTIIHYA10-
IIHACS OT KBaIpPaTHOTO CEYCHUA.

Casur a3 B 90° obecrevyHBacTCs COOTHOLIEHHEM Pa3MEPOB IOTIe-
PEYHOTO CEYCeHHS 4, b ¥ JIHHBI | TAKOTO BONHOBOJIA 3a CUET Pa3snMyuHs KO-
3(b¢)mmeHTOB daset B, , = 20/A, , 1 I = 1/[4(A] - AY], rxe

A
— IJIUHEBI BOJIH.
\F(M2a) \[1 (?»/2b)

8.2. 3epkanbHbie napabonuyeckne aHTeHHbI

3epxansHas OCeCHMMETPHYHAA NapabonHdeckast aHTCHHA COCTOUT
H3 OTpaXkaloliei MOBEPXHOCTH, BBHIIOIHEHHOH B BH/IE napaboiona Bpa-
IeHus, 1 Hebomboi ciaboHanpaBIeHHOH aHTEHHBI-00/TyYaTe s, yCTaHOB-
NEHHBIHA B dokyce napabononaa 1 o6mydaromeii BHyTPEeHHIOK TOBEPXHOCTh
nocneqaero. Ha 6a3e takol K1accHYeCKo# 3epKalbHOM aHTEHHBI pa3pabo-
TaHbl pa3THYHble MOAU(HKAINH, MHOrO00pa3He KOTOPBIX IPUBOZUT K Iie-
1ecoobpa3sHOCTH CIPYNIMpPOBaTh UX, T.€. IIPOBECTH KIACCHOUKALMIO O
OCHOBHBIM OTIIMYMTEIBHBIM NpU3HaKaM. Tak, 10 YHCITy OTPaXKAIONIHX 3ep-
KalJl pa3Iu4aloT 00HO- H MHO203epKaibHble anTeHHbl. [locennue, kak npa-
BUJIO, COLEIKaT 1Ba 3epkana, YacTo 9Ty TPyIiy HA3bIBAIOT 08yX3ePKAb-
HbIMU QHMEHHAMU.

Mo B3aHMMHOM OpHEHTaUMH 3ePKAN U 00mydaTeneii aHTeHHEI MOTYT
OBITE cummempuynbIMU B OcenecumMmempudnbiMu. B cummempuynvix an-
TEHHAaX OTpaalolllee 3epkano obnaxaeT oceBoit cuMMeTpHeii, H moine, oT-
paxxeHHOE OT BepLIMHEI TAKOTO 3€pKana, nonajaet B o6myyarens. Ecmu ne
NIPUHATH CTIELHATBHBIX MEP, TO COINIACOBaHHE AHTEHHEBI OyAET HEBRICOKHM.
B ocenecummempuuneix cxeMax aHTCHH BOJHEL, OTPaXk¢HHBIE OT 3€pKaia,
mpoxoaAT MuMo obmyudarend. Takue cxeMel Ha3bIBAIOT €IIE AHTCHHAMH C
eviHecenHbiM obnyuamenem (ABO). VX oTnHYaeT BEICOKOE COMIACOBAHKEE ¢

7—2013
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TPaKkTOM MHTAaHUA, HO B TO JXE BpeMs OHH OONafaloT IOBLILICHHBIM YPOB-
HEM KPOCCIIOSIPU3ALNH, YTO IIPH OXHOBPEMEHHOIH paboTe Ha OpPTOroHaNb-
HBIX MOJAPH3ALMAX ABNETCA HCTOYHHKOM JIOIIOHHTEIBHBIX TIOMEX.

Mo uuciry OCHOBHEIX JIydeil, CO3AaBAEMBIX 3epKaJIbHOW aHTCHHOH,
Pa3THYAIOT 00HO- H MHO20Ry4e6ble AHTCHABL. YHCiIo my4deit onpegenseTca
qucnoM obiydareneii. MHOronyyeBsle aHTeHHB! MOTYT CO3/IaBaThCA KaK B
CHMMETPHIHOM, TaK U B OCEHECHMMETPHYHOM BapHaHTe.

IMo TvIy KpUBH3HBI OCHOBHOTO 3€pKalla HCTIONL3YIOTCA napabonu-
yeckue N chepuyeckue OTPAXKAIOIIME 3ePKala, 3epKana ¢ KIaCCHYECKUM H
MOIH(HIUPOBAHHEIM MPOPHIIAMHE, 06€CTIeYHBAIOIHMH BHICOKHH pe3ynb-
tapyrowui KHIT B ycrnosuax kommnpomucca Mexxy aneprypHsiva KHIT u
TIOTEPSIMH 32 CYET «TEpPeiHBa» SHEPrHH 3a Kpas 3epKkana. JTo TaK Ha3biBa-
EMBIC OnmMuUMU3IUpPO8arHble aHTCHHBI.

Ipn GHKCHPOBAHHOM HOIIOXEHHH OTPAKAOILETO 3€PKaJa Hanpas-
JIeHHE MaKCHMAIFHOTO H3NydeHus (IpreMa) MoxeT ObITh 160 GHKCHpO-
BaHHbIE, TH60 aHTEHHA MOXKET paboTaTh B pexxuMe CkanupoBaHus. Ocoboe
MECTO 3aRHMAIOT 3epKabRbIC aHTEHHE! C TOHIDKEHHBIM YBJL

8.2.1. leomeTpUECKME CBOMCTBA ¥ NMPUHLIUN QEUCTBUSA
napabonu4yeckon aHTeHHb)

B npaMoyTonsHO# cucTeMe KOOpAHHAT (HaJalo B BEpIHHE napabomno-
HIa) napabomuyeckas noBepxHocTs (puc. 8.8) OMUCHBaeTCA ypaBHEHHEM

Dazobud yernp
00nYyameEns
L o
~
Y o
8
f >
Puc. 8.8
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X2+ =dfz, (8.6)
rae f— GokycHoe paccTogHHE.

B cepuueckoii cucteMe koopaMHaT (Hagalo B POKyce) 9Ta OBEpX-
HOCTP OITUCBHIBAETCA YPAaBHEHHEM

¥ =2fI(1 + cosy), 8.7)

e ¥ — paccrosanue ot Gokyca 10 M060oif To9kH Ha BHYTPEHHEH IOBEPXHO-
CTH 11apabononza; Y — Yyron MeXJy HalpaBIeHHEM Ha JaHHYIO TOYKY H
(dhoxaNpHOI OCEIO 3epKana (MONAPHBIH yrom).

B ciryyae napaGonouza BpaiieHH IIOCKOCTE PACKPEIBa (IUIOCKOCTS,
IPOXOZAANIAs Yepe3 KpalHHe TOYKH MOBEPXHOCTH 3ePKalla H IEPIEHIHKY -
fispHad ero GOKaIBHOH 0CH) HMeeT KpyryIo HopMy; pafuyc 3ToH IIOCKO-
CTH Ha3BIBAETCA paduycom packpvisa 3epkana (R,). Pamuyc packpeisa u
YTOJI pacKphIBa 3¢pKaiia (Yroi Y, Mexy (GOKasIbHOH OCBIO H IIPAMOH, IIpo-
BemeHHO# 13 PpoKyca K KpOMKe napabonoxaa) CBA3aHbl COOTHONICHHEM

Ry= 2/tg(¥y/2). (8.8)

®opma 3epKana XapakTepH3yeTca OTHOMIEHHEM R /f HITH YTIIOM pack-
pEIBa Y. 3ePKaJIOo HA3BIBAETCA OAUNHODOKYCHbIM (MeNKUM), eciHt R /f <2
mu6o 2y, < T UM xopomkogpoxycHuim (Tryboxkum), ecu Ry/f > 2 nnbo
2Y,> . Ecnu $oKyc HaXOnuTCs Ha MIEPECEYECHHH IUIOCKOCTH PAaCKPEIBa 3€p-
Kana ¢ GpokamsHOH ocel0, TO Ry/f =2 m 2y, =T.

Ipunanun neHcTBuA 3epKanbHO aHTeHHE! cneayrommi. IIpn mane-
HHY H3Ty4aeMoii obiyyareneM 3IeKTpPOMArHHTHOH BONHBL Ha 36pKaJIO Ha
TOCeAHEM BO3HHKAIOT JEKTPHUECKHE IOBEPXHOCTHbIE TOKH (BTOPUYHbIE
HMCTOYHHKH 3JIEKTPOMarHUTHOTO NOMNA). ITH TOKH CYIIECTBYIOT HE TONBKO
Ha BHYTpeHHelH, o0pameHHoi K 00myqaTeno MOBEPXHOCTH 3epKana, HO
TaKoKe H3-32 ABNICHMS qHPaKIHK SISKTPOMArHATHBIX BONH M Ha €T0 BHEI-
HeH NOBEPXHOCTH. DNEKTPOMATHHTHOE 1I0JIE, CO3/aBacMOE 3ePKATBLHOM aH-
TeHHO#t B m060if TOUKe OKpYKAIOIIETo NPOCTPAHCTBA, €CTh PE3YIIBTAT CIIO-
xenus (MATEpdepeHIMy) Iosel: BTOPHIHOTO, CO3A3BAEMOTO IOBEPXHOCT-
HBIMH TOKaMH, U IEPBUYHOTO, CO34aBaEeMOro 06y aresneM.
) C nosunmit MeToa reOMETPHYCCKOM ONTHKH PACXONSIIHECS JIydH,
KOTOpEIE HAYT OT HCTO4YHKKa (00TydaTend), Haxomsmerocs B Gokyce 3ep-
KaJa, I0CIie OTpayKeHNA OT €T0 IOBEPXHOCTH CTAHOBATCA IapAIIEIBHBIMH.
TapannenbHBIM Tyd9aM COOTBETCTBYET IUIOCKHI (POHT BONHEL
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x4 M PaccmorpuM ceuenue mapabonou-
5 A oy na mockocTsio x0z (puc. 8.9). O6paso-
o, L2 N\ My BaHHad 3THM cedcHHEM napaboia obia-

IIAeT TEM CBOHCTBOM, YTO PACCTOSHHSA OT
ee okxyca F o mo6oit TOUKH, Texameit
R Ha TMHMH MN, NepneHAUKYIApHOHA ocH
7 %F > 11apaboIibl ¥ NapaJLIeNbHOR e¢ JUPEKTPH-

ce, 10 NOMaHwM yTaM (FP M,, FP,M,
U JIp.) OAMHAKOBBl. YCTaHOBJICHHBIH B
Touke F obnydarens M3ny4aer BOJHEI,
#y 6nu3kue x cepuueckum. IIpu aToM pac-
XOZALIHECS JIYH COBNANAIOT C THHHAMHI
FP|, FP, u . 0. Eciu GBI momMHa BOJHBI
NEPBHYHOTO KCTOUHMKA Oblia O¢CKOHEY-
HO MaJa, TO Jy4H, NaJalolue Ha BHYT-
PEHHIOO [TOBEPXHOCTE apabononsa, ot-
paxkaimcy OBl OT Hee 10 3aKOHAM IeOMeTpHYeCKOi onTHKH. [TpH 3ToM BCaea-
cTBHe napabon4eckoil GopMB! 3epKana Bce OTPaXKeHHBIE JIydH ObUIH Obl
napasiensHEl OCH Z M, TAKMM 00pa3oM, ceprueckas BoIHa npeoOpa30Bbl-
Basach Ou1 MapaboIoOHIOM B IUIOCKYIO. B IeiCTBHTENBHOCTH ITHHA BOJIHEI
obmy4arens He 6ECKOHEYHO Majla, H HO3TOMY OTPa)KCHHBIC JY4H HAYT He
TIapasuIeNibHo, a pacxonarcs. OJHako pacXOIHMMOCTBIO OTPAXXEHHEIX OT 3€p-
Kana mydeif Ha HeOONBIIOM YHacTKe IYTH OT 3epKaia 10 MOBEPXHOCTH pac-
KpbiBa (AB Ha puc. 8.10, a) MOXXHO npeHeOpeds, i 3Ty HOBEPXHOCTE MOXK-
HO CYMTaTh CHH(A3HO BO30YKACHHOI.

Puc. 8.9

8.2.2. NMpubnuxeHHble MeToabl pacyeTa [IH sepkanbHoU
napabonuyeckon aHTeHHbI

HMerorcs 1Ba NPUOMDKEHHBIX METO/[A ONPEACICHHS HAPAaBICHHbIX
CBOHCTB MapaboNu4ecKOH aHTCHHbL: anepmypHbiii U MOKOGbl.

AnepmypHuiii Memod COCTOHT B ONPEACICHHH 3JIEKTPOMArHHTHOTO
IO/ M3ITy4EHHS 110 H3BECTHOMY paclpelielieHHI0 BO30YKIAIOMIEro Ios
Ha MOBEPXHOCTH 3epKalia — Ha OCHOBE MPMHIMIIA SKBUBANCHTHOCTH. TIpe-
Hebperas BnusHHEM pana GakTopoB (qudpaKkuueii SIeKTpOMarHiTHOH BOMI-
HBl Ha KPOMKE 3CPKajia, H3Ty4EHHEM TOKOB, 3aTEKAIOLIMX Ha HeoOIyJae-
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e
Py £s
AN
‘ ‘ z
P, ! Il
g 2 /
a) 3)
Puc. 8.10

MYIO IIOBEPXHOCTH 3€PKaJIa), CYATAIOT, YTO H3NYHAIOMEH MOBEPXHOCTHIO
3epKaia SBIAETCS TONBKO IIOBEPXHOCTH €T0 PACKPHIBA.

AMIUTUTYIHOE paclpefeneHne B pacKphiBe 3epKaa ONpeAe/ieTcs
JH obny4arens u ¢popmoii sepkana (ornomenueM R /f). Ilpu pacuere am-
TUIHTYZTHOTO PacIpeeiieHns MMoNaraloT, 9T0 3¢pKajio OTHOCHTENbHO 06iy-
gaTesst HAXOOHTCA B JanbHel 30He. DTO JOMYCTUMO, TaK Kak 00ObIYHO pac-
cTosAHHE OT (hoKyca IO MOBEPXHOCTH 3CPKANa COCTABILIET AECATKH JUTHH
BOJIH. B 2TOM ciry4ae OTHOCHTENbHAA aMINTHTYIA HANPSOHKEHHOCTH MO,

‘co3jaBaeMoro obnyuareneM B M1000H TOYKE MOBEPXHOCTH 3€pKaja

(puc. 8.10, a), morna GpITh HalineHa U3 CleAYIOMHX coobpaxenuit. ome
obnygarens, sBusick 0OBIYHO cepHUeCcKOl BONHOM, yOuIBaeT 06paTHO
MIPONOPIHOHANEHO NIPOHIEHHOMY paccToaHmio #. C y4eTOM 3TOro aMIUIH-
TyJa HaNPsHKEHHOCTH MO B MPOM3BOJILHOM TOYKE HOBEPXHOCTH 3€pKajia

E,1E, =20 ¢, 8.9)
r

rze # onpenensercs no hopmyse (8.7); F(y) — Hopmuposannas J[H o6uy-
uarend; £, —~ aMILITY4 HANPAXXEHHOCTH II0NA Y BEPIIMHEI 3epKaa.
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IMocne orpakeHus OT 3epKala 3aTyXaHHEM MO IPH €ro pacmpocT-
paHEeHHH X0 INIOCKOIo PacKphIRa 3epkaila AB npeneOperaroT, nojaras, 4To
3TO IUIOCKas BoNHA, Ha NaHHOM OCHOBaHWH NPYMHUMAIOT, YTO aMILTHTYIA
HanpsOKEHHOCTH 1011 B IPOU3BONEBHOM ToUke packpeiBa £ = E . B nopmu-
POBaHHOM NPEICTARICHUH

£,(¥)=E,/E, =E,/E, = (1+cosy)F,(Y)/2. (8.10)

Otnomenue E /E,— aMIUTUTYIHOE paclpeAeneHHE MO B alepType
— ymo6HO u300paxkaTk B BHIAE rpadvka H pacCMarpHBaTh Kak (pyHKLHIO
OTHOCHTENBHOTO NEPEMEHHOI0 pajyyca packpeisa p/R, (puc. 8.10, 6). Ot-
METHM, 9TO MPEACTABICHHE aMIUTHTYXHOTO PaclpeAeIeHNA B BHIE TOTHOH
aHanHTHIeCKoH dynkumH fi(p/R)) 1160 HEBO3MOXHO, TG0 IPHBOAKT K
TPOMO3JIKHM BBIYHCIACHHAM npy pacuete JJH.

B ciryuae ocecummerpranoii JIH o6mydarerns xopolue pesynprarsl
Haet annpokcuManua Gynxumy £ (0/R,) CTeneHHEIM psoM

S0/ R) =1+a,(p/ Ry +a,(p/ Ry)* + ... (@11)

IIpu 5TOM T4 NPAKTHYESCKUX PAcuCTOB MOXKHO OTPAHHIHTECH TONb-
KO IEpBEIMH TpeMsi WiCHaMH psiaa. JlHarpaMma HaltpaBneHHOCTH H3Ty4da-
I0IIEro pacKphiBa (6e3 yJeTa HanpaBICHHBIX CBOMCTB 3neMeRTa [ioiren-
ca) GyAeT HMETh BHL,

F©@)=(1+a, +a)A, (@)~ (a, 12+ a)A, () + (a, /) Ay (), B12)
rae u = kRysin®; A, (u), Ay(u), A,(u) — mambna-dynxuun.

s pacaera JIH Heo6xoaumo npeaBapuTeNEHO ONPEIeTHTh HOCTOSH-
Hble KO3 OHUHAEHTH! a, U a,. [l 31010 1o u3secTro# [{H oGmydarens cTpo-
uTca rpaQHK aMIUMTYRHOTO pacnpenencrua f(p/Ry) (cm. puc. 8.10, 6).
ATIpoKCHMHPOBaHHE 3TOr0 AMILTHTYHOTO pacnpeneneHu Gyrakumii (8.11)
CBOIMTCA K TaKOMy NoA60opy koadduumuentos a, 1 a,, 4To6H alNPOKCHMH-
pyromas dynkuus f(p/R,) coBnanana ¢ yHKUMeH aMILUTATYIHOTO pac-
npenenenus f,(p/R,) B IByx TO4Kax, Hanpumep, npu P/Ry =1 u p/R,=0,5
(B Toaxe p/R = 0 conazenue Gynxumu f,(p/R,) c ynkuumeit f(p/R;) BbI-
nonuaercs apromarudecku). Ilycts npu p/Ry = 1 f(p/Ry) = A, u npu
p/R,=0,5 f,(p/Ry) = A,. Torna na ocHoBanuu (8.11) momygaem

1+a,+a,=A; 1+a,0,57+a,0,5)=A,. (8.13)
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B pesynbrare peLieHus 3THX YpaBHeHw i on-  £omp Enas
PeMEMSIOTCH HEM3BECTHBIE KOIDOHIMEHTEI a, H a. ”

B Hacrosmee BpemMs B HHXKEHEPHOH Npak- 1)

THKE MOJNb3YI0TCA GHOIHOTEKOH MporpaMM, pas- i
o Homp 1 Hnao

paboranHoi i1 IIDBM, mo3BonsioniuX BBOIUTE
B pacdeThl peaIbHBIC PacpeaeIcHHA AMILTUTYIBL Puc. 8.1
I10JIA ¥ C IOCTAaTOYHO BBICOKOM CTENEHBIO TOYHO-
CTH PacCUMTBIBATH 10 HUM HAIIPABICHHBIC CBOHCTBA 3€PKAJIbHBIX aHTECHH.

Tokosviti MemoO onpeneieHHUs HAIPaBICHHBIX CBOMCTB NapaGoH-
4eckoi aHTeHHbI 0a3HUpyeTcs Ha H3BECTHOM PaclpeeneHHH TOBEPXHOCT-

'HBIX TOKOB Ha BHYTPEHHEH MOBEPXHOCTH 3epkaa. [lonarad, 910 5TH TOKH

CYHIECTBYIOT TOJIBKO Ha BHYTPEHHCH MOBEPXHOCTH 3€pKalia, MOXHO BEKTOD
IUTOTHOCTH TOKA B JJAHHO#M TOUKE NOBEPXHOCTH 3ePKaNa ONPENETHTS C y4e-
TOM OPHCHTAIMH BEKTOPOB /{ B MAajaiOMICH K OTPaXCHHOH BOMHAX
(puc. 8.11) no dopmyne .7; = 2[nf71], rae n— ennnﬂgﬂmﬁ BEKTOpP BHELIHEH
HOPMaJIH K JaHHOM TOYKE NPBEPXHOCTH 3epKana; /| — BEKTOp HampsxXeH-
HOCTH MarHMTHOTO ITOJIA, CO3aBaeMoro Mafaoiei BomHoH obmyJarens B
IDaHHOM TOYKE Ha MIOBEPXHOCTH 3€pKaJa.

Ha puc. 8.12 u3obpakeHo pacnpefeneHHe MOBEPXHOCTHOTO TOKa,
CNpOCKTHPOBaHHOE Ha IIockocTh x0y. ObmyJaTeneM ABIAETCH SIEMEHTap-
HBIi1 3IeKTpHYecKkuii BHOpaTop (ock BUGpaTopa fapaniensHa OCH X) C KOH-
TppedIeKTOpOM, 06ECIICHHBAIOIINM
OTHOHANPABICHHOE H3NYy4YEHUE B XA
CTOpOHY 3€pKajia. 3Has 3aKOH pac-

TIPEAENICHHS TOKA HA MMOBEPXHOCTH
3epKalia, MOXKHO PacCYHTaTh €ro
JH. /T 3Toro Heo6X0AUMO IPOHH- ’
TErpUpOBaTh IO BCEH NOBEPXHOCTH

3epKana BHIPAKCHHE JUIA HANPAKEH- 4 2
HOCTH NOJA, KOTOPOE CO3JaeT Jie- ;

MEHT IIOBEPXHOCTH 3epKala, pac- _
CMaTpHBaEMBIH Kak SJIEMCHTApHBIA ‘k

3NEKTPHYECKHIH BHOparop.
Kax BuzHo 13 puc. 8.12, none
B HaIIPABIECHHH OCH Z 3¢pKaJia Co3%ia-

Puc. 8.12
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€TCA TONBKO COCTAaBMAIOIIMMH BEKTOPa j;, napauienbHBIMH OCH X, KOTO-
phI€ BO BCEX KBAJPAHTaX UMEIOT ONMHaKoBble Hanpasnenus. [lons E,, u3-
AydJaeMble HMH B HaNpaBIeHUH OCH Z, CKIANBIBAIOTCA CHHOA3HO, T.€. 3TO0
HalpaB/IEHKE ABIAETCA HAPABIEHMEM MaKCHMATLHOTO H3ydenns. CocTas-
JSIONME [IIOTHOCTH MOBEPXHOCTHOTO TOKa J, B PA3NHYHBIX KBAJPaHTAX
MMCIOT B3aHMHO TIPOTHBOMIONOKHEIC HAIIPABICHHA; 107 E , 00ycioBieH-
HBIE MMM B HalPAaBJICHMH OCH Z, IONAPHO MPOTHBOGA3HEL, CIEJOBATENHHO,
J,, HE CO3/IAIOT HITYCHHA B T2BHOM HANpaB/ICHHH. B npyrux (60koBBIX)
HalpaBlICHUAX H3-32 MOABIAIONICHCA Pa3HOCTH XOAa MEXIY HMOIAMH OT
COCTaBIMONMX J, TOKA BO3HHMKACT I0I¢ C TONAPH3aLHeH, NePHeHHKY-
JUIPHOH 110 OTHOIIEHHIO K OCHOBHOH COCTaBIIAIOIIEH Ex.

Cocrapnmompue J_, Taxoke HE CO3AAIOT H3MYIEHHA BAON OCH Z (BUO-
parop Bxoib cBOci ocH He H3mydaer). CocTaBAomue J,,uJ, HE co3/aoT
H3ITydeHus B 00€HX IMaBHAIX IIOCKocTAX (1ockoctH x0z u y0z). [omsipn-
3aL(A U3ITYyIAEMOTO MOJIA B IIABHBIX IJIOCKOCTAX ABIAETCA IMHEHHOH (E ).
B ApyTrHX MIOCKOCTAX, NPOXOAAIIHX Yepe3 OCh Z, HMEET MECTO TaKXkKe u3-
JySCHHE 3a CYET coCTaBmonmX J,, u J,, BCIEACTBHE Yero TOSBIASTCS
nonepedHas (OTHOCHTENbHO OCHOBHOMH) nonspusanus nond. [Tonepeanas
nosApH3auua (KpoCCHOIAPU3ALHA) ABIACTCA IaPa3HTHOH; OHA HECKOILKO
ymenbmaer KHJL aHTeHHBI. YpOBEHB KPOCCTIONAPH3ALHH TEM HIDKE, 1eM
MeHblle oTHOWEHHUE R /f, T.e. yeM Gonee JTMHHOPOKYCHBIM ABIAETCA 3€p-
kajo. TakuM 00pa3oM, TOKOBBIH METOJ] IO3BONIAET Y4ECTh MONAPHU3ALHOH-
Hble 3Q(EKTH B 3epKaIbHOH aHTEHHE.

Meronuka pacuera [H 3epkalibHOI aHTEHHEI TOKOBBIM METOJZIOM CO-
CTOHT B HHTCIPUPOBaHHMHH IT0 BCEH IIOBEPXHOCTH 3epKalia BRIPAKCHUS
JUIA Halps>KeHHOCTH TOMA, CO3JaBaeMOro SJIEMEHTOM 3TOH MOBEPXHOCTH.
[Ipu 5TOM CcocCTaRNA0INAs TIOTHOCTH TOK2 J,, OTpENeNnseT mojie u3ryde-
HUA OCHOBHOMH TIONAPH3aLMH, COCTaBIAOMEE J, ¥ J,, — N0/ H3TYICHHUSA
HnepeKpecTHOH noasipusanuu. Bemsox popmMyn mns pacyera JJH napabonu-
4eCKOH aHTeHHBI ¢ KPYIIIBIM CHMMETPHUHBIM OTHOCHTENBHO (POKANBHOM
ocH packpeIBoM H BHI JIH 1o 0OCHOBHOH H KpOCCHOMAPH3aIMH MOSKHO Haii-
™M B [2].

Pacuer J{H 3epKabHOH aHTEHHBI, OCHOBAHHKIH Ha IIPHOIHKCHHOM
OIpeJieNeHHH TOKOB Ha ee pabodeil NoBepXHOCTH, 00eCeIMBAET NOCTA-
TOYHO TOYHBIE PE3yJILTaThl B MpEIeNaX INaBHOrO JEMEeCTKa U PHIIeraio-
IIHX K HEMy OIHOT'O — TpeX OOKOBBIX JICIIECTKOB.
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O6a Metona (anepTypHBIH H TOKOBBIH) TeM 6oiee TOUHEI, 4eM 60b-
1II€ OTHOCHTEIILHBIE Pa3MEPHI 3epKaia R /A u ero panuyc KpHBU3HHI (T. €.
YeM MEHBILE OTHOIIERHE R j/f).

8.2.3. KoachchmumeHTb! yCUITEHNA U HanpaBneHHOro AeUcTBUA
napabonuyeckoi aHTeHHbI

Kaxk 65110 n1oxasano Brinre, k03GHIHEHT ycrneHHa G aHTeHHBI CBA-
3aH ¢ ee ko3 dHIHEHTaMH HAlIPaBIEHHOIO AeiCTBHA D H MOIE3HOTO JeH-
CTBH# 1) IPOCTHIM COOTHOLICHHEM

G=Dn. (8.14)

KoadduuuenT monesnoro neiicTBHA 1) 3¢pKaIbHON aHTEHHb! YIHTHI-
Ba€T TEIUIOBBIE TIOTEPH SHEPIHH B 00JIydaTelie, 31eMEeHTax KpemneHus 00-
JyJaTens, Kpacke, MOKPHIBAIOIICH BHYTPEHHIOK ITOBEPXHOCTE 3€pKala, U
T. A. O6sr4n0 mpuaumatoT 1 = 1. [TloaToMy paceMorpuM noapolHO ompene-
nenne KHJI.

KoaddniupeHT HanpasIeHHOTO ACHCTBIA 3epKAIbHON aHTEHHB! MOKHO
paccuurats 1o Gopmyne (4.14), 3amenus B Hel anepryprbiit KMIT (v,) MHO-
HKHTEIEM Vi, (pesynsrupyrouuid, win monustii, KUI), yauTesaommm
ymeHbienne KH]I u3-3a neficteua psaa ¢axTopos: NepeMBaHui 9acTH
H3ITydeHHOHN oOiydareneM 3HEpPrHd uepe3 Kpas 3epKala, BHI3BIBAIOIIETO
yBemruenue YBJI JTH 3epkanbHO# aHTEHHBI B 33]THHX KB3ApaHTax (aJbHUE
OOKOBBIEC JICNECTKH); OIIHOKH B (pa30BOM pacnpeie/IieHHH Ha PacKpHIBE;
3aTCHEHHs YaCTH OBEPXHOCTH PACKPHIBA 06Ty UATEIIEM H SEMEHTAMH €10
KPETJICHHS; KPOCCIIONApH3aLH H3Ty4aeMoro nons 1 ap. Takum o6pasom

4n

D=7 7S, 8.15)

roe S = nR02 — TUIOWIA/b PACKPEIBA; Voo, = VY|V VyV,Vs... . 3neck v, — anep-
TypHblii KHII packpeiBa 3epkaia; v, — MHOXHTENb, ONPEEIAEMblil mepe-
JIUBaHHEM YaCTH SHEPIUH YePe3 Kpad 3epKalia; v, — MHOXKHTENb, ONPEACIL-
©Mblii 3aTCHCHUEM,; V; — MHOXKHUTEND, ONpe/ieNiemMslil (pazosbiMu omnbka-
MH; V, — MHOXHTE/Ib, YUHTHIBAIOWIMI SBICHUE KPOCCIIONAPUIALMH; Vy —
MHOXXMTEJIb, YIHTHIBAIOIINA IU{PAKIMIO IO HA KPOMKE 3epKana.
MHOXHUTENE v,, HA3bIBAEMELH K03 Puyuenmom nepexeéama, — eCTb

OTHOIIEHHE MOLIHOCTH, H3Ty4EHHOH OOIydaTeqeM H IEPEXBaThIBAEMOit
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3epKaJioM, K IIOHOM MOIHOCTH, H3Ty4eHHOH 00ITyyaresieM, IIpH 9TOM HO-
TepH B 3epKalie He yauThiBatoTCs. CENOBATENLHO, IPH 0CECHMMETPHYHOM
IH obmyuarens (mo aranoruu ¢ (1.37))

Yo n

v = [FE(y)sinydy/ [F{(y)sinydy. (8.16)
0 0

MroxwuTens v, MOXeT OBITh 3amHcaH B BUIE [2]

[f(p/RyasT

D s
= Tt | S ,
e\ (8.17)
§ .

rae D, — KH]] auTennsl ¢ yuetoM 3atenenns; D, — KH] Ge3 sareHeHns,;
S, — 3aTEHEHHAA YacTh PaCKPbIBA 3€pKaa.

Ecnu npu 3aganno# gopme 3epxana (R,/f = const) pacumpsars JH
obmy4arens (kpusas ! Ha puc. 8.13), To aMIUIMTYIHOE PAcHPEACICHHE B
PaCKpBIBE 3epKalia CTAHOBHTCS Gosiee pasHOMEPHEIM (v, pacteT). OfHako
BMECTEC C TCM YBEJIHYHBACTCA NOJIA SJHCPIrHH, HpOXOI[}IIHCﬁ MHMO 3CpKajia
(ymensmaercs v, ). Ipu cyxennn JIH o6myuarens naoGopor: ymeHbINaeT-
s v, M yBeIMYMBaeTcd v;. [IBa NpOTHBONOJIOKHO AEHCTBYIOWMX Ha pe-
synsTHpytonme KU 1 KHJI daxropa npu nocroaxnHoH Bemuunne R i/f nu
yIIa pacKpeIBa 3¢pKaiia Y, u u3mensemoli umpune JIH obnydarens omnpe-
pemstor yenosue ontuManbHoro KH/I. Yenosne ontumansaoro obiyue-

HHA NpHMEpPHO obecmeydBaeTcs MpH
o | Akp=Exp/E0=0’316 (-10 oB), tne Eff -
HaIpAXKEHHOCTh Ha Kpalo 3epkana. [lpu
atom v,v, =0,7...0,8.

C TOYKH 3pCHHUA TOTyYEHHUA MaKCH-
maneHoro KHJI npu 3ananubIix pasmepax
95 3epKkana HaeansHo# senserca JAH obmy-
garens, n3obpakeHHad Ha puc. 8.13 (kpu-
Bas 2). OHa nomKHa OBITh 0CECHMMETPHY-
HOH M MMeET [Ba MaKCHMyMa B HAIpaB-
TICHUAX HA Kpas 3epKana. AMIUMTYXHOE
pacIipeqielieHHe PacKpBIBa 3¢pKana B TaH-
HOM CIIydae Moy4aercs O1IH3KHUM K paB-
Prc. 8.13 HOMEpHOMY (C Y4€TOM pa3HBIX paccTos-

H

NN w

% ' 4

AnepmypHbI© aHMeHHb! 203

HHi OT (POKyCa 3epKana 10 ero BEPIIMHBI H KPAEB), T.€. V, = 1; nepenuBanue
3HEPTHY 3a Kpas 3epkana orcyTcTByeT (JIH HMeeT 6eCKOHEYHYI0 KDY TH3HY
cKara), TaKuM obpasoM v, = 1.

Jlis obecrieueHus BHICOKOTO Vies JIH obnyvarens HOMKHA HMETH
¢$opmMy, 110 BOZMOKHOCTH IIPHOITHKAIONIYIOCS K HACAIBHOH (HampuMep,
KpuBas 3 Ha puc. 8.13). biuskue k Heit [IH MOXHO NOITY4HTD C IOMOIIbIO
pacdasupoBaHHEIX PyNOpoB H ux Momudukanud. Kpome Toro, Hago Mc-
KJIIOYMTH HIH YMECHBIIATH BIUAHHE OPYTHX (HaKTOPOB, CHIKAIOIIUX pe-
synstupyromnii KUIT anTenHs! (yCTpaHUTh 3aTeHEHHE pacKpbiBa o6myda-
TeJeM, CHA3HTh KPOCCIONAPH3ALMIO H T. A.).

Peanusais BBICOKHX SHaUCHHH V., 8 criefoBatenbro, KH anTenn
HE ABIISETCS CANHCTBECHHO BA)KHOH 3aa4€i B IPAKTHYCCKOM IPHIIOKEHUH.
B aHTeHHBIX cHCTEMaX psAla PagHOCIYXKO NPENbABILIIOTCS BBICOKHE Tpe-
6oBanns x YBJI. Hanipumep, B cHcTeMax CIyTHHKOBOI CBA3H, HCNIONB3YIO-
X Fe0CTAlHOHAPHYIO OPOHTY, OT YPOBHSA NEPBBIX GOKOBBIX JIENECTKOB,
IPHMEIKAIONIHX K TIABHOMY, BO MHOTOM 33BHCAT NOMEXO3aIHIICHHOCTD H
9JIEKTPOMAarHUTHAS COBMECTHMOCTS, IO3TOMY OH JIOJDKEH OBITh HIDKE ITIaB-
HOoro MHHUMYM Ha 25...30 1b. Bosmoxnocts cHkenust YBJI ca3ana ¢
ofecreycHIEM ONPEIEICHHOTO aMILTHTYIHOTO pacipefeAcHUA 1O (HIIH
TOKOB) IO 3JIEMEHTAM aHTEHHBI, YTO H3TIOKeHO B § 3.3 1 4.2

8.2.4. BnnnaHMe TOYHOCTU BLINONHEHUA 3ePKaNbHOW aHTeHHbL!
Ha ee HanpaBneHHble CBOWCTBA

HerounocTH, HeM36eXKHEIE IPH CO3AAHAH KOHCTPYKLUMH AHTEHHEI
(HanpuMep, NIPH BHINIOTHEHHH OBEPXHOCTH 3€PKANIa, YCTAaHOBKE 00Tyya-
TeJt), BEI3BIBAIOT OTKIOHEHHE PaclipeeicHUs MO Ha M3Iydalommei no-
BEPXHOCTH OT PACYCTHOTO H COOTBETCTBYIOMHE HeKaxeHus JTH.

OwmmbKy B pacrpeneneHuH oM MO PacKPBIBY MOTYT GBITH CHCTe-
MaTH4YeCKHMH H cydaiHeiMH. K cucmemamuveckum owubram oTHOCITCS
TaKHe, KOTOpPhIE MOXHO IPETyCMOTPETh NPH IONHOM H TOYHOM pacyere
anTeHHsl. [IpuyuHamMu 3THX o160k MoryT GHITh cMellieHue 00yyarens
M3 PoKyca, 3aTCHCHHE PaCKPHIBA 3epKana 00IydaTeeM U JIEMEHTaMH €ro
KpeTiicHHA U Jp. Cayyatinste owubxu 06ycIoBICHE HE3aKOHOMEPHBIMH K
006BI9HO HEGONBIIMMH OTKIIOHEHHAMH NaPaMEeTPOB AaHTEHHBI OT UX PACUeT-
HEIX 3HaYeHHH, [TpHarHaMM Takux oMHO0K ABNAIOTCA HEIOCTATOYHAS TOY-
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HOCTB 00paboTKH IOBEPXHOCTH 3EPKANa, CTyJaiiHble NedopMalluu oBep-
XHOCTH aHTEHHBI BCJICICTBUE H3MEHCHHA TEMIIEPATyPhl HIH BETPOBHIX Ha-~
IPY30K U JIp.

CucTeMaTHYeCKHe OIIHOKH OJUHAKOBHI B PAa3/IHYHBIX 3K3EMILLIPaX
AHTEHHBI JaHHON KOHCTPYKUHH (TIPH OTMHAKOBOM METOJIE H3TOTOBIEHHS).
Hx MOXHO y4ecTh 3apaHee (HAPHMED, BOMPOC O BIMSHHH Pa3THYHBIX
dazoBeix ommbok Ha JIH pacemotpeH B § 3.4). Cryvaiiusie ommGKy MOTyT
GBITH Pa3IHYHBIMH B OTHEIBHBIX SK3EMIULIPAX aHTEHH, HECMOTPA Ha OXH-
HAKOBYIO KOHCTPYKIMIO M METOIb! M3TOTOBICHUA. 3apaHee 3TH OmMMOKH
y4ecTh HEBO3MOXKHO, M BIIMSHHE HX MOXHO OLEHHTD TOJIBKO CTATHCTHYEC-
KUMH METO/IaMH, ITO3BO/IIOIIHMH HaXONUTE CpelHUe (U1 JAHHOTO CEMeii-
CTBa AHTEHH) XapPaKTEPHCTHKH HAIPABIECHHOCTH WIH CPEIHEE 3HAYCHHE
HEKOTOpBIX MapaMeTpoB (Hanpumep, KH]T).

[paBunbHas OLEHKA BAMAHUSA CITYYaiHBIX OIMOOK Ha HaNpaBieH-
Hble CBOHCTBA AHTEHHBI ITO3BOJIAIOT YCTaHOBHTH HOITYCKH Ha HBOGXOILH-
MYIO TOYHOCTh M3TOTOBJIEHHA aHTEHHBI. DTO 0COOEHHO BasKHO IIPH NPOEK-
TUPOBaHUH OOMBIIIX 3EPKATIbHBIX AHTEHH JJIS KOCMHIECKOH PagHOCBA3H H
PaaHoacTPOHOMHH, TAK KaK OT BETHYMHEI JIOILYCKOB CyLICCTBEHHO 3aBUCHT
CTOMMOCTD AHTEHHEI,

IIpu ananu3e BAHAHUA CITy4aiHBIX OIIHOOK Ha HAPaBIEHHbIE CBOM-
CTBa aHTEHHEI TOJIATAIOT, YTO OMMOKA B (aze WK aMIDTMTYAE TOKA Ha Ofi-
HOM y4acTKe aHTCHHb! HE 3aBHCHT OT aHAOTHYHBIX OIUHGOK HA COCEAHHX
Y4acTKax, €CJIH PACCTOSHHE JI0 ITUX YYaCTKOB NMPEBHIIIAET HEKOTOPYIO OIl-
peneneHHylo BenuanHy C, Ha3BIBaEMYIO uHmepsanom Koppenayuu. Takue
YYaCTKH Ha3bIBAIOT HEKOPPEAUPOBAHHbIMU.

HexoppenupoBaHHBIE Y4aCTKH 3€pKana, Tie HMEIOTCA OmHOKH B
BBIIIOJIHEHUH IIOBEPXHOCTH, BEAYT K YBEIHUCHHIO MOIIHOCTH U3TYYCHHUA,
3aKMOYeHHON B GOKOBBIX JienecTkax, H ymensueauio KH] anTeHHs! B rias-
HoM HampaBneHny. YMensmenne KHJI napabGonuueckod aHTEHHBI H3-3a
BIHMAHAA CITyYaiHBIX (a3oBbIx ommbok ripu C >> A MOXHO ONPEENTHTE [0
tdopmyme

b 1~ e'E :

D, ’
rae D — KH/I 3epkana c yuetom omn6ok; Dy — KHJI npu oTcyTcTRHH OLIIH-
6ox; Ay? — cpemumii KBaapar $pa3oBoi OMHOKH.

(8.18)
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Tpu C << A Benuuuny D/D; MOXHO paccauTaTh Mo Gopmyre

(8.19)

pu apyrux sHasenusx C pacuer D/D, Benercs no Gonee CIOXKHBIM
dopMynam. :

3asucuMocTh ymeHbineHns KHJ aHTeHHBI OT cpeHeKBafparnyec-
Koii o6k GopMBI 3epkaia npd paszanyHblx C nokasaHa Ha puc. 8.14.
BaxHo OTMETHTE, uTO yBenwicHue YBJI HacTynaer ropasjio panbile, 4eM
HOABJIAETCA CylecTBeHHOe yMeHbmenne KH]I.

CTaTHCTHYECKHUI aHANH3 BIMAHNA CIydaiiHbIX ommMOOK HA HampaB-
JACHHBIE CBOMCTBA 3€PKAILHON aHTEHHB! NO3BONAET CHE/IAThH CIECIYIOUIME
BBIBOJHI.

1. Ciyuaiisbie oMOKH B pacTipesie/IeHHA BO30YXAIOLIETo NoMs B
packpeise aHTeHHB! yBemnauBaoT Y BJI n ymensmaror KHA,

2. YpoBeHs GOKOBBIX JIEIIECTKOB I1apabonnuyYeckoi aHTEHHBI IPONOP-
HMOHAJIEH CPEAHEKBafpaTHieckoii $aszoBoi ommubke Ay? u KBagpary uH-
TepBana xoppeainuu C, HI3MEPEHHOTO B JUTHHAX BOJH.

3. YyacTku 3epKaia, HA KOTODBIX pEaibHasd NOBEPXHOCTH OTKJIOHA-
€TCS OT pacueTHOM, HOJDKHBL ObITH HEOONBIMMH, T.C. TIPH OTHOM M TOM XXe
JIOITyCKe Ha TOYHOCTh 06pabOTKH ImoBepX-
HOCTH 3€pKalo C MEHBIIUM HHTEPBATIOM 0
xoppensnun (6onee nrepoxoparas Mosep-
XHOCTb) 06ecneunt 6onee nuskuit YBJI. N\

4. Ilpy NOBHIIEHUH YACTOTH! yBE-
IHYHBAIOTCA Kak (aszoBble oWHOKH
(Ap - 21/M), Tax ¥ HHTEPBAI KOPPEIIALHH,
BBIpa)XCHHBIH B JyinHax BOJH. Iloatomy \
KH/]I aHTeHHBI ¢ HEH3MEHHOH IIOIABI0 \ \_> yy
pacKpbiBa YBEIMYHBACTCS HE IPONOPLIHO-

HAIBLHO KBAJPATy YacTOTHI, 3 MELJICHHEE. __/7 ”qu’;’,’,’%ae l
ITpu naHHOM TOYHOCTH BBIIONHEHMS I10- npu C»A 7 \
BEPXHOCTH 3€pKAJia B JaHHOM HHTepBaje ' \
KOppeJLIMK CyILeCcTBYeT npeacibHbii KH],
KOTOpBIi HENb3s MPEB30HTH YMEHBIIEHHEM 5
A WIH yBEJTHYCHHEM JHAMETpa 3epKaa.

_ 02 04 06
N C=A/27% A¥)

o

N
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N

“

Crumenue KHi, 66

L

Puc. 8.14
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5. Xapakrep IH B o6nacTu GOKOBBEIX JIENECTKOB ONPENENACTCA
B GoblLIeH CTENIEHH TOYHOCTRIO H3TOTOBJICHHA aHTEHHSI, a He criocofoM ee
00Iy4eHHUs.

8.2.5. BnusiHue orpaxeHuil OT 3epKkana
Ha BXOAHOEe CONMPOTUBNEHWE aHTeHHbI

YacTs OTpaXKEHHBIX OT 3€pKana 1ydeH, Ha ITyTH KOTOPBIX HAXOIUTCs
obny4aTtens, mepexBaTblBaeTCa MocnenHiM (peakuus 3epkana). I[To orHo-
IMIEHHIO K OTpakCHHLIM OT 3€pKaja BojHaM obmydarens BemeT cebs kak
NpHeMHas aHTeHHA. B ocHOBHOM Ha o0nydarens BO3XEHCTBYIOT BONHBEL,
OTpaKeHHBIE BONIN3H BEpILUHKI 3epKana. OueBHIHO, uTO YeM Gosmmne KH]T

o6mmyyarens, TeM 60NIbLIYI0 MOIIHOCTb OH MepexBarThiBact. [lepexpadennas

MOIIHOCTL CO3JaCT B JIMHHMHM INIWTAHUA BOIHY, HAYIIYIO OT o6nyqarenx K

TCHEPATOPY, AHAJIOTHYHYIO 10 JCHCTBHIO 0CbIYHOI OTPaXKEHHOI BOJIHE, BO3-

HHKAIOLIEH B JIMHUH BCIICJCTBHE €€ PACCOITIacOBaHMA ¢ Harpy3koid. [Tosnme-
HHE B TPaKTe OTPAXKCHHOM OT 3¢PKa/ia BOITHB! YXy/IIAET COIIACOBAHHE AHTEH-
HBI, TaK KaK 3KBHBAJICHTHO W3MCHEHHUIO BXO/IHOTO COMPOTHBIIEHHUS AaHTEHHEL.

OrpaxXXeHHY10 BOITHY MOYXHO CKOMIICHCHPOBATH C IIOMOLLBIO KAKOTO-
60 COINacyIoLero YCTpOHCTBA, YCTaHaBIUBAEMOIO Y BEPUIMHE! 3epKa-
na, nubo B MuTalome NuHuu BONM3K oOnyuarens [2]. Opnako nelicTeue
TaKoro ycrpoiicta Oynet 3¢)(eKTHBHBIM TONBKO Ha (HHKCHPOBAHHOM Yac-
TOTE, MOCKONBKY C H3MEHEHHEM YacTOTHI (M3-3a UBMEHCHHS Pa3HOCTH X01a
Jydeit) BHOBb MOSABHTCS OTpa)K€HHas BOJIHA.

Ecu aHTeHHa H3MydaeT NoJie Bpallaloleiicsa NoNIpH3aliu, TO pe-
aKius 3epkana Ha obmy4arens GymeT NpaKTHYECKH OTCYTCTBOBATh. Jeno
B TOM, YTO TIPH OTPaXKECHHH OT 3¢pKajla U3Iy4aeMoii obirydarenem BOIHBI
HanpaBjiCHHE BPalUeHUA IUTOCKOCTH NONAPU3aLMK W3MeHsdeTca Ha olpar-
HOE, BC/ICJACTBHE YEr0 OHAa HE NPHHHMaeTcsa obmydareneM. OTO aHTEHHA
C NONAPU3aLHOHHOM Pa3BA3KOH.

VaauneIM croco6oM yCTpaHEeHHS peakilMH 3epKaia Ha oOnydarelb
B ITMPOKOH IOJIOCE YACTOT ABIAETCS NPHMEHEHHE HEB3AHMHEIX YCTPOHCTB,
HanpuMep GEeppHTOBBIX BEHTH/ICH H IUPKYNATOpoB. OHH yCTaHAaBIMBAIOT-
¢ B BOJIHOBOJHOM TpPaKTe fepes obiyyarenaeM W, BHOCS CPaBHHTEIHHO
Manble NOTepH A NpAMoi Bonssl, Ha 20...25 b ocnabnsior orpaxen-
HYIO BOJIHY.
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Hau6onee pamnkanbHbii criocod yMeHb- i
OIEHHA PEakIHH 3epKajia COCTOHT B BHIHOCE ~
* —
o0iTydarens M3 nojs OTPAXKCHHBIX OT 3epKaia \\/yf
my4eit. Jlnd atoro o6i1ydarests YCTaHaBIHBAIOT e :;lE
rd
B doKyce 3epkana (pa3BOpayHBalOT) TakK, YTO- P /,////
-
61 HAPABJICHHE €T0 MAKCUMAJILHOTO H3ITyde- L e
HHSL COCTABUIIO HEKOTOPLIH yroi ¢ pokanbHOR \\ id
e

ocklo 3epkana (puc. 8.15). Ilpu sTom obmyya- s
€TCd TOJBKO YacTh 3epKalla, PaclloNOKEHHas \<
BHIOIE €r0 OCH, U OTpa’XKEHHEIE OT Hee JIydH N
NpoXOmAT MHMO obmy4arena. Heobmyqaemas
9acTh 3epKana yhansercs (0CeHECHMMETPHY-
Had aHTEHHa).

Puc. 8.15

8.2.6. YnpaBneHue [1H napabonuueckon aHTeHHbI

Ecnu da3zossiii ueHTp 06mydatens cMecTATs U3 GOKyca B HalpaBiie-
HHH, IEPOCHAHKYIAPHOM OCH 3epKana (puc. 8.16, a), To MOBEPXHOCTH pac-
KPbIBa 3epKala nepecraner 6urrh cunasnoit. Jlyau [ u 1, 21 2/, otpaxen-
HEIE OT IOBEPXHOCTH 3€pKajia, JOCTHIal0T NOBEPXHOCTH PACKPHIBA HEO-

X
A

1 4
1 /
S /

/ 3

Puc. 8.16
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JHOBPEMEHHO. MOXHO ITOKa3arh, 4To IPH HeOOILIIOM CMELIeHHH 00TyYa-
Tess Ax ¥ JOCTATOYHO NITHHHOGOKYCHOM 3epKaite $ha3oBoe pacipeneieHue
MOBEpXHOCTH pacKpeIBa 6H3Ko K MuHeHHOMY (3). [TosToMy BeIHOC 06ITY-
uare;is M3 (OKyca B HAIPABIICHNH, IEPIICHIHKYIISIPHOM OCH 3epKaJla, IIpH-
BOAMT K osopoty JIH B cTOpoRy, NPOTHBONONIOKHYIO CMEIICHKIO 00nyda-
tens (cM. § 4.2). Yron nosopora IH 6, (puc. 8.16, 6) mpu mManbix cme-
menusx ofyuarens MPUMEPHO PABeH YTy CMelieHna ofiydarens ., orn-
penensemMoMy 1o dpopmyie tgo, = Ax/f. Curdasubiii PpoHT BOJHEL B pac-

KpbIBE 3€pKaNa [0BOpavMBacTcA Ha yron ¢f,. C yBemuyennem Ax kpome,

JTHHEWHOTO U3MeHEeHHs (ashl IMOABIAIOTCA 3aMETHHE (a3oBrle OMHOKH
Ooee BHICOKHX MOPANKOB, H3 KOTOPHIX HAUGOMBIIYIO POb HIPAKOT KyOH-
geckue (4). 3Haky kybudeckoro H nHHEHHOTO (hasoBOro pacmpeneneHus
npoTHRONONOXHEI (pHC. 8.16, ). B atom cmyuae JIH noBopaynBaeTcs Ha
YTOJI, MCHBIIAHA, HEM (L, TJIABHBIH CNCCTOK CTAHOBATCA HECHMMETPHY-
HBEIM OTHOCHTENBHO CBOero MakcriMmyma H YBJI co cTOpoHBI, IPOTHROINO-
JOXHOH cmemenuio JIH, Bo3pacraer.

CMemerue obiyqarens u3 GoKyca HCIONb3yeTCS B aHTEHHAX CHC-
TEM CIYTHHKOBOH CBA3H ¥ B PaIHOJIOKALHH /U1 conpoBoxkaermsa uem (UC3,
caMolIeT U T. A.). Bo u36exanne 3HaYNTENBHBIX HCKakennit [TH u3-3a no-
ABNIeHHA Ky6GHaeckoi $ha30Boii OMHGKH Yrol NOBOPOTa JOKeH ObiTh He-
BEJIMK M OOBIYHO HE MOXKET NPEBHINIAT HECKONbKHX 3HAYCHWHA IMPHHEI
maBHoro nenecrka JIH (1mo monoBHHHOH MOIHOCTH).

IIpu cmemenun obnydarens u3 Gokyca BIOTE OCH 3epKana Ha Io-
BEPXHOCTH PAcKphIBa BOZHHKAIOT (pa30Bble MCKOKCHHS, CHMMETPHYHBIE
OTHOCHTENIPHO BEPIIMHBI 3€pKajla, 9TO paclIHpAeT INIABHBIH JICIICCTOK
u yBenuausaet Y BJI JTH. ITpy Gombuix CMEMEHNSX U3y IEHUE B [IIABHOM
HaNpaBJICHUH YMEHbIIACTCA M IIaBHBIH NENeCTOK pa3gsauBaercsa. YToOb
tasopas omubKa 13-32 CMEILCHNA 0ONTydaTelnel He IPEeBHINaia JOMyCTH-
MOT0 3Ha4eHHs 7/4, HOIHKHO BHIIIOTHATHCA YCIIOBHE Azm,11 <A8(1- cos’yo).

8.3. [iByx3epkanbHble aHTeHHbI

PaccMoTrpeHHEle 3epkanpHble napadonuueckye aHTEHHN 110 CpaBHe-
HHIO C JIPYTHMH THIIAMH aHTEHH 00/laZIaloT XOPOIIHMH 3MEKTpUICCKHMH
XapaKTepHCTHKAMH, TEXHONOTHYHBI B U3TOTOBIIEHMH H UMEIOT CPaBHHTEIIEHO
IpOCTYIO KOHCTPYKUHIO. Hapsay ¢ aTHMH 10CTOMHCTBaMH OHU 00OIIamaoT
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HEIOCTAaTKaMH, KOTOPBIC B PANC CIy4aeB He NO3BONAIOT YAOBIETBOPHTH
KOMILIIEKCY TpeOOBaHHI, NpeasaBIAEMEIX K COBPEMCHHBIM aHTeHHaM. Ta-
KAMH HEIOCTaTKaMH ABIAIOTCA OOMbIas JJIHHA TPAKTa OT aHTCHHBI 10 [IPH-
eMomnepenamneil annaparyphl H €ro pasMeLIcHHE B 0] H3MyICHHA aH-
TCHHBI, CJIOKHOCTH OOecrieueHus aMIUTUTYIHOTO paclupefeneHnd nois B
PacKphIBe, OIU3KOr0 K paBHOMEPHOMY, C COXPaHEHHEM BBICOKOTO 3Hade-
Hus pesynpTHpyromero KNI (vpea); HEeIpHeMIIEMBIE B PAIEC CIydaes Mpo-
JONbHbIE rabapuTHLIE pa3Mepr! aHTeHHBI H 1p. [ToaToMy Hapsay ¢ omHO-
3epKaJbHbIMH CXeMaMH aHTEeHH ObUIH pa3paboTaHbl TaK HA3LIBAEMBIE 08)X-
3epxanvHble aHmenHbl, B KOTOPBIX HEPEeYHCIEHHBIE HEJIOCTATKH [IPOsSBIS-
FOTCS B MEHBILIEH CTENeHH 160 MOMHOCTRIO yerpaustoTcs. Cpens MHOTO-
00pasus TUIIOB ABYX3EPKAIBHEIX aHTCHH €CTh JIBE KJIACCHIECKHE: 3TO IBYX-~
sepkanbHble aHTeHHBI Kaccerpena (puc. 8.17, a) u I'peropwu (puc. 8.17, 6).

B 2THX aHTeHHaX MCIONB3YIOTCA ABE OTPAXKAIOLIHE MOBEPXHOCTH:
OCHOBHas — 6onburoe (00bI9HO N1apaboNHIeCKOe) 3¢PKATIO H BCIIOMOTATe) b~
Has — MaJoe 3epKaio, BRIMONHEHHOe N0 B BHae JacTH rHnepbomonna
Bpaumenus (puc. 8.17, a), 160 B BHIAE YACTH IUIMIICOMIA BPAILEHHA
(puc. 8.17, 6).

ITycTe obnyuarens ¢ (a3oBbIM HEHTPOM, HAXOASILIUMCH B TOUKE F,,
H3My4aeT B HaNPaBIEHHH MaJIOro 3epKana chepuuecKylo Boany. B kaxmoi
TOYKE TTOBEPXHOCTH 3epKajia cOONMIONaeTCs MPaBUIIO: YIONl OTPaXKEHHS pa-
BeH yriny nanenus. [Ipu 5ToM BCIEICTBHE reOMETPHIECKHX CBOHCTB T'H-

Puc. 8.17



210 Al}menno-cpuoepr/e ycmpolicmea u pacnpocmpaHeHus paduososnH

nep6ons! (M1 S1IHIICa) OTpaXkaeMas MaJbIM 3€PKaJIOM BONHA, CHOBa OKa-
3bIBaACh cepUICCKOH, Kak Obl HCXOXHT H3 OHOH TOUKH — (OKyca THIep-
ol (unm aumnca) F,, cosmemennoro ¢ goxycom Gompmioro sepkasa —
napa6oibl. Sta BoNHA TpaHcHOPMHUPYeTCs GONBIINM 3EPKATIOM B IUIOCKYIO.
Bropoit pokyc manoro sepkana F, coBmemiaercs ¢ ¢a3oBbiM LEHTPOM 06-
syuarens (06BIYHO pymopa),

T'eoMeTpua AByX3epKaNbHOH aHTEHHEI ONPENEIASTCA CIETYIOMIHMHA
uapamerpam (puc. 8.18): Ry i R, — COOTBETCTBEHHO PafKyChl PACKPHIBOB
Bonsmoro u manoro 3epkai, o6erano R, = (0,1...0,2)R; 2y, — yron pac-
KpbIBa Gonpioro napatononna; 20, ~ yron o6myyeHHs HCTOUHHKOM (06-
JIy4areneM) KpaeB Masoro 3epkana; f; — GoKyCHoe paccTodHHe GONBIIOro
3epKana; f, — (OKyCHOE pacCTOSHHE MAJloro 3epKana; 2c — pacCTOsHHE
Mexy doKycaMu Maoro 3epkana; e — SKCHEHTPHCHTET MaJIoro 3epKaa.
W3 nepeuncneHHbIX NapaMeTPOB HE3aBUCHMBIMH SBJISIOTCA YETHIPE Napa-
METpa, OCTATbHBIE MOTYT GRITH ompelieNeHs! Yepe3 Hux. OGO B Kave-
CTBE HE3aBHCHMBIX NIEpeMEHHBIX Gepyres Ry, R, Yy, O

B anrtenne Kaccerpena yron ¥, Moxer 661Th Gonsmie 90°. B anTenne
I'peropu yron Y, Moxer GbITb B3AT ML MeHbine 90° (ecmu Y, > 90°, To
OTpakeHHbIE OT OJHOH IOMOBHHEI MAJIOTO 3epKalia JIy9H Ha IIyTH K 6oJb-
HIOMY BCTPETAT BTOPYIO NMONOBHHY MAJIOTO 3epKala, T.e. GYAyT HM 3aTeHe-
Hb1). ITortoMy anTeHHBI [ peropn MoryT 6bITE TONBKO JTHHHO(OKYCHBIMH.,

Fr 1Ru

i PR \\ /

Puc. 8.18
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Jia pacyera [IH nByx3epkanbHOH aHTCHHEI HEOOXOIMMO 3HATH aM-
[UTHTYZHOE Pacrpe/ie/eHne B pacKphiBe GONBIIOro 3epKaa, KQTepoe MOX-
HO HaiTH METOOM r€OMETPHYECKOH ONTHKH. JIJIsl 3TOrO ¢licAyeT 3aMEHHTD
IBYX3ePKaIIbHYIO CHCTEMY SK8UBQIEHMHbIM NApGbOAoUAoM H HAIHTH aMII-
JHTYIHOE PACIpPENC/ICHHE B €TI0 PACKDHIBE.

Taxkoit npueM NO3BOACT APH Pacdere aMILIMTYXHOTO pacpenesie-
H¥s1 MCKJIIOYMTH U3 PaCCMOTPEHH BCIIOMoraTensHoe 2epkaino. [TosepxHocTs
3KBHBAJICHTHOTO napaloiona NpeACcTaBAeT co0oii reoMeTpHIECKOE Mec-
TO TOYEK [epeceyeHH JIyqe, co3aBaeMblX 06mydareneM, HaXOMAMMUMCS
B hokyce manoro 3epkana F,, ¢ ly4aMu, OTPAXKEHHBIMH OT OCHOBHOT'O 3€p-
kana (cM. puc. 8.18).

JIByx3epKaJibHas aHTEHHa [10 CBOHM 37I€KTPHYECKHM CBOHCTBAM JK-~
BHBAJICHTHA OJHO3EPKAJbHOH aHTECHHE ¢ MapabomtdeCKHM 3epKalIoM ¢ do-
KYCHBIM DacCTOSHHEM f,, PACCIUTHIBAEMBIM 110 GOpMY/aM, MOMyIEHHEIM
METOIOM IeOMETPHYECKOH ONTHKH (CM., Hanpumep, [2]):

fi=(et 1)ffle-1) (8.20)
(BCIIOMOTaTENbHOE 3EPKATIO — rHNEepPOOIoN);
fi=(e+1)f/(1-e) (8.21)

(BcnoMorarenbHOE 3€PKalio — JUINNCOUN); ¢ — IKCHEHTPHCHTET MAJIOTO
3epKana.

Panuyc packpblBa SKBHBATIEHTHOTO Mapabononza paBeH paiuycy
packpbiBa 60/ILIIOrO 3epKana ABYX3¢PKaIbHOH aHTeHHH! R ;. Bemuuune f
U f, CBA3AHBI COOTHOIICHHEM

Sy _18(¥,/2) _|e+1]

fo 18(0/2) |e-1]

AMIUIUTYIHEIE pacHpedeneHHA B PACKPhIBaX SKBHBAJIEHTHOTO I1apa-
60J10MIa H OCHOBHOTO 3€pKaiia OMWHAKOBHI H PACCUHTHIBAIOTCA TAK XKeE, KaK
B ClIy4Yae ORHO3EPKaNkHO! aHTeHHH! (cM. 8.2.2). [Ina nomy4eHus GiH3K0oro
K PaBHOMEPHOMY aMIUIMTYIHOIO pacnpeneneHus (MakcumansHoro KUIT)
JH o6ny4arens fomkHa OBITH HOX0XKa HA HIICATH3UPOBAHHYIO AHArPaMMY,
u306pakeHHyIO Ha pHc. 8.13 (kpuBas 2).

U3 (8.22) BuaHO, 9TO OKYCHOE PaccTOSHNE SKBUBAJICHTHOTO I1apa-
Oomonna Gomeire pOKYCHOro paccTOSHHA OCHOBHOrO 3epkana. Crnenopa-

(8.22)
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TENBbHO, IPH AAHHOM 00/Tyyarele aMINIMTYIHOE PacpeNeeHUE B PACKPhI-
BE JIBYX3epKAJbHOI aHTEHHBI I0Ty4aeTcs Ooiee paBHOMEPHBIM, HEM y OJI-
HO3EPKAILHOH aHTEHHBI ¢ TAKMM € OTHOLIEHHEM R i/f .

JIByx3epkanbHas aHTeHHa 00naZiaeT pAgoOM MPEUMYIIECTB 10 CPaB-
HEHHIO C OHO3EpKabHOI. BermoMorarenbHoe 3epkaito obierdaer nondop
Hambosiee GIAaroNpHATHOrO aMIUIMTYRHOTO PacHpENCICHHS B PaCKphIBE
napabononna (moapoOHbIH aHaJIU3 MOKA3BIBACT, YTO TPAHC(HOPMALIH aMIT-
JIMTYJ, TI0/I HCTOYHUKA TIPOMCXOIUT TONLKO Ha MAJIOM 3epKaie; OompIoe
3€pKaNo JIMINE BEIPABHUBAET (ha30BOE pacipeecHHE) H TeM caMbIM obec-
MEYHBACT CPABHUTENHHO BhicOkuil pesymsTupyromuit KHIT 3epkana. Tak
KaK B [ByX3epKallbHO} aHTeHHE 06TyHdaTens MOXKHO PacnoloKUTh ONH3K0
K OCHOBHOMY 3€pKally, TO YIPOLIAaeTCA MOXBOAKA MUTAHHA K 06Iyyarento,
YKOpauyHBaeTCs IIHHA IMHHH ITHTAHHA ¥ 00JIeryaeTcs KpereHne 3Toi u-
HHHU U o0ny4atend. YKOpOYeHHE IHHHH NUTAHUA BEAET K YMEHBILCHHIO
MOTEPh B HEH H CHHXKEHMIO ITYMOBOH TEMIIEPAaTYpHl TpaKTa MHTaHUSA
(cM. § 10.3), 9To BaXHO MPH UCIIONHE30BAaHWY AHTEHH B CILYy THHKOBO#H i KOC-
MHYECKOH paJHOCBA3H.

IIpuMeHss B JByX3ePKaNbHOH CHCTEME NMOBEPXHOCTH, HECKONLKO
OTIMYHBIE OT NPaBHIBHBIX 1apaGONOUIOB, ILIHIICOMAOB U runep6onou-
IOB (kéa3unapabonuyeckue VIV ONMUMUIUPOGAHHbIE aHTEHHEI), MOKHO
no6uTsca Gonee paBHOMEPHOTO AMIDTHTYJHOTO PACTIPEREIICHHS TTONA B Pac-
KpbIBE OCHOBHOTO 3€¢PKaJia IPH MCHBILIEM IIePETMBAHIK SHEPTHH Yepe3 ero
Kpas, 9eM 9TO HMEeT MecTO B OOBIYHOH IBYyX3epKalbHOI aHTeHHE. Bonee
PABRHOMEPHOE aMILTHTYIHOE paclipe/ielieHne B packphiBe GonbmIoro sep-
kana nipH GonpuioM koa¢duurenTe nepexsara (v,) obecredHBacTCA ManbiM
3epkanoM Onaromaps MoaubHKanuy GOpMEI ero MOBEPXHOCTH. 11pH 3TOM
MogudHIHpoBaHHas (opMa HOBEPXHOCTH GONBLIIOT0 3epKaia BOCCTAHAB-
nHBaeT CHHGA3ZHOCTH BO30Y)XIEHHA €r0 pacKphiBa.

OrrruMH3anua AByX3epKalbHOH aHTEHHK COCTOHT B MOAGOpE mpo-
¢uneii 3epkal B COOTBETCTBHH ¢ 3agaHHO# dopmoit [TH obmyuarens. Oc-
HOBHBIMH TpeGOBaHHAMH, NpeabABIIeMBIMH K popme JTH oGnyyarens omn-
THMH3HPYEMOU aHTCHHBI, ABIAIOTCA €€ 0CEBasd CHMMETPUS H MUHUMAJIb-
Hasd yTeyKka SHEPTHH BHe ceKTopa o6iiydeHns MaJIoro 3epKaia (KpyThie cKa-
181 [TH).

Jpyrue THITEL ABYX3€pKAIbHBIX aHTCHH, HaHOONIEE WHPOKO IPUMe-
HSIEMBIC B pafHOpENeHHBIX THHUAX CBA3M, ONMCaHLI B [2].
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8.4. O6nyyarenu 3epKkanbHbIX aHTEHH

B kagecte obmyvareneli 3epKaJbHBIX aHTEHH IPHMEHSIOT ciabo-
HAIIPaBIEHHBIC AHTCHHBI, 00/1aaloMMe ONHOHAIIPABICHHEIM H3Ty4EHHEM
(8 cropony 3epkana). ®a3oBelii HeHTp oGmyuaTens copMemaercs ¢ Gpoky-
com 3epkana. Ecnu obnydarens He o6nazaer OXHO3HAYHO BHIPAXKEHHBIM
(}a30BBIM IIEHTPOM, KaK, HallpUMeEp, MHPaMHUJAIbHBIH PYIIOD, TO MOJOXKe-
HHE TaKoro o0ITy4arelis OTHOCHTENEHO (oKyca MapaboIHIecKoro 3epKaia
noaGHpaeTca SKCIIEPHMEHTAITBHO.

JuarpaMMa HanpaBiICHHOCTH oONydarens HODKHa obecnevYnBaTh
TpedyeMoe aMIITUTYAHOE PaclpeneicHHEe B paCKPHIBE IIPH MaJIOM NEpPEH-
BaHHUH 3HEPTHU depe3 Kpas 3epKalia, IO BOBMOXKHOCTH 00/anars oceBoit
CHMMeTpHEH H MHHMMANbHBIM YPOBHEM GOKOBBIX H 3a/IHHX JICTIECTKOR.

Juana3oHHsbIe cBOiicTBa HapabonuyecKol aHTEHHB! B OCHOBHOM 3a-
BHCAT OT 00Ny4aTelns, MOITOMY OT Hero TpebyeTcs LIHpoKas HoJoca npo-
ITyCKaeMBIX 9aCTOT KaK 110 HaIlpaBIeHHEIM CBOHCTBAM, TaK ¥ I10 COIIacoBa-
HHIO.

Bubpamopnvie obayyamenu, MHTaeMBIE ¢ TOMOIIBIO KOAKCHATBHBIX
JTHHMH, TPUMEHAIOT OOBI4YHO B JGIIMMETPOBOM JHAIIA30HE H B IITHHHOBOI-
HOBOH 4aCTH CaHTHMETPOBOTO AMana3oHa. J[Ji1 cO31aHHA OHOHANIPABIICH-
HOTO M3IIyMEHHS HCHOIB3YIOT KOHTPPEQIEKTOPH! B BUAE IACCHBHLIX BHG-
PaTOpOB MM MeTalIHYeckux Juckos auamerpom (0,7...0,8)A. dazoBeiit
HEHTP o0mydarTens HaXOoUTCA MEXIY BUOPaTopoM H KOHTppeIIeKTOpOM.

Bu6paropsl, nuracMble ¢ NOMOILELIO BOTHOBOOB, — 80THOB0OHO-6UO-
pamopnule obnyyameny (puc. 8.19) — npUMeHAIOT Ha BOIMHAX Kopoue 10 cM.
B cepeniHe BBIXOXHOTO OTBEPCTHA BOIHO;
BOJIa NIEPIICHIMKYIIPHO TMHUAM BekTopa £
YCTaHABIIMBAETCA TOHKas METaXIMYecKas
IUTIACTHHA, K KOTOPO# KpenAT aBa BUOparto-
pa Ha pacctosHsH npumepHo (0,3...0,25)A |
Ipyr oT npyra. Bubparops! Bo30yxaarorcs (1=
HOJIEM, BBIXOAAMIMM H3 OTKPHITOrO KOHL@A '
BONMHOBOJa. J\THHI BHOpaTopoB noxGupa-
I0TCH TaK, 4To6bI Bropoil Bubparop urpan
pons xoHTppetnekropa. Pa3oBmit ueHTp
pacnonaraercs Mexay Bubparopamu (6:1u-

Puc. 8.19
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e K epBoMy 13 Hux). BubparopHsie 06mydareny me-

necoo6pa3HO MCIIONTB30BAaTh B CIIy4ae JOBOJIBHO IIy-

cz’ Hoxux napabommueckux sepkan (mpu 2y, = 120...180°).

Jlna co3nanusa KpyroBo#H MOJIAPH3ALIMH MOYKHO

NPHMEHATD CRUPANbHYII W MYpHUKemHblll 0bayya-

mend (puc. 8.20). O6myyaTen 3T0ro THNA HCO/B3Y-

IOTCS TAaKXKe B 3¢PKAIBHBIX aHTEHHaX, €CIH nepena-

BaeMbIE TOJI1 HMEIOT B3aUMHO NEPIECHIHKYILAPHYIO

nomspu3auio. B 3ToM ciryyae onuH W3 BHOPATOPOB NpeIHa3HAYEH /14 IIe-
penauu, ApyroH ~ I npuema.

Ha canTnMeTpoBEIX H 60J1c€ KOPOTKHX BOIHAX NIHPOKO NPHMEHSIOT
801HO60O0HBle (KPYTIBIE H IPAMOYTOIBLHEIC) H pynopHvie obayuamenu
(puc. 8.21). Ot obiy4aTeny NO3BOIAIOT IEPeaaBarh OONBIIYIO MOIHOCTD
M MMEIOT NyJIHne AUana3oHHble CBOHCTBA, YeM BuOpartopHble. PynopHsiit
obmygarens ¢ ¢pasupyromei cexuueii N03BOIET NOIYYATh BOJIHY C KPyro-
BOH NONAPU3AIHEH.

O6myqareny, npeaHa3HaYCHHBIE 4711 ABYX3¢PKalIbHLIX HEONITHMH3H-
POBAaHHBIX U OIITHMH3HPOBaHHBIX aHTCHH, NOJDKHEI HMETh I(H € MaxkCUMy-
MaMH B HalIpaBJI¢HUH KPOMKH MaIloro 3epKala U ¢ HeGonbmoit BHaauHoii B
HaINpaBIICHHH €ro BepuuHEI (cM. pHc. 8.13), xpueas 3, a myyme 2). briuz-
Ky1o K Takoit JJH aMeroT pacdazHpoBaHHEIE PYTIOPHI.

Cpenu pa3NnHYHBIX THIIOB PYHOPHBIX aHTEHH, NO3BOJLIIOLIMX MOy~
4ath Tpedbyemyio popmy JIH obiydarens AByx3epKadbHbIX aHTEHH, Ha30-
BeM pac(azHpoBaHHBIE pYIOpPHI, pachasMpOBaHHBIC PYNOPH! C H3JIOMOM
KOHH4ecKoi obpasyrowei (puc. 8.22), pacda3upoBaHHbIE PYNOPH C U3~

Puc. 8.20

&
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Puc. 8.21 Puc. 8.2
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NneKTpH4ecKoid BTyxoi (puc. 8.23), pynop ¢ UMITEAaHCHBIMH CTPYKTYypa-
MH (puc. 8.24). OnucaHne H OCHOBHBIE IAPAMETPHI 3THX H HEKOTOPEIX ApY-
THX PYTIOPHBIX aHTEHH — O0JIydaTeneil NBYX3ePKaJbHBIX AHTCHH MOMKHO
HaiiTi B [2].

8.5. AHTeHHa — napabonuyeckui UMNUHAP. YronkoBas aHTeHHa

B page ciryyaeB HEOGXOZHMO B [IBYX IMIaBHBIX IUIOCKOCTAX HMETh
JIH, 3Ha9ATENEHO OTIHYAIOWHEC 0 HpHHE. [IpH 3TOM MPOCTPaHCTBEH-
Has JTH 6ynet B popme Beepa. i nonyuenns eeeproi JIH pasmeps! pac-
KpbIBa AaHTEHHBI B IByX B3aHMHO NEPICHIMKYIAPHBIX INIOCKOCTAX JNOJDK-
HbI OBITH pa3snHYHH. TaKylo IHarpaMmy Herko MOMYYHTh C IOMOIIBIO aH-
TEHHBI, COCTOSILIEH H3 METAIUTHYECKOTO 36PKANA, IOBEPXHOCTE KOTOPOTO MMe-
e1 popMy NapaboIHIECKoro y-
JIMHJpA, ¥ IMHeliHOoro ofimyJare- i[
1151, pacIIONIOKEHHOTO BAOMIB (o-
KaJIbHO# OCH 3TOTO IMIMHIpPA
(puc. 8,25). DnemeHTH NMHBEH-

-~ e o —
HOTO H3JTydares Bo30yxaator- Y, nvw N~
cs cuH(pazHo. CedeHUE IMIIMH-
Ipa IOCKOCThIO Y0z mpencTas- A 2
aseT napaboiy, a IUIOCKOCTBIO ) \ I
x0z — npaMyro muaHIO. J{MHHA - ‘.

z

obmyuaresns paBHa NIPUMEPHO
JUTHHE (BBICOTE) LHIIHHADA A, Puc. 8.25
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Ecnu Ha noBepXHOCTh NUIHHApA NagaeT BOJIHA, TO Gnarogaps reo-
METPHHYECKHM CBOMCTBaM mapaboibl 3Ta BOIHA, OTPAXAACh IO 3aKOHAM
reOMEeTPHIECKOHM OITTHKH, TPaHCHOPMHPYETCA B INIOCKOCTH 10z B IIOCKY 0.
B miockocty x0z mumMeAp He 06nanaeT TpaHcHOPMHPYIOILIMME CBOHCTBA-
Mu. IToBepxHOCTB packphIBa nuMHapa ABCD uMeer GopMy HpIMOYyTONb-
HUKa CO CTOpoHamH 2R, = AB u h u Bo3byxnaerca cundazno. Cuadas-
HOCTh BO36yXKIEHHA BRONB OCH y obecneunBaeTcs TPaHCPOPMHUPYIOIIUMH
CBOMCTBaMH NapabomMYecKoro IHIMHAPA B IIOCKoCTH 10z, @ BIOIb OCH X
— TeM, 4TO BCE 3TIEMEHTHI IMHEHHOTo 06MyyaTens Bo30yKat0TCst CHH(a3-
HO M CO3AAIOT BJIOJIb OCH 00ny4atens CHH}pa3HOe Ioe.

B mrockoctu x0z JJH mapa6onuyeckoro numiHzapa (cM. puc. 8.25)
xomupyeT JIH cundasHoro o6ay4arens. Ee mmmpuHa onpenensaercs nuaei-
HEIM pa3sMepoM 00ITydaTells 1 aMIUIMTYAHBIM PacIipee/IeHHEM MO BIOb
ocH x. B mnockoctr y0z JTH auTeHHB! MOXeT GbITH pacCUHTAHA METOIOM,

M30XKEHHBIM B 8.2.2, HO nIpH 3ToM GyHkuusa f,(y) =1+ cosyFy(Y)/ \E ,

e Fy(Y) — nopmuposanHas JIH obnyyarens B miockocts y0z.
O6brano pesynsrupylommiit KUIT napaGonuyeckoro uummHIpa He
npessimaer 0,5...0,6.
ITapaGonuueckuit HUIUHAP MOXET
7 obnyuatbcs [2] ¢ moMombo cuHbasHOlM
NI AN MHOTOIIENEBOH BOJHOBOJHOH AHTEHHE,
4 BOJIHOBOJTHOH MHOTOBHOPAaTOPHOH aHTEHHBI,
pYNOpHOH JTHHEHHOH peneTKH, CEerMEHTHOH
napabonuyeckoil aHTEHHBI, YTOIKOBOM aH-
TEHHBI H T. 1L
P J Yeonkosan anmenna (puc. 8.26) co-
= CTOUT U3 3epkana (pednexropa /), o6pazo-
N BaHHOTO ABYMA INIOCKAMH MCTATMYECKH-
MM IIACTHHAMH, H BUOparopa (2) uiu cuc-
T€MBI KOJUTHHEAPHBIX BHOPATOPOB, PacIolio-
JKEHHBIX B INIOCKOCTH OHCCEKTPHCH yrImia
P, -3epkana Y. [lone, u3nmyYyeHHOE aHTEHHOH,
ABJIACTCA CyMMOH MHOJIA, H3Iy4aeMOro He-
nocpencTBeHHO BuOparopoM (obGmyyare-
€M), M TONA, CO3JaBaeMOr0 BTOPHYHBIMH

Puc. 8.26
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TOKaMH, TEKYUIUMH 110 IOBEPXHOCTH 3epkana. [Ton6opom yrna y i paccro-
AHUA d OT OcH oOnyyarens IO BEPIIMHBI 3€pKala MAKCHMAIbHOE H3ITyde-
HHE NOTyHaeTcs B HarpaBleHUH OBcceKTpHCE! yria Y. Yron Yy obsruso Ge-
petcs paBHeIM 180°/n, rie n — nenoe gmcno (1, 2, 3...).

‘YronkoBas aHT€HHA OTIIMYAeTCA KOHCTPYKTHBHOM npoctotoi. Kpern-
JieHHe BHOPATOPOB MOKHO OCYIIECTBIATH C IIOMOLIBIO KaK AN3IEKTpHICC-
KHX, TaK H «METaJUTHIECKAX)» H3O0JIATOPOB, UTO MpeanodTHTensHee. Takas
AQHTEHHA IIPH €¢ MPHEMJIEMBIX pasMepax no3BoyaeT noxydars JIH mmpn-
Holi mpuMepHO 10 20° (Mo monoBHHHOM MomHocTH). [To cBoMM Hampas-
JICHHBIM CBOHCTBaM aHTCHHA GNH3Ka K napabonuIeckoMy IHIHHADY C Ta-
KHMH X€ pasMepaMH:

8.6. YpoBeHb U3any4YeHus napabonnyeckon aHTeHHbI
B 06NacTU TeHn

B psne ciyuyaes, B 4aCTHOCTH B PafMOpeNeHHON CBA3H, BAXHOE 3HAYEHUE
nmeeT YBJI B 3afaHHBIX KBaApPaHTaX B HanpasneHusx, Onmskux k 180°. B atux
HANpaBJICHHUAX H3IyueHHE (KoIQDHLMEHT 3aMUTHOrO ACHCTBHA) JOIDKHO COCTaB-
JaTh He 6onee — (60 ...70) ab.

‘YIOBIETBOPUTENBHYIO TOYHOCTD pacyeTa H3My4eHHs B 06/1acTH TeHH HaeT
Meroz reomeTprueckoil Teopun audpaxuuu (I'T). Kak u reomerpuyeckas onru-
ka, ['T]] GasupyeTca Ha NPEMIION0KEHNH, YTO JHEPrud paclpoOCTPAHAETCS BIOIb
JIyuei, OIHaKO B OTJIMMHE OT [EOMETPHYECKOM ONTHKH B HEH IOMUMO MAJAOILKUX,
OTPaXXEHHBIX M NPENOMICHHBIX dy4eil pacCMaTpUBAIOTCA TaK Ha3blBaeMble Aud-
PaKIMOHHBIE JIy4H.

HanpsxenHocts moins,
co3faBaeMoro B o6acTH TeHH
napaboauyecKoidl aHTEHHBI,

00ycnoBieHa B OCHOBHOM Kpa- X

€BbIMHM AH(PArdpOBaHHBIMH &

JIy4aMH, BO3HHKAIOIUMH B Me- o
6=180" Yo =0

CTax NajeHus BONHbI, CO3/aH-

Hoif 061y4areneM. B ciayqae L} z

3€pKaJbHON 3HTEHHBI — 3TO
BOJIHA, CO3NaHHasA oOnyyare-
JeM Ha Kpato (pebpe) 3epkana
(puc. 8.27).

Puc. 8.27
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B HanpaBneHHH OCH 3epkaina MmoAfpH3auxs AH(parHpoBaAHHOIO MONA, Ofl-
penenseMoro pe6poM aHTEHHBI, COOTBETCTBYeT MOMAPH3ALMH Mos 06myyarens.
KpoccnonapusausonHas cocTapIAioWAs NONs 1A HANPaBJIeHHH, GH3KMX K OCH
3epKaja, HeBenuka, ByneM cuutars, 4o 06yyareins Co3JaeT noie, NOAAPH30BAH-
HOE B HaNpaBieHUH, NapauiensHoM ocu x. Kak nokasano B [2], cocrasnswonias
mu¢pparuposanHoro nons £, s nanpasnenuu § = 180° n 6nu3kux K HeMy onpene-
NSeTCA BRIPAXKEHHEM

AL AEORO JO(kRO sin0)
* 2 sin(yy/2)

- 052/, (kR sin B) exp(zikr)

* (8.23)

rae E, — HaNpAXeHHOCTH N0JI4, CO3AaBaeMOoro oGy4aTeneM B LEHTPE PACKpbIBa
3Jepkaa (B Clly4ae JBYX3ePKaNbHO# aHTEHHbI 3T0 LEHTP PaCKPIBA SKBUBAICHTHO-
ro napaGonouzaa); ¢ ~ nonspHui yron 8 nnockoctn y0z; A= E,_/E; v, — nonosuna
yrna packpeiBa autenHsl. [Ipu seiBoge dopmynsl (8.23) npeanonaranocs, uro JIH
oburyyarens 0ceCHMMETPHYHA H TO3TOMY YPOBEHb 00N1y4eHHS KPaeB 3epKana Ol1-
HAaKOB. ’

Ilpn pacdere 3uauennit E* B nnockoctu E cnenyer B (8.23) monoxuts
¢ =0, a B wockoctd H — ¢ = 1/2.

INoncrasnas B (8.23) 6 = 180° 1 HOPMHPYA 3TO BRIpaKEHHE K HANPAKEHHO-
CTH 1005 B HANPABNEHWH MAKCHMANEHOIO M3NYYEHHS AHTEHHB!, TOIyYaeM BbIpa-
xeHHe jna koddunmenTa sammTHOTO AciicTBus (K3/) B muockoctH E, T.e. npu
p=0°

E(180°) _ A A 1

E(0) {1 &]2 1-a)y TRo ‘{; 2sin(yy/2) 8.24)
+—| —
2 12
rae A — pabouas JUIHHA BoNHEI; v, — aneprypHblit KUTT napaGonuyeckoii aHTeHHbI.
Kak noxasnipaloT pacuersl no opmyne (8.24), ana napabonuueckux aH-
TEHH C yIaMH packphisa 2y, = (120...180)° K3]I cocrasnder — (50..60) nb. Bonee
noapo6HO 06 H3MyyeHHH 3epKanbHOi AHTEHHB! B 0GIACTH TEHH C NAHHBIMH pacye-
Ta M IKCIIEPHMEHTAa MOXHO HaiiTH B [2,62]. JononuutensHoe ocnabnenue npuema
CHrHAJIOB, MAYILLMX CO CTOPOHKI TEHEBOI 06/1aCTH, BO3MOXHO 32 CUET IPHMEHEHHA
CpencTs, ONMHCAaHHLIX B 1. 13.

JTumepamypa: ocrosnan [34, 55, dononnumensnas [2, 30, 62].
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KoHTponbHble BONPOCkI

1. B ueM COCTOMT CTPOrHii METOX PacyeTa NoJIA HITYUeHHS OTKPHITOTO KOHLA BOTHO-
poxa?

2. Yem oTiHgaeTcs npubnikeHHoe (HHKEHEPHOE) peIeHHe 3a1a4H 06 H3Ty4YEHHH OT-
KPBITOTO KOHIIa BOJIHOBOX& OT CTpOroro Meroxa?

3. O6BACHHTE OCHOBHBIE 0COOEHHOCTH (IOCTOHHCTBA H HELOCTATKH) AaHTCHHMI B BHAE
OTKPHITOT'O KOHIIa BOJTHOBOJIA.

4. HazoBuTe 061acTH NPHMEHEHHA AaHTEHREI B BH/IE OTKPEITOTO KOHIA BOJIHOBOAA.

5. Ha3oBHTe THIIB! PYNIOPHBIX AHTEHH, H300pasuTe CTPYKTYpPY NOJA B PyNopHOi aHTEeH-
He, 00BACHHTE, YeM OTIHYACTCA CTPYKTYPa M0JI B PYNOpe H MHTAIOLIEM BOITHOBOAE.

6. UeM oGpacuseTca HecuHda3HOCTh BO36YXkIeHHs PACKPHIBA PYIIOPHOR AHTEHHBI, Ka-
KOB 3aKOH H3MECHEHHA ¢a3bI?

7. Kax B onTHManbHOM PYHOpe CBA3aHEI MEXXY co0oif JUIHHA pynopa, pa3MepH! pac-
KpHIBA H BETHYMHA MAaKCHMAIBHEBIX (a30BBIX HCKaXkeHHH B HeM?

8. Kakue pynopHbie aHTEeHHBI Ha3biBaloTCA pacthasuposaHHbIMA? HasoBuTe ocoberHO-
crH ux JH.

9. TloscHMTE MEXaHH3IM NpeoGpa3oBaHKusA JHHEHHO NONAPHIOBAHHON BONHEI B BOJNHY
€ KpyTOBO# ToNApH3altueii.

10. Kak MOXHO OOBACHUTL NPHHIMN ACHCTBHA 36PKATBHONR aHTERHEI C TOUKH 3PCHHA
ANepTYPHOTO H TOKOBOTO METOAOB? '

11. TlepeynciInTe OCHOBHBIE OCOOCHHOCTH JBYX3ePKAILHBIX aHTEHH IO CPaBHEHHIO
€ OHO3ePKANBHEIMH.

12. Ha30BHTE OCHOBHbIC MPHHHMHEI, ONPENENIOIIHNe BETHYHHY pesynsTupyiomero KHTT
3epKaJIbHOH aHTEHHBI,
" 13. Yem orpanuteHo npeaensaoe 3uavenue KH]I sepxanbHoil aHTeHHET?

14. Yo NpHHATO HA3LIBATh PeakUMell 3epkana Ha oGayHaTeIb, KaKOBbI CNOCOGH ee
ocnabnenns?

15. TloAicHHTE NOHATHE KBHBANEHTHOTO NapaboNonaa H LenecoobpasHOCTH €ro BBE-
JEeHuA.

16". B ueM 3aKITI09aETCA ONTHMH3ALHA ABYX3€PKABHON aHTEHHE], KAKOBEI LIEJIH OIITH-
MH3auuH?

17", Ho xakuM IPH3HAKaM MOKHO KIIaCCH(HITMPOBATE OGTY4aTeNH 3CPKATbHBIX BHTCHH?

18*. OT 4ero 3aBHCHT ypOBEHE GOKOBEIX JIEMECTKOB, GIMXaHIIHX K TIaBHOMY
nenectky JH?



maea 9. CKAHUPYIOLUWE AHTEHHbIE PELLUETKU
N PELLETKKU C OBPABOTKOWU CUTHANOB

9.1. HasHauyeHUe U MeToabl CKaHKPOBaHUA

Ilop cxanuposanuem B aHTCHHOM TEXHUKE TTOHUMAIOT NPOLIECC IIC-
peMemeHus ocHOBHOrO nenectka JIH B npocTpancTee. CKAHHPOBaHUE MO-
JKET OCYLIECTBIATHCI MEXAHHUECKHM, DIICKTPOMEXaHUYECKHM H DIIEKTPH-
yeckuM criocobamu. [lepBriii ciocod peanusyercs myTeM NMOBOPOTA Beel
anteHHHL. [IpH BropoM cnocobe ocyliecTBIIETCA MEXaHHIECKOE YIIpaBie-
HHE OTHEJBHBIM JICMCHTOM aHTEHHEI, B PE3YIIbTaTe Yero H3MEHIETCS 110~
noxenue JIH Beeit anTeHHBI (HanpuMep, U cMellieHHH 00i1ydarens OTHO-
cuTenbHO GoKyca B mapabONHIeCKHX aHTeHHaX, cM. 8.2.6). O6a crocoba
XapaKTepH3YIOTCA 3HAYHTEIPHON HHCPUHOHHOCTBIO, TOCKOIBKY CBA3AHBI
€ MEXaHUYECKHM IIEpeMEICHUEM BCel aHTEHHE! WiTH ee 9acTH. Haubone-
muM OBICTPONEHCTBHEM OTIMYACTCSA TPeTHil cloco0 CKaHHPOBAaHUs, IPH
KOTOPOM aHTEHHA OCTAeTCA HEMOABI)KHOH B MPOCTPAHCTBE, a NepeMele-
HHe JIH ocymecTBiseTcs 3a c4eT H3MeHeHUs aMIUTMTY(HO-(a30Boro pac-
TIpeJIeNIeHNs B PaCKPBIBE aHTEHHBI JMEKTPHYECKHM ITyTeM. IHepLIHOHHOCTD
SMNEKTPHYECKOro crioco6a COBEPIICHHO HE 3aBHCHT OT pasMEPOB H Macchl
AHTEHHL! ¥ ONPENENACTCA TONLKO GBICTPOACHCTBUEM NEKTPUIESCKUX Lenei,
KOTOpOE HA HECKOJIBKO IOPAIKOB BBILIE, YeM B MEXAHHYECKHX CHCTEMAX.

' DIeKTPUYECKOE CKaHUPOBaHUE OCYIIECTRIAETCS OOBIYHO Ha OCHOBE
HCTIONB30BAHUA MHOIODJIEMEHTHBIX aHTEHHEIX pemierok (AP). B mpocreii-
IIEM CIyqae, 471 nuHelHpIx AP, monoxeHne MakCHMyMa OCHOBHOT'O JIeTi¢-
cTKa JIH OTHOCHTENEHO HOPMAJTH K OCH PELLIETKH ONPEAENAETCA [10 aHAJIO-
rud ¢ (3.18) cooTHOmEHHEM

0,, = arcsin(y/ kd) = arcsin(yA./ 2nd). CRY)

H3 dpopmyns (9.1) BHIAHO, UTO yIPABIATH HONOKEHHEM MaKCHMyMa
JH snexrprdaeckuM nyTeM MOXHO, U3MeHAA IHO0 caBHT (a3 MEXKIY TOKa-
MH B COCENHHX H3Nydateix | (ba3oBslil cnocob), mubo [TMHY BOIHEL A
(vnu gactoty f) KoneGannit (yactoTHsli cocob, cm. § 7.3). Kpome daso-
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BOTO M YaCTOTHOTO HCNONB3YETCsA AMILTHTYIHEIH CII0COD 3TIEKTPHYECKOTO
CKaHUPOBaHHS, OCYILECTBIIACMBIH ITyTeM H3MEHEHHUA aMILTHTYH (KOMMyTa-
1K) Ha BXOAAX MHOTOTY4EBOH aHTCHHOH CHCTEMBI.

CoBpeMeHHbIC aHTCHHB! C HEKTPHYECKHM CKAHHPOBAaHHEM, YIIPaB-
aseMele OpICTponaeHcTBYOIUMY OBM, NO3BONAIOT peallH30BbIBATh HEBIH
PAI IPENMYILECTB MO CPABHEHKIO ¢ OOBIYHBIMH THIIAMH aHTeHH. B paauo-
CBA3H 3NIEKTPUYECKOES CKAHHPOBAHHE NPHUMEHACTCS, HAIPHUMED, B CITyTHH-
KOBBIX CHCTEMaX CBS3H H [I03BOJAET OCYINECTRINTH MBOTOCTAI[MOHAPHbIH O~
ctyn k MC3, T. e. Hcnonmb30BaTs OIMH GOPTOBO# PETPAHCIIATOP WA HECKONb-
KHX Ha3eMHBIX CTaHLWMi, 9TO JOCTHIaeTcs OYTH MTHOBEHHBIM ITepeKIIovc-
HueM MakciMyma JIH 60pToBoii aHTEHHE! € ONHOTO HaNpaBIcHUs Ha OpYyroe.

ITpuMeHHUTENBHO K PaqUONIOKAMOHHEIM CHCTEMaM NPEUMYIIECTBa
3NEKTPHYECKOTO CKAHUPOBAHMA 3aK/TI0YAI0TCA B BOSMOXKHOCTH HENIPEPhIB-
HOH MHOTOYHKIMOHATILHON paboTh! — NOKCKa, 3aXBaTa Y CONPOBOXKICHHS
MHOTHX Li€JIEH ITPH OMHOBPEMEHHOM 0030p€ NPOCTPAHCTBA B IIHPOKOM CEK-
TOPE YIJIOB. :

AHTEHHBI C JNEKTPUIECKHM CKaHUPOBaHHEM, 00NIafaloNIHe XKECTKOH
KOHCTpYKIHEH, He TpebyIomei MEXaHHIECKHX MEPEMCILIEHHH, ITO3BONIAIOT
peanu3oBsIBaTh G6ONbNIME NpeaebHbe 3Haqenus KH]T, ueM oOkrdaubre (Ha-
HpuMep, NapaboNHYeCKUe) aHTEHHBI, IOCKONBKY OHH MEHEE [IOJBEPIKEHBI
BECOBBIM, BETPOBBIM M APYTHM Ae(hOpMaIHiM, BOIHUKAIOIKUM B IPOLECCE
skciuTyaTaniy. [IpenMyIecTBOM aHTEHH C 3NEKTPHIECKUM CKaHUPOBAHH-
eM ABIAETCA TAKKE HICKTPUYECKas CTabHIH3auA Tipy paGoTe ¢ MOXBHK-
HBIX IaTdOpM, HalpUMep, PH YCTAHOBKE aHTEHH Ha many0e xopabis win
GopTy nerarenbHOro anmnapara. MHOrosneMeHTHas OCHOBA TOROOHLIX aH-
TCHH [TO3BOJIAET PEILAaTh TAKHE BAXKHBIC 3aavH, KaK CIOKCHHE B OXHOM
Jy4e MOITHOCTEH MHOTHX NepenaTduKkoB, 6oiee IOIHOE H3BICIEHHE HH-
¢dopManMu U3 CHTHATIOB, IPHHATEIX OTHAEIBHBIMU JIEMEHTAaMH, 1OBbINIE-
HHE HaReXHOCTH paGoTs! aHTEHH U Jp.

ToBOPS O MPEeMMYMIECTBAX AHTEHH C NEKTPHUECKUM CKaHHPOBaHM-
€M, HCTB3A HE OTMETHTE M HX HEAOCTAaTKH, OCHOBHBIMH H3 KOTOPBIX ABMA-
I0TCA CIOXKHOCTh 3THX YCTPOHCTB, BBICOKas CTOMMOCTD M GonbIMe 3aTpa-
TBI Ha SKCILTyaTaumio. [To3ToMy npuMeHeHHI0 OROOHBIX aHTEHH B PaaHO-
TEXHHYECKHUX CHCTEMaX H CHCTEMaX PaXHOCBA3H NOJDKHA IPEAIICCTBOBATD
TIATenbHaA paboTa no onpeaencHuo 3GGEKTHBHOCTH H SKOHOMHYECKO
1e71eco06Pa3HOCTH CHCTEMBI B IIEJIOM.
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9.2. ®a3zupoBaHHble aHTEeHHble pelleTku
9.2.1. Tpe6oBaHMUA K LIary peweTku

®az30BHI CHI0CO0 3NEKTPHYIECKOr0 CKAHHPOBAHMA peann3yercs
B aHTEHHAX, MOTYYHBIIHX Ha3BaHHE (a3HPOBAHHBIX AHTEHHBIX PELICTOK
(®PAP). Haubonee pactipocrpanensl AP na 0CHOBE IIHHEHHBIX ¥ TUIOCKHX
PeLIeTOK, TEOpHsA KOTOPhIX M310KeHa B L. 3. BoamoxkHocTH mmmeiinex QAP
Gornee OrpaHUIEHE], TaK Kak CKAHHPOBABHUE 3/IECh MOXKET OCYIIECTRIATHLCA
TO/LKO B OXHOM ILIOCKOCTH, MPoXojseit 9epe3 ock pemerky. Ilnockue
OAP no3BONAI0T CKAHUPOBATH B IIPOCTPAHCTBEHHOM CEKTOPE YITIOB OTHO-
CHTENBHO HOPMAJH K IVIOCKOCTH PEIETKH (PEAIBHO — B CEKTOPE YITIOB, HE
npeprmaoieM +60°). OTHOHANPABICHHOCTh H3TY4YCHHS JOCTUIAETCA, KaK
OTMEYAJIOCh, TPUMEHEHHEM YKPaHOB HIIH 3JIEMEHTOB C OTHOHAIIPARIICHHEIM
m3nygcHHeM. KpoMe THHEHHBIX H IDIOCKHX HCTIONB3YIOTCA TAKKE LIMIHHI-
pudeckue (BKJIIOYas KONbLEBHIE U JYroBhIe), KOHHUECKHE, chepudeckue i
Jpyrue THIEL BRIMYKIBIX PAP, NO3BONAOMIMX OCYMECTRIATE CKAHHPOBA-
Hue B 6oJiee MIHPOKOM CEKTOpE YIIIOB H OOMafaloluX pALOM OMONHH-
TeJBHBIX IIpeHMyInecTs [8].

INpuuuun paGotsl PAP, kak OBLIO ITOKA3aHO B INI. 3, CBA3aH C H3Me-
HeHueM ¢asbl koneGaHuiH, HOIBOAMMEBIX K OTCABHEIM H3MYYalOMIHM 3J1e-
MeHTaM (B NEpefaioneM PeXHME) ¢ NOMOMIBI0 (asoBpamarenci TakuM
obpasoM, 9To0s1 06ecnieunTh CHH(bA3HOE CIIOYKEHHE NONeH OTAENbHBIX W3-
mydareneii B TpeOyeMOM HaNpaBIeHUH, T. €. (FOPMHPOBAHUE [IABHOIO MaK-
cumyma JIH. HopMansHoe dynkunoruposanue AP npezmonaraer, 4to B
peLIeTKe YCTPaHEHa BOSMOKHOCTD HOABJICHHSA BTOPHYHBIX IIABHEIX MaK-
CHMYMOB, 00yCITOBIIEHHBIX CHH(}A3HBIM CIIOKEHHEM I10JIeH (TO4HEE, CO CABHU-
roM ¢a3 27) B HaNPaBICHHAX, OTIHYHEIX OT HANPABICHHA [JIABHOTO Mak-
cuMyMa. [lna muHelHOH peierkd H3 ameMeHToB, JIH xotopeix Grmm3ka k
HEHAaNpaBIECHHOH, BTOPHYHEIE NIABHBIE MAKCHMYMEI, KaK I0Ka3aHo B 3.2.3,
6ynyT OTCYTCTBOBATD, €CIIH HIAT PEIICTKH

d<M(l +sin6,), 9.2)

tne 6, — MakCHMAJIBHBIH YTOJI OTKJIOHCHHSA JTy4a OTHOCHTEIBHO NIEpIeH-
THKYJISpa K OCH PEIEeTKH. JI11 IToCckoH peneTky ¢ pa3MelieHHEM IeMeH-
TOB, OIIM3KHX K HEHANPABJIEHHBIM, B y3J1aX IPAMOYTONbHOM HIIM TeKCOro-
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HaJIBHOM ceTok (cM. puc. 3.19) BTOpHYHEIC NIaBHBIE MAKCUMYMBI OyayT
OTCYTCTBOBaTb, €CJIH LAl PEUICTKH YROBIETBOPSAET TpeboBanuaM (3.71),
(3.72), tne nox O crexyeT NOHMMATh MAKCHMANBHEIA YTON OTKIOHEHHA
Jyya B COOTBETCTBYIOIIECH [IOCKOCTH.

Hcnonb3oBaHHe HEHANPaBIeHHBIX HIEMEHTOB HMEET CMBICI IIPH CKa-
HHPOBAHHHM B IUPOKOM CEKTOpE YIJI0B. IIpH OrpaHHYeHHOM CEKTOpe CKa-
HHPOBaHMA B IPHHIHIIE BO3MOXKHO NPHMEHEHNE HaNPaBICHHBIX H3TydaTe-
ae#t, umeromux J(H ¢ mvpuHoi mo ypoBHIO NONOBHHHONH MOUIHOCTH
A8, =20 .. Ecrectenno, 9T0 pa3MemICHHE HAPABRNCHHBIX H3IIy4aTe-
neit BOSMO)KHO TOMBKO [PH Iuare, npepsimaromieM (9.2). Ilpu sTom Bo3HH-
KalOT BTOPHYHEIE NIABHBIC MAKCHMYMbl MHOXMHTENA CHCTEMBL F;, OJIHAKO B
pesyasTHpytomeH JIH 3TH MakCHMyMEI B 3HaYHTEAbHOH CTEIIEHH HONABIIA-
I0TCA 32 CYET HANPABNEHHOCTH M3JTyYEHHS OIMHOYHOro Mamyyarens. Oc-
HOBHBIM IlpeHMyIecTBOM nonobupix AP seiaseTcs YMEHBIIEHHE YHCHa
H3ITydaTenei npu 3a1aHHbIX TpeGoBaHuAX K mupuHe JTH, onpenensiommx
o6ume pasMepsl packpriBa DAP, i, rmasnoe, yMeHbIIeHHE 9ucia Tpebye-
MBIX (asoBpalnarenei.

Jo6uthca yMeHbIIEHH YHcla TpebyeMeIx (asoBpanrareneii MOXHO
H TIPH HCMOJH30BaHUM Gojiee MPOCTHIX, HEHANPABIEHHBIX H3JIydaTenei,
pasMenaeMsix ¢ maroM, 6nuskum K 0,5A, eciu 06beIUHATE HX B TPYIIIEL,
ynpaBigeMble oqHuM (asoppamaresneM (puc. 9.1). Kaxnyro nonpemerky
MO’KHO PaCCMaTpHBAaTh KaK HANPaBICHHELH 1eMeHT pemerku. Yneno usiny-
gareseci B oqHOM rpynne seibupaercs U3 yenosus, 4roOsl JIH moapemeTkn
HMMENa MUPHHY Aeo,s =20, ... [onoGuniit MeToz, xax u npenbITyIHi, 3¢-
(exTHBEH TOMbKO PH CKAHHPOBAHHH B Y3KOM cekTope yrioB (B, < 20°).

Puc. 9.1
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9.2.2. Uanyyarowue snemeHtsl GAP

B xadecrse Hanyyarommux sneMenros OAP Hambonee mmpoko wc-
HONB3YIOTCA BHOPATOpPHI, H3JIy4aTe/IH B BUAE OTKPEITBIX KOHIIOB BOJHOBO-
JIOB, PYINOpBI, COIHPaIbHBIE aHTEHHEL. HaXoxdT NpHMeHEHHEe TakKe AH3-
JEKTPUIECKHE aHTCHHBI. BEI60p KOHKPETHOIO THIIA H3ITydaTeNns ONpeaeI-
eTcA LeNbIM paaoM TpeboBaHHI, OCHOBHBIMH H3 KOTOPBIX ABJIIAIOTCA: 3a-
JaHHBIA 9aCTOTHBIN JHanas3oH, TpeboBanus k popme JIH oxHoro snemenra
(onpenesnseMbie MIMPHHOH CEKTOPa CKaHUPOBAHHA), OIAPH3ANMOHHAS Xa-
PaKTePHCTHKA, H3JIyuaeMas MOITHOCTh, pabodas nonoca 4acroT, BO3MOXK-
HOCTBH Pa3MEIIEHUA JIEMEHTOB B Y3/1aX IPAMOYTONLHOMN HITH FeKCOIOHAITh-
HOM CETKH. ,

ITpu mupoxoyronsHoM ckamuposanud JIH oTaensHOro sieMeHTa
IoinkHa ObiTh O6TM3Ka K HEHanpasieHHOH. [lonepeynsie pa3Meps! H3Ty4a-
OIIHX 3EMEHTOB [/ BHIIONHEHHUS YCIOBH PasMElICHHA HX B Y3/aX pe-
[IETKH He JOIDKHBI peBbimarh A/2. [Ipu MHHEHHOM MOIApH3aLNH HCIIONb-
3yHOTCA CHMMETPHIHBIE BHOPATOPH! M H3ITy4aTeH B BUAE OTKPHITHIX KOH-
I[OB BOJTHOBOIOB NMPSMOYTOJIEHOTO WIIH KPYIVIOTo CeyeHus. [ pemeTkH ¢
KPYTOBO# nonsapH3anuei Haxo#AT NpUMeHeHHe TIOCKUE CIIHPaH H Kpec-
To06pa3Hbic BHOPATOPH. B cilyuyae BONHOBOIHBIX U3Ty4aTeeil 114 nony-
YEeHUs KPYTOBOH MONAPH3ALMY HCIONB3YIOTCA GazUPYIOMMe CEKIMK HITH
CHENMUANIBHBIE CHCTEMB! BO30YXACHHA. [IpH MaJbIX M CPEIHHX YPOBHSAX
MOIIHOCTH IPHMCHSIOTCS aHTEHHBI B IIEYaTHOM HCIIOJTHCHHH.

Ilpu ckaHHUpOBaHHY B OTPAHHYEHHOM CEKTOpE yrioB (MeHee +20°)
MOXHO HCIIOJIb30BATh HANpPAaBICHHBIC M3TyYaTeIH B BHIE TUPEKTOPHBIX
aHTEHH, PYNIOPOB, ITUITMHAPHYECKHX CITHPAIeH, TUIIEKTPHIECKUX aHTCHH.

Tax xak @AP MoxeT coxepxath 60JIbLIOE YHCITO ATEMEHTOB (0 Je-

CSTKOB THICS4), TO OHH JOJDXKHBI OBITH NEIeBBIMM, HAZCKHBIMHA B paboTe,’

OIMHAKOBBIMH 110 CBOMM NapaMeTpaM, HMETh MaJIy0 Maccy, YT0 0COOEHHO
BaXXHO Jui1 60pTOBRIX PAP. Jaxe HeOONpMIOE CHIDKEHHE MACcCh! H CTOMMOC-
TH OTAEIEHOTO H3TYHAIOHIEro 3eMEHTA 1aCT BEChMa 3HAYUTETBHAIH 3 eKT.

9.2.3. BzaumHoe Bnusinne aneMeHtoB ®AP

Bo usbexanue nmosrIeHusn BTOPHYHBIX TTIABHBIX MAKCHMYMOB H3-
JIy4aroniue 3JCMCHTBI PEIUETKH AOJDKHBI pacIojaraTbCa CpaBHHTCIIBHO
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OnM3KO OTHOCHTENBHO APYT ApYra, BCHSACTBHE Yero BOSHMKAET B3aNMHOE
BIMAHHE, KOTOPOE MOXKET CYIIECTBEHHO HApYIIUTh HOPMaJbHYIO paGoTy
DAP.

 Hanuuue B3aHMHO# CBA3H IPOSBIAETCSA MO-Pa3HOMY B 3aBHCHMOCTH
OT YCIOBHit BO3GY)KNEHH 3MEMEHTOB pemeTKH. [Ipeaplaymee paccMoTpe-
Hue (CM. TI. 3) Mpexnoaraso, YTo TOKH B H3My4YalOMIKUX CMEHTaX 3a/a-
HBI, T. €. «HaBA3aHBD CXeMoil nuTanui. Hamudue B3aMMHOM CBA3H NMPHRO-
IMT K TOMY, 4TO BXOJHOE COIPOTHBIIEHHE H3MYyYaTells B peIeTKE OTIHYA-
€TCsA OT COOTBETCTBYIONIEH BEMMYHHBI B CBOOOIHOM NpocTpaHcTBe. [l
pacuera ZBx MOXeT OBITh HICIIOJIb30BAH TOYHBIH ITO3JIEMEHTHEIN ITOMXOM,
paccMoTpeHHbId B § 3.5. [TockonbKy HaBeJleHHbIE COTIPOTHUBIICHHS 3aBHCAT
OT COOTHONIECHHA aMILIHTYX M (a3 TOKOB, a (a3bl MEHAIOTCA B Iponecce
CKaHHPOBAHWS, TO BEJIMUMHA Z  TAKOKE 3aBHCUT OT HANPAB/ICHUS H3Tyde-
Hu4. B pe3ynbraTe MEHsAETCA MOIHOCTB, KOTOPYIO AOJIKHBI OTAABaTh I'eHe-
PATOpHI, MUTAIOIIME OTIENBHbIE JIEMEHTHI PELIECTKH.

Peampnoe Bo3OyxneHue sneMenToB DAP ocylecTBiseTcs HHAYe,
HANpHMep ¢ OMOIIBIO Pa3BETRICHHOH QHIePHOI CHCTEMBI, B KOXKIOM TpakK-
Te KOTOPO#i CTPEMATCS CO3aTh peskuM Geryiieit BonHbL. B aTux ycmoBusax
B IPOILIECCE CKAHUPOBaHUA 0OecIIeYHBaeTCA NOCTOAHHEIH YPOBEHD Na/la10-
1eil MOIIHOCTH, a IO AMILTUTYZOH H (a30ii Bo36yKACHHUA NIEMEHTOB NO-
pasyMeBaloTCA aMILIMTYZA H $asa majaroniei BoHbl. B3anMuoe Biusnue
371eCh NPOSBIAECTCS B OABJICHHH OTPaXKEHUH B TPaKTe IMTaHUA, 06yCIIOB-
JICHHBIX MONAlaHUEM SHEPTHU OT COCEIHUX H3ITydaTelieH B TPaKT KaXI0ro
3]IeMEHTa, pHYeM KodbduuuenT orpaxerus I ( (6 @,,,) B TPAKTE MUTAHUS
3JIEMEHTa PENICTKH NPH OJHOBPEMEHHOM BO30YKAEHHH BCEX 3IIEMEHTOB
3aBHCHT OT HANPABICHHA MAKCUMAIEHOTO H3TYYeHHS M CBA3aH C BEJIHUH-
HOH Z_ ¥ BOJIHOBBIM COIPOTHBIIEHHEM TPAKTa Z COOTHOIIEHHEM

Z JzZ =[1+1(0_, o)V -T0_, 0., (9.3)

IToaBrnenne oTpaxkeHuit MPHBOIHUT K TOMY, 9TO €CIIH B PEXHUME, Ha-
NpHMep, HOPMAITBHOTO H3ITYYEHHA PeMIeTKa ObUIa COTTTACORaHA C TPAKTOM,
TO B HEKOTOPOM HAMPABICHNU M3IIYYCHAS OHA MOXKET OBITH MONHOCTLIO
paccornacoBana, T.€. BCA MOIMHOCTh 6ymeT orpaxarbesa obparno u PAP
nepecTaneT u3ny4arb (3ddexr «ocnennennsy GAP — TepMuH, BOIHUKIIHH
NPHMEHUTENBHO K NPUEMHOMY peskuMy pabothi). B gactHoCTH, 3ddekT,
OM3KHIA K «OCTEeTUICHHIO», HAOMIONAETC, ECNM AT PEIIETKH TAKOB, 4TO

8—2013
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7 n1nm net N
d
t¢ [ 4
Puc. 9.2

HOTYCKaeT BO3MOXKHOCTE NOSBICHNA BTOPHIHOTO IIIABHOIO MaKCHMYyMa. JTO
MOXHO II0Ka3aTh CICIYIOIMM 06pa3oM.

PaccMoTpuM B3aMMOIECHCTBHE JJIEMEHTOB JTHHEHHOH aHTCHHOI pe-
mreTkH (pHc. 9.2), mar xoropoit d = A/(1 + sin6 ), rne 0 — yrmosoe nosto-
>KeHHe y4a, IIpH kotopoM B JTH noABnsAeTcs BTOPHYHEI TaBHBI MaKCH-
myM. Torma ¢asa mons, nomagaromiero oT s1IeMeHTa ¢ HoMepoM n (dasa
TOKa B KOTOPOM YCJIOBHO IIPHHATA 33 HYIEBYIO) B JNIEMEHT /, pacCTOSHHE
10 KOTOpOro pasHo (n — 1)d, ¥, = —k(n — 1)d. AHanoru4so VIS JTIEMEHTA
¢ HomepoM (n + 1), dasa Toka B KOTOPOM paBHa Y, = —kdsin6@ , rne O —
TpebyeMoe HalpaBlICHHE [TABHOFO MAKCHMYMa B CEKTOpE CKAHHPOBAHMA,
nMeeM Y, = —knd — . Pasnocts atux ¢as Ay =y, -y, = 2a(1 +sin )/
/(1 + sinB. ). B MOMEHT NIIPOXOXICHHS JIy4oM Hanpapienus 0 =6, T. e.
[IPH MOABTECHHY BTOPHYHOTO IMaBHOTO MakCUMyMa, AV = 27T, YTO COOTBET-
CTByeT CHH(A3HOMY CIHOXECHMIO NOJeH, MONaBIIMX B TPAKT M3NydaTens
1 or aneMeHTOB ¢ HOMepaMH # H (1 + 1). TTockonbKy [t ApyTHX H3Ty4aTe-
ne#t GasoBbie COOTHOIUEHUA AHATOTHIHE], TO OymeT HaOMIONAThCA pe3Koe
YCHIICHHE OTPOKEHHUI B TpaKTax.

Benu4uny OTpaxkeHHS B TPAKTaX MUTaHHA MOXXHO OLICHHTb, HCCIle-
nys JJH oxHoro sneMeHTa B cOCcTaBe pemieTku. B pexnMe, Kora aMIuiH-
TygHO-(a3oBOE pacnpeneneHne BAONb PELIETKH ONPEJCIIETCS aMILTHTY-
Io# H (a3oif magalomMX BOJH B TPaKTaX NMATaHHA OTACIBHBIX H3ITydare-
Jiei, THarpaMme HanpaBJICHHOCTH ONHOTO SIIEMEHTA 17"0(9, (9) COOTBETCTBY-
€T CHTyallHd, KOTAA MaJalomas BOJIHA MOJAaeTCA Ha BXOA TOJBKO OJHOTO
u3nydarens. [Ipy 3ToM dHepris, NONManalomas B TPAKTH COCEHHX H3Tyda-
TeNneH, KOIKHA OBITH MOMHOCTHIO MOMIOLICHA, MO0 B IPOTHBHOM CIIydae
BO3HHKIIHE OTPAXEHHBIE BONHBI OYAyT 3KBHBAICHTHBI BOJTHAM, TTAJalOLIHM
Ha BXOJIkl COCENHUX n3nyyareneit. Takum obpasoM, TH oxHoro sneMenra
COOTBETCTBYET PEXKHM, KOT/(a JaHbIi 2eMeHT BO36Y)X/IeH, a OCTAILHEIE Hlle-
MEHTEI HATPYXCHBI Ha COrnacoBaHHble Harpy3ku. [Tonobras JAH moxer
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cymecTBeHHo oTndathed or JIH atoro xke sneMeHTa B cBOOOTHOM Npo-
CTPAHCTBE, IPHYEM CTEICHD OTINYHUA IIPOABIIETCS N0-Pa3HOMY IIA LCHT-
PaNBHBIX ¥ KpaliHUX 3JIeMEHTOB PeIeTKH. [T GONbIIMX penreToK MOXHO
CYHTAaTh, YTO MPaKTHYECKHA BCE ATIEMEHTH! paboTaloT B OHHAKOBOM PEXH-
ME B CMBICIIE COCETHETO OKPYXKEHHA (KpaiHUE 3JIEMEHTR! JUIA BHIpABHHBA~
HHA YCIOBHI{ paGoThl HHOIIA CNIELHANIBHO OKPYXal0T MACCHBHBIMH 3iie-
MEHTaMH, Harpy>XeHHBIMH Ha COITIACOBAHHEIC HAarpys3kH). B aTom ciyqae
Gynxus F;(B, () MPUMEPHO OHHAKOBA I BCEX JIEMEHTOB.

PaccMOTpHM IIIOCKYIO PEIIETKY C paBHOAMILTHTYHBIM BO30YXIe-
uueM (v, = 1), He 061a1a10IIYkO TEMIOBLIMH NTOTepsiMH. ITycTs War pemer-
KH HCKJIIOYaeT BO3MOXKHOCTh BOSHHKHOBEHHA BTOPHYHBIX ITIABHBIX MaKCH-
MyMoB. Torna ormHune ko3¢ buIuenTa ycHieRns Beeil peleTKH B HaIpag-
NeHuH MakcuMyma usnydenus 6, @ ot KH/ (3.75) onpenensercs Toib-
KO OTPaXXKCHUECM 3HEPIHH OT UINYYATEIICH, T.C.

G@®,,, 9,,) = 4n(S/A%)cosd_(1 - T8, o).

Ecnu B aTOM %€ HanpabieHun onpeaenuts KY oxnoro nany4arens G,(6,_,
¢,,) C yICTOM BIHAHHA COCCIHMX M3IydarTenei, To

G®,,9.)=NG @O, ¢.),

rae N — gucno ninydarencii. CpaBHHBas JiBe nociennue GopMyIsl, nomy-
qaeM

G,8,, 9,,) = 4n(SINA)cosB_(1 - |6, ¢_)1?). (9.4)

B 10 ¢ Bpemst senmanny G (0, ¢ ) MOXHO ONPENENNTE B pEKUME
B030yX/IeHH TOJBKO OHOIO IEMEHTA, KOTZa OCTalbHbIE H3TY9aTeld Ha-
IPYX€HHI Ha COTIIACOBAHHBIC HATPY3KH:

G,(6,, ¢,) =Dm,(1- T, 1DF26_, 0,) (9.5)

rae D, - KH]I oxsioro anemenTa, onpenensemsii gopMoit uarpamMmer F(0,
@), N, — KH/I pemerky B yka3aHHOM BbILIE PEXHME BO30YXK/IEHHS OXHOTO
anementa; I') — k03¢ huumenT orpaxeHHs 0T BX0Aa BO36yxKIEHHOTO Te-
McHTa. Cpasnusai (9.5) u (9.4), BuguM, 9to

% D (- 1T\ PINKF} (B, 9n)
1-1T( , 2_ =t 1 0\ ¥l 9.6
|T(6y, 9y} | 45036, .6)
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Orcropa cienyer, 4To BMECTO H3MEPEHUH |1:(9m, (pm)l IpH BO30YXIEHHH
BCEX 37IEMEHTOB PEIIETKH 0CTaToYHO u3MepHTh [IH F (0, @) mpu Bo36yx-
JEHHH TOJBbKO OIHOrO SIIEMEHTa (YTO 3HAYMTENBHO NPOIIE) H MO Hel Cy-
JMTH O BENUYUHE If(em, 0. [. B wactHocTH, HyneBOMY IIPOBalty B QyHK-
-muun F(6, @) coorBercTByeT |I'(6m, (pm)| = 1, T. e. moOJHOE OTpa)keHHE
9HEPTHH OT BXOXOB H3IydareseH pH NONBITKe CHOPMHPOBATH MAKCHMYM
H3ITy4YECHHS B HAIIpaBICHHH NPOBaa («OCIEIICHHE) PEIETKH).
H3 (9.6) MmoxxHO ycTaHoBuTS Takxke opmy JIH nneansHoro usmyda-
TEIA, MPH KOTOPO#H peHIeTKa MOXKET OBITh COMIACOBAHA 1A J000ro NoJo-
JKEHHA JTyya B IPOCTpaHCTBe. JIeHCTBUTENBHO, €CIH B NIPEIEIaX CEKTopa
CKAHHPOBAHHS

Fy(6,0) ~+fcos © 9.7

1o QyHKIMA | — If(Bm, Q) |2 e OyzneT 3aBHCETH OT yIJIa M B PEILETKE,
COIIIaCOBAHHOM, HampHuMep, B HanpapneHuy 0 = 0, He BO3HMKAET OTpaske-
HHH IpH MO60M MOI0XKEHHH Ty4a.

JluarpaMMa HallpaBNeHHOCTH peanbHbIX H3TydaTeneii ¢ yIeToM B3a-
HMHOTO BIIMSHHA MOXET CYIECTBEHHO oTAn4arhes o gopme ot (9.7). Ha
puc. 9.3 ans npuMepa uzobpaxena JJH BOTHOBOZHOIO M3Iy4areis B CO-
cTase pemeTk [ 8], a taroxe JIH npeansnoro usnyyarens. Kak BugHo, Hyne-
BbIC IIPOBAJIIL, COOTBETCTBYIOLIME «OCIEIICHHIO» PEMIETKH, MOT'YT BO3HHK-
HYTb HE TOJIBKO IIPH YT1aX, COOTBETCTBYOIIHX MOABICHHIO BTOPHYHBIX I7IaB-

HBIX MaKCHMYMOB, HO M NIPH yIJIax,
Fold) MeHBIINX 6 370 MOXeT OBITh

BT max’
10 CBA3aHO C Pa3HBIMH MPHYHHAMH, B

Yeosd
~ YaCTHOCTH C BO3MOXHOCTBIO BO3-
08 ™~ N Oy>KIeHHS HaJl pEIIETKOMH, Coflepxa-
N\ 1ei THANeKTPHYECKOE IOKPBITHE, T10-

06 N\ BepXHOCTHOH BONHEI; BO30Y/ICHHA B

BOJTHOBOHBIX H3JTy4aTeNaX BBICIIMX
HHanpabnenue Bmo- :

PUHOZD 2TENO2D THIIOB H3-33 HECHMMETPHH BHEIHE-

MOKCUMGMT ro 110714 NpH CKAHUPOBAHHH H Jp.
OtpaxxeHHs B TpaKTax H3Iy-
) yarenei, BOSHUKIINE BCIICICTBHE OT-
0 20 40 60 6,2p08  nuums F, OT naeansHOH QopMsl
Prc. 9.3 (9.7), Henb34 YCTPaHHTh OOBIYHBIMH

04

02
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METOIaMH cornacoBaHus [20], mocKoIbKy | f(em, (pm)l 3aBHCHT OT Halpas-
nenus u3mydeHus. [losromy 1ia 60ps6BI ¢ OTpaXKEHUAMH HCTIONB3YIOT CIIc-
HHANbHBIE METOIbI LIHPOKOYTOIBHOTO COTIaCOBAHHA, TAKHE KaK IPHMEHE-
HHE SKPAHOB MEXIY H3Iy4aTeIIMH BHOPAaTOPHOIO THNA, pa3MeleHHe Hak
BOTHOBOHOH PEILETKOH TOHKOTO IH3NEKTPHYECKOTO JIHCTA ¢ 60JIb1IO0#H a1~
JNEKTPUYECKOH MPOHHIIAEMOCTBIO, HCTIONb30BaHHE UAICKTPHIECKHX BCTa-
BOK B BOJIHOBOZHEIX U3mydarensx (8). [lna yMeHblueHus BINSHHA OTpaXke-
HHI Ha paboTy TEHepaTOpOB NPHMEHSIOTCS TAKKE YCTPOHCTBA, MOIMOoNIa-
IOIIME OTPAKSHHYIO BOJIHY B TPAaKTaX (BEHTHIN HIH UPKYIATOPH). 3aMe-
THM, 9TO TIOCIEHUN METOR HE CHUMAEeT OCTaJIbHBIX Npo6IIeM, CBA3aHHBIX C
aexToM B3aHMHOTO BIIMAHHSA, B YaCTHOCTH ¢ yMeHbiIeHHeM KV pemertka.

9.2.4. CxeMbl Bo36yxaeHus ®AP

Cxema Bo36yxnenusn @AP nperHazHaueHa Ui HOABEACHHA 3HEP-
r'ud, BHIpabaTsiBaeMoii FeHepaTopoM, K H3TydaressM (B IepeNalomieM pe-
JKMME) U [IO[(BEACHHY YHEPTUY, MPHHUMAEMOi OTASIBHEIMHU ICMEHTaMH,
KO BXOAY IPHEMHHKA (B MPUECMHOM PEXKHME) M peanusauuu tpedyeMoro
aMIUTATYAHOTO pacmpeneieHnd. Mcrnone3yloT cxeMbl BO30YXISHHA Kak
¢dunepHOro (C MOMOIIBIO JIMHHH Iepeiail 3HEPruH), TaK H ONTHIECKOTO
THIIA, IPX KOTOPOM SHEPTUA 0T 06IyJaTelis 10 OTAENEHEIX 3EMEHTOB pac-
npocTpanserca B cBoGomHOM mpocTpancTBe. CxeMa ITHTAHUA BKIIOYAaET
¢azoBpamareny.

B cxemax ¢upepHOro THOa qeneHUe MOMIHOCTH MOXET OCYINECTB-
asTbes Aubo ToCTeNoBaTeBHEIM, 100 MapauiensHeM criocoboM. Tpu
HOCIIEOBATEMBHOM ACNEHHH IS YMEHBIICHHA NOTeph (Pa3oBpaInaTesin
MOAKITIOUAKOTCS B TPAKTHI, MAYMHE K u3nydarensM (puc. 9.4). Ilpu paeHo-
aMILTHTYTHOM BO30Y>KAEHHH Yepe3 TPaKT
KaXI0ro uajay4arens npoxonut 1/N mon-
BOXMMOH MOIHOCTH, MO3TOMY CyMMap-
HEIE OTEPH, BHOCHMBIE (ha3oBpaIiaTei-
MH, OIIPEIEIIAIOTCA NOTEPAMH B OTHOM (a-
3oBpamiarene. J{ns pacIIMPeHNs NOTOCH
pabouux gacToT B 001ieM dumepe oObId-
HO MCIIONB3yeTcA pexuM OeryieH BOHbI,
IUTA 4ero Ha KoHue $uiepa noMemaercs

Puc. 9.4
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COIMacOBaHHAs Harpy3ka, B Koropoi noriomaercs 5...10 % MomHoCTH.
OTBOZ 3HEPTHH B TPAKTEI H3TydaTeNneil OCYMECTRIAETCA C IOMOLILIO e~
MEHTOB CBSI3H, HHOHBHIYANbHO COITIACOBAHHBIX C NMTAIOINUM TPAKTOM,
HampHMep HalpaBJICHHBIX OTBeTBHTENEH / (cM. puc. 9.4), npuyem kodd-
(HUIMEHTHI CBA3H BBIOHPAIOTCA U3 YCIOBHS peaiM3allHi Tpebyemoro aMm-
JMTYQHOTO pacupefeleHHA. B nocnenoBaTensHOM CXeME JIEKTPUIECKHE
IIYTH OT BXOZ3 CXEMB! 0 H3ITydJaTeneH He paBHEL, IO3TOMY HadalbHBIH
¢aszoBsiii casur (¢a3oseie 3ana3apiBanua Oe3 ydera pazoBpamareneii) Ha
BX0Jax u3nyyarenci nuHeitnoi PAP, n3o0paxenHoH Ha puc. 9.4,

V.. = npd, 9.8

rae B = k(c/v), v — ha3oBast CKOPOCTH BONHBI B MUTAIOWEM duaEpe; 1 —
HoMep u3myuarels. [Ipu n3MeHeHHH 9acToTh pa3nHdHe B JUIHHAX MyTeH,
IPOXOAMMBIX CHIHATIAMH JO0 KaXIOr0 H3ITy4aresis, BHOCHT JONOIHHTEb-
Hble $a30Bble HCKAXEHU, JUIA YCTPAHEHHA KOTOPHIX B TPAKTHI HHOTTA BBO-
JATCA KOMITEHCHPYIOIHe oTpe3kH ((pajoBkie koMneHcarophl 2), obecnedn-
parone Y, = 0. [ ycTpaneHHs BIHAHHA PaccOINacOBaHHA H3TydaTe-
aei Ha dopmy JIH oTpakeHHEIC BOIHEI IONIOIIAIOT B COINIACOBAHHEIX Ha-
rpy3Kax, MOAKIIOYaEMbIX K HAlPaBICHHbIM QTBETBHTEIAM (CM. pHC. 9.4).
B npoTHBHOM CiIydae 3TH BOJHBI OTPA3ATCA OT MNEMCHTOB CBA3H, BHOBb
BO3BPATATCSA K H3JIydaTe/siM M BBI3OBYT JONOMHUTENbHOE H3TydcHue. ITo-
CKOJIBKY OTPa)KCHHBIE BOJIHEI KaXKIBIH pa3 IpoxoaaT yepes ¢azoBparare-
T, T.¢. IPHOGPETAIOT JONONHUTENAbHBIEC (Pa3oBble CABHIH, TO MAKCHMYM
M3JTy9eHUA 3a CHET OTPa’KEHHHIX BOJH HE COBNANAET C MAKCHMYMOM OC-
HoBHO# JTH, 9T0 NpHBOIAT K €€ HCKAXKCHHUIO.
IMapannensHas cxeMa Bo30yxe-
HHA (HIEPHOTO THIIA PeATM3YeTCH 00BIY-

HO B BHJE, H300paXXeHHOM Ha puc. 9.5
(cxema THNa «enouku»). Pasencreo my-
TeH CHI'HaIOB OT BXOAA CXEMEI A0 H3JIy-
yareneit obecnewnsaet Y, = 0 H OTCYT-

cTBHe (a3oBbIX HCKaXKeHHH Ipu pabore
B nonoce 4yactotr. CyMMapHEI€ IOTEpH B
(asoBpalareNnnx, Kak i B peReIAyIIcH
CXEMe, OIpeResAoTca (PakTHYECKH 0~
TepAMH B OfHOM (pazoBpamarene. B ka-

Bx

Puc. 9.5
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4ecTBe AeNHTeNeH MOIHOCTH MOTYT OBITh HCIIONL30BaHB! TPOHHUKH, Ha-
MpaBICHHEIE OTBETBHTEIH, KOJIbIIEBhIE ASIHTENH Ha NMOJOCKOBBIX JIMHHAX
u 1p. IoxkmoueHne cOrIacOBaHHEIX HAIPY30K K ACIHTENAM, HAllpHMED,
MOCTOBOTO THIIA [103BOJIAET YCTPAHATH BIHAHHE OTPAXKEHHH OT M3ITydaTe-
neii Ha popmy JH. Jlnda 60pb6sl ¢ OTpaxeHHAMU IPHMEHSIOT TAIOKE IHP-
Ky/ATOPHI MM BEHTHIIH, NNOIKIIOYaeMEI€ KO BXONAM H3JTydaTeneii.

Jns nnockux ®AP paccMOTpeHHBIE cXeMBl GHIEPHOrO THIIA HCTIOb-
3YI0TCH KaK Ui BO36OYXIeHHA H3MY4aIOLIHX 3IEMEHTOB OIHOro paja (3Ta-
Xa), TAK ¥ TIOABOAKM SHEPTHA K OTACIBHBIM 3TaXaM.

B cimy4ae Gonplioro yucia H3mydareneif, korna ¢pumepHas cxema
NMTAHHA CTAaHOBUTCA BECHMa CIIONKHOM, HCIONB3YIOTCH CXEMBI BO30YxKe-
HHA ONTHYECKOIO THIIA, KOTOPHIE OBIBAIOT ABYX BHOB: IPOXOIXHOTO H OT-
paxarensHoro. B npoxoonoii cxeme (puc. 9.6, a) aneprus ot obnygaresns,
PACIOIOKEHHOTO Ha paccTosuuH / ot pemetkH [/ = (0,5...1)L, rae L — Mak-
CHMAJIBHBII nonepeunsiii pasMep ®AP], ynasiupaercs IpHEMHBIMH 3Jie-
MEHTaMH PEIIeTKH, TPOXOIUT Yepes ynpasiseMsie (pa3oBpalnaTeNy H Ine-
pensITydaeTcs JeMEeHTaMH, PacTloJIoKEeHHEIMH Ha APYTOi CTOPOHE pelleT-
KH, B Tpe6yeMOM HApABIICHHH.

B cxeme ompascamenvrozo muna (puc. 9.6, 6) pyHKIHH npHema
H A3JIYYCHHA BBINOJHAIOT OAHH H TC XK€ JJIIEMEHTHI, YTO NPHBOOHUT
K YMEHBUICHHIO YHCNA H3JIyYarelicH 10 CPABHEHHIO CO CXEMAMH IPOXOJ-
Horo Tuna. CHraan, u3ny4aeMelil o6mygareneM W IPUHUMAEMEIi 31€MEH-
TOM pELIeTKH, TIPOXORHUT Yepes yIpasnieMblii (asoBpamiaTelb, OTpaxacT-
€A OT KOPOTKO3aMBIKATEIs U, POt GhazoBpaliareib €1e pa3, H3Iy9acTcs

ﬂ’.‘__< ) o Eﬁ . o~
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NIEMEHTOM pEUICTKH. [Id YMEHBIICHHS 3aTeHEHHUs 00myJaTeneM yroma Y
{cM. pHc. 9.6, 6) pacCUHTHIBAETCA TAKHM 00pa30M, YTOOH! JIy4H B IOJIOKE-
HHH MaKCHMAJIBHOTO OTKJIOHEHUS NPOXOIHIN MMMO H3ITy4aTels.

AMIUTHTYZHOE pacnpenesieHHe B CXeMaX ONTHYESCKOTO THUIIA 3aBUCHT
ot popmer JTH o6nyuarens u reoMeTpHH CHCTeMi. [Ipu 5TOM cnpaBeniu-
BBI GOPMYIIBI pacueTa aMIUTHTYIHOTO pacTipenesieHHs, IpUMEHAEMBIE B Te-
OPHH 3¢PKATLHBIX aHTEHH, B TOM YHCIIe IPHHIKIEL ONITHMHU3AIHH 06ITyya-
teneil H ypermaenns KUIL. OtMernm, 9to npu o6srusoii dopme JH obiy-
YaTens pacupele/]eHIe aMIUIHTYIb B PaCKpHIBE PELIETKH CNanaeT K Kpa-
AM, 9TO TPHBOIHT K yMenbenuio KH/L.

B omrrrueckux cxeMax HauanbHOe (a3oBoe pacmpeseieHHe HMeeT
HEJMHEHHbIH XapaKTep, YTO 3aTPYAHACT PEanH3alHIO CXEMB] YIIPABICHAA
¢asoBparatesiMH. BripaBHHBaHHE Ha4aJIbHBIX (a3 Bo30YkAEHHS OTHENb-
HBIX 3IEMEHTOB MOXET OBITH OCYHIECTRIEHO ¢ HOMOIBIO CIEHHAIBHBIX

Puc. 9.7
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JMHHI 3a0epKKH WM QuKCHpoBaHHBIX (a3zoBpamarenei (cM. puc. 9.7).
OO0uIHM HeJOCTaTKOM ONTHYECKHX CXEM ABMIAETCA «IEPEIUBaHHUE» YaCcTH
SHepruM o0Iydaresns 3a Mpefesl PEemeTKH, YTO PUBOOHT K CHEDKCHHIO
KHII # 1ononHATENEHOMY BO3PACTAHUIO GOKOBBIX JIEIECTKOB.

TTpu ckaHUPOBAHUH B OFPAHUYCHHOM CEKTOPE, HAPHMED B CEKTOpE,
He npessimaronieM 6onee geM B 10 pas mmpuny JIH, nenecoobpasuo wc-
TIONB30BATh TAaK, Ha3bIBaEMble THOPHIHEIC AaHTEHHBI, IIPEACTABIAIOLIHE CO-
60if coueTaHHe HEYNPABIAEMOH aHTCHHBI, HAIIPUMED 3ePKalbHOIO THIIA,
H Hebonbmoii GAP crieunansHo# GOpMEI, BHIMOTHS-
fomeii GpyHKImIo 06ydaTens 3Toi cHeTeMblI (pHc. 9.8).
HanpaBJIeHHOCTh H3Ty4EHHA ONPENENAeTC rabapuTa-
MH HEYIIpaBJIIeMO aHTEHHBI, T. €. 3epkana. Obmyya-
romas GAP MoxeT GHITE IOCTpPOEHA MO cxeMe huaep-

. HOT'O HJIM ONITUYCCKOro THIIA, 3 HCYNpaB/A€Mas aHTCH-
Ha—110 OﬂHOBepKaJ'IBHOﬁ HIIH ,IIB)’XSGPKaJILHOﬁ CXEMeE.

B npouecce ckanupoBasusa ®AP coszmaet mone, coot-

BETCTRYIOILIEE MO0 O6IydaTens, CMEIeHHOTo 13 $o-

Kyca 3epkaina. I1o NpHBoIHuT k nosopory JJH 3epkana

B HalpaBICHHH, MPOTHBOMOJIOKHOM CMEIICHHIO

(cMm. 8.2.6). CneumansHas ¢opma AP u 3epkan mo-

3BONIIET CHHJKaTh BO3HHKaromMe (a3oBnle ommOKu Puc. 9.8
Y TEM CaMbIM paclIMpPATL CEKTOP CKAHUPOBaHHUA.

8x

9.2.5. Cnocobbi chasupoBaHus

Tpebyembie 3HaucHUA (asbl BO3OY)KACHUI OTAENBHBIX SJEMEHTOB
oTpe/IeNIAI0TCA 3a1aHHOM opueHTanuel MakcumyMa JIH B mpocTpancTse 1
reoMeTpuei pemeTky. Jin NHHeHHOH pellleTkH CABHT (a3 MEXIY TOKAMH
B COCEHHX H3IyYaTelixX | HAXOOHTCA C HCIOJb30BaHUEM COOTHOIIEHHS
(9.1); cootBercTBeHHO TpebyeMas dasa n-ro uznydarens (pa3osoe 3anas-
IBIBaHHE)

Ve = PV 9.9

JIna noockoit pemeTky ¢ MpAMOYTOIbHOM CeTKOM (CM. puc. 3.19) cHayana
HAXO/ATCs ()a30BBIE CABMIH BIOJNb OCEH X M y ¢ HCTONB30BaHUEM (3.69),
3aTeM TpeGyeMas nonHas $hasa Bo3OyKIEHHS JIEMEHTOB
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Vines = MW, H 0V, (9.10)

TIE 1, ¥ 1, — IOPANKOBEIE HOMEpa H3Tydarenei no ocaM x u y. Ilpu 6onee
CIIOYXHOM 33KOHE pa3MelIeHHs H3lydarenei B pacKphiBe Iiockoit PAP (Ha-
IpHMEp, B y3/aX TeKCOrOHAILHOM CETKH HIIH B Pa3pEKCHHBIX PEIICTKAX)
Tpebyemoe 3HaUeHHE (a3bl HITydaTeNd, PACIOIOKEHHOTO B TOUKaX C KO-
OpAMHATaMH (X,, y,), OIPEIEAETCA HENIOCPEACTBEHHO H3 YCIIOBHSA KOMIIEH-
cauHH{ pa3sHoCTH ¢ia3 3a cuer pasHocTy xona (1.23) mo popmyne

Wopes = k(x, 5i08,, cOSQ,, + y, sinb,, sing,,). ¢.11)

Benyuna W/, o B KOHKPETHOH CXeME 3aBHCHT OT JIBYX daxTopoB:
HaYaNIbHOTO (ha30BOTO CABHIa Y, M (Ha30BOTO CABHIa, BHOCHMOTO (a30B-
pamarenem. Ciexosarensso, ajis opueHTaumu Makcumyma JIH B Tpebye-
MOM HanpapieBHH $HasoBpamATEN B TPAKTE KAXKIOTO H3TydaTeNns JOoMmK-
HEI 0GecneYnTh (a30BbIH CABHT

wxb = W’rpeﬁ ™ Wiaw ©. 12)

IO Y, . ONPENACIACTCA COOTHOMICHHAMH (9.9), (9.10) min (9.11), a Ha-
qanbHEIH (Ga30BbIi CABAT /., 33BUCHT OT KOHKPETHOH CXeMEI MTaHHS,
IIPHYEM H3 3HA9EHHA \f, MOXHO BBIYECTb LIEJIOE YHCIIO 27. B 3TOM Cityuae
OCTaToYHO, yToOnl (hazoppamarerm obecnieunsamm (azosslit capur 0 <
SY,S 2T, 41O YIPOINAET KOHCTPYKINMIO (pasoBpamarene (OXHAKO BHOCHT
3aBHCHMOCTH BEIIHYMHEI Ja30BOTO CABHIA OT YACTOTHI KONCOAHHIA).

ITpu nenpepeiBHOM criocobe ¢a3upoBaHHs (aHAIOTOBBIH crocol)
H3MeHEHHE (Pa3bl B KOKIOM (azoBpauiaresie OCYILECTBIAETCS IUIABHO, YTO
ofecneyrBaeT TOYHYIO peanusaluMio Heobxonumoro sHauenus V. Hexo-
CTaTKaMH 3TOro crocoba SBJIAIOTCA CIOKHOCTD YNPABIIAIOIHAX CXEM, BbI-
pabaThIBaIOIIMX MIIABHO H3MEHSAIOINECH CHIrHAJIbI; BLICOKHE TPeOOBaHUA K
HAEHTHYHOCTH M cTabHibHOCTH paboThl azoBpamarenci.

[pu nuckpersoM crocoGe dasupoBanus u3Menenue dassl ocyie-
CTBIISIETCA CKAUYKOM Ha BenHuuHy A (muckper ¢asbr). Peanusyercs cnocob
06BI9HO ¢ IOMOIIBIO ONEPalHii BKIIOYEHNS WITH BRIKIIOYEHHA (KOMMYTa-
1IMH) B YCTpO#iCTBaX, yNpasisioumx paboToii hasoBpalareniei, BClecTBHE
Yero Momo6HkIH COCO0 MOMyYHII Ha3BaHHE KOMMYMAayUOHHO20 WITH OUCK-
pemuo-Kommymayuonrozo. Ipu 3T0M yMeHbImaeTca BIHAHKE HecTabHTb-
HOCTH XapaKkTepHCTHKH da3oBpaniaresd (3aBHCHMOCTH BeTHTHHBI Ga3si oT
YIpaRlfonero Hanpsokenus) Ha JH, Tak kak (a3oBbiii caBur onpenes-
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€TCs He BeJMYUHOHN YIPABIAIOIIErO HANPsUKeHHs (TOKA), 8 ero HaTWIueM
HITH OTCYTCTBHEM, PHYEM K AMIUTUTYAE AaHHOTO HAaPSHKEHHUS HE P biAB-
naercs kecTkux Tpebopanuit. [1o 310¥ NpHYKMHE TUCKPETHO-KOMMYTALH-
OHHBIH crocob (azupoBaHMs NONY4HII B HacTosLIee BpeMa Gonee mupo-
KO€ PaKTH4YeCKOe IPHMEHEHHE.

BenuuuHa auckpera A BelOHpaeTcs 0ObIMHO paBHO# 271/ M, ipuyeM
M=2P tnep=1,2,3,4. B 3toM cityyae Ang peanusanuu aoboro ¢pa3zoBoro
cocTosuus (¢ quckperoM A) B unrepsane 0 < R 2n Tpebyerca p kacka-
OB TPOXOJHOrO (ha3oBpamaremns (A QUACPHBIX CXeM IHTAHUSA W Opo-
XOIHBIX CXEM ONTHYECKOTO THIA), IPHYEM Kax/BIif Kackall ¢ HOMEPOM
m(m=1, 2, ..., p) HAXOAUTCA B ONHOM H3 IBYX COCTOSHHIA, XapaKTepusye-
MEIX BHOCHMBIM (a30BeM csurom 0 wmm 11/27! (puc. 9.9).

m={ m=2 m=p
8s
il o o2 -~ gur—g
(0,9 {01 o1
Puc. 9.9

Jlna ynpasneHus KakAsIM pazospaiiareneM TpeGyeTcs p CHIHAIOB,
OpUHEMAIOINMX ycoBHsle 3HayeHus 0 uwmu 1. Tak, npu p = 3 (A = w/4)
curHany (000) coorBeTcTBYeT HyneBoi (a3oselii.cusur, curHany (001) —
(a30BeIil cABHT, paBHBIHA /4, U T.4. [lng oTpaxarensHEX cxem QAP onru-
YECKOI0 THIIa MOKHO HCIIOJIB30BaTh (ha30BpalliaTeib, pACCMOTPEHHEIH BhIILIE
(ecnu on o611agaeT CBOKCTBOM B3aUMHOCTH, T. €. BEMM4YHHA ()a30BOro C/IBUTa
HE 3aBHCHT OT HaNpaBJICHUs IBHXKEHHA BONHBEI). Jna 3Toro Heobxomumo
3aKOPOTHUThH €r0 BHIXOJ H YMEHBUIMTH B 2 pa3a (a3oBblif CABHY, BHOCHMBIi
KaX/I(bIM KacKaJOM, [IOCKONBKY BOJIHA IIOCIIE€ OTPAaXKEHHUS MPOXOIHT BCE
Kackajisl eme pa3. KoHKpeTHEIH BBIOOp YIPaBIsIONAX CHTHATIOB OCYIIe-
CTBIIAETCH TaK, YT0OBI 3HaUEHHUE (Ha30BOrO CABHUIa, PEATIU3YEMOro B TPaKTe
Ka)XJIOT0 M3JIy4aTels, MUHHMAJILHO OTIMYANOCh OT . Jlist 9T0r0 oxpyr-
JICHHE Y, 110 GnnkaHINero AUCKPETHOro 3HAYEHHUS |, OCYLIECTBIIAETCS MO
¢dhopmyne

v, = E[y,/A +0,5]A, (9.13)

rae E[x] — onmepanus BhIAENEHHS LENOH YaCTH YHCIA X, IPH 3TOM MAKCH-
ManeHas ¢azoBas omHbKa He MPEeBOCXONHT A/2.
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Hanuune $a3oBbix omuboK npH JUCKPETHO-KOMMYTALHOHHOM CIIO-
cobe npuBoauT K ymMeHsuieHHto KH/I u gononHuTensHOMY pocTy G0KOBBIX
JENMEeCTKOB; IBHXXEHHE Jy4a MOXET OCYHIECTBIATHCS TONBKO CKauKaMH,
[pUYeM BENWYMHA CKA4YKa 3aBHCHT OT RUCKpeTa A, Hayana orcuera dassi
(OTHOCHTENBHO CEpEIHHEI PELICTKH HIIH OTHOCHTENIBHO KpaifHero dJeMeH-
Ta) U NonoxeHus MakcuMyma JIH oTHoCHTENbHO HOPMalH K IUIOCKOCTH
pemetky. Kosdduuuent HanpaBieHHOro JeHCTBHS PELIETKU C UCKPET-
HO-KOMMYTAIIMOHHBIM (pa3HpoBaHHEM ONpeAesaeTcs GopMynoi

. 2

D= D{‘“—“Aﬁ) : (9.14)

A/2 :

rae D, — KH/I pewetxu ¢ TouHbIM 3Ha4eHreM (aspl. Ymenbmenne KH]T
CBA3aHO C BOSHHKHOBEHMEM JIOHMONHUTEIBHOTO Mapa3suTHOrO H3Ty4eHHA
KKIOT0 JJIEMEHTa H3-32 omHOOK B (pa30BOM pacmpenelcHHH. YPOBEHD
JONONHUTENLHOTO OOKOBOro H3NyJEHHst 0COOEHHO BBICOK B CiTydae, Koraa
HavalbHOe (ha30BOE pacnpenencHie HOCUT THHEHHEIH XapakTep (B ¢puaep-
HBIX CXEMaX TIHTaHUS WIH B ONTHYECKHX CXEMaX IPH HamMinH (asoBHIX
KOMIIEHCATOPOB), TOCKONBKY B IAHHOM CITy4ae (pa3oBast NOrPELIHOCTH BIO/b
PELIETKH HOCHUT XapaKTep, OMu3KHi K nepHoaudeckoMy. B pesynerare 06-
pasyloTcd yenoBua CHH(GA3HOIo CIOXKECHHSA Napa3sHTHBIX H3ITYyICHHH B OIN-
PEIEICHHbIX HANPaBICHUAX, B KOTOPHIX H HaGMIOKaeTCa pocT JCHEeCTKOB.
Jns ymensnienns YBJI nenaroTcs MONBITKH HAPYIIUTE YKa3aHHYIO IEPHO-
IUYHOCTD € TIOMOIIBIO CTIEUHANbLHBIX (PHKCHPOBAaHHEBIX (ha3oBpalIaTenei,
BKIIIOYACMBIX B TPAKT KAXKAOrO H3NTydareis (TaK HasbBacMbiC (a30BbIe
MOACTaBKH) U COOTBETCTBYIONIEro M3MeHEeHHs aimropHTMa (9.13), omHako
JOCTHYE [IPH 3TOM HoNe3Horo 3didhexra BO BCeM CEKTOPE YIVIOB CKAHUPOBa-
HuA He yJaeTcs.

Pasoppamarenu coBpeMeHHHX AP Brinmonusrorcs nubo Ha
pin-nHonax, mu6o Ha ocHoBe GeppuToB [8, 49]. OcHOBHBIMM TpeGOBAHHAMM
K (asoBpamareaM ABIAIOTCA: MaJible IOTEPH, JOCTATOYHO GONBINas Mpo-
IMyCKHasg MOILIHOCTh, TOYHOCTh YCTaHOBKH ()a30BEIX CABHTOB, ORICTPONCIi-
CTBHE, CTAOHIIBHOCTh XapaKTepHCTHK, HAZIEKHOCTh, MaJIas CTOMMOCTS (O11-
PeAeIAIoIIas B 3HAYHTENBHOM cTeNeH: cTouMocTh Beel @AP). Kpome toro,
pasMepsl ¢asoBpamarenei Q0/DKHE! OBITH JOCTaTOYHO MANBIMK (HE Ape-
BOCXOIHTE JONYCTHMEIE PACCTOAHHA MEXKAY HITY4aTeIIsIMH).
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®GeppuroBbie ha3oBpalyaTey, peaqn3yeMble Ha BOJTHOBOIHBIX JIH-
HHUAX Nepeaqdl, BEIIEPKHBAIOT OOMBLIYI0 MOLIHOCT B 00/1afaloT «BHYT-
pEHHEil NaMATBIO», YTO YCTPaHAET HEOOXOTHMOCTh HEMPEPLIBHOH MOAAYH
YIIPaBIAIONIMX CHTHATIOB; TiepeBo] (a3oBpamiaTes U3 OQHOrO COCTOSHHUA
B JPYIO€ OCYHIECCTBIIAETCA C IIOMOMIBIO KOPOTKHX MMIYNbCOB. JIOCTOHH-
cTBaMH (pasoBpalnarencii Ha OCHOBE pin-THONOB ABIAIOTCA MAllbIe pa3Me-
PBI H Macca, 6onbiwast CKOpOCTb NEPEKITIOYEHHH, CTabMIBHOCTD, B3aMMHBIH
xapakTep (a30BBIX CIBHIOB, BO3MOXKHOCTh MCIIONIb30BAHHA I1EYaTHOH Tex-
HOJIOTMH NPOH3BOCTBA. [IpH yKOPOUCHHH JUTMHEI BOJIHBI 3ICKTPHYCCKHE
napaMeTphl (pasoBpamiareneil Ha OCHOBE pin-IUONOB YXYALIAIOTCS H Ha
BOJIHAX MEHee 5 CM HAYHMHAIOT YCTYaTh 10 IOTepAM GeppuTOBBIM (a3oB-
pamaTemnM.

Onucansble THNB! (a3oBpalarenei, peanusyromye ¢asy B HHTED-
Baiie oT 0 1o 27, o6nanaloT, Kak OTMEYAI0Ch, 3aBHCHMOCTHI0 BHOCHMOTO
($a30BOTrO CIBHTA OT YaCTOTHI, 9TO CyxaeT monocy pabouux yactor PAP.
Jna yMEHBIICHHS 3TOH 3aBHCHMOCTH BMeCTO (ha30Bpanarenei MoXHO He-
TOTB30BATh JIMHHHU 33€PKHU ¢ BOJIHOH THNA 7, $a30Bas CKOPOCTH KOTOPOH
HE 3aBHCHT OT 4acTOTHL. [/ HCKJIFOYEHHA YaCTOTHOH 3aBHCHMOCTH cOpa-
CBIBAaTh IENIOE YHCNO 27 ¢ Tpebyemoro 3HadecHuA (a3sl HEMb3s; 3TO IPHBO-
JOHUT K CYIICCTBEHHOMY YIJIHHEHHIO JIMHHH 3aACPKKH.

9.2.6. AKTUBHbIe (hasupoBaHHble aHTeHHble pelueTku (ADAP)

AxmusHrotl anmenHoU pewiemkoll HA3b16aI0M TAKYI0O MHOTO3JIEMCHT-
HYIO aHTCHHY, B TPaKT KaXIOT0 H3Ny4aTels KOTOpOil B 3aBHCUMOCTH OT
Ha3HauCHHA aHTEHHBI BKITIOYEH aKTHBHEIH JIEMEHT: TeHepaTop, YCHIHTEND,
npeoGpa3oBaTenhb HiIM YMHOXHTENb YaCTOTHI. AKTHBHEIE 3JIEMEHTHI pacio-
J1araloTcA B HEMOCPEACTBEHHON OIM30CTH OT M3IIydaTels WIM BCTPaHBa-
I0TCS HEMOCPEACTBEHHO B H3Ty4arens. B kauecTse konebareibHOM cucTe-
MBI aKTHBHOTO NpHO0pa BO3MOXKHO MCIIONB3OBAHME M3ITydaTeNd WIH Ka-
KMX-THOO €ro 3neMeHTOB. B 9TOM cifydae MOXHO TOBOPHTE 00 aHTEHHE Kak
00 HHTErpalbHOM YCTPOMCTBE.

B axTHBHOM BapHaHTe MOryT OBITh CTIDOEKTHPOBaHHI NEPERAIOIIHE
HIH TIpHeMHBIE (a3supOBaHHBIC aHTCHHBIE PEMIETKH, & TAKXKE NEePCH3ITyya-
omuMe CHCTeMbl. O6IHM IPEHMYIIECTBOM KaK IIePEHalOlIHX, TaK | IpPH-
emMHbIX ADAP sBisteTcs ynpoueHe cXeMsl pa3BOAKH BEICOKOYACTOTHOTO
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CHTHAJIa, YTO YMCHBIIACT OTEPH M (Pa3oBbie OMIMOKH, BHOCHMBIE BEICOKO-
9acTOTHEIM TpakToM. [Tpuemusie ADAP uMeroT MeBbIMI YPORCHS IIyMa,
yeM o0p1aHbie PAP. [IpeumymectBom nepenaromux APAP gpngerca oT-
CyTCTBUE OOIIETO TPaKTa, 10 KOTOPOMY NEPEAAeTCA CyMMapHas MOIIHOCTS;
CIIOXEHHE MOINHOCTEH MHOTHX IEPEJATYMKOB OCYLIECCTBILIETCS B OHOM
NpPOCTPaHCTBEHHOM JIyde€, 9TO CHUMAET NPOOIEMBI, CBA3aHHEIE C BO3MOX-
HOCTBIO 3NIEKTpHYecKoro npobos tpakra. Jns obecnedenHs KorepeHTHOC-
TH KosleOaHui BO BCEX NEpENaTIHKaX OHH JOIDKHBI OBITH CHHXPOHH3HPO-
BaHHI C TOMOMIBIO CAMHOTO BO30YyAHTE 1. DHEPTHs OT BO3OYIHTENA NOABO-
murtcs Kk Monynam ADAP (mox MoxynneM NOHUMaeTcs M3JlydaTeilh, aKTHB-
HELH 3]IEMEHT W 3JIEMEHTH! YIPAaBNEHHA) MO cXeMe GHICPHOTO HIH OITH-
YEeCKOTO THIA, T.€. MPUHIMITHATIEHO TaK XK€, Kak B 00pr4HbIX PAP. B ciyqae
ONTHYECKUX CXeM Hernecoobpa3sHo HCIONb30BaHHE MOynei ¢ npeobpaso-
BaHHEM YacToThl. B 3ToM cllydae MOIIHOCTE, «IIEPENHBAIOINANACA» 32 Kpast
penreTkH, popMupyeT GOKOBBIE JIeNECTKH Ha 4acToTe, OTIIHYHOH OT pabo-
geil. Yipaenenue dazoii B nepenaromux ADAP npoussonurca $asospa-
LIATE/IIMH, BKITIOUCHHBIMH HE Ha BHIXOJE, a HA BXOJIE I'€HEpATopa HWIH B
IpEeABRapUTENbHBIX KACKAAAX YCHICHHS, T. €. B MECTaX-C MaJIbIM YPOBHEM
MoIIHOCTH. [IpH 5TOM CHIXXIOTCS TOTEPH, BHOCHMEIE (ha30BpaIaTeIsMH.
AwnarnoruyssiM 06pasomM B cirydae npuemHoit AOAP ¢a3zoBpamarenn mMo-
T'yT OBITE TOMEIICHBI HE Ha BXO/IE IPHEMHHKA, 2 Ha BRIXOZE BEICOKOYACTOT-
HOTO YCHIIHTES WIH, 4TO YEoOHEe, — B TPAKTE NPOMENYTOUHOH YacTOTHL.

IIpumenenue AQCAP no3BongeT peaT30BbIBaTh pacrpeaeiIeHie aM-
TUTMTYZ B ONEMEHTaX aHTCHHB M3MEHEHHEM MOLIHOCTH OTACABHBIX Iepe-
marankoB (nepenaromas ADPAP) uiH perynposaHueM yCHIIEHHS HpHEM-
HHKa (npuemHas ADAP).

Konctpykmus Monyinei, KpoMe TpeGyeMbIX SMEKTPHYSCKHX XapaK-
TEPHUCTHK JOIDKHA 00€CIICYHBATh XOPOLIYIO IIOBTOPAEMOCTh, MHHHMAJIHBIC
rabapHTHEIE pa3Mepbl U MAcCy, HU3KYIO CTOHMOCTS U JIp. DTHM TpeGoBaHH-
AM B HauOONbIICH CTENEHH YAOBIETBOPAIOT MOJYJIM Ha OCHOBE IOJIOCKO-
BbIX THHHH [§]. BoTHOBOIHBIE KOHCTPYKIIMH MOXYJIEH MPHUMEHSIOTCS JIHITH
Ha JIOCTATOYHO BBICOKMX YaCTOTaX; HCITOAb30BaHHE KOAKCHANBHBIX THHUH
HEXeENaTeNnbHO H3-3a CIOXKHOCTEH POH3BOLCTRA.
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9.3. MHorony4eBbie aHTEHHbIe peleTku

‘ViipaBneHHe noxoKeHHEM /Tyua B IPOCTPAHCTBE KPOME ONMUCAHHLIX (a3o-
BOTO H YaCTOTHOIO CIOCOG0B CKAHUPOBAHUA MOXET OCYIIECTBIATHCH C TOMONIBIO
MHOIOJIyYeBbIX aHTEHHBIX PelIeTOK, MPeACTABIAIOIMX aHTEHHK C HECKOIBKUMU
HE3aBHCHMBIMH BXOIaMH, K&K IOMY U3 KOTOPHIX COOTBETCTBYET CBOS NapIHaIbHAS
IH (my4). Ipu Bo36yxneHuu 1o6oro BXoAa B pacKphIBe perueTkH Gopmupyercs
PaBHOAMIUTHTY/IHOE pacnpe/ie/ieHne ¢ NHHEHHEIM H3MeHenHeM (assl, npuyuem Be-
nMYMHa Ha30BOTO CABHra MEXAY COCEIHUMH M3TydYaTensaMH (M COOTBETCTBEHHO
Hanpaenesue makcumyma JIH) 3aBucHT ot HoMepa Bxoza. Popmuposanue Tpebye-
Moro pacnpejenenns o6ecnedHBaeTca CreUHaTbHEIM MHOTONONIOCHHKOM, Ha3bl-
BaeMbIM duazpammoobpazyioweii cxemoti (JJOC) unn, Mo aHANOTHU C MATPHIAMH
B anreGpe, ouazpammoobpasyiowyeli mampuye.

06u1uto JJOC BBIIONHAETCA W3 PEAKTHBHEIX 3JIEMEHTOB (MOCTOB, HaIlpaB-
JIEHHBIX OTBETBHTENEH, PUKCHPOBaHHLIX (azoBpaLiaTeneii), HO HHOIA3 COREPAKHT
1 nornowamue Harpysku, 9ro ymensiaet KILJL cxemsl. Ynpasnenue J10C ocy-
IIECTBIAETCA NEPEKTIOYEHUEM BXOAOB NEKTPOHHBIM KOMMYTATOPOM (8MILIMTYA-
HBlif C1OCcO0 CKAHUPOBaHHA). 3TO 3HAYUTENLHO NPOIIIE, YEM IIPH APYrUX cnocobax
CKAaHUPOBaHHA, OJHAKO AOCTHraeTcs 3a cdeT ycnoxHeHus JOC, mockonbky Bce
HeobXOHMBbIE aMIUIMTYAHO-(a30BhIe COOTHOLICHHA, Heobxonumbie it GopMupo-
BaHHA TpeGyeMbIX JIydel, «3anporpaMMHPOBaHbI» B CXeMe BO30YXAeHHS.

B MHOro;my4eBbIX aHTEHHaX BO3MOXKHO TaKXKe OHOBPEMEHHOE BO3GYxe-
HHE HECKONIbKMX BXOJOB, YTO COOTBETCTBYET OHOBPEMEHHOMY CYIIECTBOBAKHIO
HECKOJIBKHMX JIy4Yell B POCTPAHCTBE M CYLIECTBEHHO PACLUMPAET BO3MOKHOCTH
NPHMEHEHHA NOROOHBIX aHTEHH, B YACTHOCTH MO3BOMAET MHOTOKPATHO MCHIO/b30-
BaTh AHTEHHE, T.€. IPUMEHATH UX U1 OJHOBPEMEHHOMN paboThl HECKONBKUX Epe-
JaTYMKOB (MM PHEMHHKOB).

Ha npaktuke npuMeHs0TCS 00BIYHO JHArpaMMooOpasyrolue cxemsl na-
PaJLICIBHOTO H NOCHEAOBATENILHOIO THIIOB.

Mapannensuas JOC (cxema Batnepa), npeanasHaueHHas ans GopMuposa-
HHA BOCEMH HE3aBHCUMBIX JIy4eH, ToKa3ana Ha puc. 9.7. OCHOBHBIMH JIEMEHTAMM
cxeMbl ABNAroTCs 3-0b HanpaBneHHble OTBETBHTENH | (HapUMep, MOCTOBOIO THIA)
1 duxcupoBaHHsle hazoBpainareny 2. ©a3oBHIE COOTHOLIEHHS Ha BHIXONE MOCTOB
NOKa3aHbl Ha pHc. 9.7. CxeMa HMeeT BOCEMb BXOLOB, [IPMYEM BXOIBI C HHAEKCOM
D) COOTBETCTBYIOT JIy4aM, PACIIOI0XEHHBIM CIIEBa OT HOPMAiH K PELleTKe, a C
HHJIEKCOM «I» — CIIPaga OT HOPMAH.

Tocnenoparenshas JJOC peanusyercs Ha OCHOBE B3aMMHO [IEPECEKAOLIMXCS
(HIEPHBIX THHHI, CBA32HHBIX B MECTAX NMEPECEYEHHI C MOMOLIBIO HAIIPABIEHHbIX
orserButeneit (puc. 9.10). Da3oBble CABUIH MEXAY COCEAHUMH U3ITy4YaTelsaMu
o0ecrneyHBaoTCca HAKIOHOM (GUIEpPOB OTHOCHTENLHO ApyT Apyra. JIunuy Harpy-
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JKEHBI Ha KOHLIAX Ha COINIACOBaHHEIE HAarpy3ku, uto ymenbmaet KI1J] cxemsl. He-
nmocrarkoM nociegoparenpHblx JIOC sBnAercs Takke 60IbLIOE YHUCIO HANIPABIIEH-
HBIX OTBETBICHUIA, YTO IPHBOUT K JONONHUTEILHOMY YBEAHYEHHMIO IOTEPS.

PaccMoTpeHHble cXeMBl OCTPOEHHA MHOTOJNYYEBbIX aHTEHHBIX PELLETOK
MOrYT OBITh HCIIOJIB30BAHBI H B IBYMEPHBIX (IUIOCKUX) perseTkax. [Ipu aTom yuc-
J10 HIEMEHTOB CXEMBI [TMTAHHA PE3KO BO3pacTaer.
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9.4. AHTeHHble petleTKn ¢ o6paboTkon curHanos
9.4.1. MetoaL! 06paboTkm curHanos

B HacTosAuiee BpeMs YIydIIEHUE IAPAMETPOB aHTEHHBIX YCTPOHCTB OCYy-
[ECTBIACTCA ABYMA MYTAMH: YCOBEPIIEHCTBOBAHHEM CAMMX aHTEHH H IPHMEHE-
HHEM CITelHaNbHBIX METOIOB 06paboTKH CHIHANOB.

Ipocreitiuas 06paboTka — ¢ IOMOLUBIO U3MEHEHUA (a3bl KoneOaHuit B TpakTe
KaXKIoro u3nnyyarens — ucrnons3yerca B QAP. Bonee cioxHbie MeToas! 06paboTku
CHTHAJIOB MO3BONAIOT CO3ABATh APYTHE YCTPOiicTBa, B TOM uKcie ¢ 6ombiofi pa3-
pewaroieii cnocobHOCTHIO (IPH CPaBHUTENLHO MAIOM YHCIIE EMEHTOB pelieT-
KH) ¢ moJiaBNeHNEM GOKOBBIX JIENECTKOB, co ckanupopanneM JIH 6e3 ucrons3osa-
Hus daszoBpawmareneii u .8 B o6meM cnyuae anTeHHBI ¢ 06paboTkoil curHanon

‘MpeAcTaBIAIOT coboil HeB3aUMHbIE YCTpOHCTBA. PacCMOTPHUM KpaTKo HEKOTOpPEIE

MeTozbl 06paboTKH CHIHAJIOB.

AHTeHRHBI ¢ HeTHHeiiHoli 06paboTkoii curnanos. Knaccnueckum npume-
POM 1ofOGHEIX aHTEHH ABIACTCA AHTEHHA C HE3ANONHEHHBEIM PacKphIBOM (KpecT
Mmnca). Dta aHTeHHA NpeicTaBinser co0oi ABe B3aMMHO MEPHEHAMKYIAPHbIE
IuHeHble peeTky u3 N usnydareneii kaxaas (puc. 9.11). O6o3xayum JH kax-
IOit M3 PelIETOK, MapayIeAbHOK OCAM X H Y, uepes f, u fvcomse'wmeﬂﬂo. Ha
puc. 9.11 noka3aHH IaBHbIE JenecTky Kaxoi u3 JIH (aa nmpocroTs! monepey-
Hoe ceuenne JIH n3obpaxeno B Buae konyca). Ecnu curnans:, npunumaemsie oGe-
MMH PEIIETKAMH, NIEPEMHOMNHTD, TO MOTYYHM CHTHAN f, fy JluarpamMma Hampas-
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JICHHOCTH, COOTBETCTBYIOIIAs 3TOMY CHIHaly, Ha puc. 9.11 ormeuena wudpoit 1.
IepeMHOXEHHE CHTHATIOB MOMKET OBITh OCYILIECTBCHO CHAYANA TyTEM CIICHKEHUS
CHIHAJIOB U BO3BEACHHEM 3TOH CYMMH B KBajpar, 4To coorsercTByer JIH no Mo~
HOCTH P, ~(f, + fy)z. 3areM CUTHAJIB! BLIYHTAIOTCH H BEIYUCIASTCS COOTBETCTBYIO-
mwas JJH no mowsoct P_~ (f,— fy)z. Pasnocts 3THX 1ByX JIH nponopuxoHaibHa
f.J,» nockonbky

P —P ~(fi+ [P-(fi= L) =41, (9.15)

BcnoMHHM, YTO Takoe e BhipaxkeHHe 6buio monyyeno aus JH mrockoit
PELUeTKH, pa3Mephl KOTOPOil PaBHAIOTCA NHHEHHLIM pa3MepaM PeLLeToK, 00pasy-
fo1pEx kpect Muiwica [cM. (3.68)]. Takum o6pasom, paspeunaromias cnoco6HOCTh
3THX JIByX CHCTEM OJIHHAKORA, ONHAKO B Clly4ae KpecTa MHILICa YHCIIO JIEMEHTOB
B N/2 pa3 MeHbIIE, YeM Y IUIOCKOTO packpaia. Pasymeercs, KY kpecra Mumica
ropas3zo MeHblle, Tak Kak y3kas JIH 3snecs AocTHraercs 3a c4eT NONABICHHS CHI-
HAJIOB, NPHHUMAEMBIX H3 00IACTEH BHE NIEPECEUCHHA THATPaMM [, | j;,

AHTeHHbI ¢ JIorHYecKol oOpaborkoii curuanos. O6paboTka CHrHAIOB
OCYIIECTBIACTCA C NOMOLIBIO JOTHYECKHX YCTPOHCTB THIA «Ia—HeT», «bonblie—
MeHbme» U Ap. [Ipumenenne 3Tux onmepaumii MO3BONAET, HANPHUMED, MOJABAATH
6oxoBhie enecTkH. Cxema nogo6HoM aHTeHHE H3oGpaxeHa Ha puc. 9.12, a. Cur-
HalIkl, NPHHATEHIE HAIIPaB/IeHHOH K HEHANPARICHHOH aHTEHHAMH, MOJAIOTCA Ha CXe-
My CPaBHEHHA H faJlee 4epe3 JHOK — Ha Harpy3Ky. Tok yepe3 Mol IPOTEKaET, eCu
HANPAXKCHHE HA BHIXOAC HANPABICHHOA aHTEHHE U, MPEBEIACT HANPAKEHHE
Ha BBIXOJI€ HEHaIpaBJIeHHOH aHTeHHH U . 3aBHCHMOCTD PE3YJIBTHPYIOLIErO

HeHanp
curHana ot yria O nmokaszana Ha puc. 9.12, 6. Ilono6Has 06paborka nofaBaseT cUr-
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Puc. 9.12
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HaJlbl, NPUHUMAEMEIE BHE 0ONACTH IMABHOIO JIENIECTKA, OMHAKO BHIMIphima B KY,
€CTECTBEHHO, HE NOTy4YaeTcA.

Camodasupyommecs anTeHHbL. PacCMOTPHM CHAYa1a AHTEHHEI LI IPH-
eMHOro pexxuma. CuaasHoe CIOKEHHE CHTHANOB, IPHHATHIX OTACILHBIMY JJIe-
MEHTAMH, OCYIIECTBIAETCA HE3ABMCHMO OT HaNpaBIeHus NPHX0a o0myyaromeit
BOJIHEI 33 CYET HE3aBHCHMON (Pa3UPOBKU CHIHAJNIOB B TPAKTE KAKAOIO JEMEHTA.
CurHan B BRIXOAa #-10 31eMeHTa ¢ $a3oil (W ¢ + ,) IPOXOaHT Yepes ynpasise-
MBlii pasoBpaniaTens, YacTh CUrHAIA OKAETCA Ha BXoA dasoBoro aerexropa (pasa
Y, 3aBUCHT OT HANIPAB/ICHHUA IPHX0a BOTHBI H PAacTIONOKeH!uA Aementa). Ha ator
e JIETEKTOP N0AAeTCA CUIHAN OTIOPHOTO reHeparopa ¢ dasoi (W, f + ). dasosblit
AeTeKTOp BbIPabaTEIBAET Pa3HOCTHLLI curHal ¢ $asol [(, — w )t -y, + y]. Ecau
W= W, To Ga3zospamiaTeib, yIpaBIAeMEli pa3HOCTHEIM CHIHAOM, oTpabathiBaeT
asy (v, + ¥). B pesynsrare Ha cyMMaTop OT KaXIOI0 IEMEHTA nocne (a3zospa-
IaTed MONajaloT CHIHAJBI, MMEIOLIMEe OOQUHAKOBYIO (a3y, PaBHYIO \f, T. €. CHrHa-
Nbl CKJIAJBIBAIOTCSH CHH(A3HO HE3aBMCHMO OT MPHXORA BOMHbI H THIA PEIIETKH
(mtockoit, chepuaeckoit, koHQopMHOI M T.1IL.). Jina obecrneuyeHus paBeHCTBa Yac-
TOT (), ¥ (), UHOL/IA ONIOPHYIO YACTOTY BBOIAT OT OTAEABHOIO JIIEMEHTA, T. €. Bhl-
PaBHHUBAIOT (a3bl BCEX CHTHAIOB OTHOCUTENBHO ()a3bl CHI'HANA, PMHATOTO ONOp-
HbIM 3j1eMeHTOM. TTocKonbKy CHEGA3HOCTh HMEET MECTO TONBKO J/Is TIONE3HbIX
CHTHaJIOB, & WIyMbl HEKOPPEIHMPOBAHEl, TO B CaMO(a3HPYIOMXCA aHTEHHAX HA
BBIXOAE€ CYMMATODPa OTHOILUCHUE CUTHAJI-IIYM B VNV pa3 60lIbLIe, YeM Ha BXO/E Kax-
aoro anementa (rae N — obee uucio anemenTo). [IpHHUKD He3aBUCUMOI pa3u-
POBKH K2)XION0 3I€MEHTa IO OTIOPHOMY CHIHAIY [O3BONSAET PEANU3OBLIBATE Or-
pomusle 3navenna KH], neno-
CTHXHMBIE AN OGBIYHEIX
60MbLLIMX AHTEHH H3-32 pa3iny-
HEIX CTy4aiiHeix ()aKTopoB, a
TaKxke H3-3a aTMOCGEepHBIX
HEOJAHOPOAHOCTEH, HCKAXal0-
XX BOJHOBOH (POHT IpUXO-
Jisuieit BOIHBI,
oY Camodasupyrwomuecs
' AHTEHHBI MOT'YT GBITH CKOHCT-
PYHMPOBaHSI H IS [IEpeIatoLe-
I'C PEKHMA, OHAKO B 3TOM CIIy-
uae TpebyeTCs 30HAHPYIOILME
CHTHA/I H3BHE, YKa3hIBAKOILMit
Heo6XxolHMOe HanpasieHue
H3Ty4eHHS.
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IIpuemHo-nepenatouye camodasupyromuecs peleTkl (MIn nepensayya-
FOLIME PEUIETKH) OCYILECTBIAIOT NEPEH3NYYEHHE IPHHATOrO CUTHANA B o6paTHOoM
HanpabieHuH. IIpocTeifieii naccuBHON mepen3nydaroledl peleTkoi ABIseTcs
pemerka BaH-ATTa, npencTapisiomas CHCTEMY H3nydaTeliei, CBA3aHHBIX MEXIY
co6oii monapHo oTpe3kaMH QHAEPHBIX IMHUIA OXHHAKOBOH JUTHHEL CxeMa NHHeil-
Hoii pemerku Ban-Atra npusenena Ha puc. 9.13.

OcHoBHOE TpeGoBaHME K NEPEH3NyHaOLIMM PEIIETKAM — [IONYYEHHE I
OTPaXXECHHOI'0 CUT'HAJIa KOMILIEKCHO-CONPSKEHHOTO (10 CPaBHEHHIO C da3aMu IpH-
HATHIX CHTHANOB) (pazoBoro pacnpenencHus (MPHHIIKII CONPmKeHHOCTH das). Pac-
cMOTpHM (a30BEIE COOTHOWEHUN B pemieTke BaH-ATra. Kak BuAHO U3 puc. 9.13,
(baza CHrHaIOB, IPHHATBIX JIEMEHTOM PELIETKH, 3aMa3AbIBAET [0 JIHHEHHOMY 3a-
KOHY C BO3PaCTaHHEM HOMEPa JIEMEHTA. DTH CHIHAJIBI IPOXOAAT 10 COSAUHHTEN b~
HBIM TPaKTaM paBHOi AnuHk (/) ¥ H3myyaloTcs, mpryeM Gassl M3/Ty4aeMbIX CHTHA-
JIOB TEIEPh 3aMa3/bIBAIOT B HAPaBICHHU K HAYany PelICTKH. YUHTHIBas PaBEH-
CTBO paccTosnuit 1°1+ 7+ 66" = 22 + [ + 55’ = 3’3 + [ + 44’, Buum, 4T0 GpOHT
nepen31yI€HHOTO CHrHaNa COBIafaeT ¢ (JpOHTOM NMajaroieii BOIHEL JT10 obecie-
4YUBAET COBMNAJCHUE HampaBaeHus Makcumyma JIH nepeorpaxeHHOro curuana c
HallpaBIeHHEM NPHXO/a 00y Yaromeit BOIHEL.

AKTHBHBI€ pelieTku Ban-ATra MoryT GBITh OCTPOEHEI € HCTIONb30BAHUEM
B3aMMHBIX YCHIHMTENEH HIH OAHOCTOPOHHHX YCHIMTENCH B KaXKAOM TpaKTe
(puc. 9.14). B nepen3nyyalomux pemweTkax MOXKHO TaKKe OCYLIECTBAATE MOLYIIA-
HUIO NEPEOTPAXKEHHOI0 CHIHANA: AMILIMTYLHYIO — C TIOMOLIBIO YIIPaB/IseMbiX ¢a-
30Bpawaresiei, BKIIOYEHHBIX B COEAMHUTENBHBIE TPAKThI, (a30BYI0 HIH YacTOT-
HYIO — B CXEMaX C NpeoOpa3oBaHHeM YaCTOThL

C nomoLsio peleTok Bau-ATTa MOryT 6bITh IOCTPOEHE! TIMHUH CBA3H MEX-
Ay NBYMs HA3EMHBLIMH YHKTaMH 4Yepe3 CIYTHUK cB:A3H (puc. 9.15), na 6opty xoTo-
POro pasMeINaloTCs Nepensiyyaromas pellieTka i OTAEIbHO BEIHECEHHAsA aHTEeHHa
¢ umpokoit JTH. CnyTHuk o6nydaercs HeMOAyIMpPOBaHHLIM THJIOT-CUTHAIOM / €
npueMHOro myHkra A, Kpome Toro, Ha CoyTHVK HanpaBlieHa aHTEHHA NEPEAAI0-
e CTAHUHK B, u3aydaromas curHan 2, HecyuHii
noje3Hyo HHbopMaLHIo. DTOT CHIHAN NPUHHAMA-
€TCs1 BBIHECCHHOH aHTEHHOI M [TOCTYIIAET B CXEMY,
OCYILECTRIAKOMYIO MOAY/IALMIO CUTHaNa 3, nepe-
OTpaxXEHHOrO peleTkoii Ban-ArTa B HarpasieHHH

I L]

Puc. 9.14 Puc. 9.15
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nyHkTa A. IIpy 3T0M MOXHO peanH30BaTh BBICOKYIO HAIPABIEHHOCTDL MEPEN3-
Jy4aromieii peleTKu, TaK Kak 30eCh OTCYTCTBYIOT OOBIYHEIC OTPAHHYEHHS, CBA3AH-
HBIE ¢ He00XOIUMOCTBIO CTabIIN3alMH CITYTHHKA C BHICOKOH CTETIEHBIO TOYHOCTH.

AHTEHHDI ¢ HCKYCCTBEHHBIM packpuiBoM. [Tono6HEIe aHTeHHE! (Ha3kIBa-
eMBI€ TAKKe aHTEHHaMH C CHHTE3UPOBaHHBIM PacKphIBOM) HauboJiee epCreKTHB-
HEI JUT ABUKYIMXCA OOBEKTOB (CaMONETOB, CIYTHUKOB H T.II.), Ha KOTOPKIX He-
BO3MOXHO pa3MelteHue aHTeHH Gompmux pasmepoB. CnenuansHas o6paboTka
CHTHAJIOB 3aKUII0YAETCA B M3NyYeHHH 60pTOBOH aHTEHHOH IOCIENOBATENBLHOCTH
HMIIYJIECOB B OMpPEAENIEHHBIX TOYKAX TPAEKTOPHHU M0JETa, MpHEME OTPaXKEHHBIX
CHUTHAJIOB, WX (PHKCALMH B 3a[IOMHHAIOIIEM YCTPOHCTBE H MOCHEAYIOIIEM CIIOXE-
Hun. [Ipu nono6GHoi nocnenosarensHoi 06paboTke HHOOPMAIMH, IPHHATOH pe-
anbHOI GOPTOBOH aHTEHHON CPaBHUTENLHO HEGONBINMX Pa3sMEPOB, MOTYdaeTcs
TaKoit xe 3 dexT, Kak NpH OAHOBPEMEHHOH 06paboTKe CHIHANOB, IPHHATHIX 60NB-
LIO# aHTEHHOH ¢ MUHeHHBIMHU pa3MepaMH Topsika coteH 4 6onee Metpos [6]. Or-
METHM, YTO TIpH COJBILOH CKOPOCTH IlepeMelcHHs 00beKTa TOYKH cheMa HHOp-
Malll{ PaclionaraioTcs Ha GonbIIOM PaCCTOSHUH APYT OT ApYyra. 3TO NPHBOIUT K
NOSBIIEHHIO BTOPUYHBIX IMIABHBIX MAKCHMYMOB. JIJif MX YCTpPaHEHHS MOXeET ObITh
HCIIONIB30BaHO HEIKBHIUCTAHTHOE PACHOJOKEHHE YKa3aHHBIX Touek (cM. § 3.9).
Pa3mMepsl HCKyCCTBEHHOIO pacKphiBa OrpaHUYEHBI BBHIY CIIOXKHOCTEH KOTepeHT-
HOT'O HaKOTUICHHs CHT'HAJIOB B TEYEHHE JUTUTENBHOTO BPEMEHH.

9.4.2. AganTyBHble aHTeHHble petueTku (AAP)

‘Yka3aHHBIE PelIeTKH HCIOMb3YIOTCS IMIABHBIM 00pa3oM B IPHEMHOM PEXH-
M€ H OCYIIECTBIAIOT aBTOMaTHYECKOE MOIaBJCHHE TIOMEX, CO31aBaeMBbIX CUrHaNA-
MH, B YaCTHOCTH HIyMOBBIMH NIOMEXaMH, NPAXOAAIMINMH C HEH3BECTHBIX 3apaHee
Hanpasnenuii. [TonasneHue nomex oGecneduBaeTcs 3a c4eT HGOpMUPOBAHUSA HYTIEH
JTH B HanpaBneHHH HX NpHXO/A.

OcHoBoii AAP sBnseTcs aHTeHHas peterka. CHrHaIIbI, IPHHSTHIE KaXIHIM
JNEMEHTOM, YMHOXAIOTCS Ha COOTBETCTBYIOIIHE BecoBbIe KoatidumuenTs! (dhop-
MHpYEMHIE YCHIIHTENIMH) H 3aTeM CKITaJbIBalOTCA. BecoBble koadpHLHEHTH BbI-
pabarbIBalOTCA CXeMOH B 3aBHCHMOCTH OT BBIODAHHOTO KPHTEPHS ONTHMAIBHOC-
TH. B KatecTBe nogoOHEIX KPUTEPHEB HCIONB3YIOTCA: MHHHMYM CpeAHEKBaapa-
THYHOH OMHUOKY NPUHATOTO CHIHANA N0 CPABHEHHIO ¢ ONOPHBIM CHTHAIOM (CHC-
TeMa 06paboTKH XOMMKHA HMETH KOIHIO TONE3HOTO CUrHATA, TOA06HasS CHTYaLHS
XapaKTepHa JUIsl CHCTEM CBA3H); MAKCHMYM OTHOIICHHS CHTHAJI-IIYM, TA€ IIOA LIy~
MOM NTOHUMAIOTCA BHYTPEHHHUE LIYMBI H BHEIUIHHE NOMEXH (AOIDKHO GBITE U3BECT-
HO HalpaBJIeHHe NPHXOMa IOJE3HOT0 CUTHaNA, NofoGHas CHTyauus XapakTepHa
s PIIC). CyiecTByloT ¥ Apyrue KpHTEpHH, HallpumMep afaliTalus no o6o6ueH-
HOMY OTHOLIEHHIO CHTHAJI-IIIYM.
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Becossie k03tpHLIHEHTE NPEACTABIAIOT B 061IEM CTyyae KOMILIEKCHbIE
yucna. JIna ux peanu3aluu UCIIoAb3yeTCs OOBIYHO pa3fe/leHHe CHrHaa, IPHHATO-
O KaXJbIM 3IEMEHTOM, Ha IBE COCTABJIAIOLIME H BBEACHHE JUIS OJHOM U3 HuX (a-
30B0ii 3aiepxKu Ha 90° (T.e. pa3neneHHe CHrHANA Ha CHHGMA3HYIO H KBaJPATYPHYIO
COCTABILIOIIHE). 3aTEM KaXK/as COCTARIAIOLIAA YMHOXKAETCS Ha CBOIi BECOBOH KO-
3pdumenT (IEACTBHTENLHOE YHCIIO), KOTOPhI MOXET OBITh KaK HOJIOKHTEIILHEIM,
TaK U OTPHUATEIBHBIM. OTpHIATENbHEI BeCOBOH k03 PHIMEHT peanusyeTcs u3-
MeHeHHeM ¢a3sl koneGauuit Ha 180°, HanpuMep, MyTeM MOAKIIOYEHHS OTpPE3Ka
(unepa wunoi A /2.

PaccmorpuM AAP, ocymecTBAAIOLIYIO aRanTalHIO 10 KPUTEPHIO CPEHE-
KBaapaTu4HOH omHOku. O6mmas cxeMa aHTEHHK! ROKa3aHa Ha puc, 9.16 [41]. Cur-
HaJl OT KXKJOro JIEMEHTA PasfieNsieTcsa Ha CHH}A3HYI0 ¥ KBAAPATYPHYIO COCTaB-
JISIOLIHE ¥ POXOIMUT YEpes YCHIHTENH C PEeryIHpyeMeM Ko3ddHiueHToM ycue-
Hus W, . 3aTem BCe CHTHAIIEI CyMMMPYIOTCH, 06pasys BLIXONHO# curnan S(r). Hanee
S(¢) cpaBHUBaETCA C ONMOPHBIM CHIHANIOM R(?), M pa3HOCTHBIHM CUTHaN (MM CHTHAT
OImKOKK) NONASTCA HA BXOZ, a3ITHBHOIO MPOLIECCOPa, PErYIHPYIOLIEro BECOBbIS
k03GduLHenTsl W, JIlo6oii npUHATEIA CHrHAN, He NPeCTABIEHHBIH B cocTase R(f),
BOCIIPHHUMAETCHA KaK CHTHAN OLIMOKM, M CHCTeMa OOpAaTHOM CBA3M Peryiupyer
BeCOBBIE KO3Gh(HIMEHTH Tak, YTOGH! YCTPAHHTE €ro U3 BHIXOAHOIO curHana. B
Pe3yJbTaTe MO HANPABIEGHHIO MPHUXOAA JAHHOTO CHTHAJIA YCTAHABIHBAETCA HYIb
(1 murumym) JTH. ITpy oToM BexomHOH curHasn S(f) npubmKaeTcs, HaCKOIbKO
BO3MOXKHO [0 CPEAHEKBAPATHYHOMY KPHTEPHIO, K OTIOPHOMY curHany R(f). Cue-
ZOBATENBHO, C MOMOLLBIO R(f) MOXHO pa3iiH4aTh MMOJIE3HBIE H MEWAIOKE CUIHA-
nel. Pasymeercs, 4To onopHbii curHan R(f) HUKOrIA He MOXET GBITh TOYHO PaBeH
TIOJIE3HOMY CHTHALY (B POTHBHOM C/Iy4Yae HH aHTEHHa, HH CaMa CHCTeMa CBS3H
ObL1a 661 He HykHa'). OIHAKO JOKA3aHO, YTO JUIY JOCTHXKEHHUS XOPOIUUX Pe3y/Ibra-
TOB HaJ0, YT0GH! R(¢) 6BLT KOPPENMPOBAH C MOME3HBIM CHTHAIIOM H HEKOppeUpo-

BaH ¢ noMexoil. Tak, npu aMILIH-

Cuznony om 3, TYAHO-MOAYTHPOBAHHOM I10JI€3-

angnenmo HOM CHIHANE AOCTATOYHO, YTOOHI

R(?) cooTBeTCTBOBaAN HEcyLeH 4ya-
CTOTE NOJIE3HOTO CUTHANA,

B ofmiem cnyuae xauecTBo

[50°] _@. a/lanTauMH TeM JIydIue, yeM 60ab-
IlIe HMeeTCA aliPHOPHBIX CBEIEHHH

Ag;m%fi‘ 0 BXOZHBIX cHrHanax. [Toatomy
CIIEZlyET HCIIOJIL30BaTh TI00bIE pa3-

JIHYHA MEXKLY [OIE3HbIM CUTHAJIOM
M BO3MOXHBIMH [TOMEXaMH: I10
Puc. 9.16 CNEKTpaJbHBIM XapaKTEPHCTHKAM,

s v o Yo o

X(t)
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HANpAaB/IEHUIO PHXO0/1A, AMIUTHTYAE, BUIY MOIYILLHH, MoNspH3anuu. [TonobHble
XapaKTepHCTUKU 100 OBIBAIOT H3BECTHRIMH 3apaHee, IM60 (Jalie) HaxoxATCs my-
TEM OLIEHKH ITApaMETPOB HHTEPECYIOLIETO CUIHANIA B Tpouecce paboter (411,

Jumepamypa: ocnosnan (8, 34, 49], donoanumensras [7).
KoHTponbHbie Bonpochl

1. KaxoBEI IpeHMyIIeCcTBa 3IEKTPHYECKOro criocofa ckaHHPOBaHKA TIepelt MeXaHHYeC-
KHM B 3aJa4aX CBA3M H PaiHONOKaUUH?

2. TlepeuncnuTe OCHOBHBIC METOIBI MIEKTPHIECKOTO CKAHHPOBAHHA M NMOACHHTE CYTh
KaXIO0TO U3 HHX.

3. Kakne NpH4HHBI OrpaHHYUBAIOT 1Nar pemerkH B PAP?

4. CyImecTByIOT JIM BO3MOXXHOCTH YMEHBUICHHA YHCIIA YNPaBiIsAeMbIX (asoBpamarenci
(1o cpaBHEHHIO ¢ UHCIOM H3nmy4areneif) B PAP U3 HeHalpaBIeHHKIX JIEMEHTOB?

5. K yemy nipuBoAHT 3hpexT B3aHMHOTO BIHAHHA dneMenToB GAP? Ilepeuncnure oc-
HOBHBIE CIOCO0BI GOpBOBI ¢ 3THM athdexToM.

6. Yo noHHMaeTcA MoK 3h(HEKTOM KOCTIEIUICHUA PelIeTKI»?

“7. Yro norumaercs nox JIH omroro aneMenta B cocrase AP npH NHTaHHK C TOMO-
WIBIO pa3BeTRIeHHOH QHaepHOi cHCTEMBI?

8.* Kakosa ¢opma nneansnoii JJH anementa B cocrare GAP?

9.¥ KaxoBHI NpHYHHBI BO3HHKHOBEHHA npoeanos B JIH anementa ®AP?

10. KaxoBEI OCHOBHbIE MPEHMYILECTBA H HEAOCTATKH (HIEPHOIr0 ¥ ONTHYECKOrO CIO-
co60B Bo3Gyxnenud anemento GAP?

11. KaxkoBbl NpeHMyINEeCTBa AHCKPETHO-KOMMYTALIMOHHOTO crocoba dasuposanusi?
Kaxue oTpunarensHble NOCIEACTBHA 3TOTO criocoba?

12.* OnumuTe KOHCTPYKIMHM M NIPHHUMN AeHCTBHA (ajoBpamareneii Ha OCHOBeE
Ppin-THONOB H HEPPHTOBOTO THIIA.

13.* Kakossr pocrouncrea AGAP?

14.* O6bAcHuTE, KaKHM 06pa30M MOXKHO PAaCCUHTATh YTON HAKIIOHA PHOEPOB B MHOIO-
Jy4eBo#H aHTEeHHE Ha OCHOBe mocneRoraressHoi JOC?

15.* ITna cxeMbl Batnepa (cM. puc. 9.9) onpenennure a3zl TOKOB B M3TyYaTesIiX IpH
BO36YXIEeHRH aHTeHHB! cO BXoza 111, 1J1.

16.* TTosacHuTe, B YeM MPOSIBIACTCA CXOACTBO U OTIIHYHE AMTEKTPHYECKHX [IapaMETPOB
aHTEHHBI B BH/IE kpecTa MHILICa H IUIOCKOH NPAMOYTONbHOMN PELIETKH C TAKHMM K€ JIMHEH-
HBIMH pa3MepamMu’?

17.* TlosscHuTe, 3a cyeT KakuX (GaKTOpPOB TOCTHTAETCH NONABICHHE NoMeX B AAP?

18.* ObszarenbHo M B AAP nocie pasaeneHust CUTHANOB OT KAXKIOTO JIEMEHTa HC-
nosb30BaTh $a3oByI0 3aiepXKKy OAHOH H3 COCTARNAIOIMX UMEHHO Ha 90°7



Masa 10. OCOBEHHOCTU Ai:lTEHH AnsA TENEBUOEHUS,
PAAUOPENEUHbLIX NTNHKAN
N KOCMUYECKOU PAONOCBA3N

10.1. TeneBU3NOHHbLIE aHTEHHb!
10.1.1. NMepenawoune TeNeBUIMOHHbIE AHTEHHbI

B Hacrofmee BpeMs MPUHATO Pa3NW4aTh HA3EMHOE H CITyTHUKOBOE
tenesu3uoHHoe Bemanue (TB). Ilepenaromue anTeHHs1 Hasemuoro TB pac-
[IONaraloTca Ha TEJICBH3HOHHEIX OamrHAX, a comyrHukoBoro TB — Ha U3C,
Yepe3 KOTOPBIC OCYLIECTBIAETCS PETPAHCILIIMA TEJIeBH3HOHHEIX Iepeaad.

PaccMmoTpuM nepenaromme anteHHsl HazeMHoro TB. OHo Benercs
Ha BOJIHAX METPOBOTO M JCHHUMETPOBOro JHama3oHoB. [[is pacuiupeHus
30HBI YBEpEHHOTO NPHEMa aHTEHHEB! TIEPEAlONIHX TEICHEHTPOB ClIeAyeT
PACIONaraTh Ha CICIHAIBHEIX GaIHgIX BEICOTOH B COTHH MeTpOB. [Ipy 3TO0M
YBENHYHBAIOTCA MEXaHHIECKHE HArpy3KH, CO3IaBaeMbIC BETPOM, & TAKKE
BEPOATHOCTD TIONAIaHKsA B aHTEHHY IPO30BEIX Pa3panoB. B cBsA3HM ¢ 3THM
TENEBH3HOHHBIC NIEPERAIOIINE AHTCHHbI TO/DKHBI IMETh OBLIIICHHYTO Me-
XaHHIECKYIO H JIEKTPHYIECKYIO MPOYHOCTE.

XKenarenbHo, 9TOGBI HANIPSKEHHOCTH [0/ BO BCEX TOUKAX TEPPUTO-
puH, 06cITyKHBaeMOil TENCHEHTPOM, OblIa MPHOIH3HTENPHO OXHHAKOBOI,
Kak npaBuno, TeneneHTp HaXoauTca B LeHTpe o0CayKuBaeMoit TeppHTO-
pUH, TO3TOMY aHTEHHA He JOIDKHA 00/1a1aTh HalpaBJIeHHEIMH CBOHCTRAMHM
B FTOPH3OHTAJIBHOM MIOCKOCTH. B Tex citydasx, KOraa TeleneHTp pacnona-
raerca OJiKe K Kparoo oOCHy>XKHBaeMOTO PErHoHa, Mepenaronias aHTeHHa
MOXET 00/1a1aTh TakuMH CBOHCTBaMu. OHAaKO ¥ B JaHHOM citydae ee J[H
JIOJDKHA OBITh, KaK MPaBHIIO, JOBOJIBHO NIHPOKOH.

Cyxenue JTH aHTeHHE! B BEPTHKATILHO [UIOCKOCTH H, KaK CIEICTBHE,
YBETHUEHHE HAIPKEHHOCTH M0/ Ha GOIBIIOM PACCTOSHHH OT AHTCHHEI
JIOCTHTaIOTCs YBEIMUCHHEM BEPTHUKAIBHOTO pa3Mepa aHTEHHBI.

JUns CHIDKEHHS YPOBHA IOMEX MPH NPHUEME JXKelaTelbHOo, YTOOHI H3-
JIy4aeMbIe aHTCHHAMH 3JIEKTPOMaTrHHTHBIE BOJIHBI HMEH TOPH30HTAILHYIO
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MOJAPH3ANHNIO. B CBA3M € 3THM i NEpefadH U NpHEMa TEIEBH3HOHHBIX
CHTHAIOB MPUMEHAIOT, KaK NPABHIO, TOPH30HTaNbHbIE BUOpPATOpHBIE aH-
TCHHEL

Tepenaromas TeNeBU3UOHHAS aHTEHHA JOKHA TIPOMYCKATh Oe3 3a-
METHBIX OTPaXXeHHH BCIO pabodyIo OJI0CY YaCTOT [IEPEAABAEMBIX TCIICBH-
3HOHHBIX KaHanoB. Hamaue oTpaxkeHnit B TpakTe, CO3MAIOIINX [IONYTHEIC
NOTOKH, TPHUBOIMT K TOBTOPHBIM KOHTYpaM u3o0pakeHHH. UToOk! B HeoO-
XOAUMOI ITOJIOCE YACTOT TENIEBH3MOHHBIE aHTEHHB! 00/1a1aiH IIOYTH YHCTO
AKTHBHBIM BXOJHBIM CONPOTHBIICHHEM NPHMEPHO [IOCTOAHHOTO 3HAYCHHS
H XOPOIIIO COITACOBANIMCh C (GHICPHBIMH JIHHHAMH, TPHMEHAIOT BUOpaTo-
PBI ¢ HOHIKEHHBIM BOTHOBBIM conpoTupnesHeM. I1pu stom KbB B muTaro-
uiei iuHuM (B KadecTBe GHaepoB OOBMHO IPHMEHAIOT KOAKCHAIBHbIE JIH-
HMH) BO BCeii I0JIOCE TIPONYCKaHUs aHTEHHEI fomkeH OuTh He MeHee 0,9.

HanpskeHHOCTS IToJIs 3MeKTPOMATHUTHO#H BONHEI yOBIBaeT IPOIOP-
HOHAJIBHO PACCTOAHHIO, IIOITOMY IJIA PABHOMEPHOrO OOMydYeHMs BCek
TepPUTOPUH, 00CITY>KUBAaEMOH TeNEHEHTPOM, HeoOX0IHMO, YTOOB! aHTEH-
Ha B BEPTHKANbHOI IUT0CKoCTH HMena JH, obecneunBalontyio Bo3pacra-
HME HANPAXKEHHOCTH IOJIs IPAMO NPONOPIHOHANBHO PACCTOSHMIO [TaK Ha-
sniBaeMyto JIH kocexancHoro Buaa F(A) = cosecA].

Ha npakruke o6br4H0 orpanuuuBaiorcs dpopmuposanreM JIH, Mak-
CHMYM KOTOpO# B BEPTHKAILHON IIOCKOCTH COCTARIACT HEKOTOPHIH yron
A . C TMHHEH, NapajuIebHON TMHIK ropu3soHTa (puc. 10.1). Illupusa mas-
Horo aenectka JJH nomkaa ObITE ZOCTATOYHO Y3KOii (CpaBHHTENIBHO 60JIb-
moit KY), 4To6s! 0c1abUTh H3Ny9eHHE B OIYTIPOCTPAHCTRO BBIIIE JTHHUH
ropu3oHTa. PerynupoBaHue HANpaBJICHHA MAKCHMATbHOTO H3ITy4eHHA MOX-
HO OCYIHECTBIIATH ITYTEM COOTBETCTBYIOIMX CABHTOR (ha3 MEX XY TOKaMH B
Pa3/IMYHBIX 3TAXKAX AHTCHHBL.

Jis YMEHBIIEHUS BETPOBOH HArpy3KH Y YBEJIMYCHHA MEXaHUYEC-
KOH NPOYHOCTH BUGPATOp MOXKET OBITh HE CIUIOIIHEIM, 3 COCTOATH H3 OT-
JENbHBIX TOPH3OHTAIBHBIX CTEPXKHEH.

CymiecTByIOT pasnHyHble KOHCTPYKIMH NEpeNatoniuX TeJIeBH3HOH-
HBIX aHTCHH. B 0T€9€CTBEHRON TEXHUKE HCIIONB3YIOT B OCHOBHOM TYpPHH-
KETHBIE H ITaHETILHEIE aHTEHHE], A TAKOKE aHTEHHE! C PaAHaJIbHEIMU IIThIpe-
BBIMH BHOpAaTOpaMHy.

MHOro3TaXHBIE MypHUKemHble aHMeH b, GasupyIoIIMect Ha [IPH-
MEHEHHH INIOCKOCTHEIX JK-006pasueix BHOparopos (puc. 10.2), Hcrons3y-
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10T B METPOBOM AManasoHe BonH. Kaxnerit ¢ 5 T s
9TaX 3TOH aHTEHHBI BLIIOTHACTCA H3 IBYX
TaKHX B32aUMHO IEPIECHIUKYIIAPHBIX BHO-

Puc. 10.2

patopos BricoTo# okorno 0,6\, (A, — cpea-
HAA JUIMHA BOJHLL), YT0 00ECIIeYHBaeT IpH
NHTaHHH BUOpaTopos ¢ ¢a3oBbiM caurom 90° noytH kpyroyio JIH B ro-
PH30HTANLHOH TUIOCKOCTH.

O6sr9H0 HepaBHOMepHOCTH JJH B ropH30HTAJIFHOHR MIOCKOCTH HE
npeppimaet 3 xb. Kaxasiit H3 BUOPaTOpOB IPHCOEAMHACTCS HAKOPOTKO K
MauTe KaK B TOUKaxX B, B’, Tak u B Toukax A, A". [luranue x BHOpaTopy
TIOABOANTCA K cepenuue (Touku C, C”) ¢ MOMOMBIO KOAKCUAIBHOM THHUH H
CHMMETPHPYIOIIETO YCTPOHCTBA, MOMEIAEMOr0 BHYTPY MAYThl. AHTCHHEI,
BBITONTHCHHEIE W3 TaKWX BHOPATOPOB, HMEIOT MONOCY NMPOMYCKAHHA MpPH-
MepHO (15...20) % ¥ 103BONAIOT OAHOBPEMEHHO paboTaTh HA HECKONBLKUX
TeAeRH3HOHHBIX KaHatax. Bnaronaps cnenuansHoi dopme ByGparopa yse-
AMYUBACTCS HKESCTKOCTH €ro KOHCTPYKIHY.

Ipu Gonbomix pasMepax NONEPEYHOro CEICHHUS OMNOp, NUKTYEMEBIX
MEXaHWYECKHMH TPeCOBaHMAMH, NPHMEHEHME TYPHUKETHBIX CXEM, KaK npa-
BHJIO, HCKTIOYaeTcs. B oToM ciydae HauGonee nenecooOpasHo HCIONB30-
BaTh KOJIbLIEBBIC aHTEHHB!. anydarenn B aHTeHHE PACIIONATAIOTCA BOKPYT
onopsl. Crenedb paBHOMepHOCTH J/IH B ropH30HTAIBHO#M INIOCKOCTH 32BH-
CHT OT pa3HOCa MEXIY H3TydaTelsiMH (deM Golbiie cedeHue ONmopsl, TeM
CHIIBHEE HepaBHOMEPHOCTS JIH IpH 3aJaHHOM YHCIIE H3ITydaTeneit).

Ipy xBaapaTHOii hopMe HoNepeyHOro cedeHHA ONOPE! YIOOHO NpH-
MEHATD naxensHole aimenisl. OCHOBHBIM 3N€MEHTOM TaKOH aHTEHHE! 5B~
nsetcs 6110k (TaHeNs), NPEACTABIAIONMI CO60# CHMMETPHYHBI OMyBOI-
HOBBIif HIIH BOJTHOBEIH BUGpaTop /, KOMIIOHYEMBIH BMECTE C OTPaKaIOIIHM
skpaHoM 2. [TaHenH KpenaATcs Napamie/sHO TpaHsaM omops! 3 (puc. 10.3) B
HECKOJILKO 3TaXEH, PACCTOSHHE MEXIY KOTOpHIMH Gepercs GrmsiiM K A /2,

CSl 9E€TBIPbMA H3TYHaTC/IAMH.

. OcobeHHOCMU aHmeHH OnA meneeuderus, paduopenelnsix NUHUG 251

1€ A, — CpenHss JUIMHA BOJHBI pabodero ananasoHa _/’ 7
gactor. JIns norydenus neHanpasnennoi JIH B ropu- S— 3
3OHTAIBHOI IUIOCKOCTH IIPH pa3Mepax cedeHHs OIop, €

00bIYHO MPHMEHAEMEIX Ha MPAaKTUKE, OTPAHHYHBAIOT- | I

s peamusanuy kpyroeoit JIH B ropusonTans-
HO TJIOCKOCTH BCE YETBIPE MAHENIBHBIX BHOpaTopa Kavk-
JOro 3TaxKa JOJHKHBI ITHTATHCA CHH(l)aSHO. YacTo A

Puc. 10.3

'AOCTHXXEHHA BBICOKOTO YPOBHA COIIACOBAHMA MEXIY
mapaMi BHGPAaTOPOB ONHOTO 3Taxa ObecneduBaloT

cxsur ¢az 90°. B aToM ciydae NpH NMTaHUH ABYX ONMHAKOBEIX HATPY30K
pasBeTRIAIOMMMCS GHASPOM H3-3a B3aHMHOH KOMIICHCAIMM HX PEaKTHB-
HEIX CONPOTHBIICHHH YIIyqlIaeTCs COITIACOBaHHE aHTeHHBL. OIHOBpPEMEH-
HO TIPOMCXOIMT HEKOTOpHIH pocT HepaBHoMepHocTH JIH mo cpaBHeHu1o
¢ cH}a3HEIM NHTAHHEM. :

Ipu cusdazHoM Bo30yKAEHHH COTIACOBAHME MOXET OHITH YIydnie-
HO 3a CUET MEXIY3TaXHOH KOMICHCAIHMH, OCYIIECTRIAEMOH BBEACHHEM
¢$a30BBIX CABHIOB MEXKIY TOKAaMH B COCENHHX 3Taxax. OTH e (ha3oBbie
C/{BHT'H HCTIONB3YIOTCS OMHOBPEMEHHO JUI CO3MaHMA Hy)XXHOTO HakitoHa JTH
B BEPTHKANLHOH IUTOCKOCTH.

Ipu xpyrmoi# gopme onopsr 6osee yno6Ho npu-
MEHEHHE paduanbHolx eubpamopos, yCTaHOBIEHHBIX
HENOCpeACTBEHHO Ha onope (puc. 10.4). Ilpu pasmerme-
HUM Ha KPyIToii onope auaMerpom 0,7A,) BOCEMH IITHI-
peBhIX BHOpaTOpOR (B INIOCKOCTH TIONEPEYHOIO cede-
HUsA), MATAaEMBIX HO CXEME BpaIIalonierocs nons (Tox B
KaXK/IOM CIICRYIoIEM BHOPaTOpe CBUHYT OTHOCHTENb-
HO mpeAsIRyLIero no ¢ase Ha 45°), B rOpH30HTAIBHOM
INIOCKOCTH 06€ecIeunBaeTca JOCTATOYHO PABHOMEPHOE
u3nydenue. Jing Haxiaona J{H B BepTuKanbHO# MI0CKO-
CTH BHH3 IPHMEHAETCA pacasHpoBKa NUTAHUA BHOpa-
TODOB TIO 3TAXaM.

CrytaukoBoe TB, B oTinnyMe oT Ha3eMHOrO Be-
JIeTCA Jale BCErO B CAHTHMETPOBOM AHAIa30HE BOMH.
Tunel 60pTOBEIX IEPENAIONIMX aHTCHH H TPeOOBaHM,
NpexbABILIEMBIE K HX flapaMeTpaM, H31oxeHs! B § 10.3.




252 AnmeHHo-ghudepHuie ycmpolicmaa U pacnpocmpaHeHue paduoeonH

10.1.2. MpnemHbie TENEBU3INOHHDLIE AHTEHHbI

[IpueMHBIC TEICBU3MOHHEIE AHTEHHDI, KAK ¥ NEPEAaoNHe, NOHKHE
OBITH XOPOIIIO COrNIAacOBaHHI C THHHCH NHTaHuA B TpebyeMoii monoce vac-
TOT. Tak KaK TeNCBU3HOHHBIC CUI'HAITBI IIPHXO/AT € ONPEACIICHHOTO HaNpaB-
JieHUs1, TO IPHEMHAst aHTEHHA JIOIDKHA 00/1a1aTh HANPaBIEHHBIMY CBOHCTBA-
MM KaK B BEPTHKAJIBHOM, TaK H B rOPU3OHTAJIbHO# MmockocTy. IIpu aToM
MaxcumyM JTH nmomkeH OBITH OpHEHTHPOBAH Ha NEPEAAIOIIH TCICIEHTD.

Bei6op THIa npueMHON aHTGHHBI 3aBHCHT OT PACCTOSHHA MEXIY
ITyHKTOM HPHEMA U NICPEai0MUM UEHTPOM, YyBCTBUTEIBHOCTH TEIEBH3H-
OHHOTO IIPHEMHHKa H MOLIHOCTH nepefaryuka. Ha 6nu3kux paccTosHHAX
OT TellelleHTPa MOTYT IPHMEHATHCA KOMHATHbIE aHTEHHBI B BUIIE CHMMET-
puuHBIX BUOparopos. [To Mepe ynajieHus oT TelneieHTpa IPHEMHBIC AHTCH-
HBI YCIIOXKHAIOTCA ¥ YBSJIMYHBACTCA HX BBICOTA HOABECA.

HauGonee mupoko HCHONB3YIOTCS OUPEKMOpHbIe AHMEHHb] C HC-
JIOM DJIEMEHTOB OT TpeX Ao ceMH. Ha Gonbnivx paccTOAHHAX OT TENCICHT-
pa YHCIO 3IEMEHTOB XHPEKTOPHON aHTEHHBI M BHICOTA NMOABECa NODKHEI
BO3PACTATH, AHTEHHB! BHITONHAIOTCA U3 CTANBHBIX HIIH TIOPANEBBIX TPYO
JHAMETPOM 6...22 MM H KECTKO KPEIATCA K HONACP KHBAIOIHIM OTIOpPaM.

Ha meTpoBbix BonHax (KaHas! ¢ 1-ro no 12-it) yanie Bcero npume-
HAIOTCS aHTEHHHB! THIIA «BOJIHOBOM KaHam (Tpex-, MATH- H CEMHIEMEHT-
Hele). Ha aenuMeTpoBrIx BomHax (kaHans ¢ 21-ro mo 40-i) ucnons3yrorcs
6oree HanpaBICHHBIE MHOTOIEMEHTHBIE AHTEHHBI TOT'O XK€ THIIA.

HeobxonuMocTh IpUMEHEHHS B JeMMETPOBOM JHaNa30HE AHTCHH
¢ 6omspM KH/T oOBacHAeTCA cleayomyiMu 00cToaTensCcTBaMu. B coot-
BETCTBHH C (5.26) mpu PHKCHPOBaHHOH HAPAYKEHHOCTH IOJIA B TOYKE MPH-
€Ma ¢ YMCHBLINEHHEM JUIHMHBl BOJIHB YMEHBILIACTCA MOIIHOCTH, BBLAECIIAE-
Mas B Harpy3xe aHTeHHbL CIEeXOBATENLHO, DX OOMHAKOBOM UYHCIIE dlIe-
MEHTOB B BHOPaTOpHO# aHTEHHE MOIIHOCTD, BEICIIAEMAs HA BXOZAE Tele-
BH3HOHHOTO IIPHEMHUKA, Ha ICIIMMETPOBEIX BOJTHAX MCHBILE, YeM Ha MET-
poBbIX. [IpoUrpeI 9TOT MOXKHO CKOMIIEHCHPOBATH, €CNH MPUMEHHTHL Ha
JENMMMETPOBBIX BOJIHAX MHOrOBHOpAaTOpHbIE aHTCHHEI ¢ GOIBIIMM YHCIOM
3JIEMEHTOB, YTO 1 IPUHATO Ha HPAKTHKE.

CxeMbl pacnionoxeHusa BHOPaTopoB B aHTEHHE ITOKa3aHb! Ha puc. 10.5.
B xagectBe akTHBHOTO BHOpaTopa (4), ¢ KOTOPOro CHUMAETCA CHIHAJ, HIY-
IIMH K NpUEeMHHKY, 00BI9HO MCIIONb3yeTcs nerieBoit Bubparop. Ero, kxak
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Puc. 10.5

H3BECTHO, YIOOHO KPEIMTH K HecyLei crpene 6e3 nsonaropos. Pedmexrop
(P) Moxer OBLITH KaK OOUHOYHBIM, TaK H cIBOeHHbIM. Ilocnennuii mpen-
ctarmaer coboii fBa BUGparopa, pasHECEHHBIX B BEPTHKANBHOJ MIOCKOCTH
CHMMMETPHYHO N0 OTHOIIEHHMIO K IUIOCKOCTH aHTeHHBI. CIBOCHHBIH ped-
JEKTOP IO CPAaBHEHHIO C OJIMHOYHAIM CHIDKAET YPOBEHD 3aHHX M JalbHUX
6OKOBBIX JICIIECTKOB U PACIUMPACT ITONOCY YacTOT, B KOTOPOH aHTEHHA CO-
XpaHjeT HaNpaBICHHblE CBOHCTBA.

Ton6opom nnnn gupexTopos ([, 4, ...) ¥ pacCTOSHHIH MeXITY HHMH
00eCrIeuHBAIOTCA OIITHMATBHEIE AEKTPUYECKHE IApaMeTphl aHTCHHEL. Tpex-
3NIEMEHTHBIC AHTSHHBI, paboTaroniye B METPOBOM JHAIIa30HE BONH, obecie-
YHBAIOT IMPHHY MIABHOTO JlenecTka 20, = 60...66°, YBJI = —(15...17) ub,
k03¢ dunuent ycunenus G =5...6,5 1b. Y naTHanEeMEHTHBIX aHTEHH aHa-
TIOTHYHEBIE NIAPAMETPhI COCTABIAIOT: 26, = 48...54°, YBJI =—(16...18) nb;
G =8...9 #b.

TTonxrouenue xabemns cHkeHus ¢ Z, = 75 OM K neTieBoMy BUOpa-
TOPY NPOM3BORMTCA Hepe3 coracyonyio cxemy U-kxoneso (cM. r. 6).

OCHOBHBIMH ITapaMeTPaMH, XapaKTepH3YIOIHUMH paboTy aHTEHHEI B
CHCTeMe KOJUISKTHBHOTO NpHeMa TeneBujeHus, apusorcs: KY, mmpuHa
raBHoOro Jienecrka JJH B ropu30HTaNbHO#M IIIOCKOCTH, YPOBEHB GOKOBBIX
o 3anuux nenectkos, KEB B dhuaepe.

Koathdumuenr ycunenns aHTeHHB ONPENENACT MOIHOCTD, BBIICIIS-
€MYIO €10 BO BXOIHOM CONPOTHBICHHH NPHEMHUKA, 3 TAKXKe OTHOLICHHE
MOIITHOCTH IOJIE3HOTO CUTHATA K MOIIHOCTH CITyYaifHEIX TOMEX, IPHXOS-
KX C IPOM3BOJIBHBIX HampaBneHHii. OH oMkeH OBITh JOCTATOYHO ITOCTO-
SHHEIM B paboueii nonoce yacror. HepasHomepHocTs KY B paboueii moino-
€€ 4acTOT CepHHHO BHITYCKaEMBIX aHTEHH He Gonee 1 1b.

Yposens 60koBBIX H 331HHUX JenecTkoB JIH xapakrepusyer cTencHb
3aIIUTh] AHTEHHbI OT IPHEMa OTPAXKEHHbIX CHTHAJIOB, CO3ABAEMBIX 06BEK-
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TaMH, HAXOANMMMHUCA cGOKY M C33/IM aHTEHHHI, M O/DKEH OBITh He Gonee
~(12...16) nb.

[upuna masHoro nenectka [IH B ropH30HTaNBEHOM MIOCKOCTH O
pemenseT 06IacTh, M3 KOTOPOi MOTryT GbITh IPHHATHI MEIIAIONIHME OTpa-
MEHHbIE CUHANLL. YMEHbIICHHE IIMPHHEI [TIABHOTO JIENIECTKA B TOPU30H-
TAJIBHOM IIOCKOCTH CYIIECTBEHHO YTYYIIAET 3aIIHTY OT OTPAKEHHBIX CHT-
HAJIOB NIPH YCIOBHMM JOCTAaTO4HO Majioro YBJL

TpueM Hapaxy ¢ OCHOBHBIM CHTHAJIOM, IPHILICAIIMM HENIOCPECTBEH-
HO OT aHTCHHBI MEPENAIONIEr0 UEHTPa, CUTHANA, OTPAKEHHOIO 0T KAKOro-
60 obbexTa (HanpuMep, ctosniero c6oKy 30aHug), HPHBOAUT K HCKaxe-
HHUIO H300paXXeHHUA HA TENEBH3HOHHOM 3KkpaHe. OHO NpoABILAETCS 06RITHO
B IOBTOPE H306paXKeHN, CMEILEHHOTO 110 TOPH30HTAIIH.

Kpome crioco60B, yka3aHHEIX BEITIE, OCNAOHTh MPHEM OTPaKeHHBIX
CHTHAJIOB MOXHO JIOTOJIHUTENILHOM HacTPOHKOH aHTEeHHB!, COBMECTHB Ha-
MIpaBjieHHe MAHHMYMa IIpHEMa aHTEHHBI C HAIIPABJIEHHEM IIPUXOZa OTpa-
EHHOTO CHTHana. JI/I1 3TOro ocTaTovYHO MOBEPHYTH AHTEHHY Ha HeGOIMb-
1Io# yroix; B JaHHOM ClIy4dae He3HaYHUTENBHO CHIXKAeTCA YPOBEHb OCHOB-
HOT'O CHTHAJIa.

Bricoxoe ka4ecTBoO Te-
JIEBU3HOHHOT'O IPHEMa B yCIIO-
BHAX MHOTOKBapTHPHOTO I0Ma
obecneunBaeTcs CHCTEMOI
KOJUICKTHBHOIO IIpHEMa TElle-
puncHHA. CHcTeMa COCTOHT
(puc. 10.6) u3 onHol aHTCHHEI
THIA «BOJIHOBO# KaHAIDY /, Ka-
6¢ei1a CHIDKeHHA 2, 3BHTEHHOTO
5 ycunurena 3, ¢ BHIXOA KOTO-

POro HAYHHAETCA MATHCTPATb-
6  Has JTMHHA 4. OTa TMHHUS NpO-
XOJUT Yepe3 pacipeieTHTeNb-
Hble KOpoOKH 5, pacHoIoxKeH-
Hbl€ Ha TECTHHYHBIX KJIETKaxX
Kaxxgoro sraxa. M3 pacnipene-
IHTENHHOH KOPOGKH JacThb
Puc. 10.6 MOIIHOCTH TEJIEBH3HOHHOTO

~
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CHTHANA OTBETBILACTCA B a00HEHTCKHE THHHH 6. K BBIXOy MarHCTpaIbHOHR
JMHHUH M3 PaCHPEAEINTENBHON KOpoGKY IIepBoro 3TaXa MOAKIIYCHO Ha-
rPY3049HOE CONPOTHBIICHUE 7, PABHOE BOTHOBOMY CONPOTHBICHHIO Markc-
TpansHO# NHHMH. B compoTHBICHHM 7 NOMIONIAETCA OCTABMIAACA YacTh
MOILHOCTH TEIEBM3MOHHOTO CHrHANa, Onaronapa yeMy B MaruCTPalIbHOH
AMHHM 00eCIeYHBAETCA pexxuM OeryeH BOIHBL.

B manHOM pexuMe B MarHCTPaILHO#H IMHHH OTCYTCTBYIOT OTpaXeH-
HBIC BOJIHEI, YTO HCK/IIOYAET BO3MOKHOCTh MCKA)XCHHA TEIECBH3HOHHOTO
CHrHaja H o0ecreynBaeT BEICOKOE KAYECTBO TEJICBH3MOHHOIO IPHEMA,
Onnaxo NOABJICHAE BOJIH, OTPAKEHHBIX OT Pa3IMYHLIX JIEMEHTOB pacpe-
JICTIATENBHOH CETH, MONHOCThIO He HeKIodaeTcd. [1oatoMy Ag xopomero
KauyecTBa TEJICBH3HOHHOTO H300pakeHHs: aDOHEHTCKHE OTBOJIbI CBA3AHMI C
MArHCTPAJIBHOM JIMHMEH Yepes HanpaplIeHHbIE OTBETBHTENH, MPeNOTBPa-~
HIAlolHe IPOHUKHOBEHHE B OTBOJ BOITHBI, JBHTaIOIIEHCA TI0 MATHCTPAIb-
HOIH JIHHWH K aHTECHHE (OTPa)KeHHE BOJTHEL).

PaccMoTpeHHas cxeMa B HACATFHOM CITyYae NOJHOCTBIO 3aIHIAeT
abOHEHTCKHI OTBOJ OT OOpaTHEIX BOJH B MaruCTPalH, HCKIII0UaA IIOTEPIo
MOIIHOCTH TMONE3HOTO CHTHANa, H OGECTICYHBAET COITIAacOBaHHME HAa BCEX
9acToTax Kak B aGOHEHTCKOM OTBOZE, TAK M B MATHCTPAlIH.

Ha paccroanusx ot teneuenrpa 50...60 xm u 6onee Gonsmoe pac-
NIPOCTPAaHEHHE B KaUeCTBE HEAUBUAYAIHHBIX IPHEMHBIX AHTCHH MOITYTH~
JM TaK Ha3RIBaEMbIE 3123a2000-
pasnsie anmennvl. QOHA TpeA-
CTABIAIOT cOOOH IHMPOKOMONOC-
HYIO aHTEHHY, COCTOAMIYIO H3
IIBYX pa3HECEHHBIX IO BEPTHKa-
JM H NapaIUIeALHO BKIIOYEHHBIX
pamouHeIX auTeHH (puc. 10.7, a).
Kaxxpas u3 1Byx pamox obpa3sy-
€T KBagpar ¢ oOHIei JHHO# Beex
YeThIpeX CTOPOH, PaBHOI WIHHE
BOJTHbI IIPHHHMAEMOT0 CHTHANA.
3Ty KOHCTPYKIHIO MOXHO pac-
CMAaTpHBATh Kak CHH(a3HYIO aH-
TEHHY, COCTOALIYIO U3 YETBIPEX
MONYBOJIHOBHIX BHOparopos

Puc. 10.7
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(puc. 10.7, 6). Tox B KaxH0# TOUKE TIPOBOAA MOXHO PA3NIOXHUTh Ha TOPH-
30HTAIBHYI0 M BEPTHKAJABHYIO COCTABIAIONHE. BepTHKAIbHbIE COCTARIA-
JOIIME TOKA OKA3KLIBAKOTCA MOMAPHO NPOTHBOGA3HEIMH, K HX H3ITYUCHHA B
HATpaB/IEHHA HOPMAJIH K IJIOCKOCTH PAMKH B3aHMHO KOMIIEHCHPYIOTCA (B
pexHMe IPHEMa aHTEHHA He BOCIIPHHHMAET 110JI¢ BEPTUKANBHON TIOIAPH-
3auuH). TopU30OHTaNbHEIE COCTABIAIONINE TOKA CHH(pA3HBI H CO3JAI0T MaK-~
CHMAIBHBIE TIONIA B HANPABICHAM HOPMATH (B peXHME MPHEMA ¢ ITOTO Ha-
npaBneHus obeceynBaeTCs MAKCHMATbHOE ycuiienne). Koapduupent ycn-
IICHHS aHTEHHBI NpuMepHO paBeH KY cuHba3HOH aHTEHHBI, COCTOAMIEH M3
4eTsIpeX NMOTYBOIMHOBBIX BOpaTopos. Ero MoxHo yBemaunTs Ha 2...3 b,
€CITH YCTAHOBUTE TIONOTHO Pe(hIIeKTOpa, COCTOANIErO, HANPUMED, H3 PAAa
pasHECECHHBIX IT0 BEPTHKAIH NApalIc/IbHBIX TOPH30HTAIBHEIX IIPOBOJIOB.

B nocnexnue roxgsl Bee 6onpliee pacupoCTPAHEHHE MOTYYalOT CHC-
TEMBI HETIOCPEACTBEHHOTO CIyTHUKoBoro TB. Jlna sroro ncnonssylorca
CIYTHHKH [EOCTAMOHAPHOH OPOHTEI, ITOCKONBKY TIEPHON X O6GpamieHua
PaBEH 3¢MHBIM CyTKaM. Takxoi COyTHHK Kak Obl «BHCHT» Ha[ ONpeneleH-
HO# TOYKOH 3eMIH, 9TO HO3BONACT XKECTKO (PHKCHPOBATH MONOXKECHHE [IPH-
€MHOH TeneBN3HOHHO aHTEHHBI.

Jina cnytHukoBoro TB PermaMeHTOM pafiioCBA3H BRIZICNECH DAl pa-
JMOAHANa30HOB,. M3 HuX B HaCTOsIIEe BpeMA INHPOKO HCTIONB3YIOTCA AHana-
30HB 4...6 1 11...14 I'Tu. B 3Tix auana3oHax U1 MPHEMa CIIyTHHKOBOTO
TeneBuacH HanGoee 3 PEKTHBHBIMY ABIAIOTCH 3€PKAIbHbIEC AHTEHHBL.

Onna U3 aHTEHH, H3rOTaBIHBACMBIX H CEpPHIHO BRITYCKAEMEIX B Ha-
1eif CTpaHe, MPENCTARIAET Co6Oit IBYX3EPKATBHYIO AHTEHHY, BHITIOIHEH-

. Hy1o o cxeme Kaccerpena. Ilpodumu
1000 GONBIOTO ¥ MANOrO 3ePKall 310l aHTeH-
7 HEI OIITHMH3HPOBaHb1. B kadecTBe 0CHOB-

oa0 HOro TpebOBaHHA K ONTHMH3aUHH IIpO-
sool—L. (uneli 3epKan B IpONECCE CHHTE3HPOBa-
¥, HUA NPHHATO 00€CeICHIE MAKCHMAND-

w0 / noro 3Hauenua KHUII antennsl, ['eoMer-
/ pHsA aHTEeHHOH CHCTeMH JaHa Ha pHC.

200 17 10.8, e npeacrasneHs! npodHIH 3ep-
717 kan u obnyuarens. {uamerp Gonsmioro

0 =700 %00 600 @00 mw 3€Pkana / paeH 12 M, Majoro 3epkana
Puc. 10.8 2 - 0,388 M. O6mygarenieM CITY>XHT KOHH-
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aeckuit pynop 3 ¢ auamerpom packpesa 7
0,071 m. Ha yacrore 11,3 I'Ty ko3¢ dn-
pueHT ycunenus G = 46,86 nb. upu-
Ha DIaBHOIO Jenecrka 26, = 0,7°, ypo-
BEHL IIEPBOr0 OOKOBOTO JEMEcTKa CO-
crapisieT —15 nb. -30 VAN TT
JluarpaMma HanpaBJIEHHOCTH aH- J
TeHHsI ToKa3aHa Ha puc. 10.9. U3z pucyn- -4%0
Ka BHIHO, 9T0 fanHas JIH cooTBeTcTBY-
eT TpeGosanuaM MexysapoaHoro Kox- a7 7
cynsranuonHoro Komurera o Pamuo.
AmnTeHHa paccydTaHa JU1s paboThl Puc. 10.9
Ha JIBYX OPTOTOHANBHBIX (JIMHEHHBIX HIIN
KpyTOBhIX) nonapusanmax mons. [Tepexmouenne momapusanuu obecredn-
BAETCs IMCTAHIIHOHHO C TIOHEPa C IOMOINBIO (heppHTOBOTO NMepeKiIouare-
a4, [Ins CHIDKEHHS MOTeph B diepe B aHTEHHE HMEETCH KOHBEPTOP, TIpe-
o6pasyromuii IpUHMMaeMyIo 9acToTy auanasoda 10,9...11,7 I'Tn B aua-
mazon 0,9...1,5 I'Tu. Curnan or aHTEHHbI K IPHEMHHUKY TOBOHTCSA KOAK-
CHANBHEIM KabeneM ¢ BONHOBBIM conportusienneM Z =75 Om.
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10.2. AHTeHHbI paguopeneiHon NUHNKU
10.2.1. AHTeHHbI paguopeneiHbIX NUHUA NPAMOA BUOUMOCTIH

K antennaM paauopeneinbix munnit (PPJI) npamoii BuaumocTu
TPEABABIAIOTCS CISAYIOLEE OCHOBHRBIE TPEOOBAHUA:

1. KoagdurmeHT ycuieHHS aHTEHHE], MTO3BOJIAIOINH HCIIONB30BaTh
nepefaTIHKH HeOOIBIIOH MOIIHOCTH, KOMIIAKTHYIO U 9KOHOMHYHYIO anmna-
parypy, nomkeH 6b1Th 30...45 nb.

2. PaGouasn nonoca 4acToT aHTCHHO-(QHIEPHOM CHCTEMB! JODKHA
06¢CneunTh MHOTOCTBONBHEII PEXXHM PaGOTHI, B KOTOPOM Ha KaXKI0H CTaH-
IIMM HA Pa3HYHEIX YACTOTaX pabOTaloT HECKONLKO IPHEMONIEPEAATYHKOB
Ha 00IIyI0 aHTCHHY. JTO MOBBIIAET 3KOHOMHYIECKYIO 3 EeKTUBHOCTS pa-
JHOpENEHOM CHCTEMB], TaK KaK CTOMMOCTh aHTCHHBIX OHOp-OamieH WM
MaqT HEpe/IKO PEBHINIAET CTOMMOCTh IIPHEMOTIEPEIATIHKOB.

9—2013
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3. KoadpdunuerT 3amuTHOTO ACHCTBHA aHTCHHH (OTHOIIEHHE
Eqy_ 150-/Eg - g» ) AOMKEH ObITH paBeH — (60...70) 1B, uro o6ycnoneno npu
JBYXIaCTOTHOMH CHCTEME, IPHMEHIEMOM Ha COBPEMEHHBIX PaHOPEeHHBIX
JHHUAX, TpeOOoBaHHEM BHICOKHX 3alIHTHHIX CBOHCTB aHTCHH OT IpUeMa
CHrHaJoB ¢ 06PaTHOTO HaMpaBIEeHNA,

4. JIna CHHXEHHA YPOBHA TIEPEXONHBIX ITyMOB COITIaCOBAaHHE aHTCH-
HbI ¢ QUACPHBIM TPAKTOM JOIDKHO OBITH BEICOKAM; K0P dHIHMEHT OTpae-
HHAA B TPaKTe He JODKEH NmpeBbImarh 2,5...3,5 %.

5. KpoccnonapusanyoHas 3aliMTa aHTCHHEI, T. €. 0CJIa0IeHAe MoN
TIePEKPECTHOH MONAPH3ALHH NPH NPHEME C ITIaBHOTO HAIPABAECHHA JOTDK-
Ha coctasiats 20...30 ab.

6. YpoBeHb GOKOBEIX JIETIECTKOB RHTEHHB!, XapaKTEpH3YIONMMIi ee 1o-
MEXO3aIHIIEHHOCTD, ONPENENICTCA KaK EKTPHIECKOH U KOHCTPYKTHB-
HO# cXeMaMM BEHIONHCHMA aHTEHHBI, TaK H BIHAHHEM NONOTHHTCIBHBIX
¢axTopoB (ONOPHI, OTTAXKKH H T.11.). JLj11 OpHEHTHPOBOYHOH OLEHKH YpOB-
HA 60KOBOTO M3JTY4YCHHA aHTEHHH! B IIepefHeM nonynpocrpadcre MKKP
JiaeT clieayotyto hopMymy i oruGarimx GOKOBbIX JIETIECTKOB:

G(8) = 52 — 101g(D/A) — 251g8,

rae D — [uaMeTp aHTEHHE!; A — JUTHHA BOIHEI; 6 — yroll, OTCYHTHLIBAEMEIH OT
HAlpaBJICHHA MaKCHMAlILHOTO M3TyJYeHH A, Fpal. .

Panuopenciisble IHHAH 3aHUMAIOT Ba)KHOE MECTO B CHCTEMAX CBA-
3u. MIX mpOTHKEHHOCTD B CTPAaHE NOCTHIA€T MHOTHX THICAY. KHJIOMETPOB,
TIPH 9TOM PACCTOSHHE MEXKIY COCEIHNME CTAHIUAME COCTaBIAET B OCHOB-
HoM 40...70 XM M KaXIas CTAHUMA CHaOXeHa pHeMoniepeaaonict anna-
parypo¥ ¥ aHTCHHaMH.

Tun anrenn na PPJ B ocHoBHOM onpezendercd paGouuM AHanaso-
HOM YACTOT H €MKOCTBIO THHUM (YHCJIOM TEIC(QOHHBIX HIH TEICBH3HOH-
HBIX KaHanos). Ha PPJI npaMoit suammMocTy, paGoTalonux B XEUMETPO-
BOM JHaNa30He BOIH, B OCHOBHOM IPHMEHAITCA CTUPANbHEIC aHTCHHEI,
KOTOphIE 00eCIeYnBaloT TPeOyeMBIE AMEKTPHICCKHE XapAKTEPHCTHKH, 10~
CTaTOYHO MPOCTHI B H3TOTOBJIEHNH H HCTILITHIBAIOT HEGOMbIIHE BETPOBLIC Ha-
rpyskd. Ilpu sToM ana ysermmdenns KY HCTIONB3yIOTCH aHTEHHEL, COCTOSIIHE
HX JIBYX HIH YETEIPEX MapaiebHO BITIOYCHHBIX CIHPAILHBIX HATYJaTeNIe.

IIpu paccTOAHHH MEXITY COCEIHUMH PETPARHCIALHOHHEIMH ITYHKTA-
MH 40...70 xM g ycToiiuuBo#i ceasn HeoOxoauMo, utobsl KY anTenHsr
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coctaBman 30...48 nb. ITnomans W3ny4aouero packpblBa TakKHX aHTEHH
cocrannser 2...15 M2, lupuna JH 20, ; HaxomHTCA B TIpeaenax ot 5° (mpu
G =30 1B) 10 0,7° (upn G =48 1B).

Pamnopeneiinpie TuHUH GonbIIoH eMKOCTH paboTalOT B CAHTHMET-
POBOM NHAana3oHE BONH. 37€Ch, KaK MPaBHIO, IPHMEHACTCS IBYX9acTOT-
HBIH [1aH pacnpeneneHus 4acTot. [IpH 3TOM Ha IPOMEXKYTOYHOR CTaHIHH
nepenaya B o6a HanpaBieHHS (IpaAMoe B 00paTHOE) BeieTcd Ha OMHOM Ya-
cToTe f|, a npueM ¢ 060HX HanpasieHuii — Ha Apyro# dacrore f,. Takum
o6pa3omM, aHTEHHa HaXOXHTCA B IOJIe AeHCTBHA IBYX CHI'HAJIOB, MMEIOHIHX
OIMHAKOBBIE HECYIUME YACTOTHI f,, HO MPUXOAAIIHE C MPOTHBONONOKHBIX
HanpapieHuH. 9 CHIDKEHHA ITOMeX MEXAY IPAMbIM H 0OpaTHBIM KaHa-
nom cszu K3]1 amrennu £, = éoGp/énp IOIDKEH COCTABIMATH He {oiee
—(65...70) xb.

YpoBeHs GOKOBBIX JICTIECTKOB AHTEHHE!, XaPaKTEPHIYIOLMH ee mo-
MEXO03aIMINCHHOCTE NIPH NIPHEME H OKa3bIBAIONHH CYIIECTBEHHOE BIIMA-
aue Ha SMC npu nepenade, KomKeH GHITh MO BO3MOXHOCTH MaiL. Heo6xo-
JIMMOE MEPEXOIHOE 3aTyXaHHE MEXIY TPaKTaMH NpHeMa U nepexadu (or-
'HOIIICHHE MOIIHOCTH, H3Ty4acMoH Nepenaroneif anTeHHOH, K MOIHOCTH,
MpOcadHBaloNieiic B MPUEMHBIH TPaKT 3TOH WM PANOM PacHIOIOKEHHOH
aHTeHHE) 06eCIIeYHBaETCA B3aUMHO NTEpNEHIHKY/IAPHBIMH TOMAPH3aLHA-
‘MH H3JIy93€MOro ¥ IPHHHMAEMOr0 aHTEHHO#H onA.

OnHaxo BCICACTBHE TOTO, 4TO H3TydaeMoe napabonu4eckoi aHTeH-

‘HO# 1mone KpoMe cOCTaBnANIeii ¢ OCHOBHOMU NONAPH3aLIMeH UMeeT Takxke

COCTaRBJIAIOINHE NEPIECHINKYIAPHOH eif mompH3aiy, BO3MOXEH IIEPEXOx
MOIIHOCTH U3 KaHaJa Niepelladd B KaHal npuema. Bo uzbexanue ceasan-
HEIX ¢ 9THM HCKaxeHH# koadduuuenT nonepedHo (kpocc) NONAPH3aINH
11074 aHTEHHBI IOJDKEH COCTaBIATh — (25...30) aB, 9To qocTHraeTcs BEI6O-
poM THHa Mapabonuyeckoro 3epkana (Jry4dme JUIHHHOGOKYCHOro) u o6my-
yares (HapuUMep, pynopa).

OtpaxxeHHBIE BOIHBI B TPAKT€ UTAHUA NIPHBOIAT K HEMMHEHHOCTH
‘ha3oBoif XapaKTEPHCTHKH NOCIEIHETO, YTO BEI3BIBACT HCKAKEHHA H306pa-
JKCHHA NPH NEpeade TEICBHAEHNA, H HOABICHHIO IIYMOB B Tese(pOHHEIX
Kanajax. Jlomyctumoe 3HaueHHe K03()QUUHEHTa OTPaXXeHHs, BRI3BAHHOE
PaccornacoBaHHEM BOTHOBOTO COMPOTHBIICHUSA THHUH H BXOIHOTO CONPO-
THBIIEHHA AHTCHHBI, JUIA MHOTOKaHAJIbHBIX CHCTEM HE JIOJDKHO PEBbINIATh
2...3 % Bo Bceilt paboyeit nonoce yactot. JJis 3THX CHCTEM HONOCA YaCTOT,
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YIOBJIETBOPAIOIIAA JaHHOMY TpeboBanuio, cocraniier 10...15 % necymeit
YaCTOTHI BHICOKOYACTOTHOrO CUIHAMA.

AHTEHHa JOHKHA UMETH XKECTKYI0 KOHCTPYKITMIO, YTOOB! IIPH IIOPHI-
BaX BeTpa ympyras aebopMauud aHTEHHB! HE NpEBHIILIANA JOMYCTHMYIO
BENHYMHY. ATMOC(EpHbIE OCaKU HE JOIDKHEI ITONAfaTh B TPAKT MHUTaHUS
AHTEHHBI, TaK KaK 5TO MPHBOANT K YBETHYECHHIO 3aTyXaHHA H paccoriaco-
BAHUIO TPAKTa.

OO6BbIYHbIE ONHO- M By X3€PKaJIbHBIE AHTEHHEI, HCIIONb3yeMEle B PPJI,
HMEIOT pAJ HeA0CTaTKOB. O/IHH H3 HUX — CIIOXKHOCTD ITOJTy4eHHS B X pac-
KpBIBE ONITHMAJILHOTO Paclpene/IeHUs aMIUTHTYABI 014, DT 06CTOATE b-
CTBO, a TAaKKe MEPENMBaHHE NONA 00MyyaTes 3a Kpas 3epKaJia i 3aTeHEHHE
packpeIBa 00NyyaTeneM He MO3BOIAIOT JOOHTBCS OCTAaTOYHO AU3KOTO Y BJI
u Beicokoro K3/1. KpomMe Toro, HelocTaTkOM 3THX AaHTEHH SBJIAETCA III0XO0€
coracoBanue oOnyuarens ¢ PuacpoM, onpeaeseMoe nepexsarom obny-
9aTeneM 4acTH OTPa)KEHHBIX OT 3epKana Iy4deH. [ yMeHsIueHHs 60KOBO-

TO u3mydeHuA H ysenudenus K3/ npumens-
10T Pa3IHYHOTO POIA 3awumHble IKPAHbL
(cm. . 13). [ns antenH ¢ KY, paBHbIM IpH-
mepuo 40 nb, K3/ cocrasmier—~ (45...50) nb,
YTO HEZIOIYCTHMO IIPH HCIIO/b30BaHUH AHTEH-
Hbl Ha PPJI, paboraromeii no AByX9acTOTHO-
My IUtady. Y BBICOKOKa9€CTBEHHAIX aHTCHH,
CHa0XXeHHBIX 3aIIHTHBIMH 3KpaHam#, K3[]
MOXeT OBITH CHIDKEH 10 — (55...70) nb.

Ha puc. 10.10 u306paxeHa aByxsep-
KaJIbHas CHMMETPHYHAS aHTE€HHA CO CMEILeH-
HOH HOKaIBHOH 0cbi0 (AJ]D — anmenna dgyx-
3epKanvHas co CMewenHol oKkanbHoIl 0Cbio
u ¢ anunmueckoil obpazyioujeii Manozo 3ep-
Kana), B KoTopoi 2¢(peKT 3aTCeHEHUA OTCYT-
cTByeT. B cxeMe Takoi aHTeHHH! (hOKaIbHAs
och napaboitel, ABIAIOmasics obpasyomeii oc-

" HOBHOTO 3€PKaJia, HE COBIA/IAET C OCBHIO CHM-
MeTpuH. Pasorslil neHTp 0 pynopa, usmyya-
aQ IOLIEro ChepHUECKYIO BOIHY, PACIIONOXKEH Ha

Puc. 10.10 OCH CHMMeTpHu aHTeHHs! A4. DokansHad 0Ch
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BB napabomsl BQ ¢ ¢poxycoM B Touke F, cMemeHa napaieabHo ocH A4 Ha
paccrosnue d/2. Cummerpuanas mapabona B’Q ¢ hokycom B Touke F, Tak-
K€ CMEILICHA OT OCH CHMMETpHH Ha d/2. B npoctpancTBe dhokycel napabo-
JIbl pAcTIONIaraloTes Ha oKaNbHOM Konbiie ¢ auamerpoM d. doxyc napabo-
npl F, u (asosriif neHTp pynopa O BEIGHpaOTCs B KageCTBe HOKYCOB -
aunca. BpamenneMm orpeska 3TOro 3IUIMICAa BOKPYT OCH CHMMETpHH A4
o6pa3oBaHa MOBEPXHOCTH MAJIOTO 3€PKala.

PaccMoTrpuM xon nyyed B aHTeHHeE. JIydu pynopa, sBIIOIIETOCS
HCTOYHUKOM C(hepHIECKOH BOJHEI, MaJas Ha IOBEPXHOCTh MAIOT0 3epKa-
na, cobuparotca B pokycax F, u F/. DTH TOUKH MOTYT GBITh IPEICTABIIEHBI
KaK TOYEYHBIC HCTOYHHKH (B INIOCKOCTH PHCYHKa), obmydaronmue napabo-
net BQ u B’()’. CrienoBatenbHO, B packpbise GOMBILOro 3epKania obpasyer-
¢i cuH(a3Hbli BOMHOBOH (QPOHT ¢ HANPABICHUEM PACIPOCTPaHEHHS, CO-
BIIAKAIONIHM C OCHI0 CHMMETPHH. UTOOH! HCKIIIOYHTE BO3BPAT YacTH JTy4eit
B Pynop MOCHe HX OTPaXXEHHA OT MANOTo 3€pKajia, pa3MEp €ro packpriBa
CIIEyET OTPAHHYATH AHAaMETpoM d. B 9ToM citygae mapabornoua moaHoc-
THIO OCBEIIACTCA ITONEM, OTPAXKEHHBIM OT MAJIOTO 3€PKaia, OT HAYaIbHOTO
3HageHMs yraa W = 0 0 npeNenbHoro ymia packphisa Y =\,

JlaHHad aHTEHHA MO CPAaBHCHHIO ¢ OOBIYHBIMH JBYX3€pKaJIbHBIMH
AHTEHHaMH 00NIANacT PAIOM NPCHMYIIECTB!

‘ 1) HaNMYHEe KOHUYECKOro OCTPHA Ha MAJIOM 3epKalle 3HA4HTENHHO
ocnabiseT peakuuio 3epkana Ha o0IydaTens U YIY4IIdeT COTIaCOBAHHE
aHTCHHEL;

2) NOABIAETCA BO3MOXXHOCTh CYHIECTBCHHO COKPATHUThH PACCTOSHUE
Mexxy oOmyJareneM H MaJIbIM 3¢PKaJioM M TEM CaMBIM YMEHBILIHTD YTEIKY
3HEPTHH 33 3TO0 36pKaJIO H YIIPOCTHTE €10 KPETUICHHE;

3) BCnenCTBHE TOTO, YTO TYYH, HAYIIHE Yepe3 06MacTh UEHTPA pac-
KpBIBa 00ITydaTeia (KOTOPHIM COOTBETCTBYET HAHOOMBIIAA ITIOTHOCTD IHEP-
THH), [IEPEH3TyHal0TCA MaJIbIM 3¢pKaJIoM Ha nepudepuio napadonouna, a
IIy4H, OTPaKEHHBIE OT TOYCK, HAXOAAIMMXCSA BOM3H KpaeB BCIIOMOTATEIIb-
HOTO 3epKaja (MM COOTBETCTBYET MEHBIIAsA IIOTHOCTh IHEPTHH), ONaIa-
IOT HA Y4aCTKH [IOBEPXHOCTH Napaboona, GNU3KHe K €ro BepHIHHE, obec-
neynsaerca 6oiblias paBHOMEPHOCTh aMIUTHTYIHOTO paclpeaeneHus
MoJist B pacKphIBe aHTEHHHI (Donee Bricokuit aneprypubiit KUTT).

B nocnenee BpeMs 3HaYHTENHHO HOBBLICHICT HHTEPEC K anmeHHaM
¢ gvtrecennvim oonyvamenem (ABO) (cM. puc. 8.15). OnHosepkansuas ABO
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Puc. 10.11 Puc. 10.12

(puc. 10.11) conepxHT: oTpakaromee 3epkaio /, mpencrasitoniee coboii
BBEIPE3KY U3 Mapaboonnia BpaIleHHs HIHHAPOM, OCh KOTOPOro CMenieHa
Ha HEKOTOPOE PACCTOAHHE OTHOCHTENEHO (POKATBHON OCH HCXORHOTO Na-
pabononsa; obirydarens 2, B KauecTBe KOTOPOTO HCNonk3yerca pacdasu-
POBaHHBIH pynop ¢ u3nomoM oGpasyromeif, TOBOPOTOM OCH H KOCHIM Cpe-
3om packpsiBa (PPHII) (puc. 10.12); skpan 3, ypenmnuusatomuii ee K3/,
Ocu Manoro / # OCHOBHOTO 2 51I€MEHTOB pymopa (cM. puc. 10.12) passep-
HYThI Ha HEKOTOPBIH yron Y. Tak Kak MpH 3TOM YIB! O, H 0L, OKA3LIBAIOTCA
pa3NMYHBIMH, TO BepHIHHA I1aBHoro yenectka /IH pynopa cranoBurcs
HEOCECHMMETPHYHOH. B nepneHaAuKynspAOH IIOCKOCTH YIIIBI, aHATIOTHY-
HEIE YITIaM O, ® OL,, OCTalOTCA paBHBIMH, a JIH cumMerpruHoii. Cpe3sas
PacKpBIB OCHOBHOTIO PYIIOpa, HE MEPIIEHAKKY/IAPHOIO €10 OCH, MOXKHO YCT-
PaHHTH pa3nHyYHYIo pachasHpOBKy Nos B TOUKaX B H B, nexamux Ha rpa-
HMIAX PacKpbIBa.

O6nygarens Thiia PPHIT oGecrieynBaeT CHMMETPHYHOE 110 TTIABHBIM

ocaM BO30OYXKACHHE amlepTypbl HEOCUMMETPHYHONH 3HTCHHH! IIPH  OYEHb
masnoM YBJI.
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Cpenu CymIeCTBYIOLIHX aH- §=30°) ,
TeHH HaUMEHBIIUM GOKOBHIM H3- A

o JepKano / lg=p°

JIy4eHHeM (HauTydIuei noMexo3a- /
HIMIIEHHOCTHIO) 00NIAaNaIoT pynop- //
Ho-napaboauveckue anmeHHbl I ¥
(PITA). Takas aHTeHHA COCTOMT U3 B

TITAEMOrO BOIHOBOIOM IHpPaMu-
JATbHOIO HITH KOHHYECKOTO PyTIo- ‘
Pa ¥ HENOCPENCTBEHHO MPHCOE/H- F
HEHHOI0 K HeMy 3epKaJia, SBIIAI0- a - Y
HIerocs yacThio napabosona Bpa- 5)
menus (puc. 10.13, @). Pokyc na-
paGonouna F cosnazaer ¢ ¢aso-
BBIM LEHTPOM pyIiopa, Haxoxf-
IIMMCA Y BEPIIMHBI NOCIEAHEro. JIEeKTPOMAarHUTHBIC BONHBI, HCXOAA U3
pymiopa, oTpakaroTcs oT mapabomrdeckoro 3epkana (puc. 10.13, 6). @pont
OTPAXEHHOH OT 3epKalia BONHH OIM30K K MJIOCKOMY, U ITIOBEPXHOCTH pac-
KpbIBa 3epkana (IOBepXHOCTh A B) spnsercs cuHdasuoi. B Takoii cucteme
TIOYTH BCS 3MEKTPOMATHHTHAS SHEPrHs 00IyyarTens monagaer Ha 3epKano,
YTO pe3Ko yMeHbaeT 3anHue nenectku JIH. O6nyqarens (pynop) se 3are-
HAET [IOBEPXHOCTH 3€pKajia, YTO IPHBOANT K yMenbieHuto YBJI. Tak kak
OTpa)XeHHas OT 3epKaja HEPrHA He IONaJaeT B PYNop, TO OTCYTCTBYeT
peakuud sepkaia Ha o6my4darens. [Ipy HCIONE30BaHUH HOCTATOYHO JTHH-
HBIX PYNOPOB, MPHCOEAHHAEMBIX K BOTHOBOMY € MIOMOIIBIO IUTABHEIX ITe-
PEX0JI0B, BHICOKOTO COIIACOBAHME PYIOPa U BOITHOBOAA 00ecrieunBaeTcs B
JBYKPaTHOM [Mana3oHe 4acTor. B aToM AHana3oHe MoxeT 6bITh MONy4eH
KBB, paBusiit npumMepHo 0,98.

Kosdduuuent 3amurHoro geifctus PITA pasen — (65...70) 1B,
KHII - oxomno 0,65...0,75, ko3 duunenT monepeqHoi NONAPH3aUH OIS
aHTCHHBI B INABHOM HaNpaBlIeHHH coctaBnseT —(36...42) Ab. O6rIuHO yriisl
pacTBOpa pynopa B rockoctax £ u H eibupatorcs B npenenax 30...50°,a
IJIONIA/A5 PaCKphiBa HECHMMETPHYHOrO Napabononaa (JUIOLaAs arepTypsl
aHTEHHEI) COCTAaRNseT 5...15 M2,

AHTeHHa MOXET ObITh HCIONB30BaHA ONHOBPEMEHHO AJIs IIpHEMa
U nepenay paaHoBOIH € B3aHMHO NEPIEHAMKYIAPHOH NMoipusanuei,
a TaKKe JNIA H3XYYeHHA M TIPHEMa PaJIHOBOIH C KPYTOBOH MONSpH3aLHEH

Puc. 10.13
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(T1p4 COOTBETCTBYIOLIMX cXeMax Bo30yxnenus u nprema). [TonpoGuelit ana-
nu3 u pacuet PIIA npusenens! B [2].

Henocrarkamu PITA sBnsrorcs sHayHTeNbHbIE rabapHTHEIE pa3Me-
phi (BEpTHKANbHBINA pa3Mep) H cooTBercTBeHHO Gompmas macca. OaHaxo
cyuectByer psax Momubukamuii PIIA ¢ yMeHbIIEHHBIMH FabapHTHBIMU pa3-
MepaMH KOHCTPYKIMH. D10, HanpuMep, PITA ¢ HHBEpCHPOBaHHBIM PYIIOPHEIM
obmyuarerneM, Tprxkabl cnoxkensas PITA u npyrue, paccmotpennsie B [30].

Ha PPJ] npuMeRSIOTCS TaKXKe nepuckonuyecKue anmentole Cucme-
Mt (puc. 10.14), 0c06eHHOCTHIO KOTOPBIX ABIAETCA OTCYTCTBHE AIHHHOTO
¢nnepa (B omMCaHHBIX HIDKE cXeMax JiMHa ¢mmepa mocrturaer 100 m).
B nepuckonu4ecKoii aHTEHHOI CHCTEME DHEPTHA NEPENaeTCA ¢ MOMOIIBIO
6ecnpoBoHO THHHH Hepefadl, COCTOSIICH U3 HIKHETO 3epKaia ¢ 00my-
gareneM (3Ty4aTeNis), YCTAHOBICHHOTO Y OCHOBAHHA MAaqTHl, H BEPXHETO
3epkaia (nepensirydarernt). M3rydaresaMu MOTYT OBITE HECHMMETPHYHEIE,
BBINOITHEHHBIE 110 cxeMe ABO, vH snmMIiconnanbHeIe 3¢pKabHbIC AHTCH-
Hbl. B nepuckonmyeckol aHTEHHE, BBITOIHEHHOH IO TaK Ha3bIBaeMOH Tpe-
X9JIeMeHTHOH cxeMe (cM. puc. 10.14), obnyqarens HIKHETO 3epxana'(ﬂa-
IIPHMED, PYIIOP C H3JIOMOM) YCTAHAB/IMBACTCA HEIIOCPEACTBEHHO B TCXHH-
YeCKOM 3IaHHH.

B xadecTBe nepensrydarens

é_"——— 0OBIIHO PHMEHACTCA IUTIOCKOE 3€p-

y AN

AR Kajio. M3;ry4yareins 4 nepens3ny4arenn
TaK OPHEHTHPYIOTCS OTHOCHTEIBHO
APYT APYTa, 4TO BOJIHbI, H3TydEHHbIC
HHKHHM 3epKajioM, «IIEPEXBaThIBAIOT-
cs» BEPXHHM H IEpEeH3NyYaloTcs
B HaNpaB/IEHHH Ha COCENHUI peTpaH-
CIANUOHHEI IMyHKT.
DokycHpyOIee AeicTBHE
HIDKHETO 3¢pKalia CY>KaeT OTOK HED-
THH, PacnpoCTPaHAIOMHICA OT HETO
Puc. 10.14 K BEPXHEMY 3€pKaiy. JTO MPHBOIKT
' k yeemmaenmo KITJT nepenaun suep-
THH OT HHYKHETO 3epKala K BepXHEMY (OTHOIICHHE MOUIHOCTH, IIPHHATOMH
HEPEH3TydaTeeM, K MOIIHOCTH, H3Ty4CHHOH HIDKHHM 3€epKkanioM). OnHa-
KO YacTh SHEPIHH BCE JKE NIEpeIMBacTCa Yepe3 Kpasd BEpXHETO 3epKaa.

EEREREER

frd

-
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BrirogHee Mcnonb30BaTh BEPXHHWH IUTOCKHH NepeH3nydaTeslb He
C NPAMOYTONBHBIM, & C UIHOTHYCCKHM KOHTYpPOM 00pe3a, HMEKIUM
B IUIOCKOCTH, IEPIICHAUKYIAPHO PacpoCcTPaHEHHIO BOIHEL, KPYTITyIO [0~
BEPXHOCTH PacKpBIBa, TaK Kak NpH 3ToM yBenuauBaerca KI1J] 6ecnposon-
HOH nuHUM nepenads ¥ ymensiaetca YBJI JTH Bepxuero 3epkana.

10.2.2. NaccuBHbIe peTpaHcnaTopbl PPJ1

C uens1o COBEpIICHCTBOBAHHA M OBBILEHHs penTabensHoctn PPJL
HEeoOX0MMMO YMEHBIIATh 3aTPaThl Ha CTPOUTENBLCTBO H IKCILTYaTaIHIO JIH-
HHH, 0COOEHHO B YCIIOBHAX CHJIBHO IepecedyeHHOH MecTHOCTH. ONHUM H3
croco0oB pemieHns 3TOH 3aAa49H ABIACTCS 3aMEHA JaCTH PETPAHCIIATOPOB
PPJI nacCHBHBIMH IPHEMONEPENAlONIMMH CTAHIIUAMM, Ha35IBAGMBIMH nac-
cusnvMu pempancasmopamy. Ha Takux CTaHUMAX OTCYTCTBYET IIPHEMO-
nepeaaolas anmnaparypa, a peTpaHcIAaua oCylecTBseTcs 0coOpIM 06-
Pa3oM BBUIOIHEHHBIMY aHTCHHBIMH CHCTEMaMH.

ITaccuBHBIE pETPaHCIATOPS! NPENOMISIONIEN0 THIIA MOXKHO peat-
30BaTh B BHJE ABYX aHTCHH, COCAMHEHHBIX JIHHHEH MUTaHUS H OPHEHTHPO-
BaHHBIX OJHA Ha NPEABLIYIIHiA, a BTOpas Ha NOCIEAYIOWMH peTpaHCIAIH-
OHHbIE HYHKTHI.

ITaccuBHBIE PETPAHCIATOPH! THIA MPENATCTBHA (MPEITOKEHH
B 1954 r. I. 3. AiizenGeproM u A. M. MozeneM) B oOTiIHYIHE OT OTpaxaro-
IIMX H NPETOMIAIONINX ABIAIOTCA BHICOKOIKOHOMUYHBIMH, IOCKONBKY HE
TpeOyIOoT TOYHOIO BHLIIONHEHHS paboueH NMOBEPXHOCTH M €€ IOCTHPOBKH
B IIPOCTpaHCTBE. 3TO, B CBOIO O9EPENb, TO3BONAET COOPYXKATh PETPaHCIi-
TOpBI C 3P PEKTHBHOMH MOBEPXHOCTHIO B COTHH KBaJAPaTHbIX METPOB IIpH
MHHHMAJIBHBIX 3aTpaTax.

PaccmorpuM noapo6GHee NpHHIMI ASHCTBHA IACCHBHOTO PETpaHC-
JATOpa THIIA NPEITCTBHA. PeTpancnsTop mpeacrasaser coboit MeTamu-
YECKYK) MOBEPXHOCTD [1, pacTIONOKEHHYIO MEX/AY JBYMA PafHOpEICHHbI-
MH HyHKTaMH 4 H B, Haxo[aiuMucs BHe NpAMOA BHIUMOCTH APYT OT Apy-
ra (puc. 10.15).

ITosrnenne HaNpsHKEHHOCTH MONA B MYHKTE B IPH YCTaHOBKE HA IIyTH
PacnpoCTpaHEeHHUs BONHBI IPENATCTBHA /7 00BACHIETCA CHEAyIOmMM 00pa-
3oM. IIpu orcyTcTBHM mpenarcTBHA (perpancnsropa /1) B mnockoctu Q
Mepeaarollas aHTCHHA MyHKTa A co3/laeT dNeKTPOMarHuTHOE nojie. Hanps-
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JKEHHOCTB I10JI4 B IIyHKTE B onpenenstercs
uHTepdepeHnueit nomuei ot BCex eMeH-
TOB 3T0# BO30YXAECHHON IOBEPXHOCTH
(nnockoctu (). Pacnpenenenne Bo3Gyx-
JAIONIET0 MONA HAa IUIOCKOCTH {J TaKOBO,
YTO NIPH OTCYTCTBHH NPAMOH BHIHMOCTH
MEXIY MyHKTaMH 4 H B HanpsKeHHOCTh
PE3YNBTHPYIOIIETO NOJA B MyHKTE B pas-
Ha Hymo. [lpyrumu cioBamu, J{H Bo36yx-

A Buo ceepxy Y. JEHHOMU IUIOCKOCTH () TaKad, 4TO M3Iyde-
HHE B HaNpaBJIeHHHU ITyHKTa B OTCyTCTBY-
Puc. 10.15 eT. YCTaHOBKa B INIOCKOCTH ( HENPOHHIA-

€MOTO0 JJIA DJIEKTPOMarHHTHEIX BOJH Hpe-
MSTCTBHA MPHBOAHT K TOMY, 9TO HAa 9aCTH IUIOCKOCTH (0, 3aKphITOH MeTas-
JIHYeCKod MOBEPXHOCTHIO J7, HANPSHXKEHHOCTh MOMNA CTAHOBHTCA PaBHOM
Hymo. TakuM 06pazoM, HIMEHAETCA aMIUTHTYIHO-(a30BOE pacipeiciCHHE
BO36YXIAIOLIETo IOMNA, 9T0 MPHBOIMT K H3MexeHHio JIH Bo3byxIeHHOi
IDIOCKOCTH (J ¥ TOSIBIICHHIO H3JTy9eHHA B HAlIPaBICHHH MyHKTa B. Bo36yx-
JeHHoe najgaromeii BOJHOH npersaTcTeue /7 ABNA€TCH BTOPHIHBIM H3TyHqa-
_TelieM, M TIPH PalHOHANIBHOM BEIGOpE €ro QOpMEI U pasMEpOB HHTCHCHB-
HOCTBH BTOPMYHOTO NOJIA B MYHKTE B MOXET OKa3aTHCA 3HAUNTENLHOM.
dopMa NPENATCTBAA BLIGUPAETCS TAK, IT00bI 06eCHednTh MHHHMAITB-
HyI0 pactha3upoBKy mond B Touke nprHeMa B. Ha puc. 10.16 mokasaHo mpe-
-_] Ipanuys 304 ‘

e @PEWEAR
i

Puc. 10.16
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MATCTBHE B BUAE YACTH KOJbI[A, BEPXHAA H HIKHAA KPOMKH KOTOPOTO CO-
BIAAAIOT C IPaHALaMH 30861 Dpenens (cM. . 15). DT1o obecneanBaer cHH-
($ha3HOCTH MOJIA B TOYKE NpHEMa OT cekropa A@ npu moboM ¢. B BeptH-
KaJIbHOI IUTOCKOCTH pacasHpoBKa MoJis AyT pasiIM4HOTO paguyca r onpe-
JEJSETCH Pa3sHOCTHIO X012 COOTBETCTBYIOIIHX JIyyeii OT IyHKTa A K IyHKTY
B. ITo 31UM NpHYKMHAM YITIOBOH pa3Mep NPENATCTBHA 110 KOOPIUHATE @ U
COOTBETCTBYIOIHUH JHHEHHBIH pasMep 2a MMEIOT BaXKHOC 3HAYCHHE JUIA
(hOpPMHPOBaHUA I10JIA B TOYKE B; OHH OrpaHHIHBAIOTCA B OCHOBHOM TONBKO
KOHCTPYKTHBHBIMH COOOPaXeHUAMH.

IMaccHBHEBIE peTPaHCIATOPHI THIIA NPENATCTBHA B OTIHYHE OT PeT-
PAHCIATOPOB OTPAXKAOIIETO H IPENOMITIOLIETO THIIOB He TpebyIoT xec-
TKOH (HKCAIMH B IPOCTPAHCTBE H TOYHOCTH 00pabOTKH MOBEPXHOCTH, TaK
KaK MX pOJib 3aKUTI0YAETCA TONHKO B CO3MAHHH Ha (PPOHTE Mafaromiel Bom-
HEI Y9acTKa C HYAEBOH HAlpMKEHHOCTHIO Mol (TeMHOe maTHO). OTCyT-
cTBHE TPeOOBaHHI K XKECTKOCTH KOHCTPYKIMH NO3BO/AET BBIOIHATH I10-
JIOTHO B BHJIE IIPOBOJIOYHOM CETKH H NOIBEIHMBATh €70 HA JIETKHX ONOpax.

AHTEHHBI IIACCHBHBIX PETPaHCIIATOPOB M060T0 BHa HOMKHBI 001a-
JaTh 3HaYuTeNbHO Gonpummu KY, ueM aHTCHHB! aKTHBHBIX PETPAHCAAIH-
OHHBIX ITYHKTOB, YTO OOBACHAETCH YCHICHHEM IIPUXOIALICTO CHIHAAA HC-
KIIOUUTENHHO 33 CUET HANPAaBNEHHOCTH AHTEHH, TaK KaK yCHIUTEJIbHAS
annaparypa Ha NacCHBHOM ITYHKTE OTCYTCTByeT. [loaToMy Iuiomans mnac-
CHBHBIX PETPAHCIATOPOB NOIKHA OBITH 3HAUMTENBHO GoNblIe IUIOIany
PACKpPBIBA AHTEHHBI AKTMBHOTO perpancisropa (B 50...60 pas). Koaddu-
HHMEHT YCHIICHHA TAKHX ITACCHBHBIX PETPAHCIATOPOB THIIA NPENATCTBHA
mocturaer 60...70 gb. ’

TlacCHBHEL pEeTPaHCIATOP THIA IPSIATCTBHA MOXET ObITH HCIIONE-
3oBaH Ha PPJI ¢ npsaMoit BumuMocThio s yBenudeHns KY anrenss! 6e3
YBENHYEHHSA Pa3sMEpPOB e¢ MOBEPXHOCTH. Takoit peTpaHCIATOp Ha3bIBACTCS
AHMEHHbIM OUDEKMOPOM.

OcofeHHo LenecoobpasHo IPHMEHATE aHTEHHBIE UpeKToph! Ha PPJT,
pabotaromux B nuanaszonax 8 u 11 [Ty, rae Gnaropaps Hebonsuiomy pac-
CTOSHHIO MEXIY aKTHBHBIMH ITYHKTaMH (25...35 KM) BBICOTA aHTEHHBIX
onop 06bIYHO HEBEITHKA.

ITpu crpoutensctse PPJI B ropHO# MM CHIIEHO NepeceYeHHOM Mec-
THOCTH BO3MOJKHO HCIIONB30BATh NACCUBHbIE PEMPAHCIAMODb OMPANCAKO-
we2o0 muna. OGEIYHO OHM BHIIONHSAIOTCA 3 OIHOTO MIIH IBYX IUIOCKHX 3ep-
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Puc. 10.17

kau (puc. 10.17) OnHo3epKaNIbHbIH IACCHBHBIH PETPAHCIIATOP PUMEHSET-
cs mpu yie 3 > 45...60° (puc. 10.17, a), a IByX3epkanbHEIl peTpaHcns-
TOP, COCTOAIIHMH K3 ABYX ONH3KOPacCHOIOXKEHHBIX 3€pKall B pETPaHCIIATOpE
Ha puc. 10.17, 6 — mpu B = 35...60°. Cxema pacroNOKEHHA 3epKaj B peT-
pancnaTope Ha puc. 10.17, 6 HaseiBaeTcs A-xondurypanueit. Ona xapak-
TEPHA TeM, YTO 3ePKailo P, H MyHKT NpHeMa B pacmooXeHb 110 pasHble
CTOPOHHI OT HanpaBienus 4 P,. Takoe moCTpoeHNE ITyHKTA PETPAHCIALUNH
CTaHOBHTCA HellenecooGpasHEIM MpH MajiblX yriaax [3. DTo CBA3aHO C TeM,
910 3epKana P, u P, HeoOX0MMMO YCTaHaBIMBATh Ha GONBIIOM PACCTOSHUH
Ipyr OT Apyra, 4to6Gsl H36exars X B3aUMHOH SKpaHHpOBKH. IIpH sTOM
YBEIIMYUBAETCA PACCESHUE SHEPI UM Ha y9acTke P, P,.

Ha puc. 10.17, ¢ nokazana qpyras BO3MOXKHasl CXEMa PaciioNoKCHUL
3epKaJl By X3€pKallbHOTO PETPaHCIATOPA, U3BECTHAS KaK Z-KOHQUTypaIIHs.
B nanHoM ciyqae 3epkaio P, W MYHKT B pacmonoXeHs! 10 OHY CTOPOHY
ot HanpaBrnenus AP, . [IpakTudecku Z-koHHUrypaLmio nenecoobpasHo ue-
nonb308ath npu 0° < § <40°, ipu aToM 3epkana P, u P, MOXHO pacrioo-
XHTh OITM3KO JPYT K JIPYTY, 9TO BechbMa y00HO Ha npakruke. Heobxonn-
MOCTh TNIPHMCHEHHA JIBYX3€PKAIBHOTO PETPAaHCIATOpa OOBACHAECTCA TEM,
4T0 K03 PHIHEHT HCIIONE30BaHHS MOBEPXHOCTH OJHO3EPKAITBHOTO PETPaH-
CJIATOpA OCTAETCS JOCTATOYHO BHICOKHM JO TEX IOp, MOKA Yrod naJeHus
BOJIHB! Ha 3€PKalio HEBEIHK.

10.2.3. AHTeHHbI TponocdepHbix PP

Hapsany ¢ PPJI npsamoii BUTHMOCTH BO3MOXKHA M IIPAKTHYECKH pea-
m3oBaHa Ha YKB nepenaua MHOTOKaHaMBHBIX COOOLICHHH Ha Golbime
PacCTOSHHA ¢ HCTIONb30BaHHMEM 3ddeKTa HansHero TponocdepHoro pac-
npocrpanenus (JITP) paguosons (em. . 20).

IMockoneKy npreMHas aHTEHHA Y/IABIHBAET TOJIBKO HEGOJIBUIYIO 4ACTh
9HEPIrHH, NEPEH3Iy4CHHOH paccenBammM o6semom (CDD,\C, Ha
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puc. 10.18), s ycroitunsoit ces-
3H Heo0X01MMO, YTOoOB! NIepenalo-
as H NpHEMHaA aHTCHHEI UMEITH
6onsmoit KY (okono 45 gb). Ilo-
3TOMY IUIOWIaAH H3JIYYaromHuX
ITOBEPXHOCTEH aHTEHH MOT'yT X0~
CTUIaTh HECKONBKO COTEH KBaJ-
PATHBIX METPOB.

Cnenyer Takxe HMEThH
B Bumy, yTo KY Kak nepenaromei,
TaK ¥ IPHEMHOMN aHTEHHEI TPOIIOC-
¢epHOil TUHHH PacTeT HE MPAMO Prc. 10.18
MPOTIOPIHOHANBHO MIOBEPXHOCTH
€e pacKphbiBa, 2 MCAIEHHEE, YTO MOXHO OOBACHUTH HEKOTEPEHTHOCTHIO
obsema Tponocdepst npu cyxenuu [IH anrenns! (cM. 1. 20). IIpu sTom
4yeMm Oonbie pacuerHblit KY aHTeHHBI, TEM 3HaUHTENLHEE YMEHBIICHHE €€
peansHoro KV. [lanHoe ABleHHEe HA3bIBACTC nomepell YCUNEHUs AHMEHH.
3aBHCHMOCTH ITOTEPh YCUIEHHA aHTeHH 0T cyMMapHoro KV nepenatomei
Y MPUEMHOM aHTCHH MOXHO HaiTH B [63].

Ha tponocdepurix PPJI, paGoratomux B AHaNa30HAX IELHMETPO-
BBIX ¥ CAHTHMETPOBBIX BOJIH, B OCHOBHOM IIPHMEHSIOTCS ONHO3EPKAIBHbIE
OCECHMMETPHYHBIE H HEOCECHMMETPHIHBIE AaHTEHHBI, 0CECHMMETPHYHBIE
HABYX3epKallbHbIE AaHTEHHEI CO CMEIeHHOM (oKaNbHOIH 0ChbI0, a TaKXKe py-
nopHo-napa6oiudeckye aHTeHHb. PacueTHbIH koadHIHEHT yeuneHus y
BHIIETIEPEYHCIIEHHOr0 aHTEHH cocTaBmseT 41...43,5 nb.

Ha mynkTax tponocdeprrx PPJI HeT He06XOAMMOCTH MOAHHMATD
aHTEHHBI Ha 60JBOIyI0 BEICOTY. OOBIYHO HMXHHH PAX aHTCHHB HAXOIHTCS
Ha paccrosnuu 8...20 M Hag noBepxHocThIO 3emnu. s ysennuenns K3]]
M MIOMEXO03aIHIIIEHHOCTH aHTEHH NPHMEHAIOT PAa3IUNYHOrO POAa SKPaHHI U
3a0IMTHBIC ycTpoHcTaa (cm. . 13 u [S0]).

YposeHs curaana na nponere Tponocgeproi PPII MoxHO mOBBICHTE
€ MOMOINIBIO aHmeNHbIX Oupekmopos. OcobeHHO Henecoobpa3na ycTaHOB-
Ka aHTEHHBIX JHPEKTOPOB HA TPACCax, MMEIOIHUX GIMH3KOpaCIONOKEHHEIE
mepel aHTEHHOM MpENATCTBHSA, YTO MO3BONACT CYIECTBEHHO CHH3HTh HX
3aTCHAIONICE JCHCTBHE.
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B zaxroueHne pacCMOTPHM OCHOBHBIE TAPAMETPEI aHTCHH ACHCTRYIO-
met Tponocdeproii PPJI «T'opusont», paboraromeii B apanazone 790 MI'u.
AHTCHHBI BBIIIOITHEHB! 10 OHO3EPKAIBHOI Napabomrueckoi cxeMe ¢ BhiHe-
CEHHBIM O0Ty4aTeNeM, YTO MO3BOJAET YCTPAHATh BIMSHHE PEaKIHH 3epKaia
Ha COITIaCOBAHME TPaKTa, yMEHbIIATh 3aTeHEHUE PACKpPhIBA, a TAIOKE 30HY OHO-
JIOTHYECKOH OMACHOCTH 11O CPABHEHHIO C OCECHMMETPHYHBIMY aHTSHHAMH.

Ha xax oM peTpaHCIALHOHHOM ITyHKTE YCTaHABIHBAIOTCS YETBIPE
aHTEHHBI (110 ABE B KAXKI0M HanpasieHuH). Packpois 3epkana 2020 M npu
BhICOTE HIKHEH KpoMku HaA 3emieit 8 wm 20 M. 3epkano BHINONHEHO H3
IUIOCKHX METAILTHYECKUX JTHCTOB Pa3MEPOB 2X2 M, YKPEILTEHHBIX Ha HECY-
meii pepme. B xauecTBe 06myyaTens HCIONB3yeTCA MUPaMHUAANLHBIN py-
0P ¢ pacKpeIBOM 1X1 M M AnuHO#H 3 M. 14 3a1UHTHI OT OCAAKOB B PACKPHI-
BE PYIIOpa CAC/aH KOCOii Cpe3, KOTOPHIH 3aKPhIBACTCA INIACTMACCOBOH KpBINI-
koil. Koadbumuent yeunenus anrennst G = 42,4 1B, nmpusa rIaBHoro
nenectka 26, = 1° 16’, YBJI ne 6onee —(20...25) nb.

Js ocnabnenus nons noMex ¢ 60KOBBIX HanmpaBJieHHMH 1 [TONIA B CEK-
Tope yrioB, Onu3kux K 180°, HCHONB3YIOTCA CIHELMANBHEIE BEIHECCHHDIE
9KpaHbl H ILENEBEIE 3alUTHEIE YCTpoiicTBa. Bonee moapobHrie cBeneHus
no arTeHHaM Tponocheprsix PPII moxHo Halitu B [50].

10.3. AHTeHHbI AN CNYTHUKOBOW U KOCMUYECKOW PAafnOCBA3MN

CBs13b MEXJy 3¢MHBIMH ITYHKTaMH, HaXOIAINUMUCS Ha PaCCTOSHHH
OT HECKOJIBKHX THICAY IO HECKOJIBLKHX JECATKOB THICAY KHIIOMETPOR APYT
OT Jpyra, yno6HO OCYIUECTBIIATh HA CAHTHUMETPOBEIX BOJHAX € TIOMOILBIO
HC3, npuMeHAeMBIX B Ka4€CTBE aKTHBHBIX PETPAHCIATOPOB. B T0 ke Bpe-
M CHEIHAHCTHI, 33aHUMAIOIIHECS BOMPOCAMH CO3IaHHA TCICKOMMYHHUKA-
HHMOHHKIX CeTeH, cuutaior [16], uto, HampuMep, [UIA UEHTPABHON YaCTH
Poccun npu paccTosHNM MEXIY NEPENAIONMMU NPHEMHBIMU UEHTPAMHU
Oonee 400...500 kM perpancnsuus nporpamm yepe3 UC3 cranoBHTCA BBI-
rojHee, 4eM MX nepenadya N0 HA3EMHBIM KaHanam (kaGeasHuiM B PPII).
B TpyaHOZOCTYIHBIX MECTHOCTSAX (B GOJOTHCTHIX, B TOPHAIX YINENBAX) 3TO
PACCTOSHHME MOXET OBITH 1€ MEHBIIIE,

Jis yBeNHUEHHSA MPOITYCKHOM CIOCOOHOCTH CHYTHMKOBBIX CHCTEM
CBA3M KPOME HCIIONB3yeMOro YaCTOTHOTO JHana3ona 4/6 'y B HacTosmee
BpeMs BCE LIHPE OCBAUBAIOTCA HOBBIC Iuana3onsl 11/14 u 20/30 ',
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O6beM i KaueCcTBO Nepenayl HHpopManuu BO MHOTOM ONpEeNsoT-
¢ aHTeHHO-(prAepHEIM ycTpoiicTBOM cucTeMb! ciryTHHKOBO#H cBa3u (CCC).
C yueroM 310ro copMyIHpyeM OCHOBHEIE TPeGOBAHHA K aHTEHHEIM YCT-
poiictBam CCC.

Antennnl 3emHbix crannuii CCC. K yka3an#niM aHTeHHaM
NPEOBABIAITCA CIEAYIONHE OCHOBHEIE TpeOoBaHHsA:

1) obecneuenne Bricokoro KY npu nocrarouno Gomsmom KHIT
(0,6...0,7) n xak MoxkHO Donee HU3KHX 3HAYECHHUAX LIYMOBOM TeMIepary-
pul 1 YBJI; ‘

2) BO3MOXHOCTH HaBeeHHA ny4a Ha HC3 ¢ moMomsio onopro-mno-
BOPOTHOTO YCTPOHCTBA, @ TAKXKE CHCTEM MPOrPaMMHOIO U PYIHOIO Hape-
J€HHA H aBTOMATHIECKOTO CONIPOBOXKACHHU;

3) coxpaHeHHE MEKTPHYESCKUX XaPAKTEPHCTHK M HaIlexHOH paGoTh!
B 33JIJaHHBIX KIMMAaTHYECKHX YCIIOBHAX, OCOOEHHO IIPH NPENEIbHBIX CKO-
POCTAX BETpa;

4) cooreercTBHe [{H aHTCHHBI CIPaBOYHOM JHArpaMMe, PEKOMEHTY-
emoit MKKP (c uensio obecrieaeHHS YCIOBHA SNEKTPOMarHHTHOH COBMeC-
TMocTH). CripaBoYHas AHarpaMMa npeacranigeT coboit rpadiraeckoe n3o06-
paxkeHue (HIH aHATHTHYECKHE BRIpasKeHHA) orubatome pekoMeHIyeMoi
JIH OTHOCHTENBHO H30TPONHOIO H3JTydarend.

AHTEHHBI 3eMHbIx cmanyuii cnymuuxogot ceasu (3CCC) n kocMuuec-
KOl paHOCBA3H ABIAIOTCA CIOKHBLIMH YCTPOHCTBAMM, MMEIOIMMH GOJIb-
Hive raGaputHsie pasMeps # Maccy. OHH paboTaloT B yCIOBHAX BO3AeHCT-
BHS IEPEMEHHBIX BETPOBBIX HATPY30K, IOXKIA, IoI0JIe]a, COJIHETHOT0 Harpe-
Ba H T.1. B 3THX TPyAHBIX KMHMaTHYECKHX YCIOBHAX HO/DKHEI GBITH obecre-
9EHEI BRICOKAss MEXaHHYECKas IIPOYHOCTH aHTEHHOM CHCTEMBI M COXpaHe-
HHE C BEICOKOH TOYHOCTBIO 3aIaHHOH GOpMBI TOBEPXHOCTH 3epkana. C aToi
LENBIO 3ePKaJI0 aHTEHHBI CHA0XaeTCA MOIHBIM KapKacOM, ONHPAIOTHMCS
Ha HeCymryo 1nar¢opMy aHTEHHO-IIOBOPOTHOTO ycTpoiicTea (puc. 10.19).

OnHoit U3 BaxkHeHIMX XapaKTepHCTHK aHTeHH 3C sBnserca Benu-
quHa oTHomeHHA KY anTteHH (G) k cymMapHOoii IryMOBoif Temneparype
(T;) Ha BXONE NPHEMHOTO YCTPOHCTBA, H3MepeHHO# B KenbBuHaX npu yriie
MecTa 5° (urymoBas 5o6potHOCTh). COBPEMEHHBIC 3¢PKATbHEIE AHTEHHBI
3C ¢ nuamerpoM packpriBa 30 M uMetot G/T okono 42 nb/K. Ouesuzno,
YTO 11 yBennueHus otHomenua G/T cnepyer ypemwausars KY aHTeHHbI
H YMEHBIIATh CYMMapHYIO LIMOBYIO Temneparypy Ty = Ty + TTp +T,.
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3nece T, — LyMOBas TEMIEPaTypa Ma-
nourymaero yermurens (MITY), k ko-
TOPOMY [IPHCOEAUHEHA aHTeHHA (004~
Ho T, =40...60K); T, — rymoBas Tem-
neparypa CBY Tpakra, Coe{UHAIOILETO
autenny ¢ MIIY; T, — sksuBanesTHas
IIyMOBast TEMIIEpaTypa aHTEHHBIL.

Temneparypa T, pacTeT mpu
YMEHBIIECHHH yIIa MecTa A (Yrom Mex-
Iy HanpaBlIeHHEM MaKCHUMaJIbHOrO M3-
JydeHusA H TOPH30HTOM) H3-3a YBEIH-
YeHHUs! [ONTOECHUS PaJHOBOIH B 60116~
wieit Tomue arMocepsl 3eMIM U IIpU-
eMa IIYMOB TeILIOBOro u3nyyenus 3emiuu. [Ipn A =4...5° yposeHb L1yMOB
3EMJIM HEOIMYCTHMO BO3PACTAET, TaK KAaK MX NPHEM NPOHCXOAHT 4yepes
6oxoBbIE JETIECTKH, OlM3KkHe K masHoMY. KpoMe Toro, IpH yMEHEBIICHAY
yrma A nyTh oT anTeHHs! 10 UC3 (m1n kocMHuecKoro-00beKTa), MPOXOas-
K B IUTOTHEIX CNOAX aTMOC(EPDI, YUTHHAETCS, YTO BEAET K YRECIHYEHHUIO
YPOBHA LIyMOB, HOPOXAaeMBIX atMochepoil. MUHUMAaNBHO NONYCTUMEIH
yroimecra B guanasone 4/6 I'T'u cocrasiser 5...7°. B auanasonax 11/14 u
20/30 I'T BBHAY CyIUECTBEHHOTO BO3PAacTaHHA MOTEPS B aTMochepe Mu-
HUMAITBHO JOMYCTHUMBYA YTOJI MecTa A He AolvkeH O6biTh MeHee 10°.

B cBa3u ¢ poctoM uncna IC3 Ha reoctanoHapHO#H opOHTE ¥ yMeHbIIe-
HHEM YITIOBOTO PaCCTOSHHA Mex Iy HuMH Ha 3C BO3pacTaeT ONaCHOCTB ITOMeEX
ot cocennux MC3. Tloaromy anrennn 3CCC pomkabl MMeTh Huskuit YBIL

Ha 3CCC ¢ Manoii nponyckHO# ClIOCOOHOCTEIO H CTAHIMAX TEIEBH-
3MOHHOTO BEIIAHWA, OOCIYKHBAIOIMX HEOONbIME HACENCHHHE TIYHKTH,
NIPUMEHSAIOTCH OHO3epKaIbHbIe aHTeHHE! ¢ KY He Gonee 35 nb u Heckonb-
KO MHOTOJIEMEHTHBIX JAUPEKTOPHHIX AHTCHH, paboTalOMNX B Mapauielb
(cuctema «Okpan») ¢ KY npumepno 21...28 ab.

Ha 3CCC ¢ Gonmbimoli npomycKHOM ciocoGHOCTHIO MCTIONB3YIOTCS B
OCHOBHOM JIByX3epKAILHEIE MOIMGUIHAPOBAaHHEIE ITapaGoIHYecKHe aHTEH-
HB1. J{MaMeTps! pacKphiBa TAKUX AHTCHH ONPEALIIOTCS 3aJaHHBIMY 3Ha%e-
HHsiMH paboueit yactorsl, KY, YBJI u noxopar mo 30...32 M.

B kauecrBe npumepa paccmorpum aarerHy 3CCC, obecnednBaroityio
TeneOoHHyYI0, TelieaKCHYIO CBA3b M repeqady JaHHBIX MeXMAIIHHHOIO 00-

Puc. 10.14
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MmeHa B quana3one 4/6 [T Mexmy aboHeHTaMH, PacIIONOKEHHBIMH Ha TEPPU-
TopuH Poccu, a Takoxe 3apybexHEIX cTpaH EBponbl, A3uH, AMEpHKH,

Jlns 93 Iy4eHNs ¥ NPUEMa CHIHATIOB UCIIONB3YeTCH IByX3€pKAIbHAA
napabonuueckas anTeHHa Kaccerpena ¢ fnameTpoM packpeisa D = 4,8 M.
Ipoduns manoro 3epkaina ¢ guaMerpoM d = 0,9 M MogH(HIUPOBaH C Iie-
1610 peanu3ani MakcuManbHoro KUII anrennsl. B xadectse obmyyarens
HCIONB3YETCA CHELHATLHO paspaboTaHHblil KOHHYECKHH PYIIOp, KOTOpEIH
BO BCEM paboveM Juala3oHe aHTeHHH! POPMHpPYET ocecHMMeTpuyHyo JIH
¢ MPaKTHYECKH HEU3MEHHOH MHPHHOMK IMIABHOTO JienecTka. Jluamerp pac-
KpbIBa obiygarens cocrasuset 0,18 m.

JuarpaMMbl HANPABICHHOCTH TAKO! AHTCHHBI HA JAaCTOTE NEpenayn
f,=6,012 I'Tu u npuema f, = 3,95 I'Tu npeacrasnens! Ha puc. 10.20. Ko-
3¢ GHIMEHTE yCHIICHHMA Ha 4acTOTaX f M f, paBHBI COOTBETCTBEHHO 46,8 1
43,8 0B, a YBJ1-12,9 u —13,9 ab. CpaBautemsno Beicoxuii YBJI 0bycnos-
JIEH aMILUIMTYAHBIM pacupeneneHHEM OIS B PaCKPHIBE, GIH3KHUM K paBHO-
MEpHOMY, U BIIHSHHMEM 3aTCHCHHA aNECPTyPbl aHTCHHBI MAJIBIM 3EPKATIOM.
TMonspu3anus 0o — KPyroBas: JIEBOIONAPH3OBaHHAA IIPH H3TyYCHHA H
MpaBONOIAPH3OBAHHASA [IPH NIPHEME.

1\ ———r=39m
F=6,0027fu

Puc. 10.20
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OKBHBAIEHTHAA H30TPONMHO-U3ITy4aeMas MomHocTs (DVTUM — mpo-
H3BeJIEHHE IIOABOAMMOH K aHTCHHE MOIHOCTH Ha KV aHTeHBI) cocTaBmser
60 nbBt. [HlymoBas no6porHOCTE (oTHOmEHHEe KY aHTEHHEI K 9KBHBaJICH-
THO# LIyMOBO# TeMneparype NMpueMHOM cHcTeMnl) pasHa 17 ab/K.

CHrHaNbl, IPUXOZAIME OT KOCMHICCKHX KopablieH HIH OTpaXkeH-
HEI€ OT IUIZHET IIPH PaJHOACTPOHOMHYECKHX HCCIE0BAHMAX, TAKKE BECh-
Ma calhl 13-3a GOnbIION YIANeHHOCTH YKa3aHHBIX HCTOYHHKOB. B aTHx
YCIOBHSX 1A TOTO, YTOGE! 06ecnieuuTs HeoOXOMMMOE OTHOLIEHHE CHTHAJI-
OIYM Ha BXOJIE IIPHEMHUKA, aHTeHHK 3C JHO/DKHEI MMETh O9€Hb BRICOKHIH
KV (ot 65...70 ab), ueMy COOTBETCTBYIOT GONBIINE pa3Mephl aHTCHHEBI H
MaJas yIiioBad MHPHHA IIaBHOrO Nenecrka JH.

Boprossie anTennsl CCC. boproesie antennsl UC3 obecneunsa-
10T [IPHEM H Nepenady o CIyTHHKOBOMH JHHHH CBA3M CHIHAJIOB CBA3HBIX,
BEIATEIHHEIX, TEICBH3HOHHBIX, TEIEMETPHYECKUX H APYTHX CHCTEM. Ypo-
BEHB H3TYYCHHA B CTOPOHY 3emmH anTeHHaMu MIC3 orpanmntieH sHepreTn-
KOH cTaHIHH KocMHdeckoro anmnapara (KA) H HeZOIMyCTHMOCTERIO H3ITy4e-
HHA B 9TOM HAlIPaBICHHH MOIIHKIX CHTHAJIOB, KOTOPBIE MOTYT CO3AATh N0-
MEXH IPYTHM PaJIMOTEXHHIECKHM CHCTEMaM.

B o101 CBA3M aHTEHHBIE CHCTEMEBI coBpeMeHHBIX UC3 ROIDKHBI YHOB-

JIETBOPATE CACAYIOMHMM TpeboraHmIM: obecnieunBaTs addexrusHoe obimy-

9EHHE TONBKO 3aJaHHOH 0OIIaCTH 3€MHO NOBEPXHOCTH; HOIMTYCKATh IOBTOP-
HO€ (MHOTOKpaTHOE) HCIIONB30BaHHe paGOYHX JacToT 3a CYET MPOCTPaH-
CTBEHHOTO pasHoca JIH H monApH3alHOHHOIO pa3AeNeHHs; 0CNabIaATh u3-
JydcHHe BHE 30HBI 00CTY)KHBaHHA IS TOr0, YTOOR! YPOBHH MOJIA LIPH OC-
HOBHO# NONAPH3ALNH M KPOCCIIOIAPH3AIMH HE TIPEBHIANMN YCTaAHOBIEH-
HBIX ME3KyHapoaHbx HopM. Ha nporsokennn cymecroBatma IC3 anrenna
JOIDKHA: COXPaHATh paboTocnocoOHOCTE B YCIOBHAX ITy0OKOro BaKyyMa,
BO3ACHCTBHA TEILIOBOrO H panHou3nydenui ConHna, HOHH3HpYIomei pa-
IHAIHH; BBIIEPXKUBATh AeHCTBHE GONBIIMX YCKOPEHHI H BHOPALIMOHHBIX
HArpy3oK BO BPeMS 3aITyCKa; YYHTHIBATL TEXHHIECKHE OFPAHHUCHHSA, Ha-
K/aapIBaEMEIC Ha pa3Mephl H MacCy aHTEHHEL.

IpuanMas Bo BHUMaHHE YCIOBHA paboTsl GOPTOBBIX aHTEHH, s
HX M3TOTOBJIEHHA NPHMEHSAIOT TAKME MaTepHaTbl, KaK aMIOMHHHIA, Geppu-
nuii, MHBap, MarHUK H THTaH. B nocneaee Bpema Bee Gonble HCMONB3Y-
10TCA KOMITO3HIIHOHHbIE MAaTEPHAJTHI, TAKHE KaK YITIeIUIacTsl (TpagHTO3MOK-
CHIHAS KOMIIO3HIHMA). YITIEIUIACTH HMEIOT 3HAYHTENBHO JYYIIHE, YeM Y
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BBHIIICHA3BAHHBIX MATEPHAIOB, MEXAHUYECKHE H TEMIIEpaTypHble CBOHCTBA!
6mM3KHH K HYTO K03(QQHIHCHT IHHEHHOTO pacIHHPEeHUs, MANYK YAedb-
HYIO Maccy U GOIBIIYIO XECTKOCTS.

Tun npueMonepearoIeii aHTCHHE], YCTaHARIHBAEMO# Ha KOCMHYEC-
KOM anmapare, — G0pToBYIO aHTEHHY BEIOHPAIOT ¢ y4yeToM TpeGoBaHmid, CBA-
3aHHBIX C IOCTPOCHHUEM H SHEPreTHICCKHM IIOTCHIHAJIOM JIMHHH CBA3H,
JIManma3oHoM pabo4yMx 4acTOT M IOOCOH NPONyCKaHuA, YCIOBHAMH pabo-
THI B KOcMoce, cTabumu3anueii UC3 u T. 1.

Ha nepsrix MC3 ucnoas3oBanuck ciaGoHanpapleHHbIe Manoraba-
purHste anTeHHsl. Ha VIC3, BEIBeIeHHBIX Ha reOCTallMOHAPHYIO OpOHUTY, C
KOTOpOii YTIIOBOH pazMep 3eMITH COCTaBIAET NPHMEpHO 18°, mpuMeHANnCch
anreHHs! ¢ KY npumepHo 6...17 1B (anTeHHBIe penieTky U3 16 aneMEHTOB,
Hebonbime napabonugeckue anTeHHs! ¥ ap.). Ha UC3, Haxonsmmuxcs Ha
opbuTe cpenneii BLICOTHI (5...10 ThIC. KM), IPUMEHAIHCH OYTH HEHATIPAB-
neHHble (M30TPOIHEIE) AHTEHHEB! ¢ KPYTOBO# nonspu3amueii mons (TypHH-
KETHBIE, CHHpaNbHbIE, IENEBHIE).

Henocrarounoe ycuneHye OOpTOBBIX aHTCHH KOMACHCHDOBAJIOCH
ACHONIBE30BaHAeM OONbIINX Ha3eMHBIX aHTeHH ¢ BoicokuM KV. C yBennue-
HHeM o0mmx pasMepoB H Macckl MC3 mosBHIack BO3MOXKHOCTD IpHME-
HATH Gonee HanpasneHHble auTeHHB! ¢ KY 30...35 nb u Gonee. K Takum
aHTCHHAM OTHOCAT Napabosnuyeckue (OMHO- U IByX3epKanbHbie), PIIA u
anTeHHble pemetky. Ocobblil MHTEPEC NPEACTABIAIOT CKIAOHbBIE AHMEH-
Hbl, PACKPHIBAIOLIHECS MIOCTE BEIBOJA KOCMHYECKOTO0 aniapara Ha opeury.

B nocnemuee BpeMs NPOABIACTCA 3HAYHTENBHEIH HHTEpeC K 6opro-
BBIM MHOTONy4eBBIM aHTeHHaM. OOecneunBas GONBIIOE YCHIEHHE, STH
aHTCHHBI MO3BOAIOT 3HAYHUTENLHO CHHXXaTh MOITHOCTE OOPTOBHIX Mepe-
JATIHKOB KOCMHYECKHX allNapaToB.

B xauectBe 60PTOBBIX MHOTOJTy4EBBIX AHTECHH IIPHMEHSIOTCS 3ePKalIb-
HBIE aHTeHHB! (OOBIYHO HEOCECHMMETPHYHEIE), (H)a3HPOBaHHBIE aHTEHHEIS
PEUIETKH U HEKOTophie Apyrue THNH aHTeHH [30]. OcHOBHBIMM npeuMy-
MIECTBAMH 3¢pKAJIBHBIX MHOTOJIYUYEBbIX aHTCHH ABJIAIOTCA CPAaBHUTEIBHO
HEBBICOKAaA CTOMMOCTS, IPOCTOTa 00MMyyalomeii CHCTeMbl, HeboNbIas Mac-
€a, IpOCTOTa KOHCTPYKUHHK. K03 PHIHEHT YCHICHHS TAKUX AaHTCHH JICKUT
B uHTEpBane ot 27...30 ab B nuana3sone 4/6 [T (mpu nnamMerpe packpoiBa
1...2,5 M) no 45 nb B muanasone 30 I'T'w.
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Bo MHOrvx cryvasx JIH aHTeHH KOCMAMECKHX AIapaToB JODKHEI ObITh
cthopMEpORaHEI TakuM 00pasoM, 9To0bl X KOHTYP (YPOBEHBH HOCTOSHHOIO
KY) noBTops1 rpasMify rocyAapcTsa (B Mpeleiax KoToporo obecneduBacTcs
101342 TEICBH3HOHHOH MPOrpaMMBb), BHIUMYIO C Te0CTalMOHAPHOI OpPOHTHI.
[Tono6HbIe aHTCHHBI OMYYHITH HA3BAHUE GHMEHH ¢ KOHMYpHbIM Ay4om. KoH-
TypHas $opMa JTyda CHIDKAET HOTEPH H3ITyJaeMoi MOIHOCTH 3a NpefeNiaMu
TPasuIE! 06CTY)KUBAEMOTO PETHOHA, a TAKKE, YTO He MEHee BAXKHO, YPOBEHb
HEKENaTeNIbHOro 00Ty YeHN COpENeNbHBIX TEPPHTOPHI.

Hawubomnee nomynapus! Tpa criocoba hopMupoBaHua KoutypHo#t JTH,
HEPBEIH U3 KOTOPHIX CBA3aH C NPHMEHEHHEM napabomaeckoro peduekTo-
pa, obimyuaemoro cHeTeMoi obmyuareneii; Bropoif — Iockod dasuposan-
HOM aHTCHHOMH PEICTKH K TPETHIl — napabonHdeckoro peuexTopa cremu-
anbpHOH (hOpMEI, 00IyYaeMOro OIMHOYHBIM O0TydaTenem.

Tpuanun GopMHPOBAHKSA KOHTYPHOTO JIy4a B IIEPBHIX JBYX CIYIasX
YCIIOBHO noka3aH Ha puc. 10.21. 3nech n306pakeHb! TPH y3KHX TIy4a, 0N
KOTOPBIX, CKIAIBIBasACh, 00pas3yloT OMHH IIHPOKHH JIy4 CO CPaBHHTEIBHO
TUTIOCKO# BepXHeH 9acThIO M KpyTBIMM CKaTaMH. JIOCTOMHCTBO 3THX COCO-

60B 3aKIIOYacTCA B BOSMOXKHOCTH Me-
) HATH GOPMY KOHTYPHOTO JIyda B XOJIE
aKciuTyaTanuu. HemocTarka cBs3aHb!
€O CIIOKHOCTBIO KOHCTPYHPOBAHUS U
HaICTPOHKH CHCTEMEI (POPMUPOBAHHS
Jydei, a TaKKe ¢ pOCTOM pafgHodac-
TOTHBIX IIOTEPh NPU YBEIHICHHUH Yac-
totel. Tpetnit cnoco6 paccyuTan Ha
duxcupoBaHHyIO GOPMY KOHTYpA, 3aT0
cBOGOIEH OT HEAOCTATKOB, YKA3aHHBIX
sonmre. [Ipasaa, cnoxksocts pacuera u
H3TOTOR/ICHUA PedIeKTOpa CIEHATIbHOM GOPMEI ITOKa CIEPXKHBACT LIHPO-
KO€ pacIipOoCTpaHEHHE CHCTEM 3TOTO THIIA.

~J

Puc. 10.21

10.4. NuTaHne aHTeHH paanopeneHomn,
CNYTHUKOBOMW U'KOCMUYECKOU PafUOCBA3N

Jns mepenauy 3MeKTPOMAarHUTHOM SHEPruM OT MEpefardnKa K aH-
TEHHE H OT aHTEHHE! K PHEMHUKY HCIIONB3YIOTCA KOAKCHANIBHBIC JIMHUH
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(B IELIMETPOBOM AMANA30He), BOJIHOBOAHBIE JIMHUH U JIy4eBOXHI (B CaH-
THMETPOBOM [[HalNa30He). B HEKOTOPHIX cilydasx (HampuMep, 111 MTHTaHHA
aHTEHHB! TPONOC(EPHBIX IMHUA CBA3H) AaXKe B AEIMMETPOBOM JHala30He
BOJTH C LIENTBI0 CHHXKEHHA MOTEPD MPEIOYTHTENBHEE HCIONB30BATh BOIHO-
BOJIHBIE IHHUH.

Dudeprvie mpaxmol paTHOPEIICHHBIX JTUHHUH U CHCTEM CIIyTHHKO-
BOH CBA3H JOMKHB! 0OecnedruBaTs Xopollee COrlacoBaHHE TPAKTa C BXOJ-
HBIMM COTIPOTHBJICHHAMM aHTCHHBI, IEPEAaTUHKOB H IPUEMHHKOB. OTIEE-
HBIE EMEHTHI TPAKTa TAKXKE JXO/DKHBI OBITh COTNIACOBAHBI IPYT C JPYTOM.
HonmyctuMas BenmanHa KO3 (HIMEHTA OTPaXXEHHS OT aHTEHHBI M DJIEMEH-
TOB BOJIHOBOJTHOTO TPAKTa JJii MHOTOKaHAJILHBIX CHCTEM cocTaBiieT 2...3 Y.
KoadduuueHT oTpaskeHHA OT MECT COUIEHEHUA (CTHIKOB) JIEMEHTOB TPaK-
Ta He KomxkeH npeebimars 0,1 %. Koadduuuent nonesnoro xeiicTsua as-
TEHHO-BOJIHOBOXHOTO TPaKTa XOIDKEH ObITh JOCTATOIHO BEICOKUM. [oTepH
B CTCHKaX BOJIHOBOZOB NPHBOZAT K OCITAa0/ICHHIO NIEPENaBaeMbIX M IPHHH-
MAaeMbIX CHTHANOB, BCJICACTBHE YEro BO3PACTAaeT BIMSHHE COOCTBEHHBIX
(IyKTyanMOHHBIX IIYMOB IIPHEMHOH anmaparypsl. B Tpakre ¢ MaibiM 3a-
TYXaHHEM yBeJIHYeHue NoTeph Ha | 1B 9KBHBaNEeHTHO YBENHYEHHUIO LTYMO-
BOH TeMIiepaTyphl TpakTa 7. pHa 70 K. IToatoMy cTpeMATCA COKPaTHTE IITHHY
BONHOBOZOB (HJIH MPHMEHAIOT JTYYCBOIET).

JUng npenoTBpalicHHs MPOCaYHBaHUA SHEPTHH M3 TPAKTa JO/DKHA
6b1TH 06ecriedeHa AIEKTPOrepMETHYHOCTS (ITaHNEeBLIX coenuHeHuid. [Ipo-
CayHBaHME IEKTPOMATHUTHOH 3HCPTHH NNPHBOAHUT K AOTIOITHHTETBHBIM [0~
TepaM U uckaxkeHuio J1H antennst. [Ipu 60nb1oii MOMIHOCTH EepeRATIH-
KOB (aHTCHHBI 1A KOCMHYECKOH PaJHOCBA3H, TPONOC(HEPHBIX THHMIA CBSI-
3M) Jaxe B CIydae He3HAYHTEIbHOro NPOCAYMBaHHA SHEPTHH BOM3H TpakK-
Ta MOXET BO3HHKHYTb HEIOMYCTHMO BBICOKas HANPSHKEHHOCTH MOJIA.

TpakT nuranus nomkeH ob6nanare HEOOXOTMMOMN BIEKTPUYECKOM
npoyHocThio. Eciu npueMorniepenaiomas aHTeHHa paboTaeT Ha epenady ¢
OZIHO} NMonApH3aLHeH Mo, a Ha MPHEM — C APYro#, TO A ee MUTaHHA
9acTO HCTIONB3YIOT ABa NMPAMOYTOJIBHEIX BOJIHOBOIA. PasMeps! monepeuHo-
0 CE4EHHA NPAMOYTONBHOTO BOJHOBOZA BEIOHPAIOT U3 YCIIOBHA CYILECTBO-
BaHHUS OCHOBHOM BONHE! H | ¥ OTCYTCTBHA BOJIH BHICIMX THIIOB.

Ha PPJI, paGoTatommx B CAHTHMETPOBOM JHUAIIA30HE BOJIH, a TAKKE
B TPaKTaX MUTAHHA 3EMHBIX CTAaHLHH CITyTHHKOBOH CBSI3M HCMONB3YIOTCA
dunepHBIe TPAKTHl, BHIIONHCHHbBIE H3 KPYIIBIX M JUIHITHYECKHX BOJHO-
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BOJOB. JJOCTOHHCTBOM (DHIEPHOTO TPAKTa W3 KPYINILIX BONHOBOJOB SBIIA-
€TCA BO3MOXHOCTb OJHOBPEMCHHOH IIepe/iady M IPHEMa Ha BOJIHAX C Op-
TOrOHANBLHOH NoNApH3anKeii Mo no oxHoMy Qumepy. [l aToro ucnoas-
3y€Tcs OCHOBHOM THI BONHEI H,; (puc. 10.22, a).

" BONHOBOZHBII TPakT coOMpaeTca U3 MEIHBIX WIH GHMeTranHdec-
KHX Tpy0 (cTanbHag Tpy6a ¢ BHYTPEHHHM METHBIM MTOKpHITHEM). g oc-
TabNeHNA 3aTyXaHNA B TPAKTE YBEIHYMBAIOT JHAMETP MOIEPEYHOIO Cede-
HHS KPYITOro BoNHOBOAA. [Ipu 5ToM, HanpHMep, B IIHPOKO HCIOIB3yEMOM
BOJIHOBOZE AuaMeTpoM 70 MM Ha yacTorax, npeppimarontux 4 I'T'n, Hapamy
€ OCHOBHBIM THIIOM BONHBL H |, (}»Kp = 3,41a, rae a — paguyc BOJIHOBOIA)
BO3MOXHO PacnpOCTPAHEHHE BOMHEI BHICUIEro TUma Ky, ()\,Kp = 2,6la,
puc. 10.22,.6) n apyrux Gonee BHICOKHX THIIOB BOJH. JIpyruMH CloBaMH,
BOJIHOBOZ, pab0oTaeT B MHOTOBOJIHOBOM pexxume. [1pu 3ToM yxecTouarorcs
TpeOOBaHUA K OMHOPOIHOCTH BOJHOBOIOB, TaK KaK B MECTaX €€ HapyIue-
HMA NPOHCXOMAT NPeoOpasoBaHHE OCHOBHOTO THIIA BOIHEI B BONHEI BBIC-
IIMX THIIOB ¥ 06parHOE Npeobpa3oBaHHe BOMH BHICIIHX THIIOR B OCHOBHOI
THII BOJIHEI, YTO IPUBOJHUT K HCKAXKEHHIO IIEPEIaBACMBbIX 110 TPAKTy CUTHA-
noB. buMeTandeckie BOMHOBOb 001aatoT GONBIICH OXHOPOXHOCTBIO
H MEHBIIHM K03bHIMEHTOM OTp)XEHNA OT CTHIKOB BOIHOBOIHBEIX CEK-
LM, YeM MEIOHEIE.

Hapany ¢ »ecTkuMH BOTHOBOIHEIMH THHHUAMH B Ka9€CTBE CAMOCTO-
ATENBHBIX GHICPOB HIH BCTABOK JUIA COCIUHEHNS OTACIBHHIX YacTeH (u-
IEPHBIX TPAKTOB C BHICOKOYACTOTHOM anmnapaTypoii ITHPOKO HCIONb3YIOT-
¢ rubKue roppHpoBaHHEIEC BOIHOBOIBI A/UIHITHYECKOTO ceueHus. [eomer-
pHYECKHE pa3sMephl IONEPEYHOTO CEYEHHS 3IITHITHYSCKOTO BOTHOBOLA
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Puc. 10.22
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BHIOHpAIOTCA TaK, YTOOHR 00ECHEYHTE CYIECTBOBAHHE B BOJIHOBOJC JJIEKT-
POMArHMTHOH BOJHBI TOJBKO OCHOBHOTO THHa, o6o3Hagaemoro H
(puc. 10.22, ¢) [2]. Koadduuments: ocabnenus B ITHX BOTHOBOAAX BECh-
Ma GITH3KH COOTBETCTBYIOIOHMM HM 3HAYEHHUAM JJIA CTAHAAPTHEIX BOHOBO-
JIOB IPAMOYTOTBHOTO CEYEHHS.

IMpumenenue rHOKUX rOPPUPOBAHHBIX JIUIMNTHIECKHX BOITHOBOIOB
MO3BOJIAET CO3AABATH JUIMHHBIE (HAEPHBIC TPAKTHI 6€3 MPOMEXKYTOTHBIX
CeKIHii. DIMITHYecKas HopMa NONEPETHOTO CEUEHH JACT BO3MOXKHOCTh
COXPaHATH MONMKEHHE [IOCKOCTH NOJSPHA3AIAH [IONA B BOJTHOBOZE O OT-
HOIIECHUIO K CEYCHHIO HE3aBHCHMO OT TPACCHPOBKH TPAKTa., ITH BOJTHOBO-
Jibl BHITYCKAIOTCA B BHJIE OTpe3KoB mHOMH 100 M 1 Gonee.

®unepuniit Tpakr PPJI Ha 6a3ze BOJIHOBOXOB KPYTIIOTO CEYEHHA
(puc. 10.23) [50] cocronT U3 aHTeHHLI [, IEPEXOMa ¢ IWIABRO MEHAIOMIHMCS

-Ce4EHHEM OT KBaJIPaTHOTO PYIOpa K KPYIJIOMY CEYE€HHIO BOJIHOBOIA 2, rep-
METH3HPYIOILIETO BOTHOBOAA 3, CEKIMH CO IUTYyHEepoM 4, GHILTpa norio-
IIEHHA BOIH BHICIINX THIIOB 5, BOJHOBOJA KPYTTIOTO CedeHus 6, Bo36yxa-
€MOro Ha BoNHE H,,, KOppeKTopa JLIHII-
TUYHOCTH 7, HOJMPH3ALMOHHOIO CENEeKTO-
pa 8, Harpy3ku 9, robpupoBaHHOro ru6-
KOTO SJITHITHYECKOro BoiHOBOAA 10,
CITyXKalllero A COCAUHEHUA TpHEMOTIe-
penatomeii anmapatypst CBY ¢ Bepru-
KanbHOH 9aCThI0 TPaKTa, TePMETH3HPYIO-
mieit BcraBku 11,

BonxoBopHbIE IJIABHEIC IEPEXOAB]
HCTIONB3YIOT JUI COEAMHEHHA MEXIY CO-
60if BONHOBOJOB C Pa3TMMHBIMH pa3Mepa-
MH NONICPEYHOTO CEUEHHS, 8 TAKKE MpA-
MOYTONBHBIX BOJHOBOXOB ¢ KPY/IBIMH. B
3aBUCHMOCTH OT XapakTepa M3MeHCHHA
o6pa3yiommet IIaBHLIE IEPEX0ARI I0pa3-
IEJIAI0OTCS Ha KBA3UIKCNOKEHYUuanvHble,
nonuHoMuanvHvle, TuHelinvie. ITH nepe-
XoIbl JOMKHEI obecmeunBaTs Xopomee
COITIaCOBAHHE COEAHHAEMEIX BOJTHOBO/IOB,
TIO3TOMY MJIMHA MX JODKHA OBITH GOMB-
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moit. Tak, JUTA coeMHEHUS OTPE3Ka MPAMOYTOIFHOTO BOIHOBOAA, HAYLIE-
ro ot PIIA, ¢ KpyrisIM BOMHOBOZOM UIHHA Iepexona cocTapigeT 50 cu.
Ipu 5ToM obeciieynBaeTCs TAKKE HU3KUH YPOBEHB BO30YXICHHA Napa3HT-
HBIX BOJIH BBICIIHX THIIOB.

CoxpaHeHHe BHICOKHMX IEKTPHYECKMX HNapaMeTPOB BOMHOBOIHBIX
TPaKTOB TpeOyeT 3alIHTH BHYTPEHHErO BOMHOBORHOTO 00beMa OT Ionaza-
HHA aTMOCEPHBIX 0CaKOB. JTa 33a4a PCaTH3YeTCA FepMETH3aIHEH CTHI-
KOB BCEX BOJHOBOJHBIX 2J€MEHTOB H TIPMMEHEHHEM I'€PMETH3HPYIOIIUX
BOJIHOBOJHBIX BCTABOK, YCTAHAB/IHBAEMEIX B MECTE COCIMHEHHMS BOIHOBO-
Iia C ammaparypoi H B BEpXHEH 9acTH TPaKTa, €CM aHTCHHA He ABIACTCA
repMeTuyHoH. epMeTH3npysomas cexums, ycraHapiuBaeMas BOJIH3H aH-
TEHHBI, JOJDKHA HMETE CITHBHBIC OTBEPCTHA JUIA YIaJICHHA BJIaTy H3 aHTEH-
Hol. Jlna obecnedeHnd B KPYIVIOM BOIHOROZIE IHUPKY/IAIMH OCYIUEHHOTO
BO3yXa HCHONB3YETCH CEKLH KPYITIOro BOTHOBOJA CO LITYIIEPOM IJIA IIpH~
COETHHEHHUs BO3JYXONPOBORA H C OTBEPCTHAMM JUIl HOAAYH B BOTHOBOJ
OCYIIEHHOTO BO3yXa.

@®unbTp NOMIOMEHHA BOJIH BBICIIHX THIIOB IPEIHA3HAYCH 1T yMEHb-
LIEHHA B KPYIVIOM MHOTOBOJIHOBOM BOJTHOBOJIE YPOBHA NAapa3sHTHBIX BOJH
E,, u E,;, KoTOpBIE BO30YXIAI0TCA HA HECHMMETPHYHEIX HEOTHOPOIHOC-
TAX (CABHI OCEH BOIHOBOJOB, H3rHO BOJIHOBOXA H Jp.), IEPEXOITHBIX CEK-
IHAX MEKIY BOTHOBONAMH Pa3HBIX IHAMCTPOB, B '€PMETH3HPYIOIIMX BCTaB-
Kax U T. 1. [lornomenue Bomns! E ), AMEIOILEH HHTEHCHBHYIO IPOROIILHYO
COCTABIIAIONTYIO SIEKTPHYECKOTO IO, JOCTHIaeTCA YCTAHOBKOH B BOTHOBO-
Jie TapajuieIbHO €70 OCH CTEPKHA M3 MATEpHAlIa C HU3KOH IPOBOJMMOCTBIO.

OOBIIHO NOIIOTUTESD IMPEACTARIACT COOOH NEHOMIACTORBIH BKJIA/IBIII
B $opMe yerTHOKa. Brons mpomonbHOM OCH YeHOKA UMeeTCA OTBEPCTHUE, B
KOTOPOM YCTaHOBJIEH CTEKIAHHBIN cTepkeHsb. [IoBepXHOCTHEIH ciIoii cTepxK-
Hs TIOKPBIT OKMCIIOM METaJlla, o0NazatomiM CBOHCTBOM NOMYTIPOBOIHHKA.
AHAJIOrHYHO IIOGABIAETCS BOMHA E“, MMeIoIIas B¢ 00IaCTH ¢ MAKCHMAJIh-
HO# HANPSDKEHHOCTHIO NPONOILHOH COCTABIIAIONICH 3IEKTPHIECKOTO TIOJA.

Kaxk ormedanocs, BClieICTBHE HEKOTOPOH SIIMITHIHOCTH NONepey-
HOTO CE4YCHMs BOTHOBOIA INHEHHO NOAPH3OBaHHASA BOJIHA HA BHIXOJE BOI-
HOBOJa peolpasyeTcs B ALIMITHIECKYIO, YTO NPHBOAUT K YMEHBIICHHIO
TONAPH3AIMOHHOM PasBA3KY MEXKTY KaHAJIAMH Npkema u nepenasu. [Ipu-
YMHON BO3ZHHKHOBEHHS BONHBI C IIONEPEHHON nonspH3anuci (kpoccons-
pH3aLueit) ABIAETCS pa3HOCTh (Pa3oBbIX CKOPOCTEH OPTOrOHANBHBIX COCTAB-
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JSIONTHX 3JIEKTPOMarHUTHOTO NONIA B BOJIHOBOZE, MPHBOIAINAA K NOABIIE-
HHIO (ha30BOro COBHIa MEXIY STHMH COCTABJISIOIUMH. KoMIteHCanus 3T0-
ro CIBHMTa W IOXyYeHHE TMHEHHON NOISPH3aLMH IONA B BOJIHOBOIE OCY-
IHECTBIIIOTCA C IOMOINBIO KOPPEKTOPa AIMITHYHOCTH, BKIIOYAaEMOro B
KPYIIIBIA BOJIHOBOZ M NPEICTABIIONIETo cO60H 0Tpe30K NUTHITHYECKOTO
BOJIHOBOJIA C TUIABHBIMH TIEPEXONaMH K KPYITIOMY CEYEHMIO TO KOHIIAM.
PasMephl KOppEKTOpa HODKHEI 00eCnedHBaTh NONONHHTENBHEIH cABHT (a3
MEIy COCTAaBIIAIONIMMH 3JIEKTPOMATHUTHOTO IIOJA IOCIE HX MPOXOK/Ie-
HHA 110 KOPPEKTOPY, PAaBHBIH 10 BENHIHHE M MIPOTHBOMOIOKHBIH 110 3HaKy
($a30BOMY CHBHTY MEXIY STHMH COCTABIIAIOLIMMH B KDYTIIOM BOIIHOBOJC.
Ienecoobpa3Ho, uro6sl (ha30BEIH CIBHT MEXKIY OPTOrOHANBHBIMH COCTaB-
JISFOLIMMM [10JIA B KOPPEKTOPE LIHITHYHOCTH 338 I0MO MpeRHIma da3zo-
BBIH CIBHI B KPYIJIOM BOJIHOBOZE. B 3TOM cirydae myTeM BBIOOpa B3aHMHO-
IO PacTONIOXKEHNA SIUTHICOB NIONEPEYHOT0 CEIEHNA KOPPEKTOPA SJIHITHY -
HOCTH H KPYIJIOrO BOJTHOBOXA MOXeT ObITh obecnieueHa THHEHHas NOLIPH]-
3a1Ms 001 B BOJHOBOZE (CTPOro BepTHKANHHAA WM FOPH3OHTAIIEHAS).

Hasna4eHue noMApH3aLIHOHHOTO CENEKTOPa — Pa3ieNICHHE BOJIH pa3-
muaHoit mompr3anuu. OH npencTasaser coboit 1Ba mepexona oT NPAMOY-
TOJILHOTO BOJTHOBOZA K KPYITIOMY, Pa3sBEPHYTHIX APYT OTHOCHTENBHO JPYTa
Ha 90°. Iepenaraukm, paboTalonme Ha YacTOTaX f...f,, Yepe3 monsApH3a-
IUOHHBIHA CENEKTOP HANIPABIIAIOT B KPYIVIBIH BOITHOBOZ BOJHBI OXHOM IIONIA-
pusanuy. CHIHANIBI, IPHAKMAEMEIE Ha 9aCTOTaX fs...fg, HMEIOT HONApH3a-
I{H10, NOBEPHYTYI0 Ha 90°. OTH CHTHAIIBI Yepe3 NOIPH3AIHOHHBIH CENeK-
TOD HANPABIAIOTCA K IIPHEMHHKaM.

ITo aHanoru4HOlM cxeme coOMpacTcs aHTEHHO-BOMTHOBOJHLLA TPAKT
3¢MHO# CTaHIUH CITyTHHKOBOH CBA3H.

Hna ynoberea paccMOTpeHHs BECh TPAKT NPHHATO Pa3ieiaTh Ha TPH
y4acTKa: COBMENCHHBIN TPAKT, TPaKT MEPENaYH U TPAKT IpHeMa.

Coemeyennviti mpakm HAYMHAETCS TePMETH3HPYIOILEH CEKLIHEH, OT-
JACHSIOIEH BHYTPEHHOCTh (QHACPHOTO TPAaKTa OT aHTCHHBI M BHCIIHETO
NpOCTPAHCTBA, Jaliee CACKYET NONAPH3alMOHHBIH 610K, 00eCcTIeaMBAOIHIA
pas3ielieHHe CUTHAJIOB IIPHeMa H nepefaqd. DNeMEHTHI 3TOH YacTH TpakTa
BEINIOMHEHB! Ha 6a3e BOJHOBO/A KPYITIOTO CEUEHHS M paboTaioT OZHOBpE-
MEHHO B Pa3HECEHHBIX AHAla30HaX YacTOT IEPeNadH H MPHEMa.,

Tpaxm npuema coeAUHAET OOHH H3 BBIXOI0B HOMAPH3AHOHHOTO 6710~
Ka ¢ IpHEMHOH anmaparypoi. OH COCTOHT H3 3N1E€MEHTOB, 3aNMIANIHX
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BXOZHEIE LIEITH NIPHEMHHKA OT BO3MOKHOIO TIONaaHHsA CHIHANIOB Niepeaar-
YMKa, 8 TAKXKE SIEMEHTOB, 006CIIEYNBAIOIMX BPALICHHE aHTCHHBI MO a3H-
MYTy H yriy Mecta. [epMeTH3UpyIomas CeKIu, BKITIOYaeMas B 3Ty 9acThb
TPAKTa, OTACIHACT HAPYKHYIO YaCTh TPAKTa OT HErEPMETU3HPOBAHHOM, pac-
I0JIOXKEHHOM B OMeIeHHH. Bce aIleMeHTE TpakTa npHeMa COeIHHAIOTCA
Mexxy coboH oTpe3kaMH npAMOYTOIBHOTO BOJHOBOJA H YIIOBBIMH IEpe-
XOIaMH B tockocTax E u H. : :

Tpaxm nepedayu NORKIIOFACTCA KO BTOPOMY BBIXOXY HONAPH3AIM-
OHHOro 6oka 4epe3 ILTABHEIH MEpPexoy OT BOIHOBOAA KPYIVIOrO CEYCHHS
K IIPAMOYTOJIbHOMY. OCHOBHBIE JNIEMEHTHI TPAKTa NEPEIadH ~ 3T0 YIIIOME-
CTHOE H a3UMYTaIbHOE BPAILAIOMMECS COWICHEHHS, TePMETHIHPYIOAs CeK-
ITHS, yCTPOHCTBO CII0XKEHHA CHTHANIOB HECKOIIKHX NEPENaTIHKOB, (GHILTD
TFApMOHMK, ()epPHTOBLIH BEHTHIIb H Ip.

Iepenaromuii, a Takke COBMELIECHHBIH TPAaKTH! PaCCUMTAHBI HA Iie-
penady BbICOKOTO YPOBHA MOLHOCTH. B TpakTax npemycMoTpeHa cucTeMa
3amTH o CBY poGos, 115 9er0 B HEKOTOPHIE YITIOBLIE IEPEXOIEI BMOH-
THPOBAHBI AaTYHKH, pearupylOII{e Ha CBETOBOH I10TOK, BO3HHKAIOMMH IIpH
TIOABICHHUHE AYTH B ciiydac npo0oa B TpakTe. CHTHAJH OT 3THX JaTYHKOB
HCTIONB3YIOT 1 BHIKIIOYECHHA NEPEIATIHKOB.

AHTCHHO-(HIEPHBIE TPAKTHI, IOCTPOECHHEIE IO TAKOMH CXEME, HCIIOIb-
3YIOT Ha 3¢MHBIX CTaHUHMAX cHeTeMH « MHTepemyTaiKy, Tpakr npuema obec-
neyuBaer pabory B quanasone gactor 3400...3900 MI'n, TpakT nepenadum —
B Auanasode wactot 5700...6200 MI'u. [Tepexonnoe 3aTyxanue MEXAY BEI-
XOJaMH NepeNaTiHKoOB H BXONaMH NpHeMHMKOB He MeHee 130 ab.

Jns cHM>xeHHA MOTEPh B IPNEMHOM YaCTH TPaKTa HA HEKOTOPHIX 36M-
HEIX CTAHIHAX MpHEMHOe 000pyoBaHHe THOO PACTIONAraioT B CIEHHAE-
HBIX KaGHHaX, BpaIlaloLIHXCA BMECTE C aHTCHHOM BOKPYT BEpPTHKAIBHOMH
ocH, 00 NONKIIOYAI0T HEMOCPEACTBCHHO K BHIXOTY HOSPH3ALHOHHOIO
6noxa. Ilpu 3TOM CyllECTBEHHO COKpalaeTcs JTHHA NPHEMHOTO TPaKTa
M MCKIIfodaeTcs ofHo (M o6a) Bpamatomeecs counenenne. Takue MOau-
(bHIHpOBaHHBIC (PHISPEI MPHMEHAIOT HA HEKOTOPHIX 3eMHBIX CTAHI{HAX CH-
creMel «OpGuTa».

HanpHeflinee CHIOKEHHE OTEPh MOXHO 0GECHEYHTs B (PHAEPHOM
TPaKTe C JTy4eBoIaMH. B Takux Tpakrax OTCyTCTBYIOT IPHEMHBIE H Depe-
JAloNHe BpAMIAlONIHECH CO4IEHEHH, JUTHHAI TPAKTOB MOT'YT OBITH chena-
HEI CDaBHHTEILHO HEGOMBIIHMH C MHHMMAJIBHEIM YHCIIOM H3rHOOB. Bax-
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HBIM NIPEHMYTIECTBOM JTy4€BOXOB SBNSIOTCSA OBHIIICHHBIE THHEHAOCTE ¢a-
30BbIX XapaKTEPHCTHK TPAKTOB ¥ HAJIEXKHOCTD,

BapuaHT ¢uIepHOro TPaKTa ¢ ;y9eBOJ0oM NoxasaH Ha puc. 10.24. O
cOCTOUT U3 6OMBLIOro 5 1 Maloro 6 napabonuueckux 3epkan (GOKyChl 3epKa
COBIIAZIAFOT) H CHCTEMBI BCIIOMOTATEILHEIX 3epKal /. . .4, cosnarommux Gecrpo-
BOJIHYIO JIMHHIO NIEPEAadH MEXIY 00iTygareneM-pynopomM (P) 1 MaJibM 3epKa-
7I0M. 3aMETHM, 9TO PYTIOp HAXOAHTCA Ha JOBOJBHO OONILILIOM PACCTOSTHUM OT
MAJloro 3epKasa (IecSTKH METpoB) He B okyce nocnexsero. Mcnonssys npen-
CTaBIEHHI ISOMETPHYCCKOH ONTHKH, IIPHHUMIT HCHCTBHA Ty4eBOAa MOXHO
TOACHUTS CEAYIONHM 00pasoM.

Codepuueckas BONHA, H3TyJaeMas KOHHYECKHM PYHOPOM, Nafaer Ha
IUTOCKOE BCTIOMOTaTeNIbHOE 3epKkano /, cocTamisgiomee yron 45° ¢ ochio
CHMMETPHH CHCTEMBI, # NIpeobpa3yeTca HM B cepHdecKyIo Ke BOIHY C
BHPTYaJIbHBIM (pa30BBIM LIEHTPOM B Touke O’ (3epkanbHOe H300paxeHHe
¢azoBoro LeHTpa pynopa). 3Ta BONHA 00MyJaeT HECHMMETPHIHOE BCIIO-
MOTATEeNLHOE 3¢PKano 2 («BEIpE3Kay H3 .
napaGononaa Bpaitenus), Poxyc koropo- L F i A

o COBMeIIEH ¢ To4Koii O’; 0Ch CHMMeT- f
pun O’A napamwieibHa OCH CHMMETPHH 5
TN

pynopa, COBMEIIEHHON ¢ OChI0 CHMMET-
puH cuctemsl. IlosToMy mamaromas Ha 4
3epkano 2 chepuyeckad BONHAa TpaHCGOp- 0o drowesa
MHpPYeTCS B ILTOCKYIO, PACTIPOCTPAHSIO- ,Z’Z‘;‘;‘;’ «3ep- N
IIyIOCS NapaienbHo OCH CHMMETPHH a-
pabononza. D10 MIOCKas BOJHA, TTaalo-
wias nof yImoM 45° Ha IUOCKHE 3¢pKaiia 3 Asusymansmas J)
H 4, HanpaBJIAeTCA Ha Mayoe napabonryec- o
KO€E 3epKalo 6 AByX3epKalbHOH aHTCHHEI.
Iocne orpaxxeHHs OT MaJIoro 3epkana cie-
pu¥ecKas BOJHA NagaeT Ha Gonbmioe 3ep-
KaJo, TpaHcopMHUpyeTCs UM B IIOCKYIO H
HaNpaB/IgeTCA Ha KOPPECTIOHAEHTA.
AHTCHHO-DHIECPHEIE TPaKThl Ha3eM-
uex PPJI umeror cBou ocobenHocTn. Hx
CXEMEI ¥ NOAPOOHBIE XapaKTEPHCTHKH 1e-
menToB TpakToB PPJI umerorca B [S0].

Puc. 10.24
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Jumepamypa: ocroénan {2, 3, 30, 34}, donoanumenvnasn [16, 46, 50, 51, 55, 62, 63).
KoHTponbHble Bonpochb!

1. Tlepeuncaure ocHoBHHIE TpeGoBanus k JIH anTeHH nepefalomuxX TeNneBUIROHHBIX
UEHTPOB ¥ CIOCOOE! HX oGecTeyeH .

2. U3o6pasute TpeGyemyio JJH nepenaiomeil aHTeHHb! HA3¢MHOTO TENEBH3HOHHOTO
HEHTPa B BEPTHKANLHON H TOPH3OHTAILHOM IWIOCKOCTAX. JaiTe MOACHEHHS K HUM.

3. O6BACKUTE MPHHLKI paGoThl 3HIr3aro00pa3Hoil MPHEMHOH TENCBH3HOHHOH aHTEHHBI.

4. Kak obecnieynBaeTcs BEICOKOE COTIACOBRHHE B (PHAEPHOM TPaKTE B CHCTEMAX MpH-
€Ma TeNneBHACHHA?

5. Kakue THIIBI MPHEMHBIX aHTEHH MCIONB3YIOTCA B CITYTHHKOBOM TEJIEBH3HOHHOM Be-
LIaHHH H nodemy?

6. Ilepeuncnure TpeGoBaHuA, PETLABIASMBIC K HANPABICHHBIM CBOHCTBAM aHTEHH.
PPJI ¢ yyeToMm obecniedeHHs TOMEX03aMMIIEHHOCTH 1 OMC.

7. Kaxosa pois MoauHIMpPOBaHHBIX NOBEPXHOCTEH 3¢PKABHOM aHTEHHBI IO CPaBHe-
HHMIO ¢ HeMOTH(HUHPOBAHHBIMU?

8. Ilepeunciure cnocoOw! ycTpaHeHNnd 3aTeHEHNA anepTypH aHTeHH oGmyydareneM. ITo-
SCHUTE Ha IPHMEPE KaKOH-THOO CXEMBL.

9. W306pasute cxeMy AJ1D 1 0GBACHHTE IPHHIMN €€ AeHCTBHA.

10. H306pasute cxemy PITA u 06bacHHTE ee OCHOBHBIC IOCTOHHCTBA.

11. CxeMbl M IPHHELHN JeHCTBHA NACCHBHBIX PETPAHCIATOPOB OTPAXAIOIIETO, IIPEJIOM-
JIAFOLIETO THITOB U THIA «IIPETIATCTBHEN.

12. Ipuaman aeitcTBus H 06acTh IPHMEHEHHA aHTEHHEIX JHPEKTOPOB Ha Tpacce PPII
CBA3H.

13. Kakue BHIHI pa3HECEHHOTO NpHeMa uenonk3ytoTcs Ha TPPJI  3a cuer yero obecne-
YHBAETCS BBICOKAA YCTOHYHBOCTh HX paboTsl?

14. Kakue aHTEHHBI Ha3bIBAIOTCA alaNTHBHBIMH, B KaKHX CIyJasX UX CAeNyeT NpHMe-
HATH?

15. HazoBHTe 0cOGEHHOCTH PaGOTHI aHTEHH B CHCTEMaX CIYTHHKOBOH CBA3H MO CpaB-
HEHMIO ¢ HA3EeMHBIMM CHCTEMAMH CBSA3IH.

16. Kaxue ¢akToph! OrpaHHYHBAOT PCATH3AIHIO GOBIIOTO K0P PHUHEHTA YCHICHHA
aHTEHH JUIA CHCTEM CITYTHHKOBOH CBA3M?

17. IIpuBemiTe BO3MOXKHBIE CXEMBI Ty4€BOa H HEPEYHUCITHTE HX OCODEHHOCTH IO CpaB-
HEHHIO C BONTHOBOTHBIMH JIHHHAMH MTHTAHHS aHTCHH.

18. Tlepeuucnnte ocHOBHEIE TpeGOBaHHA K GOPTOBBIM AHTEHHAM CHCTEM CIIYTHHKOBOH
CBA3Y, )

19. KakHe THTIBI aHTEHH HCMONIB3YIOTCH B KageCTBe GOPTOBBIX aHTEHH CHCTEM CITYTHH-
XOBOH cBA3H? [IepeyncanTe HX OCHOBHBIE XaPaKTEPHCTHKH. )

20. Kaxue TpeGoBaHHs NPEABABNAIOTCA K JICMEHTaM aHTEHHO-GHIEPHOTO TpakTa M
TpaxTy B nenoM AnA PPJI u cHcTeM ciyTHHKOBOI CBA3H.

Fnasa 11. AHTEHHb! AEKAMETPOBOIO
(KOPOTKOBOINHOBOIO) AUANA30HA

11.1. Ocob6eHHOCTU KOPOTKOBOSTHOBGLIX aHTEHH.
YyeT BNMAHUA 3eMfW Ha AUarpaMMy HanpaBfeHHOCTH

K auana3oHy jexkaMeTpoBBIX (HIIH KOPOTKHX) BOJIH OTHOCAT PajgHo-
ponns! ymaoi 10...100 M. OcHoBHAas 06nacTh HCIIOIBE30BaHHA STOTO THa-
[a30Ha — CBA3b HA OOJbIIME PACCTOSHUA (COTHH M THICIYM KHIOMETPOB),
KOTOpas OCYUIECTBIAETCS C [IOMOIIBIO IPOCTPAHCTBEHHBIX BONH, JOCTHIa-
IOIMX MeCTa NpHUeMa JTHO0 OTHOKPATHBIM OTPaKCHHEM OT BEPXHHX CIIOEB
uonocoepe! (cnou F,, F,, E), 1160 MHOTOKPaTHBIM OTPaXEHHEM OT HOHOC-
depr1 1 moBepxHocTH 3emid. ITosToMy HampaBneHne MAKCHMaILHOTO H3-
nTy4enus (IpyeMa) aHTeHHB! JOJDKHO COCTABMIATH C JINHHEH FOpH30HTA He-
KoTOpEIH yron (A, ..). Paguyc nefcTBUs 3¢MHOH BOMHEI B IEKAMETPOBOM
JIMANA30HE BOJH M3-33 CHIIBHOTO NOITIOIIEHUS B 3EMIIC CPaBHHTEIBHO HE-
BEITHK ¥ [IPH 06BIYHO HCIIOJB3YEMBIX MOIHOCTAX NEPEAATYHKOB COCTABILA-
€T HECKOJIBKO JECATKOB KHJIOMETPOB, JTHIIb HE3HAYMTENBHO NIpeBbiias (U3-
32 Tu(paKIUH) pacCTOAHUE NPAMOI BUIHMOCTH.

BonHb!l faHHOTO JHANA30HA HCMOJAL3YIOT IJiA HOCTPOCHHS CHCTEM
JaNbHEH CBS3H, IS paJUOBEINAHHA, HCCIENOBaHUA HOHOC(EPHI, TanbHEH
(3aropu3oHTHO#) pagHoNOKaMH | T. I. B 9THX ciydas 06sI9HO MPHMEHA-
IOT TOPH30HTAJLHBIC AHTEHHBI, TaK KaK TOPH30HTANBHO MOJIAPH30BAHHBIE
BOIHBI [IPH OTPA’KEHUH OT MOYBHI NIPH yriax HakimoHa A < 30° ucnbIThiBa-
10T MEHBIIEE MOTIOIEHHE, YEM BEPTHKANBHO TOIAPH30BaHHEIE.

TIpu cea3u Ha HeGonbmMe paccTOAHUA (CBA3D C IIOMOILBIO 3EMHOM
BOJTHEI) HCTIOB3YIOT aHTEHHEI BEPTHKANBHOM Mospu3anyy. Yame Bcero
U3-32 KOHCTPYKTHBHBIX [IPEHMYIIIECTB NPHMEHAIOT HECHMMETPHYHEIE BHO-
paropsl. BeprukanpHsie BUOpaTops! co3naioT 60nee HHTEHCHBHOE H3Tyde-
HHe€, YeM TOPH3OHTANBHEIE, BIONE IOBEPXHOCTH 3EMIIH.

Ha nexaMeTpoBEIX BOJNHAX YAA€TCS BBIIONHATH aHTEHHEI, Pa3Mephl
KOTOPBIX TIPEBOCXOMAT [IMHY BOJHBI B HECKONBKO Pa3 M KOTOpEIE 06naja-
10T 3HAYUTENBHBIM HanpaBJieHHBIM AeiicTBHeM. CONPOTHUBIICHHE H3ITyde-
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HMA TAKHX aHTEHH 3HAYUTENHHO GONbIIE CONPOTHBICHHA MOTEPD, BCICH-
creue yero KI1J] anTeHH B GONBIUMHCTBE ClTydaeB OIM30K K ¢JHHUIIE.

OcHosHBIe ocobeHHOCTH anTeHH KB nnanasoHa cBA3aHbI C TEM, YTO
YCTOBUS NPOXOXKASHHS KOPOTKHMX BOJH ONPEENSIOTC COCTONHHEM HOHOC-
¢epel, 3aBHCAIMM OT BPEMEHH CYTOK, BPEMEHH IoJia, COTHEUHOH aKTHBHO-
cTi 1 T. 1. J{ns ofecnedeHns HenpepLIBHOH paHoCcBa3l HeoOX0IMMO UMETh
HECKONBKO PaboyHX BONH, 3HAYHTCIBHO OTIMYAIOMMXCA APYT OT JpYTa.
B cBA3M ¢ 9THM KeNaTeNbHO NPUMEHATH aHTCHHBI IHANIA30HHOTO THIA, YTO
HO3BOJIMT NIOBLICHTh MAHEBPEHHOCTH PAIHOLCHTPOB B OTHOHMICHHH BO3MOXK-
HOCTH BeI6opa pab0YnX 4acToT.

BcnencTBae HenpephIBHOTO H3MCHEHHA COCTOAHIA HOHOCDEPH! H3-
MEHAIOTCA yITbl Ipuxoza (HakioHa) BoiH. [I03ToMy aHTEHHA I0JDKHA J0C-
TATOYHO HHTCHCHBHO H3IydJaTs (IPUHHHUMATh) B ONPEICIIEHHOM CEKTOPE YT~
1oB nipuxona y4deit. HanbGonee BeposTHbIE 3HaYCHHA YITIOB Ipuxoza (A)
W3MEHAIOTCA B npenenax S...25° B cOOTBETCTBHH C IPUBEACHHBIMHI JaH-
HBIMH JOJDKHA BhiOHparTecs muprHa [[H aHTEHHBI B BepTHKAIBHOM ILIOC-
kocty, [ing ofecnedenns paquoBeiaHneM O9eHb yAATEHHEIX TEPPHTOpHi
HPHUXOMTCA NPUMEHATH aHTeHHE! ¢ GombiumM KY, nMeroume B KOpoTko-
BOITHOROH yacTH pabodero AuanasoHa mmpuuy J{H B BepTHKanbHOH III0C-
KOCTH MEHBILIYIO, 9€M CEKTOp HanGollee BEPOATHRIX YIVIOB IIPHXOa JIydeif.
V TakHX aHTGHH XENaTelIbHO IpexycMoTpeTh GopMHpOBaHHe IO KpaiiHei
Mepe mByx JIH, ofHa H3 KOTOPBIX HMeeT MaKCHMyM mox Gonee HH3KUMH
yIIaMH BO3BBIIIEHHS, a ApyTas — nox 6onee Bricokumu. Cyxenne JIH B
BEPTHKATHHOH IIOCKOCTH ABNACTCA Takxke 3P PeKTHBHEIM cpeacTBoM Goph-
6Bl ¢ 3aMHpaHHAMH H ABICHHEM 3Xa, npucymuMH KB auanasony
(cm. § 22.3). B 3ToM ciydae KOHCTPYKIIMA aHTEHHEI IO/DKHA 00eCIeYnBaTh
BO3MOJKHOCTb YTIPABIICHHA TIOJI0XKEHHEM JIyJa B BEPTHKAJILHOH ILTOCKOCTH.
Jins ycTpaneHua sBiIeHNs KpyrOCBETHOTO 3Xa (cM. § 22.3) kaxk nepenaronmpie,
TaK H IIPHEMHBIE aHTCHHEI IODKHH 00/1a]1aTh ONHOHATIPaBICHHEIMH CBOM-~
CTBaMH, K03 OHIHEHT 3aIHTHOTO AeHCTBHSA AHTCHH NODKEH OBITH BENHK.

1 yMeHbIIEHHSA NOMEX, CO3A3BAEMBIX OIH3KHMH 10 9acTOTE pa-
JHOCTaHIMAMH, a TAKXKe IIOMEX TPO30BOro H NPOMBINIICHHOTO IPOHCXOX-
zenmiit YBJI TH npueMHbix aiTeHH DomxkeHd 6biTh Man. IIpn aToM, Kpome
TOr0, YMEHBIUAIOTCS 3 eKTH 3aMHUpaHHH H 9Xa.

Jpyrue ocobennoctd KB aHTEHH BBI3BaHEI CTPEMIICHHEM YIEILE-
BHTh CTOMMOCTEL aHTEHHBIX moyieH paguoueHTpoB. Ilockoneky xopomme
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XapaKTEPHCTHKH MOXKHO TNONYMHTh TOJBKO OT aHTEHH, pa3Mephl KOTOPBIX
cousMepuMEI ¢ A, T0 KB aHTEeHHBI 0OBI9HO SBIAIOTCA JOBONBHO CIOMKHEI-
MM ¥ JOPOTHMH MHXCHEPHEIMH COOPY)KCHHSAMM, KOTOpHIE 3aHHMAIOT Ha
KPYIHBIX PafHOLEHTPAX TCPPHTOPHIO B COTHH I€KTaPOB H CTOHMOCTE KO-
TopbIx Jocturaer 40 % crouMocTH Beero pagHoneHTpa. H3BecTHsI cnexy-
IOIIHE CIOCOGH! SKOHOMHMH TEPPHTOPHH H YMEHLIICHNA CTOHMOCTH:

TaK Ha3bIBAEMOE MHOTOKPaTHOE HCIONb30BaHKE anTeHH. Hanpumep,
OJIHAa aHTEHHA MOXeT 00CITy)KHBaTh OHOBPEMEHHO (IIpH HANHYHY CHCIH-
aNBHBIX GWIBTPYIOMMX YCTPOHCTB) HECKONBLKO NEPEAATINKOB (TIPpHEMHH-
XOB). B 3TOM CiIry4ae oT aHTeHHEI TpefyeTcd JIMIIb JOCTaTo9HasA MIHPOKO-
MOJIOCHOCTH WIH MHOIOYaCTOTHOCTS (BO3MOXHOCTE pabOTH Ha HECKOMNb-
KHX (PMKCHPOBAHHBIX YaCTOTAX NPH 33JAHHBIX JUIF KAXKIOH U3 9acToT Xa-
PaKTEpHCTHKAX); :

NpUMEHEHHE CIIEUUANBHbIX CIIOXHBIX AHTEHH C HECKOJBKMMH BXO-
JaMH M PA3THIHBIMK XapaKTEPHCTHKAMM NPH BO30Y)KIEHHH Pa3HBIX BXO-
JIOB C BO3MOMKHOCTBIO He3aBHCHMoro ynpasiexsus J{H, coorBeTcTByIOIH-
MH 3THM BXOIaM;

HCIIONB30BaHUE aHTEHH, 00aaloMKX ‘BO3MOXCHOCTHIO PEBEPCHPO-
BaHHA, T.€. H3MECHEHUA HANPABICHUA H3TyJCHHA Ha IIPOTHBOIIONIOXKHOE IIPH
HM3MEHEHHUM TOYKH IIHTAHHA.

3HaunTenbHOE BIHAHKE Ha u3nyueHne KB anTenH oxasmiBaer 3eM-
714, TOBEPXHOCTHBIH CII0# KOTOPOJi 110 CBOHM 3JIEKTPHYECKHM NIapaMeTpaM
OTHOCHTCH K NOIynpoBoaaniuM cpenaM. OneHka BIMAHHA 3eMIIH CBOXHT-
€3 K CIECAYIOLIEMY. :

ITone, co3napaemMoe aHTEHHOH B IPUCYTCTBHM 3eMITH, MOXHO pac-
CMaTpHBATH KAK CyMMY NEPBHYHOIO N0, HENOCPEACTBEHHO H3TyJaeMOro
AHTEHHOM, ¥ BTOPHYHOTO (OTPaKEHHOr0) Nojist. BiusHueM 3eMIIH Ha CTPYK-
Typy NEPBHYHOTO MO OOBIYHO NpeHedperaot, T. €. CYUTAIOT ET0 TAKUM
e, Kak B cBo6oaHoM npocTpaHcTBe. OTpakeHHOE NONe YIHTHIBAETCA Me-
TOHOM, KOTODHIi SABNAETCA Pa3BHTHEM METOMA 3€PKANLHEIX H30GpaXkeHni
{cM. § 6.4), ipu 3TOM 3eMITIO CHHTAIOT IUTOcKoH. [lepRudnOE None, naxaio-
IIee Ha IUTOCKYIO IPaHHIly 3€MIIH, KOTOpYIo 6yieM CUHTaTh OXHOPORHOH H
H30TPOIHOM, MOMKET GBITh NPEACTABNEHO B BHAE CYNEPIO3UIMH IUIOCKHX
ONHOPORHBIX M HEONHOPOIHBIX DJICKTPOMATHHTHHIX BOJH. OIHOPOZHBIE
BOJIHBI TANAIOT HA FPAHHIY MOJ Pa3sNUYHbIMH YITIAMH H OTPAaXAKOTCA B CO-
OTBETCTBHM C 3aKOHOM CHe/LUTMyca. AMIUIMTYAE! OTHOPOJHBIX ILTOCKAX BOH
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NpONOPIHOHANBHE 3HaYcHUAM KoMunexcHoit J{H (B cBo6onsHoM npocTpan-
CTBE) JUIsl COOTBETCTBYIOIHX YIJIOB. AMIUIMTYAb! OTPa)KEHHKIX OIHOPOX-
HEBIX BOJIH, O4€BHIHO, PABHBI aMIUTHTYaM HafaloNIMX BOITH, YMHOXXEHHBIM
Ha COOTBETCTBYIOIME kK0adduumenTs! PpeHens, npHYeM aMIUIHTYAA OT-
paXKeHHOH BOJHHI, paclpoCcTpaHAomeiics B HEKOTOPOM HarpaBIEHHH
(A, @), onpenenser cooTBercTByIowee 3Havenue [JH, dopmupyemoit orpa-
JKeHHBIMH BOJTHAMH.

INepBUYHEIE HEONHOPORHEIC IIIOCKHE BOJIHEI MTOPOXKAAIOT OTPAYKEH-
HEIE HEOTHOPOAHBIE BOJIHB, SKCIIOHEHIHAEHO YORIBAIOLIHE IPH YIAEHHH
OT IpaHuIl pasznena. VX cienyeT yMuTHIBATh TOJIBKO IPH PACCMOTPEHHH
TIPOLECCOB 3apOXK/ACHHUS ¥ PAcIpOCTPaHEHHs 3eMHOR BONHEL.

ITycTs aHTEHHA PacroNoXKEHa Ha BBICOTE A OT OBEPXHOCTH 3eMIIH
(rouxa / Ha puc. 11.1). O6o3naunM ee JTH B coGerBenHO# crcTeMe KOOp-
mMHaT Kak f (A, ¢). BeegeM Takke
cHCTeMY koopaMHaT nenTpoM O, pac-
TIONOXKEHHBIM Ha IIOBEPXHOCTH 3eM-
JIH HEMOCPEACTBEHHO MOJ| AHTEHHOMH.
B 3Toli cHCTeME KOOPIMHAT IEPBHY-
Hast [IH ¢ ygetoM ceura a3 3a caer
PasHOCTH Xozia [em. (1.21)] npro®6-
petaer Buz [ (A, @)elthsin®),

Prc. 11.1 O603Ha9HM, KaK IPHHATO B
MEKTPOAUHAMHKE, K03(PHITHEHTH!
OTpaXXCHHMA JUI HOPMAIBHOH ¥ NapaJIeNbHOM HOLIPH3ALMI Jepes R L(d)
4 R (A), 0NHAKO B M3BCCTHRIX BRIpAXCHUAX [ 18] cnexyer yuects pasnuaue
B 0003Ha49EHHAX YITOBBIX BenHdauH (cM. prc. 11.1). Yron nanenns, o6o3na-
qenHklit B [18] gepes ¢, cBa3an ¢ A dopmynoit ¢ = 90° — A, Ilpu sTOoM
aMIUTHTY/Ia OTPR)XCHHOM BONIHEL, PACNIPOCTPAHAIOIIEHCH NOX YrIaMH (A, §),
6yZeT pONOPILHOHATEHA BEMIIHHE £ (—A, Q)E#snOR (A) B, cnenoBaTes-
Ho, [TH otpaxensoro nonst fOPXA, () ms kaxoi #3 nospusanyii onpe-
JeIHTCA BBIPAKCHHSIMH

7B, @) = f(-A, g)eitminaR (A), aLy

T8, 0) = F (A, @) R (A). (11.2)

Nobepxwocme
Jernu
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Jlerko BuACTSH, uTO yKazanHsie JIH MoxHO TpakToBarh kak J[H Heko-
TOPBIX PUKTHBHBIX HCTOYHHKOB, PACHONOKCHHBIX 36pKATBHO OTHOCHTEE-
HO NOBEPXHOCTH 3eMIIH.

IIpuMensemble Ha NPAKTHKE aHTEHHB!, COCTOAIME M3 PELETOK T0-
PUBOHTATBLHBIX HIIH BEPTHKAIBHBIX BHOPATOPOB, OGBIMHO B BEPTHKATLHOH
TUIOCKOCTH HMEIT CHMMETPHYHYIO nepsuanyio JIH, Te. 7 0 1A ) =

=7 i, L(A, @). YuntsiBas 510 06CTOATENLCTBO, pesynsrupyiomyio  JIH,
KoTopyio Oyznem o603Ha4aTh f (A, ©) c yueToM BIHSHHUS 3EMIIH, JIETKO 110-
nyquts u3 (1.25):

f’;(A, 0)= f(A, @)eiheina [1 + R(A)e—i(ZkhsinA-d)(A)l (11.3)

e R(A) 1 D(A) — monyns 1 ¢aza ko3 PpHUIHEHTA OTPAXKEHHA VI COOTBET-
cTByIomIel momApu3amun; (A, ¢) — nepsugHag JIH no coorBeTcTByromeit
no/spusauyy. B 6oneIIMECTBE CilydaeB Hac MHTEpecyeT aMIHTyaHas JJH.
U3 (11.3) cnexyet

(A, @) = f(A, (p)\/ 1+ R*(A) + 2R(A)cos(khsinA— ®(A)). (11.4)

OtMeTHM, 9TO, XOT4 3Ta opMyna ObUIa IONYYeHa B IPEIIIONOKE-
HHH OZHOPOJHOCTH MOBEPXHOCTH 3eMJIH, CIO MOXHO ITONB30BaTLCA H TOT-
1a, KOIlla IapaMeTphl TIOYBEI €, M O ABAAIOTCA MEIEHHO MEHAIOLIMMHCH
(YHKIMAME KOOPAHHAT (TEPMHUH «MEICHHO MEHAOUWIAACK QYHKIMI) 03-
HavaeT, YT0 U3MEHEHHUS €, M O JIOIDKHEI GBITh HE3HAYHTENBHBIMH HA YIaCT-
Ke IIOBEPXHOCTH [UIHHOM A). B 5TOM ciiyqae dyuxumnn R(A) u ©(A) cnenyet
BBIYHCIIATE JUIs KaXKA0TO A B COOTBETCTBHH C JIOKATHHEIMM XapaKTEPHCTH-
KaMH IIOBEPXHOCTH B TOYKE OTPXKEHHS, ONPENE/IAEMOIi [0 3aKOHaM reo-
METPHYECKON ONTHKH.
 Ha puc. 16.4 (cM. 16.2.1) KauecTBEHHO MOKa3aH XapakTep KPUBBIX
R (A), Ry(A), ®,(A), D (A). IIpu A — 0 mns oberx HomspH3ANUMIA
Ry 1A)—>1, @, ,(A)— m,. 1o npuBOAMT K TOMY, yT0 [{H, onpenensemasn
no ¢gopmyne (11.4), umeet B mockoctH 3emin (A = 0) Hy/eBO#H IpoBa Kak
TIPH TOPU3OHTANBHOM, TaK H IPH BEPTHKAIBHOH MoJsApu3anuu mons. Ojxa-
KO TIpY pacyeTe HoJIt BOIN3H NOBEPXHOCTH 3eMITH, KAk OTMEYAJIOCH BHIIIE,
KpOMeE BKIIaJa, TaB3EMOT0 OJHOPORHBIMH ILIOCKMMH BONHAMH, CIEAyET
YYHMTBIBATE M BKJIAJ HEOXHOPOMHBIX MIOCKHUX BOMH. CTPOrMil yder 3THX
BKJIAJIOB B 00IACTH MAIbIX 3HaYeHHH yIina A 0CTaTro4Ho cioxeH. OH AB-

10—2013
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JIAJICA TIPEAMETOM HayJIHOTO HHTEpeca MHOTHX YY€HBIX C MUDOBBIMH HMe-
Hamu (3ommepdenba, Beiims, Ban-nep-Tloms, ®ok, Bpexosexux u ap.). IIpu-
BeJIeM JIHIIbL OKOHYATENbHBIE pe3ynbTaTel. [IpH mapaniensHoi nonspusa-
MK 3¢MHad BOJIHA Ha HEGONMBIIMX PaCCTOAHUAX OT aHTEHHEI H3MCHACTCA
Kak e *"/r, mpHueM ee aMILTMTYZia paBHA YIBOSHHOH aMIUTMTYAE TIOMSA aH-
TEHHHI B OTCYTCTBHE 3eMiH. C pOCTOM 7 CKOPOCTH YOBIBAHHS HANPAKCHHO-
CTH [IONIA TIOCTENCHHO BO3PACTAET, CTPEMSACH K BEIHIHHE 17 (eme pa3 Ha-
TIOMHHM, 4TO PacCMaTpUBaeTCs CIydai IOCKoH 3eMiH). JIOMONHUTEINL-
HBIE CBEIEHHS IO 3TOMY BOIIPOCY NPHBOLATCS B ITaBaX, MOCBALIEHHBIX
PacIpOCTPAHESHUIO PASHOBONH,

Ipu ropu3onTanbHOM (HOPMATBHOH) OMAPH3ALUH aMIUTHTYRA 3€M-~
HOI BOJIHBI OKa3EIBA€TCA BECHMAa MaJIOH, MOITOMY HCIIONb30BAHHE 3TOM
BOJIHBI JJIA LieIei pagHOCBA3K NPAKTHYECKOTO 3HAYEHHA He nMeeT. B aTom
ciyyae 6e3 60TBIION MOrpEIIHOCTH MOXHO cauTaTh, 9T0 JIH £(A, @), BHI-
paxcaemas ¢popMynoii (11.4), oTpakaeT OBeICHHE OIHOIO O HATbHEH
30HBI aHTEHHBI.

OTtMeTuM, 4TO IpH HOPMATKLHOH MONAPH3AMH JUIA peallbHOM JeMmu
ko3 dunument R (A) npu Beex A mano ormmgaercs or —1. OcoGenno cka-
3aHHOE CIIPABETHBO [IPH MAJbIX A, KOTOPEIE [UIA aHTEHH JabHeil CBA3M H
MPEACTABIAIOT OCHOBHOM HHTEpeC. DT0 MPHBOAMT K TOMY, 9to JTH mo Hop-
MaJIbHOH monsgpH3aumy oxaspiBaercs 6mm3koif k J{H Toii ke aHTEHHEBI HAx
HIeanbHO NpOBOAANIei MIOCKOCTRI0. OTIIHYHE COCTOMT JIMIIB B TOM, YTO
HYIEBBIE MPOBaNbl, 06yCIOBNEHHBIC HHTepdepeHIHeli nepBUYHOIO H OT-
PaXXeHHOTO MoJel, B CIydae peanbHoi 3eMIIH 3aMEeHSIOTCY MHHHMYMAaMH,
npuueM TeM Gonee NTyOOKHMH, YeM MO MEHBIIMMH YTIIAMH K HOBEPXHOC-

TH 3eMIJIH OHH PACIIONOXKEHEL. B HanpaBieHUH BXONH NOBEPXHOCTH 3eMIIH-

(A=0) R, =~1, no3TOMY 371€Ch HyJIEBOMH NPOBAI COXPAHAETCA H MAKCHMYM
JIH oka3biBaeTcA OTKIIOHEHHBIM OT IIOBEPXHOCTH 3EMIIH HA HEKOTOPBIH yron
Aoy 3ABHCAIIMI, B 4JACTHOCTH, OT BHICOTHI OXbEMA aHTEHHBI h. 10 00-
CTOATENBCTBO ITOJIE3HO HCTIONB3YETCA AJIA OPHECHTAIWHA HalpaBICHUA MaK-
CHMaNbHOTO M3MYYCHHUS MO JKEJIAEMEIM YIJIOM K TIOBEPXHOCTH 3eMIIH.

B Hacrosinee BpeMs Ha IMHUAX CBA3HM GOMBIIOMH JTHHEI OGBIMHO NPH-
MEHSIOT CJIOXHbIE AHTEHHB! JHATIa30HHOTO THIIA, /1A JUHHHA CBA3H HeGOIIb-
IIOH JUTHHBI — APOCTHIE AaHTEHHBI, KaK JHANa30HHbIE, TaK H Y3KOIOIOCHBIE
(nacTpaHBaeMble).
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11.2. MpocTtbie KB aHTeHHbI

K npocTsiM aHTeHHaM OOBLIYHO OTHOCAT CHMMETPHYHEIC H HECHM-
METpHYHEIC BUOpaTOpE!, AHana3oHHbie BuGparopel HareHeHKo, MIyHTOREIE
JMana3oHHLE BHOPATOpHI, YTOIKOBYKO aHTeHHY IIHCTONBKOpCa H A APY-
rux. PaccMOTpuM cHaYala KOHCTPYKIMH TOPH30HTAJILHEIX AaHTEHH.

H3-3a KOHCTPYKTUBHOH NPOCTOTH CUMMETPHYHBIA BHOpaTop
(cM. 1. 2 ¥ 6) ABISETCA OHOHM M3 CAMBIX PACHPOCTPaHEHHHIX AHTEHH.
B KB auamnazoHe HCIONb3YIOT KaK FOPU30HTANbLHBIH, TaK H BEPTHKAIbHbIH
cUMMeTpHUHbIH BHOparop. TopH30HTANBHEIH BHOPATOp BHIONHAETCA H3
TBEPIOTAHYTOro GpPOH30BOTO WM GHMETAILIMYECKOTO NPOBOZA JHaMETPOM
4...6 mm. IIpu 3TOM BONHOBOE CONPOTHBICHHE BHOpaTOpa mopsAzKa
1000 Om. Bubpatop pacTaruBaerca MeXAy AByMA MauTaMH (JCpEBAHHBI-
MH, acGOLIEMEHTHBIMH M T. I1.) C IIOMOIIBIO OTTSDKEK, 3aKPEMICHHBIX Y KOH-~
110B BUOpaTopa Ha H30ITOpax. MadThl TakoKe MOIIEPKHBAIOTCA OTTAKKA-
MH, TIpHYEM J/11 YMEHBIICHHS HABOAHMBIX TOKOB OTTS)KKH PacWICHAIOTCA
H30IATOPaMH Ha OTPE3KH He ATHHHEe YyeM A/4. TIpu BeicoTax moaseca h =
= A/2...\ YTOJ MAKCHMANBHOTO M3mydenus A =30...15°.

CuMMeTpHYHEIH BHOpaTop npenHasHadaeTca 11 paboTs! Ha GPUKCH-
POBaHHO# yacToTe (Y3KONMONOCHAs aHTeHHa) B guanasone (0,2...0,25) <
< I/A£(0,63...0,67). Ilpu yeenudenun /A srime 0,63...0,67 yxymmaiorcs
HanpaBJIeHHEIE CBOHCTBa BUOparopa. MHHHMManbHag BEHYAHA OTHOMCHHS
/A onpenenserca NOMYCTHMON HaMMEHbIIEH BEMHYHHON €CTECTBEHHOIO
KBB (KBB 6e3 3neMeHTOB HACTPO#iKH) B MHHUH, paBHoi 0,1...0,15. Ilpn
YMEHBILEHHH OTHOILIEHHA //A TafaeT aKTHBHAA H YBEIHYMBACTCA PEAKTHB-
HasA COCTABJIAIOIIME BXOIHOTO CONPOTHBIEHHMS BHOPATOpa, BCHEACTBHE Y€T0
yMeHbaerca ecrectseHHbi KBB. C noMonpio JononHUTENBHBIX HACTPO-
€9HBIX IEMEHTOB XOpOIIlee COMTACOBAHNE Ha OMHOH JacTOTe MOXET OBITh
OCYIIECTBIIEHO MpH M0GoM /A, OmHako ecin ecrecteenHsiit KBB crawo-
BuTCcA MeHbme 0,15, To cormacoBaHHe JErko HapylIaeTcs, HanpuMep mpH
H3MECHEHHH TIOTOJHBIX YCIOBHH.

g paboTel B NIMPOKOM HENPEPHIBHOM IUANIA30HE BOJIH IIPHMEHA-
10T BHOPATOph! C MOHHXXEHHBIM BOTHOBBIM CONPOTHBIIEHHEM (Hnons Ha-
IICHEHKO), AMANa30HHbIE IIYHTOBBIC BHOPATOPEI H INIOCKHE CAMOLONIOTHHU-
TenpHbie BUGpaToph! (oM. § 6.2).
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[IyHToBhie fuana3oHHble BHOpaTophl (CM. puc. 6.3), mpUMeHAEMBIE
Ha KB, MOT'yT BBIIIOJIHATHCA KaK B IIPOBOIOYHOM, TaK H B XKECTKOM BapHaH-
Te. C NOMOMUIBIO IIYHTOBBIX BUOPATOPOB yhaeTca 00ECIeYHTh YIOBIETBO-
putessHoe cortacosanue ¢ KBB = 0,3 B Gonee 4eM 4eTRIpeXKpaTHOM AHa-
nasone (0,16 < /A < 0,65).

ITpuMepHO Takoii JKe MHPOKONOJIOCHOCTHIO 00MANA0T M3y YaTeNH,
ABIIAIOLINECS aHAJIOTaMH ILIOCKMX BHOpPAaTOPOB C IUIEYaMH TPEYTONbHOH
dopmb1 (cM. puc. 6.7). B muanasone KB MeTanaMueckue MIacTHHBI 3aMe-
HSAXOT CHCTEMO#! IIPOBOJIOB, YTO NIPHBOIMT K HEKOTOPOMY YXYALICHHIO THa-
I1a30HHEIX CBOHCTB. BXOZHOE CONMPOTHBIICHHE [JIOCKOT0 BHOpaTOpa MOXHO
BappHPOBATh H3MCHCHHEM YIUIa IIpY BepLIMHe mieda. JIocTaTouHas mupo-
KOIOJIOCHOCTB COXpaHsaeTcsa npH yrmax 60...90°, IIpy nuTanuu aHTEHHBI
nocpenctsoM dhunepa W =220 Om ecrecreernsiii KBB 2 0,5 coxpansercs
TIPMMEPHO B TPEXKPAaTHOM JHaNa30He BOIH.

Hns cyxxenus JTH BuGparopa H npuIaHus eil OXHOHANPABICHHBIX
CBOMCTB MPHMEHAIOT HACTPOEHHbIE IACCHBHBIE BHOPATOPHI ~ pe(IeKTOphI
HIIH JUPEeKTOpsl (cM. § 7.4), pacnonaraeMele Ha PacCTOAHHAX MOPAIKA
(0,1...0,3)A.

Jns panuocBsA3H ¢ KOPPECIIORICHTaMH, PACTIONIOKEHHBIMH B Pa3iiy-
HEIX HanpaBIeHusX, Tpebyerca pacimpense JH. B atux cayyasx Henons-
3yIOT YFONIKOBBIE aHTEHHBI, NpeioxeHnbie A. A. ITucronekopcoM, HMeI0-
OIMe B TOPH30HTAIRHON NuiockoctH JTH, 6iu3Kue K KPYTOBBIM.

YronkoBast aHTeHHa (puc. 11.2) npeacrasnseT coboii cHMMeTpHY-
HBIH TOPH30HTaJILHEIA BHOPATOp, ILIEYH KOTOPOTO PACHONOKEHBI MO yT-
soM 90° apyr k apyry. CnabGas HanpaBieHHOCTh AHTEHHBI B TOPH30HTANb-
HO# MIIOCKOCTH OOBACHACTCA TEM, YTO HAIPABICHHA MAKCHMANBHOTQ

H3IY4eHHA KOKIOro IUleYa aHTSHHBI Tep-
HEeHAMKYIAPHBI APYT Apyry. J{HarpaMMa Ha-
IPaBRIEHHOCTH GHTCHHB! B TOPH30HTAIBHOM
Wsosmopy  TUTOCKOCTH 3aBHCHT OT OTHOILEHH //A, IpH-
yeM HauboJice pABHOMEPHOE M3JTYUCHHE [0-
nyqaercs npu /A = 0,5. B sepruxansHoit
mwrockoctH JJH nonygatorcs GIuskuMH x
JH 06514HOr0 CHMMETPHYHOTO BHGpaTopa,
C uenpio ymyquIeHus COINIaCOBaHUA ¢ ¢u-
Puc. 11.2 IepoM B IIMPOKOM AHAIIA30HE B TAKHX aH-
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TEHHaX 00BIYHO HCIONB3YIOT BHOpaTophl HaileHeHKO Ml IIyHTOBEIE BHO-
paTopBlL.

K nmpocTbsiM aHTEHHaM MOXXHO OTHECTH M TaK Ha3bIBAGMBbl€ aHTCHHBI
3€HHTHOrO U3iy4eHus. OHH PUMEHAIOTCA HAa KOPOTKHX IMHHUAX CBA3H (IO
300 xm), xoraa ymibl npuxona A = 50...90°. Ilpn Taxux Gompmmx ymax
OTpaXEHHE OT HOHOCQEPHEIX CI0EB HMEET MECTO JIHIIE IJI1 HH3K0YacTOT-
Hoit yacti KB nquama3zona ¢ A = 60...80 M, OTBEASHHOH A/ MECTHOTO pa-
Jquoemanmui. I1o coobpaxkeHUM, CBA3aHHBIM C YCIOBHSAMH PacpocTpa-
HEHH: PaJHOBOJIH, B Ka4ECTBE 3¢HHTHBIX aHTEHH I1e1eCo00pa3HO HCIIOIb-
30BaTh H3JTyYaTe/H ¢ KPYTOBOii NOJIAPH3AIHEH, IPHIEM IOIKHA GBITH IIpe-
IYCMOTpPEHa BO3MOXKHOCTH ONIEPAaTHBHOrO H3MEHEHH:A HANIPaBIICHHS Bpallle-
HUA U nepexose ¢ paboTsl B JHEBHOE BpeMs Ha paboTy B HOUHOE BpeMs.

Haubonee npoctoit aHTeHHOH 3CHUTHOTO W3NY4YeHUI Mor OBl Ciy-
>KHTB TYPHHMKETHBI H3My4arens (cM. 7.6.1). Oxnaxo ero JH u3numxe mn-
poka. C nensto yeenndenus KH]I, a Takxe CKOPOCTH criagaHUsd ypOBHA
H3Iy4eHHA 3a npefenaMy pabodero cexropa ymioB, YTo HeOOXOMUMO IIst
HOBTOPHOTO HCIO/B30BaHHUs YacTOT Ha APYTHMX PagMOCTAaHLMAX, B Kade-
CTBE aHTEHH 3CHHTHOTO H3Ty4YeHH IPHMEHAIOTCA aHTCHHBIC PELICTKH, CO-
CTOAIIHE U3 TYPHUKETHBIX M3Jy4darenei. CaMH TYpHHKETHbIE H3Ty4aTeny
BBINOJIHAIOTCA Ha Ga3e miGo Budparopos HageHenko, MHGO MPOBOMOYHBIX
aHAJIONOB MIOCKUX KBaAPaTHbIX W3mydaresneil. TunoBas aHTeHHA 3eHUTHO-
IO M3TydeHHS, COCTOAILAA U3 YETHIPEX TYPHUKETHBIX H3MyJaTeNeii ¢ JUIOo-
namu HaneHenko, nokazaHa Ha pHc. 11.3. DekTpHYecKuit KOHTaKT MEXIY
HepeceKaloMMHCs Ha PHCYHKe BUOPATOpaMH OTCYTCTBYET, TaK KaK I10 BEp-
THKaJIH OHM CMEILCHEL. [ecoMeTpuyeckue
pasMepbl aHTeHHHL: [ =30 M, d=31 M, BbI-
COTH! oABECa Map BUOpPaToOpoB HaX 3eM-
aeit 14 u 17 M. BUGpaTOpE! BEITONHAIOTCA
W3 WIECTH MPOBOMIOB NYaMeTPoM 4 MM, pac-
NONIO>KEHHBIX 10 06Pa3yIOHM KPYTroBOro
muMHIapa pamuycoM 12 M. [TogpobrocTH,
CBs3aHHEIE CO CXCMOH ITUTAHHA aHTCHHEI,
MO)XHO HalTH B [32].

JI1d co3nanus nosnd BepTHKAIBHOMN
TIONAPH3ALHH OGRIYHO IPUMEHAIOTCS CHM-
METPHYHEIE M HECHMMETPHUHbIE BEPTH-

2l

Puc. 11.3
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KaJIbHbIE BUOPATOpHI C TOHWKEHHBIM BOTHOBBIM CONIPOTHBIICHHEM I10 THILY
ot Hanenenko. B kauecTBe npoBoxos, o6pa3syronux BuGparop, 4acro
HCIIONB3YIOT OTAE/ICHHBIE H30IATOPAMH Y4ACTKH OTTAKEK AEPEBAHHBIX HIIH
acOOLEMEHTHBIX MayT.

CuMMeTpUYHEIe BEPTUKANbHEIE BHOPATOPE! MHTAIOTCA C MOMOIIBIO
JaByxnpoBogHoro ¢uznepa (puc. 11.4). HecumMeTpudHbIe BepTHKATBHbIC
BHOpaTOpHI MOTYT BHIIONHATHCA KaK B BapHaHTe HaeHeHKo, Tak H B BUIE
AHAJIOTOB INIOCKHX H KOHHYEeCKHX BUOparopoB. Pa3nudHsle BapHAaHTEI He-
CHMMETPHYHLIX BUOPaTOpPOB CXeMAaTHYHO IOKa3aHbl Ha pHc. 11.5.

Oco6EeHHOCTBI0 BEPTHKANBHBLIX HECHMMETPHIHEIX BUOPATOpOB SB-
ngerca HeoOGXOAHMOCTb METAILIHM3ALMHA IOBEPXHOCTH 3EMIIH NOX BHOpaTo-
poM. IoBepxHOCTHEI c110# MouYBH BOMM3HM BHOpaTopa BXOAUT HEMOCPEA-
CTBEHHO B LIETTb BXOZHOTO TOKa H OIPENIeA€T OCHOBHYIO 9aCTh MOIHOCTH
norepb. MeTajumn3alys MOBEPXHOCTH MO3BONAET CYLIECTBEHHO CHHIKATh
YPOBEHb TepAEeMOH MOLTHOCTH.

Puc. 11.4

Puc. 11.5

AHmeHHb! deKaMempogo20 (KopoMKoeo/1Ho8020) duanasoHa 295

Merannnsanus ocymecrsiserca ¢ nomomeio 80...120 nposoxos
muHoi (1,5...2), BeepooOpa3HO pacXoAAIIMXCA OT HIKHETO OCHOBAHHS
ubpatopa. UroOsl H30exkaTh MOBPEXAEHHH, IPOBOAA MOTYT IPOKJIANEI-
BaThcA Ha rmyOuHe 15...20 cm. Ot kavecTBa MeTayun3auuy 3asucut KI1J]
Bubparopa. B npueMHOM pexxume nomyctiumoe 3HaaeHue KI1JI vike, gem
B EpPEIAIOIIEM, II03TOMY IIPH HCIIOIL30BaHHA BHOPATOPa TONBKO IS IIPH-
eMa goctaroqHo 10...15 npoeonor mmHo#H okono 0,5/,

HecummMeTpudHbie BHOPATOpPH! MHTAIOTCA C HOMOIIBIO THO60 KOaKCH-
anpHOro Kabens, THOO €ro MpOBOJIOYHOTO AHAOTa — HPOBONIOYHOH KOaK-

CHANBHOH JIMHUH, OTIepevHOe ceveHue KOTopoii H3o6paxeHno Ha puc. 11.16,a
(cm. § 11.7).

11.3. CuHhasHble ropusoHTanbHble AUana3oHHble aHTeHHbI'
(cra)

Antennsl CI] [32] 4Basr0TCA OCHOBHBIM THIIOM NEpENAONIMX aH-
TeHH, NpuMeHaeMbIX B KB quanaszoHe mis paquoBemaHusa H PaaHOCBA3H
Ha Tpaccax 60mb1o# npoTmxeHHOCTH. OCHOBHEIMH IPEUMYIIESCTBAMH aH-
tenH CI'J] ansroTcsa BOSMOXXHOCTH noTyueHna Beicokoro KHJI (u KV, an-
TeHHBl HMeIoT Beicokui KIIM), a Taroke ynpasnenus J[H B ropuzonTans-
HOH M BEPTHKaNBHOH IUIocKocTAX. AHTeHHs! THna CIJl moryT paborarhb
6e3 nmepecTpoiiku B HENPEPHIBHOM [HAIIa30HE BOJH ¢ ko3 dHIHEHTOM He-
pexpsitha 2...2,5.

AHTeHHA mpeacrasnser coboit
IUTIOCKYIO CHH(}a3HYIO pEHIETKY, COCTO- 8414, a4,
SIITYIO M3 HECKOMBKHX PAROB (ITaxeit)
cuH(a3HO BO30YKIAEMBIX CHMMETPHY-
HBIX BHOPATOPOE, PaCHONOKEHHbIX Ha 2 Al a—4pe
ONPEACIEHHOM PACCTOSHMH d, APYT OT L ] — .
apyra (puc. 11.6). Sl Ads—Fr

B nacrosmee Bpems Haubonee [ 1 S—
pacmpoCTpaHeHs! OByX- (Tpacca - s U W Ao/t 7| 1 Ul
Hoi 1000...3000 kM), wersipex- (Tpac- I [ )
ca mHOoH ot 2000 10 6000...8000 kM) : 2z
1 BOChMH3TaXHEIE (Tpaca o1 6000 kM a,
u 6onee) anTeHHb. CHH(A3HOCTD BO3-

] [ n

a2
-

Puc. 11.6
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6yxneHns Bcex BHOpaTopoB Ha Mo0o# AMHE BOMHBI JoCTHraeTcs Giaro-
Iaps TOMY, 9TO PAacCTOSAHHS OT TOYEK MHTAHUA OTAEILHBIX BUOPATOpOB 10
TOYEK NPUCOEIUHEHHA MaBHOTO Qunepa (TOYKH a,, a,) OMMHAKOBbI. [{ua-
Ha30HHOCTB 110 BXOAHOMY CONPOTHBICHHIO 00€CIIeYHBACTCA IPHMEHEHH-
€M JTHaNa30HHbIX BUOPAaTOpOB, a Takke BKIKOYCHHEM B paclpefelTHTE b=
HEBIe (MIEpHI, OABONAIINE TUTAHKE K BUOPATOpaM, CTYyTICHYATHIX TPAHC-
dopmaropos (TpaHCHOPMHPYIOLIHX BCTABOK), 00MANAIOMINX Pa3IHIHBIMA
BOITHOBBIMH CONPOTHBIICHHAMH (Ha puc. 11.6 3th TpaHchopmMaTops 060-
3HavueHB! mubpamu /, ..., 4). [Ipu TimarensHOM noxbope BOTHOBEIX CONPO-
THBJIEHHH CTYNIEHYAaTHIX TpaHchopMaTopoB MOXHO noaydnts KEB B rnas-
HoM unepe He Bmwxe 0,6...0,65 B IBYyKpaTHOM IHaNa30HE BOJH.

B kauecTBe BHOPATOPOB NPHMEHSIOT: IIPOBOJIOYHEIE BHOPATOPHI C
TTOHM>KCHHEIM BOJTHOBHIM comporusiaeHneM (W= 280...470 Om), cocros-
IHe U3 TPEX NMPOBONOB M MMEIONIME TPEYTONbHOE TNONEPEIHOE CEUCHHUE;
JEeCTKHE [IyHTOBbIe BHOpaTops! (cM. puc. 6.3, @) H CaMOIONOIHUTEIbHbIE
IPOBONIOYHEIE TIOCKHE BHOpaTops! (puc. 11.7). B pemerkax, BHIDONHEH-
HEIX [T0 IPHHIIMITY CAMOJIONIOTHHTEILHOCTH, MOXKHO YMEHBIINTE YHCIIO 3Ta-
ke, IT0 06BACHAeTCA GONBIINMH BEPTHKATLHBIMY pa3sMepaMH ITOCKHX BUO-
patopos. Kpome Toro, yBenu4nBaercs JomycTHMAs MOIBOHMAA MOIHOCTb.

B anrennax CI'J] Haubonee 4acTo NpHMEHAIOT BUOPATOPHI ¢ ITHHOIH

mneda (0,35...0,45)A,, tne A, = ,}xmaxxmin 3 Anax ¥ Ay, — COOTBETCTBEHHO
caMelc JUIMHHAA H KOPOTKaA BOJIHBI pabouero [uana3oHa.

Jins co3faHnA OXHOHANPABICHHOIO M3IIyYeHHs aHTeHHa cHabxKaeT-
cs peIeKTOpOM, pacioaracMeIM Ha HEKOTOPOM PACCTOSHHH d, 0T moioT-
Ha aHTEHHBl. MOryT mpHMeHATECH peduieKTOPhl TPEX THIOB: [TACCHBHBIE
HaCTPaHBacMble, AIEPHOAMICCKUE H aKTHB-
HBIC (TIMTaeMBbIE).

Hacmpausaemviti pechpnexmop Bbi-
NOJIHAETCA B BHIE [I0JIOTHA U3 BUOPaTOpOB
(aHaNOrHM4HO MONIOTHY AHTEHHBI) H BO36YX-
naetca Grarogaps MpOCTPaHCTBCHHOM
ICKTPOMATHHTHOH CBA3HM MEXLY IIOJIOTHA-
mu. K Toukam a,, a, pednexropa mpucoe-
IUHAETCS OTPE30K JIMHHH, IJIHHA KOTOPO-
TO PETYIHpYEeTCa KOPOTKO3aMEIKaTeleM
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H KOTOPBIi CITYXKHT 114 HacTpoiiku peduekropa. Pednexrop ycranasnupa-
€Tcs Ha PacCTOSHHM a’p =(0,25...0,27)A,,. Hcrionp30BaHAE HACTPAHBAEMO-
ro pediekTopa nenecoobpasHo B TeX CIy4asX, KOTIa HMeeTca Heobxomu-
MOCTh B U3MEHEHHSAX HaNpaBICHHA H3TyIeHHA (pHeMa) Ha 06paTHoe.

Anepuodueckuil peghrexmop nipencTaBiseT coboi NIOCKUit IKpaH,
BBITIOJIHEHHbIN W3 FOPH30HTAIBHBIX NIPOBOJIOB, MapaeNbHbIX OCAM BHO-
paropoB. OH yCTaHABIHBAeTCA €33 AHTCHHE Ha PACCTOSHHH dp =
= (0,27...0,3)A,. Pasmeprl 3kpaHa HECKOJIBKO MPEBOCXONAT pasMepsl Mo~
JI0THA aHTCHHHI. ATlepHOIHYECKHi pedIIeKTOp NO3BOIACT 10 CPABHEHHIO C
HACTPOEHHBIM PeICKTOPOM 3HAYMTENHHO YMEHBLIMTH YPOBEHD H3IIy4e-
HMA B 00paTHOM HanpaBIICHHH, YTO BEChMa BAXXHO IS yMECHBIICHHUS B3a-
HMHBIX TOMeX pazuocTannui. JIns 5Toro paccTosHHe MeXIy NPOBOIaMH
3KpaHa JOKHO 6eITh mpuMepHo (0,035...0,07)A,,.

OCHOBHBIM JOCTOHHCTBOM AHTCHHBI C allCpPHOAHYECKHM pediiekTo-
POM ABJAETCA HEHY)KHOCTh HACTPOHKH, 2 HEAOCTATKAMH — CIIOXXHOE KOHCT-
PYKTHBHOE BHIITOIHEHHE H [TOYTH NIOJTHOE OTCYTCTBHE NIEKTPHIECKOMH IIpO-
3paYHOCTH (T.€. BO3MOXHOCTH NPOXOXKAEHHA NIEKTPOMATHHTHEIX BOJH,
H3ITy4aeMBIX APYTHMH aHTCHHAMH).

Axmueno numaemulii pegprexmop, Tak XKe Kak H HACTPOSHHBIH, Ipef-
cTaBigeT co0oil MONOTHO, HAEHTHYHOE IIONOTHY aHTEHHEI, BO36y X aemMoe
3a cYeT YaCTH MOIIHOCTH, MOJABERCHHOM K pedueKkTopy OT reHeparopa.
Anrtenna CI'J] c akTUBHBIM JHATa30HHEIM PeIeKTOPOM He TpebyeT nepe-
CTpoOiku npH cMeHe pabounx BonH. Takoit peduexTop nenecoobpasno npu-
MEHATH B TEX CIIy4asX, KOIJa aHTCHHA MCIONB3YSTCA NPH JaCTOH CMEHe
pabodux BOJH. ‘

JmarpamMMa HanpaBJICHHOCTH B TOPH30HTANIBHOM MIOCKOCTH (A =0)
OITHCHIBAETCA BHIPAXKEHHEM

F(9) = F(@)F (9)F (9).

3neck @ — a3UMYTANBHEI YTOIN, OTCUHTHIBAEMEIH OT ILIOCKOCTH aH-
TeHnsl; Fi(¢) — TH onHOro cuMMeTpHYHOro BUOpaTOpa B rOpH3OHTANBHOM
IWIOCKOCTH [CM. (2.9) ¢ 3aMeHo# yria 6 Ha @]; F (@) — MHOXHUTEND CHCTe-
MBI, onpeenseMblit uucioM BHGpaTopoB B paxy [cM. (3.7) ¢ 3ameHoi O Ha
oL F p(q)) — MHOXHTENE pedrnekTopa.

B ciyyae aneproauyeckoro peieKropa 3T0T MHOKHTEB JUIA Tiepe-
JHETO NOTYNPOCTPAHCTBA MOXKET OBITH OIPEENIEH € ITOMOLIBIO METOAA 3ep-
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KaJIbHbIX H300pakeHuil, 4To mpUBOIHT K Gopmyne (3.5) npu N=2, y =,
d=2d_ c 3ameHoii 0 Ha (T/2 — @).

anpasieHHBIE cBoiicTBa aHTeHHBI CIJ] B BEpTHKANLHOIM IUIOCKO~
CTH 3aBHCST OT YHCJIA 3TaXeH H BHICOTH HOABECA FEOMETPHIECKOTO LIEHTpa
H_ anteHH®! Haj 3eMieid. XapakTepUCTHKA HANPABIEHHOCTH B 3TOM CIIy-
qae F(A) = FchFa. 3neck A — yron B BEpPTHKANBEHOH MIOCKOCTH MEXIY
HAIIPABJICHHAMH HAa TOYKY HaOMIONEHHS H HOPMAIBIO K TUNIOCKOCTH aHTCH-
Hel, F_ onpeaemiercs no (3.7), B KOTOpOi B kauecTe N ¥ d MOACTaBIAIOTCA
YHCIIO 3TAXEH H PaCCTOSHHE MEXIY TaKaMH, a yroa O 3aMeHsAeTca Ha
(n/2 - A); F, 171 aneproMHIecKoro pedaexTopa onpenensercs 1no popmy-
ne (3.5)c 3ameuou 0 Ha A; F, — MHOXHTEb, YUUTHIBAIOIIUI BIMAHAE 3EM-
7, 06BbIYHO OHPENENAIOT 110 npn6nmerHon dopmyne F, = sin(kH, ps1nA),
kotopas cnexyeT H3 (11.4) mpu R =-1.

Yem GObIIE YHCIIO ITAXKEH M, TEM YXKe TIABHBIA JIENECTOK K MEHD-
mwe yron A .. YBEIHYCHHE BEICOTH OJBECA aHTCHHE! CONPOBOXIAETCS
CY’KCHHEM H NPHIKATHEM K 3eMITE ITIaBHOTO JIENECTKA, @ TAKXKE YBeTHIEHH-
eM YBJI B BepTHKanbHOM NIOCKOCTH. BBICOTa ImoBeca HMXKHEro 3Taxa
06b14HO BhIGupaeTcs paBHO# A,...1,75A. [Ipn ysenmuaennu paGoueit amu-
HEI BosHE! JIH aHTCHHH! B BEPTHKAIBHOH H TOPH30BTAIBHOH IIOCKOCTAX
pacompsiorcs. AaTedHs! CI'/l monsenHBatoTcs Ha JepeBIHHBIX, acbolte-
MEHTHBIX HJIH METaJUIHYeCKHX MadTax BricoToM o 100 M 1 Gonee.

Jna ynpasnenus JJH B BeprHKanbHOM INIOCKOCTH IOJIOTHO aHTEHHEI
0OLIYHO pa3OKBAIOT Ha JBE IPYNIITH! C PaBHBIM YHCIIOM BUOPATOPOR B KaX-
J0ii rpynie ¥ H3MEHAIOT COOTHOIICHHE ()23 TOKOB, MPOTEKAIOIIHX B BHOpa-
TOpaX pasiM4HBIX FPYIIL

11.4. Pombunyeckme aHTeHHbI

B muara3one JekaMeTpPOBBIX BOJH B OCHOBHOM B KaueCTBe Iepena-
IONMX AHTCHH A% PAAMOCEA3H MHPOKOE PACPOCTPAHEHHE IONYTHITHA POM-
6nueckue ropusonTanbHble (PI7) anTennsl. Takas aHTeHHa HpeACTaBIACT
co0oH AByXNPOBOIHYIO JIHHHIO, BHIIOJMHEHHYIO B BUIIE poM0a, K OIHOMY
H3 OCTPEIX YIIOB KoToporo noaeoautca S/IC BEICOKOH 9acTOTHI, K APYTO-
MY IPHCOETHHACTCA HArPy309HOE COIPOTUBIIEHHE, PABHOE BOIHOBOMY CO-
NPOTHBIICHAIO pOMOOBHIHO# JIMHHH, BCIICACTBHE Y9ETO B IPOBOAAX aHTCH-
HBl YCTAHABMMBACTCS PEXHUM Oeryiieit BONHLI. AHTCHHA NOABECIIMBACTCH
TOPH30HTAJILHO Ha HETHIpeX oropax BeicoTod (1,0...1,25)A,,
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CxeMaTHYHO BHEUIHHI BHX
anTesHsl PI' mpexcrasnen Ha
puc. 11.8, rne / — nuTalomas THHUA,
2 — onopsl, 3 — H30IATOPEL, 4 — Ha-
TPY304HOE CONPOTHBICHHE B BUME
noriomaroniei muuu, Takas aHTeH-
Ha ABISETCA AYANa3OHHON Kak Mo
HaPaBIICHHEIM CBOICTBaM, TaK H I1O
BXOHOMY compoTuBieHuto. Ona
MoxeT paboTarh Ha mobo# puKCH-
pPOBaHHOI 9acTOTE NMPHMEPHO B H-
anasoHe 2,5:1, coxpanas npu 3ToM
YAOBIETBOPHTE/bHbIE HANIPABICH-
HBIE CBOHCTBAa M MOYTH HeH3MeHHHH BricokHit KBB B nHTammen
JIMHHH.

Tak KaK pacCTOSHHE MEX Ty MPOBOIAMH, H3 KOTOPHIX BBIIONHEHA
aHTEHHA, HENOCTOAHHO, TO B JEHCTBHTEILHOCTH BOJIHOBOE CONPOTHBJIE-
Hue yBenudusaercs ot 600...700 OM y octporo yria pomba U NpUMEPHO
no 1000 OM y ero Tynoro ymia, 4TO BbI3bIBACT MECTHRIE OTPAKEHHS H Ha-
pyuaer pexum Oerynieit Bonusl. YToObl ceilath H3IMCHEHHE BOIHOBOIO
COIIPOTHBIEHHUA MEHEEe CYyNIECTBEHHBIM, KAX/YIO CTOPOHY poM0a BBINOI-
HAIOT U3 IBYX PacXOAAIIMXCA K TYIOMY YIIIy IpoBoOB. PaccTosiHue Mex-
Iy 9THMH IPOBOXAMH YBEIHYHBACTCA OT HYNA Yy OCTPOro yria 10 2...2,5 M
y TYIOTO yI/a, PH 3TOM BOJHOBOE CONPOTHBIEHHE BBIPABHUBAETCA IO
iaHe aHTeHHBL. [Tpy nurasuu Takoro pom6a mocpeacTsoM GuAEpHOH u-
HuH ¢ =700 Om KBB B Heii nonyyaercs BecbMa BEICOKHM BO BCEM pabo-
YeM THana3oHe.

ONeKTPOMArHATHOE MOJIC, H3Ty4aeMO€ TaKOH aHTEHHOM, MOXKHO Hal-
TH, IPOCYMMHPOBAB I0JIf, CO3AABAEMBIE OTAEIbHBIMH NPAMOJIHHEHHEIMH
npoBozxamH ¢ Gerymieit BoNHO#N ToKa, COCTaBISIONMMHU poMb. M3myuenue
OIHOTO TaKOro NpoBoja H3yyanocs B § 3.7. Kak Tam moxasano, J[H nposo-
Ja umHoH L uMeer BopoHKoo6pa3Hyo GopMy C HampaBIICHHEM MaKCH-
MaNBHOTO H3ITyYeHUs, OTKIOHEHHEIM OT OCH NpOBOAa Ha yron 8§, =
= arccos(1 — A/2L). Ecnu yron npy 3anuTeiBaeMoi BepmuHe poMGa BhIG-
patb paBHBIM 20, , TO CyMMapHO€ nojic GyIeT MMETh MAKCHMAIBHBIH ypo-
BCHb B HalpPaBJICHHH COOTBETCTBYIOLIEH IMaroHaly, Tak KaK, BO-IEPBHIX,

Puc. 11.8



300 AHmeHHo-hudepHbie yempolcmea u pacnpocmpareHue paduoeonH

[OJIA KOKXOTO U3 MPOBOJOB MMEIOT B 3TOM HalpaBJICHUH MaKCHMAJbHbIC
YPOBHH H, BO-BTOPBIX, KaK JIETKO NOKa3aTh, CKIAABIBAIOTCA cCHH(a3HO.

PoM6uyeckas aHTeHHA B 00IIEM ClTydae H3Iy4daeT Mo JABYX O/~
pu3aumMil — TOpH30OHTANEHOH (HOpManpHOH) H mapawiensHo#. OnHako B
IIABHBIX IUIOCKOCTAX, T.€. B BEPTHKAIIBHOM IIOCKOCTH, IPOXOLIeH Jyepes
MPOROIBLHYIO 0Ch poM6a, H B rOpH30HTaNIBHOMH ItockocTH (A = 0) uMeercs
TOJIBKO FOPH30HTAJIEHO NOISPH3OBaHHAsA COCTABIISIONIA.

IMonpoOHEIH aHATH3 HANpPaBICHHEIX CBOHCTB POMOHYECKOH aHTEH-
HEI HMeeTcA B [32]. B BeprukansHoii mockoctu (peHebperas 3aryxaHu-
€M TOKa B IIPOBOJIAX M CHUTAA 3¢MII0 HAcaNbHO mpoBonsmieit) JIH MoxxHo
onpenenuts o Gopmyne

f(A) = __cos®
(1-sin®cosA)
e H - BricoTa noziBeca pomba.

OnTumanbHble pasMepsl pomba /, @ u H BRIGHPAIOT Tak, YTo651 obec-
neyuTs Haubolee MHTEHCHRHOE H3Ny4eHHE oI HauGollee BEPOSTHHIMH
yIiaMH TIpHXOfia JIydeil B MeCTo puema (A, ), 3Ha9eHHE KOTOPHIX 3aBH-
CHT OT /UTHHBI JIMHHM pauocBA3H. IIpH 3aiaHHoM yriae A ONTHMANBHBIE
suadyenns /, ®, H HaxomaT u3 ycnosus Makcumyma nepsoro (P), eroporo
(/) m Tpersero (H) muoxureneii B (11.5):

D =90" A, ;=X /(2sin* A, ); H = A, /(4sinA

PacueTs! moxazanu, 9TO yMEHBIIEHHE JUIHHBI CTOPOHHI pomba B
1,5...2 pa3a no cpaBHeHHIO C ONTHMANBLHEIM 3HAYCHHEM HE BBI3KIBACT 33~
meTHoro ymeHbenus KY. IIpu nnvne Marnctpainu 1500...2000 xm oOb19-
HO mpuHHMatoT A = 15°. B aToM cirydae GepyT /= 4A; @ = 65° H=A,,
Ilpu Gonbiueii AnyHe MATMCTPAIH ONTHMANBHBIE pa3sMephl pomMba Bospac-
TawoT (0651900 @ = 70...75°, I = 6A, H = 1,25A).

BxoxHoe conporusienue pomba B uanasone somd (0,8...2,5)A u3-
menseTcs B npenenax 800...500 Om. Yacte momuocTH Py, NOABORMMO# K
aHTCHHE, TEPACTCA B HAIPY304HOM COMPOTHBIECHHH (M 3HAYHTENEHO MEHB-
Ie — B IpoBozax pomMba); KITJ anrenns kone6nerca or 0,4...0,7 Ha umH-
HOBOJIHOBOM Kpaio muanasona (A/A, = 2) o 0,55...0,8 Ha KOPOTKOBOIHO-
BoM Kpato (A/A = 0,8). Koaddpunuent nanpariennoro neficraus u KY pom-
OHYECKOi aHTEHHEI OIpENENAIOTCS o (opMynam, HMeromumMes B [32].

sin’ [!(21(1 ~sin®cos A)]sin(kH sinA), (11.5)

max )*

AHMeHHb! deKaMempoe8o20 (KOPomKoeonHoeo2o0) duanasoHa 301

OcHOBHEIE HeOCTaTKH poMOUYECKOH aHTeHHEI: Bricokuii YBJI (3Ha-
guTensHo Gonbumii, ueM y antenHs! CIJI), 4ro ocofeHHo mioxo ¢ TOUKH
spennsst OMC anTeHH, cpaBHHTENRHO HH3KMHA KI1JI 1 6onbimas nmiuomans
oA, 3aHuMaeMoro anTeHHol. [lonoxuTenbHEIe KauecTBa poMOUYECKOH
aHTEHHBI: IMMPOKHI pabounil AHana3oH, OTPaHHIHBACMEIH TOBKO YMEHb-
menneM KV u yxymuieHueM HanpaBIeHHBIX CBOFCTB 10 Mepe OTXO/a JUTH-
HBI BOJHBI OT OITHMA/IBbHOIH; IPOCTOTA MMTaHUA (AHTCHHA THTACTCA JBYX-
npoBoxHO# smHHeH ¢ W = 600 OM); MEHEIIAA CTOMMOCTD, YeM aHTCHHEI
CI']; npocToTa KOHCTPYKIHHE U IKCIUTyaTalkH.

Jns ymy4uieHus 3leKTpHYeCKHX napaMeTpos anteHnsl I 3. Aifzen-
Geprom GruTa npeToxKeHa ABoitHas pombuueckas ropuzonTansHas (PI7T)
AHTCHHA, COCTOAIIAS H3 IByX TOPU3OHTAILHEIX, HATO)XEHHBIX OIMH Ha Ipy-
roit pom6oB (¢ HeDOMBIIMM Pa3HOCOM 1O BEPTHKAIM), CMEIIICHHBIX OTHO-
CHTENBHO APYT APYTa B HATIPaBICHHH
MaJIoff THaroHaIH Ha PacCTOSHME d,
nopanka A, (puc. 11.9). O6e pom6Gu-
9eCKHE aHTEHHB! [THTAIOTCA Napal-
JIeNbHO M CHH(a3HO. :

VYpoBeHb GOKOBBIX ENECTKOB
JIH aBtenns1 PI'/] B ropusoHTanbsHOH
IUIOCKOCTH 3Ha49HTEILHO HIDKE, YEM
y anTenHs! PI' Takux xe pasmepos.
Tak xak 06a pomba, BxogAamye B aH- Puc. 11.9
TeHHy PI'J], BKIro4atoTcs napauie/ib-

HO, TO BONHOBOE U BXOIHOE CONPOTHBICHHE aHTCHHB! OKA3BIBAIOTCA B 2
pasa MeHblile, 9eM y aHTeHHH! PT, uto npuBozut K yBenuuenuio KI1JI (xo
65...85 %).

Kosddunuenr ycuneHHs yBeITHUMBAETCSA HO CPABHEHHIO C aHTCHHOM
PI" npumepHo B 1,5...2 pa3a BcaeacTBHe cHikeHusa YBJI U moBrimenns
KITA. Anrenna PI'J] nuraercs ¢ MOMOIIBIO ABYXIPOBOAHOTO buAEpa ¢ BOI-
HOBBIM conpoTHBIEHHEM W = 600 OM, KOTOpLIi NpHCOETHHAETCSA K aHTEH-
HE C IIOMOIIBIO YETHIPEXIMPOBOXHOTO (PHAEPHOTO TpaHCHOPMATOPa, IIOHH-
JKAKOIEro BoJHOBoe conporusiaenue ot 600 1o 300 Om.

B ciy9ae nepenaromeit aHTEHHBI B Harpy304YHOM CONPOTHBICHHH
Tepserca 20...50 % nonsoaumoit MoutnocTH. [TosToMy mpy Gonpiimx MoI-
HOCTAX ITEPelaTIMKOB HATPY30YHOE CONMPOTHBIIEHHE BHIMOJIHACTCA B BHJIE
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JUTHHHOM IByXIIPOBOJHON JIMHMH M3 cTasipHoro (mmxna 300...500 M) wiu
dexpanesoro (mmmHa 30...40 M) nposoaa ¢ GobmAM 3atyxanueM. [Tormo-
LIAF0IIaA JIHHMA (B BHE HECKOJILKHX IETENb) MOABENIMBAETCA Ha 00LIHX
JiepeBAHHBIX cronbax mon pomOoM Baoms ero Gonbmreit auaronamd. Ilpu
MaJIBIX MOIIHOCTAX Nepenat4uKos (1...3 kBT) niH HCIoNp30BaHMH AHTEH-
Hbl B Ka9€CTBE MPHEMHOH MOXHO MPHMEHATH CIeLHANLHbIE MACTHIHBIE
conporusieHua. [Ipucoemunas ¢puaep k koHuy pomba, a Harpy304Hoe co-
[IPOTHBIIEHHE K €ro BXOMY, MO>KHO PEBEPCHPOBATH AHTCHHY.

11.5. AHTeHHbI Geryuiei BONHbI

Anrenna Gerymei ronust (ABB) sBiserca mmpoxonHanazoHHOM
(k0o pHuLHeHT nepeKpRITHA MOXKET JOCTHIATH 2,5, .. 3) H IPHMEHAETCA TONB-
KO 211 ipueMa. AHTEHHA COCTOHMT H3 # CHMMETPHYHBIX BHOpaTopoB, Haxo-
JAIMXCS JPYT OT ApYyra Ha OMWHAKOBBIX PACCTOSHMAX, MPHCOCIHHEHHBIX
4epe3 pa3BA3bIBAIOIIHE COMPOTHBICHUA (MEMEHTHI CBA3H) K cobuparenn-
Ho#t nunuH (puc. 11.10). K xoH1y cobuparensHoit THHHM IpHCQeHHIETCA
HOIIOLIAOIIEE CONPOTHBIICHHE R, ,, PABHOE €€ BOJIHOBOMY CONIPOTHBIIEHHIO,
K Ha4yaIy THHHHA — NPHEMHHK, AHTEHHA MOABEIIHBACTCA TOPH3OHTAJIBHO
Haj 3emuieil Ha BoicoTe H = 16...40 m.

Jlns yacHeHHs NPHHLIHIIA JeHCTBHA AHTEHHB! PacCMOTPHM ee pabo-
Ty B pexuMe nepefaun. C TOUKM 3peHHA pexnma paboTsl cobnpaTensHoit
JTMHHH BHOPATOPBI C BKIIIOYEHHBIMH B HHX JJIEMEHTAMH CBA3H MOXHO 3a-
MEHHThb COCPENOTOYEHHBIMH (LIYHTHPYIOIMMH) CONPOTHBACHHAMH Z =
=2, +2Z_ (puc. 11.11). 3necs Z, — BXOAHOE CONMPOTUBIEHHUE OXHOTO
CHMMETPHYHOTO BUOparopa; 2Z , — CONPOTHBIIEHHE ABYX IOCIEN0BATENb-
HO BKJIFOUEHHBIX JIEMEHTOB CBA3H.

: : : ay d{_
T L Zox
¢. '~ Ry=W

i

vo K NPUEMHUXY

(]

Puc. 11,10 Puc, 11.11
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Jlna obecrieueHus mupokononocHoctd ABB HeoGxomuMo, 9To6k
paccTodHue d, Mex Iy BHGpaTopaMu GbLIO MAJIO I10 CPABHEHHIO C JUTAHOH
BoJHBL. IIpH BHIMOMHEHHH 3TOro YCIOBHA BIHsHMe BHOpaTopoB Ha mapa-
METPEI COOHpaTenbHOMH JIMHHH MOXHO YIeCTh, H3MCHUB e¢ pacrpecneH-
HbI€ MOCTOSHHEIE. JIONONHUTENBHAL IPOBOAMMOCTS Y| Ha SHMHHILY JUIH-
HBI coOMpaTeIbHOM JIMHAH, CO3aBacMas BHOpaTOpaMH M CONPOTHBIICHHA-
MU CBA3H, Onpesiensiercs no dopmyne ¥, = 1/[Z d].

H3MeHeHue pacnpeRe/IeHHOM NPOBOAHMOCTH JIMHHH BEAET K H3ME-
HEHHIO €€ BOJTHOBOTO CONPOTHBIICHHA H (ha30BOH CKOPOCTH L BOJIHBI B HEH.
Ecmu Y, MHOro MeHbIIe COGCTBEHHOH PacHpeNie/IeHHON MIPOBOAMMOCTH
muHEuH, To KBB B nHHH COXPaHAETCA BLICOKHM B JOCTATOYHO IIHPOKOM
JHaNa30He BOJH. Manoe 3HadeHHe l Y1 11| obecriegausaercs 3a c4eT BHIOOpa
Z .. Ecnu Z_ uMeeT eMKOCTHOH UM PE3HCTHBHEIN XapakTep, TO U YMeHb-
maetcs (pexumM 3amevienn). [Ipy 5ToM MaKCHMYM H3Ty4YCHHUS HaPaBiIeH
B CTOPOHY Harpy309HOTO CONpOTHBIEHHA. ECNA Z | MMeeT HHTyKTHBHBIH
XapaxTep, TO U > ¢ H UINTYUCHHE IPOHCXOAMT TaK, KaK OIMUCAHO B 3.2.4, T.e.
NOJ, YITIOM K OcH aHT¢HHB!. IIpH 5ToM aMminuTya 6erymeit BOJHEL B IMHUH
H3-3a M3My4eHHA OBICTPO crajaeT (Mo 3KCINOHEHUHANbHOMY 3aKoHY). Io
YKa3aHHBIM [IPHIMHAM HHIYKTHBHEIC J]IEMEHTHI CBA3H He IIPHMEHAIOTCA.

JluarpaMMy HampaBCHHOCTH aHTEHHBI B TOPH30HTANBHOM ILIOCKO-
cTH 6e3 ydera 3aTyxaHus B cCOOHpaTENbHOH IHHHE MOXHO PacCIMTATh, HC-
nons3ys (3.34). luarpaMma HanpaB/IICHHOCTH B BEPTHKANEHOH IIIOCKOCTH
IIPH HACAIbHO MPOBOAAIIEH 3eMie onpeaenicTcs mo Gopmyne

.sin[———"kd‘ (E —cos Aﬂ
2 \v

sin{k—d‘— (5 -cos AH
2 \v

(Benuuuna v MoxeT ObITH paccuuTaHa 10 GopMynam, IpUBENEHHBIM
B [32]).

Kak u Bcsixas aHTeHHa Gerymieit BOJHBI ¢ TOHMKEHHOM (a30Boi cko-
POCTBIO, paccMaTpHBacMas aHTCHHA UMEET ONITHMABbHYIO JIMHY (cM. § 3.7).
YpoBeHbs GOKOBBHIX JENECTKOB CHIBHO 3aBHCHT OT ()a30BOTO COBMIa Vio
MEXIyY TOKaMH B KpaifHUX BUOpaTopax. PacueTh! TOKa3bIBAIOT, YTO IPHEM-
JIEMBIH Hana30H H3MEHEHHA Y NOMydaeTcs IIPH 9ucie BUOpaTtopos, He
npessimaromeM 20...40. 1o, B CBOIO OUepeb, HAKNAILIBAET OrPaHHYE-

fa)=

sin(kH sinA). (11.6)
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HUs Ha OOyl ANHHY aHTeHHb. JITHHA THIOBOW AHTEHHB! COCTABIAET
90 M; YBJI Tako# aHTEHHBI 3HAYUTEILHO HHXKE, YEM Y pPOMOHIECKOH.

JnuHy mieda onHoro BHGpaTopa BHIOHPAIOT MPHMEPHO PaBHOMH
0,7A,;,- Tlpy Gonbiedi AMMHE ey HaNpaBlIeHHbIE CBOHCTBA BUOpaTopa
Ha KOPOTKOBOJTHOBOM Kpalp pabodero Anama3oHa pe3Ko yXYIIIalOTCH.
VMeHbIIIeHHE JTHHB] BUOPATOpa TaKKe HEXXEIATEIbHO, TOCKOMbKY 3TO IpH-
BOJIUT K YBETTHUCHHIO €T0 Z_ , YMEHBUICHHIO CBA3HU C COOUPATENLHOM THHHU-
el Ha JUIMHHOBOJIHOBOM Kpaio pafodero Auamna3oHa M, Kak CIEACTBHE,
K cHmkennio KIT.

Beicora nofseca anTeHHR! H BHIOHPAETCA M3 YCIOBUS IOIY4YECHHA
MaKCHMAaIIbHOH HHTEHCHBHOCTH IIPHEMA NPH 331aHHOM, HauGomee BEposT-
HOM yIie npuxofa iy4eii A. O65I9HO OTPaHHYUBAKOTCA BEICOTOH MoABECA
npuMepHo 25...35 M.

Koad¢HuneHT HanpaBleHHOro AeficTBHA THIOBOH aHTeHHB! BC,
OOJBEMICHHOI Ha BbicoTe H = 25 M, B TPEXKPATHOM AHaNa3oHe BOIH (A =
=12...36 M) uamMensercs npumepHo ot 35 xo 200; KV B ToM xe ruanasone
usMeHserca ot 4 mo 30; KIIJT - ot 15 no 38 %.

Han6onbmee pacnipocrpanenue nonydw ABB, cocrosmme u3 AByX
TONIOTEH, PACHOJI0KEHHBIX MAPAIINCIBLHO HA OMMHAKOBOH BBICOTE (aHTEHHA
BC-2) ¢ napamie/ibHO COeTHHEHHBIMH BXOIaMH. PacCcTOAHHE MEXTY HOJOT-
HaM¥ THIOBBIX AHTEHH COCTaBnAeT 25 M. JluarpamMma HanpaBIeHHOCTH
JBOMHOM aHTEHHB! B TOPH3OHTATLHOM IJIOCKOCTH 3HAYMTENBLHO YXke, 4eM
OUHOYHOM. YpoBEHD GOKOBBIX JenecTKOB aHTeHHH BC-2 06Gp1uHO He npe-
Bpimaer 0,1...0,08. KoaddumenTt HanpaBneHHOTo NEHCTBHS JBOHHOM aH-
Tennbl Gonboie, yeM KH/I ogvHouHOM anTeHHEL, B 1,5...2 pasa, a KY —B
2 pasa.

st mpHeMa mapaliielbHO-IONAPH30BaHHOTO IO HCIONB3YETCA
BEpTHKa/IbHAsA HECUMMETpHyHas ABB ¢ aKkTHBHBIMM 31€MEHTaMH CBA3H
(BCBH) [32].

O6muM HepoctatkoM ABB ¢ 3ieMeHTaMn CBA3H ABIMETCS BEChMa
uuskuit KIT: u3-3a cnaboii cBa3u BUOpaTopoB ¢ coOuparensHOH TMHUEH
H3ITy4aeTcsl CPaBHHTENIBHO HeOONBINAs YacTh IOABORUMOU MOIIHOCTH,
OCT/IbHasl MOIIHOCTH MOIVIONIACTCA B HArPY304HOM CONpoTHBIeHHH. [To
3TOi IPHYHHE PACCMATPUBAEMBIC aHTCHHBI HE IPHMEHAIOT B Ka9eCTBE Iie-
PeIaroIInX.
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11.6. Noronepuoaunueckue aHTeHHb! (JIMA)

Hampasnennsie csoiictBa KB antenn, paccMoTpennsix B § 11.2-11.5,
CYIIECTBEHHO MEHAIOTCA C H3MEHEHHEM JUTHHEI BOTHEL M3MeHAeTcs i opH-
eHTauus J[H oTHOCHTENEHO MOBEPXHOCTH 3¢MJIH: YTOM BO3BHIICHHA MaK-
cumyMa JTH yBennyuBaeTcs MponopuHoHansHo A, I103ToMy i mepekpsl-
THa pabouero mnanasona (10...100 M) Tpebyercs He MeHee OBYX Iuamna-
30HHBIX aHTEHH, KOKJas H3 KOTOPHIX 06CITyKHBaeT cBoi nopnnana3soH. [Ipu
9TOM NIPUMEHEHYE KOMIUIEKTa aHTEHH He YCTPaHAET 3aBHCHMOCTH HAIIPaB-
JEHHBIX CBOHCTB aHTEHHOM CHCTEMBI OT A, YTO OCOOCHHO HEXEIIATENbHO B
paIuOBeLaHHH, I1e CEKTOp OOCIyXHBaHHA He JOJDKCH H3MEHATHCSA NpH
cMeHe paGoueH BosHbl. KpoMe Toro, ClieRyeT OTMETHTD, 4TO COBPEMEHHEIE
aBTOMATH3HPOBAaHHLIC IEPEHATIHKH NPCIBABIAIOT NOBBIICHHEIE Tpe6oBa-
HHA K IOCTOSTHCTBY BXOIHOI'O COIIPOTHBIIEHHS aHTEHH B paboyeM AHanaso-
He (KBB B dunepe, kak npasuno, He JomkeH ObITE Meree 0,6...0,7). OGe
mpo6ieME! paspemaroTcs npH ucnons3osannd JIIA (cMm. § 7.5).

Ognmna JIITA moxer paborars Bo Bcem KB manasone (A = 10...100 m),
COXPaH#As MPH 3TOM NPAKTHYCCKH NOCTOAHHBIE HANIPABICHHEIC CBOHCTBA 1
BBICOKOE cortacoBanue (K, = 0,6...0,7) ¢ nuraromum dpuaepom.

B KB guanasone B 0CHOBHOM npuMeHsmoTcs 1iockue JITIA ¢ npoo-
JIOYHBIMH TPANEUEHIATBHBIMH, TPEYTOIBHBIMH 1 JIMHCHHBIMH BUOPaTOpPaMH.

Ja nocrosarcrsa JIH B BepTHEKAIBHOMN IIOCKOCTH Ha I060H puxcH-
POBaHHOH JUIHHE BOJHBI B NPEEIaX 33JaHHOrO JHalla3oHa IOJO0THO aH-
TCHHBI PACcroNaraeTcA Mo HEKOTOPEIM YITIOM A, K MOBEPXHOCTH 3EMIIH
(puc. 11.12). TIpu TakoM pacrionoxeHHH OTHOCHTEILHAS BHICOTA NOABECA
AKTHBHOH 30HBI, KOTOPas MEPEMEIAaeTCA BIOIb AaHTCHHEI, HE H3MEHAETCH
[PH U3MEHEHHH A.

B BepruxansHo# miockoctu JIH onpenensercs nedcTBHEM aHTEHHE
H e¢ 3epKanbHoro n3obpaxenus (puc. 11.13). OHa ABIsgETCA PE3yIBTATOM
cioxenus JIH nonoreH aHTEeHHB! M 3¢pKATBHOTO H300paXXEHHA C YYETOM
NPOCTPAHCTBEHHOTO HX Pa3HOCA, ONPENEIAEMOTO YITIOM A, M CIBHTOM (a3
Tok0B B HHX (Y = 180°).

Jna cyxenus [{H B ropH30HTANBHOIM IUIOCKOCTH U yBennueHus KY
MOXHO coeMHATE ABe-TpH JIIIA B cundasnyio pemerxy. Yrobet JH pe-
IMETKH HE 3aBHCENIA OT YacTOTHI, HOJIOTHA aHTEHHE! PACIONATAIOTCS MO
YIJIOM JIpYT APYry ¢ BepUIMHAMH B 00HIEH TOUKE HA IIOBEPXHOCTH 3€MJIH.
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Puc. 11.12 Puc. 11.13

11.7. Bonpocb! NUTaHUA KOPOTKOBONHOBLIX aHTeHH

B xayectBe punepos nepesatomux KB anTeHH Haubonee 4acTo HCIONB3y-
I0TCA IBYX- U YETRPEXIPOBOIHEIC BO3AYLIHEIC CHMMETPHYHEIE THHuH (pHC. 11.14,
a, 6), a TaKkKe YETRIPEXNPOBOIHEIE NepeKpelueHHble Guaept (puc. 11.14, 6), co-
CTOALIHE U3 COEOHHEHHBIX NEPEMBIYKAMH KPeCT-HaKpecT IPOBOAOB. JTH Guaepsl

{?‘7_4 @ . _?—

Puc. 11.14

O6BIYHO BHIOJHAIOT W3 GUMeTamTHyeckux (CTanbHOM IpoBoy,
TIOKpPBITEI MeaHOH 06004Koit) MpoBOROB AuameTpoM 3...6
MM, PaccrosHne Mexay npoBoaaMu cocTapier 225...450 Mm.
Jsyxnposonusie ¢pumeps! (W= 600 OmM) MOryT mpomyckars
MOMIHOCTE A0 50 kBT, uernipexnposoanee (=300 Om) — 10
100 xBr. ITpx 60np1nx YpOBHAX MOLIHOCTH NpoBoAa dhuaepa
BBINOJHAKTICA B BUAE MHOTONPOBOJOYHBEIX IHIHHAPOB
Puc. 11.15 (puc. 11.15).
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BoIHOBOE CONMPOTHRIEHHE ABYXIPOBOAHOTO (OXHOMPOBONOYHOTO) usepa
apu 2a/D << 1 (410 06RIYHO UMeEET MECTO)

W = 276lg(D/a). (1.7

YeThIpeXPOBOAHMIH OXHONPOBOIOYHEIH CHMMETPHYHEIH HeTepeKpeLeH-
Hblil Quep HMEET

w =1381g[D,\}D[2 +D} /(aDz)], (11.8)

nepeKpeLeHHbIH

W= 1381g[D,D2 /a\fD,z +D22:| : (11.9)

Ilpu pacueTe BONHOBBIX CONPOTHBIICHHI MHOTONPOBOJOYHBIX (uAepoB
MPOBOOMHSIC NIAMHAPEI 3JAMEHIIOTCA CIUIOIIHBIMM ¢ SKBHBAJICHTHHIM PagHyCOM

R, = R¥Yna/R. 3necs n—uncio IPOBONOK B OJIHOM TIPOBOJE (LIMTHHIPE) PATHy-
coM R.

JU1s NHTaHHA NEPEAAIONINX aHTEHH HCIIONB3YIOT TalOKe HECHMMETPHYHbIE
KoHUeHTpudeckue (puc. 11.16, a) u Hecummerpuunrie wiockue (puc. 11.16, 6)
MHOrOnpoBOAHBIe GHASPH. B cliyyae KOHUEHTPUYECKOTO (QHAEpa MHOTONMPOBO-
JIOYHBIM MOXET OBITH BBINOIHEH TOJNBKO BHELWHHI NPOBOI HiIH 00a — BHELIHUIA H
BHYTpeHHu#H nposoza. CuMMerpryHsie GHAEPH KpenaT Ha IePEeBAHHbIX, acboue-
MEHTHBIX HIH JKeJIe300eTOHHEIX onopax. [locneanHe UCIONB3YIOTCA JUIA TMOABEC-
Kd TxensIX ¢ugepo ¢ W = 120 Om. K onopaM ¢uaepsl Kpemar ¢ MOMOIBIO
CIeLHAJILHBIX H30/IATOPOB.

6 &6 b o o
R A R

9

Puc. 11.16
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B HekoTOpBIX ciydasx ana nuTaiud KB aHTeHH HCIONE3YIOT KOAKCHAIb-
Huli kaGens. B HacTosee BpeMs BBITYCKAOT KOAKCHANBHBIH KaGenb, BEIIEPKUBaA-
rouuii MowHocTh (upu K, = 1) 250 xBT.

Dopmyisl U1 pacyeTa BONHOBBIX CONPOTHBICHUH QHIEPOB PasmHYHBIX
THNIOB npuBoasTcsa B [32].

OCHOBHBIMH MTapaMETPaMH, KOTOPRIMH OLICHHBAETCA KaY€CTBO MEPEARIOILETO
¢bunepa, apoTca npomyckHas momHocTe M KITJl. MakcHManbHas MOLIHOCTS,
npornyckaeMas GHAEpOM, ONpeNeNnaeTcs NEKTPHIECKOH MPOYHOCTBIO H30/IATOPOB
Y BO3AyXa, OKpyKatowero ¢uzaep. Eciu HanpsyxeHHOCTh IO/IA IPEBOCXOJUT HEKO-
TOpOE OIpENeNIeHHOE 3HAYEHHE, TO HAYHHAETCA MOHU3ALMA BO34YXa, YTO MOXET
npHBecTH K ero npoboro. [Ipoueccal HOHU3ALHK MOJIEKYJI COMPOBOXKIAAIOTCA H3ILY-
YEHHEM IEKTPOMArHUTHEIX BOIH ONTHYECKOIO JHANA30Ha, BCISACTBHE Yero IIpo-
HCXOQUT CBEYEHHE HOHM3UPOBAHHOTO 06beMa Boznyxa. CTon6 HOHH3HPOBAHHOIO
BO3/yXa [IOAHUMAETCS BBEPX, NpuHMMan GopMy daxena («daxeabHOe HCTEUEHHE).
3T0 He[IOMYCTHMO, TaK KaK MOXET IPHUBECTH K NEPErpeBy H PacIUIaBICHUIO MPO-
BOJIOB, @ TAKXKE K IOTEPAM BBICOKOYACTOTHOM dHeprus. HanpaxeHHOCTh o4, IpH
KOTOpO# MOXET NPOH30HTH CaMONIPOH3BOIbHOE 06pa3oBanue (akena, Ha3bIBAET-
¢ HauanvHou. HayanbHad HaNpsOKEHHOCTD 11014 paBHa npumepHo 30 kB/cM. O6hbrd-
HO NPUHHMAETCA, YTO AOMYCTHMAs AMILIMTYAA HANPDKEHHOCTH nost £ npu-
MepHO paBHa 6...7 kB/cM.

MaxkcHManbHas HaPAKEHHOCTB ITOJA BO3HUKAET Y IOBEPXHOCTH IIPOBOJIA.
Ecnu Tok pacnpeneneH paBHOMEPHO [0 NEPUMETPY NPOBOAHUKA, TO /= 2nHa (H -
HaIPAKEHHOCTH MATHUTHOTO 11071s1). Tak Kak BAOIb BO3MYIUHOH THHHM PacpoCT-
pausiorcs T-gonusl, 10 E = W_H, rae W, = 120 Owm, u, cneaosareisto, £ =
= 120/1/2am. Hockonsky I = U/W, rae U~ HanpsokeHUE MEXTY MPOBONAME THHUH,
10 E =60U/(aW). B MHOrONpOBOAHOM JTHHHH TOK, IPHXOAAIIMIACS HA OMH PO~
BOJI, yMEHBINAETCA B 77 pa3 (17— YKCIIO Nap POBOJOB), M B JaHHOM ClIyuae

E_, = 60Ul(naW). (11.10)

AMIIJ'IHTyZla HalpAXEHUA B IYYHOCTH CBA3aHa C MOLHOCTBIO, IIEpenaBac-

MOii Mo JHHHM, CooTHOWEeHHeM U = "2PW/ K, . Iocne moaCTaHOBKU ITOrO
BhIpaxkeHUs B (11.10) nomyyaem

Eomax =60\/2P/na1fK5,,W. (11.11)

3necs E_,, — aMIIMTY/a HAIPAXKEHHOCTH MEKTPHIECKOTO NONS Y MOBEPX-
HOCTH MPOBOJHHKA B ITyYHOCTH HANPDKEHHA.
MornHocTs, KOTOPYH0 MOXHO NEPEeaTh 10 BO3AYIIHOMN NHHUY 6¢3 OMaCHOCTH

{axenpHOTO HeTeuenus, onpenensrot u3 (11.11), npudem samerstor £, Ha E
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Pon= EL. (na)*Kg,W/T200. (11.12)
Ecmu npoBoaa ¢unepa BEINONHEHE! H3 MHOTOIPOBOIOYHBIX LIWIHHAPOB, TO
Pon™ E2oi(nayKg WI(T20087E2). (11.13)

Koo dunpents §,  §,, yuuTHIBaIOLINE HEPABHOMEPHOCTD PACIPEAEEHHS
TOKa MO NPOBOIAM LHIIMHAPA, MOKA3bIBAIOT, BO CKONBKO Pa3 TOK B MPOBOJIOKE C
MAaKCHMAJIbHBIM 3HAYEHHEM TOKa IIPEBHILaeT cpeaxee 3Hadenue //n. Koadduun-
eHT &, yUHTEIBAET HEpaBHOMEPHOCTb pacnpe/eNen s TOKa 10 NEPUMETPY OfIHO#
HPOBONIOKH.

Kooddumpent &, 3aHCHT B OCHOBHOM OT BOJHOBOTO CONPOTHBICHHS H THITA
ounepa. Ha puc. 11.17 npuBeneHs! rpaduky 3aBHCHMOCTH &f ot W mna aByxnpo-
BoztHoro (puc. 11.17, a) u yetnipexnposoauoro (puc. 11.17, 6) dunepos. Koaddu-
uuent &, MOXHO oueHuTs 10 dopmyne &, = 1+ (n—1)a/R , tre a— panuyc nposoza;
R ~ panruyc UHANMHADA; 1 — YMCIIO NPOBOIIOK B WIHHAPE.

5 I
16 \ 16 \\

14 N 14 \\
12 P

10 10 I~

200 300 00 W 50 S0 130 10 210
a) 3
Puc. 11.17

Jna yBenudyenus dIeKTPHYECKOH POYHOCTH DUIEpa HANO CTPEMHTLCH K
ToMy, 9T06b1 Ko3pduumenT &, Gblm GTH30K K eMHMIE. ITOrO MOKHO ACGUTECS
HEPaBHOMEPHEIM Pa3MELEHHEM IIPOBOJIOK B LIUITHHIpE.

Kosdpdunuenr nonesxoro aeicteus ¢puaepa paBeH OTHOILEHHIO aKTHBHO
MOLIHOCTH, BBI/IENAEMOIi B Harpy3Ke Ha KoHue duuepa (Py), K NONHON aKTHBHOK
MOILIHOCTH, NOABEACHHOM K Havany nunuu P. Eciu oTpaxeHue OT Harpysku oT-
cytcrByer, To KIIJI moxHO HaiiTi o dopmyane

n= exp(—2a¢L), (11.14)
rxe L — nnna pupepa; a,= R\/2W - xoadduiment aatyxanus; R, — conpotHene-
HHe QHIAepa HA EAUHMILY JUTHHBL

Jns HeskpaHUPOBaHHOM MHIY KO3 PULHEHT 0., ONPENeNAeTCA IOTEPAMU
B METAILIe IPOBOLOB O, , 3EMJIE O, M OKPYXAIOMHX IPEAMETaX Ot
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a¢=au+a3+aox

Ko3¢bduuuent ¢, 114 CHMMETPHYHBIX BOJIYIIHEIX DHICPOB ONMPEAEIAIOT
no gopmyne

« =5510° 1, /6 /{aWAn),

rie G — yaAenbHasl NPOBOAHMOCTE MaTepuana nposofa, Cum/cM; |1, — OTHOCHTEINb-
Had MATHHTHAA NPOHHLAEMOCTh MATEPHAIA NIPOBOAA; 1 — YHCIO Nap MPOBOLOE;
A — IIMHA BONHBI, M; a — PAJMyC OPOBOAA, MM.

A xoHUeHTpHYecKoro Gunepa o, = R,(n, + n2)§/(2 Wnn,), tue n; — guc-
710 IPOBOZOB BO BHEIIHEM LMIHHApE; M, — YHCIIO MPOBOJIOB BO BHYTPEHHEM IjH-
nuHAIpe; R, — MOrOHHOE CONPOTHRICHHE OJ(HOTO NpoBoxg; § = 4nn,(n, + ;12)2

Koa(quuueur 0., CYHIECTBEHHO 3aBUCHUT OT KOHCTPYKLMH (uaepa, ero reo-
METPHIECKHX PA3MEPOB (B OCHOBHOM OT PACCTOSHHSA MEXIY POBOIAMHU) H BhICO-
Thl TofiBECA Ha[ 3emieil. [ToapoGHble NaHHEBIE O 3TOMY BONPOCY NMpPHBEACHEI B [32].

[Mpu Hanuyuu orpaxenuit KI1J{ ¢unepa magaer [32]:

P
N=—-"—=exp(-2a,L)

1-|pf
Py-P,, 1-1p {* exp(-4a,L)’

e o, ~ K030 uIUeHT 3aTyxaHus duaepa; L — AnnaHa Guaepa; p — koddbpuument
OTpaXKeHHs OT HArPy3KH.

JTumepamypa: ocrosuan [32), donornumensnas {1, 12].
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KoHTponbHbIe BONpOChHI

1. Yem obycnosieHs! ocobensocru anterH KB fuanasona?

2. O6bsacHUTE, B KAKHX CIIyYasX CIEAYeT MCMOIB30BaTh AHTEHHH! BEPTHKAILHOMN (ma-
PpajienbHON) NONAPH3ALMY, 8 B KAKHX — NOPH3OHTANLHOH (HOPMANEHOH)?

3. IloAcHHTE, 9TO IOHHMAETCA ITOR MPOCTPAHCTBEHHOM H 3eMHOH BONTHAMH.

4. Naitre noapoGHbIi BrBOA BEIpaxenuit mis J{H orpaxkerHoro ot 3emiau noma. Yia-
KHTE NpeRebl IPHMEHHMOCTH 3THX nupa)xeﬂuifl.

5. Coopmymupyiite 06061eHHEI METOX 3ePKaIbHBIX H306PaKCHHI.

6. B 4em cocrouT npocteiumii (1 HanGonee 4acTo MCMONB3yeMEli) criocob ynpasme-
HHA MOJI0KEHHEM I1aBHOTO Makcumyma JIH B BEPTHKANBHON TIOCKOCTH I AHTEHHE! ¢

- TOPH3OHTAIIBHOH TonApu3auuei?

7. O6bscHHTe, TOYeMy BHGPATODBI C IOHIKCHHBIM BOJTHOBBIM CONPOTHBIICHUEM 00712~
[T YIy4IIeHHBIMA AHana30HHBIMH cBofcTBaMn?

8. Uzobpa3suTe KOHCTPYKIHIO LIYHTOBOTO BUGpaTopa ¥ 00bACHUTE NPHYMHY pacilupe-
HHS €ro pabouero uanalona.

9. O6BsAcHHTE, C KaKOH Liebio H B KAKHX CIy4YasX ClIC[yeT IMPOH3BOAMTL METAJLIN3a-
LMIO IOBEPXHOCTH 3eMiIH mox anTeHHo#i? Kak ocyimecTBIAeTcA MeTannv3anua?

10. J\ns Kakux aHTEHH METaUIH3aLiA 3eMIIM He faeT omyTUMBIX 3 dexTon? [Toyemy?

11. H306pa3uTe HECKOIBLKO BO3MOXHBIX BapHAHTOB KOHCTPYKTHBHOIO BBINOTHEHHS
NMPOCTHIX AHTCHH BEPTHKAILHOM NONAPH3ALIMH.

12. Yro Takoe aHTCHHA 3EHUTHOTO HaMy4enus? B Kakux cydasx Takue aHTEHHHI ITPH-~
MeHsoTea? .

13. Mepeuucaure ocHOBHEIE (GaKTOPHI, 00ECIEYHBAIOIHE IIHPOKOTIONOCHOCTD AHTEHH
tHna CI'I.

14. CpaBHHTE NPEHMYLIIECTRA M HENOCTATKH ANCPHONHYECKHX ¥ HACTPaHBacMbIX ped-
JIEKTOPOB. ‘

15. OnuiuKTe TpHHUHN OSHCTBHA K KOHCTPYKTUBHOE BBIIONHCHHE pOMOHYECKOH aH-
TECHHBI,

16. YkaxuTe IPUYHHBI YITYYLICHHS dNEKTPHUECKUX XapaKTEPHUCTHK [ aHTEHH THIa
JBOHHOM poMOG.

17. OGwsicHHTe NpHHLMI AeicTBHA anTeHH THoa ABB,

18. O6wsachuTe, noyeMy B ABB He KCnosb3yloTcs HHIYKTHBHBIC YTEMEHTbI CBA3H?

19. O6bsAcHHTE, IOYEMY [ONIOTHO JIOTONEPHOIHYECKOH aHTEHHBI PACcOIaraloT oj yr-
sioM K 3emne?

20. ONUIIKTE BAPHAKTHI JIMHMH NEPENAdH, HCHIONL3YEMBIX B Ka4eCTBE (HICPOB IEpe-
naomux KB anTeHH.

21. Tepeunciyre GaKTOps!, NO3BONAIOMIAE YBEITMIHBATH POITyCKAaeMy:O huaepoM Mow-
HOCTB.



Mnasa 12. AHTEHHbI CPEHHMX, ANMUHHDbIX
W CBEPXAJINHHbLIX BOJH

12.1. OcobeHHOCTHU aHTeHH

Cpennue Bonusl (A = 100...1000 M) 1OCTHrarOT TOYKH NpHEMA, Pac-
TIPOCTPAHAACH BAOJIbL IIOBEPXHOCTH 3eMIH (3¢MHasd, WM IOBEPXHOCTHA,
BOJIHE) H OTpakasch (B BeuepHee H HOYHOE BpeMs) OT ciod £ HOHOC(eps!
(npocTpaHCTBeHHasA, HIIM HOHOC(EepHas, BonHa). ITo cpasHenuio ¢ KB nu-
ana3’oHOM JAJBHOCTh PAacHpOCTPAHEHHS 3€MHOH BOJHBI BO3PACTacT O
500...700 xm (Hag BOxHOH NMOoBEPXHOCTHIO — 110 1000 kM). D10 0OBACHACT-
€s yMEHBIICHAEM TOMIOUICHNA B 36MIIE H YBeNnH4eHIeM xudpakuuu ¢ poc-
TOM JUTHHBI BOJIHEL. '

ITpocTpaHCTBEHHBIE BOIHEI B HOYHBIE YACH MOTYT PaclpOCTPaHATh-
cs Ha paccrosaue 2000...3000 km.

VYeroityuBasg cBa3p Ha CB BO3MOXKHA TOMBKO MPH IpHEME 3eMHOH
BOJIHBI B OTCYTCTBHE MHTEP(EPSHIMH MEXIy 36MHOH M IPOCTPAHCTBEH-
HOI BONHOI, 9TO [IPH CHELMaNbHEIX KOHCTPYKUMAX [IEPEAIONMX aHTCHH
uMeeT MecTo Ha pacctoaHmix 50...200 kM ot nepepardyuka (30Ha yBEpeH-
HOTO TipHema). Janee pacrionaraercs TaKk Ha3bIBaeMas 30Ha OAUNCHUX 3a-
mupanui (benunra), rae Mo 36MHOH H NPOCTPaHCTBEHHO# BOTIH COM3Me-
puMeL. BeneicTBre M3MEeHYHBOTO XapakTepa $asbl Mol NPOCTPAaHCTBEH-
HO#t BOJHBI IpHEM B 3TOH 30HE HeycToH4uB. IIpH fanmbHelimeM yBemHde-
HMH PAaCCTOSHUA HauHHaeT npeobiafarsh momie MpoCTPAHCTBEHHOH BONHBI
(B HOuHOE BpeMs). [IpueM 3xeck Takoke HEYCTOHYHB (JaIbHUE 3aMHPaHHUA,
CBA3aHHBIC ¢ HHTepdepeHnued BONH, OTPAXCHHBIX OT HoHOCheps! 1...2
pasa; HeCTaOH/IBLHOCTE MOJIAPH3ALMH IPHUXOAIIEH BOHBI).

Vicnone30BaHue LIS PAIMOCBA3H 3€MHOH BOJHbI NPENOIpPEAETAET
npumenenne B CB auana3oHe aHTeHH C BEPTHKAIBLHOM (mapalliesbHOMH)
HoNMApH3aNHei, OCKOIBKY JUIA 3TOro nManasoHa (u TeM 6omnee Ui JIHH-
HOBOJTHOBOI'O M CBEPXIMHHOBOIHOBOIO JHUANa30HOB) 3aMeHa peanbHOH
3eMIIM HAEaTbHO NMpOBOIAINEH emie Oosee onpapnaHa, 4eM B cinydae KB
nAuanazona (cM. § 11.1)
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JInsg paciiupeHHs 30HBI YBEPEHHOTO NIPUEMA CIIeAYET HCIONb30BaTh
aHTEHHBI, MaJI0 H3Iy4Jatolue nox yrnamu A > 40...50° u, cenoBarensHoO,
He B030yKaromue HoHoCc(hepHEIe BOMHEL, PAaCIPOCTPAHAIONIMECH O] 3TH-
M yrnamH, Takue aHTEeHHBI HOCAT CIIENHAJIBHOE Ha3BAHHE QHMUDEOUH208bIX.

CpenHiie BOIHBI HCIIONB3YIOTCA IIaBHBIM 06pa3oM IS pagHoBema-
aus (A > 187 M), MOPCKOi CBA3M M PaTHOHABHTALMH.

MexaHH3MBl PacIpOCTPAHEHHA UTHHHBIX M CBepXMIHHHEIX (CIIB)
BOJIH B OCHOBHOM TaKHe e, kak 1 CB, onHako 3TH BOIHEI ropasno Gonee
YCTOHYHBEI K HOHOCEPHBIM BO3MYILEHHAM. Parioca3b B AuanasoHax [IB
u C/1B npakTHYeCKH HE CONPOBOXKIacTCA 3aMupanuamu. Kpome Toro, oc-
nabieHne yKa3aHHbBIX BOJIH C PACCTOAHHEM 3HAYHTENLHO MeHbme. OHu Kak
651 pacnpocTpansioTcs B chepHIeckoM BONHOBOE, 00pa30BaHHOM IIOBED-
XHOCTAMH 3eMITH U HoHOC]eps! (KHEM crioeM D, HOYbIO clloeM £), 1 MOryT
JOCTHTaTh AHTUNOXHOM TOYKH. :

Crpykrypa sneKkTpoMarHuTHOro mons auanasoHos CB u CJIIB mHa
HeGOIBIINX PacCTOAHMAX OT NIepeNaTyrKa (MOpAIKa HECKOJIBKHX COTEH KH-
JIOMETPOB) OKA3BIBACTCA BEChMa CIOXKHOM, TaK KaK OXHOBPEMEHHO CYIIE-
CTBYIOT 3eMHas ([IOBEPXHOCTHAN) H HECKOIIBKO THITOB BOTHOBOHBIX BOIH. C
yAAIeHUEM OT NEPEIaTIHKa CTPYKTYPA IO YIPOIAeTcs, HOCKOIBLKY BOIHO-
BOZHBIE BOJHbI BBICITHX THIIOB ¥ TIOBEPXHOCTHAs BOJHA 3aTyXaloT ObIcTpee.

OcHoBHEIe 00,1aCTH IPUMEHEHHS JJIMHHBIX BOJTH — CBA3b (B OCHOB-
HoM TeserpadHas) Ha GonpirHe paccTosHuA M pagnoHaBurauns. Koporko-
BONHOBas 4acTh [IB nuanasona (A <2000 M) ucnons3yerca Ans paguoBe-
manua. Hegocrarkom /1B nuana3oHa sBnseTcs €ro Manas HpoIycKHas Crio-
cobHOCTh. [TormHas nMpuHa BCero Anana3oHa 4yacToT cocraruser 270 k',
9T0 OrpPaHHYHBACT YHCIIO PalHOKaHAIIOB, CIOCOOHBIX OXHOBPEMEHHO pa-
6orarh 6e3 B3aMMHEIX OMeX. OTOT HEIOCTATOK ycyrybnserca A quamna-
sona CJIB. H3-3a cBoeit y3xononocHocty C/IB B paiMoCBA3H HCIIONB3YIOT-
€ AMIIE 71 paGoTsl B TenerpadHOM peskuMe IIPH Masioif CKopocTH Tene-
rpa¢upoBanui. OcuoBHaa obnacts npumenenus C/IB — cucreMs! ycroid-
9IMBO# JaJIbHCH HaBHIaIMK JULA BOXKACHUA Kopabneit u camoneros. K apy-
ruM HepoctarkaM IB 1 C/IB nuanazoHOB OTHOCATCA BHICOKHMIH YpOBEHb
arMOCQEpPHEIX Y NMPOMBIIUICHHBIX ITOMEX, HEBO3MOXHOCTh PEaiM30BaTh
anTeHHsl ¢ Beicoxkumu KHJI u KT1J1 1, xax cnencrBHe, He0OXOIHMOCTE BECh-
Ma MOIIHBIX NEPEaTIHKOB ¢ BhITEKAIONmEH OTCIONa npobneMoit yeeauye-
HHA TaK Ha3bLIBACMOMH BMEMIaeMOK aHTCHHOH MODIHOCTH.
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Wi3-3a ocobennocteii pacnpoctpanenus CIIB, IB u CB MakcuMym
H3Ty9IEeHUS aHTEHH 9THX JHaNa30oHOB JA0/DKeH ObITh HANPABICH BJOJE IO~
BepxHocTH JemiH. CoorsercTByronmmu JIH o6nanalor HeCHMMETPHYHBIC
BEpTHKaJbHBIE BHOPAaTOpHL.

BeicoTa BUOPaTOpoB ONpEaCnACTCS TEXHUHKO-IKOHOMHYECKHMH CO-
o6paxkeHHAMH (CTOMMOCTH OMOPHI PACTET MPHMEPHO NPONOPLHHOHAIBHO
KyOy Bbicothl). OOpMHas BeicoTa onop wig anTeHH [IB u C/IB muanasonos
cocrasiser 150...200 M. B ciiywae CB aHTeRH HeoGxomumocTs GophOs! ¢ 3a-
MHpPaHHAMH BBIHY)XKIACT HCIOIb30BaTh BHOpATOph! BRICOTOMH 10 350 M H BRIIIE.

Braromapa Manoit orHocHtenbHo# BeicoTe C/IB 1 JIB aHTeHH HX
COHPOTHBICHHE H3TYyYSHHA MANO0 (JEeCATHIC JOMM WM SIUHHMIBI OM); OHO
MoxeT OBITh COM3MEPHMO ¢ CONPOTHBICHHEM IIOTEPH, 3 B PAJE CIy4aeB
ObITH 3HAYUTENLHO MEHbIIIE IOCACAHETO, BeaeacTBHe yero KI1J anteHHb
0e3 NpHMEHEHHA CHCIHAIBHBIX MEp OKa3bIBACTICH BeChbMa HM3KUM. it
H3ITy9eHH] TAKHMH aHTEHHAMH OONBIIOI MOIHOCTH TOKH B-HUX JOJ/DKHEI
OBITH GONBIIMMH, 9TO IPHBOIHT K 3HATHTEIBHBIM IOTEPAM SHEPTHH B 36M-
Jie, 31eMEHTaX HACTPOHKH M T. 1. ~

PeakTHBHas# COCTABIIAIOIAA BXOAHOrO CONPOTHBICHHA KOPOTKO#H
aHTEHHB! BECbMa BeIHKa (MOXKET JOCTHUTaTh HECKONbKUX THICAY OM), MO-
3TOMY HANpPSDKEHHE B TOYKAX MHTAHHA aHTCHHBI TAXXKE BEITHKO:

U, =10\)fo +X2.

Tak xax X >> R__, To NpHOMKEHHO MOXHO TIONIOXHTB, ITO U, =
= IOX BX® .

Bo u3bexanne nmexrpHyeckoro mpoGos H3oNATOPOB, haKeasHOIO
HCTEYCHHA (ABTECHNA KKOPOHE) H T. J. HANPAXKEHHE HA 32)KMMAaX AHTEHHBI,
2 TAKKE MEXIY PaNIHIHBLIME €€ TOUKaMH B 3eMueii He IODKHO IPEBOCX0-
JTH JONYCTHMOE 3HaYEHHE, JTUM OrPaHUIHBAETCA MOLIHOCTB, KOTOPYIO
MOXHO NOIBECTH K aHTEHHE.

Bnaronapa GoJbLUIMM 3HAYCHHUAM PEaKTHBHOIrO CONPOTHBICHUA aH-
TEHHB! M TOKa B Hell 3amacaeTcs 3HadIMTeNbHas PEAKTHBHAS MOIIHOCT.
ITockonbKy ZOGPOTHOCTH aHTEHHB! OYEHDH BENHKA, TO OHA HMEET Y3KYIO
TONOCY MPOMYCKAHHUA, KOTOpas MHOIZIA MOXET OKa3aThCsA HELOCTATOIHOM
Zaxe U1 MEATIeHHOH nepenadu TenerpadHEIX CHIHATIOB.

I3 cxa3aHHOTO ClIeMyeT, YTO OCHOBHBIMH 3aa9aMH IIpH pa3paboTke
C/IB u [IB aHTCHH ABIFIOTCA: yBENMYCHHUE MOLIHOCTH, H3JIydaeMoii aH-
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TEHHO#; YMEHbIICHHE HAPSHKEHHUI B aHTEHHE; PaclIMPEHHe TIONI0CH IPo-
myckaeMeix anTeHHOM uacTtoT; yBenudende KIIJl antenus. Ota 3amadn
MOXHO PELIHTh, YBEIHYHBas CONMPOTHBICHHE H3IyYCHHA, YMEHbIas CO-
TIPOTHRIIEHHE NIOTEPE H PEAKTHBHOE CONPOTHBIIEHHE aHTCHHBI.

B ciyuae CB aHTeHH pelieHHe NOCTAaBICHHBIX 3a/ja4 yHpOIIaercH,
TaK KaK 3TH aHTEHHBl HMEIOT CPaBHHTEIHPHO OONBIIYI0 OTHOCHTENBHYIO
IUTMHY H MX CONPOTHBIICHHE M3IYYEHHA COCTABIAET JeCATKH oM. OnHako
3[16Ch BO3HHKACT JOMOHUTEIBHAS 330a9a, CBA3aHHANA C 00ecnedeHHEM aH-
TH(EIUHTOBBIX CBOKCTB AHTEHHEI, IPHYEM KENATeILHO, 4T0OB aHTH]E-
IMHTOBasA aHTCHHA COXPaHsIa CBOM CBOHCTBA B INHPOKOM JHAIIa30HE BOMH.

12.2, Nepepawoime cpefHEBOSTHOBLIE aHTEHHbI

OG6uyro CB BeniareibHEIC AHTEHHLI BBHIIONHAIOT B BHAE aHTCHH-
Maut (puc. 12.1, @) wim anreHr-Gamen (puc. 12.1, 6). OcHoBaHHe aHTEH-
HBI-6ANIHM KPEMHTCA K 3¢MJIE C IOMOMIBIO H30/IATOPOB; OTTAXKH JUII Kpem-
JIEHHS 3TO# aHTeHHB! He TPeOyIoTca. AHTCHHBI-Ma4THI IIOANEPIKHBAIOTCS
B BEPTHKABHOM IONOXKEHNH HEGOBINHMM YHCIOM OTTKEK.

BricoTa anTeHH-6amen o6sr9HO cocrasiuser 60...200 M, 2 aHTEHH-
maut 60...350 M. [ToNoKHTENHHEIMH CBOMCTBAMH 3THX AHTEHH 1O CPaBHE-

Puc. 12.1
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HHIO ¢ IPOBOTIOTHBIMY ABILHIOTCA: HAJIWYME TONBKO OXHOMH MayThi uim Gami-
HH (B CITy4ac IPOBONIOYHBIX aHTEHH TPeOYIOTCA MUHHMYM JBE MauTHI), 4TO
IKOHOMHT ILIOINAAbh aHTCHHOIO 10Jif; MeHbllee uckaxenune JIH B cBiazn
C OTCYTCTBHEM GOMBIIIOTO YHCNA OTTAKEK, IOIBEMHBIX TPOCOB H T. X.; 60/1b-
IIaA MEXaHAYECKadA IPOIHOCTD.

ITuranue aHTeHH-MauT (0anieH) ¢ H30JIMPOBAaHHEIM OCHOBAHHUEM OCY-
IECTRIIAETCA HECHMMETPHIHBIMH KOHLEHTPHIECKAMH (HICPHBIMH THHHA-
MH, BHIIOMHEHHBIMH H3 IPOBOJIOYHBIX HWHMHPOB (cM. § 11.7, puc. 11.16, a).
BryTpenumii munHHap Guaepa NOACOEAHHACTCA HEHOCPEACTBEHHO K HIDK-
HEMY KOHIY Mayyhl Wi GaliHy, BHEITHUI — K cucTeMe 3a3eMneHus. KI1T
aHTCHHBI B 3HAIUTENBHOH CTEIEHH ONpeeNieTcs MOTEPAMH B HOBEPXHOC-
THOM IIOKPOBE TI04BbI, KOTOPBIH BXOJMT HEMOCPEICTBEHHO B UMb TOKA aH-
TeHHb!. PanoHaabHas KOHCTPYKIMSA CHCTEMBI 3a3¢MJICHHA MMO3BOJIAET CHH-
aTh 9TH norepu 1 yeenuuusats KILJ no.0,9. O6b1dHo0 cHcTeMa 3a3eMite-
U BeimonxsAerca U3 80...120 paguanbHO pacxoXANMXCs MIPOBOIOB, CO-
eIMHEHHBIX MEXEY co00i B ieHTpe. J[THHa KaKXoTo [IPOBOXa BEIOUpacTCs
PpaBHOIl HITH HecKoNbko mpeBocxomamer (na 10...20 %) BbicoTy MayThl
(6amrsn). IIpH 3TOM CHCTEMA 3a3¢MIICHHA OXBATHIBAET IUIOIIANb, HA KOTO-
POif KOHIEHTPHPYETCA OCHOBHAA YACTh 1014 OMrDKHEH 30HbI aHTeHHBL. YeM
6oIbIUE YHCII0 MPOBOIOB H HX JUTHHA, T€M 0OJIbIIas YaCTh 3aMBIKAIOLIHXCA
HAa 3¢MJII0 TOKOB TEYET MO POBOXAM U TEM MEHBIIC OTSPH SHEPTHH B 3¢M-
ne. IIpoBosa CHCTEMBI 3a3eMIICHHA YKJIaAbIBAlOTCA B 3EMII0 Ha HEGOIb-
n1oi rmy6une (oxono 0,5 M).

AnTeHHB! MauThl (GammH) 061axaoT aHTH(EMHIOBEIME CBOHCTBA-
Mu B quana3sone /A = 0,52...0,54 (! — sbicora Mayter). Co CTOPOHBI MEHB-
IMX 3HaYCHUI /A yXyaurenue anTHEIHHIOBLIX CBOHCTB BHI3BIBAETCA pac-
mupenyem JTH, co cTOpoHbI 6 b1IMX 3HATEHHMIT — POCTOM GOKOBOTO JIere-
cTKa, o0pasyromerocs B JIH BuGparopa H3-3a TOSBICHUA B pacTIPeNCIICHUN
TOKa NpOTHBO(A3HOro y4acTka BONM3M TOYeK mutanus npu /A >0,5
(cMm. § 2.1, 2.2, puc. 2.3, 2.5). B IH antenns ¢ /A = 0,52...0,54 GokoBoii
JEHECTOK €Ie CPABHUTEIBHO Mall H HAalIPaBIICH MOX GONBITHM YIIIOM K I'0-
pu30HTY (0KONo 75°), TO3TOMY H3NTYYCHHbIC B GOKOBOM JCTIECTKE H 3aTEM
OTpaXXCHHBIE OT HOHOC(hEPH! BOMHEI IPHXOXAT K 3eMITe Ha HeOONBILIOM pac-
CTOSHHM OT NMEPENATUMKA, TE HAIPAKEHHOCTD TIOJIA 3€MHOH BOJIHBI BENH-
ka. C poctoM //A YBJI Bo3pacTaeT U HanpaB/icHHE ero MAKCHMYMa CIBHIa-
€TCs B CTOPOHY MEHBIUHX YITIOB A, 9TO BEIET K HAPACTaHHUIO 3aMHUPaHHUIA.
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AHTH}EIHHTOBBIE AHTEHHB! IIOTYYHIH IIPAKTHYECKOE IPHMEHEHHE
B CPCIHEBOJHOBOM BELIATEILHOM JHanasoxe (A = 187...571 m), Tak Kak
Ha Gonee MIMHHBIX BoNHaX TpeGyOTCA aHTEHHB! GOJBINOH BHICOTHI
(500...1000 m). B pane caygaes 11 yBenu4eHHA AeHCTBYIONIEH BHICOTHI
aHTEHHBI-MAYTH! HIIH aHTEHHHI-0AIHH CHA6XKal0T eMKOCTHO# HArpy3Koi Ha
BEPXHEM KOHIe. ITa Harpy3Ka npeicrapnseT coboii imbo Merammmueckuit
(cronIHo# HITH NPOBOIOYHE) JHCK, THOO YaCTh BEPXHETO APYCa OTTAXEK.
JlobaBnenne eMKOCTHOH Harpy3KH Ha BepiHHe o3poister Ha 20. .25 % ymens-
IIMTH BEICOTY AHTEHHEI 03 YXYAMICHHA AHTH(EMHTOBBIX CBOMCTR.

BxomHoe conpoTHBlieHNE HEHArpy)KCHHOH aHTEHHBI MOXeT OBITH
paccYuTaHO NPHOMKEHHO 10 OIHOM H3 METOINMK, H3JIOKEHHRIX B § 2.3.
Pacuer 11 HarpyxeHHOU aHTCHHB! MOXeET OBITh IPOBeJeH 1Mo GopMynam,
npuBenecHHbIM B [13]. TounocTs onpeneneHNs peakTHBHOR 4aCTH BXOIHO-
TO CONpPOTHBIICHHA B 000MX CITy4asX HH3Ka, HO 3TO HE HMeEET CYIIeCTBEH-
HOTO 3Ha4eHMs, OCKONBKY B IIENIH MUTaHHA PeabHOH aHTEHHEI Npexyc-
MoOTpeHa comacyromas LC-1enp, ¢ HOMOIBIO KOTOPOH OCYHIECTBIAETCH
HAaCTpOMKa aHTCHHBI.

HenoctatkoM aHTeHH-Ma4T {6alieH) ABIAETCA TO, 4TO H30IATOP HE
TONBKO OTHEACT aHTCHHY OT 3€MIIM, HO H AB/IAETCA ONMOpoi MauTh! (Gaim-
HH). Benencreie 3Toro U3omATOp KomkeH o0nafars He TOJIBKO BHICOKOH
INMEKTPHYIECKOH, HO H MEXaHHYCCKOM MPOYHOCTHIO, TaK Kak Macca ONHparo-
mefica Ha u3onATOp MayThl coctapiset 100...200 T.

BcnencTeie HepaBHOMEPHOIO paclipe/ieNieHHs JaBleHUA Mo MmoIe-
PEYHOMY CEYEHHIO H30IATOPA H IO JAPYTHUM IIPHUYKHAM BO3MOKHBI MEXaHH-
YECKHE MOBPEXIECHUA OLIOPHEIX H30IATOPOB, HTO MOXKET IPHBECTH K CEPb-
€3Ho# aBapui. [IpUMEHEHHE ONOPHBIX H30JIATOPOB YAOPOXKAET CTOUMOCTD
AHTCHHBI, TOHWXAET HAZIGKHOCTh €e PaboThl, YCIOKHAECT IPO3O3ALIMTY.
Ilo3ToMy 3HaYHTENLHEIH HHTEPEC NIPERCTABIAIOT HE TPEOYIOIUIHE OTIOPHBIX
H30JIITOPOB aHTCHHBI-MAYTHI C 3a3¢MIICHHBIM OCHOBAHHEM, KOTODHIC YCTa-
HABJIMBAIOT HAa METAIMYECKHX TOIMATHAKAX, YKPEIUICHHBIX Ha IIPOYHOM
XKeNne3066TOHHOM OCHOBAHHH.

CymecTBy0T IBA THIIA AaHTCHH-MA9T C 3a3eMJICHHEIM OCHOBAaHHMEM: C
IIYHTOBBIM NHTAHHEM H C BEDXHHM IINTaHHEM. B CiTydae aHTEHHE! C IIyH-
TOBLIM ITHTAHUEM (CXEMa aHTCHHBI M paclpeie/icHue TOKa Ha Hel usobpa-
JKEHEI COOTBETCTBEHHO Ha pHC. 12.2, a, 6) HanpsKEHUE BRICOKOH YacTOTHI
MOZBOUTCS K HEKOTOPOH TOYKE @ MAYThI C IOMOIIBIO HAKIIOHHOTO IIPOBO-



318 AxmeHHo-gudepHble ycmpoilcmea u pacnpocmpaHeHue paduoeosii

]
I
, &
~
YNa2 Ig a
177
77777, -
a) 2z

&2

ot

4]

III7T777 477777

Puc. 12.2

Ia, ABIAIOMErocs IPOJOKEHHEM BHYTPEHHETO IPOBOAA KOAKCHAJILHOM
murun. TIpH 5TOM HHXHAR /| (IIHT) ¥ BEpXHAA /, 9aCTH Ma4Thl BKITIOYEHEI
OTHOCHTEIIBHO (puzepa napawiensHo. PacnpeneneHHe TOKa BAONb MadThl
OKa3EIBAacTCA HEPaBHOMEPHHIM (YMEHBIIACTCH NEHCTRYIOMAs BLICOTA), UTO
SBNAETCA HEAOCTATKOM TAKOH AHTEHHEI.

Ecnn nmuna (Beicota) Mauts /; + [, =] coctapnser A/4, To peakTHB-
HEIE CONPOTHRIEHUA OTPE3XOB /; ¥ [, KOMIIEHCHPYIOT APYT Apyra. Bxognoe
CONPOTHBICHHE aHTEHHLI B 3TOM CiIyYae YHCTO aKTHBHO M MOXeT GbiTh
onpeneneHo no gopmyne

2
R, = Z’- sin? kl,,
Zn

1€ Ry, — NONHOE CONMPOTHBICHHE H3Ty4EHHA AHTCHHbI, OTHECEHROE K TOKY
B HYYHOCTH. :

Ion6opoM TOUKH IPUCOEANHEHHS THTAHHA (a) MOXHO COTIPOTHBIIE-
HHE R, cnienars paBHEIM W dunepa # COrnacoBaTs TakuM 06pasoM aHTeH-
Hy ¢ ¢unepoM Ge3 NOMONHUTENBHBIX COIIACYIOMMUX YCTpoiicTs. Ecmu R,
HMMEET KOMIUIEKCHEIH XapaKTep, TO ero PeakTHBHaA COCTABIAIOMIAA KOM-
MICHCHPYETCA EPEMEHHBIM PEaKTHBHEIM CONPOTHBICHHEM, BKIIOYAEMEIM
B HaKJIOHHEIH npoBox. Tak kak HaKJIOHHBIH IIPOBOX, HHOXKHAA 9aCTh MaYThI
M 3eMJIs 06pa3yIoT Kak Obl paMOYHYI0 aHTCHHY, H3ITydCHHE KOTOpOit HaKa-
IbIBAETCA HAa M3JyHICHHE aHTCHHBI-MadTEHl, TO JH mocnenHei HECKOIBKO
HCKaXaeTcs.
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IInpoxoe npuMeHEHHE NIOTYYHITH
aHTCHHBI-MAYThl IIYHTOBOTO MMUTAHMA C
NOHV>XCHHBIM BOJIHOBBIM CONPOTHBIICHH-
eM. DJeKTpHYecKas cXeMa TakoH aHTeH-
HBI ITOKa3aHa Ha pHc. 12.3.

3azemiieHHas MauTa OKpyXaeTcs
CHCTEMO# M3/TyJaloIHX MPOBOAOB, pac-
HOJIOKEHHBIX N0 00pasyromeii BHelHe-
ro UHIHHApaA panuyca R. Y ocHOBaHHA ‘ Puc. 12.3
3TH NPOBOJA H3ONMPYIOTCA OT CTBOJA
MadThl M COERMHAIOTCA ¢ COOMpaTenbHBIM KONBIIOM, K KOTOPOMY MOABO-
Jutcs nuranue. HyHTOM /| CYy>HUT 9acTs CTBONIA MAYTH! OT OCHOBaHHA 10
nepeMbIukH 1, KoTopas COSIMHAET €T0 C CHCTEMOH H3MyYalolInX NPOoBO-
10B. YBenuueHHE NOMEPeTHOro CEYCHHA MadThl C IOMOIIBIO IPOBOJIOYHO-
TO LJIHHAPA CHIKAET BOHOBOE CONPOTHBIICHHE aHTEHHEI, ITO ITO3BONSAET
BMeNIaTh B Hee GOMBUIYIO MOMHOCTD U YIIy4LIaTh e¢ AHana3oHHble CBO-
cTBa. KOHCTPYKTHBHO Jy11 IOHHXEHUA BOTHOBOTO CONPOTHRICHHA HCTIONE-
3yeTCA 9aCTh TPOCOB BEPXHETO APYCA OTTAKEK BMECTE C NOMONHHTEIbHBI-
MH tiposoaamu [13]. Hamuune HakIJIOHHBIX POBOJOB OTTOKEK MPHUBOMHUT K
YBEIHYEHHIO H3TYIEHUA NOA BLICOKHMH yramH. Tloaromy tiryHTOBEIE aH-
TEHHBI-MA4Thl ¢ TOHMXEHHEIM BOJHOBBIM CONPOTHBIICHHEM HE HCIIONB3Y-
IOTCA B KQ4eCTBE aHTH(EIMHTOBLIX aHTeHH. BRICOTAa IMYHTOBBIX aHTEHH-
MauT 06b19HO BriGHpaercs B npenenax 0,15 < /A £0,5.

AHTeHHa-MadTa BEpXHETr0 NHTaHUA NIpeJCTaBseT co0oit 3a3eMIIeH-
HYIO MaqTy, BHYTPH KOTOPOH CHHM3Y BBEPX MNPOXOIMT HECHMMETPHIHBII
KOHUCHTpHIECKHit Gupmep. Dkpan QHICpa HMEET IMEKTPHICCKHIT KOHTAKT
C TEJIOM Ma4Thbl, @ BHYTPEHHHI MPOBOX, BHIXOAA 3a HpENENbl BHEIUHETO
UIHHIPA H CAMOif MaqTh! Ha HEKOTOPYIO (HE3HAYHTELHYIO) BEICOTY, IO~
COeMHACTCA K TaK Ha3BIBAEMOMY 30HTHKY. B kauecTBe NOCIeIHEro HCIoNk-
3YIOTCA BEPXHHE YaCTH OTTSKEK, KpPENAIHeca K BEpXHEMY KOHILY MauThi
yepes H3oIATOpHL. CxeMaTHIHO Takas aHTeHHa NOKa3aHa Ha puc. 12.4. im-
Ha JTy4eii 30HTHKA paBHa IPHMEPHO NONOBHHE BHICOTH Ma4THL. JIyan 30H-
THKA COCTaBJIAIOT ¢ Ma4TOH yron 45°. BxoxHoe conpoTuBicHHE aHTEHHE! C
BEPXHHM IIHTaHHEM NMPUOTIKEHHO MOXHO PaCCMAaTPHBATh KaK NOCIIEI0Ba-
TENBHOE COCMHEHHE EMKOCTHOTO CONPOTHBIECHHA 30HTHKA H CONPOTHBIIE-
HHA BEPTHKAJBHOTO HITydaTemnt (MaqThl).

2R




320 AHMeHHO-(hudepHbIe ycmpolcmea U pacnpocmpaHeHue paduosonH

VAN

AN N
AN t» P

o Kopomwosampamens
Puc. 124 Puc. 12.5

. IlpenMymiecTBa aHTEHHbI ¢ BEPXHHM NHTAHHEM IIO CPaBHEHHIO C
aHTEeHHaMH HIDKHETO THTaHHA OCOOSHHO NPOABIAIOTCS IIPY MaloH BBICOTE
anteHH (/ < A/4), TaK Kak B 5TOM CIy4ae aHTeHHA-MadTa BEPXHETO HTaHUA
HAMeeT 6oJiee paBHOMEPHOE PacIipeielieHe TOKa H, ClIe0BaTelbHO, 60Mb-
mye. JeHCTBYIOMYIO [UIHHY H CONPOTHBIEHHE H3NyJYCHHA, YeM aHTCHHa-
Ma4yTa HHXKHETO [THTaHHA.

. C menp10 pacIiupenns pabo4ero qUana3oHa aHTEHH-MaMT, yiyJiie-
HHS MX aHTH()EIHHTOBEIX CBOMCTB M MOBbILICHHA KO3 duImenTa ycune-
HHA OBLTH pa3paboTaHEl aHTEHHEI ¢ PETYIHPYEMBIM PAacIIPEACICHHEM TOKA
(APPT). [IpununnuanbHad cxema oxHoro i3 BapHanTos APPT npusenena
Ha puc. 12.5. Kak BugHo, APPT nperncrasiser co6oi aHTEeHHY-MaqTy BbI-
COTOi OKOIIO 260 M, H30IHPOBAHHYIO Y OCHOBaHUA. HIOKHAA 9acTh MadThl
H, cocrarisiomas NpuMepHO 1/3 ee BHICOTHI /, OKpY)KeHa IFUTHHAPHYEC-
KHM 3KPaHOM AHAaMETPOM OKOIo 10 M, COCTOAIIHM M3 HECKOIBKHX MPOBO-
JioB. Hixrne KOHIB! 3THX IPOBOOB NPHCOCAHHAIOTCS K 060I109KE NPOBO-
JIOYHOH KOaKCHATLHOH JIMHHMHM, MAYNICH OT reHeparopa. BepxHsasa dacTsb
MaYTHI TAKKE OKPYIKAeTCA MTPOBOIOYHBIM LIHIIHHAPOM, H30ITHPOBAHHBIM OT
HHDKHETO, HO HMEIOIHM D/IEKTPUIECKHE KOHTAKTH B HIDKHEH M BepXHEH
CBOMX 4acTAX ¢ MauToii. ToukaMu BKIIOYCHHSA I'eHEPATOPa MOXKHO CIHTATH
TOYKH @, b. 3myueHne co3jaeTca TOKaMH, TEKYIHHMH IO TPOBOJAM HIDK-
HEro ¥ BEPXHETO HWIHHAPA. 3aMETHM, YTO TOK, BRIIEANIHH B TO4Ke b Ha
HapyXHYIO HOBEPXHOCTh HIPKHETO IHIIHHAPA, COBIANAET 10 (aze ¢ TokoM,
TEKYIHMM [0 BEpXHEH 9acTH aHTeHHEI. PacnpeneneHne Toka MOXKHO pery-
JMPOBATh BKIIIOYECHHBIM MEKAY 3eMiieHi ¥ HIDKHHM KOHI{OM IIPOBOJIOYHOrO
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SKpaHa NEPEMEHHBIM PEAKTHBHEIM CONMPOTHBIIEHHEM X, . OHO BEINOHSET-
cA B BUIIE KOPOTKO3aMKHYTOT0 IIUIeH(a, B KaueCTBE KOTOPOro HCIONL3yeT-
s BHEIUHH 9KpaH [THTAIOIIECH JMHUH.

OnHa aHTEHHA C PETYJIHPYEMBIM Paclpeac/ICHHEM TOKa MOXET 00-
CITY>XHTh BeCh paJHOBeILaTeNnbHEH aruanason (A = 200...2000 m). B oua-
nasoHe 600...2000 M MHa KOPOTKO3aMKHYTOTO NUIeH(a ycraHaBIMBaeT-
cs paBHOH Hyilo. B 3TOM pexuMe aHTeHHA HMeeT NOBBIIEHHOE CONPOTHB-
JICHHE H3ITy4eHHA. AHTH(EIHHTOBEIE CBOMICTBA COXPAHAIOTCA B JHAIa30HE
240...570 m. '

PaspabGotann u gpyrue Bapuantel APPT, B TOM 4uciie aHTCHHA BbI-
cotoit 320 M ¢ ABYMA TOYKaMM NMTaHHA, uMeomas bonee y3kywo JJH
B BEPTHKAJIBHOH IUTOCKOCTH H Malbli ypOBeHb GOKOBOTO H3IydeHHs. Pa3-
JINYHBIC BapHAHTH KOHCTPYKUUA APPT 1 METOIMKH pac4eToB NPHBOAATCH
B [13].

Jlns obecnedeHus BEIaBHEM TEPPUTOPHH, HMeromeit hopMy cexTo-
pa, pa3paboTaHa aRTEeHHAsA CHCTEMA, COCTOALIAA U3 YETHIPEX AaHTCHH-MAauT,
PacIoJIOKEHHBIX 10 BepIIMHAM KBafparta. J[e U3 HHX [THTAIOTCA OT nepe-
JaT4HKa, IBEC IPYTHE HIPAIOT POIIb MaccHuBHOTO pediexropa. KoMOuaupya
€ IOMOIIBIO COOTBETCTBYIOMICH CHCTEMB! KOMMYTALIHK PasIM4HEIM 06pa-
30M Bubparopsl, paboraronyie B Ka4€CTBE AHTEHH M PEQIIEKTOPOB, MOXHO
HOJYYHTH 9eThIpe 06CTyKHBaeMBIX cekTopa. O6Br4HO Henonb3yioT APPT,
pacronoKeHHbIe B BEpIIHHAX KBaApaTa co CTOpoHO# 70 M.

Jins o6cmyXvBaHHA BEIaHUEM TEPPUTOPHH, YIAaNEHHBIX Ha 3HAUH-
TeNbHBIE paccTosHUA, pa3paboTaHa CB aHTeHHas CHCTEMaA, COCTOALIAS 3
BOCHMH aHTEHH-MAa4T, PacloI0KEHHBIX B JBa pAAa. YSTRIpE MavTHI, pacHo-
JOXEHHBIE B OMHOM PAMY, NHTAIOTCA OT NEPENaTYHKa, YEThIPE OPyTHE Ur-
paloT ponb IIACCHBHOIO HacTPOCHHOro peduiektopa. Paccrosnne mMexmy
panaMu cocraBier 75 M. AHTeHHa uMeeT ynpasnsemyio JIH B cexrope
+30°. KoadduumenT ycuness aHTeHHOH CHCTeMBI B THanasoHe 185...575 m
u3MeHAeTcs oT 28 1o 5. B xauecTBe H3Tyyareneii BHIOpaHb! aHTCHHbI-Mad-
THl OIYHTOBOTO IHTaHHA ¢ IIOHHXKEHHBIM BOJHOBBIM CONPOTHBICHHEM
(W,= 150 Om).

Pa3sBuTHe TEXHUKM NPOYHBIX MMONHMEPHBIX IJIEHOK CO3ZANO YCIIO-
BHA A pa3paboTku HOBEIX KOHCTpykumii anteHH. I 3. Aifsenbeprom u
B. H. Ypszaxo pa3paborana mHeBMaTHYECKAsA aHTCHHA-MAYTa U3 IPOYHBIX
NIONHMEPHBIX MaTepHanoB. OHa npe/cTapiseT cob0i yceueHHBIH KOHYC Bbl-
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coroii 60 M, BLINOIHEHHBIN H3 BBICOKOIIPOYHOTO MOHMEDPA, TOIUICPXHBaE-
MBIl H3GLITOYHBIM JaBIEHHEM BO3AyXa (HaBlcHHE B 6aIIOHEe HECKONBKO
BEILIE aTMOC(EpHOTO). B KadecTBe H3mydaresneif HCIONb3yIOT MHO0 MeTan-
JIMYECKHE OTTAXKH, MPEIHA3HAYCHHBIC B TO XK€ BPEMA M I NMOANEPHKKA
AHTEHHB! B BEPTHKANHHOM IOJI0XKEHHH, TG0 cHcTeMy NpoBoAoB, obnera-
rorux muauEap. [perMyInecTBo Takux aHTEHH COCTOUT B GEICTPOTE yCTa-
HOBKH, BO3MO)KHOCTH PETyIMpPOBAaHHSA BHICOTHI H IP.

12.3. Nepeparowme aHTeHHb! 1B 1 CAB ananasoHos

OCHOBHBIMH THITAaMH aHTEHH, HCMOMB3YeMbIX B [IB nuanasoxe, 18-
AAFOTCA TaK HazpIBaeMble T-00pasHbie, I'-00pasHbIe H 30HTUYHbIC H3Tyda-
TEIIM ¢ BEPTHKAJILHBIMH M TOPH3OHTAJIbLHBIMH JaCTAMH, COCTOALIHMH H3
HECKOJILKHX NapalUIENBHBIX WM 1260 pacxozAIHxcs IpoBoios (puc. 12.6),
U Pa3BHTOH CHCTEMOIH 3a3eMIICHHA, TONOGHOH paccMOTpeHHOI B § 12.2, Ho
C TEM OTIIHYHMEM, 9TO ATHHA IIPOBOXOB 3a3eMIICHHS YBEITMIHBACTCA IO Mepe
TpHOMIDKEHNA K NPOEKIWH IOPH30HTANBHOM YACTH aHTCHHBI Ha 36MIII0 H
MPHMEPHO Ha BHICOTY MauTHl JIOJDKHA IPEBOCXORUTH 3HAUEHHME 3TOH Npo-
CKUHH.

B JIB u C/IB nepenarynkax 601b010# MOIIHOCTH HHOT/IA IPHMEHA-
10T CHOXHBIE (CEeKIMONMPOBaHHbIE) 3a3eMenus. C OMONIBIO TAKMX 3a3EM-
NeHui, a TAKXKE CICUHAATBHEIX Mep S YMEHbIIEHHUA NOTEPh B JIECMEHTAX
HaCTpOiiku yHaercs faxke Ha CJIB nomyuuts KI1JI anTernst, Gmuskuii k 90 %.

TopH3OHTATBEHOE TIOJIOTHO AaHTEHHE! HIMEET JUTUHY Ko 250 M 1 Gonee
M CIIyXHUT JIHIIb AJIS TOro, 9700k CIenaTh pacnpeeIeHHe TOKa Ha BEPTH-

P ST
Na v 4 f
~
TP 777777777 d 7. %
3asemnenue
Puc. 12.6
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KaJIbHOHM 4acTH GoJiee paBHOMEPHBIM H TEM CaMEBIM YBEIHYHTE ACHCTBYIO-
IIYIO BHICOTY aHTCHHEI H €€ CONPOTHUBIICHHE H3My4eHHs. TOKH, pacrpene-
JIEHHBIE Ha TOPH3OHTAJIBHOH YaCTH, IPAKTHYECKH He H3YYaloT, Tak Kak HX
JIeHCTBHE KOMIICHCHPYETCSA MPOTHBO(a3HBIM 3€pPKAIbHBIM H300paxeHHEM.
H3nydenue BepTHKAIBHOH YaCTH aHTEHHEI, HA3BIBAEMON CHUMICEHUEM, 32
CYET BIMAHHA 3€MIIH, HANPOTHB, YCHIHBAeTCA. JluarpaMMbl HalpaBIeHHO-
CTH B FOPH30HTABHO# [UIOCKOCTH OKA3bIBAIOTCA IIPAKTHYECKH PABHOMEPHE!-
MH, @ B BEPTHUKAIBHOH — TAKMMH K€, KaK Y BEpTHKaIbHOro aumons I'epia.

Pacrnipenenenue Toka 1o BEpTHKANBHOM / H TOpPH30HTaNbHOI b Yac-
TAM aHTEHHB! [TOKa3aHo Ha puc. 12.7.

HAna onpenenenns NEACTBYIOMEH BHICOTBI /, HarpyxeHHoro (T.e.
HMEIOIIET0 TOPH30HTANbHYIO YacTh) BEPTHKAILHOTO BUOpaTopa 3aMeHUM
€10 3KBUBAICHTHEIM BHOPAaTOpOM HimuHO# /= I+ b, (puc. 12.8) TaK, 41068
pacnpeneieHHe ToKa Ha yJacTkax / o6oux BHOpaTopoB GbUIO OTHHAKOBBIM.
JU1s 9TOT0 BXOIHBIE CONPOTHBIEHHS B TOUKe A NeiicTBHTENbHOrO BUGpaTo-
pa (cm. puc. 12.7) (X, =—W ctg(kb)) n B Touke B 3xBHBaneHTHOTO BUOpaTO-
pa (X = —W ctg(kb,)) nonxusl GbiTh pasHbl, T.e. W ctg(kb) = W ctg(kb,),
rae W_u W, — COOTBETCTBEHHO BOIHOBOE CONPOTHBIEHHE TOPH3OHTAJILHO-
IO M BEPTHKAILHOTO NMPOBOJOB; b, — SKBHBANEHTHOE YIUIMHEHHE, ONpe/ie-
nsieMoe U3 Bhpaxenus ctg(kb,) = (W /W )ctg(kb). B cnyuae T-o6pasnoii
anTennsl X, = ~[W ctg(kb)}/2.

Tok B 5KBHBAJIEHTHOH AaHTEHHE PaCIIpENe/ICH [0 3aKOHY

Iz

iz

Puc. 12.7 Puc. 12.8
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K(z) = I /sink(l, ~ ), (12.1)

tne /,=/+ b ; z— xoopauHara, OTCYATEIBAEMAs BIOL BUOpaTOpa, HaunHas
C TOYKH BXOJa.
Benuunna /, onpenensercs u3 paBeHcTsa

. 1]
Iy, = (I /sinkl,) [sink(l, - z)d&z.
0

HHTerpupys naHHOE BHIpaXKeHUE, NOTydaeM

[, = (coskb, — coskl )/ksinkl. (12.2)
Ecmu /A < 0,1, TO conpoTHBIeHHE H3TyYECHHA
Ry = 1600(111/1)2. (12.3)

Ecm [ = 0,2\, TO R): onpenensaoT MeronoM Bexropa IlofinTHHTrA.
IIpu 5TOM HOJIATaloT, YTO TOK MO BHOpaTopy pacnpexeneH 1o 3akoHy (12.1)
H H3JTy9aeT TONBKO BepTHKAIbHAA 9acTh BHOpaTopa.

Ecnu nyiviHa HEHArpy xeHHOTo BUGparopa npUMEpHO paBHa /| Harpy-
JKeHHOro Bubparopa, To JIH ¥ CONPOTHBIICHUA U3/Iy4eHHS 3THX BHOparo-
POB IPHMEPHO OOUHAKOBHI. TakuM 06pa3oM, Ho6aBlIeHHE FOPH3OHTANBHO-
TO MPOBOJA O3BONAET YMEHBILATH [THHY BUOparopa, He YXyaIas ero Ha-
TIPaBIEHHBIX CBOWCTB M HE H3MEHSA BENUIUHEI Ry,

PeakTHBHYIO COCTaBIAIONIYI0 BXOJHOTO CONPOTHBIICHHS HArPYXKEH-
HOTO BHGpaTOpa MOKHO paccyuTaTh 1o popmyne X, = W ctgkl,. Eciu [, <
<M4,10 k(I+ b,) <n/2 u conpoTHBrenne X, emxoctroe. Ecmu !+ b, >A/4, 10
k(! + b)) > /2 1 conpoTHBNEHHE X HHITYKTHBHOE.

JAnuHy BOMHBE! Ay, NP KOTOpOH X, = 0, HASKIBAKT cobcmeenHow.
Ona onpenensercs u3 ycnosus 21t /A, = n/2. Tipu b, = 0 umeeM A, = 41.

OG6br4nO CTpEMATCA K ToMy, 4T0661 X = 0. [TpH 3TOM TOK U Hanpsi-
XKeHHe Ha BXoAe BHOpaTopa OKa3hIBalOTCH B (ha3e M 3alaHHAd MOINHOCTH
JOCTHTaeTcs IPH MEHBILEM HalpsKEHHH Ha 3axkuMmax. Kpome Toro, npu
YHCTO aKTHBHOM BXOXHOM COIPOTHBICHHH CO3HAIOTCA ONTHMAILHEIC YC-
noBus i paborel reneparopa. IlostoMy, ecnu aHTeHHa paboraeT He Ha
BOJHE Ay, JUTA HACTPOMKH AHTEHHBI B PE30HAHC BOIHIHM TOYEK ITHTAHMS 110C-
JTIEZI0BATENBHO ¢ TEHEPATOPOM BKITIOUAIOT PEAKTHBHEIE 3JIEMEHTE! HACTPOK-
ku. Ecn anTeHHa paboraer Ha BoJHE }»p >Ry (}\.P — pabo4as JUTHHA BOJHEI),
TO AJIA HACTPOHKH B PE30HAHC BKIIOYAIOT HHAYKTHBHOCTS (PEXXHM YIJTHHE-
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Hus). Ecnu }\.p < Ay TO IS HACTPOHKH AHTEHHBI B PE3OHAHC BKIIOYAIOT
€MKOCTD (PEXHM YKOPOICHHSA).

IMonotHO aHTCHHBI 0OBI9HO COEPXKHUT 2...16 IPOBOAOB, OTCTOAIHX
Ha 1...3 M apyr ot apyra. bonbiioe 91cI0 NPOBOAOB NPUBONMT K CHHIKE-
HUIO BOTHOBOTO CONPOTHBICHHA aHTCHHBI H TEM CAMBIM IOTEHIIHAJIA, YTO
[O3BOJIAET YBEIMYHBATH H3Iy4aeMyI0 aHTCHHON MOIHOCTS. B paccMmarpu-
BAEMBIX AMANA30HAX CHIDKCHUE BONIHOBOTO CONPOTHBIICHHS NMPAKTHICCKH
He NPHUBOIUT K YIYYIICHHIO IHATIA30HHBIX CBOACTB AHTEHHEI, KaK 3TO HMe-
eT MecTo B §0J1ee KOPOTKOBOMHOBBIX AMana3oHax. Y30CTh MOIOCH IIPOITyC-
KaHMS CBS3aHA B OCHOBHOM C MJIOCTHIO CONPOTHBICHHA H3Tydenus. Jan-
HEIH HeZOCTaToK ycyryonsercs B C/IB puanazone. [l yBenwdeHus co-
npoTuBieHud H3mydeHus B C/IB nuanasoHe Hemons3yrorcs Gosee Cirox-
HBI€ aHTEHHBI, ABIAOIHEC KOMOUHAMAMH HeckoIbKUX I'- niu T-o6pas-
HEIX aHTCHH, IPHIETAIOMMX JPYT K APYTy U UMeIomuX CHHba3HO BO36YK-
IeHHbIE BEPTHKAIILHBIE YaCTH.

CxeMbl OTHOM M3 TaKHX aHTEHH (aHTCHHB! AJIEKCaHAEPCEHA, HIH
aHTEHHbI CO MHOTHMH CHI)KEHHAMH) IIOKa3aHa Ha pHc. 12.9. Ilutanue mox-
BOIHTCA K HIDKHEH TOUKe CpeHETo CHIKEHHA. JIpyrHe CHIDKEHHS ABILIIOT-
51 IIACCHBHBIMH, OHHM CHa0)X€HB! PEaKTUBHEIMY HACTPOESIHEIMH CONPOTHB-
JIEHUSIMH, C TIOMOIIBIO KOTOPBIX XOOHBAIOTCS CHH(A3HOCTH TOKOB BO BCEX
CHIDKEHHAX. PacCTOAHHS MEXIY BEPTHKAILHBIMH YACTAMH aHTEHHBI MaJIbl
(COTHH METPOB) IO CPABHEHHIO C JNTHHO} BONHEL. [To 3TOM IpHYHHE B3auM-
HBI€ CONPOTUBICHAA BEPTUKAIBHBIX YacTel Oiu3Ku K COOCTBEHHBIM M TOKH
BO BCEX CHIDKCHHAX OKa3bIBAIOTCA PABHBIMH N0 aMILIHTYZE, 3 H3TydacMas
MOIIHOCTb B 1% pa3 Gonbie (72— 9IHCIO CHIKEHUH), 9€EM MOIHOCTD, U3y~
yaeMasd aHAJIOTHYHOH aHTEHHOW C OFHHM CHIDKEHHEM ITPH TOH ke aMILTH-
Tyne Toka. Takum 06pa3oM, CONPOTHB-
JICHHE H3ITYICHHS U1 aHTCHHBI C 77 CHH-
XEHHAMH BO3pacTaeT B n? pas. OueBus-
HO, COIIPOTHBIICHHE NOTEPh BO3PACTaeT
IpHUMEpHO B 1 pas, Tak yro KIIJ crox-
HOH aHTCHHEI yBenmHInBaeTcd. B nemax
yeennyenns KI1J1 anrenn C/IB nuana-
30Ha JUI1 HX pasMelleHus BBIOMpAIOT
TEPPUTOPHIO C BHICOKOH IPOBOAUMOC-
THIO IOYBHI, YCTPAaHBAIOT Pa3BETBIICH-

Puc. 12.9
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HYIO CHCTEMY 3a3€MJICHHA M NPEINPHHHMAIOT pAJ APYTHX MEp, Hanpas-
JIEHHBIX Ha CHIOKeHHe nmoteps. [Ipu atom mocrmkum KI1J] okomno 0,9.

12.4. Nutanue nepenarowmx aHreHH CB, OB
n COB auana3soHoB

ITuTanie NPOBONIOYHBIX AHTEHH IEPEAATYHKOB HEOOIBIIOH MOLIHOCTH MO-
XKET OCYIIECTBIIATHCA [yTeM MepeAaydy SICKTPOMArHHTHOI IHEPrHH H3 BHIXOIHO-
TO KOHTYpPA IeHepaTopa C MOMOINBIO CTICIHANBHBIX YIEMEHTOB CBA3H B CHIKEHHE
AHTEHHLI, KOTOPOE BBOAHTCA HEMOCPEACTBEHHO B 3AaHue paguocTanLuy. Cpenne-
BOJIHOBbIE aHTEHHEI (aHTEHHBI-MAYTRI M AHTEHHLI-GalHK), a TaKke [IB aHTeHHBI
[AOCTATOYHO MOIUHEIX MEPEIATYHKOB MUTAIOTCA C IOMOINBK HECHMMETPHUHBIX
9KpaHHPOBaHHBIX QHAEPHBIX JMHMI (koakcHansHele kabemu). Hanbonbiuee pac-
HOpPOCTPAHEHHE NONYIMUIH KOHIIEHTPHIECKHE MHOTOIPOBOAHbIE GHICPHEIE IMHHM,
COCTOsAIME U3 BHYTPEHHEH H HapyXKHO# cucTeM npoBogoB (cM. § 11.7 puc. 11.16, a).

BonHoBoe conporusnesue GpuaepHoii nuHuK BHGHPaeTCA B 3aBHCUMOCTH
ot MouHOCTH nepenaryuka P. [Ipu P = 60 kBt W=240 Om; npu P =150 kBt W=
= 150 Om; npu MmomHocTH 10 500 kBT M Bl W = 60 OM. MomHocTh, KOTOpYIO
MOXHO [epelars o Gpuaepy, onpenensercs no dopmynam (11.12) mwmn (11.13).

Jns nepeadu OT reHepaTopa B aHTEHHY MaKCHMATBHOH MOUIHOCTH Hep
ROMKeH GBITh HAPYXKEH Ha COMPOTHRJICHHE R, PABHOE €I0 BOJTHOBOMY COHPOTHB-
nenuio W, te. noikeH paborare B pexume Gerymeii Bonusl. [eHepaTop B 3TOM
Ccilydae HarpyXeH Ha CONPOTHBIEHHE, paBHOE I¥. 3aauy COMIACOBAHMS AHTEHHBI C
($HIEPOM MOXKHO PacWIEHHTh Ha JIBE YacTH:

1) HacTpoiika aHTEHHHI B PE30HAHC ITyTEM KOMIIEHCAlMH PEAKTHBHOI CO-
CTaBIAIONIEH ¢e BLIXOAHOTO COMPOTHBIACHHS X, ;

2) TpascopMalis COMPOTHRICHHUA 2HTEHHB! R B BENHYHHY, paBHYIO .

CornacoBaHue OCYIIECTBIAETCS M0 ¢ MOMOIBIO CIEHHANBHEIX JIEMEH-
TOB CBA3H B BHIE COCPEAOTOMEHHEIX PEAKTHBHbIX CONPOTHBICHHUH — KAaTYIICK HH-
AYKTHBHOCTH M KOHJCHCATOPOB, PAacMoONaracMhIX B CHELMAILHbBIX MOMEIIECHHAX
(aHTeHHEIe AaBHIBOHKI), THGO C TOMOLIBIO OTPE3KOB JUIMHHEIX JIMHHHA (KOPOTKO-
3aMKHyTsIe Luteidh).

JlonycTumas MOILHOCTb B @HTEHHE ONpENe/ieTCA HOPMAIBHOM K IIPOBO/-
HUKY COCTABJALIEH HANPMKEHHOCTH 3NeKTpuueckoro nons E , mpu koTopoi
MOXET TIPOH30HTH eKTpHYeCcKHii Npo6oi HIONATOPOB HIH HAYHHAETCA HOHH3A-
1HA BO3ayXa BOIH3HM aHTEHHB! (ABICHHE «KOPOHEDY), 8 TAKOKE TOKOM, IIPU KOTOPOM
BO3HHKAET Harpes npoeo1os. omycrumoe 3Havenue E y npoBoaos 1omxHo 66is
MeHbIle KpHTHIecKoro (cM. § 11.7) H cocraBnsier He Mehee 6...7 kB/cM. lomycTh-
MoO€ 3HaueHHe E Ha H30IATOpax CYMTaeTCA paBHbIM 1 kB/oM.
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DopMyIIsl Vi pacueTa BXOAHOIO CONPOTHRICHHA PACCMOTPEHHBIX aHTEHH,
COITIACYIOILMX IIenei, T00CH POy CKAHMS ¥ BMEIL{aeMOii MOIHOCTH MOYKHO Haii-
TH B [13].

12.5. MpuemHbie aHTeHHbI CB, [1B v C[1B ananasoHos

IIpuemnsie CB, IB n C/IB aHTeHHE! 3Ha9MTEIBHO OTIHYAIOTCA OT
mepeaalonHx KaK M0 KOHCTPYKTHBHOMY BEHINONHEHHIO, TaK M IO THIaM.
JUn4 IpHeMHBIX aHTEHH OTCYTCTBYIOT pOGiIeMBl, CBA3aHHBIE C IOBEXCHH-
eM GONBIINX MOIMHOCTCH K aHTCHHE M BOSHHKHOBCHHCEM B HEll 3HAYHTEITh-
HbIX NIOTEHLIHANIOB.

B paccmarpuBaeMBIX QHANa3sOHaX BOJH CHJIBLHB! arMocdepHbe H
[POMBIIITCHHbIE IIOMEXH, @ TAIOKe [IOMEXH OT APYTHX PaJHOCTAHIHH H
cnabbl TOMEXH, CBA3aHHBIE C TEIUIORBIMM IIyMaMH NMPHEMHENKa U dunepa,
MO3TOMY € IENBI0 YBEIHIEHHA OTHOIICHHA CHTHAN-IIyM ObL1o OBl Xkena-
TENLHO NMPUMEHATE aHTEHHE!, obnanamme 6ojee KM MEHEES 3HAUUTEND-
HeiM KH/L, Torma xak KIIJI anTeHHO-QHIepHOR CHCTEMBI M COITIACOBAH-
HOCTBH aHTEHHBI C Harpy3koi (cM. § 5.3) He urparoT CymecTBEHHOH pOIH
H3-32 HMeloIIeHCa BO3MOXHOCTH IIOBRICHTE KO3 MHIMEHT yCHICHHA TIPH-
eMHMKa. OXHAKO HCIIONB30BaHNE BHICOKOHANPABRICHHBIX aHTCHH H3-32 HX
GompmMx pa3sMEpoB BOMOXKHO TONBKO MPH MPO(ECCHOHATLHOM IpHeMe,
Ja ¥ TO AaJIeKO HE BCErna.

OCHOBHBIMM BH/IAMH IPHEMHbIX aHTEHH ABILIOTCA PAMOYHBIE, a TaK-
xe I'- 1 T-06pasHble aHTCHHBI, OTIHYAIOMHMECS OT NEPENAOIIHX TONBKO
MEHBIIMMYM pa3MEpaMM M KOHCTPYKTHBHBIM BBINOINHEHHEM. B kauecTme
HAIIPaBJICHHOM AHTCHHEI JUIA IPHEMa PaqHOBELIAHHSA HAa PaTHOTPAHCIILH-
OHHBIX y371aX IPHMEHAETCA OMHOIIPOBOAHAA anTeHHa Gerymeit Bonusl (OB).

Hpuemnusie I'- u T-o6pa3Hbie aHTEHHB! HMEIOT BEPTHKANILHYIO (BbI-
cotoii 10...15 M) u ropuzonTanbayo (20...30 M) YacTH, BRINOTHEHHEIE U3
OJMHOYHOTO NIPOBOJA. 3a3eMIICHHE pealu3yercs TG0 B BHAE THCTA OLMH-
KOBaHHOTO 2KeJI€3a, 3aKOIaHHOTO B 36MIII0 Ha ITyOuHY 1...2 M ¥ coeuHeH-
HOI'O C COOTBETCTBYIOLIEH KIEMMOH NPHEeMHHKa, 100 B BHAE OLIUHKOBAH-
HO#H cTanpHOM TpyOBI.

PamouHBIEe AHTECHHBI H3-33 MAJIOCTH MEKTPHYECKHX PA3SMEPOB 10
CBOHM CBOHCTBaM NOKOOHEI 3eMeHTapHEIM paMkaM [18]. iuarpamma Ha-
NpaBICHHOCTH Tako# pPaMKH J0/DKHA HMETH HyJlH B HalpaBICHHHM HOPMaJTH
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K INOCKOCTH PaMKH, YTO IO3BOJLAET OCYMIECTRIATH OTCTPOIKY OT MeIaro-
mux craHnuil. OIHAaKo ecliH paMKa COEIHHAETCA C MPHEMHHKOM HECHM-
METpUYHOH THHMEH, TO HyNeBble HanpaBineHus B J{H MoryT ucuesnythb u3-
3a TaKk Ha3bIBAEMOTO aHMeNHo20 3gexma. UTOOR YCTPaHHTH aHTEHHEIH
3¢dekT, Hanbonee YACTO paMKa ¥ CUMMETPUPYIOIIEE YCTPOHCTBO O0BERH-
HAIOTCA B SAUHYI0 KOHCTPYKIHIO, H300paXkeHHy10 Ha puc. 12.10. AxTeH-
HblH 5QdeKT MOXKET BOSHUKHYTH H B ITOM CIIy4Yae, €CIIH COOTBETCTBYIO-
muM 00pa3oM HE CHMMETPHPOBaH BXOJl IPHEMHHUKA.

AeiicTytommas ymHa (neficTytommas Beicota) [,
PaMKH, MMEIOIIEH IUIomans S, onpenenserca no gop-
myne [18] 1, =2nS/A. B6musu 3emmu (ecrm niockocTs
PaMKH BepTHKAIbHA) [, yIBAUBACTCA H3-32 BIMAHHA 3€P-
KaJbHOTO H300paKeHHA.

B paccMmarpuBaeMBIX Juana3oHax AeicTByOMAaL
IUIHHA paMOK OOBITHO BeChMa Majia, IO3TOMY COIIPO-
K rpuemsury THBJICHHE H3Ty9EeHHA TaKXXe MaJIO, 3HAYUTEEHO MEHb-
[Ie COIPOTHBIECHHA NoTeps, Tak uto KII/I anTenHbI
oueHb HU30K. 1o 3TO# npHYHHE PaMOYIHEIC aHTCHHBI
PEJIKO HCTIONB3YIOTCA B KaU€CTBE MEPe/IaloNHX.

PeaxTnBHas COCTAaBIAOIAA BXOIHOTO COMPOTHBICHHS PAMKH HMe-
€T UBAYKTHBHBIA XapaKTep, H I/ €e KOMIICHCAI[HH MOXKHO HapalIe/IbHO
BXOMy TOJICOCIHHMTEL HACTpOeUHbIH KoHaeHcatop. Hactpoiika pamMkH 3k-
BHBAJICHTHA YBEIHYEHHIO JEHCTBYIOIIEH BRICOTH B O pa3, rae O — nobpot-
HOCTb KOHTYpa, 00pa30BaHHOTO PAMKOH M HACTPOCYHEIM KOHACHCATOPOM.
JICHCTBYIONIYIO BRICOTY MOXHO TaKXK€ YBEIMYHTh, YBEJIHYHB 10 1 YHCIIO
BUTKOB pamky. IIpu aToM /, Bospacraert B n pas.

Emie ommn crnoco6 yBenHYCHHS AEHCTBYIOIIEH BEICOTHI COCTOUT
B HCIIONB30BAHHH PaMOK C MAarHUTORMANEKTPUICCKHMH CEPIECYHHKAMH.
B orom ciywae /= (211:/)»)nSu3¢, e 3¢ hekTHBHad MarHUTHAA IPOHHULAe-
MOCTS W, 3aBHCHT OT OTHOCHTENHHOH MArHHTHOJ NPOHMIIACMOCTH [, Ma-
TEpHaJIa CepAEYHUKA U OT €ro GOPMBI.

Ha puc. 12.11 npuBesieHa cepHs KPHUBLIX, IOKA3EIBAIOMMX 3aBHCH-
MOCTH W, OT OTHOMICHHA JUTHHBI [ cepmeyHHKa K €ro AuaMerpa 2a I
PasHBIX |4 .

JelicTByromas [IHHA paMOYHOM AHTEHHBI IPONOPIHHOHANBHA ILIO-
IIafy PaMKH, TT03TOMY U NPo(eCCHOHANBHOTO MPHEMA PaIHOBEILAHHUS

Puc. 12.10
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Puc. 12.11

(pamuoTpaHCIAIMOHHbIE Y3/IBI) MIH APYTHX BHANOB NpodecCHOHATEHOro
MpHEMA MPUMEHAIOT OOJIbIINE HEMOABHXKHBIE PAMOYHBIC AHTCHHBI, YCTa-
HAB/IUBAEMBbIC Ha aHTCHHOM NOJIE C NOMOLIBI0 MadT. OCHOBHBIM NIPEHMY-
I CTBOM PaMOYHBIX aHTEHH 110 CPABHEHHIO C BEPTHKANBHEIMH HECHMMET-
PMYHBIMH aHTCHHAMH ABJIAETCA HATMYKE HAnpapieHUH HYICBOTO IIpHEMa
B TOPH30HTABHOMH IIOCKOCTH, YTO ITO3BOJIAET OTCTPAHUBATHCA OT MEIIAKo-
KX CHrHaI0B. EC/H npy UcHoNs30BaHUH I MHIMBHIYAIBHOTO IPAEMA
MaJbIxX pamMo4Hblx aHTeHH J{H ynpaBnsioT mpocTo BpameHHEM paMKH HITH
BCETro NPHEMHHKA, TO B CITydae OONBIINX paMoK I 3TOH eHn TpebyoTes
CIIOKHBIE H IOPOTHE KOHCTPYKIHH. H36€:KaTh 5TOT0 MOXXHO, IPHMEHHB TaK
Ha3bIBa€MbIH TOHHOMETP.

TOHHOMETp COCTOMT U3 ABYX HEGOTBIINX HEMOIBHKHBIX (CTATOPHBIX)
B3aHMHO TIEPIICHANKYAPHBIX KATYIIEK, BHYTPH KOTOPHIX MOMEIIAeTCA MOJ-
BHKHAA (POTOpHAs) KaryllKa-UCKaTeNlb. [ OHHOMETp pacronaraercs B Mo-
MCILICHUH pAgOM C IPUCMHHUKOM. POTOpHaSI Karylmka COCAHHACTCA CO BXO-
JIOM NIPUEMHHKA, a IBE CTATOPHBIE KATYIIKH — C AABYMS HAPY>KHBIMH B3aHM-
HO NepHEeHIHKYIAPHEIMH PaMOYHEIMH aHTeHHaMH. CXeMa FOHHOMETpHYEC-
KOH aHTEHHOM CHCTEeMBI H300paXkeHa Ha puc. 12.12.

HopMupoBaHHbIC XapaKTepUCTHKH HANPaBIEHHOCTH paMok [ u 2
ONpeNIeNIAtoTCA Brpakenuamu F(9) = cos@; F,(9) = sing, rae ¢ — yron
MEXTy HalpaBJIcHHEM Ha MPHHEMAaEMYIO CTAHIIUIO U INIOCKOCTHIO PaMKH /.

Hon peiicteneM HaBoIMMBIX B pamkax I/IC BO3HHKAIOT TOKH B He-
TIOZIBIIKHBIX KaTYINKAX, BKIIIOYEHHBIX B 9TH paMKH. TOK B KaTyike I, BKitio-
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ity YeHHOH B paMKy I, I| = [,COsQ, TOK B KaTyIike
‘—‘iz II I, = I;sin@. PaBeHCTBO aMITUTYAHBIX
3HAYEHHH TOKOB B 00eHX KaTymKax obecneyn-
BaeTCA MOCHTHYHOCTHIO PaMoOK /, 2, KaTyimek
I, II u dunepoB, coeAMHAIOMUX PAMKH C
COOTBETCTBYIOMMMHE Katyuikamu. Koaddumu-
€HT B3aUMHOH HHIYKIMH MEXTy HEMOABHK-
HO# Karywko# I u nckarenem M; = Mcos®,
te @ — yron Mexmy katymxoi I 1 uckarenem;
M, — xo3ppunment BBafIMHoﬁ HHZYKUMH TIpH
COBIA/ICHHH IUIOCKOCTEH HEMOABWKHOM H TION-
BHKHOM Katyiek. Kospduuument B3auMHOIM HHAYKIMH MEXAY KaTYIIKOH
IT u uckarenem My = Msin®.

OneKTPONBIKYLIHE CHIIB, HABEAEHHEIE HEMOABHKHBIMHI KaTyIIKa-
mu | u II B Hckatene, MOXKHO ONpPEIETHTE COOTBETCTBEHHO IO (hopMynaM
g, = I ,owMcos@cosd, €, = [ wM singsin®d. Pesynstapytomas 3/C B ucka-
Tene parHa cymme OJIC, HaBOXHMBIX HEMONBHKHBIME KaTyMKaMH: € =
=¢, +¢&, = [jowM(cos@cos® + sin@sin®) = I ,wM;cos(¢ — P). Taxum obpa-
30M, HOPMHPOBAHHAsA XapaKTEPUCTHKA HANIPABIEHHOCTH N'OHHOMETpHYEC-
KOH aHTEHHBI

F((p) = cos(¢ — D). (12.4)

Ota XapaKTepHCTHKA HallparIeHHOCTH HUYEM He orthyaercs ot JIH
o6br4HOM pamouHoit aHTeHns1. Kak BuaHO H3 (12.4), H3MEHA IONOKEHHE
uckarens (yron ), moxuo ynpaenars JJH anteansl. MakcumansHoe Ha-
IIpaBiieHAe IpHeMa NONydaeTca npH ¢ = @; npHeM OTCYTCTBYeT NpH @ —
—~ @ = +90°. Takum 00pa3oM, BpalleHHe KaTyIIKH-HCKATeNd AAET TOT XKe
3¢QeKT, YTO H BpalllcHHE PAMOYHOH aHTCHHBL.

Eciu Kk paMOYHBIM aHTE€HHaM J00aBUTH BEPTHKAILHEIH HECHMMETPHY-
HEIIA BHOpAaTop, TO MOKHO NOIYYHTH OHOHanpasneHHy1o JIH THa kapauou-

Puc. 12.12

1
IBl ¢ YNpaBIsAeMbIM MONOXeHHeM MakcuMyma: F'(¢) = 5[1 +cos(p - ®)].
O1MeTHM, 9TO CYLIECTBYIOT 3JIEKTPOHHEIC 2HAJIOTH FOHHOMETPHYCCKHX
YCTpOHCTB. )
KagecTBo npueMa pauoBelaHus Ha PafHOTPaHCILIIIMOHHBIX Y3JIax
MOXHO Y/Ty4IIHTh, TPUMEHHB aHTCHHHI CO 3HATHTENbHEIMH HallpaBleHHb]-
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MH cBoiictBamu. K TakuM aHT€HHAM OTHOCHTCS OXHONPOBOIHAA aHTCHHA
Tuna Gerymeit sonusl (OB). DT1a anTenna npejcrasinsier cofoii ropu3oH-
TaNbHBIHA NpoBox (pHc. 12.13) nnwHol L (0T MOMyBOMHE! A0 HECKOIBKHX
JUTHH BOJIHBI), NIOABELICHHEIH Ha HebonbIoN BeicoTe Hax 3emnei. Onun
KOHeI| IPOBOAA IPHCOENUHAETCA K NPHEMHHKY, a JIPYroi — K pe3HCTOpy
C CONPOTHBIICHHEM R, pABHBIM BOJIHOBOMY CONPOTHBIIEHHIO IPOROAa. Bro-
poii KOHEIll Harpy304HOTO CONMPOTHBIICHHUSA COEXHHAETCS C BHIBOZIOM 3a3€M-
nenns. W3-3a xoHevHo# npoBoauMocTH nmouskl BekTop [oitHTHHET2 BEpTH-
KaJIbHO MOJIAPH30BAHHOH 3eMHOIT BOJIHBI, H3JTy4aeMoH repenaromeit paauo-
CTaHIMEH, He MapaJulelieH MOBEPXHOCTH 3eMIIH, OH COCTABIIAET C Hel He-
KoTophtit yron A.. Benencrsue nakiiona Bexropa IIoHHTHHTA NOSBIAETCS
TOPH3OHTAILHAA COCTaBAOmal E = EsinA, NpuXOIAIIETo TT0NA, HABO/IA-
mias IJIC B nposoze. [Ipyu npueme NpoCTPaHCTBEHHOMH BONHKI £ onpenie-
JISETCs YIIIOM HakIIoHa 31o# BonHel. Ilox neficreuem JJIC B mpoBoae Bo3-
HHKAEeT TOK, BTOPhIM IPOBOXOM JUIS KOTOPOTO ABJIACTCS 3EMIIS.

XoT4 paccMOTPEHHAs aHTEHHA HCTI0Nb3Y€ETCH B Ka4ECTBE IPHEMHOH,
yAoOHee aHAIH3UPOBaTh ee paboTy B pexxuMe nepeJaqd. Tak kak MpOBOX
HArpy»KeH Ha COIPOTHBIICHHE, PABHOE €I0 BOJIHOBOMY COIPOTHBIICHKIO, TO
B IPOBOJIE YCTAHABNWBAETCA Oeryias BonHa Toka. [JoCKonbKy AHaNeKTpu-
9gecKas MPOHHNACMOCTh NOYBbI OOMBIIE AUINEKTPHICCKON NPOHUIIAEMOC-
TH BO3[yXa, ()a30Bas CKOPOCTh BONHEI B aHTEHHE OKAa3bIBAETCH MEHBIIE
CKOPOCTH CBETa M, CIEJOBATENBHO, JOIDKHA CYIECTBOBATh ONTUMATbHAS
JutiHa L opt IPOBOJIA, TIPH KOTOPO# KH/]I antenHb MakcuMatieH. OHaKo H3-
3a 3KCHIOHEHIMANBHOTO 3aTYXaHHA TOKA, BEI3BAHHOTO ITOTEPAMH B 3eMJIE,
3TOT 3(@MEKT MOXKET OKa3aThCs HapyLIEHHBIM. be3 ydera 3aTyxaHus ToKa
B nposone JAH anTtennsl OB B FropH30HTANBHOM ITOCKOCTH MOXHO IIpH-
6IHKECHHO PacCYUTATh 1O hopmyne
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flo)= —qu)—sin k—L[%—coscpJ .

c/v—cosQ 2

Koadpduuuent nonesnoro geitcteus 1 KY antenns OB n3-3a 60ib-
MUX [OTEPh IHEPTHN B IOYBE W MOIVIONMAIOIIEM CONPOTUBICHHU OYEHE
MaJIBl, I03TOMY 3Ta AHTEHHA, KaK MPaBHIO, B KA4ECTBE IepeAatoIed He
IpHMEHSETCA. ‘

Jumepamypa: ocnoenas [13, 33), donornumenvras [20, 34, 38].
KOHTPOJ'II:HHG BONMPOCHI

1. IMepeunciuTe OCHOBHBIE 0COOEHHOCTH aHTEHH CPEAHEBOITHOBOIO AHANA30HA.

2. O6pACHUTE pa3nnyHe Mex Iy OIHKHUM M JaNbHUM QeauHramu.

3. lepeyncanTe OCHOBHEIE 0COOEHHOCTH AHTEHH JUIMHHO- Y CBEPXUTHHHOBOIHOBOTO
JAHAra3oHoB.

4, IlpuBennTe NPUMEpPHI aHTH(HEAMHIOBLIX AaHTCHH H OOBACHHUTE IPHHIMIT HX AEHCTBHAL.

5. [epeyncanTe OCHOBHBIC THIEI Nicpeqalommx aHTeHH CB amanazoHa u usobpasure
HX KOHCTPYKIIHH.,

6. laiite npuMephl nepenatoyx anreHH /1B nnanasona.

7. O6BACHMTE OCHOBHBIE METOMbI NOBBILIICHHA CONIPOTHBIEHHSA H3TydeHns antens CJIB
JMana3oHa. ‘-

8. OGBACHHTE NPHHIMI AeHCTBHS aHTEHHBI AJIEKCaHIEpCeHa.,

9. O6BacHHTE OCHOBHBIE 0COOeHHOCTH NpHeMabIX anTenH CB, 1B u CIIB nuana30HOB.

10. TTepeyncnuTe ¥ NOACHUTE OCHOBHEIE METOMIBI YBEITHYEHHA AEHCTBYIONICH BBICOTHI
PaMOUHBIX AHTEHH.

11. OGBbaAcHUTE, YTO TAKOE aHTEHHBIH 3G (EKT paMOYHOI aHTEHHBI.

12. ObwacHUTE NPHHIMA AEHCTBIA IKPAHHPOBAHHOH paMKH.

13. HU306pa3iTe NPHHIMIHANEHYIO CXEMY FOHHOMETPUYECKOH aHTEHHON CHCTEMB! M
00bACHITE NPHHIAT ee GYHKIHOHUPOBAHHS.

14. O6BsacHUTE, KAK MOKHO HONYYHTH ONHOHaNpasneHHyio JIH THna kapauoas! ¢ yn-
PaBIACMbIM IIONOXKEHNEM MaKCHMyMa (Hyns)?

15. OGBACHHUTE NPHHUMA ACHCTBUA ONHONPOBOAHOM AHTCHHBI THMA Geryieii BOIHEL.

16. B kakux cnydasx 1enecoo0pa3Ho HCNONE30BaHHE aHTCHHBI THIIA Oeryieit BOXHE?

Mnasa 13. BOMPOCHI ANEKTPOMAHUTHOM
COBMECTUMOCTWU AHTEHH

13.1. NapameTpbl aHTEHH, onpegensioune
3MEeKTPOMarHUTHY0 COBMeCTUMOCThL

BypHoe pa3BuTHE PaJHOTEXHHICCKHX CHCTEM Pa3IMIHOrO Ha3HaYe-
HHUA CONPOBOXIAETCA KaK OCBOEHHEM HOBHIX JHMAIa30HOB YaCTOT, TAK
H TpeJOCTABICHHEM OJHOM IOIOCH YacTOT HECKOIBKHM paguocyxbaM.
B pe3ynsrare OCHOBHBIE CHEKTPH], H3IY9acMBIc H IPHHAMAEMBIE OTICHE-
HEIMH PaJHOCPEACTBAMH, OKA3EIBAIOTCA YaCTUIHO MM TIOJTHOCTBIO IEpe-
KPBIBAIONIMMHCA, YTO NPHBOIUT K YBEITHYEHHIO YAC/IA MENIAIOMIMX CUTHA-
710B (HEYMBIILICHHBIE [IOMEXH) M CHIOKEHHIO OTHOLICHHA CHIHAN-ITyM. Borr-
POCH], CBA3aHHEIE C H3yYEHHEM NPUYHH BOSHUKHOBEHHSA U CIOCO60B CHH-
JeHHs HEYMBIIUIEHHBIX Pa{HONIOMEX, OTHOCATCA K IpobieMe aeKTpoMar-
HHTHOI coBMeCcTHMOCTH (OMC) pamuocpencrs.

Cpenu BO3MOXHBIX IIPHYHH MOABICHHS HEYMBIIUICHHBIX TOMEX CIe-
IyeT paslIHYarh HOMEXH, NPOHUKAIONIHE B PaAMOTEXHHIECKYIO CHCTEMY
4epe3 aHTCHHY, H MIOMEXH, BOSHUKAIONINE TIOMHMO aHTEHHEI H 06yCIIOB-
JICHHBIE B OCHOBHOM 3JIEKTPOMATHHTHBIMH CBA3SMH MEXIY PasIHIHBIME
y3JIaMH TaHHON CHCTEMBI WIH MEXIY JIEMEHTaMH IByX MM Oonee cuc-

‘TeM, pa3sMeIIeHHbIX 6IH3K0 ApyT OT apyra. CynecTBeHHBIM GakTopoM no-

ABJICHMA TIOMEX ABILIIOTCA [1APAa3HUTHBIE JMEKTPOMAarHHTHBIC CBSA3H B aHTCH-
Ho-$uAepHBIX JIuHHAX. OHYU CYIIECTBYIOT B CHCTEMAX, PACTIOIOKCHHBIX KaK
Ha ofHOM 00beKTe, TaK M Ha JAJICKO CTOAMIMX JPYT OT IpyTa.

B coBpeMeHHBIX pagHOCHCTEMaX OCHOBHOM IPHYHHON NOSBICHHU
TIOMEX ABIACTCA ITPHEM AHTEHHOH HEXXENAaTENbHBIX MEMAIOIIUX CHTHAJIOB.
IMpocTpaHcTBeHHas U YACTOTHASA H30UPATENBHOCTH, IPUCYIIHE AHTEHHBIM
CHCTEMaM, TO3BOJIIOT CYIECTBEHHO YIYYIIUTH IEKTPOMarHUTHYIO 06-
CTaHOBKY.

Hackonbko Benuka pons anTeHH B obecniegennn OMC, Moxuo cy-
JATE 10 TOMY (akTy, 410 H3 30 OCHOBHBIX TAPaMETPOB PAHOIICKTPOHHO-
ro obopynosanns, eaumonux Ha OMC, 12 mapaMeTpoB onpenenstorcs



334 AHmeHHO-hudepHbie ycmpolicmea U Pacrpocmparetiue paduosonH

aHTeHHOH cHcTeMOoi. COBOKYITHOCTE XapaKTEPHCTHK aHTEHHBI, CYLIECTBEH-
HEIX Ui ob6ecneuennss DMC, OylieM Ha3sIBaTh NOMEXO3AUUUJEHHOCMBIO
anmennsl. B pane ciryyaeB TpeOOBaHHA K IOMEXO3AILMILEHHOCTH pa3paba-
THIBAEMEBIX AHTEHH OKA3bIBAIOTCA CTOMb KECTKMMH, YTO MX BBHINOJIHEHHE
COIPOBOXAACTCA HEKOTOPLIM CHIDKeHHeM KY, yXyanieHreM corllacopaHus,
CYy’XCHHEM paboyero aHama3oHa 4acToT | T. X

IMpobnemy DMC B paMKax KOHKPETHOH pafHOTEXHHYECKOH CHCTe-
MBI PEIIaoT JByMs IMyTAMH: 1) paspabaThiBaioT Holee NOMEX03aIHILEH-
HEIE PATHOTEXHHIECKHE CHCTEMBI; 2) MPOBOMAT X ONTHMAILHOE IIPOEKTH-
POBAaHHE C TOYKH 3PEHHA YMCHbBIICHHS CO3aBaCMbIX HMH IIOMEX.

B nocnexsue roas! pa3pabaThIBacTCs HOBBIH KJIACC AHTEHH — TaK
Ha3bIBACMBIE A0anmuaHble aHmeHHbie CUcmembl, TIO3BOJAIONIHE IPOH3BO-
JUTh ITOACTPOMKY IMOX JaHHYIO IIOMEXOBYIO 00CTaHOBKY TakuM obpasoM,
yto0BI CBECTH BIHAHHE TOMEX K MUHAMYMY (cM. 1. 9).

OCHOBHBIMH XapaKTCPHCTHKaMH aHTCHH, PaCIION0XKEHHBIX Ha 601b-
LIOM PacCTOSHHH APYT OT ApyTa (B 30HE H3NYYEHHA) H CIIOCOGHBIX BITHATE
Ha OMC, ARnAI0TCA: HalpaBICHHBIC CBONCTBA B paboueM auarasone (UIH-
puna rmasHoro Jenecrka JJH, KH, KY, YBJI u ap.); BHenomocHoe H31Ty-
YeHHE aHTEHHB! (H3IyYeHHE B IIOIOCAX YaCTOT, IPUMBIKAIOIHX K paboueit
noJoCe, — pe3ynapTar MOlIy.TISIlIHH); HaIIpaBJICHHBIC CBOMCTBA HA YacTOTax
00OYHBIX H3TyUeHHI (H3Iy4YeHHA HAa FApMOHHKAX, Tapa3HTHEIC, KOMOH-
HALHOHHBIE H HHTEPMOLYIIHOHHEIE); TIOIAPH3AHOHHbBIC XaPAKTEPHCTH-
KU; HCKaXXCHHE HAIIPABJICHHEIX CBOHMCTB U3-3a BIMAHUA TOCTOPOHHMX 00BEK-
TOB; CTaOH/IBHOCTh XapaKTEPUCTHK BO BPEMEHH U JIp.

YTo XacaeTcs BHEIONOCHBIX H3IyYeHHH, TO aHTCHHAs CHCTEMA CO-
BMECTHO C JIMHHUCH NUTaHUA ABIACTCA B KaKOH-TO Mepe (GHIBTPOM 3THX
uanydesuit. Hanpumep, B BOIHOBOAHOM NTMHMHM AHTEHHB! NIOABIAIOTCA BCe
JaCTOTHI, BIOLIHECS 3ANPEACIBHBIMH JUIS JAHHOTO CEYEHHA BOTHOBOAA.

Ina o6ecnewenns IMC pazmuuunix paguocucrem JIH kak nepena-
IOIHX, TAK ¥ NPHEMHBIX aHTCHH 3THX CHCTEM JOMKHHI 00lIafars MalbiM
GOKOBBIM H 3aJHUM H3TYYCHHUAMH, 310 0OBACHAETCH TEM, UTO HEXCIIATC)Ib-
HBIE CHTHAMBI! 4aCTO TIONAJAI0T Ha BXOA MPHEMHUKA Yepe3 OOKOBBIC H 3a1-
Hue senectku JIH aHTEHHBI K OKa3bIBAIOT HA Ka4€CTBO PaboThl CHCTEMB
6onpiuoe BugHue. Takas CHTYalHs CO30acTCA B CHCTEMAX, paboTalonuX B
YCIOBHAX CNa0bIX MONE3HBIX CHTHAIOB HIIH IPH BHICOKOM YPOBHE HOMEX.
ITostromy camxenue YBJI Bo MHoroM permaio 6u1 npotnemy OMC. Onna-
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KO, KAK H3BECTHO, B JAHHOM CJIy4ac JIOJDKEH OBITh COOIIONEH ONpeeICHHBIH
KOMIIPOMHCC, CBA3aHHBIN CO CHIDKeHHeM aneprypHoro KHII anTeHHBI.

Ipu paGoTe aHTEHHBI B peaNbHBIX YCIOBIAX BO3HHKAKOT NONOIHH-~
TeNbHbIE TPUYHHB!, HCKAKAIOLHE ¢€ HAIPaBICHHbIE CBOHCTBA, OTH NIpH-~
9HHbI 00YCI0BICHBI BIHAHUEM pa3MepPOB H GOpMBI KOHCTPYKIIHH, Ha KOTO~
poi pacmonoeHa aHTEHHa, a TAKXKe PAXOM PAclOJIOKEHHBIX APYTHX aH-
TeHH H T. M. IIpH oueHKe BIMAHHA HANpPaBICHHBIX CBOHCTB aHTEHHBI Ha
ypoBeHb DMC HeOOX0IHMO YIHTHIBATS BCE YKa3aHHbIE axTopsl. MHOrHE
M3 HUX MOTYT OBITh YCTaHOBJIEHE! TOJIBKO IKCTIEPHMEHTAIbHEIM ITyTEM.

PaccMoTpiM BIHAHHE NOMEXO3AIMIEHHOCTH B KOHKPETHOM ClTydae
Ha nnprMepe cobeTBeHHbIX moMex PP, xoraa HepocTarouHas NpoCTpaHCTBEH-
Has H30MpaTeIbHOCTE aHTEHH IPUBOIUT K yXyIIEHHIO XapakrepucTik PPIL.

Ha puc. 13.1 cxemaruueckn nokaszan yyactok PPJI, Bximogaromuii
TPH PETPAHCIAUMOHHBIX MYHKTa 4, B, C. AuTenHa B, craHuuy B npHHH-
MaET KPOME TIOJIE3HOTO CHTHANA OT aHTEHHB! A, CTaHiMH A 183 MEIIalo-
I(MX CHTHasa OT aHTeHH A, i C|. [Ipu ABYX4acTOTHOM ILIaHE pacrpenese-
HHA YaCTOT Nepeiaya Ha kaxao# craniu PPJI B 06a Hanparienns uaer Ha
OIMHAKOBBIX YaCTOTAX, @ YaCTOTH IEPEAATHUKOB IIOBTOPAIOTCSA YEpE3 CTaH-
1. [loatoMy BCe TP CHTHANTA, NPHHUMAEMbIE aHTCHHOH B, HMEIOT OfiH-
HAaKOBbIE HaCTOTHl H 0C/abneHne momex or anteHH 4, u C; MOXeT GhITh
obecnedeHo TONpKO HaPaBIeHHBIMH CBOHCTBaMH aHTeHH. UTO6HI yKa3aH-
HbIE IOMEXH He OKa3LIBANM 3aMETHOTO BIIHAHHA Ha Ka4ECTBEHHBIE NTOKa3a-
TEJH JIMHKH, HeoGxommumo, utobs! K3/1 anrenH PPJL, 1.e. ypoBens uanyde-
HMA aHTEHH B HanpaniieHuH 6 = 180°, o OTHOIIEHHIO K H3TYYCHHIO B Ha-
npasnerus 0 = 0° e npepbiman — (65...70) nb.

B psage cmyyaes mia ynyumerus OMC npuMeHseTcs paseaska aH-
meHH RO NOAAPU3AYUY SIEKTPOMarHuTHoOro nojs. [Ipu 3ToM ABE aHTCHHBI
paboTaloT ¢ MONAMH, MONAPH30BAH- Ar P ¢
HBIMH B3aHMHO NEPHEHIUKYIAPHO, Dy =t o S e e om
1160, eciy aHTEHHBI ¢ BpaIaroeH-

s IONAPH3aLMeH oA, HAPaRICHUS Az 8 C2
BPAIlCHHUA BEKTOPOB JICKTPOMArHHT-
HOTO 110/ y 06eHX aHTeHH IIPOTHBO-
TOJIOXHBI.
HHorna aHTeHHH! pacronara- A 8 ¢

0TCA Ha HeOoJbIoM pPacCTOAHHUH Puc. 13.1
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JIpyT OT npyra (B 3oHe GmmxHero noms). 3to umeet mecto Ha KB, CB u IB
PaIHOLIEHTPAaX, PH YCTAHOBKE aHTEHH PETPAHCIALIMOHHBIX IyHkTOB PPJI
HA OJTHAX M TEX K€ MauTax, a TAaKXKe [IPH pa3MElLleHHH aHTEHH Ha OTpaHH-
YEHHOM MI0MAaau KocMHu4eckoro kopabns v cryTauka. M3-3a npocrpan-
CTBEHHOI 3NEKTPOMATrHHTHOMN CBA3H H3MEHAIOTCA HANPaBJICHHBIE CBOMCTRA
M BXOJIHbIE COIIPOTHBIIEHHS aHTEHH, MOTOMY HEo6X0MMO PUHHMATH Crie-
IHANBHBEIE MEPBI /11 YBETHICHHA NEPEXOAHOTO 3aTyXaHHA MCXKIY aHTeH-
HamH. K HUM OTHOCATCA palHOHATBHOE Pa3MEILICHHE AHTEHH OTHOCHTENBHO
JIpYT Opyra (HanpuMep, B3aHMHOE BITMAHKE JIBYX Napabomueckux aHTeHH PPJ1
YMEHBIIAeTCA, ECITH HX YCTAHOBHTE HE PANOM, 4 CITHHA K CITHHE»), BKJIIO-
YeHHE B aHTCHHB! PEaKTHBHBIX Pa3BA3BIBAOIIHX JIEMEHTOB H JIP.

CoBMECTHOE UCTIONB30BaHHE OHHX H TEX JKe IIOOC 9ACTOT Pa3nud-
HBLIMH CITyTHHKOBBIMH ¥ Ha3€MHBIMH pafHociyxbamu, 4yTo momyckaercs
MEXIyHapOAHBIMH COTNIAMIECHHAMH (CM., HanpuMep, PernaMenT paguoces-
3H), YCIIOKHACT 3JIEKTPOMarHuTHYI0 obcraHoBky. Takum o6pa3zom, Bo3HH-
KaeT cNoXkHas rmpobiiema 3neKTpOMarHHTHOH COBMECTHMOCTH. OTa mpobite-
Ma KacaeTca obecnedeHHA COBMECTHMOCTH MEXIY CIYTHHKOBLIMH CHCTE-
MaMH H CIIYTHHKOBEIX CHCTEM C Ha3eMHBIMH CIry:x0amu.

C uensio cobnrofenna Heobxonumeix ycnoeuit IMC B HacTosmEe
BpeMA MPHHATO conocTasnATs JJH aHTeHH CIyTHUKOBO#H CBA3H C TaK Ha3bl-
BaeMbIMH clipaBoyHbIMH JIH. Ilocnemune npencrasnaror coGoii rpaduyec-
Koe H3obpaxeHHe orubaromeit pexomengyemoit MKKP JTH otHocuTemsHO
H30TPOITHOTO M3JTyyaTens (B nenubenax).

Cnenyer OTMETHTS, YTO MEXIyHapOAHbIC PCKOMEHIALHH IIEPHOaH-
YECKM MEePECMaTpHBAIOTCA, 3TO MOXTBEPKAACT TCHACHLMIO YXKECTOUCHHS
TpeboBanuii k JIH aHTeHH CITyTHHKOBOH CBA3H ¢ uenbio Gonee molHOro
yaosieTBoperns Tpebosanuam OMC.

Ocranosumcs Gonee noapo6Ho Ha Bonpocax IMC aneprypHbIX
AHTEHH.

13.2. MeToab! CHMXEHUA GOKOBOro U3ny4yeHus
anepTypHbIX aHTeHH

Dopmyns! JJH u3zmyyaommx pacKpsIBOB, IPHBEACHHEIE B I71. 4, IOCTATOYHO
TO4MHO XapaKTEPH3YIOT HanpaB/IeHHbIE CBOMCTBA ANEPTYPHOH aHTEHHH] B CEKTOpE
[NaBHOTO M Oiskaliux K HeMy OOKOBBIX N€NecTKOB (B 3TOM CEeKTOpe MOXKHO npe-

Bonpocsi 31eKmpoMazHUMHoU CoBMECMUMOCMIU 8HMeHH 337

HeOpeub BIUAHHEM TakHX (aKTOpOB, Kak M3IyueHHe obiydaress OQHO3EPKANb-
HOI{ aHTEHHBI 33 IIPeEIbI 3epKana, AudPaKIUHOHHBIE 3 PeKTH Ha KPOMKaX 3epKa-
na ¥ Ap.). BenuuuHa 3Toro cexropa onpeaenseTcs KOHKPETHON CXEMO# BEIIONHE-
HMsl AHTEHHBI U MOXeT mocturars +40° u Gonee. U3secTHO, yro Hu3kuit YBJI B
JaHHOM CeKTope obecneuuBaeTcs NPH CIANAOMEM K KPasdM aMIUIHTYIHOM pac-
npeaeneHud. OxHako nmpu sToM noayyaerca Huskuii KUII. CymectByer Bo3mox-
HOCTb pe3ko CHU3HTh YBJI, coxpanus nocrarouHo Beicokuit KHII. Jing atoro uc-
TONB3YIOTCA PA3NHYHbIE CHELMANbHBIC paclpeneneHus (KOCHHYC-KBaIpaTHOe ¢
OBEAECTAIOM, Mapabonuyeckoe ¢ MbeAECTanoM, Geccenero u ap.).

B nocnennee spems Tpebosanus k YBJI Bce yame dhopmynupyrorcs caeny-
1omKM 06pa3oM: aHTEHHAS CHCTEMA OIKHA 00EeCIeYHBaTh He TONBKO JOCTaTO4YHO
6ricTpoe cniananue YBJI npu oTXoxe OT INABHOTO HANpaBiIeHUA, HO H IOHHKEH-
HEI ypoBeHb NepBhIX Gokosbix nenectkos (YIIBJT). Heo6xomuMoCTh yMeHblIe-
Hust YTIBJI oOBsicHsA€TCA B MEPBYIO OUEPENb TEM, YTO NIEpBhle DOKOBLIE JIENECTKH
aHTEHH MMEIOT NOBBIIIECHHBIH 10 CPABHEHHIO C JANbHHMM JIeTTeCTKaMH YPOBEHb H
MO3TOMY BO MHOIOM ONPENeNAI0T OMeXo3allHIIeHHoCTs U IMC paaMocpencTs.

Haubonee ocrpoii ara mpobneMa ABNAETCA 1)1 3eMHBIX CTAHLMIA CITyTHH-
KOBO# CBA3H H3-33 BO3MOMHBIX [IOMEX CO CTOPOHBI COCEAHUX, OIIM3KOPacIONOKeH-
HBIX Ha F€OCTalHOHAPHO#H OpOHTE CITyTHHKOB.

Bo MHOrHX IpakTHYECKHX CIy4asx CHuxkeHue OmmxHero 60KoBOro Hamy-
YeHUs HOIDKHO ObITE 06ecnedeHo NpH COXpaHEHHH BHICOKOM 3(hGEKTHBHOCTH aH-
TenHbl, TakuM 06pazom, 3a1auy MOKHO CHOPMYIHPOBATH TaK: HEOGXOAMMO Orpe-
JIENUTh, 3 32aTEM PEeaTH30BaTh Takoe pacipeneIcHue Bo30y K IaoLero nous B pac-
KpBIBE ANEPTYPHOIl aHTEHHEI, NP KOTOpoM obecmeunsaerca Huzkuii YIIBJI npu
BEICOKOM aNe€pTypHOM KO3((HIHEHTE HCTIONMb30BAHUA PACKPEIBA (V,).

CrannapTHele pacnpejeneHus Bo30yxaaromero nond tuna napabonugec-
KOTO Ha Mbe/IecTalle M eMy NoXOGHBIX HE pellialoT nocTaBieHHoil 3axa4u. [Ipu jo-
nycTUMBIX 3HaYeHuAX v, YTIBJI okasbigaetcs penmuk (okono —20 1b). Uro xacaercs
pacnpesenetuii co cnabeiM Bo30yxaeHHeM nepudepun packpsisa tuma (1 — x2)7,
T0 oHH, o6ecneunpas Huskuit YIIBJI, uMeloT HEBBICOKYIO 3 heKTHBHOCTD U TPYA-
HO peain3yeMsl.

Ha ocnose ananusa, u3noxeHHoro B [63], MOKHO c$OpMyIHPOBATH OCHOB-
Hele TpeGOBaHHA K GYHKUMAM pacpeNe/ieHus, PELAIOLMM 33434y 06ecrnedeHu
uuskoro YTIBJI npu Bricoko# anepTypHOH 3¢ (QeKTHBHOCTH K peanu3yeMbIX MpaK-
THYECKH B CIIEAYIOMNIEM BUIE:

1. @ynkum f{x), noixHa G6ITE MOHOTOHHO Y6hIBatoweii [f”(x) < 0]. B mpo-
THBHOM CJTy4Jae €€ NPaKTHYECKad Peanu3alus CUIBHO YCIOKHACTCA.

2. YpoBReHb MO HA KPAIO allePTyphl A0IDKEH GbITh HEBEIUK. DT HEoOXo-
AuMO U1 06eCIe eHUs HU3KOTO YPOBHA NaIbHUX GOKOBBIX JIEMECTKOB.
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3. IepBas nmpou3soAHan GyHKIMA BO3GYXACHHA HA KPAIO aTlePTyPHI JOMK-
Ha GBITh OTPHLATENLHOH K HeGobIoii o abcomoTHo#H BennuuHe. JpyruMu cio-
BAMH, Y Kpas anepTyphl QYHKLHS BO30YXAEHHA JOIDKHA YMEHbIIIATECA MEIUICHHO.

4. Bropas npouseonHas f”'(1) nomxua GLITH ONOKHTENLHOMN H GONBIIOH,
T.e. KpHBM3Ha GYHKLMH BO30YX(IEHHA B IEHTPE PacKpPhIBA H Ha €ro Kpalo KOIKHA
MMETh pa3Hble 3HAKH.

Orcrona cnepyer, 4to GyHKuua Bo30yxaeHH f(X) JOIDKHA HMETh Ha pac-
KphiBe TOUKy neperuGa, rae f”'(x) = 0.

CdopmynupoBaHHble TakiM 00pa3oM OCHOBHEIE TpeGOBaHHA K pacipese-
JNIEHHSM. B TMHEHHOM anepType OCTaIOTCA CHPABEIMBLIMH U JUIA KPYIVIOH anepTy-
phl. 3a1a4a ONTHMH3ALMH aNEPTYPHEIX PaclpeieIeHH A, YIOBIETBOPSAIOMIMX ITHM
TpeGoBaHmnAM, MOXeT OuTh chopmynupoBaHa ciaenyiomuM obpasoM: HeobxonuMo
H3 KJ1acca pacrpeneNeHuii ¢ 3ajaHHEIM anepTYPHEIM KOG OHUHEHTOM BLIETUTD
pacmpenenenye, 06eCnedHBAIONIEe MAKCHMAIBLHYIO MOLHOCTD H3Iy4YeHHUs B CeK-
TOpE HEPBHIX GOKOBBIX JIETIECTKOB. ‘

Iepexons x NpakTU4ECKHM BONPOCaM, CICAYET 3aMETHTh, YTO 3aTPY/JHH-
TenbHO noaoOpars 06nyyaiomyo cucteMy Tak, 4ro6hl ee JIH ¢ HeobGxoqumoii Tou-
HOCTBIO ofecneynBana B pacKphlBe aHTEHHbI ONTHMAJILHOE NPYU 3aMaHHOH arep-
TypHOii 3¢ dexruHOCTH pacnipeaenenne. Ha npakruke pasymuee noabupars JH
o6myyarommei CHCTEMBI TaK, YTOOH COOTBETCTBYIOLICE PACIPEACIECHHUE IT0JI4 B pac-
KpPHIBE YIORNETBOPAIO CHOPMYTHPOBAHHEIM Bhillle TPEGOBAHHUAM OTHOCHTENEHO
HOBENEHUA Ha KPalO PacKphIBa. ‘

OnTuManbHad O OMEXO03AIMHMINEHHOCTH JUarpaMMa ONpeeaeTCa KOHK-
peTHo#t TOMeX0BOH 06CTaHOBKO, H TOITOMY B CXEME aHTCHHEI JOJDKHA OBITH Npe-
QYCMOTpeHa BO3MOKHOCTh YNIPaB/IeHus pacnpeieicHHeM no B packpsise. Ciona
OTHOCATCA CIIOCOOK!, MO3BONAIOIME, HE U3MEHAS OCHOBHBIX Y3/IOB aHTEHHbI, YIi-
pasuats ee [{H. Hanpumep, moxaButh H31y9eHHE B KAaKOM-THO0 MOMEX0OIIACHOM
HaNpaBJIeHHH MOXHO 33TeHEHUEM YacTH PACKPhIBA AHTECHHB! JOMONHUTENbHBIMH

orpaxarenamu (puc. 13.2, a). Bo Beex ciyyasx
OTpaxaTeNH BO30yxNaoTca noneM o0ayyare-

s, @ UX pa3MepHl H MECTONONOKEHHE TOAOH-

PAIOTCS ONMBITHRIM ITyTeM. YIOOHO XOMOIHH-

TEJbHBIE OTPAXKATE/IH YCTAHABIHBATE HA KPOM-

\L Ke 3epKaJia, KaKk oKa3aHo Ha puc. 13.2, 6. Cuu-
a) 3)

KEHHE YPOBHA JalbHEr0 60KOBOIO H3TyYEeHUA
aHTEHHBI 00ECIIEYHBACTCH MPEX/IE BCEro cra-
JOM aMMNIUTYRE! BO30Yx/arowero nois K Kpa-
SIM PaCKphIBa.
MoxHO HalTH aMILTUTYIHOE pacnpese-
Puc. 13.2 JIeHHE N0 B PACKPhIBE aHTEHHEI, /15 KOTOPO-
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ro ypOBeHb Ja/bHHX GOKOBBIX JIEIECTKOB YOBIBaeT nocTaTouHo Onctpo. Kak mo-
Ka3aHo B [62], ;14 3TOro He06X0AUMO, YTOGKI Bee MPOH3BOAHbIE QYHKLMH pachpe-
JeneHHs Nojis 00pallanuch B Hyllb Ha Kpalo packpaiBa. Takue hyHKLHHK CYIIECTBY-
1. OgHa U3 HHX HMEET BHJ

fp) = exp{b[1 - (1 - p?)7]}, (13.1)

IZie P — PacCTOSHHUE OT HEHTPa A0 NPOH3BOIBHOH TOYKH B PACKPHIBE; b — OCTOAH-
HE1i k03¢ @uuuent. Jlerko y6eautscsa, uto £ (11) = 0.

ITon60opoM MOCTOAHHBIX [APAMETPOB TaKHX (YHKIUMA MOXHO B LIAPOKHX
Ipesieliax yNpaBIaTh BUAOM Bo36yxaawomei GyHkiu. B vacTHoCTH, Ha Gonbureit
9acTH PacKphiBa OHH OYAyT MpeACTaBIATh pacnpeaeneHue, Gnu3Kkoe K paBHOMEp-
Homy. [Ipu 3ToM ypoBeHs FanbHUX O0KOBEIX JrenecTkos Oynet mai, a KUIT anren-
HbI I0CTATOYHO BEICOK. OHAKO 310 Pealu3yeTcs TOJIbKO PH OueHb GONbLINX amep-
TYpax, BCISACTBHE Y€ro Ha IPAKTHKE TAKUE PacIpe/ieleHHa MOryT OBITE OJIE3HbI-
MH TOJILKO JI/I5i AHTEHH C 04eHb GONBIIHM PacCKPLIBOM.

Bonee cnoxHoi 3axa4€ii, 4eM HAXOKACHHE 10/ B-00IACTH, IPUMBIKAIOLIEH K
HANpPaBJIEHHIO MAKCHMAJIEHOTO H3My4YEHHA, ABIAETCA OTHICKAHHE PACIIPEAEIEHAS HH~
TEHCHBHOCTH H3/Ty4deHHs B 00IacTH AaNbHEro G0KOBOro H3y4YeHH, 00yCIOBIEHHO-
ro qud)paKIHOHHEIMY SBICHHAMH Ha KpasaX aHTeHHbL. J(e10 B TOM, YTO B 31O 06nac-
TH (hopMHpOBaHHE NOMA B 6011110 CTENEHM 3aBUCHT OT KOHKPETHOM CXeMBI aHTEH-
HBI, 0COGEHHOCTEH €€ KOHCTPYKTHBHOTO BBIIONHEHHA, O/IM3KO PaCHONOKEHHBIX Tell,
HanpHMEP 3aHuUi, CoopyxeHHH 1 T. . MIHTeHCHBHOCTH AU (PaKIHOHHOIO IO MO-
JKeT OBITh OLIEHEHa METOIOM reoMeTpudeckoit Teopun mudpaxuuu (I'TI).

JlpyToii yTh CHHXKEHMA NOJIS B 33JIHEM MOMTYNPOCTPAHCTBE COCTOHT B HC-
NOJIb30BAHHH CIICLHAILHBIX 9KPAHOB, OCHA0IAIOLIHX paccesHHOe fnoje. JTOT CIo-
€00 MOXHO IPOHILTIOCTPHPOBATH Ha
NpHMEPE PYNOPHOH aHTeHHH. B

06BIYHOH KOHCTPYKLIHH pyIlopa
Iu¢paKiiya nona Ha KPOMKax pac-
KpBIBA PYTIOPa CO3IaET OIpee/eH-
HO€ H3JIy4YeHHUE B 33AHEM MONYIpO-
CTpaHCTBE aHTeHHHI (puc. 13.3, a).
Ha puc. 13.3, 6 nokasas Tot xe py-
[Op €O CHENUATbHBIMU SKPAHAMH.
OKpaHb! BBINOIHEHB! B BUAIE YaCTH
TIOBEPXHOCTH 1apabonu4ecKoro Lu- -
JMHAPA, POKANBHBIE THHUM KOTOPO-
) 3)

IO COBMELUEHB! ¢ KPOMKaMH pPYIIO-
pa. B Takoii cxeMe 3aMeTHO CHuXKa-
€TCH YPOBEHb M3IYYCHUA B 3aIHEM ) Puc. 13.3

q,
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[IOJIyNPOCTPAHCTBE, HO KOHCTPYKLUA MOTy-
YaeTCA CIAMILKOM CIOXHOM.

B 3pKaJHBIX AHTEHHAX MOTYT GHITh
HCIIONB30BaHb! GoJiee MPOCThIE MIOCKHE 3K-
paHBbl, KaK IIOKa3aHo Ha puc. 13.4, an 6. Hc-

5 [, UOIb30BAHME OJHOIO 3KPaHa MO3BONAET

9 P YMEHBILIATh YPOBEHb MOJIA B 3aJAHEM MOIY-

npoctpancTse Ha 8...14 nb. JIBa nocneno-

BaTeJIbHO PACIOIOKEHHBIX IKpaHa obecreun-

BAalOT yYMCHbLICHHE YPOBHA MOJA Ha

20...25 ob. OTH 3KpaHEI MOT'YT BBIIONHATE-

cs U3 JHCTOBOrO MeETa/lla MM IyCTOH MPOBOJIOYHOH CETKH, NMPUYEM KECTKHX
Tpe6oBaHH| K TOYHOCTH BEITIONIHEHHA H YCTaHOBKH 3KPAaHOB HE NPEXbABIAIOTCA.

Eme onuH myTh CRIDKEHHS HHTEHCHBHOCTH TH(PAaKLHOHHLIX MONeH OCHO-
BaH Ha 1eQOpMalHU KOHTYPa PacKphiBa aHTCHHBI. Tak, eClld KOHTYpP pacKpsiBa
NPENCTABIIAET OKPYXHOCTS C IICHTPOM, eXaluM Ha (okanbHO# ocu nmapaGonou-
Jia, BCE TOUKH KOHTYypa Bo36yxnatoTcsa cuH(}a3Ho, YTO 00yCIaBIMBAaeT BHICOKHUI
YPOBEHb AH(paKHOHHOTO 11014 B Hanpasiaennd 0 = 180°. Jlng ymeHblieHus ypoBHs
3TOro Nojs HeoGXoAUMO NPHIATH KpOMKe Napabonouna Takyio $hopMmy, IpH KOTO-
poii napuMansHele JM(PAKIMOHHEIE IO/, BO30Y)KIaeMEIe OTHEIbHbIMH y4acTKa-
MH KPOMOK, GhUTH Ohl pacdasipoBaHbl B HaNpaBpneHHAX, 6muskux k 6 = 180°. Ha
puc. 13.5 npuBeseHb! pa3IHYHbIE THIB paca3HPYIOMMX KPOMOK (CIIHpanbHasi,
TpeyronbHasd, Jenectkopas). OHH yMEHbIIAIOT H3Ty4YEeHHE B HAlPaBAeHUAX, On3-
knx k0= 180° ua 5...6 nb.

Kak H3BeCcTHO, aHTEHHBI, B PACKPHIBE KOTOPAIX pacnipeAe/IeHHe MO Craaa-
€T K KpasM J0 Hyis, UMEIOT MoHWkeHHBIH YBJI, B TOM 4HC/Ie NenecTkoB B 3aHeM
noynpocrpaHcTee. Pacnpenenenue noius s aneprype Oyaer 61u3Kko K pacnpezerne-
HHIO C HYJIEM HA Kpalo 3epKaila, eciii nepudepuiiHas 4acTh OTpaxaromeii nosepx-
HOCTH 8HTEHH IOKphITa PaAUONONIOAIOImHM MaTepHanoM. OIHaKO OTCYTCTBHE
3 (EKTHBHBIX U HEIOPOrHX MONTOMAIONIMX MATEPHANIOB HE TO3BOIAET HIHPOKO
npuMeHsTs nogobHsle ycTpoiicTsa. [loatoMy Jierye foOHTHCA CHIXKEHUA HaJbHE-
ro GOKOBOTO M3]1y4€HHs aHTCHHBI, KOTOPBIif CBA3aH C BHINONHEHHEM nepudepuii-

Puc. 13.4

Puc. 13.5
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HOM YaCTH NMOBEPXHOCTH aHTECHHBI HE M3 pa-
JHMOMOMIONIAIOIET0, 3 U3 YaCTHIHO PafHo-
mpo3pauHoro Marepuana. Haubonee npocto
TaKOii Marepyarn BEITOIHUTL B BUIE METAILIH-
YeCKOro JINCTA, IIOBEPXHOCTH KOTOPOTO Iep-
¢opupoBana orBepcTuaMu. H3menas pasme-
Pl OTBEPCTHIf M MX IUIOTHOCTH PACIIONOXKe-
HHA, MOXHO NOOHTHCA YMEHBLICHUS UHTEH-
CHBHOCTH paccesHHoro noius (puc. 13.6).

B 3akumroueHue OTMETHM, 4TO Ha JaJlb-
Hee GOKOBOE M3Ny4YeHHE AaHTEHH (BNpoYeM, KaK
¥ O/OKHEEe) OKA3hIBAET BIIMAHHE HATIUYME CITy-
4aifHbIX OMIHGOK aMILTUTYAHO-(a30BOTO pac- Puc. 13.6
npeneneHus, 00yClOB/IeHHBIX, HAPUMED, TeX-
HOJIOrMYECKUMH ITOrPEIHOCTAMH BBIIONHEHHA MPoduis 3epKana.

Ipumensiemsle Ha PPJI juia ciry THHKOBOM H KOCMUYECKOI pAHOCBA3H OCe-
HECHMMETpPHYHbIE aHTEHHBI, TaKHE KaK pynopHo-napabonnyeckue (PI1A), anteH-
HbI C BEIHECeHHEIM u3iyuarenem (ABO) (cM. 1. 10), o6nanaror 1ocTaTo4HO XOpOo-
LIMMH 3aIUTHBIMU cBolicTBaMHu — xopotueit OMC. [IpuHATHE ZONOJHHTENBHBIX
Mep M03BOJIAeT ellle 6olee YCHIHBATh 3aIUTHOE AEHCTBIE ITHX aHTEHH.

OnuH U3 cnocoGoB 3aKIIoYaeTcs B co3nanun B packprise PIIA pactpene-
JIeHHSA 0N, CHIBHO CNAAAIOIIET0 K KpasM. [ 3Toro Heo6XoAHMO H3MEHUTH Xa-
PaKTEPUCTHKH M3/Ty4EHHA HTAIOIIETo pynopa. Tak, €clii B IUTAIOEM KBapar-
HOM BOJHOBOJIE HAPAAY C OCHOBHO#H BOJIHO# H | B0O3GyIMTh /BE THGPHIHKIC BONHEI
THna EH, To MOXHO 06ecreYnTs B pacKphiBe CeMI006pasHOe pacpeaeIeHue o
€ KPYTHIMH CKaTaMH Ha kKpasx. K aHaIorHuHbIM pe3ynsTaTaM IpHBOAMT UCIIONL30-
BaHHE BMECTO 00BI4YHOrO 00/IyyatonIero pynopa robpHpoBaHHOTO PYIIopa HilH py-
0pa C U3JIOMOM.

AHTEHHEI ¢ BHIHECEHHBIM 00/IyJaTesieM, BHITONHEHHBIE 110 3aKPHITO# cxe-
Me, 3auHieHb! ¢ 60koB, Kak u PIIA, sxpanupytomumMu crenkamu. [To nomexosa-
IIHIIEHHOCTH TaKHE aHTEHHBI IPUMEPHO paBHO3Ha4HbI PITA. KoHCTpyKTHBHO Ipo-
me ABO, caenanHble o OTKphITOMR cxeme (cM. puc. 10.11), xoraa oTCyTCTBYIOT
IKpaHHpyolmue G0KOBbIE CTEHKH H 3JIEMEHThI 3aIUMTH PAacKphlBa 0T atMocdep-
HEIX ocajkoB. [Jomexo3ammineHHOCTh OTKPEITEIX ABO B 0CHOBHOM Onpezeser-
s HaIIpaBJICHHBIMA CBOHCTBAMH 0OTyyaTeNs i IPH PaLMOHAIBLHOM IIPOSKTHPOBA-
HHM MOXET OBITh HE MeHbIIe moMexosamuinenHocTH PITIA. Hanmyumum obnyya-
Tenem qna ABO sensercs pacdasuposaHHbIA Pynop ¢ H3IoMoM oGpasyroueit,
MOBOPOTOM OCH M KOChIM cpe3oM (cM. puc. 10.12).

JUs ymeHbleHs G0KOBOTO H3TYYEHHA H YBETHYEHHS 3alUTHOTO AEHCTBHA
OZIHO- U ABYX3EPKAIBHbBIX OCECHMMETPHUYHBIX RHTEHH NPHMEHAIOT Pa3IHIHOTO POXa
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3amuTHBle 3Kpadbl. Ha puc. 13.7, g noka-

3aH YCTaHOBJIEHHBIH [0 KOHTYPY aHTEHHBI

UAIMHApHYECKHil SKpaH (OneHaa), no3sos-

Iowmuit cymectsenHo (Ha S... 10 aB) cHwkaTh

[\/:ﬂ JanbHee GOKOBOE H3TyUeHHe H H3TyYeHHe B

3a/iHeM MoaynpocTpaHcTse. JInuHy SKkpaHa

00bIyHO MoAGHpaloT Tak, YTOOH YpOBEHB

a) 3) BO30YXXAEHUA ero KpoMkH Obur 6nM30K K

HYM0. YMEHbIICHHE H3Iy4YeHHA B 3allHHX

Prc. 13.7 KB3/IpAaHTaX MOXHO obecrneyuTs Takxke

cKpyIiieHueM neprpepuiBoi yacTH noBep-

XHOCTH 3epkaia (puc. 13.7, 6). ins ymyymenus IMC paccMaTpHBaeMbIX aHTEHH,

KaK YKa3blBJIOCh B Hayajle JaHHOro maparpada, MpuMEeHAIOTCS Takoke pacdasu-
POBKH KPOMOYHBIX TOKOB.

3aMeTHOE CHIDKEHHE NTOMEX03aLIHIIIEHHOCTH 3ePKaNbHBIX aHTEHH 00YCIIOB-
JICHO YPOBHEM KPOCCHONAPH3aLHOKHOTO H3nmy4enns. Haubonswmuii yposens 310-
FO M3MydeHus HaOIIonaeTcs B AHArOHANBHBIX MIOCKOCTAX, COCTABISIOMIMX YIoJ
45° ¢ rnaBHBIMH ILIOCKOCTAMH E U H. YpoBeHb KpOCCIIONAPH3ALHOHHOrO U3Iyde-
Hus MoxeT OuiTh ocnalnen spifopoM Tuna ofnyyarend, a TaKkKe MONABICHHEM
MEPEKPECTHOH COCTABMAIOLLEH [TOCIIE €€ H3TydeHHA. []j11 3TOro HCMok3ytoTCs 3ep-
Kana B BUJIE OQHONHHERHOI IIPOBONIOYHOM CETKH, HAKJICEHHOH Ha ITOITIOIAI0 Mt
Marepuall, Gnaroaps 4eMy MoxaBIsgeTCs olepeyHas KpOCCnoMAPH3aHOHHAS CO-
CTaBJAIOIIAA 01 aHTeHHEL. [IpoBoaa 0AHONHHEHHOH CETKH MOTYT pPacionaraTh-
€A B 3TOM PACKPHIBE 3€PKaila NEPNEHAMKYIAPHO OCHOBHOM ITONAPU3ALIHM; B ITOM
ClIy4ae HX e1eCo00pa3HO BHIOIHATS U3 NOMIOLIAIOIEro MaTepuana. Takas ceT-
Ka MOYKET 3aTEHATh TOJIBKO T€ Y4aCcTKH 3epKalla, KOTOphle MAKCHMAILHO BO30yKaa-
0T KPOCCIIONAPH3ALUOHHOE U3Ty4eHHe (Y4acTKH Noj yrioM 45° K IUIOCKOCTH 0~
JAaBJICHH, 3aHHMAIOLIME IIPHMEPHO OZHY TPETH ILUIOIIAAM PACKphIBA).

JUtst yBenn4eHHA IOMEX03aLMIIEHHOCTH npumeHseMeIx Ha PPIT neprcko-
MHYECKHX aHTEHH KPOMe Mep, ykasaHHbIX B 10.2.1, cnenyer Tak monbupars pa3me-
PHI M3iTy4aTens (AP 3aJaHHBIX BEICOTE OIIOPHI U AMAaMETPE ITePer3ITydareis), 4To-
651 0Geceunranach Manas yreyka SJHEPrHU Ha YHaCTKe U3/ydarels — Iepeu3ayya-
Teuns. JIONONHUTENBHOE ITOBBILIEHHE IIOMEX03aLIHLIEHHOCTH MOKET OhITH 06eche-
4YEHO IIPH OTHECEHHH H3IyuaTels OT OCHOBaHUA onopsl. [IpH 3ToMm Bo30Y)naeTcs
TOJIBKO YaCTh OMOPHI, HEMOCPEACTBEHHO NPHMBIKaIOLIas K BEDXHEMY 3epKany.

OnpeneneHHoe BIMAHHE Ha IOMEXO03aLHIEHHOCTh OKA3bIBAET THII OLIOPHL.
HauMenbllee BIMIHHE OKA3RIBAET ONIOPA B BUJIE CILIONIHOI KpYTIoi maaxoit Tpy-
651. Pewieryaras omopa MpeACTaBIAeT COB0H NEPUOAUYECKYIO PEILETKY, YTO MPH
CKONb3AIIEM IaJEHHH EKTPOMATHUTHOH BOMHLL (PUBOAUT K GOPMUPOBAHUIO
HHTEHCHBHOIO U3TyYCHHA CaMOf ONOPHI.
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QcnabneHue H3NyYECHUA AaHTEHH B OIHOM HIIM HECKONBKHUX 3apaHee H3BECT-
HBIX HANPaBNIECHUAX BOZMOXKHO C IOMOLIbIO BEIHECEHHBIX 3aLIMTHBIX 9KpaHoB. OHU
PAacoNaraloTcs nepes aHTEHHO# 110 HAPaBIEHHIO MELIAIOIET0 CHIHANA.

Pa3nuuaioT npocTrie, GUrypHbie (OAHOCBA3HEIE) © MHOTOCBA3HEIE 3aILHT-
Hble 9KpaHbl. K npocTeIM 5KpaHaM MOXHO OTHECTH KOJIbLIEBbIE H ceKTopHbIe. [Ipu
HCMOJE30BAHHH KOMBUEBRIX SKPAHOB MOJE B TOYKE MPHEMa HMEET TPH ClIaraeMbIX:
npAMOE N0 HCTOYHMKA, Noje Audpakuuy Ha BHYTpeHHeH KPOMKE KOJIbla 1 IoJIe
Jaubpakuyy Ha BHelHel kpoMke. [Ipy BHyTpeHHEM paauyce KOabla, PaBHOM pa-
JNyCy nepBoit 30Hb PpeHed, ¥ BHELIHEM — panuyCy BTopoii 3oHs! (puc. 13.8, a),
KOJILLIEBOM 3KPaH MOXKET CYILECTBEHHO YCHINTH MONe B HANPaBJIeHNH OCH CHCTe-
MBI «HCTOYHHK H3Ty4eHUsA — KOIBLEBOH SKpan». IIpH ApYrHx pasMepax MOXHO
nony4uTh 00paTHblif 3¢ dext — n1ybokoe noaasneHue usyyeHud. Cymma Tpex yka-
33HHBIX BBIIIE MOMEii, HMEIOMUX PaBHYIO aMIUIMTYLY, IPH Pa3sHOCTH $a3 MeXay
HUMH B 120° paBHa HymO. '

OPI%

Puc. 13.8

Paauyc ceKTOpPHOro 3KpaHa AomkeH OHITh PABHBIM PaJHyCy NEPBOii 30HH
®peHena. DKpaHOM HYXKHO 3aTEHHTh MONOBUHY NepBoi 30HE PDpeHent, yTobh
HONYYMTE HYJIEBOEC 3HAUCHHE PE3YIETUPYIOIIErO MOJs Ha OCH CHCTEMEL. JTOT pe-
3yneTaT MMeeT AcHoe ¢du3uueckoe TonakoBaHue. Kak u3Bectno [58], cymmapHoe
HoNe M3Iy4YeHHus Beex 30H dpeHens, HayuHasA CO BTOPOM, BHOCHT BKJIAJ, PaBHBIH
-E,, a Bxinan nepsoit 3016 Openens paseH +2E. [103ToMy [OCTATOUHO 33TEHUTD
MONIOBHHY [EPBO 30HbI, YTOOHI MONYYHTH HYNEBOE 3HAYEHHUE PE3YNETHPYIOILETO
10J1 Ha OCH cucTeMEl. [1pu 3ToM dopMa ceKTOpanbHOro 3KkpaHa MoXeT ObITh pas-

“nuyHoi (puc. 13.8, 6 —-2).

Hcnonk3oBaHHe BBILIENEPEUUCIESHHBIX SKPAHOB HO3BOIAET CYIIECTBEHHO
CHWXXATh YPOBCHb no6ouHoro H3JIYYEHHA QaHTCHHDBI, HO BCE OHHU oﬁnanaw'r TEM HE-
JOCTATKOM, 4TO CEKTOP MOJABICHHA HAMyUEHUS CPABHUTENLHO HeBenuk, Jus pac-
IUMPEHHS CEKTOPa IOJABICHHA H3MYYEHHS HCIIONB3YIOT MHOTOCBA3HEIE SKPAHEL.
Ha puc. 13.9, a 1 6 noka3aHs1 COOTBETCTBEHHO MHOTOKONIBIEBOH H MHOTOILEAEBOM
3aIUMUTHBIC JKpaHbI.

Cnenyer OTMETHTB, YTO B MHOTOCBA3HBIX 3KPaHaX CYIECTBYET HEKOTOPas
cB060a BHIGOPA reOMETPHYECKUX NAPaMeTPOB (HapHMep, PaMyCoB Kojelr). D10
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Puc. 13.9

MOXET MCIIONB30BaThCA 1A PAaCLIHPEHHA CEKTOpa HOJaBNeHuA aubo ONTHMM3a-
LIMH CHCTEMBI, HanpuMep obecnedyenns 3aganHoi dopmsr IH B Tenesoit obnactu
33 IKPAHOM.

13.3. AxTUBHbIe MeTOAbI GopbLOLI C NOMexamu

AKTHBHBIE METOAB 00eCIeUeHHs OMEX03alMUIEHHOCTH Peannu3ylorcs B
MHOFOKaHAIBHBIX aHTEHHBIX YCTPOHCTBAX, B KOTOPhIX HMEETCH HECKOIBKO KaHa-
. 0B nipHeMa (nepegayun). I1pH 3TOM BO3MOXHEI JIBE Pa3IHYHEIE IOMEXOBBIE CHTYa-
UMH: 1) H3BECTHBI HANpaBiCHHA M MHTEHCHBHOCTH BO3JICHCTBHA Ha aHTEHHY Kak
HONIE3HOTO CHIHANA, TAK M [IOMEX; 2) HalpaBJieHHe M HHTEHCHBHOCTH IIOMeX 3apa-
Hee HeM3BECTHDI, a 002 apaMeTpa ABALIOTCA CAydaiiHbIMU DYHKUMAMH BPEMEHH.,
B nepsom ciryuae nosbleHNRE TOMEXO3AMALIEHHOCTH MHOTOKAHAITbHO AHTEHHEL
petuaercs GpopMHpoBaHHeM crielHanbHON GopMbl JIH, umerowueil Hyneeble ypPOBHH
H3NYy4EeHHUs B HAlPaBICHUAX MpHUXoAa noMex. Jind HeonpeaeneHHoiH MOMEXOBOH CH-
TyaLuH BO3MOXHO NPHMEHECHHUE AQANTHBHbIX aHTCHH, GOPMHPYIOIMX ONTUMATBHYIO
10 BhIGpaHHOMY KpuTeputo J{H, koTopas, H3MEHAACk BO BPEMEHH B 3aBUCHMOCTH OT
MOMEXOBOH CHTyal|H, IIOCTOSHHO OCTAeTCA ONTHMAIBHOM 10 3TOMY KPHTEPHIO.
DopMUpOBaHHE HYJIEBOIO YPOBHSI H3TY4E€HHA B HEKOTOPOM 3aJ(aHHOM Ha-
npaeieHHH (KOMIIEHCALMOHHOE MTOJABICHHE U3YYEHH) MOXHO NOHATh Ha NPH-

Mepe IBYXKaHalbHoli anTenHbl. OHa COISPIKUT B3 KAHAIA, B KOXKJIOM U3 KOTODBIX.

HaxXo[ATCA aHTEHHa, PEryaHupyeMblc $a3zoBpaIlaTeNH U aTTEHIOATOpHl. BuIXoqsl
o6oux kaHanos oGseaHHeHs! (pHc. 13.10).

PerynupoBkoii arTeHI0aTopoB AT, U AT, MOXHO BbIPaBHATH YPOBHH IIOME-
XH, npuxoAswei ¢ Hanpasiaenus O, B kananax / 1 2, a pasospamarensmu oGecne-
9HTH CABHUT (a3 MexxAy HUMH, paBHklit 180°. B 3T0M cnydae Ha BBIXO/I€ AaHTEHHOH
CHCTEMEI YPOBEHB NOMeX OyaeT paBeH HyIo.

IIpouenypy komneHcanuu gerko o0BACHUTD, Henoib3ya JH anrens. [Tycrs
anTeHHa A, umMeroman Golbuiyi0 HANPABIEHHOCTh, OyleT OCHOBHOII aHTeHHOM
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AT, @ Ay

8=0°
- X ~T 7
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~

Arz P2 Ar ~
—-;i—‘ 51..<| S~

Puc. 13.10

CHCTeMbL. AHTEHHA 4, C MEHbLIEH HAPABICHHOCTBIO HCTIONB3YETCA AL CO3aHNs
BTOpOro kaHana npuema. Ha puc. 13.11 npusenens! HeHopMmupoBaHkbie JJH: kpu-
BbI€ / — /I AHTEHHE 4|, KPHBEIE 2 — UL aHTEHHBI A, 8 KpuBble 3 — U1 pe3y/IbTH-
pytouieii anTeHHoi cucremsl. Ha puc. 13.11, a mokasansl JIH g0 BeIpaBHHBaHKSA
ypOBHeit curHaia ¢ Hanpasnenus 0 , a puc. 13.11, 6 — nocne BRpaBHUBAHUS, @ Ha
puc. 13.11,.6 — nocne Beeaexus dasoporo capura 180°.

Jns Toro uTo6b1 M36eKaTh YMEHBIIEHHS YPOBHA IIOIE3HOTO CUIHANA, B Ka-
Hane / nenecoo6pa3Ho HCNONB30BATE HATIPABIEHHYIO BHTCHHY A4, ¢ MAKCHMYMOM
ee JIH, opueHTHpOBaHHBIM 110 HaNpasieHuio 6, . B aToM ci1yyae npuMeHsIoT Tolb-
KO aTTEHI0aTOop AT,.

B 3epKalbHbIX aHTEHHAX JONONHUTENbHBIH KOMIICHCAIHOHHBIA KAHATI MOX-~
HO CO3[IaTh YCTAHOBKOH AONOJIHUTENLHONO H3llydaTens A6o oxHUM obaydarenem
4 JIByXMOJOBBIM TPAKTOM, 00ECTIEYHBAIOIIKM [Ba KaHAJIA [IPHEMA.

PaccMOTpeHHbII BEINIE METOA KOMIEHCALHY TPEGYeT yNpaBIeH:s U aMIl-
naTynoif, ¥ $ha3oii. U3BecTHH! aHTEHHbIE CHCTEMEL, B KOTOPHIX KOMIeHcawus obec-
NEe4YHBAETCs PErYIHPOBKOI TOIBKO OJHOIO NAapaMeTpa CUrHaNa — aMIVIMTYAbl HIX

(8 }‘ 18) #(6)
/] \

Puc. 13.11
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(assr [62]. [TpHHUKNE NOCTPOCHHUS ATANTHBHBIX AHTCHH H MOJABJIEHHA HEHAIll-
PABICHHEIX MOMEX H3NOKCHB! B § 9.4.

Jlumepamypa: ocnoenasn (34, 62), donannumenvnas (7, 50, 51].
KoHTponbHble BONpPOCHI

1. Kaxosbl npuanHbl nossacHua npobaemsl YMC B cucremax caazu?

2. Kaxue XapaKTepHCTHKY AHTEHH BIHAIOT Ha OMC?

3. Kakue MexayHaponHbie TpeGOBAHHA, NPeABIBNACMbIE K AHTEHHBIM CHCTEMAaM, Mbl
CBA3bIBAEM C pelleHHeM npobnemer IMC?

4. Yro TaKoe pa3BA3Ka o NOAAPH3ALHHT

5. Kakue criocofbl CHHXEHHS YPOBHS fansHero GOKOBONO M3iyueHHR TIPUMEHSIOTCS B
3EPKANbHBIX aHTEHHax?

6. Kakue Tunsi aHTeHH, nenonbsyemble B PPJI M cnyTHHKOBOM cBsisn, 00najalor Bbico-
KHMH 3alMTHbIMHK CBOHCTBaMH ¢ Touky 3perust SMC u nogemy?

7. Kakumy cnocoGamu MoxeT ociabnsThCs KPOCCNONAPHIAIHOHHOE H31YUYEHHE aH-
TeHHBI? ’

8. OGracuuTe 3bdekT ocnabnenns nNons B 3a1aHHOM HRIPABIEHHH C IOMOLLBIO BhiHe-
CEHHBIX 3AUMTHbIX SKPaHOB.

9. O6wpACHHTE NIPHHLKN AKTHBHOTO MeToAa GopLObl ¢ noMexamu.

Fnaesa 14. MEXAHU3MbI PACTTIPOCTPAHEHUA
PAAUKOBOIH

B o6mem BuIe OXHY U3 OCHOBHBIX 3aJad paclpoCTpaHEHH paguo-
BOJIH MOXHO copMynupoBars ciexyronmMm ob6pazom. Ha HEKOTOPOi BBI-
core HaJ 3emiieil HaXOIUTCA HCTOYHHUK 37IEKTPOMArHHTHOH BOJIHEI (aHTEH-
Ha). Tpebyercs onpenennTs HANPAKEHHOCTH NOJIA B M060H ApyroH Touke.
B npuHIune Takas 3a1a9a JOJDKHA PEMIAThCE HCXO/A U3 ypaBHeHUH Makc-
BeIUIa K CHCTEMBI TPAHHYHBIX YCioBHi. OHAKO B pealbHbIX yCIOBHAX 3eM-
ns ABIAETCS HEOXHOPOXHOM nornonsatommeii cpenoit. [ToBepxHoCTs 3eMIn
HepoBHadA. Bokpyr 3eMiu HaxoguTcs aTMocdepa, mapaMeTphl KOTOPOH Me-
HAIOTCA N0 HIMPOTE, JOJITOTE, BEHICOTE, 3aBHCAT OT BPEMEHH, YaCTOTHI BOJI-
Hbl 1 T. . C y9eToM IepEeUHCICHHBIX (PaKTOPOB HaXOXIECHHE IO HCTOY-
HHKA YPE3BBIYaHHO YCIOXKHACTCA M JaHHAA 3a/1a9a HE HMEET PELICHHA 10
Hacrosmero BpeMeHH. [ToaToMy o6uiyio 3anady 0 paCHpOCTPaHEHHH pa-
JHOBOIIH B pealibHOl cpene (TpakTe pacnpoCTPaHEHHA) pa3felAloT Ha He-
CKOIBKO OTAETBHEIX 331a4. Kaxias 3ana4a HeceyeT MEXaHH3M pacnpoc-
TpaHEHHA, 00yCIOBIEHHEIH HEKOTOPEIM YaCTHEIM CBOMCTBOM TpaKTa pac-
ApOCTpaHEeHNS.

K niepoMy pery/sipHOMy MEXaHH3MY OTHOCHTCS PaclipoCTpaHEHHE
PanHoBOIIH BIOJNL FPAHUILI pa3esa BO3AYX — 3€MHas IOBEPXHOCTh. Bon-
Ha, PACIPOCTPAHAIOILAACA II0 ITOMY ITyTH, Ha3BIBACTCA 3eMHOU UIIU nogep-
xnocmuou (puc. 14.1, a).

OnekrpHiecKas HEOXHOPOXHOCTh BEPXHHX HOHH3HPOBAHHEIX CIIOEB
arMoc(epl ABNSETCHA MPHIMHOH BTOPOrO PETYIAPHOTO MEXaHH3Ma Pacnpo-
CTpaHeHHs PagHOBOJIH ¢ YacToToii 10 30...40 MI' mytem nocnenoBaresb-
HOr0 MHOTOKPSTHOTO OTPa)XEHHS OT HOHH3UPOBAHHBIX CIIOEB aTMOCHhepsl
M noBepxHocTH 3emiu (puc. 14.1, 6). Bonsa, pacnpocTpaHAIOMaiCs 110
3TOMY ITyTH, Ha3bIBAETCA NPOCMPAHCMEEHHOU (HOHOCHEPHOT).

3a cyeT ci1abhIX MEKTPHUECKUX HEOJHOPONHOCTEH JIOKAILHOTO Xa-
pakrepa B atMocdepe IPOHCXOIMT paccedHue pamuoBoiH (puc. 14.1, 6).
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Paccedan - Kocmuyver-
wyud o03em Kud o8senm
\
4 2

Puc. 14.1

Pacceannas éonna ucnons3yercs i nepenadn HHGopMauuy Ha 4acTOTax
Beie 300 MI' 110 Ha3eMHEIM PaTHONHHHAM.

Cpa3p MEXTY 36MHBIM ITyHKTOM H KOCMHYECKOH CTaHLueH MOXET
OCYHIECTBIATHCSH TOJNBKO 33 CUET TAK HA3BIBACMOMU npAMOii 801HbI, KOTOPAS
PacIpoCTPaHACTCA 9EPE3 BCIO TOLLY arMocdephl # KOCMIYECKOE IPOCTPaH-
cTBO (pHcC. 14.1, 2).

PasnencHue equHOroO mpomecca pacHpOCTPaHCHUS PajgHOBONH Ha
OTHCIBHBEIE MEXaHM3MBI HOCHT HECKOJIBKO YCJIOBHBIH Xapaktep. TeM He
MEHee H3y4EeHHE YaCTHBIX MEXAHH3MOB I103BOAET BHIABIIATH ONTHMAIIb-
HBI€ TPAaEKTOPHH, OLEHHBATH NIOTEPH U BO3MOXHEIE HCKa)KEHHS CUTHATIOB.
Ha Ha3zeMHbIX JIMHMAX B TOYKE IpHEMa OOBIYHO JOMHHMPYET OITHA COCTAB-
NAXONIAA MONA. DTO HIIM 3eMHas, HIIH PacCesHHas, WIH NPOCTPaHCTBEHHAs
KOMIIOHEHTa B 3aBHCHMOCTH OT pabode 9acTOTsl U NPOTDKEHHOCTH JIH-
HHH. PaccMOTpHM, HalpuMeEp, HHTEPBaJI PATHOPEICHHON JTHHHUH, KOTAZ MEX-
Iy MyHKTaMM CBA3H €CTh NpsMas BHauMocTs (puc. 14.2). Ha stix nuHux
HCNOJIB3YIOTCS YILTPAKOPOTKHE BOJHEL, T.€. 9acTOThI Bhie 30. ..40 MI'y, mo-
3TOMY NIPOCTPAHCTBEHHAA BOIHA HE OTPaXaeTCsa OT HOHOC(HEpHI U He NPH-
XOIUT B TOYKY npHeMa. PaccesHHas BOINHA MMeeT TOpa3fo MEHbIIYIQ MH-

TEHCHBHOCTB, YEM 3cMHast. B maHHOM ciryyae
; ONTHMAJIEHBIM MEXaHH3MOM paclpocTpaHe-
HMA ABAACTCA 3€MHasA BOJIHA H AHArPaMMBbl Ha-
NpaBJICHHOCTH AHTEHH OPHEHTHPYIOT TaK,
4T06h! 00ECIIEYHTh MAKCHMATBHOE H3TydeHHE
H NIpHEM MMEHHO 3TOi BOJNHEI.
8 HzyyeHne 4acTHBHIX MEXaHH3MOB I10-
3BOJACT [IpM MPOEKTHPOBAaHHH NHHHUH
BHIOMpATh OCHOBHBIE NIAPAMETPHI CHCTEMEI C
Y4ETOM CBOHCTB TpaKTa, XapaKTEpHBIX JUISA
Puc. 14.2 OXHOTO ONTHMAalIbLHOIO MEXaHHU3Ma B
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3aJaHHBIX YCIOBHAX. YCTOIUMBas paboTa paHONHHIH 0BecreduBaeTcs Co-
[TIACOBAHHEM OCHOBHBIX TEXHHYECKUX XapPAaKTEPUCTHK C YCIOBHAMH pac-
npoctpanenus. K TaKHM XapaKTepHCTHKAM OTHOCATCA: BHI fiepeaBaeMoii
HH(POPMAIHH, MOIIIHOCTD IEPENATYHKA, IYBCTBUTETLHOCTH IPHEMHHKA, KO-
3¢ QHIHEHTE yCHIeHHA ¥ OpHeHTHpOoBKa JIH aHTeHH Ha epefiage M pHEME,
CHCTEMa NpHEMa U Jp.

VenoBua pacpoCTPaHEHHs YIHTEIBAIOT TAKXKE B IIPOLIECCE SKCILTya-
Taluu panuonuHuil. Eciu ycloBus pacnpocTpaneHHs 3HAIUTEIBHO MEHS-
I0TCA BO BPEMCHH, HAPHMED B TE€YECHHE CYTOK, O CE30HAM MM LUKIY
CONHEYHOH AKTHBHOCTH, TO I CO3/JaHMA ONTHMAJIBHBIX YCIOBHiT nepe-
CTpauBaeTCsd PEKHM paboThI JIMHHH.

JTumepamypa: ocnosuan [58), dononnumenvran [59].
KoHTponbHble 80ONPOCH!

1. YTo Ha3BIBAIOT MEXaHH3IMOM PaclpoCTpaHeHHA?

2. HazoBHTe NIpHEMEpHI pafHOIHHHAI, HCNIONB3YIONINX 3EMHYIO BOJIHY.

3. HasoBHTE MpHMEpHI paaHONHHMI, HCROMB3YIOMHX HOROCHEPHYIO BONHY.
4. HazoBHTe NpHMepH! PaiHOIHHHIE, HCIIONB3YIOIIHX PACCEAHHYIO BOJIRY.
5. HasoBute NpuMepsl pAAHONHHH#, HCTIONBIYIOIHX NPAMYIO BOJHY.



Mnaea 15. PACNMPOCTPAHEHUE PAOVOBOIJIH
B CBOBOHOM NPOCTPAHCTBE

15.1. JHepreTUveckue COOTHOLLEHUA
B yCNnoBusx cCBOGOAHOro NpocTpalcTea

B cBo6onHoM npocTpanctse (8, = 1; | , = 1; 6,=0), kak cnexyer u3
1. 1, aMIUIATY 13 HATIPSOKEHHOCTH NEKTPHYECKOTO N0NA B TOUKe Habmioze-
HHA (TOYKe IpHeMa)

Egpay = V60PG, /7, (15.1)

Ime Pl’ — MOMIHOCTB, IIOABOIMMAS K nepeJJ;aloineffl aHTEeHHE; GI — k03 ¢u-
IHMEHT YCHIICHUA Nepenaloneil aHTeHHb! OTHOCHTENBHO H30TPOITHOrO H3-
IyqaTend; ¥ — PACCTOAHNE OT TOYKH Iepefady JO TOUKH NpHeMa.

Mpoussenenne PG, = P, . Ha3BIBAIOT IKEUSANEHMHOU MOUHOC-
MbI0 u3NyHeHus, KOTOPYIO HaJ0 IOXBECTH K HEHANIPaBJICHHOH aHTEHHE, YT0-
6Bl IOTyIMTH B TOYKE IPHEMA TAKYIO JKe HAPAKEHHOCTD MO, KaK OT Ha-
HpaBlieHHOR aHTEHHE! C k03¢ duumenToM yCHnerua G,, K KOTopoi mozse-
JieHa MOWHOCTD P

U3 (15.1) cnenyer, 9T0 Rake B CBOOOIHOM NPOCTPAHCTBE, cpele 6e3
HOTeph, HANPSHKCHHOCTH MOMA B TOYKE NpHeMa YORIBaeT 0GpaTHO MPOIOp-
IHOHAJILHO NEPBO# CTENEHN pacCTOSHUSA, YTO 00yCIIOBIEHO YMEHbIIEHHEM
ILTOTHOCTH MOLIHOCTH (CPEIHETO 3a IepHOL Kone6GaHHii 3HAYeHHA BEKTOpa
IoitHTHHrA) IPH YAAIEHHU OT HCTOYHHUKA.

Bo MHOruX cmyuasx, HanpHMep IIpH pacyeTe PaTHOIHHHH B AMana-
3oHax kopotkux (KB), cpennux (CB) u mmuunbx (JIB) BosH, mons3yoTces
HE aMILTHTYXHBIM, 2 IEHCTBYIOIMM 3HAYEHHEM HAIPKEHHOCTH IO, KO-
TOpO€ B YCIOBHAX CBOOOIHOTO IPOCTPAHCTBA

E, = Jzop;c;l Ir. (15.2)

Ilpu pacyere H NPOSKTUPOBaHUK PATHONHHHIA, 0cobeHHO B THana-
30HaX CAHTHMETPOBHIX M JIELMMETPOBLIX BOJIH, HEOOXOMMMO 3HATH MOIL-
HOCTh CHTHA/Ia Ha BXOJE NPHEMHUKA. 313 MOIMIHOCTE ONMPEHENACTCH pas-
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14 61 52 4
)
Reperamun| 2B G —— 3B B[
r
Puc. 15.1

JMMHO 4718 PamMoNHHME NByX THnoB. Ha paxuonuunu I THma nepenada
HHGOpMAIH BEIETCA HEMIOCPEACTBEHHO H3 ITYHKTA EPEAAYH B IyHKT [IPH-
ema (puc. 15.1). Ha papyonunuax II TMna OPHHUMAIOTCA CHTHANBI, HCIIbI-
TaBILUKeE MACCHBHYIO PETPAHCIALMIO HA ITYTH OT IIEPENATUYHKA K IPHEMHHKY
(puc. 15.2). Ha 3THX nMyHHAIX HEMOCPEACTBEHHAA IEPENada SHEPTHH BOJIHEI
OT MCTOYHHKA JO TOYKH MPHEMA 10 KaKUM-THOO NPHUMHAM HEBO3MOKHA
(HampuMep, 3TOT MyTh NEPEKPHIT npensTcTBreM). Ha HaseMHBIX paanomu-
HHAX C NTACCHBHOM peTpaHCIsUMEed Ha NMyTH PacIpOCTPaHEHHS MMeeTcs
CIIEIMANBHOE AHTEHHOE YCTPOHCTBO, KOTOpOe 0GIydaeTcs NEPBHIHbIM IT0-
JiEM M IIEPER3ITYHAeT €10 B BHIE BTOPHYHOIO NOJI, IPEAHA3HAYESHHOTO IS
npuema. ITo TakoMy ke IPHHIHITY pabOoTarOT CHCTEMBI TACCHBHOM paayo-
JIOKAWKH, TAe [epBHYHOE Nosie 06IydaeT 06Hapy)KHBAaEMYIO 1€, a HOJIE,
TIePEeU3TyYEHHOE ENBI0, IPHHAMACTCS JIOKATOPOM.

Apuesiuk

Puc. 15.2

Ha nro60ii panuonueHyiy MOIHOCTE Ha BXOE NPHEMHUKA P, cBsi3aHa
C IUIOTHOCTBIO NOTOKA MOIIHOCTH B MeCTe npueMa [T, COOTHOLICHHEM

P,=1L,Sm,, (15.3)

rze 1, — KIIJI dunepa npuemuoi antennsy; S, = G,A\*4n — peiicTByromas
IUIONIaAh MPHEMHON aHTeHHs! (CM. . 5).
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Ha pagyiomnnny I Tna B ycaoBHAX cBOGOXHOTO MPOCTPAHCTBA ILIOT-
HOCTb IIOTOKA MOIIHOCTH B MECTE IIpHEMa

m,,= Pn,G,/(4nr), (15.4)

tae Py, m;, G, r ykasansl Ha puc. 15.1.
HNoncrasmas (15.4) B (15.3), nomyqaem and paguonuauy I Tuna Mor-
HOCTB Ha BXOJI¢ TIPMEMHHKA B YCIIOBHAX CBOGOIHOTO IPOCTPAHCTBA:

PJ,=Pm,G,Gn A (4nr?). (15.5)

Ha pamuonunun I THia 3nayenue 17, 3aBHCUT OT TeX JKe NapameT-
POB, YTO H Ha JIWHUH ] TUN, H, KpOME TOTO, OT IIEPEH3ITYYaloLIMX CBOHCTB
perpanciaropa. Eciu kakoe-mi6o teno o6yqaeTcs noueM, To ero cnocob-
HOCTb [IEPEH3TYYaTh 3TO II0ITe OLCHHBaeTcA 3 PexTHBHOMH IWIOMAIpIo pac-
CCAHMA O, (QI1P). Bemyunna OIIP 3aBHCHT OT (OPMEL, Pa3MEPOB, HIIEKT-
PHYECKHX CBOHCTB MaTepHalIa, H3 KOTOPOTO BBINIOIHEH NEPEN3NyyaTenb, a
TAKOKE OT €r0 OPHEHTAHMH OTHOCHTEIEHO HANPABICHHS PAaCHPOCTPAHEHHSA
TIEPBUYHOTO TONS ¥ HANIPABIEHUS HA TIPHEM.

Ecnu 0koJI0 Nepen3TydaolIero Tela IIOTHOCTL NOTOKa MOIHOCTH
nepuaHOTO IONs T1 = PlanI/(41tr12), TO NepeusITyIeHHas MOIHOCTh

Py, =114,0., (15.6)

a INTOTHOCTh MOTOKA MOUIHOCTH BTOPHYHOIO ITOJIA BOIH3H ﬂpHCMHOﬁ aH-
TCHHBI B YCIHJBIIHX.CB(NSOIU{OIT)Iq30C1]QaI{CTBa

1, = P, /(4nrd). (15.7)

Cornacso (15.3), (15.6), (15.7) MOIIHOCTB Ha BXOIE IPHEMHUKA JUIsA
pasHonuHuM | THNA

Ponzz P|n1G1Gzn203¢}“2/[(4n)3r12r§]~ (15.8)
B Tex caydasnx, korma r,=r,=r
Pl =Pn,G,Gn,0, AY[(4m)’r?]. (15.9)

U3 (15.5) u (15.9) BugHO, 9TO B CBOGOAHOM MPOCTPAHCTBE IIPH OT-
CYTCTBHH NTACCHBHOIO PETPAHCIATOPA HA IMHUY MOIHOCTH HA BXOZE IPH-
€MHHKA YMEHBIAETCS 06PaTHO NPONOPLHUOHAIBHO KBAAPaTy PacCTOAHKA,
a IpH paboTe ¢ peTpaHCIATOPOM — 00paTHO NIPONOPIHOHAIILHO YETBEPTOl
creneny. Takoe GricTpoe yOpiBaHMe Moy Ha muHuAX I THHA 0OBACHIETCA
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TEM, YTO I10JIE ABAXKABI HCIBITHIBAET PACXOAUMOCTE: IEPBHYHOE MOJIE - HA
IOyTH OT HCTOYHHKA (mepenaromteit aHTEHHBI) 10 PETPAHCIATOPA U BTOPHY-
HOE T0JIe — Ha IYTH OT HCTOYHHKA (PETPAHCIIATOPa) KO MyHKTa MpHEMA.

IIp# npoekTHPOBaHMH CHCTEM YIOOHO HMETh CBENCHHS O MOTEPAX
[pH Hepefade NEKTPOMArHHTHOH SHepruu. ITomepsamu nepedayu L Ha3bl-
BaIOT OTHOIIEHHE MOIHOCTH P, MOIBOMMMON K Nepealoilell aHTeHHE,
K MOIHOCTH P, Ha BX0Jie IPHEMHO aHTCHHDI:

L=P]/P]=Pnmn,P,, (15.10)

rae P, — MOWHOCTb Ha BBIXOJE TepeqaTduka; P, — MOIIHOCTL Ha BXONIE
NPHEMHHKA.

Jns papuonuany I THOA B YCITOBUAX CBOGOIHOIO IPOCTPAHCTBA CO-
racHo (15.5) u (15.10) norepu nepenayu

Ly, = (4nr/A4G,G,. (15.11)

Pacuers! ynpomaiores, ecnd B (15.11) BBIOEINTE COCTABIIONIYIO
L, kxoTopas XapaKTepH3yeT NOTepH, 00yCNIOBIEHHEIE PACXOXHMOCTEIO BOJI-
uel npu G, = G, = 1. Cocrasnmomas L, Ha3EIBAETCA OCHOBHbIMU nOMeEPS-
Mu nepedayu B yCIOBHAX CBOOOIHOTO MIPOCTPAHCTBA:

L, = (4mr/A)2. (15.12)

TTonusie noTepu nepenaan 06bIYHO BHIPaXalOT Yepes L. Tak, BMec-
10 (15.11) MOXHO 3amHCaTh

Ly =L/G,G,. (15.13)

Hns pagpomunnn II THIIa B yenoBrax cBo60IHOTO IPOCTPAHCTRA IIPH
7, = r,=r cornacuo (15.9) u (15.10) norepu nepenau

ény’rt 1
Lyp === 15.14
TN GiGo, (15.14)
Wi ¢ yaetoM (15.12)
1 A
==
Loy Y GGy, 4 (15.15)

B ciydae peasbHBIX Cpell, OTNHYHEBIX [I0 CBOUM CBOMCTBAM OT CBO-
601HOTO IPOCTPAHCTBA, BBOAAT TaK HA3bIBAEMBII MHOJICUMEND OChabaenus:

12—2013
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V = ElE, =V exp(~ig,), (15.16)

rae ¥V — MOIylis MHOXHTENA OCNallIeHHs, KOTOPBIH OLEeHHBAET OMOIHH-
TEIBHOE OCNIabIeHHe aMIUTUTYIb! HAIPSUKEHHOCTH TIOMA [0 CPABHEHMIO C
€e ocnabieHHeM B yCIIOBHAX CBOOOIHOTO MPOCTPAHCTBa; @, — $hasa MHO-
KHTENA OCNabneHns, KOTopas OLEHUBAET JOMOTHHTENFHOE H3MEHCHHE (ha3bl
BonHEL. U3 (15.16) cnexyer, 9ato

E=EV. (15.17)
Hotepu nepeaaun Ha pagronuuusx | THma
L =Ly/V?=LJ(G,G,V?), (15.18)

a Ha pauonunusx Il tina (tpu r,=r,=7)
2 2
- Loy - Ly N
2,72 2,2 4.
N, GiG0l Y, 4n - ;
rae V| u V, — MHOXHTENH ocnableHns COOTBETCTBEHHO Ha IIEPBOM H BTO-
POM y4acTKax pagHONHHHH.

(15.19)

15.2. ObnacTb NpocTpPaHCTBA, CyLieCTBEHHO y4YacTBylouan
B8 chopMUpoOBaHMN NOMNA Ha 3afaHHON NUHUK

B Teopuu pacnipocTpaHeHus pagHOBOIH, 0COOEHHO IIpU OLIEHKE BITH-~

AHHSA 3EMJTH, BAKHOE 3HAYEHHE HMEET TIOHATHE «CYIECTBEHHAA 06/IACThY.
Hamrue cymecTseHHOH 061acTH MOXHO ONPENEITHTH ITYTEM 3KCIIEPHMEHTA,
YcTaHOBMM Ha IMyTH PacIpOCTPaHEHMA BOJIHBI OT TOUKH A Kk Todke B He-
NPO3pavHbIi 1A paZHOBOIH 3KpaH C OTBEp-
CTHEM HepeMeHHoro npuamerpa d (puc. 15.3).
Ecnu nuaMeTp OTBEPCTHA BEIHUK, YTO COOTBET-
’ CTBYET OTCYTCTBHIO JKPaHa, HAIPHKEHHOCTh
H nons B Touke B pasna Bemuuune E (cm. 15.1).

o ———— If’ ————— o bynem 3areM yMEHBINATh JHAMETP OTBEPCTHA
IO TeX mop, oKa H3MEPUTENBHBIH IPHGOp He

[OKaXKET ABHOTO YMeHbIIeHUd noya. CooTBer-
3 CTBYIONIee 3HAYECHHE d U €CTh JHaMeTp obnac-
TH, CYIIECTBCHHO y4acCTBYIOIUEH B mepenade

Puc. 15.3
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9HEpTHH BoNHEI. [loMenras SkpaH Ha pa3HBIX PaCCTOAHHAX OT HCTOYHHKA,
MOXHO TaKiuM 06pa30M BBISBHTH KOH(UTYpAIHIO CYIECTBEHHON 00/1acTH.
QopMy ¥ pasMepHI CYLIECTBEHHOH 0611aCTH BO3MOXXHO YCTaHOBHTD
M aHATIMTHYECKH, HCIIONb3YA NPHHIKN 3KBHBaNCHTHOCTH [18]. Cormacuo
9TOMY IIPUHIMITY II0]I€ B TOYKE NPHEMA ONpeaeNieTca CyMMapHbIM JeH-
CTBHEM BTOPHYHEIX HCTOYHHKOB, paclpeleeHHbIX 10 BooOpaxaeMoii mo-
BEPXHOCTH, 3aMKHYTOH BOKPYT HCTOYHHKA A HIIH TOYKH nipueMa B.
BribepeM OBEpXHOCTD, KOTOPad OXBATHIBAET MCTOUHHK, U /IS YII-
POLICHHS PAacYeTOB COCTABUM ee U3 GeCKOHEUHO# IIIOCKOCTH S, paciono-
KEHHOH NepHeHIMKYIAPHO NHHUU AB
(puc. 15.4), n momycdepn! S_ ¢ beckoHeu- -
HBIM PaAMyCOM, KOTOpasa 3aMBIKAET ILIOC- 4
KocTs S. [Tond o1 HCTOYHHMKOB, pacionoxeH-  /
HBIX Ha 6ECKOHEYHO YHANEHHBIX Y4acTKax l/
NOBEPXHOCTH S, + S, GeckoHEYHO Maibl | AL n 5
BCIE/ICTBHE PACXOMMMOCTH BomHEL [Tosto- |
My CcyMMapHoe mone QopmupyeTcs \\
MCTOYHHKAMH Ha IIOBEPXHOCTH S, pacmo-  \
JAOXCHHBIMHM Ha KOHETHOM PACCTOAHMH OT  Joo \
T04KH B. Jlna obnerdenns CyMMHpPOBaHH S
PpasnenuM ILIOCKOCTS S, Ha 30Hb PpeHer.
IMoctpoum cepuio nomaneix AC, B _
(puc. 15.5, a), nepecekaomux MWIOCKOCTE S, TaK, 9T00b JIMHA KAXIOH
nocaenyromei JoMaHoi 6su1a 6obie IHHEI NPEABIAYIIEH Ha HONIOBUHY
JJIHHbI BOJIHBI:

ACB=AC, B+MN2=(r)+r])+n\2. (15.20)

CeMeiicTBO JJOMaHbIX JIHHHUIA, YIOBIETBOPAIOMHX YeaoBuam (15.20),
TIPH NEPECEICHHH C IUIOCKOCTBIO S, 06pasyeT Ha 3TOH ILIOCKOCTH CHCTEMY
OKpyXHOCTeH ¢ neHTpoM B Touke O (puc. 15.5, 6). YyacTku miockocT,
OTPaHUYEHHBIE OKPY)KHOCTSMH, Ha3LIBAIOT 30HamMu Dperens Ha niockocmu,
IlepBas 30Ha MpenCTaBIAET COOOM KPYT, 30HBI BRICIIMX HOMEPOB — KOJIbIle-
BBI€ 00/acCTH.

CyMMapHOE 101€ 0T BCEX HCTOUHHKOB PACCYMTHIBAETCAH C YYETOM HX
pacnpenenerus 1o 3oHaM dpenenst. AMIIHTYI NONA OT MEMEHTa IOBEPX-

Puc. 15.4
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flaoexocms Sy

] -

1-4 Jona

Puc. 15.5

Hocth AS ouenusaercs kak AE = CAScosy/r,r,’, a baza @ = Q/A)(r, +r))
rie C — KOHCTaHTa, 3aBUCALIAA OT CBOMCTB MEPBHYHOIO HCTOYHMKA; 060-
3HAYEHUA Y, 7,, 7, ACHEI H3 pHC. 15.4.

Ha puc. 15.6 moka3aHo BEKTOPHOE CYMMUpPOBAHHE SJIEMEHTAPHbIX
cocrapomux AE, Bo36yXIeHHBIX MCTOYHMKAMH JBYX 30H C HOMEPaMH 1
4 n + 1. PacdeTsl MOKA3bIBAIOT, YTO PE3YIBTHPYIOIINE BEKTOPHI nosen, ot
HCTOMHMKOB COCEHHX 30H MOYTH KOJUTMHEAPHBI, IPH 3TOM BeKTOpH! E, 1
E, ., (cM. puc. 15.6) HanpaBIeHb! IPOTHBOIIONOKHO M3-32 Pa3IMIHs Ha A/2
amu nyted v, +r, ur,  +r) | cormacso (15.20). AMmmnTyRa E i tymax <
<E, ax MOCKONBKY YT ¥, ., + 77/ > + 1)/ ¥ C yBEHUCHHEM N YMEHB-
IIaeTCA 3HAYEHHE COSY.B pesynbTare KOMTHHEAPHOCTH BEKTOPOB MoJeii OT
HCTOYHMKOB B OTAENbHEIX 30HaX Dpenens (cM. puc. 15.6) ammuryna pe-
3YJLTHPYIOILETO TIONS onpelenseTcd anrebpandeckuM CyMMHpPOBaHHEM,
HpH 3TOM y4eT (a3bl IPHBOANT K 3HAKONEpeMeHHOMY pany. Kaxasiit wien
pAna paBeH aMILTHTYJE 10/, CO3LAHHOIO B TOYKE ITPHEMa MCTOYHUKAMH
n-# 30HBIL:

Emax =E Imax E

2max

E

4max

+E, + ..

max
JUns BISBIIEHAS KOMMYECTBEHHBIX OTHONIEHHH YTOGHO 3a1THCATh PAN
B BHJIE

Emax = El max/2 * (E lmax/z - Elmax + E}maxlz) +
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2 '_E/fa

Puc. 15.6

+ (E3ma/2 - E4max + ES

ITockonbKy coceHUE YISHB! AL Mo OTIMYAI0TCS APYT OT Apyra,
TO 3HaYEHHeE 110/ B KaKH0ii u3 ckobok (15.21) 6:1H3K0 K HY/TIO ¥ B IEPBOM
IpHOIHAKESHUH PE3yIbTHPYIOIIEE Iole

E _~E _ /2 (15.22)

max 1max’ “?

/2) ... (15.21)

max

T.€. HAPSHKEHHOCTB I10JIA paBHA MOJIOBHHE TOH BEIHYMHEL, KOTOpAs CO30a-
€TC HCTOTHHKAMH NTepBoif 30HH Ppenens.

Pe3yneTaT NOCHEHOBATENLHOTO OT 30HEI K 30HE anreGpandeckoro
CYMMHpPOBAHHA IOJIEH MOXXHO MPOCIEIHTE N0 KPHBOH, IPHBEICHHON Ha
puc. 15.7. IIpu cyMMHpOBaHHH NONEH OT HCTOYHHKOB TOJIBKO IIEPBOI 30HBI
HaNPDHKEHHOCTH MO BO3pacTaer 1o E = 2E,, mie £ — none B cBo6onHOM
npoctpanctse. [IpH nansHeHNIeM CIOXKEHUH NPOSBAACTCA ACHCTBHE [PO-
THBO(A3HBIX MOJICH OT HCTOYHHKOB BTODPOIi 30HbI, U PE3yNBTHPYIOMAs Ha-
TPAXXEHHOCTH NOMIA yMeHbInaeTcd. Komnencupyromee aefictBue nonei ot
HCTOYHMKOB Y€THBIX 30H PpeHens 00ycIoBINBACT HEMOHOTOHHBIH 3aKOH
NpUOIKEHHS BETHIHHEI E K E ) IpH 1 — oo,

CymecTreHHy10 061acTh OOBIYHO OrpaHHYHMBAIOT IIPHMEPHO BOCE-
MbI0 30HaMH @penens. [Ipu TakoM npuOMIOKEHNH OMKOKA B BEITHCICHUY
noJA He npessimaet 16 %.

BeIACHUM BONPOC O MPOCTPAHCTBEHHOM (OPME CYIIECTBEHHOM 06-
nactd. CoorHomenue (15.20) 1OIKHO BRINONHATHCA NPH NI0GOM MONIOXKE-
HHH ILTOCKOCTH S) BIOJIb THHUK AB (puc. 15.8). [Toatomy (15.20) senser-
¢l ypaBHEHHMEM DJUIMIICOMAa BpameHnus. TakuM obpasoM, cyiiecTBeHHas
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ofnacTe Kak NpOCTPaHCTBEHHas QHTypa
SBIAETCS OJIITHICOMAOM BpAaIIEHUS C
(oxycaMH B TOYKaX Iepenad ¥ NpHEMa.

Buemmnuii panuyc n-if 3oast Openens
p, cornacHo puc. 15.5, a u ycnosuto (15.20),
a TakKe C Y9eTOM TOTO, YTO Ha PeallbHBIX JIH-
Puc. 15.8 HHAX (g +ry") >> A/2, onpegenseTcs cooTHO-
IIEHAEM

P, = ARy ((ry +13). (15.23)

MakcuManbHE PaJHyC COOTBETCTBYET CEPEIMHE TPACCHI, TIe r6 =
- ” .
=ry = r2:

Do = VIAF /2. (15.24)

MaxkcHMaNBHBIH PaiHyC CYIIECTBEHHOTO JUIHICOMAA, OTPaHHICH-
HOTO BOCeMbl0 30HamMu Openern,

Puma = VAP /2 = V207 (15.25)

YeM Kopoue BOJIHA, TEM MEHBLIE IONEPEYHBIE Pa3MEpPH! CYLIECTBEH-
Horo amuiicouna. Hanpumep, Ha Bonaax A =10 M ... 10 cM ps ApOTHKEH-
HOCTH JIMHUH r = 10 kM pamuyc pg . = 160...16 M. ITpu sToM Gonbiuas
OCB CYIIECTBEHHOTO SIUIMIICON I, COM3MEpHMas ¢ IUTHHOH PaXHONHHKH, B
COTHH H THICAYH pa3 Gombie ero MaJIoii OCH, T.e. J/UIAINC CHIBHO BEITAHYT
BIOJIb TPAacChl,

TonaTHe cymecTBeRHO# 061aCTH ITHPOKO IPHMEHACTCA IPK U3yde-
HHUH YCNIOBHH PacIIpOCTPaHEHH Ha JIMHUAX, TOE YICKTPHICCKHE TapaMeT-
PHI TPaKTa pacnpocTpaHeHHs Heopquoponusl. Hanpumep, npu pacpoctpa-
HEeHHH PaJOBONH HaJ 3¢MHOH IOBEPXHOCTEIO OCHA0IEHHE NONS 3aBHCHT
OT CTETICHH 3aTCHEHHA CYIIECTBEHHOH 001acTH noBepXHoCcThio 3emmu. Ecin
BBICOTE! AHTEHH TAKOBBI, 9TO YACTh CYLIECTBEHHOH 061aCTH 3aTCHEHA, TO
THIOTEpH Ha JIHHAY 3HAYHTEIHHO BO3PACTAIOT.

B 3amoderHe 0TMETHM, 4TO CyLIECTBEHHAA o6nacTh uMeeT GopMy
INAHIICOHAA BPATUCHHA TOJABKO MIPH KCIIOIb30BAHHY HEHANPABIACHHBIX aH-
TEHH B TOYKAX Iepenayu u npueMa. PeansHo ee hopma Gonee crnoxHas 1
3aBucuT ot JIH aHTEHH.
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Jumepamypa: ocnosnas [ 58], donoanumenvuan [59).
KOHTpOﬂbH ble BONpOoCHI

1. IosicHHTe HHIUUECKYIO COKHOCTE NTponecca ocnableHns Hons B YCIOBHAX cBOGO-
HOTO IIPOCTPAHCTBA.

2. OT KaKuX NapaMeTpoB JIMHHH 3aBHCHT MOIIHOCTL HA BXOJIE IPHEMHHKA PaTUOIHHUY
mepBoro THna?

3. OT KaKHX NTApaMEeTPOB JAWHHH 3aBHCHT MOLIHOCTE HA BXOJE MPHEMHHKA PAIUHOTHHAN
BTOPOTO THMAa?

4. Yro Takoe MHOXKHTENb OcnabeHus nons cBoGONHOTO IPOCTPaHCTBA?

5. Uro Ha3bIBaeTCA MOTEPAMH H OCHOBHBIMH MOTEPAMM NMEPENadH B YCIOBHAX CBOGOA-
HOTO MpOCTpaHcTBa?

6. Kak nocTpouts 30051 (PpeHea Ha niIockocTu?

7. Yto TaKoe CYLIeCTBEHHBIH MUIMICOMA JUIA PaCIPOCTPAHEHHA H IOYEMY €T0 pasMepsI
3ABHCAT OT AJIWHEI BOAHLI?

8. K xaxoMy THITY (IepBOMY HJTH BTOPOMY) OTHOCAT PAJHOJHHHAH, HCTIONBIYIOMIHE aK-
THBHYIO perpaHcIanHio yepes UC3?



nasa 16. PACIPOCTPAHEHUE 3EMHOW BOJHbI

16.1. duandeckue npouecchbl NpU pacnpocTpaHeHnU
3€MHOW BOJHbI.
Knaccudukauma meTonos pacuyera NOSisi 3¢eMHOW BONMHbI

Brnuanue 3eMIH Ha XapaKTepUCTHKH aHTEHH, PACTIONIOKEHHBIX BOIH-
3M €€ MOBEPXHOCTH, OLICHHBAIOCH B HEKOTOPHIX NPEIBIAYINHX pasnenax.
Tax, B I71. 6 aHATH3HPOBANOCH U3IMYICHHE AHTEHH, HAXOUAIMXCA BOIM3H
METa/UIHYECKOro JKpaHa, B Ka4eCTBE KOTOPOTro HHOILA MOXKHO pacCMaTpH-
BaTh ¥ moBepXHOCTH 3eMiu. B 1. 11 u 12 yyuTeiBanocs BIUSHHE 3eMIH Ha
coiicrea KB, CB u /IB anteHH. B naHHoii mase 0CHOBHOE BHHMaHHeE Y-
IseTcs 3aKOHOMEPHOCTAM PaclpOCTPaHEHHA 3€MHOH BOJNHBI Ha MyTH OT
TOYKH Mepenavd X0 TOYKH NpHEMa.

OnpepeneHHe MO H3ITy4YaTens, pacnolokeHHOro B arMocdepe BOIH-
3H 36MHOH [IOBEPXHOCTH, C YIETOM pealbHbIX CBOHCTB 3eMmu 1 atMocde-
PHI IpencTaBnseT co00H 9pe3BBIYaiHO CNOXHYIO 3anady. Jlns obneryenus
€¢ pellecHHs BBOIAT HEKOTOPhIie ynpomieHus. IloBepxHoCcTh 3eMNH CUHTa-
10T SNEKTPHYECKH OHOPOIHOM, chepHuecKoit U HOEaIBHO IIAAKOH. DIeK-
TpHYECKHE NTapamMeTphl atMocdepsl (BO3MyXa) IPHHHEMAIOT TAKHMH XK€, KaK
H IapaMeTpsl CBOGOIHOTO IPOCTPAHCTRA.

Tlone 3eMHO# BOIHBI MOXKHO CYHTaTh PE3YNbTAaTOM CYIIEPHO3ZHLIHH
nonei, CO3MaHHbBIX BTOPHIHBIMH HCTOYHMKAMH, KOTOpBIE BO30YXIEHHI NEP-
BHYHBIM I0JIEM B Bo3ayxe M 3emie. [lomynposonsmue cBoicTBa 3eMnn
NPUBOAAT K OTTOKY SHEPI'HH BOJIHEI H3 BO3/MyXa B mouBy. Ceprudeckas 3eM-
Hasl [IOBEPXHOCTh ABILIETCA MPEIMATCTBHEM, KOTOpOE 3eMHas BONIHa ornba-
€T IIPH PacIpOoCTPAHEHHH 3a TMHHMIO ropH3oHTa. [Iponecc orubGanus — npo-
uecc Au¢pakHy paJHOROIH BROIb CHEPHUECKOro NPENATCTBHA IPHBOAUT
K JIONOJIHUTE/BHBIM NOTEPAM IO CPABHEHHIO CO CIIy4aeM pacIpocTpaHe-
HHA PaAHOBOJIH HaJ( IUIOCKO# MOBEPXHOCTHIO.

INonHoe pemenue 3a1a4n AUGPAKIHH PaIMOBOIH UL chepHISCKOH
HJeabHO ITIaJKoH 3eMIH ¢ ONHOPOAHBIMH 3NECKTPHICCKHMHU MTapaMeTpa-
MH 4 OOHOpOXHOH arMocdepn! nonydeHo B. A. @okom B 1945 . [56].
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B nanHOM yuecOHMKE HE IPHBOAATCA BBIBOJ M 3aITHCh (YOPMYJIBL U pacde-
Ta HANPSKEHHOCTH MOJIA 3eMHOH BOIHBL. OTMETHM TONBKO, 4TO 3Ta ¢op-
Myna nipefcrasiset coboit GeckoHeUHbIH P N0 CIICHHANbHBIM QYHKIHMAM
Oiipu ¥ pacueTs! N0 HeH BechbMa rpomo3akd. B pane ciygaes Berpevato-
IMXCA Ha PaKTHKe, 06mryio 1HdpakmuoHHy0 hopMyny Doka MOXKHO yII-
POCTHTE WM BMECTO Hee HCIIONIB30BaTh Npyrue, Gonee mpoCThie METOMbI
pacdera nomus.

JInia npaKTHYeCKUX pacyeToB obniee pemenne AudpaxuMoHHOl 3a-
Jla4d MOXKHO Pa3feIHTh Ha HECKOIBKO YacTHBIX. KpHTepreM Id nnpuMeHe-
HHA YaCTHBIX PEHICHHH CITy)KaT BHICOTA MONBEMA AHTEHH HaJl IOBEPXHOC-
THIO 3eM/IH H JUIHHA PAffOIMHHH (PacCTOSHHE OT ITyHKTA NEpelauu I0
nyHkra npuemMa). O6a mapameTpa ONpee/AIOT CTeNeHb 3aTCHEH U 36 MHOH
TIOBEPXHOCTRIO MPOCTpaHCTBEHHBIX 30H Openens (cM. § 15.2), a cnenora-
TENBHO, U 3aKOH 3aTyXaHHUA IO/ B IpoLiecce AHGPaKIHH.

B 3aBHCHMOCTH OT BBICOT PacHONOXKEHHA aHTEHH Pa3THYAlT IBa
Knacca 3agad. K mepBoMy Kiraccy OTHOCAT 3a1a4H, B KOTOPBIX BEICOTA ITOXHS-
THA aHTEeHH A >> A. DTO Tak Ha3HIBAEMBIE BLICOKO ITOJHATLIE AHTEHHEI, YTO
Ha MPaKTHKE XapaKTepHo npH pabore B aranasose YKB u ¢ HekoTOpsIMA
orpaHudeHHAMH B JuanasoHe KB. Bropoii xnacc 3agau paccMarpuBaet
nponecce J.IH('I)paKIIPIH PagHOBOJIH IIPH HH3KO pPacrnoJOXCHHBIX aHTCHHAaXx,
Korma A << A. DTOT city4aii xapakrepeH i pabothl B gHanasonax CB u JIB.

Brons myTH pacnpocTpaHeHHS 3eMHOI BONHBI B 338BUCHMOCTH OT
CTCIICHH OCBCIICHHOCTH TOYKH ITPUEMA HU3ITYUCHHEM nepenalomeifl AHTCH-
HBI BBIACNIAIOT TPH 0Onactu (30HE!): ocBetieHHy0 (1), moytenu (1I) u Tenn
(11T}, kax mokasano Ha puc. 16.1. TepMHH «OCBeIlcHHas 30Ha» HMEET Np-
MO#H CMBICIT TOJTBKO IIPH BEICOKO MOJHATHIX aHTeHHaxX. IIpu Hu3KO pacnono-
MEHHBIX aHTCHHAX 00J1acTh, NPHIIETralOIyIo K MEpeRaroliel aHTeHHe, Ha-
3BIBAIOT 30HOH «NIpHOMDKEHHA MIOCKOH 3eMII», MOCKOJIBKY B IpeAenax
3TOH 30HBI NOBEPXHOCTH 3eMIH MOXKHO NIPHOIHXEHHO CYUTATD ILTOCKOM.

A Auwun 20pu300ma

Puc. 16.1
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Haubonee mpocTo paccunThIBacTCA HAIPAKEHHOCTD I10JIS B OCBEIICH-
HOil 30HE IPH BBICOKO MOMHATHIX AHTEHHAX, KOTAa BIUAHHE 3eMIIH CBOIAT
K HHTepdepeHLHH B TOYKE IIpHEMa NpAMoi M oTpakeHHOH BOJH. Pacder
1o7A B JaHHOM cirydae paccMmarpuBaetcs B § 16.2. IIpu Ausko pacnoso-
MEHHBIX aHTCHHAX HA CPaBHUTEILHO HEOOILIIMX YIACHHAX OT U3TydaTe-
711 HEKOTOpbIE YNPOLIEHUs pacyeToB AOCTHralorcs Onarozapa ToMy, 4To
TIOBEPXHOCTH 3EMITH CYHTAIOT IIOCKOi. Pacyer mosd B 30H€ IPHOIIDKEHHS
rwrocko#t 3emiH H3noxkeH B § 16.3. B 30Hax nomyTeHu H TEHH pacyeT Ha-
TPSOKEHHOCTH TONA KAaK 419 BMCOKO MOTHATHIX, TaK M A HU3KO Pacmo-
JIOKEHHBIX aHTEHH BeIETCA 10 061IMM A pakuHoHHEIM hopMynam Poka.
OcCHOBHbIE 33KOHOMEPHOCTH H3MEHEHHA 110/ B ITHX 30HaX PacCMaTpHBa-
orcaB § 164,

B 3auiioueHie OTMETHM, YTO NpH OLIGHKE YCIOBHIT paclpocTpaHe-
HUA 3eMHO# BOJIHBI B CITy4ae />> A, 4acTO CPaBHHBAIOT MINHY PAaHOTHHHH
7 € Ipe/IeNbHBIM PaCCTOAHHEM IPAMON BUIMMOCTH 7, (puc. 16.2). Brico-
THI TIONHATHA AHTCHH Ha mepejade W npHeme h), h, << a , tAe a, =
= 6370 xM — paguyc 3eMiIH, O3TOMY BEIHYHHA r p OTCHUTHIBACMAS TIO
ayre GOBIIOro Kpyra, npuONKeHHO paBHa psaMoii AB. U3 puc. 16.2 puz-
HO, 4TO 7, = AC+ CB, tne

(a, +h) -a,’ = ,/2amh, ;CB= ,fzamhz ,
OTKyJa
-JT(JZ +,[hj). (16.1)

Ecmu Typ BPIPA3HTD B KHIIOMETpAX, h, ¥ h, — B MeTpax, TO Hocie
NOACTAHOBKH YHCIICHHOI'O 3HAYCHHA g - IOITyYHM

oy = 3,57(\/;; +\/Z ) (16.2)

IIpH 06bI9HBIX BHICOTaX MOQHATHA aH-
TEHH ([MOpAIKA HECKONBKHX JECATKOH MeT-
POB) IpeENLHOE PACCTOSHNE IPAMON BUIM-
MOCTH COCTABJISET HECKOIIBKO IECATKOB KHIIO-
MeTpoB (Kak npaBHio, He 6onee 50...60 km).

Puc. 16.2
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Takum 06pa3om, B cirydae A >> A IeieHue ITyTH paclpOCTPaHSHHA
3eMHO#! BOJTHBI Ha 30HEI IIPOU3BOMAT CIEAYIOMmMM o0pasoM: r<r_ p— OCBE-
IICHHAA 30Ha; 7= 7, — 30HA MOy TCHM; 7> #,, — 30Ha TCHH.

16.2. None BLICOKO NOAHATOrO U3Ny4aTens
B OCBeLLeHHOMN 30He

16.2.1 OTpaxaTenbHan TPAKTOBKA BNUAHUA 3eMnun

Hanpsxennocts nons B moboit cpezne cormacHo (15.17) npencras-
JACTCA B BAJIE

E=Ey =( 60PG, /rJ V.

B naHHOM ciyyae MHOXHTENb OCIalleHUs V yduTHIBAaeT BIMAHUC
3emim.

He KOHKpETH3HpYys METOAa OIpEICICHHA, OTMETHM, YTO BIMIHHE
3eMJIH Ha [OJIe B TOYKE MPHEMa MOXHO Y4eCTh ABYMs crocobamu. Bo-
TIEPBBIX, PACUET [IOJIST MOYKHO TIPOHU3BOIMTE IO MPHBENEHHOH Bhile dop-
MyiIe, Kyaa, [0 Ope/IeNeHAI0, BXOAUT K03 hHITHEeHT YCUIeHHs nepeao-
el anTenHbl G, B CBOGOIHOM MPOCTPaHCTRE. Bo-BTOPHIX, MHOXHUTENE V
MOXHO BHECTH IO 3HAK PaJHKala ¥ CIMTATh, 9T0 Npoussenenne G V2 -
3T0 KO3Q}HIMEHT YCHICHHA NepeIalonied aHTEHHBI C YUETOM BIMIHHA
3emin. O6a cnocoba paeHouerHsl. B aquanazone YKB nonbsyrores, kak
TIPaBHIIO, NIEPBBIM CHOc000M; B auanasone KB — BropeiM (B quamnasoHax
CB u /IB ycnoBue A >> A He BBIIIOTHAETCH).

PaccMarpuBaemBlii cilydail onpeReneHus NOMA BHICOKO TOXHATOIO
W3ITyJarens B OCBELICHHOI 30He Hanboliee XxapakTepeH s gHanasona YKB.
TToaromy GyneM cuuTaTh, 4TO KOIDPHULUHEHT YCHIEHHSA TEpEAIOLIEH aHTEH-
HEI OTIpefieNieH U CBOOOIHOTO IPOCTPAHCTBA, T.¢. 663 yuera BIHAHHS 3eM-
JIH, Y HalIa 3aj1aqa CBOAMTCA K HAXOXKIECHHUIO MHOXHUTEI ocnabnenus V.

B 1. 11 68110 MOKa3aHO, 4TO IOIE H3TydaTens, IOTHATOrO Hax ILT0C-
KOif IIOBEPXHOCTBIO 3EMITH, MOXET OBITh OIPENETICHO Kak CyMMa o€t 1By X
HMCTOYHHMKOB: PEanbHOTO, PAaCHONOKEHHOTO B TOUKE 4 , H BooGpaxkaeMoro
3epKanbHOTr0, PacoJIOKeHHOTO B Touke A’ (puc. 16.3). H3MeHeHHe aMILTH-
TYZb! ¥ $a3bl BOIHBI B IPOLECCE OTPAXKEHHA YUHTHIBACTCA C IIOMOILBIO KO-
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adduumenta otpaxenua R ot 3eMHoi
nosepxHocTH. TakoH METON y4eTa BIH-
AHAA 3SMITH HA3BIBAKOT OMpajcamens-
HOtl mpaxmogKoi.

- KoabduumenT orpakenns R =
by - Rexp(i6) (xoadpduunent OpeHern) 3a-
BHCHT OT DIEKTPHYECKUX IAPaMETPOB
OTpaXalollleif MOBEPXHOCTH, yIIa fa-
IOEHHS W BHZAA TOAAPH3ALMH BOJHEI
[48]. KagecTBeHHbIH XapakTep H3Me-
Henua Moxmyns R u daszp O koabduIHeHTa OTPaXKECHHS OT TIONYIPOBOA-
IIeH MMOYBEI JUDL ABYX BHIOB HOIAPHM3ALMH BOMHBL IIPENCTABIEH HA PHC.
16.4. BuHo, 910 H3MEHEHHE yTia Bo3pbIieHHA A (cM. pHc. 16.3) npuBo-
IUT K 3aMeTHOMY H3MeHeHHI0 R u 0, 0cobeHHO U1 NapayuienbHoH 1momis-
puzanuy. OTMETHM TRKKE, 9TO TIPH JTI0OBIX yI7iax BO3BHIEHHA R > Ry,

[pu MCONE30BaHME OTPaXATENBHON TPAKTOBKH IpeANoNaraercs,
YTO OTPaKEHHE PAAHOBOIH OT 38MHOH IOBEPXHOCTH NPOMCXOIMT B OIHOMH
Toure C (cM. puc. 16.3). B neiicTBHTEILHOCTH OTpaXEHHAA BOITHA (OpMH-
PYeTCA YIaCTKOM 3eMHO# TIOBEPXHOCTH, OKPYXAaIOLIHM 3Ty TOUKY, — 0Ga-
CTEIO, CYLIECTBEHHOMH LI OTPKEHHU, Iapa-
METpPBI KOTOPOH H OIIpeAeNAIoT Ioe B ITyH-
KTe npHeMa.

Jnia HaxoxzeHus rpaHun obnacTy,
CYIIECTBEHHOMN MMIA OTPAXEHHA, HOCTPOHM
CyuecTBeHHEIA ammHncony (cMm. § 15.2) ¢
¢oxycamm B Toukax 4’ u B (puc. 16.5). Mau-
MOCTB HCTOYHHKA 4’ IeN1aeT 3T0 NOCTPOEHHE

-¥

Puc. 16.3

peanbHBIM JIHIIG B BEPXHEM [TOIIYIIPOCTPaH-
R -0 [
7 ) x
&y
8y
[ A —Ja
T2 0 X/2
Puc. 16.4 Puc. 16.5
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ctBe. M3 pHCyHKa BUAHO, UTO B IITOCKOCTH 3EMIH CYIIECTBEHHAA 061acTh
3aHUMAET KOHEYHYIO IUIOWIa/b, KOTOPas Ha3bIBAETCH CyujecmaeHHol obna-
cmbio (30H0U) Ons ompadicernus. [lanHas o6nacTs OTPaHHIHBAETCS JLIMII-
COM, KOTOPBI 00pa3yeTcs B pe3ylIETaTe CeYeHHs IIOBEPXHOCTHIO 3EMIIH Cy-
IECTBEHHOTO UIHNICOHa ¢ hoxycamu B Toukax 4’ 1 B. Pasmep annumca
onpenenderca Gonbmoit 2a, u Manoit 2b, ocamu. Pacnionoxenue cyuie-
CTBEHHOH 06macTH Ha Tpacce OLEHHBAOT MECTOIOIOKECHUEM LICHTpA 3J1-
JIMTICA — TOYKOH c,. [IpH paBHBIX BHICOTaX aHTEHH Ha MEPEAAYE U NpHEME
(A, = h, = h) T04Ka c, pacTioNaraeTcs B CEpeAUHE TPACCHI,  pasMep ocel

2a, =(2/sin Ay nhh/(2sinA); 2b, =2a,sinA, (16.3)

e n — HOMep 30HbI PpeHens, OrpaHHYIHBaIOMUH CYIIECTBEHHYIO 06I1acTh
(B MHXKeHEpHBIX pacdeTax n = 8); A — YToJl BO3BhIIIeHUs (HAKIOHA) TPaeK-
TOPHHM OTPAKCHHO#H BONHBI (CM. pHC. 16.5).

®opmynel, aHanoruunsie (16.3), AN TPOM3BONLHOTO COOTHOWUCHUS
h, u h, MoxHO HaiiTH B [27].

M3 (16.3) BHOHO, 4TO Ha peanbHBIX HA3€MHBIX PaJIHONMHHUAX, KOTIa
h<<rusinA<<l, a,>>b,, T.e. 061acTh, CYIUECTBEHHAS VI OTPAXKEHH,
BBITAHYTA BIOJb TPACCH H TeM GolblIe, 4YeM HHXE YCTaHOBJICHb! AHTCHHBI
H JVIHHHEE Tpacca.

Ha nuausax YKB muanaszoHa pasMepsl CYIIECTBEHHON o0nacTH
OTPaKEHHA MOTYT COCTABIATH NECATKY KMJIOMETPOR B NPONOIBHOM U Jie-
CATKH METPOB B NONEPEYHOM HAMPABICHUAX.

OtpaxxaTelIsHyIO TPaKTOBKY, KAK H METOX IEOMETPHICCKOH ONTHKH,
MOXHO HCIIONBb30BATh B TEX CIIydasax, KOraa KodGHIHEHT OTpaXkeH s MasIo
MEHAETCA B IIpeielIaX CyIecTBeHHOM) obnactu. B xagecTBe KpHTEPHS IPH-
MEHHMOCTH OTpPaXKaTelIbHOH TPAKTOBKH €CTECTBEHHO NIPHHATH YCIOBHE

AR << R(A), (16.4)

rae AR — u3MeHeHHe k03 HIHEeHTa OTpaKEHHUS B NIPEEax CYIECTBEH-
Holf o6ractu; R(A) — ko3ddHLHeHT OTpaXkeHHA V1A yIiia A, COOTBETCTBY-
ro1ero Touke ¢, (cM. puc. 16.5).

Ecm MoRyib OTHOCHTENBHON KOMILIEKCHOH TH3IEKTPHYECKOH Ipo-
HHAEMOCTH 3eMin | €. |>> 1, T0 ¢ TOUKM 3peHMs reOMETPHH TPaeKTOPHi
HepaBeHCTBO (16.4) mpHBonuTes K BHAY [59]

1- R*(A) << 2[(h, + h,)/A]sinA. (16.5)
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Tabnuua 16.1

Bun 3eMHOro noxposa Epm Oayy CM/M
Mopckas Bona 80 1...6
Ipecras Boaa pek u o3ep 80 1-10°..1- 107
BriaxHas no4Ba 10...30 3-107...3- 107

Cyxas nousa 3...6 1-107%..5-107
Mepanas nousa 3...6 1-103...1-107
Cuer (1 =-10 °C) 1 1-10°
Jen (¢t =-10°C) 4...5 1-10%..1-10™

U3 ¢popmyinst BUAHO, YTO B ClIy4ae HACANBHOH MeTainu4ecKkoi oT-
paXaromei TOBEPXHOCTH, KOI/A PH I00bIx A BenuumHa R2(A) = 1, orpa-
HHYEHHH B IPHMCHEHHWHN OTPAXATEIbHOM TPAKTOBKH He cymecTByeT. s
peanbHBIX II0YB 3Ta TPAKTOBKA Hauboliee KPHTHYHA NIPH MaJIbIX yIiax A.

Jns cipaBku B Tabn. 16.1 npuBeneHs! 3HaUSHUS YICKTPHYECKHX T1a-
PaMETPOB HEKOTOPHIX THITMYHBIX BHJOB 38MHOH MOBEPXHOCTH, CIIpaBel-
JIMBBIE 1A JUAIa30Ha PaiMOBOIH.

16.2.2. Mone u3any4yarena B 0OCBeIWEeHHON 30He
B rNpuGnuxeHUM NNOCKOU 3eMnu

Pacuer mong 3eMHO# BOJIHEI B OCBEIIEHHOH 30HE, KOrZa BHICOTA
IOJbeMa aHTEHHB! Ha nepenade &, >> A Gynem BECTH, HCHIONb3Ys OTpaKa-
TENbHYIO TPAKTOBKY BIMAHHMA 3€MJIH, IPH KOTOPOH 1OJI€ 3€MHON BOJHBI
OPEACTaBIACTCS B BUIE CyMMBI NPSAMON BOMHBI C HAIIPSDKEHHOCTHIO Enp
H OTPAKEHHOH C HANPSHKEHHOCTHIO Emp:

E,=E,+E,. (16.6)

ITpsmMas BonHa pacnpocTpaHAeTCs
no nytu r, (puc. 16.6) B ycnosusax
cobozHOro npocTpaHcTsa. ITpu MomHo-
ctu P{, monBonumoii k mepenaromei
aHTeHHe, U K03 OHIUEHTe YCHIICHUA

4 .
TATTEZZEITI777 777 oTok anTeHHBl G| HANPSKEHHOCTE JMEK-
b ;\/,// TPHYECKOrO M0MIs TIPAMOiH BOJIHEI B TOY-
A Ke npyeMa

Puc. 16.6
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Enp = EOmax np exp[- i(21t/}~)r1] =
=( 60PG, /rljexp[— iQn/A)n]. (16.7)

Otpa)keHHas BOJTHA COIVIACHO OTPAXATEIIbHOH TPAKTOBKE IPOXOIHT
IIyTh ¥, B YCIIOBHAX CBOGOIHOIO MPOCTPAHCTBA U CO3NAET B TOYKE NPHEMa
HAIPMKEHHOCTD HIICKTPHYECKOTO HOJIA

E,,
(\/ 60PG, /rz)R expl-i(2n/M)r, +i6]. (16.8)

ITpu 3anscH GopMy/sl Ams £ YUTEHO, 4TO Ha HA3EMHBIX PATHOMH-
HHSX BCErAa v >> h, modToMy Ko3((PHIOHEHT yCHICHHUA TIepearomeii aH-"
TEHHHI [71% HalpaBJICHHH NpIMOH M OTpaxeHHOH BOIH MPHMEPHO OXHHA-
KOB. DTO € HEPaBEHCTBO IO3BOJIACT NPM BBIYHCICHUH aMIUTHTYH TOMNEH
OpHHATE 7| =71, =T1. Torma

= EOmax otp CXp[— i(ZN/)‘)rZ] =

E, E, Egme. =\60PG, /7. (16.9)

max np = max oTp = max

[pu BeruMcnennn passocTd gpaz A@ = 2n/A)(r, — r)), o KoTopoit
3aBHCHT aMILTHTY/A PE3yTETHPYIOIIETO 0N, IPHOIMKCHUE 7| = 7, = F HE-
OpHMEHHMO. OT0 06YCNIOBIEHO TeM, 4To JUI AHanasoHa YKB pasnocts

¥, — | OCTAaeTCA COU3MEPHMOH C JUTHHON BOJIHBI. YYHTHIBAA CKA3aHHOE,
E,, =FEy,. exp[-i(2m/A)r |x
x[1+ R expf=i[@2r/A)(r - 1) -6]}]. (16.10)
Hcxons u3 onmpenenenus MuoxutTens ocnabaenus (15.16) u 3nas,
410 B (16.10) coMHOXKHTEND Epes] CKOOKaMH €CTh HANPSHKEHHOCTD IONA B

CBOGOI(HOM HpOCTpaHCTBC, TIoNnyvdacM BBIPDA’KCHHE TSI MHOXUTEIIA ocna6-
JIEHHS B OCBEIICHHOH 30HE:

V =1+ R exp{-i[2n/MAr - 0] }= Vexp(-ig,), (16.11)

rae Ar = r, — r, ~ pa3sHOCTb X0Ia IPAMON K OTPaXCHHOMH BOJIH.
Monyne MEOXMTENS ocabnerus u3 (16.11)

V = |1+ Rcos|[(2/A)Ar - 8] - iRsin[(2m/A)Ar - 6]
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V =1+ R* + 2Rcos|(2n/A)Ar - 6]. (16.12).

Da3za MHOXHTENA ocnabnenms
Rsin[(2n/A)Ar — 6]
1+ Rcos[(2n/A)Ar— 0]

Bemaunny V' (16.11) Ha3bIBaIOT UHMEPGEPEHYUOHHBIM MHOICUME-
nem ocnabnerus WM IPOCTO UHMePHhEPeHYUORKBIM MEONCUMENEM.

H3 (16.12) BunHO, 910 MOAYNH V H3MEHACTCA HEMOHOTOHHO MpPH
IUIaBHOM H3MEHEHHMH Pa3sHOCTH XOAa HHTEPGEpHPYIOMMX BOIH. 3aKOHO-
MEPHOCTH H3MEHEHH HANPSXKEHHOCTH I0JI, OIPEAeIAEMBIC MOIYIEM HH-
tepdepeHiMOHHOr0 MHEOXKHUTENA (16.12), CTAHOBATCS HANIAAHBIMH, €CITH
pasHOCTb Xofa Ny4ei Ar BEIpasuTs uepes 7, b, u h,.

U3 puc. 16.7 ¢ yuerom HepaBeHCTBa +> >> (h, + h,)? nomyyaem
n= ,frz + (=) = {1+~ 1Y (2r*)] wry = 1 + (hy + h)2(2P)),
OTKyZa pa3sHOCTB X0Ja JTydei

Ar=ry—r =2hh,r. (16.14)
Honcrassa (16.14) B (16.12), maxonum

¢y, =arctg (16.13)

V= \/1+R2 +2R cos[(4nhlh2)/(7gr)_9]_ (16.15)
JleficTByIOIIIee 3HAYCHHE HANPSKEHHOCTH TONS

E =E, V={/30PG, /rx
= B = 307G, 1) (16.16)

xy/1+ R? +2Rcos|(47h ;) /(Ar) - 8],

VI3 nomy4eHHEIX AAA MOIYIs

CIEAYyeT, YTO NMPH NEPEMENIeHHH
BIOJIb TPACCHI, KOTZIa MECHAETCA 7,
a TaKKE NPH WIMEHEHUH BBICOT A,
H A, paclpe/ie/IeHHe 1101151 HMeeT He-
MOHOTOHHEIH XapaKTep.

MHOXHTENA ocnabnenus dopmyn
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UnTepdepeHunoHHbIE MAKCHMYMBI IO HabMIoNal0TCA Ha TEX pac-
CTOSIHUSX 7,,, TAE MPOHCXOAUT CHH(A3HOE CIIOXKEHHE TI0eH NPAMOH M OT-
pakeHHOH BOJH H I'le apTyMeHT KocHHyca B (16.15)

(4nhh)(Ar, )~ 0 =2mm, m=1,2,3, ... (16.17)

B 3THX TOYKaxX MOAYAb MHOXHTENS OCNabneHus JOCTHIAET MAKCH-
MalbHOH BETHIHHbI

V,u=1+R_, (16.18)

rae R, —Moxymb ko3 duupenta orpaxkenus npu r =r,,. U3 (16.18) Bunmo,
970 B TOYKax Makcumyma vV, > 1.

IIpotusodainoe coxeHHe nosei HaGMONAETCA HA PACCTOAHHAX 7,
e apryMeHT kocuuyca 8 (16.15)

@nh B (Ar)-8=Q2n+ Dm,n=1,2,3, .... (16.19)

B Toukax MHTepdepeHIIMOHHBIX MHHUMYMOB MOXYIL MHOMXHTEIT
ocnableHus yMCHBIIAETCA 1O BEHYHHBI

Vinin = 1= R,y (16.20)

rae R, — Monynb xo3¢duuMenTa OTpaxeHus MpH r = #,. B 31X TOUKAxX
Vmin <L

Ha puc. 16.8 nokaszana 3asacumocts V(r). Kak BHIHO H3 pHCYHKa,
LIMPHHA HHTEP(EPEHIMOHHBIX IENECTKOB YMEHBIIAETCA 110 Mepe IpHGIH-
KEHHA K HCTOYHHKY, 9To cormacHo (16.14) obpachiaerca runepbonndeckoi
3aBHCHMOCTBIO Pa3HOCTH X0Zia Ar 0T paccTosHHs. OMHOBPEMEHHO 3HaUCHNUA V/
B TOYKAX MEHUMYMOB BO3DacTAalOT, OCKO/BKY NPH MPHOTMKXEHHH K HCTOYHH-
Ky YITIBl A YBEJIHYHBAIOTCA, a 3HadeHud R ymeHbmaorca (cM. puc. 16.4).
B nepsoM HHTEpGhEpEHIIMOHHOM MaKCH-
MyMe€, KOTOPBIH COOTBETCTBYEeT m = 1

v m=32 1
H pacronaraercs Ha HaubonbmeM yga- 2
JICHHH OT UCTOYHHKA, CIBHT a3 MEXIY
NPAMOH U OTPa)XKCHHOMN BOJIHAMH PaBCH b R ]

2r. Ilpu JanbHeHeM yIaueHHH OT He-
TOYHHMKA TPAaEKTOPHH BOIH HACTONBKO
cnuBaxorcs, 410 Ar — 0 ¥ MHOXHTENL 0
ocnabnesus yMeHbIaeTcss MOHOTOHHO.

N

Puc. 16.8
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Ha craimoHapHBIX Ha3eMHBIX PaIHOIMHUAX, paboTaronMX B Ipese-
Nax OCBEHICHHOH 30HBI, ITYHKT NpHeMa 00BIYHO pacnonaraioT BOIM3H nep-
BOTO HHTEPPEPEHITMOHHOTO MAKCHMYMa.

H3 dopmyner (16.15) BHAHO, 4TO HHTEpHEPCHIMOHHAS CTPYKTYpa
IOJIsL IMEET MECTO He TOJBKO BIOIbL TPAcChl, HO U HO BHICOTE. DTO MOYKHO
TPaKTOBaTh KaK BIMAHHE 3€MIIH Ha AHarpaMMy HallpaBIeHHOCTH IEpena-
OIICH aHTEHHBI. [ OLEHKH STOTO BIHAHUA BHIPA3HMM PA3HOCTH XOIA JTy-
qelt Ar = 2h,sinA (puc. 16.9). Iloactasus 310 cooTnomeHue B (16.12), mo-
Ty4HM

V= Jl +R* +2Rcos|(4mh, /A)sinA - 6], (16.21)

N3 popMyns! BUIHO, YTO B pe3yNIBTaTe BIMAHUS 3eMIM MarpaMma Harpas-
JIEHHOCTH M3NTy4arens npuobpena MHOTONENeCTKOBEIH XapakTep. Ilpu yr-
nax A, cooTBeTCTBYIOMMX (41h,/A)sinA —0=2mn, m=0, 1,2, ..., MHOXH-
TeIb ocnabnenua ¥ makcumaneH u pasex 1 + R. Ilpu ymiax A, cootser-
CTBYIOLITHX

(4nh A)sinA -0 = (2n + )m,¥=0, 1,2, ...,

MHOXHTENL OcabneHus V' musuManeH # pases 1 — R.

Puc. 16.9

16.2.3. UHTepchepeHUMOHHLIN MHOXUTENb
¢ yyeTom cchepuyHocTn 3emnu

B pamkax oTpaxarenbHOi TPaKTOBKY, KOTIA BIMAHHE 3€MITH CBOMIAT
K HHTep(epeHINH B TOYKE NpHEMa NPAMOH U OTPaXXCHHOI BOIIH, BIHAHHE

PacnpocmpaHeHue 3eMHO( 80NHb!

chepUYHOCTH 36MHOH TOBEPXHOCTH
YYMTEIBAIOT I[yTEM COOTBETCTBYIONIMX
H3MEHEeHHH aMIIUTyb u $assl oTpa-
’KCHHOM BOJIHEI 10 CPABHEHHIO CO CITy-
YaeM IUTOCKOH 3eMIIH.

HauneMm ¢ Bonpoca o ¢a3oBBIX
cootHomeHusx. Ilpu cepnueckoii
3EMHOMH OBEPXHOCTH CBHT (pa3 monei
TPSAMOi M OTPaKEHHOM OT 3EMJIH BOJH |
B Touke mpHeMa AQ = 2u/A)(r, — r))
yXOOHO BHIPA3UTh B BUAE QyHKIUMH HE- Prc. 16.10
KOTOPBIX BBICOT, KOTOPEIE Ha3bIRAIOTCA
MpugeoeHHbIMU 6bicomamu ¥ 0003HaYaloTCA 4| | A, Jii ONpeNeeHHA ITHX
BBICOT HEOOXONHMMO MPOBECTH ILIOCKOCTE S, KacaTelIbHYIO K cheprueckoit
3EMHOH NOBEPXHOCTH B Touke oTpaxeHus C (puc. 16.10). Torna passocts
xoza r, — r; Hajt cepHIeCKoH MOBEPXHOCTHIO OyNIeT paBHA PasHOCTH XOZa
HaJl IUIOCKOCTBIO S M MOXKET GBITh PACCUMTAHA Yepe3 BRICOTH | | A, OT-
CYHTHIBAEMBIE OT IUIOCKOCTH S.

U3 puc. 16.10 cnenyer, uro

hi=h,— Ahy; by = hy— Ah,. (16.22)

ColmacHo ONpeeNeHHIO NPeEILHOI0 PACCTOSHMA NPAMOI BHIHMO-
cti (16.1) wmnHa yyactkoB 7’ = \/ 2a, Al ur'= \’203MM2 , CIIEHOBATENb-
HO,

Ah = (FY(2a,,); Ah,= (¥"Y/(2a,). (16.23)

Onpenenenne MECTOONMKEHHA TOYKH OTPAXKEHHS HA TPAcCe, T. €.
onpenenernue ' U r’ B Cllydae NPOH3BOILHOIO COOTHOIIEHHA BBICOT A,

H hz JAOBOJBHO rPOMO3IKaA 3aaa4a. HpHﬁIIPDKeHHO

¥ =rh/(hy + hy); ¥ = rhf(h, + h). (16.24)
IMoncrabmaa B (16.22) Beipaxkenns (16.23) u (16.24), monydyaem
r h : r? h ?
hl - h - 1 ; hl - h —- 2 ) ]
Y 2a, {h,+hz 277 2a,,\ B +hy (16:25)
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TousbIH pacyeT IpHBENEHHBIX BHICOT paccMOTpeH B [28].
3Has mpuBeneHHEIE BEICOTH (16.25), pa3HOCTH X0na npAMOI 1 OTpa-
’KE€HHOH BOJH JUI ChepHyeckoii 3eMim onpenenseTcs Kak

Ar=2hh)r. (16.26)

Iocne 3aMEHBl HCTMHHEIX BBICOT A H A, Ha NPHBENCHHBIE A| H A,
yron A (cM. puc. 16.7) onpenensiorcs KaK

tgA = sinA = (k] + h})/r. (16.27)

BeITyKITOCTS 36MHO#H NOBEPXHOCTH MPHBOJHT K 3aMETHOMY PACX0XK-
JIEHHIO OTpaXkeHHOM BomHEI (puc. 16.11), 4To yMEHBIIAET INIOTHOCTH IOTO-
Ka MOIIHOCTH OTPaKCHHOH BOJIHBI B 33JlaHHOM HampabieHuH. 1 ydera

9TOTO ABJIEHNUA BBOAAT NOHATHE KO3 PHIHCH-

A Ta pacxoauMocTH. Ecim 0603HauuTs gepe3 S,
ILIONIA T CEYEHMS TEECHOTO YITIa ITy4Ka BOIH,
OTpaXXEHHBIX B Ipe/esIax IIOCKOH CyIMecTBEH-
HOH 06/1aCTH 14 OTPAKCHUS, 2 Hepe3 S, — TO
%Ke, A CiTydas cheprdeckoii IOBEPXHOCTH, TO
M3MeHeHHe IUIOTHOCTH NoToKa Gyer nponop-
Pyc. 16.11 IHOHaIbHO OTHOIUEHHIO  ILIOmaneH
S/ Sy @ MIMEHEHHE HANPSKEHHOCTH MO —

\/S,m/ Sep+ Koappuyuenmom pacxodumocmu Ha3blBAIOT BETHIHHY

D, = , Sa ! Sep » KOTOPYIO ONPESETIAIOT YEPE3 NPHBEACHHBIE BHICOTHI hi,hy
H JUIMHY pannonsans [28]:

¢

D,= 1/\/1 +QrPh,) Na,, (b + 1)1, (16.28)

‘YMeHbIICHHE HaNpXKEHHOCTH MO OTPa)KeHHOH BOJIHEI 32 CYET pac-
XOKJIEHHA ITydKa JTydeil OLEHUBAIOT ITyTeM H3MEHEHHA MOLYIIA K0odhuuu-
€HTa OTPaKEHHS:

R,=RD, (16.29)

Hocne noncranosku B (16.12) semuuun Ar (16.26) u ch) (16.29),
nojTydaeM BRIpaXeHHe OIA MOAYNA HHTepdepeHIHOHHOTO MHOXHTENA
¢ yuetoM chepHuHOCTH 3eMiIH:
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V= \/1 +(RD,)* +2RD, cos|(4mhi;) (Ar) - 6], (16.30)
a )IeﬁCTBleH[CC 3HAYCHHE Haﬂp’()KCHHOCTH oA

E, = (\J30PG, /r)x

(16.31)
x \/ 14 (RD,)’ + 2RD, cos|(4mhjh; ) /(Ar) - 8].
TIpenen npumMennMocTH uaTEpdepeHMoRHOTO MEMKHTENA (16.30)
Ha Tpaccax, NPOTHKECHHOCTh KOTOPHIX HE IPEBHIMIACT NPEACHBHOTO pac-
cTosiHMA npsaMoi BUIHMOCTH (16.1), 06ycnoBieH TeM, 4TO OTpaxKaTeIbHasA
TPaKTOBKA, 3aJI0)KEHHAA B OCHOBY 3T0ii GOpMyIIBI, IpemonaraeT HallHume
IIBYX BOJIH B TOMKE IIPHeMa — NPAMOH H oTpaxeHHOi. ClieuansHele pacye-
THI [59] noKa3bIBaloOT, YTO MpecTaBneHue 06 HHTep(epeHIIMOHHOMN CTPYK-
Type€ nojaa 3eMHOi1 BOJIHEI CIIpaBE€IJINBO, €CJIH YTOJI BO3BBILICHHA TPACKTO-
PHH OTPKCHHO BOJHE! YIOBIECTBOPACT YCIOBHIO

sinA > %/A/(nam). (16.32)

16.3. NMone HM3KO PacnosIOXKEeHHOro uany4artens
B 30He NpuBnuxeHuna nnockou 3emnu

B § 16.2 paccMarpusaiics ciyyaii A >> A, KOTJa 1oie B TOYKE [pHeMa Ipes-
CTaBJLUIOCE B BHAE CYMMBI [10JIed NPAMOH H OTPaXeHHOIt OT 3eMuH BoiH. B gan-
HOM pa3jienie pacCMaTpHBaeTcs Ciyyaid, koraa o6e aHTeHHbI, KaK Ha repefiaye, TaK
1 Ha pHEMe, pacnonoxkeHsl 1160 Ha noBepxHocTH 3emiu (b= 0), nu6Go Ha BEICOTE
h << ), uro HauGonee XapakTepHO IS AMANA30HOB CPENHUX M JUIHHHEIX BOJH.
[Tpu TaKoM pacnonoXeHHH aHTEHH YCJIOBHE IPMMEHHMOCTH OTPaXaTelbHOoit Tpak-
ToBKHM (16.5) He BRIMONHACTCA, T.6. HHTepdepeHuHonHan dopmyna (16.16) maer
HENpaBIILHLIA pe3ynsTar. B camom gene, npu k) = h, = 0, kax cnenyer u3 puc.
16.4, R=1; 6 = n. [Toacrasnss 51 3Ha4eHuA B (16.16), nomyyaem HyneBoe 3Haue~
HUE M0 B TOYKE IPHEMa, YTO HE COOTBETCTRYET AEHCTBUTENBHOCTH. 3TO O3HAYAET,
4T0 HpH HU3KO PACIIOIOKEHHAIX 8HTCHHAX 3eMHad BOJIHA He MOXeT ObITh pasacicHa
Ha NPAMYIO H OTPAKCHHYIO. B JaHHOM CiTy4yae CylIECTBYET €IHHAA BOJIHA, CKOJIL35~
1as BAO/b IOBEPXHOCTH 3eMIIM, KAK 0TMe4aloch H B IL 11,

B xauecTBe M31y4aTens pacCCMOTPHM BEPTUKAIBHBII dIEKTpUuecKui BHO-
PAaToOp, pacloNOKEHHbIH HENMOCPEACTBEHHO Ha NOBEpXHOCTH 3eMiH (puc. 16.12).
OTOT ciyyali THIMYEH 11 ANAa30HOB CPEIHUX U JNIHHHBIX BOJH.
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Hanpﬂmeuﬂocu nojas BOJHBHI,

A [5 CKOMB3ALIEH BAOIb IOBEPXHOCTH 3eMIIH,
W’mmm MOXHO ONPEAEHTH TOJIBKO MyTeM pelie-
b - > HHS CHCTEMB! ypaBHeHHH Makcpemwia ¢
y4€TOM rpaHHYHbIX YCIOBHM Ha IOBEPX-
HOCTH pa3fiefia «BO3IyX — ouBa». Pemme-
HUE CUCTEMBI Z/1s1 CITyYias ILIOCKOM IIOBEp-
XHOCTH pasfena BrepBbie 6ru10 nonyyeHo A. 3ommepdensaom B 1909 . B aane-
HefiLueM MyTeM HeKOTOPBIX YHpouleHui peweHne 3oMmepdensaa 6p110 MpuBee-
HO K BUJLY, HCIIONIB3YEMOMY B HACTOSALIEE BpeMs. ITO PELICHHE [I03BOMAET ONIpee-
JATh BEPTHKAJILHYIO COCTAB/SIOLIYIO IO/ 3¢ MHOH BOJIHBI, KOLAA H3JTy4aTellb pac-
TONOXKEH Ha [IOCKOH NOBEPXHOCTH Pa3feNa «BO3AyX — No4YBay.
Pemenne qia AeHCTBYIOLIEr0 3HAYEHHUA HANPAMKEHHOCTH MOJA NPEACTaB-
NSETCA B BUAL

2= Eu Vo0 - (16.33)

ek, — AefiCTBYIOLIEE 3HAYEHHE HANIPAKESHHOCTH 11011 Ha/l HCANBHO IPOBO/-
mefi IIOCKOCTLIO; ¥, (P) — MOAYIL MHOXKHTEIs OCHalen s, OLEHMBAIOMIMH, BO
CKOJIBKO pa3 HAIIPSHKEHHOCTD [0/ Hajl pealsHoH 3eMilei MEHbIIE HaNpsKeHHOC-
TH [0/ HaJl MAEATLHO POBOAALIEH MIOCKOCTBIO IIPH NPOYMX PABHBIX YCIOBUAX.

ECIIH K BEPTHKAaNBHOMY 3/IEKTPHYECKOMY BHOpATOpY, PAcIONoXEHHOMY Ha
HACANBHO MPOBOAILEH IITOCKOCTH (G = o), IOABECTH TAKYIO K€ MOLIHOCTh, KaK
M B CJIy4ae Pacnoj0oXeHHs ero B CBOOOHOM IIPOCTPAHCTBE, TO 33 CYET pachpene-
JIEHHA U3JIy4E€HHOH MOLIHOCTH TONEKO B BEPXHEM MOIYNPOCTPAHCTBE [UIOTHOCTE
MOTOKA MOIIHOCTH BO3PACTET B 2 pasa, a HaPAKEHHOCTh [O/I4 — B V2 1o cpase-
HHIO CO CBOGOAHBIM IPOCTPAHCTBOM, T.€. £, | = ‘EEO o A ¢ ygeTou (15.2)

Puc. 16.12

E., =60PG, /r. : (16.34)

IMpuseaeM Ge3 BrBoAA GOpMyITy UL MOAYIIA MHOXKHTENS ocnabnenna [59]:

¥
Vau(p) = 1_iJ;e-p —ZC—pJ‘; j exzdx ’ (16.35)

0

rae P — N2pamMerp, Ha3hIBaeMElil YHCIEHHEIM PaccTosHHEM (6e3pasMepHan BelIU-
YHMHAY:

p=nr/ }\.\)Szrm +(60Aa,,) |- (16.36)
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®opmyna (16.33), B xotopoit V,,(p) onpenendercsa (16.35), HasmiBaeTcs
tdopmynoii Llyneiikiuna — Ban-nep-Tlonsa. Kpxeble 3aBHCHMOCTH MOIXYIA MHOMH-
Tena ocnabnenns VY, OT YUCIEHHOTO PacCTOAHMA P MpUBEAEHH! Ha puc. 16.13.
Kpusaa I orocurca k cnyyaw 60AC,, >> €, YTO XapaKTepHO ANA JUIMHHBIX
BOJIH M XOPOIIO MPOBOAAIKX noyB. Kpusas 2 coorsercrByer 60A0,, <<€_, , 4T0
CrpaBeUIMBO UL KOPOTKHX BOJIH H ILI0XO NPOBOJALIMX ITIOYB,

Hns xopoiwo npoBoaAmMX noys (6, — =) p=0u V= 1, Te. HanpsxeH-
HOCTB 110/ YObIBAET TAK %€, KAK H HAll HAEANbHO NPOBOAALLEH IUIOCKOCTLIO, T.C.
cornacHo (16.34) no 3akoHy 1/r.

Boo0lwie xe 3HaueHHE HAMPAKEHHOCTH MONA CKOMNb3AlIEH 3eMHOI BOJIHEL
ONPENe/AeTCA YTeYKOH JHEPruH B mousy. [Ipy GUKCHPOBAHHBIX 7, €., H A HeM
GobIe NpOBOAMMOCTD IOYBLL O, TEM MeHbLIe P, Gonsiwe ¥V u E_, uTo cBA3aHO
C MeHbLIEH YTeYKOH SHEPrHH 3eMHOIT BOHBI B 1104BY. [IpH QHKCHPOBAHHBIX 1, €,
U G, ueM Gonbure A, Tem Gmake csolicrsa 3emnn k nposoxuuky (60AG,, >> ¢, )
u Gonbllle HANPAKEHHOCTE MOMA 3eMHOM BOnHEL [Ipn dukcHpoBaHHBIX €, O,
H A yeMm Gonblue paccTosHME ¥, TeM Gonbluas YacTh JHEPIHH BOJHBI IOCTENEHHO
YXOIMT B [TO4BY H MeHbIlE E, .

Kak cneayer u3 rpaduka Ha puc. 16.13, Bo BceM HHTEpBane H3MEHEHHA P
V..(P) yOriBaet He 6eicTpee 1/r. Clie10BATENBHO, 3KOH H3MEHEHHS C PACCTOSHHEM
¥ HATIPSKEHHOCTH MOJA 3eMHO# BONHEI MeHseTCA oT 1/7 1o 1/72,

B 3ainioueHne OTMETHM, YTO CpaBHeHHe pacyeToB no (opmyne Llyneiiku-
Ha— Bau-znep-Tlona, cnpaBeUIMBEIX A1 INOCKO# 3emnu, U AndpakuuonHoit hop-
myine Poka nokassisaet [59], 4To npubIwKEHHE MIOCKOH 3eMIIH CIPaBEUIHBO 1A
PacCTOAHHH

r<7-10%3,

an 3TOM OIHOKA BEIYMCIEHHS HANpPAXMEHHOCTH NOJIA, CBA3aHHAA C HEYHE-
ToM cheprunocTi 3emau, He npeprbimaer 10 %,
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16.4. Mone B 30HaX NONYTeHN U TeHW NPK BbICOKO NOAHATbLIX
Y HA3KO PacnonoXeHHbIX uany4yarensax

TIpn ouenxe ycnosmii pacnpoctpasenns BOIM3H 1 33 JIMHKEH ropu-
30HTa, T.€. B 30HaX IIONYTEHH H TCHH, HENIb3A IOJb30BaThCA HH OTpaXKa-
TENBHON TPakTOBKOHM (mpH h >> M), Hu npubIIKEHUEM TUTOCKOH 3eMiH
(nipu h << A). VcnoBus pacnpoCTPaHEHHA 3€MHOH BOJHBI B 3THUX 30HaX
OnpeeNsoTCs POUeccoM TUGPaKUHK BAOIL CHepHIECKOH MOIyIIPORO-
Jamieit moBepxHOCTH 3eMiu. PacdeT HaNpsHKEHHOCTH IO BEXETCA 10 06~
et gudpaxmmonsoi Gopmyne Poka (cm. § 16.1) ansg obnacty xak nomy-
TEHH, TaK ¥ TeHH. Pa3HUNa JIHMIIE B TOM, YTO B 30HE TEHH MOXKHO YICP)KH-
BaTh MEHBIIEE YHCJIO WIEHOB 6E¢CKOHEYHOTO pAna. BBy cnoxHOCTH aHaN3a
¢opmyns! Poka OrpaHHIMMCS Ka4CCTBCHHBIMH OLIEHKaMH NOBECHHA OIS

Codepuueckyro OBEpXHOCTh 3eMIIM MOXKHO pacCMAaTpHBAaTh KaK pac-
MOJI0XKEHHOE MEX Y TOYKaMH Nepenadn A H npueMa B npenarcrBue, KOTo-
poe orubaer BonHa (puc. 16.14). IIpouecc ornbGaHus BONHOK NPENITCTBHS
(npouecc qudpaknym) 3aBHCHUT OT TaK HA3bIBAEMOTO JICKTPHYECKOTO pas-
Mepa [PEenATCTBHA, T.€. OT OTHOIIEHHUA //A, Tae / — BBICOTA IIAPOBOTO Cer-
MenTa. Yem Gorblte /A, TeM G0MBIIas YaCTh CyIECTBEHHOTO NUTHIICOH A (CM.
§ 15.2) nepexpriBaeTcs IPENATCTBHEM H TeM cliabee TMbpaKHOHHAS BOIHA.
TToBepxHOCTs 3eMiIH SBISETCA MOMYNPOBOIAMCH, 9TO HIPUBOIHT K OTTOKY
SHEPTHH 3¢€MHOH BOJIHBI U3 Bo3IyXa B o4By. B § 16.3 yxe otMedanocs, 9to
€ YBENUYEHHEM [UTHHBI BOIHEI CBOHCTBA 3¢MHOH MOBEPXHOCTH IPHOMIKAIOT-
51 K CBOMCTBaM IPOBOJHHKA, TaK KaK |an 1/ Jorg |= (60Ao, e, yBETHIUBA-
etca. C y4eTOM 3THX JBYX OGCTOATENHCTB H PACCMOTPHM XapakTep H3Mme-
HEHUA HaNpSKEHHOCTH IOJS 3€MHOH BONHBEL B 30HaX IONYTEHH H TEHH
B 3aBHCHMOCTH OT PaCCTONHHA ¥ JUTHHB! BOJHEL.

ITpu yBenuueHUH pacCTOSHHA HANPSHKCHHOCTH NOJIA MaflacT 3a cYeT
TIPEXKJIC BCETO €CTECTBCHHOM PacXOAMMOCTH BOMNHEI (KaK ¥ B cBobonsoM

npoctpaHcTse). KpoMme Toro, Bospac-

r TAET BHICOTA INAPOBOTO CermenTa /

H, CIIeI0BaTENBHO, YBEIMIHBAIOTCA 110-
TEpH Ha orubaHne BOJHOH JaHHOTO
npensTcTeys. M HakoHEN, BO3pacTalor
IIOTEPH 32 CUET IOCTEHEHHOr0 OTTOKA
Puc. 16.14 9HEpPrUH B 0YBy. B coBokynHOCTH 3a-
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BHCHMOCTH HANpPsOKEHHOCTH TOJIA OT PACCTOAHHMA NOMDKHA MMETE YObIBat0-
Ml XapaKTep, IIPHYEM CTEIIeHb YOBIBAHHSA 3aBHCHT OT JUIMHBI BOJIHBL

Tlpu yMeHbLICHUH JIHHBI BOJIHBL, BO-MIEPBBIX, BO3PACTAaeT MMEKTPH-~
Yeckas BEICOTA IIAPOBOTO CerMenTa //A, T.e. yBETHIHBAIOTCA AMpPaKIUOH-
HHIE TIOTEPH, & BO-BTOPBIX, CBOWCTBA MOYBBI CTAHOBATCA Gnike K CBOM-
CTBAaM IHMIJICKTPHKA, YTO CIIOCOGCTBYET yTeUKe SHEPIHH BOIHB! B IOYBY,
T.e. ocnaGNeHHIO oA B Bo3yxe. B cymMe (pH MPOYAX PABHBIX YCIIOBH-
AX) HalpsHKEHHOCTH 110/ 3¢MHOM BOJIHBI B 30HaX NOJIYTCHH H TCHH B JHa-
nazone YKB nomxHa 651Th MeHBINE, 4eM B quanasonax CB u /IB.

B kagecTRe WITIOCTPALMH Ha puc. 16.15 npuBeAeHHl KPHBEIE 3aBH-
CHMOCTH MOJLYJIA MHOHTEIS OC/TaflIeHMs oM 3€MHOH BOJHEI OT PacCTo-
AHUA 74 TpeX MIHH BonH guanasona YKB. U3 pucyHka BHOHO, 9TO 32
NMHHHUEH TOPU30HTA NIoNIe GBICTPO 3aTYXaeT B THICAYH H ACCATKH THICSY pas,
u TeM GbIcTpee, YeM KOpoY€ BOMIHA.

Z
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Puc. 16.15

HanpsxeHHOCTb NOJIS 3eMHOH BOIHBI B Auana3oHax Goiee JUHH-
nex BonH (KB, CB, JIB) o6sruano onpexensercs no kpussiM MKKP, pac-
CYHTAHHBIM TI0 AHpaKiMOHHOH (opmyne, 06pa3enl KOTOPEIX NPHBEAEH
B IL 23.

IMomBoAa HTOT, MOXKHO CKA3aTh, 4T0 YeM bolblie JIHHA BOJIHEI, TEM
Ha 0OJIBIINE PacCTOAHMS 32 JIMHUIO TOPH30HTA POHUKACT 3EMHAsA BONHA.
IIpueM 3To BOJIHB! HA 3HAYHTENBHBIX YIANCHUAX OT NepeatomIel aHTeH-
HBEI IPAKTHYECKY BO3MOXKeH TOJBKO B IMANa30HaX CPEAHHMX U JVTHHHBIX BOJIH.
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JTumepamypa: ocnosnan [58), donornumensnas [28, 48, 56, 59).
KoHTpornbHbie BONpoCh!

1. Kakue ¢u3nyeckue nponecchl CONpOBOXKAAIOT PACIPOCTPAHEHHE PaXHOBOIH BAONE
3€MHOH MOBEPXHOCTH?

2. TTosscHATE MPHHIMN OTPaXKaTeNBHON TPAKTOBKH BIHAHHA 3eMIIH.

3. Kakue orpaHHYEHHA B NPUMEHEHHH OTPaXKaTebHOM TPAKTOBKH NOABIAIOTCA B CBA3H
€ HaTH4HeM CyIIECTBEHHOH 00MacTH U1 oTpaskeHHs?

4. OT KaKuX NapaMETPOB TPACChl 3aBHCHT HHTepQEPEHIIHOHHAA CTPYKTYpa OIS 3€M-
HO# BOIHEI?

5. Uro Taxoe NpHBEACHHDBIE BLICOTHI AHTCHH?

6. Kakor NpHHIMI JEACHUS TPACCH PACIPOCTPAHEHHS 3¢MHAOH BOTTHEI Ha TPH 30HBI MPH
BBICOKO MOTHATEIX H HH3KO PACHOJOKXCHHEIX aHTEHHaX OTHOCHTENHHO NMOBCPXHOCTH
3emnn?

7. TlosicHHTE 3aKOHOMEPHOCTH TIOJIA 3¢MHOH BOJIHBI B 30HE TEHM IIPH HH3KO Pacrioo-
JKCHHALIX aHTeHHaX.

8. IloueMy ynBTpakOpOTKHE BOJIHBI TOpasf0 CHIIbHEE 0CIa0IAIOTCA PH PacnpocTpaHe-
HHH 3a JIAHUIO TOPH30HTA, YEM CPEXHHE H JAJIHHHEIE BOIHBI?

Mnasa 17. ANEKTPUHECKME NAPAMETPbI
3EMHOU ATMOC®EPbDI

17.1. CtpoeHue atmocepbl

17.1.2. O6nactu atmocdpepbl, XMMUYECKUH COCTaRB,
pacnpegeneHue TeMneparypbl U KONU4ECTBa HEWTPanbHbLIX YacTUl
B eAMHMUe 06beMa no BhicOTe

Ammocghepa — razoobpa3Has o6onouka, OKpyxaromas 3emnio. Bue-
IIHsAA 9aCcTh aTMOoChepsl 3alI0IHEHA TPEHMYLLECTBEHHO 3apsHKEeHHBIMH qa-
CTHLIaMH, 3aXBaYCHHBIMH MarHUTHHIM HoneM 3emnH. [Ipu criokoiinomM co-
CTOSHHH MATHHTHOTO TONA BHEIIHSA IPaHHNa arMocdeps! HaXOMUTCA Ha
BeIcOTE 2...3 pamHyca 3eMITH; NPH CHIBHBIX MATHHUTHBIX BO3MYIICHHAX —
B0 20 3eMHBIX paaMyCOB (HAIOMHHM, YTO pafuyc 3emiH a,, = 6370 km).
Ha pacnpoctpaHeHHE paIMOBOIH BIHACT B OCHOBHOM 4acTh aTMOC(EpH,
npoctupatomasics 1o 1000 k.

TIpu onesxe yciI0Buii pacipocTpaHEe U PaJHOBOIH aTMochepy pas-
JENAI0T Ha TpH obnacta: Tponioctepy, crparocdepy u HvoHOCHEpY.

Tponocgpepa, camas HxHAA obnacTs atMocdepsl, NpocTHpaeTCs
B CPEIHHX IIMPOTaxX 10 BhIcoT 10...12 KM, B 9KBaTOpHANBHEIX — 0 16...18 kM
U B omapHeIX — 10 7...10 kM. Crparocdepa pacnonaraercs Hajl TPOIOC-
tepoit 1o Bercot 50...60 kM. Cmpamocgepa, xax u Tponocdepa, COCTOUT
H3 HeHTPaJIbHBIX YaCTHII 'a3a, HO OTIHYAETCH OT Hee 3aKOHOM pacrmpeele-
HUS TEMIIepaTyphl. Brlle crparocdeps!, 10 BepxHeH rpaHHIEI aTMOChe-
PHl, HaXOIMTCA UoHOCHepa, OTTHYAIOINAACS OT HIKHUX obnacTel HalIMuH-
M 3HAYMTEITHHOTO KOMYECTBA CBOGOJTHBIX 3aPAI0B — JIEKTPOHOB H HOHOB.

Xumuuecknii coctas atMocdepsl. Monekynam 1 aToMaM XHMHYIEC-
KHX JJIEMEHTOB, COCTABJIMIONMX arMOC(EpHBIi Ta3, COOTBETCTBYET ONpe-
JleIeHHas JJIEKTPAYEeCKas H MarHUTHAas CTPYKTYpa, OT KOTOPOH 3aBHCAT
9NEKTPHYECKHE X MarHUTHEIE IAPaMETPHI aTMOC(EpHL.

XHUMHYECKHl COCTaB CyXOro BO3NyXa NPHMEPHO OXHOPOJCH 0 BBI-
coT 90 KM BCIEACTBHE SHEPIrHYHOTO NEpEMEIIHBAHHA BO3AYIIHEIMHU TEUC-



380 AnmenHo-ghudepHsie yempoiicmea u pacnpocmpaHeHue paduoeoinH

HIsMH. B mpenenax 3Tux BBICOT CyXo# arMOC(EPHBIH ra3 COCTOMT B OC-
HOBHOM U3 a30Ta U KMCJIOPOZa B MOIEKyNspHOM cocTosHud. Ha BricoTax
OK0JI0 60 KM HabITIONAETCA HEKOTOPOE YBEIHYEHHE Coaepyanus ozoHa (O,),
9TO M3MEHSAET TETUIOBOH peXmM 3Tolt obnmacTn arMocdeprl. CymecTBeH-
HO€ BIIHAHAE HAa PaCIPOCTPaHEHHE PaAHOBO/H OKAa3bIBAIOT BOJAAHBIC [1APHL.
Bnaxxnocts Bo3ayxa ObICTpO yOBIBAaET IO BHICOTE M Y BEpXHEil rpaHHIB!
TponocdepE! B COTHH Pa3 MEHBILE, YEM Y MOBEPXHOCTH 3eMIH.

Ha sricorax Gonee 90 kM rmox geHcTBHEM YATPadHOIETOBOTO H3JIY-
gyeHusa ColHIa IPOUCXOMUT JUCCONHUALHS MONIEKYJI, T.€. HX pacHieIUICHUE
Ha aroMsl. Beire 1000 kM Beneactere anddy3Horo pasgencHus rasos 1o
HX MOJIEKY/IAPHEIM BeCaM aTMoc(epa COCTOUT [JIaBHBIM 06pa3oM U3 HEHT-
PATBHOIO ¥ HOHH3HPOBAaHHOIO BOLOPOIA, T.¢. Hanbolee JIerkoro rasa.

Temnepatypa armocepnoro rasa. Temneparypa ABaseTcs MEpoii
cpesHeH KHHETHIECKOH 3HEPTHH JABMKCHHA YacTHIf 1433 M BIMACT HA €0
3NEKTPUYECKHE MapaMeTpsl. Ha pa3nuuHeIX BRICOTaX TEMIEPATypa aTMOC-
(epHOro rasa CymecTBeHHO pasiHyHa (puc. 17.1). B Tpomocdepe ocHoB-
HBEIM MCTOYHMKOM TETUIOBOM 3HEpruu rasa senserca Harperas Conxuem
MOBEPXHOCTH 3eMITH, TO3TOMY TEMITEpAaTypa Majaer ¢ BricoToi. Habmona-
€MO€ Ha BhICOTaX OKoJo 60 KM yBenMYeHME TeMIiepaTypsl 00yCloBICHO
HOIJIOLIEHHEM CONHEYHOTO H3Ty4EeHHA, H IO3TOMY TeMIIepaTypa Bo3pacTa-
er ¢ BhIcOoTOM, nocturas 2000...3000 K ua sricorax 6omee 500 kM.

TJ10THOCTD HEHTPAJILHBIX YACTHI, T.€. KOJHYECTBO HEHTPANILHEIX
uacTH N, B exuHANE 06beMa, 3aBUCHT OT TEMIIEPATYPbL, MOJIEKY/IAPHOIO
BECa rasa, YCKOPCHHSA CHIbl TAKECTH, KOTOpble MEHAIOTCA ¢ BhicoToH. Ha
puc. 17.2 npuBe/icHa 3aBUCHMOCTD N, (A1), OTpakarommas CpeHee coCcTod-
Hie aTMOC(EpEL.
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17.1.2. Pacnpenenerue 3apsXeHHLIX YacTUL B MOHocthepe

B uonocdepe, T.¢. Ha Beicotax Gonee 50...60 kM, kpoMe HeHTpaB-
HBIX 4YaCTHIl COREPXKATCA CBOGOZ[HHC 3apKCHHBIC YaCTHUBI: JJICKTPOHEI,
TIOJIOXKHTEILHEIE M OTPHLATENbHBIE HOHBI. KOMHYeCTBO MONOKHTEIBEHO
H OTPHUATENHHO 3apSKEHHBIX JACTHI OXMHAKOBO, TAK YTO B {E/IOM HOHOC-
(epa anexTpHUecKH HeiiTpamsHa. Takue cpelibl Ha3BIBAIOTCA TTa3MOM, 110~
3TOMY B JaHHOM CJIy4ae MOXHO TOBOPHTE 06 HoHOC(EpHOI miasMe.

Haubonpiee BIMAHKE Ha YCIOBUA PACHPOCTPAHEHHA PaTHOBONH
0Ka3bIBaIOT CBOOOIHbBIC AMEKTPOHB, 00I1aNaloulHe HaUMEHBIIEH Maccoii H,
crnenoBarensHo, uHepimei. OCHOBHBIMH apaMeTpaMy HOHOCEpHO# rmaz-
MBI ABJISFOTCA: JEKTPOHHAA KOHUEHTPALWs (IUIOTHOCTB) N, (1/M%) u s dex-
THBHAS 9aCTOTA COYNAPEHHUH V., (1/c) 3nexTpOHOB ¢ TAKENBIMH YACTHIIAMH
(MONmKHTENEHBIMH HOHAMH H HEHTPaNbHBIMH MONEKYIIAMH K aTOMAaMH).

CpobonHbie 3apA/bl NOABIAIOTCA B aTMOc(epe B pe3ynbTare npo-
Hecca HOHH3aLMH, T.€. OTPHIBa OXHOTO HIIM HECKONBKHX 3JIEKTPOHOB C Ha-
PYXHBIX 000JI09€K MONEKYJ M aTOMOB 3a CYET SHEPTHH BO3[EHCTBHA BHE-
IIHAX HCTOYHHKOB 3HEPrHH. OCHOBHBIM HCTOYHHMKOM MOHH3ALMH Ia3oB B
arMocdepe ABNAETCA CONHEYHas paguauys B Buae doroHos. CpaBHeHHeE
SHEPruH, HeoOXOMUMOH JTA HOHHM3ALMH, ¢ 9HEprueil POTOHOB NOKA3hIBALT,
910 (POTOHOHH3AIMIO CIIOCOOHO NPOH3BOMUTE TONBKO YIBTPadHOIETOBOE
u 6onee KOpoTKOBOIHOBOE H3nydenue Comnua (A < 0,134 Mm).

Kpome nponecca poronoHn3aluy B 3eMHoii arMocepe HMeET Mec-
TO yAapHas MOHH3ALIMS, BOSHHKAIOIAA IPH CTOJKHOBEHHH KOPILyCKYJ C
HeHTpanbHBIMH YacTHI[aMH. Kopnyckyramu Ha3bIBAIOT 3apHKEHHEIE Yac-
THIIBI (3NEKTPOHBL, IPOTOHK), KOTOPHIE BhIOpackiBatoTcsa ConmHieM H 00pa-
3yIOT TaK Ha3blBaeMslil conHeuHbIH BeTep. B cpennux mmporax poss yrap-
HO# HOHH3ALIMH CPaBHHTENHEHO HEBEIIHKA. B 3HaynTENnLHOM MEpE 3TOT BHI
HOHM3aIIHH MPOSABIIACTCA B NOJIAPHBIX paOHaX, Ky[la CTEKAETCA OCHOBHAA
4acTh KOPIYCKyIl, BTOPraloILHXCA B 3eMHYI0 aTMocdepy.

KonmuuecTBo cBOGOAHBIX 3apAJ0B B arMOCdepe 3aBUCHT HE TONBKO
OT MpPOLECCOB HOHM3AIMH, HO M OT 00PAaTHEIX MPOLECCOB, ABIAIOIMXCA
OpHYMHOH MX MCYe3HOBeHHA. M3 3THX mporeccoR Haubonee BakeH mpo-
nece pekoMOuHanuyu. PekoMOUHAINA IIPOHCXONHUT 3a CUET XaOTHYECKOTO
TENNOBOT0 ABMKECHHA, KOTAa YaCTHIBL, MMEIOIHE 3apAs! Pa3HbIX 3HAKOB,
OKa3BIBAIOTCA HACTONBKO ONMH3KO APYT K JIPYTY, YTO THOX ACHCTBHEM CHII



382 AHmetHo-(hudepHbie ycmpolicmea u pacnpocmpaHerue paduosonH

3MICKTPOCTATHIECKOTO NPUTDKEHHA COCAUHAIOTCS, NPEBPAIIAACh B HEHT-
PanbHBIE MONEKYIEl HITH aTOMBI.

OnekTpoHHas kOHUeNuua N, onpenemierca 6anaHCOM NMPOLECCOB
HOHH3allUH ¥ peKoMOHHaUHMK. B naeannsnpoBaHHOM cydae pacmpeneie-
uue N (h) umeet onun MakcumyM N, Ha KOHEYHOH BIcoTe B aTMoc(epe
(puc. 17.3). Taxoe pacnpezieneHHe HAa3BIBAETCA NPocmoim cioem (CIoeM
Kprouxopa-Yemnena). O6pa3oBaHue npocToro coa 06yCIoBIEHO TeM, YTO
HHTEHCHBHOCTE HOHU3HPYIOIIETO H3Ny4eHHa /I yMeHbIaeTcs ¢ mpubimm-
XKEHHMEM K MIOBEPXHOCTH 3EMIIY, & IUIOTHOCTL HEHTPAIBHEIX 9acTHU N, U3-
MeHaeTcs B o6parHoM HanpasinenuH. MakcumyM N (h) BOHHKAET Ha TOH
BBICOTE, [1I€ HOHH3MPYIOIIIEE H3ITyICHHE CIle HE CHIIBHO 0caabneno, a or-
HOCTh HEHTPAIIbHBIX YaCTHI elle He oueHb Mana. Honocdepa nuxe N,
Ha3bIBacTCA 6HymMpeHHeil, BHIILIE — GHewHeil.

B peaneHoit atMmocdepe pacnipenenenne N (h) IMEET CIOKHBIH Xa-
paxrep. Ha puc. 17.4 nokasaHO THIHYHOE pacnpenelcHHe MIeKTPOHHOH
KOHIIEHTPALIHH 10 BEICOTE, MOJY4eHHOE HA OCHOBaHHH H3MEPEHHH.
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Bo BHyTpeHHe#H HOHOC(EPE 3aKOHOMEPHOCTS N, (A1) XapaKTepH3yeT-

Cq HATHYHEM HECKONBKHX OTHOCHTENBHBIX MAKCHMyMOB HOHH3ALMH, KO-

TOpBIE Ha3bIBAIOTCA croamu. B noHOCEpe HMEIOTCA YEThIPE PeryIapHBIX
cnog: D, E, F1 u F2.

Cocroanune HoHOCHEpPHBIX CIIOEB MOABEPKEHO PETYIAPHBIM CyTOY-
HBIM H CE30HHBIM BapHaIlHAM, KOTOPBIE CBA3aHBI C OOBIIHBIMH CYTOYHBIMH
¥ CE30HHBIMH H3MeHeHusMH pamuanuu Conaua. Tak, cioil D sensercs
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THIAYHO JHEBHBIM ClI0eM; ntoce 3axona CoNHLa BCIEACTBHE CPaBHATENb-
HO GOJIBILIO} IUIOTHOCTH Ia3a MOJIOKHTENBHO H OTPHUATENbHO 3apAKEH-
HBIE YAaCTHIIbI peKOMOHHHPYIOT M SNIEKTPOHHAA KOHIIEHTPALHUA Ha 3THX BbI-
COTax MajiaeT NpakTHIeCKH A0 Hymns. Ciioi E CylecTBYET KPYTIbIe CYTKH,
HO B JHeBHOE BpeMs N, sHauuTensHO Gombine, 9em B HouHoe. Croii F1
HabmonaeTcs B CPeJHHX MHPOTaX TOIRKO B THEBHOE JIETHEE BPEMA, B OC-
TallbHbIE IIEPHOJBI OH CIIMBAETCA CO citoeM F2, o6pa3ys envHyro obaacts
F. Cnoit F2 cymecTByeT BCETa, HO €ro napaMeTphl [IpeTepneBaoT 3Ha9H-
TENbHBIC H3MCHEHHA.

K perynsapHbIM OTHOCAT Taioke H3MEHEHHS COCTOAHHA HOHOC(hEpH B
TEYECHHE LMKIIA CONHEYHOH aKTHBHOCTH, MMEIOIIETO CPEOHION MTHTENb-
HocTb okol1o 11 net. Connednas akTHBHOCTS O6BITHO XapaKTEPU3yeTcs OT-
HOCHTETIBHEIM YHCIIOM COJHEYHBIX mATeH W (yucnom Bonbda), kotopoe
H3MEHAETCA OT HECKONBKHX €IHMHHIL B roasl MEHAMYyMa 110 100...150 u Go-
jiee B TOfBI MAKCHMYyMa. 3aBUCHMOCTb OT W O3BONACT NPOrHO3HPOBATH
napaMeTphl HOHOC(EpH! Ha HEKOTOPbIi IepHOX BpeMeHH Briepen [60], uc-
MOMB3Ys MPOTHO3 aKTHBHOCTH CONHIA, OCYNIECTBILIEMEIH aCTPOHOMHYEC-
KHMH 00CcepBaTOpHIMH.

KpomMe perynsapHsIx cioeB B HOoHochepe HabMIORaloTCA TakKe Hepe-
TyJSpHBIE, CIIOPAJAHYECKHE CIIOH, BOZHHKAIOIME HA BBICOTAX CJIOEB E U F,
HO MMEIONIKE NOBBIIEHHYI0 OTHOCHTENBHO OOBIYHOTO YPOBHA DIEKTPOH-
HYIO KOHHEHTpanui. CHOpaguiecKHe CIIOH XapaKTEPH3YIOTCA CIIOKHOH
CTPYKTYpO# ¥ OrPaHHYCHHBIMH FOPH30HTAIBHBIMH Pa3MepaMH, KOTOPEHIE
0GBIYHO He MPEBHIMAIOT HECKOJLKHX COTEH KHIOMETPOB.

Bo BHemHeH HoHOCdEpe HMeeT MeCTO CPaRHHTENBHO ILTABHEIHA
H BeChbMa MEIICHHBIH CIax 3NeKTPOHHOH KOHIEHTPAaLHH IO BEICOTE
(cm. puc. 17.4). Co6GomHBIC 3NEKTPOHBI, HAXOMAIIHECH B YACTHIHO HOHH3H-
POBaHHO#H HOHOC(EepHO# IUIa3Me, IIPH CBOEM ABIKEHHM MOTYT CTAIKHBATHCA
€ HOHaMH ¥ HeHTpanbHBIMU MOJNEKY/IaMH, OTRABast
UM YacTh sHeprud. CTOIKHOBCHHA ONpeneisior A M
3HEpreTHYeCKHE COOTHOIUCHHSA B MOHOChepe, H 3
B 4aCTHOCTH 006ycnosnuBaioT npeobpa3oBaHue  zp

SHEPTHH 3MEKTPOMATHUTHOTO TOJIA B TEIUIOBYIO.  gp e
CyMMapHOE 49HCHO CTOJIKHOBEHHH 3IEKTPOHOB  p T
C pa3snHYHBIMH HOHAMH H MOJIEKYJIaMH WS 100 0 WR g,

oneHHBaeTCA 3P HEKTHBHBIM YHCIIOM COYAapEHHI Puc. 17.5
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B CMHHITY BPEMCHH V... SHa9EHHE V,,, 3ABHCHT B OCHOBHOM OT PACCTOAHHA
MEX/IY YaCTHIAMH H CKOPOCTH HX IBIKEHHU. C YBEIHUCHHEM BHICOTHI Hax
3eMHO# IIOBEPXHOCTBIO V,, YMEHBIIIACTCA, KAk 3TO [IOKA3aHO Ha pHC. 17.5.

17.2. dnekTpUyecKkue cBocTBa Tponocdepkl u cTpatocdepbl

17.2.1. QnanexTpuveckan NPOHULIAEMOCTb Tponocdepbl
u cTparocepbl

Onexrpuueckue coiicTsa arMocdeps, Kak ¥ o6oit cpensl, xapak-
TepPHU3YIOTCA AHINCKTPHYECKOH NPOHHUIIAEMOCTHI0, MarHHTHO#H IMPOHHIae-
MOCTEIO H ICTEHOM POBOAMMOCTEI0. MaraHTHasA NPOHHLIAEMOCTD aTMOC-
tepb! ¢ AOCTATOYHO BEICOKOH CTENICHBIO TOYHOCTH NPHHUMAIOTCS BEIHYH-
HOH NOCTOAHHOM H paBHOH MarHATHOH MPOHHIIaeMOCTH Bakyyma. OcTas-
HBIC 1B 1apaMETPa HCTIBITHIBAIOT 3HAYHTENbHEIE H3MECHEHHA B 3aBUCHMOC-
TH OT TIOIIOKEHHA TOYKY HAGTIONCHHUA, BPEMEHH, COTHEYHOH aKTHBHOCTH,
YaCTOTHI pacIIPOCTPaHAIOCHCS BOMHE! M T. A.

ITpuBeneM BEIBOA HOPMYII, CBA3BIBAIOMIHX HICKTPHYECKHE IapaMeT-
po1 arMocdepsl ¢ ee PUINISCKUMH IAPAMETPAaMH, HMEA B BHAY, 9TO 3TOT
BBIBOJI [IOMOXKET JIy4II¢ YACHHTh QH3MYECKHE NPOLIECCH, IPOMCXOMAIIHE B
arMocdepe NpH pacopoCTpPaHEHHH B Hell PaTMOBOIH.

CornacHo npeaCTaBNeHUAM MAaKpOCKOIMMYECKOH 3NEKTPOIUHAMHKH
JU3IEKTpHYecKas IPOHHIIAEMOCTD ¥ IPOBOAMMOCTE ONPEAEAIOTCS COBOKYII-
HOCTBIO TOKOB, BO3HHKAIOIIMX B CPEIE [0 CHCTBHEM BHELHETO monsL. B Hewo-
HUZHPOBAHHBIX 061acTix aTMoceph! (Tponocdepe H crpaTocdepe) INIOTHOCTD
TIOJIHOTO TOKA, HABOTHMOIO BHELIHHM IIOJIEM, HMEET JIBe COCTAB/IAIOINKE:

J =Jouo* Fuon (17.1)
3neck j, o — IWIOTHOCTH TOKA CMELIEHHS B CBOOOXHOM NMPOCTPAHCTBE:
Joo™ EodEld = 10EE. (172)
J oy — TUIOTHOCTB TOK2 NOJApH3aUMH (CM. TakKe I 1):
Joon = EoX, AE/dt = iwegy E. (17.3)

B (17.3) %, — oTHOCHTEbHANA HUBIEKTPHYECKAA BOCIPHMMYMBOCTD
BEIIECTBA, 3aBHCAIIAN OT NEKTPHYESCKOH M MATHUTHOM CTPYKTYD MOJIEKYJI
H 3TOMOB, TEPMOJHHAMHYCCKMX YCIIOBHIH, a Taloke OT YaCTOTHI BO3NEHCTBY-
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romero nosis. B ofmem ciydae ), — KOMIUIEKCHas BETHYMHA, OHAKO HA
gactorax Hke 15...20 I'T'w, korma norepy B Tponocdepe u crparocdepe
mansl (cM. 18.3.1), X, MOXKHO CYHTaTh AEHCTBHTENBHOMH BEMHIHHOM:

X, =ap/T+a,0/T? : (17.4)

I a, ¥ @, —~ NOCTOSHHBIC KO3 PUIMEHTB]; p ~ (ABIEHUE Ta3a; () — abcomoT-
HAJ BIOXKHOCTh BO3/LYXa, T.€. IaB/ICHHE BOIAHBIX M1apos; T — TeMmeparypa.
W3 (17.1)~(17.4) j = iwey(1 + ap/T + a,0/T?)E. .
Hanomunm [18], uro B cpene 6e3 noreps (0 = 0) j = i0g e E. Cnemo-
BaTenbHO,

g, =1+ap/T+aw/T? (17.5)

TTocTosuHbIE a, U a, ONPEAENAIOTCA IKCIEPHMEHTANBHO; HauGonee
BEPOATHBIC 3HAUEHHA @, = 1,52 - 1074 a, = 0,745, nosromy

1+1,552-10‘4( 4810(1))
g = p+ ,

r T T (17.6)
TIE p ¥ ) BhIpaXkKeHE! B Muimubapax; T — B rpaxycax no mkane KenssuHa.

13 nomy4eHHEIX GOpMyI ClIeyeT, 4To YeM Gonbiue p H 0, TeM 60/b-
me £. JTO CBA3aHO C TEM, YTO NPH BO3PACTAHUM p U () YBETHUMBACTCA
YHCIIO0 MOJIEKY)I B eIHHHULC 00beMa H, CIICHOBATCIBHO, TOK MONAPH3aLHH.
IIpu ysenndenus T BO3pacTaeT CKOPOCTH XaOTHYECKOTO TEMIOBOIO ABH-
EHHA MOJIEKY/I, TIPEHIATCTBYIOIIETO YIOPAAOYEHHOMY CMEIICHHIO CBA3aH-
HBIX 3apAJIOB, T.€. TOK MOISAPH3alHH YMEHBIIAETCS.

B crparocdepe p M 0 Ha HECKOIBKO NOPAKOB MEHBLIE, YEM B TPO-
nocepe, a T 6onbnre (cM. puc. 17.1 u 17.2), m03T0OMy OTHOCHTENbHAA
IMONEKTPUYECKAs IPOHMIIAEMOCTE CTPaTocheps €, TOPA3I0 MEHbINE OT-
JMYAETCA OT €UHMLEL, YeM €, Tpomocheps! (€, ). OGHHHO CUMTAIOT, 9TO
cBolicTBa cTparochepsl OIH3KK K CBOHCTBAM CBOOOZHOTO MPOCTPAHCTBA,
T.6. IpHHEMaIOT €, = 1. Mcxons u3 31oro B faneHeiimem Gynem paccmar-
PHBaTh TOJIBKO TpoTochepy.

Hapsiny ¢ ausnekTpruueckod NPOHHIIAEMOCTHIO BO MHOTHX CIIydasx
HONIB3YKOTCA KO3(h(QHIIHEHTOM [IpEoMIeHHS TPONocdepsl, KOTOPBIH, yuu-
THIBaA, 9TO £, MAJIO OTIHYAETCS OT eAHHHIb!

0,776-107 48100
= =14 + . 17.7
n, =&, T (p 7 ) (17.7)

13—2013
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3HaueHus n, (KaK M €_) BECbMa MaJl0 OTJIMYAIOTCA OT EMHULBI
U J@Xe y IOBCPXHOCTH 3eMIIH B Pa3HBIX METCOPOIOTHYECKUX H KIIHMATH-
JECKHX YCIOBHAX JIeXkar B mpenenax 1,00025...1,00046. Onepuposats Ta-
KHMH 3Ha94CHHAMH He BCeraa yxo0Ho, T0ITOMY 4acTO BBOIST TaK Ha3kIBae-
MblH npuBENEeHHBIN KO3QPHIMEHT NpeToMIIeHNS Tportocheps:

N, =(n,~1)-10° = lT’G(p+—481T0“’].

YUucneHHbIE BRIpaXXeHHA NPUBEACHHOTO K03 ()UIIHMEHTa TIpeTIoMIIE-
HHSA HAa3BIBAKOTCH N-¢IHHHIAMH. Y IOBEPXHOCTH 3¢MIIH N, MEHAETCH OT
260 po 460 N-emuuui.

B GonbmuHCTBE CiTydaes 3aBUCHUMOCTS £, (/) 6H3Ka K 3KCTIOHEHUH-
aJIBbHOH:

e, (h) =1+ Ag jexp(g WAt ), (17.8)

e Ag,, — npuseMHoe (k= 0) OTKIOHEHHE €, OT SAMHHUBY; g — BEPTHKANE-
HBIH MPAUEHT qUAICKTPUIECKOH MPOHHUIIaeMOCTH Tponocdephl y 3eMHON
MOBEPXHOCTH:

g,= de, /dh. (17.9)

OGBI9HO NPH CPeIHEM COCTOAHMHM Tponocdepsl g, < 0, T.e. €, yOBI-
BAET C BHICOTOH. YunThIBas (17.7), MOXHO NOTY4HTH CBA3b g C IPAJHCH-
ToM K03 HIIHEHTa IpenoMIeHHs: g, = 2dn /dh.

B xauecTBe epBoro NpuOIIKEHHS, JaFONIET0 NPEACTABIEHHE O CPef-
HECE30HHOM PACTIpE/IEIeHHH € 110 BRICOTE, MOXHO BOCIIOJIB30BATECA 110~
HATHEM CTAHIAPTHOH pajmoaTMocdepsl, [ KOTOPoH A€, = 5,78 - 107
g, =-1.85" 102 1/m. Toncrasnas 3Ti 3Ha4erua B (17.8), momyyaem

g, (h) =1+5,78 - 10~%exp(~1,36 - 10~*A), (17.10)

e BHICOTA h BRIpaxkeHa B MeTpax. CTaHIapTHas paguoarMocthepa xapak-
TEpU3yeT CPEAHECTATHCTUYECKOE, HanOOIee BEPOATHOE COCTOSHHE TPOIOC-
(epb! B yMEPEHHBIX KTHMAaTHYSCKUX YCIOBHAX H BBOJHTCS KakK HEKOTOPBIH
3TAJIOH.

PeansHo 3navenua A€, ¥ g, NPETEPNEBAIOT CE30HHEIC H3MEHEHHA
Pa3THYHBI U pa3HBIX KuMaTHaeckux ycnouiit. Hanpumep, o [ommocko-
Bbsl OT AHBAPA [0 HIONA 3HAYCHNA A€ MenstioTea ot 6,12 1074 110 6,14 - 1074,
a 3HaueHuA g_— o1 —7,46 - 1078 10 —8,43 - 1078 1/m. [Monpobuele nanubIE,
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OTHOCAIIHECS K PA3THYHEIM KIMMaTHYECKHM 30HaM 3¢MHOTO IIapa, coaep-
xkatcs B aTnace [50].

B 3aKkimoueHHE OTMETHM, 9TO IIPH ONPEAENIEHHBIX METCOPOIOrHYEC-
KHX YCTIOBHSIX MOTYT HabIOZaThCA CYINECTBEHHBIC OTKIIOHEHHS OT PacCMOT-
PEHHBIX CPEHHX 3akoHOMepHOCTeH € (k). Tak, Npu TeMnepaTypHBIX MH-
BEPCHAX, KOIA TEMIEPaTypa BO3yXa BO3PacTaeT ¢ BEICOTOH, IIPOUCXOMHUT
Gonee peskoe, yeM 06b14HO, yObiBaHue €, 10 BBICOTE. [IpH IpyrHX MeTeo-
YCIIOBHAX, KOIZIa B IIPH3EMHOM CJIO€ TEMIIEpaTypa BO3IyXa Pe3KO YMEHb-
LIAETCA C BBICOTOM, a BIAXHOCTh YBETHIHBAETCA, €, BO3PACTACT C YBEIH-
9eHHEM BBICOTHL. Takue yclIOBHS BO3HHKAIOT, HANPUMED, IIPH HATEKaHUH
XOJIOHOTO BIAKHOTO BO3XYXa C MOPS Ha HarpeTyio CyIy.

17.2.2. JlokanbHble HEOAHOPOAHOCTHU AUINEKTPUYECKON
npoH1uyaemMocTu Tponocdepbs

B mpenrpixymeM pasaenie OBUIH PACCMOTPEHBI OCHOBHBIE peryimip-
Hele pacupenenenus €. Kak nokaswBaloT usMepenus, B Tponocdepe see-
I7ia HMEIOTCs Cy4JaifHble BO BDEMEHH U JIOKAIIBHEIE B IPOCTPAHCTBE 00M1a-
CTH, B IIpeie/iaXx KOTOPbIX JUINEKTPHYECKas MPOHHIIAEMOCTh OTAHYAETCA
OT CpEIHHX 3HadcHHA. J{i1 nprMepa Ha puc. 17.6 110ka3aHO THITHYHOE pac-
npefencHue € _(4), CBHACTEIBCTBYIOIIEE O HAMYUH JOKAIBHbIX HEOTHO-
POIHOCTEH MUIIEKTPHYECKOH NPOHUIaeMOCTH. HeomHOpoqHOCTH UMEIOT
pasnuyHbie GOPMEBI H pa3Mephl, OHH BHIOH3MEHAIOTCA BO BPEMEHH, HCde-
3a10T H NOABJIAIOTCA BHOBb, ABHXKYTCS C IIOTOKOM BO3ZYLUHBIX MAacc H CO-
3MAI0T CROXKHYIO CTPYKTYpy QIIYKTyaluui € .

IIpu onerKe ycnoBuii pacnpocTpasne-
HHA PAXHOBOIIH HEOOQHOPOIHOCTH AHUIIICK-
TPHYECKOH MMPOHUI[AEMOCTH PA3LEIAIOT Ha.
JBa BUJIA: CIIOMCTBIE H TypOyNCHTHEIE.

Croucmeie HeoOHOpoOHOCIMU TIpE]-
cTaBIAIOT co6oi 00pa3oBanHms, TOPH30H-
TAJILHBIE Pa3sMEPBI KOTOPHIX 3aMETHO IIpe-
BBIIIAIOT BepTHKaNbHblE. OXHOH U3 OCHOB-
HBIX NPHYMH HX BOSHHKHOBEHMA SBIAECTCA
TemIepaTypHas HHBepcua (cM. 17.2.1), a

TaKOKe HAJIHYHE 00/1aYHOCTH. Err
Pnc. 17.6
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HHTeHCHBHOCTh HEONHOPOAHOCTEH CIOMCTOrO THIIA, OLlCHHBAaEMAas
KaK OTIHYHE QUICKTPHICCKOH IPOHHUIIACMOCTH B IIPEAEsIax CJIOA OT AU3-
JNICKTPHYCCKOM IPOHHUIIAEMOCTH OKpYKatowlel cpenbl (A€, ), konebnercs ot
107 o (5...10) + 1075, Yncno u MHTEHCHBHOCTD CJIOEB C YBETHYEHHEM
BBICOTHI HaJl 36MHOH TIOBEPXHOCTHIO YMEHBHIAIOTCA.

Pa3mMepsl CTOMCTHIX HEOOQHOPOAHOCTEH U3MEHAIOTCA B LLIMPOKHUX IIpe-
nmenax. TonmuHa cJI0EB XapaKTepH3yeTCs BEMHYHHAMH OT JECATHIX AOJeiH
MeTpa 0 HECKOJILKHX COTEH METPOB, 8 HX TOPH30HTAIBHEIE Pa3MEPHI M3-
MEHAIOTCH OT HECATKOB METPOB JI0 IECATKOB KHIIOMETPOB U Gonee.

Heoonopoonocmu mypbynenmnozo xapakmepa MMEIOT COM3MEPHMBIE
pa3Mephl BO BceX HalpaBlieHHAX. Bemencreue Maisix cun BI3KOCTH JBH-
*aeHHe aTMOc(EpHOTro rasa MpakTUIECKH Bceraa TypOyneHTHOe, TaK 4To
HEOJHOPOTHOCTH TAaKOTO THIA CYINECTBYIOT B Tpomocdepe BCeraa, mpu
m00BIX METeOyCIOBHAX. Pa3Mepr! ¥ HHTEHCHMBHOCTh HEOZHOPONHOCTEH
MOTYT GBITh OLICHEHBI TONBKO CTATHCTHIECKH.

HHTeHCHBHOCTH TypOyNIEeHTHRIX HEONHOPOLHOCTEH OlLICHHBACTCS
CpeQHEKBaApaTHICCKHM 3HAYEHHEM NIepenana JUAIeKTPHIECKOl MPOHHLa-
€MOCTH Zszn, YCpeIHEHHEIM B HHTEpBaJie HECKOMBKHUX COTCH METPOB IO
BBICOTE, T.€. B HAalPaBIeHAN OCHOBHBEIX M3MeHeHHH Ag Tponochepsl. Un-
TEHCHBHOCThL HEOTHOPOHOCTEN MeUIEHHO yORIBaeT ¢ BrIcoTO!.-Ha BICO-
tax 1...3 kM 3uauenne Ae?__cocranset (1...3) - 107 npu unrepranax yc-
penHeHus nopsaka 1 k.

Pasmepsr HeonHOpoaHOCTEH TypOYICHTHOTO IPOUCXOXKICHHUA OTIpe-
nendTca pa3MepaMu (MacmraGaMH) 3ieMeHTapHEIX BUXpEH, cCOBO-
KYITHOCTB KOTOPHIX COCTaBNIfAeT TypOyneHTHEII MOTOK Bo3nyxa. B Tponoc-
(epe mpoCTPaHCTBEHHEIM CIEKTP Pa3sMEpoOB BUXpeit HEMPepHIBEH U OTpa-
HHYCH BEIUYHHAMH OT HECKOJBKHX MHJUITHMETPOB JI0 HECKOIMBKHX AECAT-
KOB METPOB.

17.3. OnekTpu4yeckue CBOMCTBA MOHoCc(ephb!

17.3.1. QnanekTpuyeckan NPOHULAEMOCThb
¥ NPOBOAUMOCTL MOHOCepb!

Iony4yum $opMynsl, onpeneAOmNe OTHOCHTENBHYIO JHIICKTPH-
YECKY!0 IIPOHHLAEMOCTS €,, U YAETbHYIO IPOBOAHUMOCTE O, HOHOCHEPSI,
npeHeGperas MoKa BIMAHHEM MarHATHOTO NOJIA 3eMITH.
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B noHocdepe nonHsIi TOK, HaBOANMBIH BHEIIHUM IONIEM, PaBEH CYM-
Me TpeX TOKOB: TOKa CMELICHUA CBOGOIHOTO IPOCTPaHCTBA, TOKA MONAPH-
3anuy, o6yCIOBIEHHOTO OMAPH3ALMEH HEHTPaTBbHBIX YacTHL, H KOHBEK-
HMOHHOTO TOKA, 06yCIOBIEHHOTO IBHXXEHHEM CBOGOIHBIX 3apAJOB IOI
neiicreuem nons. HanomanM (cM. 17.2.1), uTo B Tponocdepe TOK MOspH-
3alIMH 3HAYMTEIBHO MECHBIUE TOKA CMEIICHHA CBOOONHOro MPOCTPAHCTRA.
Tem Goee 910 cooTHOMWERUE (/<< j_,,) CHPABEMIHBO 71 HOHOCHEDEI,
T€ YHCIIO HEHTPAJIPHBIX YAaCTHI HA MHOTO NOPAJKOB MEHBILE, YEM B TPO-
nocoepe. ITosToMy ToxoM monspH3alMH B HOHOC(eEpe npeHebperaT U
IIOTHOCTE TIONHOIO TOKA paBHa CYMME IJIOTHOCTEH TOKa CMEILEHHA CBO-
60XHOrO NPOCTPAaHCTBA U KOHBEKIHOHHOTO:

j=jcM0 +jx=iw€0E +jx' (17'11)

ITpumeM, 9TO NAOTHOCTh KOHBEKIIHOHHOTO TOKa 00YCIIOBJIEHA BH-
JKEHHEM TOIBKO CROOOXHBIX 3IeKTPOHOB. Torna

j,=eNp, (17.12)

rae ‘l).e — CPEnHAS CKOPOCTh YIOPSAAOYEHHOTO ABY)KCHHSA AIEKTPOHOB, KOTO-
pasi onpeAeNAeTCs H3 YpaBHEHHS JIBHKEHUS YIEKTPOHA. B Kaxk b1t MOMEHT
BpPEMEHM €O CTOPOHHI ITONA Ha ICKTPOH JEHCTBYIOT IMEKTPUIECKas CHIIa
(cuna Kynowna) F, = eE u Maruutnas cuna (cuia Jlopenua) F, = epy[v H],
rae E u H — cOOTBETCTBEHHO HANMPSHKEHHOCTH MEKTPHYCCKOTO U MArHUT-
Horo noseidl Bonusl. Hetpyano mokasars, yto F,/F, uMeeT MOpsnok
v /c, <<1, u BemmuuHO# F,, MOXHO NpeHeOpedE.

JleHcTBylomas Ha 3apal NIEKTPHYECCKad CHJIa YPaBHOBEIIMBAETCA
CHJIOH MHEPUMH 9YacTHIb m dv /df u cunoil Tpens m eduevaq), rae m, —
Macca 31eKTpona. CHiia TpeHHs CO3MAETCs IPH CTONIKHOBEHHH JICKTPOHOB
€ TSDKENBIMM YaCTHIIAMH.

C yueToM CHJI HHEpPLUHH M TPECHUS ypaBHEHHE ABIDKEHHIA SMEKTPOHA
3aIIHCHIBACTCA B BUIE

eE=medbe/dt+medbev3¢‘ (17.13)

Pemenue aTOro ypaBHeHHA HIIEM B BHIC

I )) (17.14)

IMTocne noacranosku (17.14) B (17.13) Haxomum
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o=t £ __e Va g e O
e .
m, vw+1(u m, vazq, +(JJ2 m, qu,+(n2

E, (17.15)

OTKyZia BUJHO, YTO YIIOPALOYEHHAA CKOPOCTD JBIKSHUA 3apHKSHHON 9aCTH-
e 06paTHO MPONOPIMOHANEHA ee Macce. Macca HOHOB B IGCATKH M COTHH
ThICAY pa3 Golbile Macchl AMEKTPOHOB, MO3TOMY TOK, OGYCIIOBICHHbIN JBU-
MEHHEM HOHOB, 3HAYUTCILHO MEHBIIE TOKA, 00YCIOBICHHOTO JBIKEHHEM

37IEKTPOHOB.
C yuerom (17.12) u (17.15) monmyqaem

&N wE &Ny, E

Je=eN,, =-i 5 5=+ 5 5=
e m, (v + @)  m,(vy + )

(17.16)

@®opMyna NOKa3bIBAET, YTO KOHBEKLMOHHBINA TOK, BO30YKICHHBIH
TIONIEM BOJIHBI, UMEET [IBE COCTARISAOIINE: PEAKTHBHYIO M aKTHBHYIO. Peax-
THBHAA COCTaBIAIOMAA 33 CYET MHEPIUH 3JIEKTPOHOB OTCTAaET 1o (ase ot
nons Ha 90°. AKTHBHAs cocTaBigonas, cuHda3Has ¢ [oleM, PefCTaB-
nseT coboH TOK NMPOBOIHMOCTH (/‘np = oF) n obycnosnuBaer HeoGpaTMbIe
TEIJIOBBIE IOTEPH.

ITocne nopcranosku (17.16) B (17.11) momydaeM, YTO NIOTHOCTD
[IOJIHOTO TOKa B HOHOCdeEpe

2 2
j=jcmo+jx=i € 1- eﬁve 2 -i ejievacbz
m €y (Vyy +°) m, (Ve +@°)

Hamomuum, 4to B cpesie ¢ norepAMH IUIOTHOCTH HOJHOTO TOKA
j =i0(g,e, —ic/w)E. CpaBHHBas 3TO BHPAXKEHHE C NPEIBLIYIIMM, HAXO-
ITHM OTHOCHTENBHYIO JTHINECKTPHIECKYIO IPOHHIIAEMOCTD H IPOBOAUMOCTD
uoHocdeps!:

e N,
€,=1- -5 5 (17.17)
mey Vi +o
2 Ny
e .
o, =— —-. (17.18)
m, Vit

Ilocne moxcTaHOBKH NMOCTOAHHBIX 3HAUCHHI e, m 1 Eo
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3190N o Ny
€,,=1-——%t; 0, =28210° —22_
Vi + 00 v+’

Ha 10cTaToYHO BBICOKHX 4acToTax, Korga o >> qu), BBIPAXKCHHS
114 €, ¥ O, YIPOLIAIOTCA:

g,,=1-80,8N/f% (17.19)

G,=7,17- 107N, /f?, (17.20)

e 6, — Cm/m; f— T, N - /M3, v,,— e

V4uTBIBas, YTO MAKCHMAILHOE 3HAYEHHE V,, HabmonaeTcs B cnoe D
uoHocepnl U uMeet nopanok 107 - 1/c, ynpomennsie gopmysst (17.19) u
(17.20) MoryT GEITH HCIIONE30BaHBI HA YACTOTAX BbIE NpUMepHO 3 MIL,
T.c. B amanasonax KB u YKB.

PaccMoTpuM OCHOBHEIE CBOHCTBA HOHOC)EPHI, BHITEKAIOIIHE H3 TO-
Ty4eHHBIX JUHA €, ¥ O, Qpopmyn. POpMynE! 1A €,, OKA3BIBAOT, YTO HI-
JIEKTpHYECKas IPOHULIAEMOCTE HOHOC(HEPBI:

MEHBLIIE IMIICKTPHYECKOM MPOHHLIAEMOCTH CBOGOIHOTO IIPOCTPAHCTBA
(0,, <1) 32 c4eT HaNMYMA KOHBEKIMOHHOTO TOKA;

3aBHCHT OT 3NEKTPOHHOH KOHIEHTPAIIMH H YaCTOThl CTOIKHOBEHHIA,
KOTOpBIE IPETEPIIEBAIOT MPOCTPAHCTBEHHbIE H BPEMEHHEIE H3MCHEHHUA; ClIe-
JoBaTeNdbHO, HOHOC(Epa ABIACTCA ICKTPUUECKH HEOXHOPOIHOH Cpemoii.
Ha puc. 17.7 nokasano ka4eCTBEHHOE U3IMEHEHHE £, HOHOCHEPHOTO C10A
TI0 BHICOTE /. BHIHO, 4TO DH3IEKTpHYECKas MPOHULIIAEMOCTh CHAYaJIa YMEHb-
HIAETCH, & 3aTeM, BEILIE MaKCHMyMa HOHU3ALMH CJI08, BO3PAcTaeT C BRICOTOM;

3aBHCHT OT YacTOTHI, T.¢. HOHOC(epa ABILeTCs AUCHeprupyomeii
cpenoil. 1o 06yCIIOBIEHO TeM, YTO AJIEKTPOHEI, 00Nagas KOHEUHOH Mac-
COMH, NPOSBIAIOT WHEPUUOHHEIE CBOM-
crBa. C noBbImeHneM 9aCTOTH yHops-
JO4EHHAs CKOPOCTh JABHKCHHA 3JCK-
TPOHOB, & CIIEJOBATENBHO, H KOHBEKIIH-
OHHBII TOK YMEHBIIAIOTCA U CBOHCTBA
HoHocdepsl NpHOIMKAIOTCA K CBOI-
cTBaM CBOGOIHOro MpoCTpPaHCTBa.
[IpakTHYECKH OCHOBHOE BIMAHHE HO-
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HOCdeps! Ha yCIOBHM pacTIpOCTPaHEHHMS PAIHOBONH HabmomaeTcss Ha
gactorax /< 100 MI'u (A > 3 m);

MOXET NPUHIMATD HYJICBbIE 3HAUEHHA, €CIH YaCTOTa MPHIOKEHHO-
o 1ojis () OymeT paBHA TaK Ha3EIBAEMOI cOOCTBEHHOMH YacToTe HOHOCep-
HO¥ NJ1a3MB1 M, KOTOpas onpeneNniercs (upu v, o= 0) xak

0?2 =N /(mg). (17.21)

Ha gacrorax 0 < ®, IMaIeKTpHYECKas IPOHULAEMOCTE HOHOC(EpDI
€,,<0. Ha puc. 17.7 noxa3san ciyuaii, KOria 4ist HEKOTOPO# 4aCTOTH f; HA
BBICOTAX OT A, 10 h, € < 0. PacipocTpaneHHe BOJIHbI C YaCTOTOH f; B YKa-
3aHHOH 06nacTH MOHOCPEPH! HEBO3MOXKHO. 310 O0BACHACTCA TEM, YTO KO-

3¢ duuMenT pacnpocTpaHenus k = €1, NpH €, < 0 M OTCYTCTBHH IO~

TEPb CTAHOBHTCS BETMYMHON YHCTO MHUMOH: k =—ia. CietoBaTensHo, aM-
IUTHTYZa oS yOBIBAET MO 9KCHOHEHUMANLHOMY 3aKOHY, a IEPEHOC SHEP-
THH OTCYTCTBYET.
Tonyyenyble GopMyb! LI YRETHHOH NPOBOXMMOCTH ITO3BOISIOT CIIE-
JIaTh CIENYIOIHE 3AKIIOUCHH !
1. IpoBoguMOcTE HOHOCHEPH! HA Pa3HBIX BBHICOTAX pa3iM4Ha, TaK
Kak 3aBHCHT OT JICKTPOHHOH IIIOTHOCTH H YaCTOTHI COYIaPCHHH, KOTOPHIC
B CBOIO Ouepens 3aBHCAT OT BoicoThl. Ha puc. 17.8 noxasan npuMep 3aBH-
CUMOCTeEH Ne, V¢ @ TAKKe HX IIPOH3BE/ICHHA Nev3¢ oT BBICOTHI /1. U3 pH-
CYHKA BHJHO, Y70 XOTA NCKTPOHHAA KOHIEHTpanus N, YMEHBIIAETCA Ha
1-2 mopanka Huke ypoBHA 100 KM, TEM HEe MEHee 3TO IOHOCTBIO KOMITCH-
cupyercs Gonee pe3KUM BO3PAaCTaHHEM

12 ) -f
Ne,cn"u Vag, ¢ Vg H TAKHM o6pa3oM npou3BecHUE

0! L »’
hon [ NV, OKXa3BIBAETCA MAKCHMATLHBIM HA
| PA BBICOTaX ¢10A D ¥ B HHOKHEH 4acTH CJ104
300 1 I; E nonocdepsl. B pesynsrare ynenbHas
00 \ L Vop an, TPOBOOHMOCTE O, 3aBHCAINAsA OT Mpo-
\\ \;’ H3BEACHUA Nevmb, MaKkcHMaibHa Ha TEX
00 — =< V| ke BrICOTAX. YauTbiBas, uTO Cr10ii D cy-
—= IIECTBYET TONBKO B AHEBHOE BpEMi,
5 p - MOXXHO CIeNaTh ellle OOHH BRIBOX: Npo-

Ne Vag, tn Ve BOJIMMOCTD, 2 CNEIOBATEILHO, H TIOITIO-
IIEHHE B HOHOCEPE B JHEBHOE BPEMs
Puc. 17.8 6onbIIe, 4eM B HOUHOE,
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2. VYmenbHas TIPOBOAMMOCTD, XapakTECPH3YIOIIas MNOINOILEHAE B
HoHOCdEpE, TeM MEHBIIIE, YEM BHILIE 9aCTOTa (IpH M2 >> v§¢). 1o npomuc-
XOIHUT IIOTOMY, YTO C YBEIHICHHEM YaCTOThI H3-33 HHEPIHH 3IEKTPOHOB HX
cpenHss KonebaTenpHas CKOPOCTh YMEHBIIAETCA H, CIICKOBATENLHO, YMECHD-
HIaeTCA DHEPTHsi, KOTOPYIO 3NCKTPOHb! OTHAIOT THKENBIM YaCTULAM IIPH
CTONKHOBeHUH. [IpakTHUeCKH NMOmIoIeHHe B HOHOC(epe MaJlo Ha 4acTo-
Tax > 100 MI'n.

MaruuTHOE nose 3eMiIH 3HaYHTENBHO YCIOKHACT XapaKTep JBHXe-
HHSA 3apAJ0B B HOHOC(Epe U NPHBOAUT K H3MECHEHMAM €€ JAHIEKTpHYeC-
Kol HPOHUI[AaEMOCTH M npoBouMocTH [5]. Ha merxymmiics anekrpoH co
CTOpPOHBI MarHUTHOTO 110N 3eMJIH AeHcTByeT cuna JIopeHiia, koTopas 3ak-
PY4YHBaET 3MEKTPOH BOKPYT CHJIOBBIX JTHHHH MarHHTHOTO IO, peBpa-
12 TPAeKTOPHIO €70 JBMXXCHHUSA B COIMPANBHYIO IMHHIO. YacToTa Bpalie-
HHS IEKTPOHOB BOKPYT MarHUTHEIX CHIIOBBIX JIMHHIL (B OTCYTCTBHE JpY-
FHX II0Jei) HA3bIBACTCS 3NEKMPOHHOU 2UPOMAZHUMHOT Yacmomoi:

Ja = eboH, /(2mm,), (17.22)

TJie e U M, — 3aps/l M Macca JIEKTPOHA COOTBETCTBEHHO; [, — HampshkeH-
HOCTb MarHUTHOTO MOJIA 3eMIIH.

VaureiBas, 94T B cpeiHUX mHpoTax H, = 40 A/M, rupoMarHuTHas
qacToTa f, = 1,4 MI', T.e. 1€XUT B Anana3oHe CPeHNX BOJH.

Cuua JlopeHua 3aBHCHT OT yIjla ME /Iy HalpABIIEHHEM PacpoCTpa-
HEHHs BOIIHBL H BEKTOPOM H, . DTO IPHBOJHT K TOMY, 4TO BOIHEL, IBHXKY-
IIMECs B Pa3HBIX HAIIPABIEHHAX OTHOCUTENLHO F, , HABOIAT Pa3HBIE TOKH
4, CJIENOBaTEIbHO, AUIICKTPHIECKas NPOHUIIAEMOCTh U MPOBOIUMOCTD
HOHOCHEPEI OKA3BIBAIOTCA 3aBUCAIIMMY OT HANPABNEHUA PacTIPOCTPAHCHUA.
Taxum 06pa3oM, HoHOCepa NpencTaieT co60H aHM30TPONIHYIO Cpeny.

OnpeneneHue NapaMeTpoB aHU30TPOITHOM HOHOChEPHI ITyTeM perie-
HHUA ypaBHeHHIt MakcBesuia M ypaBHEHHS IBH)KCHHS JIEKTPOHA C YYETOM
MarHuTHOMH cHibl JlopeHua mpeacTaBnseT BeCbMa rpoMO3KYIo 3anady [S5].
OTMETHM JIMILE, YTO MO BIMAHHEM MATHUTHOTO NOJIA 3eMIIH B HOHOCdepe
BO3HHKAIOT HEKOTOpbIE CliendHIecKue ABICHU, XapaKTepHbIe [T aHA30T-
ponHeIX cpef. HanpuMmep, Bo3HHKaeT ABIECHUE ABOHHOTO JTYUeNPEIOMICHH,
KOTJIa 2NMEKTPOMArHUTHAA BOJIHA PACIICIUIAETCA Ha ABE — OOBIKHOBEHHYIO
U HeOOBIKHOBEHHYI0, PaCpOCTPAHSIONIMECS [0 PA3IHYHBIM TPAEKTOPHIM
C Pa3NHYHBIMH CKOPOCTSMH U HCTIHITHIBAIONIHE PA3IMIHOE TIOTTIOICHHE.
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17.3.2. NNokanbHble HeOQHOPORHOCTH B MOHOChepe.
UoHocthepHbie BoamyLeHus

CymecTeeHHOE BIHMAHHE Ha paGoTy paaHoNuHHil OKA3BIBAIOT OTKIOHEHHA
JNEKTPOHHOM KOHLUEHTPALHH OT PEryIApHBIX CPENHUX 3HaueHHi. Paznnyaror sa
BH/Ia OTKJIOHEHMH: QUIYKTyal K OKONO CPEAHMX 3HAYESHHH 1 JUIMTENbHEIE aHOMATb-
Hbie H3MEHEHHs CaMHX CPEIHHX 3HauyeHuil. DnykTyauuyu HabMIONAIOTCS BCETAa,
aHOMANBHBIC H3MEHEHHSA — TONBKO B IEPHOL] TaK HA3HIBAEMBIX MOHOCQEPHBIX
BO3MYILCHHMIE.

DiyKTyanus 2MEKTPOHHON KOHLEHTPaLMH 00yCIOBIHBAIOT HEONHOPOIHYIO
6BICTPO MEHAIOLLYIOCA MHKPOCTPYKTYPY HOoHOChephl. Monocdepa npeacrasnser-
€A KaK CKOIUIEHHE JIOKAIBHBIX 00pa3oBaHuii, H3MEHAIOIMXCSA BO BPEMEHH U [0/
BIDKHBIX B IIPOCTPAHCTBE. B npeaenax HEOTHOPOAHOCTEH EKTPOHHAA KOHLIEHT-
PaLis OTIMYAETCA OT CPSAHErO 3HAYCHHUA B JaHHO#H 06nacTi noHocephl.

Menkomacirablble HEOZHOPOAHOCTH C FOPM3OHTANLHBIMU pa3sMepaMH B
HECKOJIEKO COTEH METPOB 006pa3yroTcs B pe3y/bTare MPOLECCOB TYpOYIEHTHOCTH i
muddysuu. MHTEHCHBHOCTD HEONHOPOAHOCTEH ONpeeNsIeTCA CPEAHEKBANPATHYEC-
KHM 3HaYCHUEM OTHOIIEHMA Iepenana eKTPOHHOH KOHLUEHTPAUMH Ha HEOOHO~
PONHOCTH K cpeqHeMy 3HaueHHto. B oG1actu Beicot 80...400 XM HHTEHCHBHOCTh
Me/TKOMaCIUTAGHBIX HEOMHOPOAHOCTEH OlIEHHBAETCA BEHUMHOM nopamka 1072,

KpynuomacmraGueie HEOAHOPOAHOCTH € FOPH3OHTANBHEIMU pa3MepaMH B
JAECATKH W COTHH KHIOMeTPoB 06pasyloTcs B pe3yibrare koneOaTenbHBIX Npowec-
COB B HOHOC(epe H NpeacTaBIAIT 06pa30BaHHA JILIMNCOHIANBHOH (OPMBI C IIpe-
HMMYILIECTBEHHOH OPHUEHTAIHEH BIONbL CHIIOBBIX JIHHHI MATHUTHOIO MO 3€MIH.

JMTeNnbHEIe aHOMAbHbIE H3MEHEHHA CPeIHHX 3HAYCHHIl HNEKTPOHHOM
KOHUEHTpauuu, HabmonaeMsle B TedeHHe | 4 1 Gonee, Ha3LIBAIOTCA UOHOCHEPHbI-
Mu sosmywjenuamu Wk 6ypamu. Haubonee BaxHble s paboTsl pajMONHHHI
uoHocdepHbIe BO3MYILIEHHA UMEIOT KOPILyCKYJIAPHYIO Npupony. HamoMuuM, 410
KOPITYCKY/bI POM3BOJAT YIAPHYIO HOHH3aLHMEO aTMOcepHOoro rasa. BosMymeHus
MOABJAIOTCSA, KOra atMocdepa 3eMiH [IONafaeT B KOPYCKyIAPHEIE IIOTOKH, MITy-
YeHHEIE U3 aKTHUBHBIX o0nacteii BosMymensoro Connua. Kopmyckynsl, nocturas
o6nacTi AEHCTBI MATHUTHOTO 1O 3EMIIH KaK 3apPHKEHHBIE YaCTUI], HAYHHAIOT
JIBHaThCA 110 CIUPAJAM BOKPYT' MarHHTHBIX CHUIOBBIX JTHHMI M HANPABIAIOTCA K
NoNAPHEIM obJiacTaM. KopiyCKynspHbIE IOTOKM BRI3BIBAIOT HE TOIBKO HOHOCOED-
Hble, HO ¥ MATHUTHBIE GypH, TO3TOMY YacTO FOBOPAT O MArHUTHO-HOHOCHEPHBIX
BO3MYLIEHUAX. BO3MyLIEHUA NPOTEKAIOT O-Pa3sHOMY B 3aBUCHMOCTH OT LUMPOTHI
TOYKH HaOMIOAEHHS.

Bo3smyliueHHA KOpIyCKYISPHOIO IPOKCXOXAEHHS B CPEAHHUX H HH3KAX LIH-
POTax XapaKTEPU3YIOTCA aHOMAIILHEIM H3MEHEHHEM B OCHOBHOM o6nacTu F. JIump
B IICPHO/IBI O4EHE CHIBHBIX Gypb BOIMYLIEHHA JOCTUIAIOT HHXKHHX CIIOEB HOHOC-
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¢epst. i cpeHUX WMPOT XapaKTEPHBI TAK Ha3BIBAEMBIC OTPHLATENBHEIC BOIMYILE-
HHA, TIPH KOTOPHIX JIEKTPOHHAS KOHLEHTpaLus c1oa moHmwkaerca Ha 30...40 %. Bo
BpeMs OypH Ha IUIaBHOE H3MEHEHHE JIEKTPOHHOH KOHLIEHTpALMH ciiost 2 Hanara-
I0TCS HHTEHCUBHBIE HEOIHODOXHOCTH.

Bo3MyiueHHs KOpIyCKyASpHOTO MPOMCXOKACHUA B MOMAPHBIX MIMPOTAX
XaPaKTEPH3YIOTCS H3MEHEHHEM HOHHM3ALKH BCeit TOMLU HOHOCHEPEI, BIUTIOHas Cioi
D. T1pu aHOManBHOM TOBKIIICHHH HOHU3ALKHK 3TOTO CIIOS YBEIHYHBACTCA YAEb-
Has OpOBOAMMOCTb HoHOcheprt (cM. 17.3.1) H, cnenoBaTenbHO, NOMIOWEHKE pa-
IHOBONH. B KOMNblEBO#H 30HE MONAPHRIX CHAHUHA OJHOBPEMEHHO ¢ M3MEHEHHEM
cocToanua cios D HabGnronaeTcs BOIMYLIEHHOCTD €104 F2, MPOABIAIOILASCS B OC-
BEILEHHOMH YaCTH 30HBI B BHIE 3HAYHTENHHOr0 MOHMMKEHHA N, . 4 B 3aTEHEHHOH —
B BH/IE 3HAYMTENHHOTO MOBBILIEHHA N, 33 CYET CHOPAAHIECKUX 06pa3oBaHHi.

Bo3aMmymesus BOMHOBOTO MPOHCXOXAEHHA NPOABIAIOICA B BHJE PE3KOIO
BO3PACTaHHUA HOHU3AWHH 101 D B pe3ynsTaTe MOIIHOIO PEHTIEHOBCKOrO H3Tyde-
HUA, HCTOYHHKOM KOTOPOToO siBIfeTca XpoMocdepHas Benbilika Ha Connue. Bos-
MyILICHHA 3TOIO THIIA, CONPOBOXKAEMbIE PE3KHM YBETHUEHHEM norolueHns (3ddexr
Jlenurkepa), HACTYNAIOT BHE3ATIHO M JUIATCA OT HECKOIBKHX MHHYT 10 1...2 4. O6bI14-
HO OHM OXBATBIBAIOT BCIO OCBCILCHHYIO YacTh 3€MHOIO LIapa, Pachpeie/sich ¢
Pa3HOit HHTEHCHBHOCTBIO B 3aBHCHMOCTH OT LIHPOTHIL.

Jumepamypa: ocnosnan [58], donosnumensnas 3, 50).
KoHTponkHble Bonpocsl

1. TTo xaxuM npH3HaKaM pasfensior amocd;epy' Ha Tponocdepy, crparochepy H HOHOC-
depy?

2. TTosscHATE 3aKOHOMEPHOCTH PaclpeieICHHA MEKTPOHHOH KOHICHTPALHH BO BHYT-
peHHe# W BHenIHe# HoHOCdepe.

3. Tloyemy auaNeKTpHYECKAd MPOHHIAEMOCTh TPONOCHEPEl HCNBITBIBAET MPOCTPaH-
CTBEHHbIE W BPEMEHHEIE H3IMECHCHHA?

4. B KakHX cITy4asX cBoHcTBa Tponocdepsl GIMIKH K CBOACTBAM HIEANLHOTO IHIIEKT-
puka?

5. KaxoBbl PHYAHB! 0GPa30BaHHS H KOJIMYECTBEHHEIE XaPAKTEPHCTHKH JOKATBHEIX
HEOAAHOpOOHOCTEH B Tponocdepe?

6. Tlouemy nonocepa ABIAETCH Cpenod ¢ gucnepcHeit?

7. TloueMy DH3NIEKTPUYECKAsd POHHIIAEMOCTL HOHOCHEPE! MEHBINE, YeM CBOGOIHOTO
npocTpaHcTBa?

8". TloueMy BenMYHHA THDOMArHHTHBIX YaCTOT HIEKTPOHOB M HOHOB pa3nnyHa?

9*. KakoBa NpUYHHA aHH3OTPONIHEIX CBOMCTB HOHOCdEpEI?

10. KakoBbI OCHOBHbIE XapaKTCPHCTHKH HEORHOPORHOCTEH JIUINEKTPHUIECKOH IPOHH-
LaeMOCTH HOHOCepsI?



Fnasa 18. PACNPOCTPAHEHUE PAOVOBOIH
B 3EMHOU ATMOC®EPE

18.1. NpenoMneHue paguoBONH
18.1.1. O6wue onpegeneHun

IIpu onpeneneHny TPaeKTOPHH PASHOBOMH B aTMOC(HEPE HCMONB3Y-

10T METOH, IpHONIDKEHMA reoMeTpHYeCcKor ontuku. JlyaeBoe npeacrasie-

- HH€ CTIPaBEIUIMBO 1A HEOJHOPOOHBIX CPEJ C HACTONBKO MEICHHBIM M3-
MeHeHHeM k03$ QHIMEHTa IPEIOMIIEHHA, ITO Ha OTPE3KE IyTH, CON3MEPH-~
MOM C JUIHHOH BOJIHBI B cpeze, MOXHO NMpHHATH n(k) = const. [Ipu 3Tom
B IIEPBOM IIPUOIMKEHHH MOXKHO NpeHeOpeys OTPaXKCHHBIM JIYYOM H CBEC-
TH IPOLECC PACHPOCTPAHEHHA K HATMYHIO TOJIBKO nperomMiaeHHoro. Crpo-
roe pelleHHE YpaBHEHHI MakcBelIa NOKa3biBaeT, YTO TaKoe NMpUOIIKe-
HHE BBITOIHAETCA, €CITH

[A./n(h)]x[dn(h)/dh] <<1,
rne A, = AM/n(h) — IIMHA BOIHEI B CpeNe.

B arMocdepe npubnibkenne reoMeTpHYecKoi ONTHKH CIIPABEIIHBO A
BCEX BOJIH PaJHOIHANA30Ha, 32 HCKITIOYeHHeM quanasoHa J[B (A > 1000 m).

B 1. 17 noka3aHo, 9T0 AMAICKTPHYECKAs MPOHHIIAEMOCTH aTMOC-
(epsl IIABHO MEHAETCH 110 BBICOTE. PacnpocTpaHeHne paiioBOIH B TAKOH
Cpene COMpOBOXIACTCA IUIABHBIM MCKPHUBIEHHEM TPaeKTOPHH PaclpoCT-
PaHECHUS — ABICHUEM pedparkyu.

Ilpu pedpakumu TpaeKTOPUA IPENCTABIACT KPHBYIO, K KOTOPOIL Ka-
careJIeH BEKTOp, XapaKTepH3YIOIIHHA CKOPOCTh NEPEHOCa IHEPTHH BOJIHEL.
U3 kypca TexHHUeCKOi dnekTpoiMHaMAKH [ 18] H3BecTHO, WTO IpH pacnpo-
CTpaHEHUH CHTHAll4, IHEPTUA KOTOPOTO CKOHUEHTPHPOBAHA B IIPEHENaX
HONOCH YacToT (0, — Aw, . ) — (W, + A . ) u ©,>> Aw,_ , TAKAM BEKTO-
poM B cpenie 6e3 aucriepenH (Tpornocdepa, ctparocdepa) ABIASTCS BEKTOP
¢a30Boi CKOPOCTH, a B Cpefie ¢ Aucnepcuer (HoHocdepa) — BEKTOp IpyIl-
noBo#l ckopocTH. B ycnosusax arMocdeprl, rae ko3¢ duuneHT npenomie-
HHA €CTh QYHKIMA BBICOTBI, MOMYIH 3THX BEKTOPORB PaBHBI [59]:
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U1 pazoBo# ckopocTH
cp= co/n(h), (18.1)
Tle c, — CKOPOCTh PAacmpOCTPaHEHHs B CBOGOIHOM IPOCTPAHCTBE;

n(h) =+g,(h) —xo3bdHUHEHT IPeTOMIICHHS Ha BbICOTE /1;
AJIA TPYTIIOBOi CKOPOCTH CHIHAITA € YACTOTOH (),

Cop = Co /(P 0) g, + WA (B, )] ) e ], (18.2)

rae n(h,w) =4/, (h,0) — ko3dhduuueHT npeoMieHHs B ToH obnactu at-

Mocdepsl, Tae HabmoRaeTca QUCHEPCHA.

BeipaskeHHs MOKa3BIBAIOT, 9TO B arMocdepe CKOPOCTh paclpocTpa-
HEeHHA BOJHBI Pa3IMyHa HA PasHBIX BeICOTaX. [IoaTOMy 311eMeHTsI PppoHTa
BOJIHHI, PACTIPEAECICHHBIC B IPOCTPAHCTBE, HEPEMEIIAIOTCA C Pa3HBIMH CKO-
POCTAMH, YTO ¥ ABJIETCS NPUYHHOM NoBopoTa HPOHTA B mpoLecce pac-
MPOCTPAHERH, T.€. IPUINHOH pedpakiuy.

18.1.2. TpaexkTropus BONHbI. Paanyc KpMBn3Hbl TPaeKTOpUn

JIns HaXoKICHUA TPACKTOPHH BOJIHHI
B NPUOGITHKCHHH T€OMETPHIECKOH ONTHKH HEO-
JHOpOIHYIO arMocdepy pa3OuBaioT Ha cepH-
YCCKHC JJIEMCHTAPHBIC CIIOH CTOIb MaJIoit TojI-
IIHHEL, 9TO B IIpefienax Kaxxoro cos kodddu-
IHEHT MPEIOMIICHHA OKA3bIBACTCS BEHYHHON
MOCTOAHHOH, a8 TPAEKTOPHA — IPAMOTHHEHHOIA.
TobKO Ha rPaHULAX CTIOEB BOJIHA UCTIBITHIBAET
IpeIIoOMIIEHHE, IPH 5TOM CKad0K An IpH mepe-
XOJI€ OT CJI0s K CIIO0 HACTOIBKO HE3HAYUTEIICH,
9YTO MHTEHCHBHOCTb OTPaKCHHOH BOJHBI TIpe-
HeOpexXHMO Malla IO CPaBHEHHIO C MPETOM-
JICHHOM.

ITycts Ha BEICOTE /) BONHA MajacT IOX
YIIIOM (0 Ha HIXKHIOK FPaHuUL IPENoMISIomest
obnacty, tae ko3bdunMeHT NPeTOMICHHS K3~
MEHSACTCA CKaYKoM OT 71, 10 n, (puc. 18.1). Ilo

Puc. 18.1
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3aKOHY MpPEIOMIICHHS YTol HaACHUs @, CBA3aH € yIIOM NPENOMIIEHHS ¢
COOTHOIIEHHEM

n,sing, = n,sin@y. (18.3)

ITockonbKy B Mpeaenax aIeMEHTapHOTO CII0A PacipoCTPaHEHHE BOJI-
Hbl MPOKUCXOIUT IPAMONHHEHHO, TO M3 TPEYyronbHHKa okb (cM. puc. 18.1)
[IOZy4aeM

. (ay, +hy)/sing, = (a,, +h)/singy, (18.4)
OTKyJa CBA3b MEXAY YImamu @, ¢, Ha BRICOTaX Ay, h, ¢ ydetom (18.3)
onpeznenseTca Kak

(aam + hl )nl (h‘l)Sin(pl = (a:m + hO)nO(ho)Sin(p()' (185)
B pesyneTaTe npenomieHHs Ha TPaHHIE MEMEHTAPHOTO CJI0s, pac-
TIOJIOEHHOTO Ha BBICOTE A, YTON MaJCHHA H3MEHAETCS IO 3HAYCHUS (P,
KOTOpOE OTPEACIACTCA U3 PaBCHCTBA
(@ + 1)y (By)sing, =(a,, +h)n(h)sing, =
= (a,, +hy)ng(hy)sing,.
CornacHo (18.5) u (18.6) nns moGoii rpaHUEL, PACIIONOKEHHO Ha
BBICOTE A, .

(a,, + h)n(h)sin@(h) = (a,, + hy)n,(h,)sing,, (18.7)
rI¢ BEMMYHHBI, CTOAIHE COpaBa, OTHOCATCA K TOYKE BXOAA BOMHEI B IIpe-

JIOMITAIONIYIO 00IacTh.
U3 (18.7) yron maneHus BOJIHEL B ceprIecKu CIIOHCTOH armocdepe

(18.6)

sin@(h) = sin@on, (ho)(a,, + ) /[n(h)(ay, +h)]. (18.8)
Hus nnockocnouncTol armocdepsi (a,, — =)
sin@(h) = sinQyny(hy )/ n(h). (18.9)

IMomy4deHHble BBIPAXEHHA ITOKA3bIBAIOT, YTO W3MEHEHHE HAKIOHA
TpaekTopuH (k) 3aBHCHT OT Nepenana 3HaueHnH koadGuimenTa npesomie-
HHS Ha ITyTH CJICA0OBaHHA BONHBI ¥ yeM Gonee 110710ra TPaeKTOpHs, T.€. YeM
Gonbuie yroin ¢, TeM 60/bIIe OTKIOHAETCS HANPABIEHHE PACTIPOCTPaHE-
HH# OT [IEPBOHAYaIbHOTO.

JipyTuM napameTpoM, XapaKTepH3yOIIMM TPAEKTOPHIO BOJIHBI [KpoMe
@(h)], aBsieTcA pauyc KpUBH3HEI 0. JI/I1 €ro onpeneneHus BbIICITHM TOH-
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Kuit ciiol Ah, pacloNoXeHHBIH Ha BHICOTE /1
(puc. 18.2). Ha HmxHeil rpaHHLe clos IPOHC-
XOZMT MCKPHBIICHHE TPACKTOPHH, MOCKONBKY
yroi nageHus nperepnesaet cka4ok A@. Panu-
yc KpHBH3HHI B TOYKe neperuba npu Ak —.0

p = kbIA®, (18.10)

rae A@ — UEHTpalbHbIA yroi, oOpa3oBaHHbIH
HOPMAJIIMH K TPAE€KTOPHH B ToUKax k u b. U3
TpeyroasHuka kbc cuenmyer, 4ro kb =
= Ah/cos[p(h) + Ag@] = Ah/cos@(h), oTkyaa

p = Ah/[Agcos(h)). (18.11)

VYron A@ onpegensieTcs U3 3akoHa Mpe-
JOMIIEHUA, 3aIIHCAHHOTO € YIETOM NAPaMETPOB
aTMocdepsl Ha BBICOTE /1:

n(h)sin@(h) = [n(h) + Anlsin[e(h) + Ap] =

=[n(h) + An][sin @(#) cos AQ + cos @(h)sin Ag).

YuuTEIBasA MaocTh A, MOXXHO IIPHHATH COSAQ = 1, sinAQ = Ag, a
npousseneHue AnsinA@cos@ =~ 0 Kak BeJIMIMHY BTOPOTO IOPSKa MaJIOCTH.
Torma u3 (18.12) umeeM A@cos@(h) = —[An/n(h)]sin@(h). Moncrasnsa
sTo BeIpakenue B (18.11), nomygaeM nocie nepexoia K mpeaAery

p ==n(h)/[dn/dhsinp(h)]. (18.13)

U3 (18.13) BuaHO, 4TO TPaCKTOPHA OTINYAETCS OT MPAMOIHHEHHOH
(p # °0) TONBKO IPH KOHEYHOM 3HAYEHHH IpaguenTa dn/dh, T.e. B HEOTHO-
POIHBIX Cpenax.

3uak muayc B (18.13) 03HagaeT, 4TO BEMHYHHA ) MOJIKHKTECIBHA H
Tpaexropusi obpallieHa BEITYKIOCTHIO BBEpX, Korna dn/dh < 0. Ilpu dn/dh >
>0 BenmMUnHA P OTPULATEIHHA H TPaeKTOPHA 06palileHa BITYKIOCTHIO BHH3,

Heo6xommMo Takoke yYUTHIBaTh, YTO PAIUYC KPHBH3HBI TPACKTOPHHU
3aBHCHT OT YIVIa HAKJIOHA TPaeKTOPUH @(#). [Ipx BEpTHKATLHOM NaICHHH,
xoraa @(h) = 0, (p = ), UMeeT MeCTO MPAMONUHEHHOE PaCIIPOCTPAaHEHHE.

Puc. 18.2

(18.12)
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18.1.3. Tpaekropuu pagnoBonH B Tponocdiepe.
AxBUBaANEHTHLIN paguyc 3emnu

CornacHO #HaHHBIM D1, 17 y HOBEPXHOCTH 3eMIM OTHOCHTENIBHAA
AVMONEKIPHYeCcKas NPOHNLIAEMOCTS TPOIOCHEPHl OTINNYALTCA OT SAUHHITHI
Ha HECKOJIBKO JICCATHTBICAYHBIX U B CPEIHEM YOBIBaeT ¢ BBICOTO# CO CKO-
POCTBIO, KOTOpasi B CTaHAAPTHOM Tponocepe OLEHHBAETCA TPaXUEHTOM
IH3NEKTPHYECKoi poHKIacMocTH 7,85 - 1078 M [em. (17.10)]. B Takoit
c1ab0 HEOMHOPOIHOM Cpelle TPaeKTOPHH PaTHOBOIH HCIIBITHIBAIOT MANoe
HCKpUBIeHHEe. JIA OLEHKH YCIOBMi pacnpocTpaHenus Haubonee cyie-
CTBEHHBIM OKa3bIBAacTCs ONPENEIEHHE COU3MEPHMOCTH PafNyCOB TPAEKTO-
pHM pacpocTpaHEeHHS H 3eMIIH.

Paguyc KpHBH3HBI TPACKTOPHH B IpeAenax Tponocdeps! onpenei-
101 nio (18.13), npunuMas npuzemHo# 3Ha4enue n (h=0) = 1:

p.(h)=-1/[dn_ /dh)sine(h)]. (18.14)
Jns MaJeIX BBICOT, THI€ 3aBUCHMOCTD £, (/) MOXHO NPUOIHIKEHHO

cuuTarh THHeliHol u tae dn, /dh= g (h)/2=const {cM. (17.9)], panuyc
KPHBH3HBI

p,(h)=-2/[g, sm@(h)]. (18.15)

i BOSTH, pacipoCTPaHAOUIHXCA M0 [IOJIOTHM TPAeKTOPHSM BIOJb
3emnu, koraa @, — 90° u @(/) — 90° , monmy4aeM BEIpaXEHHE U paauyca
KPUBH3HBI

P =—2/g. (18.16)

3 (18.16) BUAHO, 4TO €M HA BCEM ITYTH PaclipOCTPaHEHHS IPaH-
€HT JUAIEKTPUUECCKOH TPOHHIIAEMOCTH €CTh BEIMYHHA [IOCTOAHHAA, TO Tpa-
€KTOpHs BONHBI NIpe/IcTaBIAET coO0M Iyry OKPYXKHOCTH, paguyc KOTOPOH
onpeseNaeTcs BEIMYHHON TPafHeHTa. B ycIoBHAX craHIapTHOH Tpormoc-
depnr (17.10) p, . = 25 000 xm.

IIpu pacuerax HeymoOHO HMETH AENO C KPHBOIHHEHHBIMHA TPACKTO-
pusMH. DTOTO MOXKHO H30€XaTh i 0611aCTH BBICOT, INIE g, = const, BBOIA
HOHATHE 3KBHBAJICHTHOTO pafuyca 3eMiIH. B KOHIENIWH 3KBUBAJICHTHOIO
pagMyca MPHHUMAETCH, YTO PacipoCTPaHeHHE [IPOMCXOIMT 110 MPAMOJIH-
HEHHON TPacKTOPHH, HO HaJl 3eMyci HE C HCTHHHBIM PaZiyCoM a ., a ¢

HEKOTOPHIM 3KBHBAJICHTHBIM panuycoM a,, . (puc. 18.3). Benuuuna a,,
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OIPEACIACTCS U3 YCIIOBHA, UTO
PasHOCTb MEXIY 3HAYCHHAMH
KpHBH3HBI peabHO TPaeKTo-
pHH PagHycoM P M peanbHOH
3eMiH panMycoM a,, paBHa
PasHOCTH MEXIY 3HaYCHHAMH
KPHBH3HEI CIIPAMIICHHOI Tpa-
EKTOPHH (P = ©0) H KPHBH3HbI

BooOpaxaeMoii 3eMIi pagny- Puc. 18.3

coMa,, .
1/a,, -1/p=1/a,,,—1/c. (18.17)
Orcioma
gy = Ooy (1=, /D). (18.18)

Ipu crangaprHoit TponocdepHoit pedpakimu cornacuo (18.18)
a,,,= 8500 xm; a,, /a, =4/3.

Heo6xomuMo erme pa3 NOT4EpKHYTh, YTO KOHIENIUA SKBUBATICHTHO-
0 pajuyca 3eMIH CIpaBeiHBa TONBKO IIpH P = const, T.€. IPH pacnpoct-
PaHEHHH PaJHOBONH B TOH oOnactu Tpomocdeps!, rae Habmoxaercs Iu-
HelHas 3aBucuMOocCTh €, (h). [Ipu HenuHeHHOM 3aBuCcHMOCTH €_(h) panuyc
KPHBH3HBI TPAEKTOPHH MEHSETCS OT TOYKH K TOYKE U BBEICHHE CIMHOTO
9KBHBAJICHTHOTO paguyca 3eMIIH HEBO3MOXHO.

B 3aBHCHMOCTH OT METEOPOTIOTHYECKHX YCIOBUH Pa3iIHYaOT CIACHY-
IOIIME THNOBbIE BUABI pedpakuuu B Tponocdepe (puc. 18.4).

OrpunarensHas pedpakuus, HIH
cybpedpaxuna (xpuBas /), Habmonaer-
cs IIpH BO3pacTaHuH ko3¢ dumueHTa npe-
JIOMJIEHHA C YBEJIMYCHHEM BBICOTHI, T.C.
npu g, > O0uma, <a,. 3TO BO3MOXHO
TIPH POCTE BINAKHOCTH BO3IyXa C BHICO-
TOH, 4TO, HATIPUMED, YACTO BCTPEIACTCA
B KOHTHHEHTAIbHBIX PaiilOHaX C yMEpeH-
HEIM KJIMMaTOM OCEHbIO H BECHOH BO
BpeMs YTPEHHHX NPH3EMHBIX TYMaHOB.

Pric. 18.4
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OTcyTcTBHE pedpaKIHH, T.6. NPAMONMHEHHOE PACTIPOCTPAHEHHE BOJHEI
(xpuBas 2), BO3MOXHO, xorza g, = 0.
IMonoxurenshas pedpakuns Habmonaercs npu yossanuu ko3bdu-

LIMEHTa IPENOMIIEHHs C BRICOTOM, T.e. korma g, < 0, mpu atom a,, > a_,.
Pa3nuaroT 4eThipe YaCTHBIX CITy4as MONOKUTENbHOH pedpakiiH:
CTaHmapTHas pedpakuys npu g =-8 - 108 M1 g =8500 kM. Oto

Haubonee pacnpocTpaHeHHbH BU pedpakiiy, XapaKTepHBIH UL CpefHe-
TO cocToAHMA Tponocdepsl. YacTo HabmonaeTcs B KHEBHEIE Yachl;

noBsIIeHHas pedpakuua (kpusas 3) npu g < -8 - 10 M7}
a,,,> 8500 kM. B KOHTHHEHTAIBLHBIX paiiOHaX CPEAHUX WHPOT OHA Hanbo-
Jee JacTo OTMCHaeTCA B B€YEPHHE, HOYHBIE H YTPEHHHE Yachl JIETHHUX
MECHLEB 32 CYeT TeMIIepaTyPHEIX HHBepcHi (cM. 17.2.1) H pe3koro yMeHb-
IIEHHS BIaXHOCTH C BHICOTOH;

KpuTHYeCKas pedpakuns (kpusas 4) npu g = -31,4 - 108 M1,
a,, , = °° IOCKOJIbKY IIPH STOM IPafiMeHTe ) = d, , ¥ BOJIHA JIBIDKETCA Mapai-
JIebHO 36MHOM NOBEPXHOCTH Ha MOCTOSHHOM BBHICOTE, KaK Haj HIOCKO-
CTBIO. YCIIOBHS BO3HUKHOBEHHA KPUTHYECKOH pedpaKiuy Te 5Ke, ITO ¥ s
TOBHINIEHHOH pedpakuy;

cBepxpedpakius, WM BOXHOBOAHAA pedpakius (kpHsas J), IpH
g, <314 108 M7 a,,,<0. B oM ciryyae paquyc KpHBH3HBI TPAeKTO-
puH p < a,, ¥ BOIHA, OTPa3HBIIHCE OT 0GNACTH BEICOKOTO IPa/IEHTa, NOC-
THIraeT MOBEPXHOCTH 3eMIIH, OTPaXKaeTCd OT HEE, CHOBA MIPEIOMIIAETCS H T.
I, T.e. HoABIAeTCS TponocdepHsiii Bomnosos. H3-3a Manoil BEpOATHOCTH
MOABJIICHHA TaKHX BOJIHOBOAOB XAHHOE SBJICHHE HEC HCIIONB3YCTCA A pe-
rynspHOH paboTHl pagHOMHHHH.

18.1.4. TpaeKkTopuAa paaMoBOnH B noHoctepe

CornacHro 17.3.1 oTHOCHTENBHAS IHATIEKTPHYECKAd IPOHHLAEMOCTh
noHOC(eps! MEHAETCH B PEAENax TOIIH HOHOCOHEPHI 110 CIOKHOMY 3aK0-
HY, YMEHBIIAACh C BHICOTOH BO BHYTPEeHHEH HOHOChEPE H YBEIHYHMBAACE —
B0 BHewHeH. [Ipu 3TOM 3HaYCHHE €, MOXKET U3MEHATHCA B IUHPOKHUX MIpe-
Jenax B 3aBUCUMOCTH OT COCTOSHMS HOHN3AIHH H 4aCTOTEI PaCIIpOCTPaHs-
" YOILEHCA BOMHEL B TaKUX YCIOBHAX HCKPUBIIEHHE TPACKTOPUY MOXET GHITH
3HAYUTENBHBIM. B COOTBETCTBHH € 3aKOHOM €, (h) BO BHYTpEeHHEH HOHOC-
tepe TpaekTopun npurubarorcs X 3emie, BO BHEIIHEH — YXOIAT OT Hee.
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IonoxaTensHas pedpakuus BO Nemar
BHYTpeHHe#H HoHOC(epe MOXET CTaTh Ta- ==
KOii, 9TO BOJIHA, DAJAOMas HA HHXKHIOIO ——5 S
rpanuiy HoHocepsl non yroM @y(hg) [
(puc. 18.5), Bo3BpaTuTca 00paTHO Ha 3eM- . omp
0. D10 ABNIeHAA OORITHO HA3BIBAIOT OM- % \lo
padiceruem om uoHocgepul.

IlepBoe ycrnoBHe YUHTHIBAET, YTO B T3
pe3yneTare pedpaKiiH yroi nafxeHns 1oi-
KeH JOCTHTHYTh Ha KaK0ii-TO BEICOTE A
3HAYCHUA (p(hm_P) = 90°. Cornacho (18.9
3TO BO3MOXHO, €CTH KO3(QGHIHMEHT NpenoMIeHus nu(hmp) = sin@y(hy)n,.
Y HwxHe# rpaHHIIBI HOHOCHEPSI 7, = | ¥ MIEpBOE yCIOBHE IPHHUMAET BH/L

1, (o) = SInQ,(y). (18.19)

Honcrasmsas B (18.19) sripaxenue n, =4/€,, [cm. (17.19)], Haxo-

Puc. 18.5

UM 3JIEKTPOHHYIO KOHIEHTPAUHIO (IVIOTHOCTH), HEOOXOOUMYIO LI OTpa-
JKEHHUS BOJHBI:

N, () = £ cos” 9, /80,3. (18.20)

Bropoe ycnoBHe yIHTBIBAET ChepUIHOCTS 3EMIM K HAJaraeT OrpaHH-
YCHHUA Ha paIyC KPHBH3HBI TpaekTopuu p. YTo6kI BonHa BepHynachk Ha 3eM-
1m0, HeoOX0auMO B 00J1aCTH NOBOPOTA TPACKTOPHH BBITOITHECHHE HEPABEHCTBA

P(horp) < (@ + Boyy)- (18.21)

CornacHo (18.13) npu @ (hyr,) =907 p(hy,) = -, (h‘,,p)/[abéH {/dh].
U3 (17.19) naxonum dn /dh 1 moCsie MOACTAHOBKH MOTyYaeM

P(Pryy) = 1, (1) 2 1140,4dN, | d]. (18.22)

C yuetom (18.22) u3 (18.21) HaxonuM BETHYHHY IPAJHCHTA JNCKT-
POHHOM IIOTHOCTH, HEOGXOHMYIO JUTA BO3BpAIIEHH JIyda Ha 3eMIIIo:

dN, /dh> f 2n? (hop) 140,4(a,,, + b))l (18.23)

IMopsAxoK BETUYHHBI 3TOTO IPaEHTa MOXKHO OLEHHBATH, B34B HaH-

fonee TpyqHEIE YCIOBHA: BHICOKYIO YaCTOTY II0 YCIIOBHAM OTpaXKeHHA f =
= 30 MI'u, HH3KYIO BBICOTY OTPaXKEHHS hmp =200xmun(h mp) = 1, Iloa-
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CTaBNAK 3TH 3HaueHud B (18.23), npu a_, = 6370 xm noxygaem dN /dh >
> 3,3 - 10% M4, CnenmoBarensHo, ams BO3BpAlICHH JIy4a Ha 3eMJIo JocTa-
TOYHO, 4TOOHI B 061acTi HoOHOCdEpHL, TRE yrox ¢(h ) mocraraer 90°, amek-
TPOHHAs1 IVIOTHOCTB BO3PACTANIa BCETO JIMIIL Ha 4 :m/CM IIpH NOTbEME Ha
1 M. Takoe ycroBHe Beeraa Boinoassercs. [103ToMy BO3MOXHOCTE OTpaxe-
HHS 0T HOHOCQEpH! OLICHHBAaeTCA EIHHCTBEHHHIM ycoBreM (18.20).

Yenosre (18.23) BasKHO B TOM OTHOLICHHH, YTO OHO ONPEHEIAET 3HAK
rpaaveHTa B obnactu orpakenns, [ToBopor imyua Ha 3emMimo BO3MOKEH TOJNb-
KO B TEX y4acTKax HOHOC(hepEI, Te N, yBennuuBaeTcs ¢ BEICOTOH. Bo3spa-
TICHHE Ty9a HE MOXKET MPOU30HTH HEMOCPEACTBEHHO B O0/IACTH MaKCHMY-
Ma 9/IEKTPOHHOM IUIOTHOCTH H B JII000# 9acTH HOHOCOEpE], I€ N, yMeHb-
IIAETCA C BEICOTOHA.

PaccMOTpHM IIPOHEce OTPAXXCHH NPH BEPTUKAILHOM HaIeHHH BOJI-
HB! Ha HOHOCGepy, koraa cornacHo (18.13) npu @ (k) = 0 TpackTopus He
uckpusiaercs. B To xe Bpems u3 (18.19) nomyuaem, 4ro ycnoBHe oTpaxe-
HHs IPH BEPTUKAJIHHOM [IaJ€HHH BLIIOMHAETCSA B 06MacTH HOHOC(hEpHI, re

n,(hyp) = N/E,,,(hmp) =0, T.e. TaM, e JUIEKTPAIECKAs POHUIIAEMOCTE
JOCTHraeT HyJleBoro 3HavyeHus, 410 cormacHo (18.20) Oymet umerh MecTo
B 00nacTH, rae 3NeKTPOHHAS IUIOTHOCTh

N,(h) = 1,7 /808, (18.24)

€CIH f, — YaCTOTa BOJIHBI, BEPTHKAIBHO Najiarollel Ha HoHOChepy. B noHoc-
depHOH MIasMe OTHOCHTENbHAs JHINCKTPHIECKas MPOHALAEMOCTh JOC-
THraeT 3HadeHus €, = 0 TaMm, I1e 9acToTa paclpoCTPAHSIOMENCS BOIHbI

= 2nf paBHa coOGCTBeHHOH YacTOTe KONeGaHHH 3NEKTPOHOB

me=\} ezNe /(ggm,) (17.21). B nanHoOii obnactu Ko3apdHIMEHT pacpocT-

_paHeHHA n, =0)J€a“uau =0, mO3TOMY pacupoCTpaHeHHE BOJHEI C
4acTOTOH (® = (1, HEBO3MOXHO H IPOHCXOIHT MIOBOPOT TPAEKTOPHH 06par-
HO Ha 3eMITo.

B 3aKmodYeHKe ONPENeUM NEKTPOHHYIO IIOTHOCTh, HEOOXOMHMYIO
Ut OTpaxkeHHs NpH ydete cepuunoctH 3emnn. Cormacao (18.8) mpu
ny(hy) = 1 yron @(h) nocturaer 90° Ha Toit BEICOTE h , TIe nﬂ(hm_P) =
= sin@y(hy)(a,, + h(yrp)/(a3M + hm)
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VuureiBas, 4t0 @, >> h orp M TIONICTARIIAA 3HAUCHHE n(h mp) (18.19),
HaXOoUM

N () =L 1~ 9ulh)

808|  (I+Zgp/an) | - (18.25)

rue z — hy — BEICOTA TOYKM OTPAXEHHA HAX HIDKHEH TPaHHIEH
nono‘é‘&epm (cM. puc. 18.5). U3 (18.25) BuaHO, YTO NpH y4eTe chepuano-
CTH 3eMIIH 3JIEKTPOHHASA UIOTHOCTH, HEOOXOMMMas IS OTPaXKCHHUA, 3aBH-
CHT HE TOJIBKO OT YaCTOTHI BOJHBI H yINIa aJicHHd Ha HOHOocdepy, HO U OT
BBICOTBI OTPAXKCHUA.

MagkcumabHbie YACTOTHI BOJIH, 0TPAKAIOLIUXCH OT HOHOC(hepbI.
W3 dopmynst (18.25) cnexyer, 9T0 0T HOHOCHEPH! MOTYT OTPaXKaThCA BOJI-
HBI C YaCTOTaMH

f< J80,8Ne(hm)/[1 —sin® @y /(1 + 2,1,/ a,,)*] (18.26)

Wi B npubnmkenny (18.20)

fs w}80,8Ne(hmp) /cosQy. (18.27)

Ortcrona cnenyer, 4To YeM BEILIE YaCTOTa BOJIHEI, TeM GObIIIas 3mex-
TPOHHAa IIOTHOCTh HyXHa JUId ee oTpakeHus. [Ipu stom cornacuo (18.20)
# (18.25) y1s 3a{aHHOM YaCTOTHI / ANEKTPOHHAA IIOTHOCTh, He0OX0muMas
LIS OTPAXEHHA, YMEHBIIAETCA C YBEIHIECHHEM YIUIa AICHA (.

ITo nannbiM 17.1.2, 3neKTpoOHHAs MIOTHOCTH OTPAHHYEHA 3HAYEHH-
eMN, . .MEHSIOMMMCS BO BDEMEHH H B 3aBHCHMOCTH OT reorpadpuiecko-
rO TIOJIO’KEHHA TOUKH HAOIMOACHHA. Yron majgeHusA Ha HOHOCGEpy TaKke
OrpaHMYeH 3HAaYCHHMEM @ . W3-3a ChepUIHOCTH 3eMIH H HOHOC)EDHI.
BenuuuHa @, COOTBETCTBYET TPACKTOPHH, KACATENLHOH K 3€MHOH TO-
BEPXHOCTH!

SIN Qg pax = Aoy /(G + 1) (18.28)

B pe3ynpTaTe CymEeCTBYET OIpaHHYICHHE 110 YCIOBHAM OTpPaXCHHA.

[Tpu nabmonaeMeIx 3Ha9€HAAX N, . ¥ @, - MaKCHMAIbHO BBICOKA] 4ac-

TOTa BOJIHBI, KOTOPas MOXET OTPa3UThcs OT HOHOCGEpEH, cortacHo (18.26)

fonax = J 80,8, ey /[1 = S10% Qg /(1 + Zog /) . (18.29)
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B npuGnusxeHu# mwiockoii 3emMin

Soax = \’80,8Nemax /COSPq ax - (18.30)

Tosops 06 oTpaXkeHHUH OT 0GIACTH MaKCHMYMa SNeKTPOHHOM MIIOT-
HOCTH, ClIeyeT IOMHHTB, YTO 001acTh IOBOPOTA TPACKTOPHH K 3eMIIe BO
BCEX CIIyYasAX paclonaracTcs HECKONbKO Huke N, .

PacueTsl 1 M3MepeHHs MOKa3bIBAIOT, YTO B COOTBETCTBHH C peanb-
HBEIMH 3HAYEHUSMU N, . W @, yCIIOBHS OTPAXEHHA OT HOHOCGEPHI pe-
TYJIApHO BhIMONHA0TCA Tonbko Ans KB, CB u JIB. MakcuMarbHeie 9acTo-
THI BOJIH, OTPAKAOMIMXCA IPH HAKJIOHHOM IaileHHH, HMEIOT BEPXHHH Tipe-
nen oxono 30...40 MIn.

MakcuManbHas 4aCTOTa BOMHBL, OTPaXXaIoLIeiics IPH BEPTHKAILHOM
MaJIcHHN Ha HOHOCQEPHEIH CIIOH, HA3KIBACTCA KpUmMu4eckoll yacmomoti

atoro cios. Cornacto (18.30) mpu ¢ =0

feo =808, . (18.31)

Kpurnueckue yactorsl cnoes E, F1 n F2, kotopsle 0603Ha4aI0TCS
Kak prE, j;pF 1u fkaZ, H3MEPAKOTCS C MOMOILBI0 HOHOCEPHBIX CTaHIMH.
PaGora noHOC(hEPHBIX CTaHIHH OCHOBAaHA HA METOJIC BEPTHKAABHOI'O 30H-
IupoBaHuA. M3iry4as BEPTUKAIBHO BBEPX HMITYNBCHI HA Pa3NHYHBIX YacTO-
Tax f, ¥ H3MEpAA BpeMS 3aNa3NEIBAHHA OTPAKEHHEIX MMITYJIHCOB, TIOy9a-
€M BBEICOTHO-4acTOTHEIE XapakTepucTkH (BUX), T.€. 3aBHCHMOCTD MEXKIY
J, ¥ NeHCTBYIOMEH BBICOTOH OTpakeHHs /. Benuauna h BRYHCIACTCS B
NPEIIONIOKEHHH, YTO UMITYIBC PACHPOCTPAHAETCA B HOHOC(HEPE CO CKOPO-
CTBIO CBETa B CBOGOIHOM IIPOCTPAHCTBE.

Muoronernue H3MepeHHs Ha CTAHIHAX BEPTHKAJIBHOTO 30HJHPOBa-
HHS TIO3BOMMIIH NTONTYYUTH OOLIHPHEIE CBEICHHA O KPHTHUECKHX 9acTOTaxX
U AeHCTBYIOIIMX BBHICOTaX OTPa)KCHMA OT cloeB HOHochepsl. B kadecTBe
HILTIOCTpaliy Ha puc. 18.6 npuBeneHs rpaduKy, XapakTepU3yIOMHE YC-
PEAHEHHBIE 3aBHCHUMOCTH KPHTHIECKHX 4acTOT pr OT BPEMEHH CYTOK, Ce-
30Ha, CONTHEYHOH aKTHBHOCTH M LIHPOTHI TOYKH HaOIIONCHHA.

B HEKOTOpBIX CiIy4YasX BEPTHKANBHOE 30HIUPOBaHHE HOHOCHEPHI
JOTOJIHAIOT BO3BPaTHO-HAKIOHHEIM 30HaupoBanneM (BH3). C nomomgsio
cranuuii BH3 nony4alor AHCTaHIIMOHHO-4aCTOTHBIE XapAKTEPHCTHKH
(AUX), oneHUBAIOLIHME YCIIOBHA OTPaXEHHA OT HOHOCQEPH! Ha Pa3HBIX yaa-
JNeHHAX (EHCTaHnMAX) oT cranuuy BH3.
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Puc. 18.6

DKBHBAJIEHTHBbIE YaCTOTHI [0 YCJIOBHAM OTPaKeHHs. YCIOBUA
OTPa)KCHHS NMPH HAKJIOHHOM MAaJICHHH OLIEHMBAIOT 110 aHHbIM BEPTHKAIb-
HOTO 30HIHPOBaHHA HOHOCEPHL. Eciii H3BECTHO, YTO MPH BEPTHKAILHOM
MaJieHUH BOJHA C 9acTOTOH f, OTPakaeTcs ¢ BBICOTHI Ai__, TO COIVIACHO
(18.24) Ha aroii BHICOTE IEKTPOHHAA TUIOTHOCThH PaBHa Ne(hmp). Ho u3
{18.20) BHOHO, YTO TaKas e SIEKTPOHHAA IUIOTHOCTh HeobXomuMma misg
OTPaXEHHs BOJIHBI C YaCTOTOH f, Majalomielt Ha MOHOCQEpY TIOX YITIOM @,
ITpupasauBas npasble gactu (18.20) u (18.24), nonygaem cooTHOmICHHE
Mexay fu f:

J= f.secq,. : (18.32)

3T0 COOTHOLIEHHE HA3HIBAETCA 3AKOHOM CEKAHCA, KOTOPEIii OKA3bI-
BAET, YTO TPH HAKIOHHOM IAJICHUH OT HOHOCQEPEI OTPAKAIOTCA BOIHBE! C
4aCTOTaMH B S€C(, pa3 GOMbILKMH, YeM NIPU BEPTHKATBHOM NaficHHH. Eciu
BOIHBI C HaCTOTaMHM fH f, OTPaXaioTCs OT OIHOTO K TOTO e YPOBHS 3MeK-
TPOHHOI IITOTHOCTH, 3TH YaCTOThl HA3BIBAIOTCA IKEUEANEHMHBIMU.

DKBHBAJIEHTHYIO YacTOTY IPH HAKIOHHOM [IaJIEHHH OTPENEAIOT C
yaeroM ceprunocTr 3emmu u3 Beipakenui (18.25) u (18.24):

f=ﬁ/J:sin2¢0/(l+zm/a3M)2. (18.33)

Ip# NpaKTHYECKUX pacdeTax 3Ty GopMyITy 4acTo HCTIONE3YIOT B BUIE
TaK Ha3hIBAEMOTIO HCNPABIECHHOTO 3aKOHa CEKaHCa!

J= fksecqg, (18.34)

rae k, ~ monpaBoyYHbIH KO3QQUIMEHT, yIUTHBAIOMMHA KPHBH3HY 3eMIH H
HOHOCGhEpDI.
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IIpocThie TPaeKTOPHH BOIH, OTPAMKAIOIIHUXCA OT HOHoChepHI.
PacueT pannonuHni BeZieTcs B IPEAIIONOKEHHH, YTO BOIHA PacpoCTpa-
HAETCA MO «IPOCTBHIMY» TPAEKTOPHSAM, T.€. [0 AyTe GONBIIOTO KPYyra, IyTeM
MHOTOKPATHBIX TOCIICAOBATENbHBIX OTPaXXEHHH OT HOHOC)EpPHI ¥ OBEPX-
HOCTH 3eMIH.

PeanbHble aHTEHHE!, H3Ty4YalOUME BOJHBI C YaCTOTaMM, KOTOpbIE
oTpaxalorca or HoHocdeps! (f < 30...40 MI'), UMEIOT OTHOCHTEIBHO
IIMPOKYIO THAarPaMMY HAIPaBICHHOCTH, IIO3TOMY Ha HOHOC()epy OlHOBpE-
MEHHO MajaeT MoK JTydei oA pasHeIMU yriaMu @ (puc. 18.7). Cornac-
HO (18.20) yeM Kkpyde TpaeKTopHs, TEM IIIy0xe BOJIHA IPOHHKAET B CIIOH,
T.€. OTPaXXKEHHE BONH ONHOM M TOH )K€ YaCTOTHI NMPOHCXOAMT HA Pa3HBIX
BBICOTaX. JTO 03HAYAET, YTO PANUYChl KPHBH3HBI TPAEKTOPHIL B 30HAX MO~
BOpOTa Ha 3eMIIl0 HeonuHakoBbl. Ipagnent dN, /dh, 0T KOTOPOTO 3aBUCHT
paauyc kpuBu3HHI ( 18.23), yMeHbIIaeTcs pH MPOHUKHOBEHHH B [Ty 0b CIIOAL.
B HrokHElH 061aCTH €10 paguyC KPUBH3HEI YBEITHYHBACTCA C BLICOTOH MaJIO,
no3ToMy Goee KpyThle TPAaeKTOPHH, IPOHMKas Bee IyOxke B ciloi (1o Mepe
YMEHBIICHHA @), OTPAXAKOTCA W BO3BPAIIAIOTCA Ha 3EMIIIO, IEPEKpPhIBAS
BCE MEHBbIIIHE PacCTOAHNUA 10 3emie. MHHHMAIbHOE PACCTOSHHE, HEPEKPHI-
BaeMoe 110 3eMIle BONHOM, OTpa)XCHHOH 0T HOHOC(EPHI, HA3LIBAETCS GHe-
wHUM paduycom mepmsoti sonvl 1, (cM. puc. 18.7). [lpn npubnmikenun
obnacT OTpaxeHHA K N, paauyc KPUBM3HbI 3HAYMTEIBHO YBEIMYHBA~
€TCs, ¥ TPACKTOPHH C YIIAMH @ < @, BO3BPAUIAIOTCA HA 3EMITIO TEM Hallb-
1re, 4eM OHHM Kpyde (cM. puc. 18.7).

HanGonplias JaJbHOCTH PACIPOCTPAHEGHHSA BOIHEI 33 CYET OTpae-
HHA OT HOHOC(EpH], U3MEepeHHas [0 3eMiie, COOTBETCTRYET TPACKIOPHAM,
KacaTeNIbHBIM K 36MHOH MOBEPXHOCTH M OTpakatommMes BOmusu N, . Tak,

Puc, 18.7

PacnpocmpareHue paduosont 6 3emHol amMocchepe 409

s cnog F2 Frax = 2500...4000 xM, nng cnos E Foax = 2000 kM. Ecimm
JNHHA PaSHONHHUM GONbILE 7, . , TO CHTHAJ MOXKET OCTHTATh TOYKH ITPH-
€Ma MMyTeM MHOTOKPATHBIX ITOCIIEXOBATENBHBIX OTpaXKEHHIl 0T HOHOCHEpHI
Y MIOBEPXHOCTH 3eMIIH.

B 17.3.1 ynoMunanocs, 410 B HoHOC(epHO# mna3Me, HaxonAmiecs
nong BOBHCﬁCTBKCM IIOCTOAHHOIO MAarHHTHOXO ITOJIA 3eMHPl, MPOHCXOAHUT
J(BOMHOE JIyYeNpEeIOMIICHHE, KOTTIa OXHa BOJIHA PAaCIEIUISeTCA Ha ABE: 00bIK~
HOBEHHYIO ¥ HEOOBIKHOBEHHYT0. CTporas TeopH [ 5] MOKa3bIBaceT, YTO OOBIK-
HOBEHHas COCTABJLAIOMIAN C YACTOTOH > £, TA€ f, — THPOMAarHHTHAs YacTo-
ta (17.21), orpaxkaercs ot Gonee BBICOKOTO YPOBHS 31€KTPOHHOM MIOTHO-
CTH, 4YEM HEOOBIKHOBEHHA.

18.2. PaccesiHve pagnoBoriH cnabbiMU HEOAHOPOOHOCTAMMN
AVNINEKTPUYECKON NPOoHULLaeMoCTh aTtMmoctepb!

B 1. 17 noka3aHo, yro armoctepa npeactasisiet co0oit cpeny, B kotopoit
HaOmogaeTcs MeIeHHOE H3MEHEHHE II0 BEICOTE AHANEKTPHYECKOH IPOHHIIaeMOC-
T €,(h) H OTHOBPEMEHHO CYLIECTBYIOT IOIBIKHEIE JOKANIbHEIE O0BEMEI C THD-
JIEKTPHYECKOH MPOHHLAEMOCTHIO, OTIMYAIONIYIOCSH Ha HEOONBLIYIO BEMYHHY A€,
OT JM2JIEKTPHYECKOH MPOHHI[AEMOCTH OKpYXKAIOIIEro npoctpaHctea. Kak mas-
Has HEOJHOPOJHOCTb, TAK M JIOKaNbHbIE 00bEMB! ABNAIOTCA HCTOYHHKAMH pacces-
HHA PaiMOBOINH. [Ipoyeccom pacceanus HasbiBAOT IIPOLECC NIEPEU3IYICHH JMEK-
TPOMATHMTHOTO MOJA B HEOMHOPOAHOH Cpelle MO HanpaBICHUAM, OTIHYHBEIM OT
HanpaBJIeHUA PACIPOCTPAHEHHUS MEPBHYHOIO MOMIA.

CIpyKTypy pacCesHHOIO No14 [PEACTaBIAIOT KaK MHOTOLY4EBYIO. DJIeMeH-
TapHBIE COCTAB/AIOLIHME ITOH CTPYKTYDPbI MOABIAIOTCA B PE3Y]LTaTe PACCEAHHs
NEPBHYHOrO NOJA B Pa3HBIX Y4acTKaX HEOMHOPOAHOH cpelsl. B 3aBHCHMOCTH OT
CBOHCTB pacceHBareIeii pa3IuyaioT Ba BUJA PACCESIHUA: HEKOTEPEHTHOE B KOre-
DEHTHOE.

HexozepenmHnoe paccesnue €CTh Pe3ylbTaT MEPEH3NyueHHS NEPBHYHOIO
[0JIA MOABHXKHBIMH JIOKAJILHEIMM HEORHOPONHOCTAMH JHIEKTPHYECKOH IPOHH-
LIa€MOCTH, XaOTHYECKH NBHIAIOIMMMCA B NpocTpaHcTBe. B 3TOoM cny4ae dasbl
9JIEMEHTAPHEIX NONEH, PaCCEsHHBIX OTACIbHEIMH HEOAHOPOAHOCTAMH, MEHIOTCA
BO BPEMEHH 110 CyyaiHbIM He3aBHCHMEIM 3aKOHaM.

Kozepenmuoe pacceanue ecTb pe3yNbTaT CIOKEHHS J1EMEHTaPHBIX MONeH,
(a3el KOTOPBIX H3MEHAIOTCA IO JETEPMUPOBAHHOMY (HeCIydJaiiHOMY) 3aKOHY.

CBoiicTBa HEONHOPOIHOCTEH H3MEHAIOTCA B NPEZEaX TONILY aTMOCQEPEL.
Paznuuaror paccesnue paaMoBoaH B Tponocdepe u noHocdepe. IlepBoiii Mexa-
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HU3M Ha3KIBACTCH OanbHUM MPONOCHEPHBIM pacnpocmpanenuem (JITP), Bropoii —
uonocghepnvim paccesnuem (FP). HauGonee npuMeHNM B CHCTEMAaX CBA3M MeXa-
Hu3M JITP. B nanHoM paspene XapaKTepHCTHKH PacCesHHOIO 10/ pacCMOTPEHb
NPHAMEHHUTENBHO K ITapamMerpam Tpornocdepst u reometpuu Tpacc TP,

ITpu oneHke ycnoBHH paccesHU Heo6X0aUMO 3HaTh Ty 00nacTs Tponocde-
P, KoTopas 3¢deKTHBHO y4acTByeT B GOPMHPOBAHHH PACCEAHHOrO MO HA IaH-
HOH pafgHOMHHUY. JTa 061acTh Ha3bIBAETCA IQPeKmUsHbIM pacceuearouum obve-
MOM WM IPOCTO pacceusaroyum obvemom Vpu. Ha munnsx TP, rae nynkrs! npu-
€Ma BCETNIa PacIoNaraoTcs 3a IMHAel FOPH30HTA, MPHEM OCYIECTRIAETCA 33 CUET
HEOHOPOAHOCTEH, CYIeCTBYIOMHX B ofnactu Tponocdepsl, HIKHAS TPaHHLA
KOTOPOii OrpaHHYHMBAETCA IUIOCKOCTAMY, KacaTelnbHBIMH K 3eMJI€ B TOUKaX pacmo-
JIOKEHMS TepenaTyHka 1 npueMHuKa (puc. 18.8). Hiokuas rpanuua paccensalo-
1ero o0beMa pacnonaraercs Ha BEICOTE

i = 12 /(8ay, ,)- (18.35)

B ycnoBusax cpenHeit pedpakuuu s Tpace NpoTmxeHHOCTHIO ¥ = 200. ..
600xm b, = 0,6...5 xm.

ITpu paboTe ¢ HanpaBICHHBIMY AaHTEHHAMHU Pa3MEp PacCcerBaloILero oobe-
Ma OrpaHiieH 00IacTEIO epecedeHHs TENSCHBIX YITIOB IMTaBHEIX JIENECTKOB JHar-
paMM HalpaBIEeHHOCTH NepeAaroIteii U npHeMHO# aHTeHH (cM. puc. 18.8). Jluneii-
HEIE Pa3Meph! V, MIPONOPUHOHAILHEI INMPHHE JHArpaMM HanpasieHHocTH ABy, a
obvem V. nponopumonaner A7 [S0]:

Viae =700 [(40,,0); 00 =7/ oy, (18.36)
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rae Bpac — yron paccesHHsA, 00pa3OBaHHEIH NEpeceYeHHEM HaNpPaBJIeHHH MaKCH-
MaJIBHOTO H3JIy4YCHMA nepeuaiomeﬁ AHTCHHBl U MAKCHUMAJIBHOTO ITPHEMA NPHEM-
HOM aHTeHHEI (cM. puc. 18.8). Ha Tpaccax mporsienHocTsio 200...600 kM 6~

= 1,3...4° T.e. 0GbeM pacceanus CWIBHO BRITAHYT BIOJIb Tpacchl (puc. 18.9).
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Puc. 18.9

B cOOTBETCTBHH C BRICOTOI1 PAaCHOI0XKEHHA PacCeHBaloIEro obbeMa B Tpo-
nocdepe, a TAKXKe C yI€TOM €ro pa3MEepoB CYHTAIOT, YTO B IPeAeNax 3Toro obrema
CYLIECTBYIOT HEOQHOPOAHOCTH TPEX BHIOB: JIOKANbHEIE HEOTHOPOAHOCTH TypOy-
JIEHTHOTO MPOHCXOXKAEHHS, HHBEPCHOHHEIE CJIOM H ILIABHAA HEONHOPOAHOCTE £, (h).
HeonHopoaHOCTH 1epBOro BHAA SBIAIOTCA HCTOYHHKAMH HEKOTepETHO-paccesH-
HOTO [IOJIA, iBA JPYTHX — HCTOMHUKAMH KOPEPEHTHBIX COCTABMAIOMX [IOMNA.

Teopetuueckue uccnenoBaHna [58] NoKa3kBAIOT, YTO HHTEHCHBHOCTH He-
KOTEpETHO-PACCEAHHOTO MO UMEET PE3KO BLIPAKEHHEIA MakCHMyM ipH 8, =0,
T.€. B HANPaBIeHUH PACHPOCTPAHEHHA HEPBHYHOTO moys. Takoi BHA paccesHHs
HA3BIBAETCA paccesHuem anepeod, H ero MCTOYHHKAMY ABIAIOTCA clabble HEONHO-
POIHOCTH, Yepe3 KOTOPhle OCHOBHAA YaCTh SHEPrHH [EPBHYHOTO IOJIA POXOAHUT
«BHEPEN» M TOABKO Mallasd YacTh PACCEHBACTCA IO GOKOBBIM HAPABICHHUAM, YTO
neticreutensuo Habmonaercs npu JJTP. UHTeHCHBHOCTE PaCCEAHHOIO NOJIS, 3TOTO
BHa GHICTPO YMEHBILIAETCA 1O MEPE YBENMYEHHS JUIMHE PaJIMONMHMH, TaK KakK
YIoJ PacCesHHA ()pmc nponopunonaien r (18.36). C uensio ymensuienus yra 6,
U TeM CaMBIM YBEJIMYEHHA HAPHKEHHOCTH HOMIA B TOUKE IPHEMA AMarpaMMel Ha-
NpaBleHHOCTH aHTEHH Ha lepeaye U NpyueMe CTAPaloTCA 10 BO3MOKHOCTH «IIPH-
3AaTh» K MOBEPXHOCTH 3eMIIH.

Peansnoe none TP, hopmupyeMoe B pe3yibTare HEKOTEPEHTHOTO U KOre-
PEHTHOrO paccesHuil, noBepxeH0 GHICTPEIM H MEITEHHBIM QUIYKTyalMaM BO Bpe-
MEHH M B NIPOCTpaHCTBe. PacnpeaencHue aMILIATYA MON1 HOCHT XapaKTep CILOXK-
HOTO HECTALMOHAPHOIO coyvaifHoro npouecca. MwxenepHsle pacueTs! auHui TP
6a3upyroTca B OCHOBHOM Ha CTaTHCTHYECKH 0O0OIIEHHRIX PE3yIsTaTax H3Mepe-
Huid.,
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18.3. OcnabneHnue paanoBONnH B atmocdepe

18.3.1. OcnabneHue B raszax

Ipu pacnpocTpaneHnn paguoBonH kopoye 3...4 cM (f>7...10 'T)
B 3¢MHO# aTMoc(epe NPOHCXOAUT NOMOIHUTENBHO K MOTEPSM B CBOGOL-
HOM npoctpascTBe (cM. § 15.1) ocmabneHue mong 3a CUET NOMIOIEHHA B
rasax. Pasnuyaior HEpEe30HAHCHOE M PE30HAHCHOE MOIVIOLIECHHMS.

HepesonancHoe noznowjenyie BhI3bIBAETCA 3aTPaTON SHEPTHH BO3MICH-
CTBYIOINETO MO/ Ha NIPEORONEHHE CHII TPEHHS MEXIY MOJEKY/IaMH, BO3-
HHKAIOIMHUMH IPH BEIHYKIECHHOM Koe6GaTeIbHOM ABIKCHAH MOJICKYII ITOX
JOEHCTBHEM IOJIA.

Pesonancrnoe noznowerue CBA3aHO C TEM, YTO N0 3aKOHaM KBaHTO-
BOH MEXaHHKH KaX1asd MOJIEKyNa TOro HITH HHOTO BELIeCTBa MOXET MOTIIO-
IIaTh (MK H3.Ty9aTh) TONBKO CBOH COOCTBEHHBIE HAG0PHI KBAHTOB SHEPTHH
HIIH COOTBETCTRYIONIHE UM HabOpBI (CIEKTPHI) YacTOT.

IlpH coBnajteHyH YaCTOTHI O C ONHOH U3 AUCKPETHBIX YaCTOT BHYT-
PHMONEKYJIIPHBIX NEPEXON0B MIPOUCXOMUT NOMIONIEHHE SHEPIHH BHEIHE-
IO ITOJIA, B pe3y/bTaTe 9ero MONEKya HepeXoauT B 5oJiee BLICOKOE SHepre-
THYeckoe cocrosaue. M3 Bcex coctaBusiomux arMocdepHoro rasa B pa-
JHOMMANAa30HE PacTIONIOKEHB! CIIEKTPH! OMIOLIEHHA TOBKO KHCIOpOna 1
BOJISAHBIX MapOB.

OcnabneHue HANPXKEHHOCTH IO B KHMCIOPOXE M BOJASHBIX Iapax
M3MEPAIOT MORYIIEM MHOXHTENA ocabnenns B razax V_[cM. (15.16)], xo-
TOPEIii 0GBITHO BRIPAXAIOT B Aenubenax:

V.= Ya,0'm,0 * Yo, 0, (18.37)

T Yiy,0 M Yo, = k03 dunuentr! ocnabnenus, 15/kM, BONMH3H MOBEPXHOCTH
3eMIIH COOTBETCTBEHHO U BOASHOTO Mapa M KMCIOpOa APH IrOPH30HTANb-
HOM pacrnpocTpaHEHHH BOIHE OTHOCHTENILHO NOBEPXHOCTH 3€MITH; a0 M
Yo, 3QEKTHBHEIC UIMHBI TPACC [UTA BOAAHOTO Mapa W KHCIOPO/A COOT-
BETCTBEHHO.

Ha puc. 18.10 nmpuBeneHs! pacCUNTaHHbIE 3aBHCHMOCTH Yi,0 1 Yo,
OT YaCTOTHI ITPH CPEAHUX METEOPONOTHYECKUX YeoBUAX. M3 pucyHKa BHII-
HO, YTO BOIAHOM Map HMECT MOJIOCH MOMIONIEHH ¢ IIEHTPAMH MOTIONIE-
HA BOMHM3K gacror 22, 183 u 320 [T, a xucnopox — 86nusm uacrot 60 u
120 I'Tu.
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OddexTHBHBIE UIHMHEBI TPACC 5,0 H I, YUHTHIBAIOT HEPABHOMEPHEIC
YCIIOBHA NOIIOIIEHHA BRONb Tpaccsl. Ha Ha3eMHBIX JTHHHAX "0~ "o, ="
TJIE ¥ — TeQMETPHYECKA [/IMHA Tpacchl. Ha KoCMHYECKHX IMHHAX ITYTh pac-
TIPOCTPaHEHHA BOIHBI IPOXOJHT Yepe3 BClo Tonmry Tporocdeps. Ha takoit
Tpacce pacnpencICHUe KHCI0poaa H BOIAHLIX NTapOB U3MCHACTCA O BHI-
cote. KpoMe TOro, KoCMHYECKHIA aNmapaT NepeMeIacTca OTHOCATENEHO
Ha3¢MHOTr0 ITyHKTA H JUIMHA IYTH paclipOCTPaHEHH H3MEHACTCA B 3aBHCH-
MOCTH OT yTJ1a BO3BEILICHHA TPACKTOPHH A OTHOCHTEIHHO JINHHH FOPH30H-
Ta. Ha puc. 18.11 npuBeneHs! paccauTaHHBIC 3HAYCHHS MHOXKHTEIA 0Cnal-
JeHHA Ha PasIHYHBIX 9acTOTaX HpH Pa3HbIX yIIaX A, CrpaBeTMBBIE I
CIIOKOHHOMH Tponocgephl, KOIZla BONHA IPOXONHUT BCIO €€ TOJILLY.

'18.3.2. OcnabneHue B ocagkax

Paznmuynble armochepHbie 00pa3oBaHHA B BHE KOHICHCHPOBAaHHbIX
BOJIAHBIX [TapOB — JOX/A, TyMaHa, 061akoB, Tpaga, CHera, KOTOpEIe COCTO-
AT U3 OTHENBHBIX YAaCTHII — KaMeb, IbANHOK (THAPOMETEOPOB), ABJIAIOTCA
HIPHYHHON OCIablleHds HANPHKEHHOCTH nond paguosond. Ocnabnenue
BBHI3BIBACTCA, BO-IIEPBHIX, HEPE3OHAHCHLIM NOIVIOIIECHHEM B YacTUIAX
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(cm. 18.3.1) B, BO-BTOPHIX, pacCEsHHEM 3HEPTHHU Ha 4yacTuuax. Ocnabie-
HHE MOXET TakKe IPOUCXONUTH 3a CYET OTPAKEHHA OT pe3KO OUEPYCHHOM
TIOTOCHI OCAIKOB.

" OcnabrneHne B 0CaaKaX HAYHHACT CKA3HIBATHCA HA 9acTOTax
f>6ITn (A <S5 cM) 1 0coGeHHO CymEecTBEeHHO Ha yacToTax f> 10 I'To.
ITpH 5TOM OCHOBHOE 3HaYEHHE HMeeT OCIablIeHUe B JOMkKIE, 4 TAKXKE B TY-
MaHe U obnakax.

Ocna6nenne B 0xne. MHOXHTENb OCTAONEHNHA B TOXE, BHIPAKEH-

HBIH B Jeuubenax,

V= (18.38)

Ha puc. 18.12 npuneners! 3aBucuMocTy koaddmumenta ocnabne-
HUA B JOXIE Y, OT 4aCTOTHI NPH Pa3IH4HOM ero HHTeHcHBHOCTH J). BrwHo,
9TO Y, BO3PACTaeT NpH YBENHICHHH YaCTOThI NOA ¥ MHTEHCHBHOCTH 0K

SddexruBHan ATHHA TPACCH r,, YIATHBACT HCPABHOMEPHOE pac-
TnpezielIeHHe HHTEHCHBHOCTH JOXK/IA KaK B0/ IIOBEPXHOCTH 3eMIIH, TaK H
no Beprukany. Ha HazeMHBIX THHHAX B YCIIOBHAX N0XAeH caboii HiM cpen-
Heii nHTeHCHBHOCTH (J, < 20 MW/4 7, = 7). B ocTanbHbixX cayyasx

Y=k (18.39)
rae k, — xoadduiment, onpenensemsiii no rpaduxy na puc. 18.13 B 3aBu-
CHMOCTH OT ' H Ju. Ay
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Ocnabienne B TymMaHe ¥ o6aakax. OHO 3aBHCHT OT KOJIMYECTRA
BOJIBI B €IHHHUIIE 00BEMA, T.€. BOOHOCTH, 2 TAKXKE OT TEMIIEPaTyphl BO3AyXa
H 9aCTOTH! PaCPOCTPAHAIOLIEHCA BOIHEL.

MHoxuTens ocnabieHus B wim 06J1aKaX, BHIPAKEHHBIH B gemmbe-

nax,
Vo = Yo 10 (18.40)
Tip¥ 3ToM K03 $HIKEeHT ocnabiaeHus
Yoo = koMo (18.41)

rze k  — ynenbHbIA koaddunment ocnabie- ko, 2un i

Hust, 1B - kMm/(v/M?) (puc. 18.14); M, —
BOXHOCTS, I/M> -2 —
BomHOCTB TYMaHOB B CpelHEM Ole-  _ A
HHBAeTCs BeIMYMHO M, = 0,25 r/M3, 2 06- E /ZV
JIAKOB M3MEHSACTCA B WIMPOKMX Npefienax: — -@5| ¢
M,=(0,1...8) tiv. I [ 5
Ha Ha3eMHBIX IMHHAX IyTh, IPOXO-  =B2
JMMBIH BOJHOH B TyMaHe (r,), IPUMEpHO 1/ T
paseH [uiHHe Tpacch ». Ha kocMuuecknx 41 N/
JIMHHAX ITOT IyTh 3aBHCHT OT YIJIa BO3BE- g0
IICHHA TPACKTOPHA A M BEPTHKANBHOTO _gpg ‘
pasMepa 30HBI TYMaHa Wil 06/1aKkoB /@ 0 R W Wiy

r (D) =1 cosecA, (18.42) Puc. 18.14

rael =03...2,3km,a] <10 kM.
18.3.3.0cnabnexune B voHocepe

Pa3snuyaroT A8a BUAE 0cnabieHusa 3JHEPrUM BOIHBL IIPU PaCIPOCTPAHEHHH B
noHocdepe: nomoueH e (TEIUIOBBIE IOTEPH) H IOIIPU3ALHOHHEIE IOTEPH 3a CYET
s dexra Papanes.

Tornomenne. B noHOC(epe C KOHEUHOH MPOBOAUMOCTHIO MOKYIIbh MHOMXH-
Tens ocnabnenus

V., = exp[-T ("), (18.43)
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rae T,(r)= Jﬁn (r)dr — uHTerpaibHbli KO3)GHUMEHT NOMIOMIEHHS HA MyTH F,

BJONIB xorop(r)ro 3aKOH HM3MEHEHHA Kod(Q(UIHEeHTa HOIIOMIEHHs onpelenieTca
dyuxupei § (r).

Koadpuument nomomenus Ha aneMeHTapHOM OTpe3Ke dr, Tae 8, MoXHO
CUMTATH MOCTOAHHBIM, )

8, =60md, /,}em =3, /(2¢o€g/Eru ) (18. 44)

rae cormacHo (17.17) u (17.18) npn o? >> V;;b HpPOBOAHUMOCTh HOHOCGEPH
2 2
8, =1-e"N,v,4(m£)0°) ~ oTHOCHTENBHAA AMINEKTPHYECKAS IPOHHLIAEMOCTD
HOHOCGEpEI. _
2=
Beipaxenue (18.44) sanumenm yepes Koaq)(})uunem [PenoMIeHUs Y =€ .
JL71 3TOr0 NpeACTaBHM BRIPAKCHHE LA YASABHOM MPOBOAMMOCTH Kak

3, =80V3¢(1_8rﬂ) (18. 45)

u, noactasus (18.45) B (18.44), nonyuum ko3 $ULHEHT NOMIOWEHHS

8, =V,p(1=n,2)(2con,). (18. 46)

Paznnyaror 8a cnyuas nornomenus. [TepBriit ciaydai COOTBETCTBYET Tak
Ha3LIBAEMOMY OMKICHRIOUjemy nozaoujeHuio. B ciioe, rae NPOUCXONUT OTpaKe-
HYE, TPAEKTOPHA BOJIHE! CHILHO OTK/IOHAETCA OT MPAMONMHEHHOMA. B 3TOM ciyyae
n, < 1 1 pacuet xo3dpduumenta noromerns seayr no (18.46). Bropoit cryuaii
OTHOCHTCS K C/I0AM, Yepe3 KOTOPLIE BOJIHA IPOXOAMT 6€3 OTPaXeHHsA U IZe ko3d-
dumenT npesomnenus n,~ 1. B 5THX CI0SX NOIMIOMIEHHUE HA3BIBAIOT HEOTKIOHS-
oM H (18.46) npeobpasyor k Buay

8, = Vo (1=1,2)(2c). (18.47)

Hanomuum, 910 HHTerpansHeii kosh¢uuuent nornowenns I', (18.43) on-
peleNaeTca He TONBKO O, HO M JymMHO#H myTH 7. B meotinonsromeit obnactu I,
YBEIHYHBAETCSH C [IOHHXEHHEM YaCTOTH! M YBEIHIEHHEM JUTHHEI TPAcChI (IpH GHK-
CHpOBaHHOH yactore). B oTkinonsowei obnactu 3aBucuMocTtH obparaeie. C ybe-
AUYEHHEM JUIHHBl TPAcChl M MOHHXKEHHEM YacCTOTHI OTKIOHAIOLIEE MOIVIOLIE-
HHE YMEHBIIAETCA, IOCKOMbKY yMEHBIIAeTCs IyOHHa NPOHUKHOBEHHS BOJH B OT-
PpaXaroLIMH CrI0M.

PesynsTupytomas 4acToTHas 3aBHCUMOCTh nornomenns ', kak cymma
HEOTKIOHAIOLErO H OTK/IOHAIOLIEro HOMOMEHUH MOKET OBITh Pa3HOM.
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Nonspu3aunonnkie norepu 3a cuer 3ddexra dapanen. Monocdepa nox,
BIMAHHEM ITOCTOSHHOTO MArHHTHOTO Mojd 3emin npuobperaeT aHH30TPONHbIE
cpoiicTBa (cM. 17.3.1). IlepBayHad NHHEHHO NONIPH30BAHHAS BOJIHA B HOHOC(Epe
PacIUEILIAETCA Ha JBE COCTABIAIOLIIME C KPYTOBOH MOJApH3alHei B MPOTHBOIIO-
JIOXHBIM HAaNpaBleHHEM BpalleHNa BeKTopoB nond. Kaxnoii coctasnsoweii co-
OTBETCTBYET CBOIH KOA(PHIMEHT NPETOMICHHS: OGHKHOBEHHOH — 10, HEOGBIKHO-
BEHHOM ~ 7Y, 9T0 00YCNOBIMBAET HX PA3HYK) CKOPOCTh PACIPOCTPAHEHHS H pas3-
HBII IPOCTpaHCTBEHHEI Haber daset. [Ipn MPOXOXAEHHH JTEMEHTa Y TH dF, H3-
MeHeHHe (assl

do®™ =(2n/A)n " dr,,

a [IPH IPOXOXNKAEHHUH IIYTH 7,

(p(’)""‘ =@2n/X) [nd* (r,)dr,,

Tn

(18.48)

rae nl?’”(r") ~ 32KOH U3MEHEHMA k03 PHLUHEHTa NPENTOMIEHHS Ha ITYTH F,, U1 OGBIK-
HOBEHHO#H U HEOOBIKHOBEHHOH COCTABJIAIOIIHX.

Tloasnsronmiics casur das cp‘,’, —@; nocre NPOXOKAEH!s yTH r, B HOHOC-
¢epe ABI4eTCA NPUYHHOI TOro, YTO INIOCKOCTH HOMAPH3ALMH PE3YIETHPYOLIErO
IHHEHHO NOIAPH30BAHHOrO MO (CyMMa ABYX COCTABJAIOIMX C KPYTOBO# MOJMA-
pu3alHeii) OKa3bIBACTCSA [OBEPHYTOH OTHOCHTENBHO [IEPBOHAYAIBHOIO MOJIOXKe-
HUA Ha YTON Benuuuna 3Toro yria 3aBHCHT OT cBura a3 Mexay CyMMHpPYI0-
mumucs BonHaMu. CornacHo (18.48) cpenHee 3a mepuos BOXHEI 3HaYEHHE

1 s x
V= ;((pg“ -¢%)= - [ =¥y, (18.49)

R

TToBopoT MAOCKOCTH MONAPH3ALMH NONA [IPH PACIIPOCTPAHEHUH B AHHU30T-
pPOIHOH cpeae Ha3niBaeTcs pgpekmom Papades. ITOT 3G deXT NPHBOAUT K pac-
COTIACOBAHMIO MPHEMHOM AHTEHHB! M MOMAPH3ANMM PHHUMAEMOI BONHEI, YTO
3KBHBAJIEHTHO NMOTEPAM (CM. III. 5).

JTumepamypa: ocnosnan [58, 591, donormumenvrian [5, 13].

14—2013
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KoHTponsHble BORpoCh!

1. OT 4ero 3aBHCHT YTroJ HAKIOHA 1 PANMYC KPHBH3HEI TPAGKTOPHH BONHEI HA HEKOTO-
Ppo# BICOTE B aTMOChepe?
2. TIpu KaKkNX METEOYCIIOBHAX HAGMIONAETCA MONOXKHTENbHAS HIIH OTPHIATENbHAS ped-
pakuus B Tponocdepe? )
3. Yo Takoe SKBMBaJICHTHBIH pagnyc 3eMIM H KOTJA 3TO NOHATHE CHPABEUTHBO?
4. Yro Takoe KpHTHYECKas YacTOTa HOHOC(EPHOTO €105 H KaK ONPENE/INTh IKBHBAJICH-
THYIO eif 4aCTOTY NpH HAKIIOHHOM NajeHHu?
5. Uem orpaHHueH BepXHHI NpeReN YacTOTHI BOJH, OTPaXaloIIHXCA OT HOHOCheph?
6." TTosicHUTe HANTMYHE JBYX KPUTHHYECKHX YaCTOT HOHOCHEPHOTO ClIoA.
7." TloueMy NipH HAKJIOHHOM PacTipOCTPAHEHHH BOJHEL Yepe3 HOHochepy ee MonApu3a-
LHsL MEHAETCA?
8. YeM OTIHYAIOTCS MPOUECCH HEKOTEPEHTHOTO H KOTCPEHTHOTO PACCEAHMH?
9.” TIpH KakuX yCTOBHAX MOXKET HAGIONATHCS PacceAHKe Briepen?
10. Yem oOBACHAETCA 4aCTOTHAA 3aBHCUMOCTH Oocnabnenus mons B razax?
11. Yro Takoe 3¢dekTHBHAA [UTMHA TPACCH! IPH pacyeTe ocNabaeHHs nons B ocaakax?
12. TlosicHHTe TEPMHHEI OTKIOHSIOUIEE» H «HEOTKIOHAIOIIEE» MOTTTOMEHHE B HOHO-
coepe.

nasa 19. 3SAMUPAHUA CUTHANA.
UCKAXXEHUA CUTHANA.
NOMEXW PAOUONPUEMY

19.1. 3amupaHuna curHana

IMprem HHGOPMaLMH B KaHATAX CBA3H H BEIAHHS BCEIA COPOBOK-
Inaercs QITyKTyamHsMH aMIDIHTY/(b1 CHTHAJIa BO BpeMeHH. Takue ¢uykrya-
UMH, Ha3bIBaEMBIC 3aMUpaHusimy, OOBIYHO NPOTEKAIOT KaK CIIydaHHbIi Mpo-
LIECC C KBAa3HMEPHOOM OT HOJCH CEKyHIBI IO A¢CATKOB MUHYT. OCHOBHOH
XapaKTePHCTHKOM 3aMUpaHuii sBnAeTCA uX MybuHa. I1y6uroil 3amupanus
Ha3bIBAETCA OTKJIOHCHHE MTHOBEHHOIO 3HAYECHUA aMIUIMTYIB! CHIHAJA OT
Kakoro-iubo yciaoBHOro ypoBHa (00b1uHO MeananHoro). [ybuHa 3amupa-
HHl MOXXET JOCTHTaTh JECATKOB Aeruber.

OcHoBHbIe NpHYHHLI 3aMApanuii. K ocHOBHBIM NpHIHHAM 3aMu-
paHHif OTHOCATCA CIIEXYIOLIHE:

1. PacipocTpaHeHue paguoBOJIH IPOUCXOAHT MO Pa3sHEIM TPaeKTo-
PHAM, U B IIYHKTE IpHeMa 0GbIdHO HAOMIONAeTCA MHOTOYIeBast CTPYKTypa
HOJIs1, KOTOPAs SBJIACTCA IPHUHHON TaK HAa3bIBAEMBIX uHmepdepeHyUuoH-
HbIX 3aMUpanuil.

B 30He npsMoii BHAHMMOCTH IIOJIE 3€MHOM BOJIHBI €CTh PE3y/BTaT
uHTepbEepeHIMH NpAMOii BONHEL M BOJNHEI, OTPXKEHHOH OT IMOBEPXHOCTH
3emmu. Ha nuausx, nenons3yonmx 3¢ ¢GexT pacceaHns Ha BEOAHOPOIHOC-
TAX aTMOc(epbl, IPUHAMAEMOE T10JI €CTh PE3YIbTaT HHTEpGEPEHIHH MHO-
’ECTBa BOJH, pacCesHHBIX B Pa3HBIX y4acTKax o0beMa pacceanusd. Ha mu-
HHAX, HCIIOMTB3YFOIHMX OTPAXERHE PATMOBOIH OT HOHOCQEPHI, MHOTOITy4e-
Baf CTPYKTypa oy o0ycIoBicHa OXHOBPEMEHHBIM IIPUEMOM BOJH, Tpe-
TepIEeBIIHM Pa3THIHOE THCIIO OTPAXEHHH OT HOHOCHEPEL.

HawuGonee OsicTphie 3aMupania HHTEPHEPEHITMOHHOTO TIPOHCXOXK/IE-
HuA 00yCIIOBNEHBI CITy4aiHBIM H3MEHEHHEM (Pa30BEIX COOTHOIICHHH OTIEIb-
HBIX COCTaRIMOMMX. B npesenax auanazona YKB nsmenenue dassr Ha 180°,
T. €. JUTHHBI ITyTH Ha A/2, POHMCXOIMT IPH CITyJaHHOM OTKJIOHEHHM JUTHH TPa-
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€KTOPHI BCETO Ha €IMHHIBI CAHTHMETPOB (HIIM METPOB) mpH obuIei ux
JUTHHE B JIECATKU—THICAYH KHJIOMETPOB. Takue OTKIOHEHNS MOTYT TIOSBHTE-
Cs NPH CaMBIX HE3HAYHTEIBHBIX QUIYKTyamusx mapamMeTpoB aTMOCchephl.

2. Bropoii npu4nHOM 3aMUpaHui ABIAIOTCS CITyvaiiHble H3MEHEHUSA
ycnoBuH ocnabnenns Ha Tpacce. Hanpumep, ciyuaiinoe ocnabnenne sem-
HOH BOJHEI MOXET GBITh BRI3BAHO 3KPAaHHPYIOIMM AeHCTBHEM 3€MIIH, KO-
TOpPOE MEHAETCA B 3aBHCHMOCTH OT YCIIOBHH pedpaKUuy, T.e. METEOYCIIO-
BHH. 3TH QUIyKTyalluH IPOTEKAIOT 3HAYHTENbHO MeITICHHEE, YeM HHTepde-
PEHLHOHHBIC 3aMHPAHHS,

3. Tpernit BUI 3aMHPaHHI, Ha3bIBAEMbIX HONAPU3AYUOHHBIMU, CBSI-
3aH €O CIy4aHHBIMU H3MCHEHHAMY NOJIAPH3ALMHA HPHHHMAEMOTO IO, 3TOT
BHJ QIIyKTyanuii NPHBOAUT K PaccOIIaCOBAHHIO MONAPH3AIHH IIPHEMHOIH
AHTCHHBI B NPHHHUMAEMOTO IONA. B pesymbrare MOABNAIOTCA CIydaifHbIe
KoneGaHna YpOBHS CHT'HAlla Ha BXOZE PHEMHHKA.

PacnpenesicHde aMIUIMTY] CHIHAJIA IPH 3aMupanuax. Kak Bcs-
Kas cliydaifHas BEJMYHHa, YPOBEHD (UIYKTYHPYIOMIEr0 CHIHAJIA MOXET ObITh
OIIeHEH TOJIBKO CTATHCTHYECKH. B Ie/ioM HecTalHOHApHBIH Ipolece 3aMH-
paHuit 06BIYHO pa3AE/AIOT Ha IBa CTAlIHOHAPHBIX: Mponecc GUIyKTyanuii
CpeIHHX 3HaYESHHH ITOIA ¥ npouecc 6pIcTphIX (UIyKTyarmiil OKOIO 9THX cpefi-
uux. TlepBbiit B QIyKTyaunit Ha3EIBAETCA MeONEHHbIMYU 3AMUDAHUAMUY,
BTOPOH — Gbicmpbimu.

Haubonee yacto BcTpevaromeecs pacupencIeHHe aMIDINTY] CHIHa-
n1a py OBICTPHIX MHTEPEPEHUMOHHBIX 3aMHPaHuAX OIM3KO K pacmpene-
nenuio Panen:

T(U) = exp(~0,69U> /U, %), (19.1)
rae T(U) — BepoATHOCTS NpeBbiMieHua ypoBHA U; U, — MeMaHHOE 3Hade-
HHeE, T.€. 3Ha4Y¢HUE, NPeBEImacMoe B TedeHHe 50 % BpeMeHH.

Ipu MenIeHHBIX 3aMHPaHHUAX pacnpelelleHHe MTHOBEHHBIX 3Hade-
HHii YPOBHA CHTHaJIa YacTO anMpoOKCHMHPYETCS HOpMaJbHO-JIoTrapH(MH-
YECKUM 3aKOHOM:

T(U) = — Jexp(=x*/2)dk, (19.2)
2m -
rae x =(lgU -1gU,,)/1g0o; 6 —crarnaprHoe oTknonenue. B pazxe cayya-
€B MHTErPATBHbIH 3aKOH YI0OHO 3aIMCaTh KaK BEPOSTHOCT TOTO, 4TO aMII-
JHTyNa CHrHana MeHbine U, T.¢. B BUIE
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T'(U) = 1-T(U). (19.3)

HpocrpancTBeHHasn Koppensnus 3amupanuii. Ecin nyx pa3sne-
CEHHBIX TO4EK PHEMa JOCTHTAIOT BOJIHEL, PACIPOCTpaHAIONIHECS B JOCTa-
TOYHO Pa3sHECEHHBIX 00nacTAX arMocdepsl, rae GIyKTyalnu napamerpos
MPOTEKAIOT HEKOPPENHPOBAHO, TO B 3THX IBYX TOUKaX IIPHEMA Ipoliece
(iaykTyauuii oA NPOTEKaeT TaKxke HekoppenuposaHo. CTaTHCTHYECKas
CBA3b 3aMHPAHHIA B IByX MPOCTPAHCTBEHHO-PA3HECEHHBIX TOYKAX OMUCHI-
BAETCs IPOCTPAHCTBEHHOH KoppenanuoHHoH ¢ynxumeit k(7). ITockonbky
CTaTUCTHYECKas CBA3b 3aMUPaHHI1 yMEHBIIAETCSA 110 MEpe YBEIHYEHHS IPOo-
CTPAHCTBEHHOIO pasHoca /, To k(/) ects yOriBatomas ¢pynkuusa. IIpunsto
CYHUTATh, YTO 3AMHUPaHUA CTATHCTHYECKH HE3aBUCHMEL, ecii k(/) yObiBaeT
no 3xadenus k(7)) = 1/e = 0,37. CoorseTcTByiomee 3HaueHue / = /,, Hasbi-
BAeTCs Macumabom npoCMpaHcmeenHol Kopperayuy samupanui. Bug
bynkuun k() ¥ 3na4enue /, 3aBUCAT OT MEXRHH3Ma PACIPOCTPaHEHHUS.

YacroTHas koppeasuusa 3amupanuii. IIpu onnoBpeMeHHoH nepe-
Jade HHGOPMalKH Ha JBYX YaCTOTaX CTATUCTHYECKAS CBA3L MEXAY HHTEp-
(epEHITHOHHEIMY 3aMHPAHHSIMH YMEHBLIACTCS N0 MEPE yBEITHYEHHS YaC-
TOTHOTO pa3sHECEHHA. DTO CBA3AHO C TEM, YTO NPOCTPAHCTBEHHEIH Haber
a3 ects dynKIHMA yacToTE! MONA: AQ = 27fAr/c,,.

Cratuctiyeckas CBs3b 3aMHPaHHUI Ha JIBYX 4aCTOTAX, Pa3sHECEHHBIX
Ha BEJIHYHHY Af, ONHCHIBAETCS YAaCTOTHOM KOPPENSUMOHHON (pyHKUHEH
k(Af). 3nauenune Af= Af, , ipu xotopoM k(Af) = 1/e, na3siBaeTca Macuma-
6om yacmomuou Koppenayuu.

Bpemennds xoppensiuus 3amupanuii. Eciu Habmoaats u3MeHe-
HUS ypOBHe#l cHrHaja, pa3HECEHHBIX BO BPEMEHH Ha WHTEpBal Af, TO IO
Mepe yBelM4eHus At 0OHapyKHBAeTCsA BCE MEHbLIAA CTATHCTHYECKAs CBA3b
MEX Iy 3aMHPaHHAMH, IOCKOJBKY MEHAETCA MTHOBEHHAs KapTHHa pacrpe-
JeJIeHNs apaMeTpoB aTMocepbl.

CraTucTUYeCKas CBA3b 3aMUPaHHH [IPH BPEMEHHOM Pa3HECEHHH Xa-
pakKTepH3yeTCs BpEMEHHOH KOPPENAIHOHHOH dyHKiueit k(Af) H 3HaueHu-
eM MaciTaba BpeMEHHON Koppenauun Af, , ipu koTopoM k(Az,) = 1/e.

Pa3necennsnlii mpruem. CBoHCTBa IPOCTPAHCTBEHHON M YaCTOTHOMU
HEKOPPENHUPOBAHHOCTH (M30HPaTENbHOCTH) 3aMUPAHUIl LIMPOKO MCIONb-
3YIOTCS JUIA NOBBIIEHHS YCTOHIMBOCTH pabOThl IMHHHA CBA3H.

IpocrpancTBeHHas H30UPATENLHOCTD O3BOMIAET IOBBIIIATH YCTOMH-
YHBOCTH paboTHI myTeM nprema nHdopMaluH Ha nBe U Gonee aHTEHH, pas-
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HECEHHbIX Ha paccTosHue /> ] . Kax/Ias aHTeHHA IONKITIOYAeTCA K CBOEMY
NPHEMHMKY, BBIXOABl KOTOPHIX COEXHHAIOTCA. IIOCKONBKY (QIyKTYauuH B
Ka)KIOM KaHaJIe IPOTEKAIOT HE3aBUCHMO, TO BEPOATHOCTH TOTO, YTO aMII-
NHTYJa Pe3ynbTHPYIOIIETo CHrHaa GyneT Hinke U, yMEeHbIIAaeTCs 10 CpaB-
HEHHIO C OMUHOYHBIM IIPHEMOM.

CHcTeMa 4aCTOTHO-Pa3HECCHHOTO IPHEMa CTPOUTCS 10 aHAJIOTHY-
HOMY npuHuMIy. [lepenaua u npueM HHGOPMALUH BEIYTCA OMHOBPEMEHHO
Ha 1IByX H 6ornee 4acTOTax, PasHECEHHbIX Ha BEHIHHY Af > Af .

BpeMeHHds HEKOPPENIMPOBAHHOCTh 3aMHPAHUI HCIONB3YETCS JUIA
MOBHIHICHAA JOCTOBEPHOCTH NpHEMa HHGOPMALHH ITyTeM MHOTOKPaTHO#H
€c TIepeiadt Co CABMIOM BO BPEMEHH.

B HEKOTOPHIX CIydasX HCHONb3YETCA IONAPH3aIHOHHO-PAa3HECCHHEIH
NIpHEM, T.€. OXHOBPEMEHHBIH NpHEM CHTHANA Ha J(BE aHTEHHBI C OPTOTO-
HaJbHBIMY [OJPH3AIHMAMH, TOXKIIOUYEHHBIMH K IByM TipHeMHHKaM. Of-
HAKO 4acTO B 3aBHCHMOCTH OT MEXaHH3Ma PaclpOCTPaHeHHS Ko3hduun-
€HT KOpPEALHH CITyIaiHbIX KojeGaHHuH yPOBHA CHTHANA Ha ABYX B3aHMHO
TICPIICHANKYIAPHBIX TTOPH3AIIAX OKA3HIBACTCA HENOCTATOYHO HU3KHM,
TaK 4TO CyHIECTBEHHOTO BBIMIPHILIA B YCTOHIMBOCTH pabOTH! pagHonHHU
TIPH CIIOJKEHHH THX CHTHAIOB HE NOY9aeTCA.

19.2. UckaxeHus1 CUrHanoB B TpakTe pacnpocrpaHeHus

CymiecTByIOT ABE NPMYHHBI HCKAKEHUA CHIHAJIOB, CBA3aHHBIE C TPaK-
TOM pacHpOCTPaHeHUA, — QIIYKTYHPYIOIas MEOTOIYYeBOCTh M JHCIIEPCH-
OHHEIE CBOHCTBa HOHOC(EpH!. TONBKO HAa KOCMHYECKHX JMHHSAX, TIE CBA3h
OCYyIIECTBIACTCA NpAMOi BonHoit (cM. m1. 14), nucnepcus sBnsercs oc-
HOBHOM NpHYHHOM HCKaxceHUH. IIpu Bcex ocTanbHbIX MEXaHH3MAaX pacHpo-
CTPaHEHHs HCKKESHHS ONPEAeISIOTCA QITyKTYHpPYIOHIei MHOTOTYyYEBOCTBIO.
PaccMoTpuM 3TOT B HCKaXKEHHIA.

Kasxnaplit curaan Hecet HHGOPMAIHIO B ITpeieiiax HEKOTOPOH Mono-
CHI 9acToT oT f, = fy— Afmo f, = f,+ Af. Uem Gonbiue ornuyatorcsa f, u f,,
TEM MEHbIIEe KO3 (HIHEHT KOPPEMAMH MEXTY HHTepdEPCHINOHHIMH
3aMHPaHUAMH Ha OTAEJBHBIX YaCTOTHBIX COCTABIAIONIMX CNEKTPa CHIHa-
1, T.e. B GONbIleH CTENEHH NPOABIIIETCS YaCTOTHAA H30HpaTenbHOCTh 3a-
mupanui (cM. § 19.1). D10 03HaUaeT, 9TO B ONUH M TOT XK€ MOMEHT Bpe-
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MEHH HEKOTOPBIE COCTABIAIONINE CIIEKTPa CHrHaNa OyAyT YCHIIEHEL, a Y-
rue ocnabneHsl, T.€. IPOHU30HET HCKaxeHHe HOPMBI CUTHANA.

Jlns Toro yToObI HCKaXEHHS HE NIPEBRILANM ONpeJeIeHHOH HOPMBI,
I0JI0Ca CHIHANA JOKHA OBITh OrpaHHYCHa:

Ay << VA

max’

A

(19.4)

ae At ,, — MaKCHMaIbHOE BPEMS 3alla3/biBAHUA HECKONIBKUX BOJIH, IPH-
XOIALIMX B TOUKY TIpHEMa, 3aBUCALIEEe OT MEXaHI3Ma MHOTOJTy4€BOTO pac-
IpOCTPAHEeHU.

Hpu nepenaye UMMYIECHBIX CHTHAJIIOR BCE CKa3aHHOE BHILIE OCTAET-
Cs B CHJIE, HO TOSBISETCA elle OJMH aCNeKT BIHUAHHSI MHOTOTYYEBOCTH.
Eciin MMITyNIBCHBIE CHIHAJBL, PACIPOCTPAHSACEH MO Pa3IMYHBIM TPAEKTO-
pHAM, IPUXOJAT B TOUYKY NPHEMa C onpeelIeHHbIM BpEMEHEM 3ala3(sIBa-
HMS, TO IPY KX HAIOXEHHH JJIMTEIbHOCTh PE3YNBTHPYIOIIETO NMIYIbca
OTJIHYAETCs OT UCXO/HOIM, T.€. BO3HHKAIOT BpEMEHHbIE HCKaXeHHs. [{Is Toro
4yT00Bl 3TH HCKAKEHHS HE TIPEBBIIIANHY JOMYCTHMOrO 3HA4YCHUS, AIHUTEb-
HOCTH MMIIYAbCA JOMKHA OBITh B HECKONBKO pa3 GoJblile MaKCUMAJTBHOTO
BpEMEHH 3aNa3ABIBaHuUA, T.€. CKOPOCTh MEpenady HHGOPMALMH OrPaHHYH-
BaeTCA YCIOBHSMH PaclpOCTPAHECHHU.

PaccMoTpuM Teneps AUCHIEPCHOHHbIE HCKAXEHNS, BOSHUKAIOLIHE IPH
nepepade uHpopManuu yepes noHochepy. Honocdepa oTHOCHTCA K Kiac-
Cy AHCHEPrHPYIOLIHX Cpell, B KOTOPHIX (pa30Bas CKOPOCTh PacnpocTpaHe-
HHSL BOJIHBI C YaCTOTOM f

Cp= cy/n(f), ’ : (19.5)

rae n(f)=v¢,(f) —xoadpduument npenomnenns nonocdepsl; ¢, — cxo-

POCTH CBETa B CBOOOZHOM IMpOCTpaHCTBe. IIpH pacpocTpaHeHHH B Takoi
CpeZie CUrHAJIa C YaCTOTHBIM CHEKTPoM 2AfKaxko#t crieKTpaabHOH cocTaB-
JSFOMIEii COOTBETCTBYIOT CBOA (a30Bast CKOPOCTh M COOTBETCTBEHHO CBOE
BpeMsl pacTipocTpaHenns. B pesynerare oTAenbHble COCTAaBISIONINE JOC-
THral0T TOYKH NIPHEMa ¢ HEKOTOPBIMH CABHIaMH MO BPEMEHH, 4TO U ABJIA-
€TCSl IPUYMHOMN AUCIEPCHOHHEBIX NCKaXKEHUH.

TIpu nepenaye nabOpMaLIUK B AHAJIOTOBO# (hopMe JHCIEPCHOHHbIE
HICKa)KEHHA CYUTAIOT MAITBIMH, €CIIH

A At << 1, (19.6)
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rae At — MakCHMAaTbHas Pa3HOCTb BO BpEMEHH PacpOCTPaHEHHs Kpaii-
HHX COCTaBJIAFOIINX CIEKTPa CUTHANA.

Ipu nMnynecHOH paboTe CYMTAIOT, YTO UMITY/ILC IOYTH HE HCKaXa-
€TCH, €CIIH €T0 JIMTENBHOCTh

T>> ,/(2nr/c0) lw()l, (19.7)

TA€ ¥ — IMyTb, IPOXOAUMBIH HMITYILCHEIM CHrHANOM; (/') — mapamerp, 3a-
BUCSIUHMI OT JUCTIEPCHOHHBIX CBOMCTB cpenbl [5].

19.3. Nomexu paanonpuemy

19.3.1. Knaccudukaumns MCTOYHUKOB BHELWIHWUX NOMeX.
MonHast MOWHOCTL WYMa Ha BXOAe NpUeMHUKa

Pabora no6oit paXHONMHYH IPOXOAUT B YCIOBHAX, KOIAa Ha BXOX
TIPHEMHOTO YCTPOHCTBAa KpOME TONIE3HOT0 CHIHA/IA BCeraa BO3AEHCTBYIOT
H BHemHHe noMexH. K BHemmHHM nomexam (mymam) oOBIMHO OTHOCAT:
OTyMbl KOCMHYECKOTO NPOHCXOKIEHUA; ITyMBI, BRI3BaHHBIE PaHOU3IIyYe-
HHCM NOBEPXHOCTH 3eMiy; arMochepHbIE TOMEXH, BOZHHKAIONIUE B pe-
3ynbTaTe pa3paa0B MOJHHH; TPOMBIIIJICHHBIC TOMEXH, 00y CIIOBICHHEIE H3-

JTYYCHHCM Pa3iIndHbIX IIPOMBINUICHHBIX H OBITOBBIX JNEKTPHIECKHX YyCTa~

HOBOK; IOMEXH CTaHIHH NpH paboTe HECKONBKUX PaJHONHHAH HA OXHHA-
KOBBIX MM OIM3KUX YacTOTaX.

HaspanHble BUIOBI MOMEX HMEIOT CBOM 0COOSHHOCTH, OCHOBHOH H3
KOTOPBIX ABJIAETCA PAa3UYHAA 3aBHCHMOCTb HHTEHCHBHOCTH OT 9aCTOTHL.
[TosToMy npu pacdeTe KOHKPETHBIX PaHONHHHHA 00BIYHO YCTBIBAIOT HE BCE,
a Tk Npeobiafaonye B JAHHOM ANana3oHe BUABI BHEIIHAX MOMEX.

ITo cBoeii NpOCTPaHCTBEHHOH MPOTHKEHHOCTH BHEMIHHE MOMEXH
MOKHO Pa3feNNTh Ha AUCKTEPHBIC U NPOTMKeHHbIE. K HCTOYHUKaM JHCK-
PETHBIX IIYMOB OTHOCAT TaKHe, YIIOBBIE pa3Mephbl KOTOPHIX MEHBIIC HIH-
punsl JIH npuemuoii anTeHHs!. OcTanbHbBIC HCTOUHAKH, H3Ty4EHHE KOTO-
PBIX pacneeNeHo B IMPOKOM HHTEPBAJIE YIVIOB, OTHOCAT K IIPOTSDKEHHBIM.
Jis peanbHO HCIOIB3YEMbIX AaHTEHH JHCKTEPHBIMH HCTOYHUKAMH OORIMHO
seipnotes Connue, JIyna, pannossesnapl, miaHets 1 ap. [Ipu onpenenennu
SHEPIETHYECKOTO NIOTEHIMANIA PaIMOTHHHIH IIOMEXH OT JHCKPETHBIX HCTOY-
HHKOB YUHTBIBAIOT TOIBKO B TeX CIy4YasAX, KOTJa I10 YCIOBUAM paboTh! HX
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H3JTy4eHHE NOIDKHO JUTHTENbHOE BpeMs BOCTIPHHHMATLCS [NIABHBIM Jenec-
TKOM HJIH CHIBHBIMU G0KoBEIMH Jenectkamu JJH nprueMHOH aHTEHHEI.

VHTEeHCHBHOCTh HCTOYHHKOB BHEIUHUX IIOMEX OLEHHBAIOT Pa3iHy-
HBEIMH [apaMeTpaMH.

Ha vacrorax Beime npuMepro 100 MI' ocHOBHEIM napaMeTpoM,
HCTIONB3yEMBIM JUTS 3TOM 1I€MH, ABIAETCA APKOCTHAs TeMIeparypa. SJpko-
cmuoti memnepamypoti T, MICTOYHHKA IIyMa Ha3bIBAETCS TeMIeparypa ab-
COIIIOTHO YEPHOrO Tela, CO3JAIOMIETO B IMyHKTE NPHEMA TaKYIO XKe CIIEKT-
PaJIbHYIO IINNOTHOCTH H3IYyYEeHH, KaK H PeallbHblii ncToyHuK. PeansHo BHe-
IITHHE ITyMBI HEPaBHOMEPHO pachpeNeieHbl B IPOCTPaHCTBE, O3TOMY sp-
KOCTHAsl TEMIEpaTypa ABISETCA dynxuueii yrnossix koopaunsar: T,(A, 9),
rae A 1 ¢ — chepuyecKue yrioBble KOOpAWHATH (HeHTp cepsl HaxoauTCs
B TOYKE HaOIOOeHHA).

VpOBeHD ITyMa Ha BBIXO/I€ PHEMHOMN aHTEHHBI 3aBHCHT Kak oT 7 (A,
(), TaK M OT HANPABICHHBIX CBOHCTB MPHEMHOIH aHTEHHBI. [[ns OLEHKH
MOIIHOCTH IIyMa Ha BBIXOAE NPUEMHON aHTEHHBI BBOAAT NNOHATHE 1IyMO-
BOH TeMnepaTypsl aHTeHHEL. L[Iymo601i memnepamypoii anmeHrHbl Ha3blBa-
€TCH TeMIIepaTypa COIPOTHBIICHHUS, PABHOTO BXOXHOMY CONpPOTHBIICHHIO
FIPYEMHHKA, TIPH KOTOPOH Ha BXOje MPHEMHHKA BEIZENAETCS Ta e MOLI-
HOCTb LIyMa, YTO ¥ OT PEAIbHOTO BHELITHETO HCTOYHHKA.

IymoBas TeMmeparypa aHTEHHBI (AHTCHHAA TEMIIEPATypa) Onpene-
JISIeTCSA HHTErPANIOM I10 IOJHOMY TENIECHOMY YTy £ = 47T M3 TOYKM pacIo-
JIOKEHUS IPUEMHOMN aHTECHHBI:

Ton =~ [T, (A, 9)G(A, 9)de, (19.8)
4na
re G(A, @) — Ko3hHUUMEHT YCHIICHHS PHEMHOMH aHTeHHET; dQ = sinAdAdQ.

Tounoe unTerpupopanwe B (19.8) nuis peansHbix XapaktepucTrk T (A,
©) 1 G(A, ¢) Bbi3biBaeT 6onbive TpyaHOCTH. Ha npakTHKe yacTo BCTpeya-
I0TCA iBA CITydas:

1. B npenenax H anTeHHbI APKOCTHAS TEMIEPATypa MOYTH IIOCTO-
aHHa. B aT0M ciydae B (19.8) Bemmunny 7, MOXHO BHIHECTH 33 3HAK HHTET-
pana. Kpome Toro, cootnomenue G(A, 9) = G FX(A, ), rae F(A, ¢) -
HOpMHMPOBaHHAaA AHATPaMMa HaHpaBIEHHOCTH aHTEHHEI, NO3BONACT BhIBE-
CTH 3a 3HaK uHTerpana G . . Torna
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Tyn=—GpT, [F2(8, 0)d02
4n an

Teneps yrireM, 910 Gy = Dy =47/ [F2(A, 9)dQ, ¥ nomyaum

npocroe cootHomenune T, , = 7. 3tor cnyqaifﬁanﬁonee XapakTepeH MpH
npUeMe NIYMOB NPOTSKCHHBIX MCTOYHHKOB Y3KOHAHPABICHHBIMH aHTCH-
HaMJ C HU3KHM yPOBHEM GOKORBIX JIETIECTKOB.

2. YrnoBrle pasMepbl HCTOYHHKA IOMEXHM MAJbl [0 CPAaBHEHHIO
¢ mHpHHO# JIH aHTCHHBI, T.€. TENECHBIA YIo/l HCTOYHHKA £}, MHOTO MEHb-
IU€ TEJECHOTO YIJIa AHArPaMMbl aHTEHHBI £, (€2, <<, ). ITpH 3TOM MOXHO
CYMTATh, YTO B NpEeNax TENEeCHOTO yria HCTodHHKa G(A, ¢) = const

uT,~T Q/Q, meT, = L [T,(A, 9)dQ — cpennee snauenue spko-

CTHOMH TeMIeparypsl ncro'mnxa"myma. 3tot ciry4ait 06BITHO HMEET MECTO
IIpH MPHEME U3ITY9IeHHH JHCKPETHBIX HCTOYHHKOB.

Onpenenys CyMMapHYIO UTyMOBYIO TEMIIEPaTypy aHTeHHBI, 0GycIioB-
JICHHYO ISHCTBHEM BCEX HCTOYHHKOB, MOYHO PaCCUHMTATh IOTHYHO MOIIHOCTE
BHEIIHUX (COKpAIIIEHHO — BIII) MIYMOB, CO3/[aBaEMEIX B HATPY3KE aHTCHHBI:

P =kT, B, (19.9)

rae k= 1,38 - 102 Br - I'u! - rpax”! — nocrosunas Bomsnmana; Af —
SKBMBAJIEHTHAS IyMOBAs M0JI0CA IPHEMHMKA,

Tuvnp, K KpoMe BHEUIHHMX HIYMOB Ha BXOX

2000 TIPHEMHOTO YCTPOHCTBA BO3ACHCTBYIOT H
w "" : N - BHYTPEHHHE IIYMEI, 00y CIIOBICHHbIE TEI-
&an A P JIOBBIM HM3ITyYCHHEM DIIEKTPOHOB B Mare-
o > HIHS nis: i puane Gumepa 1 3MEMEHTAX MPHEMHHUKA,
2w 5 KOTOPEIE TAKOKE XapaKTEPH3YIOTCA IIyMO-
1 ) Boii TeMnepartypoii. [llymosas Temmepary-
60 ~7E pa unepa T, , 3aBHCHT OT €ro TEPMOLIH-

@ HaMI4eCKoi Temnepatyprt T, 1 koo du-

20 p UHMEHTA TI0/IE3HOTO NEHCTBHA My, & Ty =

> =T(1-n,). llymosas Temneparypa mpu-

0
b7 02030406081 2 34 £ 1Tk oy yyca T ymp> OOYCTIOBIIEHHAS BHYTPEHHH-

Puc. 19.1 MH IIyMaMH, 3aBUCHT OT THIIa H KOHCTPYK-
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LUK ero BXOHHBIX uenei. Jlna obureit ouenxu Ha puc. 19.1 npueeneHs! 3a-
BHCHMOCTH Tlep OT YaCTOTHI AN IPHEMHHKOB C Pa3IHYHBIMHU TUTIAMH BXOJI-
HEIX 3JIEMEHTOB: | — TPaH3HCTOPHI; 2 — JHOIHBIE CMECUTENH; 3 — TYHHENb-
HEIE JUOABI; 4 ~ 3MEKTPOHHEIE J1aMIIbl, J — JaMnbl Oerymeii BoIHeL, 6 —
rlapaMeTpUyiecKue YCHIMTENH, 7 — Masephl, OXJIaXKAaeMble JKHIKHM a30-
TOM; 8 — Ma3ephl, OXJIKIACMBIC XHIIKUM I'eJIUEM.

Takum 00pa3om, MojHas LIyMOBas TEMIIEParypa Ha BXoJe IIPHEMHHKA

T = Tuno* Tug+ TuaNor (19.10)

Dusnyecku Bennunna T, NOKa3LIBAET, 10 KAKOH TEMIIEPATYPHI Clie-
IyeT HarpeTh aKTHBHOE CONPOTHBIEHHE, PABHOE BXOJHOMY CONPOTHRBIIE-
HHIO TIPHEMHHKA, 9T06B MOITHOCTB LIIyMOB, BBIIEISEMBIX Ha 3TOM COIIPO-
THBIIEHHHU, Obl/Ta paBHAa MOIIHOCTH BCEX LIYMOB CHCTEMBI, H3MEPEHHOH
B TOH ke nonoce yactot (o6erano 1 I'm).

TTonxas MOIIHOCTH ITYMOB Ha BXOAE NMPUEMHHKA

P, =kT Af (19.11)

Ha vacTtorax nmke 100 MI'l HHTEHCHBHOCTD BHEIIHHX ITOMEX OIie-
HMBAETCA, KaK MPABHJIO, 110 HANPSXKCHHOCTH MONA £ B MOIOCE YacTOT
1 xI'u. B aToM ciryyae, xak 1okasaHo B [1], Hanpsi’keHHe HEHANPaBACHHBIX
(TpOTHKEHHBIX) TOMEX Ha BXOAE COINIAaCOBAHHOTO NPHEMHMKA

U, =05E, L y4Af, (19.12)

rae Af — nonoca 4acToT, B KOTOPOil Mpou3BoaUTCA TipheM, KI'w; /, — xeil-
CTBYIOII[aA AJMHA TIPUEMHOM aHTEeHHb! (CM. L. 5).
MomnocTs, pa3BUBacMas BHEIHUMU IOMEXAMH Ha BXOJIE IIPHEMHHKA,

Pmsx = UHZ/(ZZB)’ (19 1 3)

rae Z, — BOITHOBOE CONPOTHUBICHHE (Qunepa.
19.3.2. XapaKTepucTUKU UCTOMHUKOR BHELUHUX omeX (LLyMOB)

IIymel KocMHYecKoro nponcxoxaenus. KocMudeckoe (ranaktu-
4eCcKOe) PaIHOH3ITYYeHHE COCTOHT U3 061ero ¢oHa H H3ITy4eHHs UCKpeT-
HBIX HCTOYHHKOB. O61Hii GOH HMeeT HelpephIBHOE, XOTA H HEPaBHOMED-
HO€, NIPOCTPAaHCTBEHHOE paclpeneneHne U o0IafaeT HenpephIBHLIM Yac-
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TOTHBIM cnekrpoM. KocMudeckuit ¢pon obpasyercs 3a cHeT Kak TEIIOBOTO
PaauOU3IYIeHH MEX3BE3IHOIO HOHH3HPOBAHHOIO Ta33, TaK H HETCILIO-
BOTO M3Ty4YEHHA, BOSHUKAIOIIETO B PE3yJbTaTe HEPABHOMEPHOrO ABHKE-
HHA 3aPKCHHBIX YACTHI B MEX3BE3IHBIX MArHUTHBIX TONAX.

SpkocTHad TeMneparypa KocMu4eckoro ¢ona 7, HEPaBHOMEPHO
pacupefiesicHa B POCTPAHCTBE: MAKCHMYM M3Ny4eHHs HabmonaeTcs B Ha-
npapineHnd Muiegroro [Tytu. Ha puc. 19.2 npencrasnena sasucumocts 7,
OT 4aCTOThI, H3 KOTOPOH CIECAYET, YTO IIPH YBEJIHYCHHH YaCTOTH! HHTCHCHUB-
HOCTh KocMHudeckoro ¢oHa majaet M Ha Yactorax bonee 1 I'Tiy ona npe-
HeOpeXHuMo Mala.

Ta, K )
1000 YT LB REL & T Irrn )] 3
E NI B I 5 S N R O R O S S -
E Kw#rcmﬂ Paduousngvenie ammocpeps! 3
X TTT ] v o
oL\ \are a= LV /Vf 4 f
o I r4
= LILZZInl A =
X 5° Z. y4
\ .
n 1177 3
3 Y X o =
1 7/ ]
A 90°
1 11, 1 ]1 " n
07 7 100 1T
Puc. 19.2

Cpenu ZUCKPETHBIX HCTOYHUKOB KOCMHYECKOTO H3ITy4eHHs HauGo-
nee ApkuM Asfserca Connune. 3HaYHTENbHYI0 HHTCHCHBHOCTh HMEIOT TaK-
xe IOnurep, Benepa, JIyna u np. Ha prc. 19.3 npHBeneHsr 3aBUCHMOCTH
APKOCTHOH TEMIEPaTyph! HEKOTOPHIX JHCKPETHBIX HCTOYHHKOB OT 4acTo-
TH. HauGonee sipKkuM MCTOYHHKOM KOCMHYECKOTO H3NYUCHHS SBILAECTCA
Connue (kpussie / H 2 COOTBETCTBEHHO IPH MEHUMAJILHOH H MAKCHMaJIb-
Ho#t aktuBHOCTH CoNHI@A). 3HAYHTENLHYI0 HHTEHCHBHOCTD HMEIOT TakxkKe
Onutep (xpusas 3), Benepa (kpusas 4), Jlyna (kpusas 5) u ap.

Papnonanydyenne armocgepnl. OCHOBHRIMH HCTOYHHKAMM PajIMO-
H3ITy4eHHA B aTMOC(epe ABIAIOTCS KHCIO0POX, BONJHOM Hap M HApPOMeTe-
OpHI. MOXKHO BBIZICIIHTH HEPE30HAHCHOE M PE30HAHCHOE H3TYUEHHS aTMOC-
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depe1. Hepesonancnoe usnywenue obycnos- %

¢
JIEHO XaOTHYECKHM (TEIIOBEIM) JBHKEHH- g::’g' A
€M MOJNEKyIl. Pe3oHancHoe uzydeHue BO3HU- ; :':7: A X
KAeT IIPH CAMOTIPOH3BOJIBHOM (CTIOHTAHHOM) .04 N7
Hepexoze MOJIEKYI1 M3 COCTOAHUSA ¢ Gonbnimm 2 /'\\ q
3HEPreTHYECKHM YPOBHEM B COCTOSAHHE C 50 H
MEHBIINM 3HepreTHYeckum yposHeM. Peso- z‘;‘;
HAHCHBIC YaCTOThl HITYUYCHHA COBNAAAIOT C 3000 \
nvHMAMH nomowenus (cm. 18.3.1). 2000 I\
HuaTeHcHBHOCTS atMocepHOro pa- Mrﬂa; \i
JHOM3ITYYEHHU B OTIPEAEIEHHOM HamlpaBie- 60 N ey
HHH 3aBHCHT OT METEOPOJIOTHYECKHUX ycno- 4% AN
. BHH U TONIM aTMOC(EpHI B 3TOM HalpaB- g s
JIEHHH, KOTOpas CBA3aHA C YINOM BO3BBIIE-  , =~
Hua (yooM mecta) A. Tlpu yBenudenun A 152 3 4 6810 20 30 41Ty
TONIa aTMOC(eprl, CO3AA0Mman MIyM, Prc. 193

YMEHBILACTCA H, CIISAOBATENBHO, YMEHbIIIA- _
eTcs ApKOCTHas Temneparypa armocdepst T .. Ha puc. 19.2 npuseneHs:
KpHBBIE, XaPAKTEPH3YIOIHE 3aBUCUMOCTD 7., OT YaCTOTHI JUIA Pa3iUYHbIX
3HaYEHHUH YTIIOB A M METEOPONOTHYECKHX YCIOBHIl, THIMYHBIX AJIS JeTHE-
ro nepHonaa. '
Paanonsiayvenne 3eMHoi mopepxHocTH. [ToBepxHOCTE 3eMity, Kak
M BCSIKOE€ HarpeToe TENo, ABJIAETCS NCTOYHUKOM 3JIEKTPOMArHHTHOI'O H3Iy-
YeHHs B 04CHb IIMPOKOM THANA30HE YacTOT. SIpKoCTHas TeMreparypa pa-

AMOM3IY4EHUs 3eMHO#H NOBEPXHOCTH T, MOXeET OBITh Onpe/ienieHa Kak

T,.=T,(1-R, (19.14)

a3M -

rne T, = 290 K — TepmonuramMudeckas Temneparypa 3emiy; R — koabon-
IIHEHT OTpaXkeRus OT 3emmu (cM. 16.2.1).

AmnTeHHas TeMreparypa, 00yCIOBICHHAS PaaHOU3TyYeHHEM 3eMITH,
3aBHCHT HE TONBKO OT APKOCTHO# Temneparypsi 7, ,, HO M OT OPHEHTALMH
¥ dopmsl JH anrenns. [Ipu MCToNB30BaHHH aHTEHH C JOCTATOYHO Y3KOH
JH nns yMeHbIUCHHS BIUAHWA PaJHOHM3IYy4YeHHA 3€MHOH IOBEPXHOCTH
nenecoobpa3no paGorars npu yriax Bo3sbilieHHA A 2 5°. B 3ToM ciyyae
H3nyueHHe 3eMiH GyHeT IPUHUMATLCH HE [VIaBHBIM, @ TOIBKO GOKOBBIMH
nenecrxkamu JTH npremHoit anTeHHB!. OHAM H3 OCHOBHBIX TpeOOBaHHH K
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Ha3eMHBIM aHTEHHaM HA KOCMHYECKHUX JIMHUAX ABIAETCA TpeOGOBaHHE MH-
HHMaJBHOTO YpoBHA GokoBRIX nenectkos J{H.

AtMocdepHbIe oMexn. ATMochepHble moMexu 00yCIOBIEHBI I/ICK-
TPOMArHUTHBIM H3JTy4EHHEM, BOSHHKAIOMIUM NIPH IPO30BHIX paspanax. Pas-
PAX MOIHHHM ABIICTCA MOIUHBIM HCTOYHHKOM H3JIYYCHHS C ITHPOKHM He-
MIPEPHIBHBIM CHEKTPOM YacToT. MakcUMallbHas HHTCHCHBHOCTD H3YyYCHHA
COOTBETCTBYeT 00JIacTH 3ByKOBBIX 4acToT. B nnanasoHe paxioBoIH HHTEH-
CHBHOCTb M3ITy4eHHA YOBIBACT NPUMEPHO 00paTHO MPOTIOPLIHOHANLHO qa-
CTOTE M, CIIEAOBATENBHO, aTMOC(EPHbIE TIOMEXH OKAa3hIBAIOT TEM MEHbIIIEE
BIMAHHE Ha paGoTy paaHONHHHH, YeM Bolnte yactora. Ha puc. 19.4 npuse-
JEHBI YCPEeIIHEHHBIE TaHHbIC, TI03BOJIAIONIHNE OLIEHUBATH [OPAZOK YPOBHS
arMoc(epHbIX TIOMEX B CPEAHHX LIMPOTaX B IHeBHOE (KpHBask /) K HOYHOE
(xpuBas 2) Bpems.

Ipomeimiiennsie nomexn. IIpo-

En, 5 MBIIUICHABIE (HHIYCTPHANBHBIE) IOMEXH
) 06ycnoBlIeHb! H3MTYYCHHEM HPOMBINIICH-
w0 X‘ HBIX, TPAHCIOPTHBIX, OBITOBBIX M APYTHX
0 —\% i 2 HIEKTPUIECKHX YCTaHOBOK. B ropone onn
0 AN EE NS JIHMHTHPYIOT YCIOBUA NMPHEMa HAa 4acTo-
-1 7 7K\ tax mpuMepuo ot 1 mo 100...300 MT'u.
-20 B 1 VYpoBerb HHIYCTPHATILHBIX IOMEX MEHSAET-
h L €A B 3aBUCHMOCTH OT HACBIII[EHHOCTH TOI'0
o1 % AM4  yH HHOTO PaHOHA MEKTPHIECKHMH yCTa-
Puc. 19.4 HOBKAaMH, IIPHHATBIX MEP M0 IKPAHHPOBKE

H3NTydeHHH H np. YCpeaHEHHbIC YPOBHH
IIOMEX 3TOro BHAA B OOJNBIIHMX FOPOAaX H IPHIopoIaX MOXKHO OLEHHTH 1O
kpuBbIM 3 M 4 Ha pHc. 19.4.

Ilomexu cranuuii. B HacTodAmee BpeMs KONHIECTBO PATHOCPENCTB
pasIMYHOro Ha3HaY€HHA HACTOJIBKO BEINKO, YTO MHOTHE 113 HHX BBIHY)XKIIC-
HbI paboTaTh Ha OJHHAKOBBIX HIH ONH3KHMX JaCTOTAaX, B PE3yNbTaTe 4Er0
BO3HHKAIOT B3aHMHBIE [IOMEXH (oMexu cranuuii). HecMoTps Ha npumene-
HHE OPraHU3allHOHHBIX H TEXHHYECKHX MEPONPHATHH, HAIPABICHHBIX Ha
YAy4IIEHAE YIeKTPOMarHUTHON 00CTaHOBKH, IIOMEXH CTAHLHI BECHMa Cy~-
IIECTBEHHEI, 2 B HEKOTOPHIX JHAama30oHaX OHM ABIAOTCA Npeobiamaromu-
MH. MeToA:! KONMIeCTBEHHOH OICHKH YPOBHS NOMEX CTaHIMH PasIMYHbI
B pa3HBIX JHAIa30HAX BOJH.

3amupaHus cuzHana. Vickaxenun cueHana. lomexu paduonpuemy 431

B munanasone YKB BcnencTaie ocobeHHOCTEN pacpoCTpaHEH s STHX
BOJIH pajuyc AeiCTBUS MEIIAIOMX CTaHIHH orpaHudeH. [Toatomy umeer-
€51 BO3MOXXHOCTb OLICHHTb YPOBEHb [IOMEX PACUETHBIM ITyTEM, YUHTHIBAS
YCIIOBHA PacIpOCTpaHeHHs, IPOCTPAHCTBEHHOE PACTIONIOKEHHE H TEXHH-
YeCKHe XapaKTEpUCTHKH MEILAOLIHX CTaHLME. PacyeT MOXKeT Npou3BOAHTE-
€ TEMH 7K€ METOIAMH, YTO H PaCYET YPOBH: MOIE3HOTO CHrHANIA.

B mnanaszone KB oneHka ypoBHs NOMEX CTaHIMi pacdeTHBIM Iy-
TeM, KaK [PaBHIo, HEBO3MOXKHA. DT0 0GYCIOBICHO TEM, YTO TIOMEXH CO-
3AAI0TCA HE TONBKO GJIM3KO PACHIONOKEHHBIMH CTRHIMAMH, HO H B COOTBET-
CTBHM ¢ 0coOeHHOCTAMH pactipoctpaHeHus KB orpoMHbiM uncioM paguo-
CTAHLMIA, ylaNeHHBIX HAa MHOTHE TRICAYH KHIOMETPOB OT TOYKH [PHEMA.
Pacuer ycnoxusercs Takke BECbMa MHOTOOOPa3sHBIMH H H3MEHYHBBIMU
YCIOBHAMH pacnpocTpaneHnd. [I03ToMy B HacTosilee BpeMs HaleKHEBIE
JaHHbIE MOXKHO ITONYYHUTH TOJBKO IKCIIEPHMEHTAEHEIM IyTEM Ha OCHOBE
cTaTUcTHYeCKOH 00paboTKH Pe3yNBTaTOB IUIMTENBHEIX H3MepeHHii [57].

B muanasonax CB u JIB BcrneacTBHE JOBONBGHO CTaOHIBHBIX yCIIO-
BHI pacnpoCTpaHEHUs pacyeT YPOBH:A IOMEX CTAHIMH MOXKET IPOU3BOXHTE-
Cs TEMH XK€ METOJAMH, YTO U PAacUeT YPOBHS [I0JIE3HOrO CUTHANA € YYETOM
IIPOCTPAHCTBEHHOT'O PACTIONOXKEHHUS M TEXHUNYECKHX XapaKTePUCTHK Mea-
IOINUX CTAHUMIA. '

Jumepamypa: ocrosnan [58], donoanumenvuasn [50, 57, 5].
KOHTpOﬂbele BONPOCLI

1. Kakue sgieHus B TPaKTe pacnpoCTPaHEHHS BBILIBAIOT CIyyaiiHbie KoNeGaHuA ypoB-
HA IPHHUMAEMOTO CHrHaua?

2. KakoBs! mpH9HHBI IPOCTPAHCTBEHHO# H YaCTOTHOH H36HpaTENbHOCTH HHTEP(hEPEH-
LMOHHBIX 3aMHpPaHHi1?

3. Uto orpaHHYMBaeT HEHCKAXKEHHYIO IIMPUHY CIIEKTPa CHIHAJNA IIPH MHOTOLy4EBOM
IIPUEME HIIH [IPH JIMCIIEPCHH CHrHasa?

4. KaxnMy napamMeTpamMH OLEHHBACTCA HHTEHCHBHOCTH BHEIMHHX NIOMEX B Pa3/IH4HbIX
HanasoHax pagHoBONH?

5. JlaiiTe xapakTepHCTHKY BHELIHHX [TOMEX OT Pa3iIMYHBIX HCTOYHHKOB.

6. Kaxre Bu/IbI BHELIHHX MOMEX ABJAIOTCA NPeobranaloliMMy B Pas/IMYHBIX AHana3o-
Hax pajuoBONH?

7". Kaxue BHAEI LIMOB AB/ISIOTCA NPeobaafalOMMA HA PAAHOPENEHHBIX INHHAX?

8". KakHe BUIBI IYMOB ABNAIOTCA NPeoGafiaioliMH Ha KOCMHYECKHX PAaSHONMHHAAK?



nasa 20. PACNTPOCTPAHEHME YKB
HA HA3EMHbIX PAOVOJIMHUAX

20.1. PacnpocrpaHenue YKB 3emHo# BonHown
20.1.1. O6nacTu npuMeHeHus

K mnanasony YKB otHoCAT paguoBonns! amuHo# ot 0,1 MM 1o 10 M
(uacrors! ot 30 MI'n go 3000 I'T'n). XapakTepHoit 0cOGEHHOCTBIO 3TOTO
JMana3oHa ABIAETCS €ro GoNbmas YacTOTHasA eMKOCTb, IO3BOAIONIAs TIe-
penaBarh LHPOKOIOIOCHYIO HHPOPMALIHIO.

VIBTpaKOpOTKHE BOMHBI IIHPOKO PUMEHSAIOTCA B HA3€MHEIX CHCTE-
Max CBA3H M BelliaHHA. BonpIIMHCTBO Takux cHcTeM paGoTaeT Ha 3eMHOM
BonHe. Hckmoyense CoCTaRIIOT NS THEUE CBA3M, paboTaromue Ha BOJ-
HaX, pacCesHHEIX B aTMoc(epe (cM. § 20.2).

B paccMarpuBaeMoM auana3oHe BONH YCTOi9MBas paboTa Ha 3eM-
HO}i BOIIHE OrpaHH4eHAa PACCTOAHHEM NPAMON BHAUMOCTH (IECATKH KHIIO-
Merpos). Jing nepenaud HHGOPMAIMH HA PACCTOSHHH B COTHH H THICHIH
KHIIOMETPOR HUCIONB3YIOT panuopeneiinsie nuaun (PPJ) ¢ uurepranamu B
TpeNenax NPAMOi BUIMMOCTH.

CucTeME! TeNIEBH3HOHHOTO H 3BYKOBOTO BeIaHHA paboTaroT Ha BO/-
Hax METPOBOIO H JEIHMMETPOBOro AHANa30HOB. YCTOHYHBEIR panuyc nefi-
CTBHA BELIATEINILHEIX NIEPEAATYHKOB B ITHX JTHANIA30HAX TaKXKe OrpaHHYeH
PACCTOAHHEM NOPAIKA NPAMON BUAMMOCTH. J{114 yBenuIeHAA pafuyca Aeit-
CTBH CTaHIMH CTapaloTCd NOTHUMATh aHTEHHY Ha IEpenade 10 BO3MOX-
HOCTH BBIIIIE 33 CYET KaK ECTECTBEHHOIO pelbeha MECTHOCTH, TaK H Gau-
HH, Ha KOTOPO# yCTaHABIHBACTCSA AHTCHHA.

20.1.2. Pacuer nons B OCBEILEHHOW 30He C yueToMm pedipakuun
paavoBonH B Tponocdepe

B muanasone YKB BeICOTa NOXHATHS aHTeHH Ha mepenade (h,)
u npueme (h,) 06EMHO GoNbIIE JUTHHEI BOMHBI A, TI03TOMY BECh IYTh Pacipo-
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CTpaHEeHMs 3EMHO BOJIHBI JAENAT Ha TPH 30HBI: OCBEILCHHYIO, [IOJYTEHH H
TeHH (cM. § 16.1).

B ocBerueHHOMH 30He MoJie HMeeT HHTEPHEPEHIIHOHHYIO CTPYKTYDY
3a CUET CIIOKEHHUA PAMO#t U OTpakeHHOH QT 3eMii BonH. Pacuer Hamps-
JEHHOCTH 11014 B 3TOMH 30He Gasupyercs Ha uaTepdepeRUMOHHON hopmy-
ne (16.31). dna mpaxtu4seckux pacueros B (16.31) neobxomumo yyectn
JNEKTPHYECKYIO HEONHOPONHOCTE TPONIOChepEl.

OnekTpHvecKas HEOQHOPOAHOCTE TPONoc(epsl, MPOSBIAIOIIAACA B
pedpaxuuy paTuHoOBONH, BIMAET HA BCE IAPAMETPEI, OT KOTOPBIX 3aBHCHUT
none B OCBelieHHOH 30He. ITo cpaBHeHHIO €O CIyyaeM NMPAMOIUHEHHOIO
pacnpocTpaHeHus H3MeHstoTes (puc. 20.1) AnuHEI yTel npsmoi r| 1 oT-
PaxXeHHO¥ r, BOJH, T.€. ciBUT pa3 A = (2n/A)(r, — r,), yromn HaKIOHa Tpa-
€KTOPHH OTPa’KEHHOH BOITHBEI A H COOTBETCTBEHHO K03 dHIHeHT orpanxe-
HUs R, a Tanke xk03ddHImenT pacxoguMocTH Dp. Kax Bunno u3 Gopmyn
(16.26) — (16.28), 3Ha4eHns
Ap, A un Dp ONPENENsIOTCH
NPUBEAEHHEIMHU BEICOTaMH K,
u h; (16.25), xoropsie 3aBH-
CAT OT paguyca 3eMIM 4.
3T0 NO3BONAET CBECTH YUET
pedpaxuuu K pacdery A, A
uD ) 0 YKa3aHHbIM tdopmy-
1aM ¢ 3aMeHOH B HUX g, Ha
3KBUBANEHTHRIA pamuyc a,,
(18.18). Puc. 20.1

B urore aeiicTByronlee 3Ha4eHHE HanpspxeHHOCTH nons YKB 8 oc-
BELIEHHOH 30He

¢
LY

E, = E, ¥ =({30FG, /r)x

X J 1+(RD,)* + 2RD, cos[(4nth;, 1) /(Ay) - ]. (20.1)

Ha papnonunusx, TAe B ipenenax CyniecTBeHHOH o6macty aus o1-
PaXEHHA TIOBEPXHOCTb 3eMIIM JIOCTATOYHO POBHAA H IUIOCKAs, MOAYIIH KO-
¢unmenTa orpaxenns R = 1, 0 = 1 u koaddHLMEHT pacXoTHMOCTH D,~1

15—2013
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Jns Takux ycnosuit uaTepdepenuHonHas popmyna (20.1) ynponaercs:
E, = ( 30PG, /r)2 sin[2mh{ 15, /(). (20.2)

dopmyiia Js pacdeTa HanpHKEHHOCTH ol ente Goiee ynpolaer-
Cfl, CJIH PacCMaTPUBaTh GONbIIHE PACCTOAHUA r (B IPENENAX OCBELICHHOH
30HHI), IpH KOTOPBIX B (20.2) CHHyC MOXHO 3aMEHHUTE €I0 apryMEHTOM.
DT0 MOXHO crienath, ecny 27, /(Ar) < m/9.Torna Ha paccTOSHHAX

r 2 18k h;, /') popMyna i pacueTa HANPSHKEHHOCTH TIONIA PHOGPETAET BHA
E, = ( 30EG, /rz)(4n:h,’3h;3 /7). (20.3)

Ora popmyna 6suta nomydesa b. A, BenenckuM u HaspBaeTcA keao-
pamuunoii hopmynoii Beederncrozo.

BunHo, 94T0 Ha YKa3aHHBIX PACCTOAHHAX r MHTEPHEPSHUMOHHAS
CTpYKTYpa NOJIsl IEPECTAET CYLIECTBOBATE H BETMIHHA MONS YMEHBIIAETCA
o6paTHO NpomopIHOHANLHO KBaapary paccrosuusa. CToms peskoe ybniBa-
HHE ITONIA MOKHO OOBSICHATH TEM, YTO IIPH YBEIIHYEHHH PACCTONHUS YMEHb-
IIAETCs PasHOCTh X0xa Ar = 7, — 7|, T.€.- COKpamaeTCa NPOCTPaHCTBEHHAS
pazsocts $a3 Ag = 2n/A)Ar. B To ke BpeMs NpH CKONL3AMEM OTPaXkeHHH
R — ~I npu mo6oit nonspusauuy. JIpyrumu croBaMu, 9eM Gonbine pac-
CTOSHHHUE 7, TeM MOTHEE B3aHMHAA KOMIIEHCAHA IPAMO# M OTPaXeHHO# BOIH
B TOUKE IPUEMa, YTO U BHI3BIBACT CPAaBHUTENEHO OBICTPOE YORIBAHHE TIOJIA.

Ha puc. 20.2 npeacrasiena 3aBHCAMOCTD MHOXHTENA oclabaeHus
OT pacCTONHMsA, KOTOpas cooTBeTCTBYET GopmynaM (20.2) u (20.3).

v
2+
H
| Vdnacm; Ry
|Mewimocmit o,
0 __\Myas BELIEHCNO20
bhyby sy [ 18hihy lad
KZ] Z A

Puc. 20.2
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20.1.3. PacueTt nons ¢ yyetom penbetha MECTHOCTH

3eMHas IOBEpXHOCTh HUKOT/A HE ObIBACT HAeambHO rankoi. Jaxe
PaBHHHHas MECTHOCTh HOKPHITA OOJBIINM YHCIIOM XaOTHYECKH DAcIo-
NOKXEHHBIX HEPOBHOCTeH. B 3aBHCHMOCTH OT HX pasMepoB, JEKIpHYec-
KUX CBOMCTB, KONWYECTRA, @ TAKXKE OT JAWHEI PACNIPOCTPAHAIOIIEHCA BOM-
HEI 37IEMEHTH! peiibeda OKa3hlBaroT PasiIdHOE BIHSHHAE Ha MOJE B TOUKE
npHeMa.

PaccMoTpHM CHayajia BIMSHHUE MENKHX HEPOBHOCTEH, KOTOPHIE IPH-
JAI0T 3¢MHOH ITOBEPXHOCTH CBOMCTBA TaK Ha3BIBAEMOH LIEPOXOBATOii 10~
BEPXHOCTH. I1OBEPXHOCTh CYUMTAETCA ILIEPOXOBATOH, €CIIU BBIIONHIETCA
W3BECTHBIH M3 Kypca pusuky xputepuit Panes:

Al > M(8sinA), (20.4)

rae Ah — cpenHss BEICOTa HEPOBHOCTEH B MPEZENaX CyLIeCTBEeHHO# obnac-
TH JJISL OTPAXKEHUA; A — YroJl BO3BBIIIEHHUs TPACKTOPHH OTPAXKEHHOMH BOII-
HEI (cM. puc. 20.1). ecin yenosue (20.4) Brmonnsercs, T0 OTpakeHUE OT
3emun cuuTaercs paccestHusM (AHddy3aIM) 1 B dopmyite (20.1) s pac-
4era HAnpsHKEHHOCTH Noi Ko3hduIMeRT oTpaxeHus R 3aMeHAeTCA Ha
appexruBHbI R, < R. 3navenus R, ANA PasTHYHBIX BHJIOB HEPOBHOH
3eMHOH ITOBEPXHOCTH IIPUBEZEHHI B [50]. ‘

KpynHsle a5eMeHTH penbeda MECTHOCTH B BHAE, HAIPHMED, I'op H
JIOJIHH, XOJIMOB H OBpAaros, CTPOEHHH pa3Ho00pasHHI 10 pasMepaM, dpopme,
MECTONIONOKEeHHUIO Ha Tpacce. HepoBHOCTH 3eMHOMN MOBEPXHOCTH TaKOTO
THIIa CYINECTBEHHO BIMAIOT Ha YCIIOBHA PACTIPOCTPAHEHUA 3¢MHOM BONHEL.
Uem MeHbILIe JUIMHA BONTHBL, TeM 3TO BIHaHAe Oosee pe3ko. B xuanasone
VKB cymecTByIOT IBa pa3inu4HbIX TIOAX0/A K YUeTy perbeda.

Ha nazemubIx snusax cesasu (PPJT) ¢ narepBanamMu B npenenax nps-
MOH BHIMMOCTH, IJle OIHO Iepelarllee YCTPOHCTBO 00CIyKUBAET ONUH
(UKCHPOBAaHHBIH [TYHKT NIPUEMa, IPHMEHSIOT JETEPMUHHPOBAHHBIE METO-
61 ydera pesnbeda. ITH METORBI OCHOBaHB! Ha IPHOIKEHHO aNPOKCH-
MaiuH 6oNBIIMX HEPOBHOCTEH 3eMHOM IIOBEPXHOCTH TENAMHU [IPABUIILHOM!
reoMeTpHYeCKOi GOpMBL: chepol, KITHHOM H T. I. PacdeT HanpskeHHOCTH
TIOJIA B 9THX CJIy4asix u3JioxeH B [27]. OTMETHM JIHILb, YTO HAJTHYHE KPYTI-
HBIX OPEMATCTBHA Ha TPAcce HHOILA MPHBOAHT K HEOXHABHHBIM 3¢dek-
TaM, KOTOpbI€ Ha IEPBLIH B3MLA KaXKyTCA HEOXKHIAHHEIMH.,
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PaccmoTtpumM, RanpuMep, ciyyail,
KOI/IA Ha ITyTH PacIpOCTPAaHCHHA 3eMHOH
BOJIHEI IMEETCS1 OMHOYHOE NIPENATCTBHE
(puc. 20.3). Jlaxe npu HeGONBIIOM pac-

Puc. 20.3 CTOAHMH MEXIy IyHKTaMH Ilepenad U

TIpHeMa TIpENATCTBHE 3aKpHIBAET Npi-

MYIO BHIHMOCTh M TOYKA NIPHEMA OKA3HIBACTCA B 30HE TEHH. 3aTCHECHHE

TOYKH NIPHEMA MPEIIATCTRHEM NPHBONHT, KaK MPABHIIO, K 3HATHTEILHOMY

ocnabnenuio currana. OgHAKO B HEKOTOPHIX CMy4adX, KaK MOKA3BIBAIOT

9KCTIEPHMEHTBI, HAIPSXKEHHOCTB MOJIA B TOYKE [IPHEMa MOXKET B HECKOILKO

a3 PEBBIILATE 3HAYCHHE HATIPSDKEHHOCTH JIONA B OTCY TCTBHE IIPENATCTBHA.
Jror adexT HashIBAKOT aghPexmom ycunenus 3a ciem npenamcemeus.

B pamKax oTpacaTenbHOH TPaKTOBKH dQ(EKT yCHISHHS 33 CeT IIpe-
OATCTRUS MOMHO MOACHUTH clenyiomuM obpasom. Kak moka3ano Ha
puc. 20.3, BepmnHa NpersITCTBHA BO30OYKAaeTCA TBYMA BOTHAMM: IPAMOit
H OTPaKEHHOH OT 3eMITH, aMITMTYIb! KOTOPEIX OyXeM caHTaTh ONUHAKO-
BBIMH U paBHbIMH E ). Eciii 3TH iBe BOJTHBI CKJI3BIBAIOTCA B (aze, TO Bep-
IIHHA NPENSTCTBHA Bo36yx)aeTcs moneM ¢ ammiuutynon 2E,. Bosbyxnen-
HAs BEPLIHHA ABIACTCA HCTOYHHUKOM BTOPUYHBIX BOJH, KOTOPHIC JOCTHrA~
10T TOYKH [IPHEMA TAKXKE [0 ABYM IyTAM: KaK NMpsAMas U OTpAXEHHas OT
3eMJIH BOJIHBI, aMILTHTY/bI KOTOPHIX IPHMEPHO OTMHAKOBHL. EcIM 3TH BOJI-
HBIl B TOYKE TIpHeMa CKIaJbIBaloTcs B (pase, TO NpH HAeaTbHOH cHTYanuH
HAIPKEHHOCTH NonA B Touke B Gyner pasna 4E,.

Takum 06pa3oM, Mpu YIaTHOM CTEUeHHH 00CTOATENILCTE HANPAXKEH-
HOCTb IOJIA 33 IPETITCTBHEM MOXKET NIPEBBIIATh 3HaYeHUE NoMA B CBo6ox-
HOM IPOCTpaHCTBe. ECTH y9ecTh, YTO Ha PEANIbHBIX PAXHOIIMHMAX HalpA-
JKEHHOCTD OIS B TOUKE NpHeMa 06BIYHO MEHEIIE HAaNPSHKCHHOCTH IT0JIA B
CBOGOIHOM MPOCTPAHCTBE, TO BHIMTPHIII B YCHIICHHH 33 CHET NPENATCTBAA
0 CPaBHEHUIO C IOIIEM B €r0 OTCYTCTBHE MONy4aeTcs eme Gonsuie u Mo-
XKET JIOCTHIaTh JECATKOB AelHGen. ‘

TpakTHueckoe uclonb3oBaHue dddexra YCHICHNA 32 CIeT NpeTAT-
CTBHS peanu3yercs yCTaHOBKO# Ha BepUIMHAX rop ¥ XOIMOB CIICUHANbHbIX
[IACCHBHBIX PETPaHCIATOPOB (CM. 1. 10), IMUTHPYIONIMX 3TOT deKT.

Pacuer cucTeM paiHOBEINAHUA U TEHCBUACHNA, 8 TAKKE CHCTEM CBA-
31 ¢ HOABMKHBIMH 00BEKTaMH BBIIIOMHAETCA C MOMOILBIO CTATHCTHYECKHUX
MeTofIoB. B OCHOBE BEpOSTHOCTHEIX OICHOK YCIIOBHIl NpHeMa B pasHBIX

PacripocmpatieHue YKB Ha HaseMHbix PaduonuHusx 437

y4acTKaX 30HEI, 00CIY)XHBaEMOH TeM HJIH HHBIM NIEPENATIHKOM, JIEXKAT; KaK
npaBuiIo, 0600IIEHHEIE PE3YALTATH M3MEPEHHH HANPSXKEHHOCTH IOJA.
Haubonee cnoxuble yclnoBHs pacipoCTpaHeHH HabmoanTcs B KPYIHbIX
TOpOAax, 33CTPOSHHBIX Pa3HOITAKHBIMH 371aHNIMH. HekoTophie BOMPOCH!
PpacnpoCTpaHeHH A YILTPAKOPOTKUX BOMH B TOPOICKHX YCIIOBHAX PacCMOT-
DEHHI B CNIEAYIOLIEM pasziene.

20.1.4 Pacnpocrpadexue YKB B ropoge

VenoBus mpueMa CHTHAJIOB B Auana3oHe YKB cylecTBeHHO 3aBH-
CAT OT PacrOJIOXKEHUA MPHEMHOH aHTEHHB! OTHOCHTEIBHO OKPYXKalOIMX
ee npeaMeToB. B ropofickux ycloBHAX TAKHMH IPEAMETaMH SBIAIOTCS 33~
HUs, JIepeBbsi, 3aBOACKHE TPYOBI, Ma4Thl U T. I. BiIM3Kko pacnonoxeHHbIE
3RaHUJ MOTYT B 33BHCHMOCTH OT HX PAaCIIONIOKEHHs OKa3aTbCs 3aTCHAIO-
(MMM TIPEISTCTBUAMH HITH HCTOYHUKAMH MECTHBIX OTPaXKEHHBIX BOJIH.

3arensrolnee aefcTBHE OTAEIBHOIO NPETATCTBUSA IPHBOIHT K TOMY,
4TO HOJIE 33 TIPENATCTBHEM NOABIAETCS B pe3YJIBTaTe AByX NPOLECCOB: HH G-
paKnuM ¥ IPOHUKHOBEHHU Yepe3 npenarcraye. Judpakuus B paccMarTpu-
BAEMOM JHAIa30HE BOJH NpoTeKaeT ¢ 6ombummMu norepsaMu. IIpoHukHOBe-
HHE CKBO3b NPENMATCTBHS THIIA CTEH 3[aHMiT TAKXKE COMPOBOXKAAETCA 6OIIb-
IIHMH TOTEPAMH 3a CYET NMOMOIEHHs. M3MepeHns MOKa3bIBaloT, YTO Ha-
IOpHKEHHOCTB TOASA 3a OTAENBHO CTOAIMHM KHPIHYHBIM 3JaHHEM Ha
20...30 ab Huxe, 4yeM mepex HAM, a 3a XKejle300€TOHHOM CTpOECHHEM
ypoBeHB currana mazgaet Ha 30...40 gb. B nenom BHyTpH ropoackoi
3aCTPOHKH MMEIOTCA MHOTOYHCICHHBIE TEHEBBIE 30HBI, I[l€ CHTHAI
3HAYUTEITLHO OCaabnex.

JeficTBiE OXPYKAIOIIMX 3XaHUH KaK HCTOYHMKOB OTPAaKCHHBIX BOIH
TIPOSIBISETCSA KAK B BUIE HEPABHOMEPHONO PACTIPEAECHNA AMILATY b O
B TIPOCTPAHCTBE H3-33 UHTEPdEPSHINM MHOTOYMCIIEHHBIX OTPaYKEHHBIX
BOJH, TaK ¥ B CBOcOOpa3HOM NOACBEUMBAHHM TEHEBHIX 30H. B ciyuae Bep-
THKAIBHON NONAPH3AMAN NEPBIYHOIO MTON OTPXKEHUs HanGonee MHTEH-
CHBHEI OT IPEAMETOB, IIPOTHKEHHBIX 10 BEPTHKAIH (CTEHE! 3[aHHH, fepe-
BbA). BonbLIOE BIUAHHE MECTHRIX MIPEIMETOR HA YCIIOBHA [IPHEMA BEPTH-
KalbHO-NONAPUIOBAHHOTO ITONA ABIAETCA OJHON M3 IPHYHH MpeHMYyLIe-
CTBEHHOrO MPUMEHEHHS TOPH30HTAIIBHOH MOMAPH3ALAM B CHCTEMAX Tene-
BH3MOHHOTO BEIaHUA.
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CnoxnocTs ycnosuii pacnpocrpanenns YKB B ropozne onpegenser
CTATUCTHYCCKHI XapaKTep KaK TEOPETHIECKHX, TaK U IKCHEPHMEHTATBHBIX
HccnenoBaHHi, [1o ycroBuaM npHeMa CHIHAJIA MOXHO BEIZIEMTh TPU HaH-
6onee THNHYHKIX CHTYaLMH: TIEPEAAIONIAS H TIPHEMHAs aHTEHHB! HaXOIAT-
€ HaJl YPOBHEM TOPOJCKOH 3aCTPOMKH H MEXAY HUMH MMEeTCs npaMas
BHIHMOCTB; CBA3b MEKAY NOABIXHBIM OOBEKTOM M 0a30BOH cTaHLHMEH;
CBA3b MEXTY ABYMA MOIBHXHBIMH O0BCKTaAMH.

B nepBoM citydae, XxapakTepHOM IJ11 IPHEMa CHTHAIOB TENIEBU3HOH-
HOTO BELIaHHA, pacyeT HaNPHKSHHOCTH II0NA BEyT IO KBaApaTH4HOM dop-
Myie BeeneHckoro (20.3), yMHOKas pe3yIsTaT Ha ONpaBoyHOi ko3ddu-
mueHt (06614H0 0,4...0,6). Bo RTOpOM H TPeTHEM CITy4asAX MEXKAY MyHKTA-
MH ItepeiadH B HpHeMa, Kak IIPaBUIIO, HET NIPAMOit BUNUMOCTH H OCHOBHOH
BKJIag B GopMUpOBaHNE MHOTOMYYEBOTO NOJIA BHOCAT OTPAXCHHS OT 312~
HH# B OKPECTHOCTH MOJBIXKHOTO MYHKTA.

PaccMoTpHM 3aKOHOMEPHOCTH M3MEHEHHS Hanpmkennocm nomt B
TOYKE [IPHEMA B TOPOJCKHX YCIOBHAX B 3aBUCHMOCTH OT PACCTOAHHA, Jac-
TOTHI BOIIHBI H BBICOT YCTaHOBKH anTeHH. HanGonee nmonuple H cHCTEMaTH-
3UPOBAHHEIC 3KCNECPHMEHTANbBHEIE NaHHBIC, NO3BONAIOMIME BEIABHTEL 3TH
3aKOHOMEPHOCTH, comepxatce B [53].

Ha puc. 20.4 npuBeeHbI 3aBHCHMOCTH CpeHETro (MEIMAHHOTO) 3Ha-
YEeHHA MOIMHOCTH CHTHAaNa P, OT PacCTOAHMASA 7 IPH PasiMYHBIX BHICOTaX
N0bEMa aHTEHHBI 6a30B0H CTaHIMY /1, H3MEPEHHbIE Ha yacToTe 922 M.
BricoTa nmogbeMa aHTEHHEI HA ITOIBHXHOM 00BEKTE NPHHATA PaBHOH 3 M.

IlITprxoBoii mHKMEH MoKa3aHa 3aBHCHMOCTD
Py, 36 P_ o1 paccrosinua s yCroBui cBoGOAHOrO
o NG npocTtpaHcTBa. Yposens 0 1B cooTBeTcIBY-
N ”P”fmﬁﬂ”‘”"’" €T OO0 B CBOGOIHOM IPOCTPAHCTBE Ha pac-
CTOAHUH 1 KM oT 6a30BOH CTaHIHM.

AHanu3 pHBE/ICHHBIX 3aBUCHMOCTEH
NOKa3bIBaEeT, YTO NPH YBEHYCHHH PaccTos-
HHA I.lO 15 xM MomHOCTS cUrHaIa yObIBacT
KaK 7> . [locnenyroniee ypenvyenue r npu-
BOJIMT K e1iie 6onee GbICTPOMY YMEHBILICHUIO
e YPOBHS CHIHAJIA.

2 460 W W Ocnabnenue curaana B ropoje Bo3-
Puc. 20.4 pacTaeT ¢ yBenH4eHHeM ero yacToTsl. Ecau

Ay = dZﬂM ~d

7
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Puc. 20.5 \

3Ty 3aBMCHMOCTD NPEACTaBHTE B BUze P, = 7 TRy
Af™ rtoe A — x03hPUIEEHT IPONIOPITHO-
HanbHOCTH, TO C YBEIMYEHHEM YaCTOTHI OT Puc. 20.6
100 no 2000 MI'u 3HaYeHHE /7 U3MEHUTCA OT
0,2 no 1 (puc. 20.5). TIpu = 1...10 KM 3aBUCHMOCTH YPOBHS NOJIS OT YaCTO-
THI c1abast; IpH JalbHeHeM YBETUYCHIH PACCTOSHHA 3HAUYCHUE 72 HaYk-~
HAET 3aBHCETH OT HETO ¥ PACTeT 3Ha9UTeNbHO OhicTpee. 3sMeHeHye Meuan-
HOTO 3HAYEHHST MHOXKMTENA OCHabNe s OT YaCTOThl, H3MEPEHHOTO TIpH A, =
=200mu h, =3 M 15 paccrosumii 1, 5, 20 u 40 kM, nokasano Ha puc. 20.6.

3aBHCHMOCTE CPEIHEr0 YPOBHS OIS OT BHICOTHI PACIONIOKEHUS aH-
TEHHBI 0a30BOH CTAHIMU MOXKHO npocaeanTs no puc. 20.4. Beicora ycTa-
HOBKH aHTCHHBI HE BIIHAET Ha CKOPOCTh YMEHBIICHHS YPOBHs CUIHAIa C
paccrosHueM. OIHaKo NOXBEM aHTCHHEI 6a30BO# CTAHIUY NPUBOIAT K yBE-
JTHYEHUIO aGCONIOTHOrO 3HAYEHF N0/ IIPUMEPHO MPOTIOPLIMOHANBHO KBAII-
paty BeicoTHI (6 Ab/OKT). .

Ha none B Touke npreMa BIHAIOT HE TONBKO PACCMOTPEHHbIE (haKTO-
PHI, HO M MHOTHE JpyrHe. B 4acTHOCTH, yCTaHOBIEHO, 4TO YPOBEHb CUTHa-
JIa CYILECTBEHHO 3aBHUCHT OT PacloNOXeHHA YU B rOpOzie, KOTOPhIE OKa-
3BIBAIOT KAHANM3UPYIOLEe NEHCTBHE HA PaclpPOCTPAHAIOMIHECH BOIHBIL.
Broab panpanbHO pacnonoAKEHHABIX yull (OTHOCHUTEeNRHO §a30BOH CTaH-
OMH) ypoBeHs curHana Ha 10...20 ab Bbime, yeM B NEPIEHANKYIIPHBIX
HAIPABIICHUSX.

B 3aKmoueHHE OTMETHM, YTO B HacTOsLIEE BpeM: BEAYTCS IUPOKHE
HCClleoBaHuA B o0nacTH pacnpocrpadenus YKB B ropone, npuueMm He
TONBKO KCIIEPUMEHTANBHBIE, HO M TeopeTHdeckue [47].
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20.1.5. ®akTopbl, BIUAKLLKE Ha YCTORYMBOCTL PaboThi
NUHWHA CBA3K

Ha HaseMHBIX panHommHUsX qHanasona YKB ranpsxeHHOCTH NONA
B TOYKE IIPHEMA HE OCTaeTCA MOCTOAHHOM BO BDEMEHH, T.€. HOJIe O/Bep-
eHO 3aMupanuaM (cM. § 19.1). [Ipuunnoii 3aMupaHuii sBIAETCA H3MEHE-
HHE BO BPEMCHH COCTOAHNUA Tponocdephl Kak II0 HEKOTOPOMY PEryiIsapHO-
My 3aKOHY (CKa)XeM, B TEIEHHE CYTOK), TaK H cITy4aitHsIM oOpa3oM. Ecnu B
nporecce koneGaHuii ypoBeHb CHIHaNa (MIM MHOXUTENS ocnabneHus V)
yIaZieT HIKe OTpeNIEeIeHHON0 MHHHMABHO HOMYCTUMOTO 3HAYCHHS V oin?
IIPON3OHIET CPBIB CBA3H. BepoATHOCTD CpBIBa CBA3H, T.€. BEPOATHOCTH TOTO,
gro V<V, _. ,0603Ha4aercs kak T(V). O9eBHAHO, YTO yCTOHIUBOCTE CBSA3H
paera 1 - I(V).

Hcxons H3 TOro, YTO 3aMHpaHMA Ha MHHUAX CBA3M B OCBEIICHHOM
30HE 00y CJIOBJIEHB! B OCHOBHOM SBIIEHHAMH cyOpedpakiuy H HHTepdepeH-
IIMH B TOYKE IIPHEMA JIBYX BOJIH — IPAMOii 1 OTPaXXeHHOH 0T 3eMIIH, U IIpea-
NoJIaras, 4To 5TH 3aMHPAHHA CTATHCTHYECKN HE3aBHCHMBI,

V) =T (V) + ZT(V), (20.5)

rae Ty(V) — BepOATHOCTE CPhIBA CBA3H 33 CueT CyOpedpaKilHOHHBIX 3aMH-
panuii; 27 (V) — nepomocn CphIBa CBA3H 32 CUET MHTEP(EPEHIMOHHBIX
3aMHpaHHi.

B xa4ecTBe OJHOTO 13 OCHOBHEIX (h)aKTOPOB, BIHAIOIINX HA yCTOMH-
9HUBOCTH PaGOTE! PANHOIMHHH, BBHIICIAIOT TAK Ha3BIBAacMEIH npoceem H
(puc. 20.7), T.e. paccTosHHE MeXAY HauBBICIIEH TOUKOH MPOGHIA Tpacchl
H TPaeKTOopHeil npaMoil BOMHEL, NpuXoaAme B Touky npueMa. Kak suzano,
TPOCBET 3aBHCHT OT BBHICOT NOMHATHA aHTEHH H YUHTHIBAET pedpaKilHio
PaIMOBOJH.

PaccMOTpHM 3aBHCHMOCTh BEPOATHOCTH CPHIBA CBASH OT BEIHMHHBI
npocsera. OOBMHO IIMHY TPACCH M BBICOTHI ITOJHATHA AHTEHH BRIGHPAIOT
Tak, 9T00HI B YCIOBHMAX CpeaHEH (CTaHAAPTHOH) pepaKiMu MEKITY TyHK-

Cylpeppanyus ¢

Puc. 20.7 Puc. 20.8
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TaMH IpHeMa K nepeaady Osuta npamas Buaumocts (puc. 20.8). Ho mpu
nosB/IeHUH cyGpedpakiuy (IITPUXOBas TMHUA) TOUKA IPHEMA MOXKET OKa-
3aThCA B 30HE TCHH M YPOBEHb CHIHANA YNAJET RUke HOpMbL. YTo6sI 3T0r0
HE IIPOM30IIIO0, HAZO YBEIHYHNT NPOCBET HA JINHKH, YBCIHYHB, HANIPUMED,
BBICOTY NOJHATHs NpHEMHOH aHTeHHBI (cM. pHc. 20.8). Jipyrumu ciroBam,
yeM GOJIbILE POCBET, TEM MEHBIIIE BEPOSITHOCTD CPHIBA CBA3H 3a CYeT cy6-
pedpakumoHHEIX 3aMHpaHuit. OnHako yeM 6oMbITe IPOCBET, T.€. YEM BHIIIE
PacroIOkKeHE aHTEHHEI, TeM Oonblie cABUTr $a3 nonei npamMoH u orpa-
JKEHHO# OT 3eMIIH BOJIH B TOYKE MPHEMa:

AQ = (2m/A\)Ar = (21/N)-2hh,. (20.6)

TIpu 6onbuKx 3Ha4eHHSX AQ yBEIHUHBAETCA BEPOSTHOCTD NONAa-
HHS TOYKH IPHEMa B HHTEpQEPEHHOHHBIA MUHHMYM (cM. 16.2.3), T.€. yBe-
JUYHBAETCS BEPOATHOCTE CPhIBA 3a CYET HHTEepdEpEeHIMOHHBIX 3aMUPaHUH.

Ha puc. 20.9 nokasana kauecTsenHas 3aBucumocts 7 u X7, , a Tak-
e HX CyMMBbI T OT IIPOCRETa, U3 KOTOPOH BHUJHO, UTO HA TPAacce HMEETCs
ONTUMANbHBIH OpoCcBeT H | o> [IPH KOTOPOM BEPOSTHOCTb CPhIBA CBA3H MH-
HUMAaJbHA.

Kpome nipocsera ycroiunBocts pabo-
ThI PaJAHONHHHH 3aBHCHT OT MHOTHX APYTHX T{
($axTopoB, B TOM HKCIIE OT NPOTSKEHHOCTH
HHTEPBaJIa F M JUTMHB! BOJHEI A, TIpH yMeHB-
UIEHHH ¥ YBEIHYHBACTCA CPEAHHHA YPOBEHB
CHUTHaJ1a, ¥ IPH BBIOOPE ONTHMAJIBHOTO IIPO- Tmin f=——
CBETa BO3PACTAET YCTONYHMBOCTH pPaboOTHI.

T=To+ZTn

' |
ZIn )
Tpy YKOPOYEHHMH UIMHE! BOIHEI YBEJIHYH- !
BAETCSA BEPOATHOCTE CPHIBA CBA3M 33 CYET Hopt H
HHTEP(EPEHIMORHEIX 3aMUPAHHI, TAK KakK Puc. 20.9

yBenu4uBaeTcs pasHocTs da3 A@ (20.6).

Jlnst oBbIIIeHNs YCTOMUMBOCTH PabOThI TMHU CBA3H HCIIONB3YIOT
pasHeceHHbIH npueM (cM. § 19.1). IIpocTpaHcTBEHHO-pa3HECEHHBIN NPH-
€M peanu3yioT HCIONb30BaHHEM CABOEHHOTO NPHEMa C Pa3SHECEHHEM aH-
TeHH Mo BricoTe. CTaTucTHYECKas HE3aBUCUMOCTE (UIyKTyauu# nons goc-
Turaercs npu paznoce Ak = (140...10)A. ITpu 4acTOTHO-Pa3HECEHHOM IPH-
eMe, KOra nepeada OCyILEeCTBISETCS Ha JIBYX HECYLIMX, HE3aBHCUMOCTD
ryKTyauuii ToCTUraeTCs NP 4acTOTHOM pasHoce Af/f= (2...4) - 1072,
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20.2 flanbHee TponocgepHoe pacnpocTpaHenue YKB

20.2.1. OcHoBHbIe XxapakTepucTukn nuuun OTP

B § 18.2 noxa3sano, uto Mexauusm J{TP ecTs pesyasrar paccesHus
PaZHOBONH Ha CafkIX HEOXHOPOTHOCTAX AHINEKTPHYECKOI IPOHKIAEMO-
ctd Tponocdepsr. CpolicTBa MexaHn3Ma TakoBbl, uto J{TP Hcnons3yior
TO/IBKO IJIA CHCTEM PafMOCBA3H (1A CHCTEM paJHOBEIIaHHA | TENeBHIE-
HHA 3TO MEXaHH3M HENPHTOACH).

Ha tponocdepunnix paguopesneiinsix murusx (TPPJI) myskrsl npu-
€Ma BCerza paclonaraloTcs B 30He nrybokoit TeHH. [IpoTmKeHHOCTE HH-
TEPBANIOB MEXAY COCCAHHMH CTAHIHMAMH COCTAB/IACT B Pa3HBIX CITydasx
150...1000 xm. OcHosHoe npumeneune TPPJI HaxonsT B TpyaHO#OCTYNI-
HBIX CEBEPHBIX M N'OPHBLIX paHOHAX, THE HX CTPOHTEIILCTBO M KCILTYaTALHA
3HAaYUTENBHO BHITORHeE, HeM oOsaHbIX PPJI ¢ uHTepBanaMu NpaAMoik BUIK-
MOCTH.

Ha tponocepHpIX THHEAX NPHEM CONPOBOXAAETCS [IIYOOKHMH 06-
LIHMH H CEJICKTUBHBIMH 3aMHpaHuaMH (cM. § 19.1), aro obwacusercs duyk-
TYMpYIOIlieii MHOTOTy4eBoii CTPYKTypO#i IPHHMMAEMOT0 PacCesHHOTO NOMA.
Jina npumepa Ha puc. 20.10 npeacTabieHa THIHYHAA 3alHCh YPOBHS CHT-
Hana npu JTP. U3 pucyHka BHIHO, YTO ypPOBEHb CHIHAlIa HENPEPBIBHO
¢nyxrynpyer. YacTOTHO-ceNeKTHBHEIE CBOHCTBA 3aMHpPAHHH ABJIFIOTCA
NPHYHHON HCKAXKEHUA CHIHANOB W OrPAHHYCHHA HEHCKAXEHHOH NOJOCH!
nepenaud uagopmanuy. Jivauu TPPII nenons3yioTes B OCHOBHOM LA 11e-
penadu TenedoHHBIX U TeerpadHBIX CHTHAMIOR, _

Oco6ennocteio nuunit JITP senserca Gricrpoe yOpiBaHue ypoBHA
CHTHAJIA C yBEIHYeHHEM JUIMHEI PAIHONHHHH, YTO 00BACHACTCA NBYMA [IPH-
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Puc. 20,10
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guHamMu. HanGomnbmas HHTEHCHBHOCTD PACCEHBAIOIIMX HEOAHOPOAHOCTEH
HaOnogaeTcs B HIKHUX TONMINAX TPOHocdepsl, Ho3ToMy Ha nuausx JTP
HE3aBHCHMO OT AJMHBI HHTEPBAJIA U3ITyYeHHE U [IPHEM BeJyT PHMEPHO
TIO/{ HYJIEBBIM YTTIOM K TOPH30HTY.

PaccMmoTpuM ABe paagHOTHBUA
pasHO¥ NpoTsmKeHHOCTH: AB, U AB,
(puc. 20.11), na kotopex J/IH anTenx
HpIKaTel K mosepxHocTH 3emu. U3
PHCYHKa BATHO, YTO YBEIIHYCHHE 11~
HBl PaTHOTHHHH CONPOBOXTACTCA
yBeJMYeHHEM yIiia paccesHus 6
(cMm. § 18.2) u cmernenueM 3bdexTus-
HOro obbeMa paccesHus Vpac BBEPX /
(puc. 20.11), rne MHTEHCHBHOCTL HEO- A Puc. 20.11
JHOpoAHOCTel ocnabnena, Obe mpu-

YHMHE! CIOCOOCTBYIOT ObicTPOMY YORIBaHMIO HONA C paccTosiHueM. YToOb!
HE YCIIOKHATE TPeOoBaHUI K SHEPreTHKE, PEKOMEHAYIOT BEIOUpaTh (ecnu
3TO BO3MOYKHO) TIPOTAXKEHHOCTh HHTEpBaioB He 6onee 300...400 kM.

B pesynpTare 3HaYUTENHHOIO 0cnablneHns CHrHalla B IIPoLiecce pac-
CestHMA ¥ HAMHYHA [TyGokuX 3aMupanuii pabora TPPJI Bo3MoxHA TONBKO
[P BBICOKHX JHEPreTHYECKHX 10Ka3aTeNsx o0OpyAoBaHUA Ha mepenaye
H IIpHEME. '

20.2.2. OHepreTu4eckuit pacuet nunun ATP

Komyectsennas ouenka cBoiicts nomns npu JJTP 6asupyercs na pe-
3yneTaTax 06padoTKy 3KCHEPUMEHTANBHBIX JAHHEIX, TOCKONbKY CBEACHN
O CTaTHCTHYECKHX XapaKTePHCTHKaX CNabbIX HEOMHOPOTHOCTEH AHIIEKT-
PHYECKOI IPOHUIAEMOCTH TPONOCHEPL] HEAOCTATOYHBI ANIA OTIPEASTICHNSA
0] YHCTO AHATHTHYECKUM ITyTEM. _

OcCHOBBIBasACh Ha YpaBHEHHH PaJHOCBA3H B CBOOOJHOM NPOCTpaH-
ctBe (15.5) u yuntsiBas ocobenroctu omuuii TP, craructuyeckoe pac-
npefeeHde MOIIHOCTH CHTHANA Ha BXOAE NPHECMHHKA MOXKHO 3alUcaTh
B BHJIE

P,(T)=P, +201g(A/47r)+ G, + G, +

+M, + 10, +AG+V,, +AV(T), (20.7)
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rne P, - MomHOCTE nepenarunka, ABBT; r — IPOTUKEHHOCTE HHTEpBaia
TPPJI B ToOM %e pasMePHOCTH, YTO M ANKHa BOHBI A; G| # G, — pacdeTHbie
3HaYeHHA K03()DHIMEHTa YCHICHHS NepeaatoLleii i pueMHoi aHTeHH, Ib;
N, ¥ N, — Koo GHIMEHTEI TIOJIE3HOTO ACHCTBUA TIEPEIAIOIIETO H IPHEMHO-
ro uaepos, 1b; AG — «noTepH ycuieHus» nepesaloeil 1 IpHeMHOM aH-
TeHH, Ab; AG — DOIrocpouHoOe MEIHaHHOE 3HAYeHHE MHOXKHTENA oc/iabie-
rud, 1B; AV(T) — oTK/IOHEHHE MTHOBEHHOI'O 3HAYSHUA MHOXHTENR ocnal-
nenus ot ¥, , nb.

INepBrre mects cinaraeMex B (20.8) HOMHOCTBIO COOTBETCTBYIOT YpaB-
HeHHIo pagHocBa3m (15.5), ocTaibHbIe TPH cllaraeMbiXx YYHTHIBAIOT OCO-
GennocTr munwmit TP,

Iomepu ycunenus awmeny AG TIPOSBIAIOTCA B TOM, 9TO Ha JTHHUAX
JTP ucrions3oBanue aHTeHH ¢ Sonbiumma koadduimertamu ycrnenus (KY)
G He naeT BHIATPHIIIA B IPHHAMAEMOR MOIIIHOCTH P, KOTOpkIi Clienyer 3
(15.5). Yem Boiue xo3dGAuHEHTS YCHIeHHA, TeM Gonbe oTCTaeT NpH-
POCT MOIHOCTH, OOBACHAIOT 3TO ABNEHUE JBOAKO. .

Tosemenue KY aHTeHHBI OCYMIECTBIAIT YBEMHUCHHEM €€ Pa3Me-

POB, B PE3yNIETATE YETO B HPEEIIaX paCKPhIBa aHTCHHBI BCe GONBIIE NPOSB-~

JSETCs HEKOTEPEHTHOCTH CTPYKTYPHI IPHHHMAEMOT'0 IO, T.€. HapyIIaeT-

ca cun(a3HOCTL BO3GYXIEHHS PACKpPBIBA NIPHEMHON aHTEHHB! BONHAMH,

NPHXOASANIMMH ¢ HanpabiieHns Makcumyma ee JIH, uto, B cBo10 ouepens,

NpHROANT K yMeHbleHHI0 ee KY. Bropoe o00piacHEHHE CBOAUTCA K TOMY,

gr0 cyxenne [{H aHTeHH IPHBOIHT K COKpAICHUIO 00beMa paccesHus, T.¢.
K YMEHBIICHHIO IPUHHMAEMOT0 IO,

46,06 Torepu ycunenns AG onpeRensioTcs npu
-28 | M3MEPCHHMAX KAK CYMMAapHas BCIHYMHA JId ne-
- penatonteif 1 npHeMHoii antenH. Ha puc. 20.12
20 4 MpuBeziend 3aBUCHMOCTE AG 0T CyMMapHOTO KO-

spunmenta ycunenus G, + G,.
MecAauHOe MeHAHHOE 3HAYEHHEe MHOXH-~

-2 : Tens ochabaenns (¥, ) yauTsiBaeT cpennee (Me-
-8 IHMaHHOE) ocnabieHne Mond NpH PacCeAHHH pa-
o] MOBOJTH H3 HEOQHOPOJHOCTAX TPONOCHEPHI L0~

0 TOJTHHUTENBHO K 06bIMHOMY OC/IA0NIEHHIO 3a CYET

& m 00 9 G669 chepuaHOCTH BOMHBI. M3MEpeHH OKA3LIBAIOT,

Puc. 20.12
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410 V,,,, 3aBHCHT OT NPOTDKEHHOCTH MHTEPBala TPPJI, uacroTsl, ce3oHa,
KnuMaTHuecKux ycnosnii, Ha puc. 20.13 npuBe/icHB! KDHBEIE 3aBMCHMOC-
H V,,,, OT paccTosHus Ana auanasona yactor 0,1...4 [T, cipaBeuBbie
JUTA 3MMHHX MECAIEB B YMEPEHHOM K/IMMATe,

M3 pHCYHKa BUIHO, YTO JONIOMHHUTENBHOE K CBOGOIHOMY NPOCTPaH-
cTBy ocnabienne curtana Ha uHHAX JITP cocrarmser 70...100 gb, uto
HOATBEPKAAET CAENAHHOE PaHee IPEANONIOKEHHE O Pe3KOM YOBIBAHHH MO
C YBE/IHYEHHUEM PAcCTOSHHA. 3aBUCHMOCTE CPEIHEro YPOBHA IIOJIA OT Yac-
TOTBI BOIHEI BEIPKEHA CPABHHUTENLHO 11200, 4TO MOXET OLITh CBA32HO C
TEM, YTO MEKTPHUECKAE [TAPAMETPEI TPOIOCHEDPE! B JAHHOM AUANa30He He
3aBHCAT OT YacToTEL Kpome Toro, B Tponocdepe HMEIOTCS TOKATBHBIE HEO-
JHOPOIAHOCTH CaMBIX Pa3HYHBIX Pa3MEPOB, TAK YTO BONHBI PasIHYHbIX
YaCTOT PACCEUBAIOTCS IPHMEPHO C OZIMHAKOBOH HHTEHCHBHOCTBIO.

Cmamucmuyeckoe pacnpedenenye MeHOBEHHbIX 3HAYEHUT MHOICU-
mens ocnabnenus (AV(T')), BLIMHCIIEHHBIX OTHOCHTENIBHO CPEAHETO ypOB-
A V., yaUTBIBAET OBICTPBIE M MEUIEHHBIC 3aMHDAHHs, BOSHHKAIOUIHE Ha
nunmax JJTP scneactsre Quykryupyromeii MHoronygepoctd. Ha puc. 20.14
TpHBEAEHO HHTerpabHoe pacnpenenenne AV(T) mus capoensoro (n=2)
¥ CYETBEPEHHOro (n = 4) npueMoB. KpHBhle CIPaBeMBLL LA CHCTEMBE
aBTOBEIOpOCa GonbIero 3 curuanos. [lapamMeTpoM JUit Kaxmaod KpUBOH
SIBIIAETCA 3HAYEHHE CTAHJAPTHOTO OTKJIOHEHHA O,, XapaKTepH3YIOILEro
pacipeaeneHre MeUIeHHEIX 3aMupanHii (puc. 20.15).
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3nauyenue T (AV) onpenenaet NpoLEeHT BpeMeHH, B TEYEHHE KOTOPO-
TO TIyOHHa 3aMHpaHHii paBHa WIH MCHbIIE BENMHIHHE AV, yKasaHHOH Ha
OCH OpAMHAT.

U3 puc. 20.14 BHAHO, 4TO 9e€M MEHBIUMH IPOIEHT BPEMEHH CPhIBA
CBSA3H CTPEMATCS IOTYYNTh, TeM OONbIIMIA 3JHEPTETUYCCKAH 3a11ac NOJDKHB
obecnieants. CpaBHERHE KPUBHIX JUIA CIBOSHHOTO M CYETBEPEHHOIO MpH-
€MOB [IOKA3bIBAECT, YTO [PH HCIIONB30BAHHH CUETBEPEHHOTO IIpHEMa HE00-
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XOIOUM MEHBIIHIt 3HepreTHYECKUi 3amac. 1o roroput 06 sdgdexTurHOCTH
JaHHOTO cII0co6a yBEMUeHHs YCTOHYHBOCTHU CBA3H.

JMumepamypa: ocnosnas [58), dononnumenwvrasn (50, 27, 47).
KoHTponkHble RONPOCHI

1. Kakue napaMeTpsl Tpacchl M 0GOPYIOBaHKA ONPEAENSIOT Ty HHTEPGEPEHIIHOHHYIO
bopmyity, KoTOpY!0 HE06X0IMMO NPHMEHHTDL JUIs pacdeTa HaNPSKCHHOCTH TOJA B OCBe-
IICHHOH 30HE?

2. HazoBuTe BHABI LIEPOXOBATHIX MTOBEPXHOCTEH /U1 AeLHMETPOBBIX BOMH.

3. Yro Takoe 3 deKT «yCHIeHHA» NPEIATCTBHEM?

4. HazoBute ¢u3HueCKHE TPOLECCHI, ABIAIOMHECS NPHYHHON 3aMHPaHHi HAa OTKPHI-
THIX TPaccax.

5. OT KaKkuX IapaMeTpoB Tpacchl H 060PYI0BAHHA 3aBHCHT MECSYHOE MEAMAHHOE 3Ha-
YeHHe MHOXHUTENS ocnabnenns npu ATP?

6. Kakne nponecchl 06yCIOBINBAIOT «IOTEPIO YCHICHHD? aHTEHH?

7*. Iouemy na nunnsx TP cucTeMbl pasHECEHHOTO IPHEMA He BIHAIOT HA MEJICHHEIC
¢iryKTyalmu ypoBHS CHrHana?

8. UeM orpaHHYHBaETCA HEHCKaKEeHHaA IMPHHA cekTpa curaana npu J[TP?

9°. HasoBuTe OCHOBHBIE 0COBEHHOCTH JIHHUH, HCTIONL3YIOIMX PACCESHHE HA HEOHO-
PORHOCTAX HOHOCGEPHL.



Fnasa 21. PACMPOCTPAHEHUE YKB
HA KOCMUYECKWUX PARUONTUHUAX

21.1 Oco6eHHOCTU CNYTHUKOBOM CBA3U

[upoxoe npMEHEHHE HAXOAAT PaAHOIMHHH GOJIBILIONH MPOTHKEH-
HOCTH, Ha KOTOPbIX 00MeH HHdopManueit MexxAy OKOHEYHBIMH TyHKTaMH
BEJIETCS C IOMOIIBIO PETPAHCIALHOHHON CTaHIUH, ycTaHOoBIeHHoH Ha MC3.
Pa6ora uger no cxeme 3emnsa — IC3 — 3emna (puc. 21.1). Camocroarens-
HO€ 3HaYCHHe HMEIOT Taloke pannonuauy 3emns — UC3 g nepenauu ua-
tdopmanuu Ha coyTHUK B muHua UC3 — 3emma ans mpueMa uadopMamyn
€O cIyTHHKA. Bee ynoMsRyThIE PaJHOIHHHY OTHOCATCA K KIacCy KOCMH-
JecknX. YciaoBHA paGoThl KOCMHYIECKHX JIMHHI HMEIOT psal ocoGeHHOCTEH,
KOTOpBIe HEOOXOMHMO YYHTHIBATH IIPH H3YYEHHH NPOLIECCOB PaclpocTpa-
HEHHA PafHOBOMNH. ‘

OnTuManbHBE BBHICOTH HONETA CBA3HEIX
HC3 nexar B npeaenax 10000...40000 xm Hag
noBepxHoCTRIO 3emin. Takoe pacnionoxenue 6op-
TOBBIX PETPAHCIIATOPOB NIPHBOLUT K HEOGXOIUMO-
CTH HCIIONIb30BaTh Ha KOCMHYECKHX THHUAX BOJI-
HHI ¢ yactoramd Beime 100 M (A < 3 M), e
QTPaXAIONIHECS OT HOHOCHEPHI.

BONbHIMHECTBO BHYTPEHHIX B MEXTYHAPOI-
HBIX CNYTHHKOBBIX JIMHHH CBS3H B HACTOAIIEE
Bpemi paborator B monocax 6/4 u 8/7 I'Tu (4uc-
JIMTEJIb COOTBETCTBYET I10JI0CE YACTOT Ha y4acT-
ke nmuanK 3eming — UC3, 3namenarens — MC3 -

Puc. 21.1 3emind). B Gonee BEICOKUMX YACTOTHBIX AMANA30-
Hax BhIIENeHR mogock 14/12 u 30/20 T,

OcHoOBHEIE ABJICHUS, CONPOBOXKIAIOILNE PACIIPOCTPAHEHHE PavO-
BOJIH TAKHX YaCTOT, CBOMATCA K 3aTyXaHHIO B arMOc(EpHBIX Ta3aX H ocaj-
Kax, H3MEHEHHIO MOAPU3aLMH BONH 3a cueT addiexta dapanes u 0caKoB,
CITy9aiiHbIM (GIYKTYaUMaM aMIUTHTYABL H $a3bl MPHHUMAEMOTO N0, Ba-

He3
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pHAlMM YITIOB IPHXOAA, OTPaHHYEHHUIO MTONOCHI YacToT, epefaBaeMoH Ge3
HCKaXXCHHH.

TIpn nemxenny MC3 mo moboii opbute, kpome reocTannoHapHoH
(3xBaropuanbHas kpyrosas opbura ¢ BeicoTol H_ = 35860 xm), mpoucxo-
1wt nepemenicHue HC3 oTHOCHTENBHO 36MHAIX ITYHKTOB IIEpENayy H IpH-
eMa. [Ipu 3TOM M3MEHAIOTCA YTOJI BO3BBILICHHA TPAaEKTOPHH PacTpoCTpa-
HEHHA BOITHBI OTHOCHTEILHO TMHHY FOPH30HTA M ATHHA ITYTH, IPOXOAUMO-
ro BonHO# B arMocdepe. Hinke nokasaHo, 4To PH MajiblX yIJlax BO3BHIIIE-
HHS YCIIOBHA PaCIIPOCTPAHEHHA 3HAYMTENBHO yXynmatorcs. IloatoMy ciyT-
HHUKOBBIE JIHHHH CBS3H pa0oTaioT TONBKO NpH yriax A 2 5°. Ilpu npoekru-
POBAHHM TaKHX JIMHHI JOIDKHBI YYUTHIBATHCA H3MEHAIOMHECA YCIIOBHA pac-
NPOCTPaHECHNA NPH TIepEeMEIEHHM CIYTHHKA B CEKTOPE YIJIOB BO3BbINIC-
HHA oT 5 10 90°.

IlepememeHHe CITyTHHKa OTHOCHTENLHO HAa3eMHOM CTaHIMH 00yc-
JIOBIIHMBAIOT NIPHEM, CONpoBOXIatomuiica a¢dexrom Jomnepa. Jomiepos-
CKOE CMEIIIEHHE 9aCTOTHI ABJIACTCA HPHIMHON HCKAKCHMA CIIEKTPa CHTHANA.

Bricoxme TpeOOBaHHA K YCTOHYHUBOCTH paboOTh! CITYTHHKOBBIX CHC-
TeM CBSA3H Je/al0T HEOOXOAUMEIM TIIATE/ILHOE H3yYESHHE YCIOBHIA pacpo-
CTpaHEHHd Ha JIHHHH.

21.2, MoTepu B Tpakre pacnpocTpaHeHUs
21.2.1. OcHOBHbIe NOTEpU Nepenaimn

Bonbmas nporaxesHocTs jnHun 3emns — UC3, oueHHBaromasics
JOECATKAMH THICHY KHIOMETPOB, ABIAETCA IPHIHHOH OONBIIMX OCHOBHBIX
noteps nepeaaun L, (15.12). Ecnu BEICOTH OPOHT CITyTHHKOB COCTaBIAIOT
10000...36000 xM, TO MakCHMaJIbHAsA JAJIEHOCTH MEX/TY Ha3¢MHBIM ITyHK-
ToM 1 UC3 m3Mensercs or 1700 xo 40000 kM. TakuM pacCTOSHUSAM COIIac-
HO (15.12) COOTBETCTBYIOT OCHOBHBIE [IOTEPH MEpeNaun Ha uactore 3 Ty
ot 185 mo 193 ab, a wa yacroré 30 I'Ty — ot 205 no 214 ab. ns xoMIeH-
cauuy TakuxX GONBIIMX MOTEPs HEOOX0AMM BBICOKHIA 3HEPTETHYECKHI 10~
TEHIH AN JIMHHH, KOTOPBIH B 3HAYHTELHOH CTENEHH 00eCIICUNBACTCS CII0XK-
HBIM Ha3eMHBIM 000pyIOBaHHEM.

TIpu pacueTe 3HepreTHKH ONPENCNAIOT OCHOBHBIE TIOTEPH A MaK-
CHMAJTBHOTO PacCTOSHHS ¥, , Mexay MC3 u HaseMHBIM ITyHKTOM NpH MH-
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HHMAJIBHO JJONYCTHMOM YTJI€ BO3BBIICHHA A
Henusa Bonesl. Cornacuo puc. 21.1

min TPAEKTOPHH PacmpocTpa-

Frnax =\/H2 +a’m —2a,,H cosy, QLY
rne H=H_+ a,, — paccToAHHE OT UEHTpa 3eMJIH [0 CIYTHHKa; Y = 90° —
— A, = arcsin[a, cos(A_; )/H]. B ciryqae slnMnTHYecKoi opOuTE pacyer
crenyeT npousBoaute and H, = H , tae H, - BbicoTa anores.

21.2.2. OcnabneHune U AenonApM3aLuA BONH B Tponocdepe

B puamazonax BOJH, BRIICNCHHBIX A1 KOCMHIECKHX JTHHHH CBA3H,
ocnabneHne BOIH B Tponocdepe MoxeT OHITh 3HaUHTETbHEIM, HanoMuuMm,
410 ocnabneHue B Tponocepe CKNaxbIBaeTCA U3 IIOTEph B rasax H pacces-
HUSA ¥ NIOTJIOICHHUS B IOXKAIE, TYMaHe, o61akax. DTH BUIBI IIOTEPh PaCCMOT-
peunt B 18.3,1 m 18.3.2.

Hozenowenue ¢ zazax cornacHo puc. 18.11 B mmamasoHe 9acTor
1...10 I'Tx upw yrnax Bo3esimieHHA A > 5° HeBemuko. OnHAKO NpH TOBH-
DICHHM JACTOTH! OcnalneHne OhicTpo BospacTaet, ¥ Ha dactote 20 I'TI]
MHOXHTENH 0CHa0IeHHs Vr nmocturaer 3HagdeHns —10ab.

Ocnabnenue 6 oooicoe cornacHo (18.39) u puc. 18.12 ne3nauurens-
HO Ha yactoTax /< 6 I'T'1 npH mo60i HHTEHCHBHOCTH JOKAA U YITIaX BO3-
BBILIICHHUS TpaeKTopuit A > 5°. Ho Ha yactorax f>10 I'T'y naxe B ycmoBHAX
ymepenHoro Aok (J; <10 Mm/4), ocnabiienne COCTABIACT SAMHMLBI 1c-
nuGen, yBEIMIHBAACH B EPHOBI THBHEH (J, > 40 MM/4) 1O AeCATKOB e~
uben.

3HauuTenbHOE Ocnabnenye B JOXIE BOIH ¢ yacToramy Bolite 10 [T
[PHBOIHUT K HeOOXOXMMOCTH IIOBBIIATH SHEPIETHYESCKHE 3aMIachl Ha JIMHH-
AX, pa0OTAIOMIMX Ha YaCTOTaX TOro Auana3oHa. OMHAKO HE BCET/IA TAKUE
3amackl MOTYT OBITH peanM30BaHBl. [ yMEHbIICHHA OCNabIeHHA PEKO-
MEHIYIOT paboTaTh IpH GONBIIMX YINIaX BOSBHIIEHHSA, KOTAA ITYTh IIPOXO-
JUMBIi Yepe3 TOIILY DOXKMIs, OTHOCHTEILHO HEBETHK.

B HHTeHCHBHEIX OCagKaX, 0COGEHHO B NIOXKIE, KpoMe ocaabneHus
HaOMIONAKOTCA ABICHHE IEMOMAPH3aLHH, T. €. U3MCHEHHE NOAPH3alHY BOJI-
HbI B PE3yNBTaTe €¢ paccesHus Ha cepOHNaNBHBIX KAIUIAX IOXKA4. OTO
SIBIICHHE CIICAYEeT YIHMTHIBATh IIpH pabore Ha uactorax Beime 10 I'Tn, xorna
IBa KaHayia paGoTaloT B OHOM YaCTOTHOM JHAna3oHe, HO C OPTOrOHaNb-
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HBIMH ITOJBIPH3AIHAMH. IIBHOHHPHI;&ILPI}I NIPpHBOOHT K B3aMMHBIM MOMEXaM
MCXKIY KaHallaMH.

21.2.3. TennoBblie U NONAPU3aUNOHHbIe NoTepH, CBA3aHHbIe ¢
npoxoxaeHueM paguoBoONH Yepes HoHoctepy

Tennosvie nomepu 6 uonocgepe 06ycIOBIECHBI €6 KOHEYHOH MPOBO-
IuMocThio (eM. 17.3.1). M3 (17.20) cnenyer, 9to yaenbHas NPOBOAUMOCTD
HOHOC(EpH! B IEPBOM B IIEPBOM IPUOIIKEHHH 0GPAaTHO IPOTIOPIHOHAD-
Ha KBaJpaTy 9acTOTHl H CYIeCTBEHHA JTHIIb Ha YacToTrax f < 100 MI'n.
CryTHHMKOBBIE CHCTEMBI CBA3HM paboTalor Ha 6oee BEICOKHX 4acTOTaX, H
NIO3TOMY TENJIOBBIMH HOTEPAMH B HOHOC(hepe MOXHO NpeHeOpeys.

Ilonapuzayuonnuie nomepu 00yCIOBIEHE! PaCCOITIaCOBAHKEM IO~
pH3aUHH IPHHUMAEMOTO 0JI B IIPUEMHOM aHTEHHEI B pe3yibTare 3¢ dek-
Ta @apanes (cM.18.3.3.). [IepeMerienne CTyTHHKA, @ TalOKe H3MEHEHHE Tia-
PaMeTPOB HOHOC(HEPHI ABIAIOTCS IPHIMHON HENPEPHIBHOTO H3MEHEHHA YITIa
TOBOPOTa Y, TUTOCKOCTH TOJAPH3ALMH PHHIMAEMOTo nons. Ecii none ¢
MEHSIOIEHCA MOIAPpH3aliHeii IPHHAMATD Ha aHTEHHY C THHEHHOMN MoJApu-
3aIMeii, TO NOABUTCA MOJIAPH3ANHOHHBIE 3aMUPaHHsA, YTO SKBHBAJIICHTHO
HOTEPAM. .

MakcuManbHOE 3HAUYSHHE YIJIa OBOPOTA [LIOCKOCTH MOJAPH3AIMH
W pmax» KOTIA HC3 naxonutcs BO BHeNIHEH HOHOChEpE H BOHA IOX YITIOM
BO3BBILIEHHA A IIepecekaeT BClo ee Tomy [42],

Vomn =232:10%/] 12 1—0,9coszA], (21.2)

TA€ Vg, H3MEPACTCA B Ipajycax, a f— B repliax. PaceTs! MoKassIBaior,
9TO0 YIIBl Y, Ha 9acToTe 100 MI'i COCTAaBIAOT THICAYH IPALyCOB, @ Ha
gactore 3 I'l'1 yMeHbITAIOTCS N0 SAMHMI FPaXyCOB, NOITOMY NOLAPHU3AITH-
OHHEIE IIOTEPH YUHTHIBAIOT Ha YacToTax /< 3 I'TH. AGconoTHas BEHIHHA
noreps, 1B: ‘

L, = P(y =0)/P(y#0)=1/cos’y, ' (21.3)
L, =-201g|cosy, |.

B sakmodeHHe OTMETUM, Y4TO B COBPEMEHHBIX aHTCHHBIX YCTpOM-
CTBax, HCTIONB3yEMBIX Ha KOCMHYECKHX PaIHOIHHHUSAX, HMEIOTCS TEXHHYEC-
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KHe BO3MOXHOCTH 10 60pb6e ¢ mOAApU3aHMOHHBIME 3aMHPAHHAMHU
(cm. . 10).

21.2.4. Bnusinne peppakumu

B tponocepe H HOHOCEpE NPOHCXOMHT MCKPHBIICHHE TPAEKTOPHIt
PanMOBONH HA JIHHMAX CHYTHHKOBOH ¢Ba3y. IIpu nocrarouno yskux JJH
SHTCHH 3¢MHBIX CTaHIMH (MCHBIIE PHMEPHO 1°) HCKPHBIICHHE TPAEeKTO-
PHH MOKET TIPHBECTH K «IOTEpe» CITYTHHKA.
IMpu m3mepenun koopauxar MC3 3a cuer ped-
PAKIMH HOABIAIOTCS OIMHOKH B ONPEETICHUH
yIfia MecTa (B AAHHOH TEpMUHONOIHY — yria
Bo3BhiieHus A) C3. CreneHs HCKPHBIICHHS
TPaeKTOPHH OLEHHBAIOT YITIOM pepaKIH 8p
(puc. 21.2).

Yeon mponocgepnoti pegppaxyuu GPT,
rpag, MOXHO OIIPEHEIHTD 10 mpocToit dop-
MyJle, €ClIM YroJ Bo3BeImeHus A > 5° u uc-
KPHBIIEHHE TPACKTOPUH MaJIO, T.€. HMEET Me-
Prc. 21.2 CTO KBa3HIIPAMOJIHMHEHHOE PacIIpOCTPaHEHHE

B Tportocepe [42]:

8m= (no— Detgh, 219

TZ€ 1 — IPH3EMHOE 3HAYCHHE KO3 (HIHEHTA NPeIOMIeHHA Tponocdepsr.

Vzon uonocgeproii pedppaxyuu 8, rpan, nyis CyTHHEKa, pacnono-
JKeHHOTro Ha BrIcoTe H, > a,, npn A > 10° na vacrorax Gonpme 100 MI'n
TpH CPEHEM COCTOAHKU HOHOCepH! onpenenserca Gopmyrnoii [42]

8, = —5TcosA/(f 2[MTu]sin?A), (21.5).

T.e. HoHOC]EpHas pedpakius B OTIMIHE OT TPOnOCchHEpHOi 3aBHCHT OT
JaCTOTHL.

CymMapHBIi yron pedpakiuu IpH NPOX0XKACHHH BOIHBI 4€PE3 BCIO
TomIy arMocepn

8,=8,+8,, (21.6)

Ha puc. 21.3 noka3aHa 3aBHCHMOCTB 817: (cnuIoNIHbIE JTMHUH) K BPH
(IITpHXOBEIE THHMH) OT YIVIa BO3BBIIIECHNS TpaeKTOpHH. W3 pucyHKa BUA-
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HO, 9TO TIpH paGoTe Ha YacToTax BhHIme 7° K

1 T cymmapas pepaxims onpefiens- A a=5°

ercst Tponocdepoii. Xors yron 8 mese- [} - )

JMK ¥ J/1 TPaekTopHii ¢ A > 5° ouenu- | N 30°
BaeTCA 3Ha4eHHeM He Gonee 107, Haxoc- 7 q ~ 5
MHYECKHX IMHHAX OH MOXET OBITH COU3- " WHERR N

MepHM ¢ mupuroi JIH HazeMHOH aHTeH- P ) N

Hel. [lo3TOMY IIpH H3MEHEHHMH YCIIOBHIl ) M N
pedpasumm B nponecce uamenenns npu- 7 LI p i
3eMHOTro 3HaYeHHs Kod(dunmrenTa npe- ' ' '
noMneHus Moryr Habmonartees xoneGa- Puc. 21.3

HHSA yPOBHS CHTHAJIA HA BXOC IPHEMHH-
Ka. Mepoii Gops6bl ¢ 5THM SBICHHEM CIYXKHT HCIIONIB30BAHHE CIICLHAIIE-
HBIX CHCTCM HAaBCICHHNA B aHTCHHBIX ycmoﬁc*rnax.

21.2.5. dnyxTyauumn ypoBHA cUrHana

Ha rtpaccax 3emun — UC3 npr yrax Bospsimenus Gonee 5° mprem
CONPOBOXIAETCA OBICTPHIME HENTYOOKHMU 3aMHPAHMAME (MEPLAHHUAMH)
HHTep(EPEHIMOHHOTO NPOHCXOXKAeHNA. TOUKH IpPHEMa MOMHMO MpPAMO#
BOJIHHI JOCTHI'a€T MHOXECTBO BOJIH cJ1a00if HHTEHCHBHOCTH, PACCEAHHBIX
Ha JIOKaILHEIX HEORHOPOAHOCTAX B aTMocdepe.

Ha gacTorax, 06BI9HO HCTIONL3YEMBIX Ha KOCMHYECKHX HHHHAX, B
OCHOBHOM IIPOABJIAIOTCA TPONOC(HEPHEIE MEPIIAHUA, XapPaKTEPH3YIOIIHECHA
CIEeAYIOIIHMH 3aKOHOMEPHOCTAMY: ITy6HHa
bIyKTyanuii yBen4HBacTCs ¢ yMEHBIICHH-
€M YT71a BO3BBILIECHNS TPAEKTOPHH H IPH YKO-
poueHuH JTHHEL BONHEL (puc. 21.4); na Go- . '
Jiee TIOJIOTHX TPAaeKTOPHAX ITyTh, HPOXOAH- v 30 60 S0 10 150 fe
MBlif BOJIHO# B Tponocdepe, yBeIHUHBACT-
cs K Bce Gonblee IUCI0 HEOMHOPOLHOCTEH
Y9acTBYET B paccesHHH. [IpHBeneHHBIE HA 0
puc. 21.4 3aBUCHMOCTH CHpaBeUIHBLI Ui =10
yria Bo3BbImIeHHA A = 5°,

— s

F=30ITy

0 30 60 %0 120 150 tc

Puc. 214
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21.3. BHe'u.lHyle WyMbI, BMSIOWMe
Ha paboTy KOCMW4YeCKUX PaANONUHUN

Ha paboTy xocMH4ecKHX JIMHHI CyLIECTBEHHOE BIHAHNE OKA3bIBa-
10T BHEIUHHE IIyMB!, B OTTHYHE OT HA36MHBIX CHCTEM, TIIE YCTIOBHS NIpHEMa
JIMMUTHPYOTCSA BHYTPCHHIMH IITyMaMH anmnaparypsbl, OObsICcHACTCA 3TO TeM,
9YTO HAa KOCMHYECKHX NHHHAX HM3KHH ypOBEHb MPHUHHMACMOIO CHrHANA
NPHBOIUT K HEOOXOOMMOCTH HCIIONB30BATh 3EMHBIC MPHEMHHKH C Tapa-
METPHIECKHMH WM MOJIEKYSPHBIMH YCHITUTCIIIMH BEICOKOH JacTOTHI, 4aCTO
OXJIAXKAACMEIMH a30T0M Win resveM. [Ipy a1oM BHYTpeHHHE HIyMBI IpHEM-
HuKa B auanasoHe 1...10 I'T'y cHmxarotes xo 12...30 K (cMm. puc. 19.1)
M BHEIIHHE IIYMEI CTAHOBATCA COM3MEPHMBL, 3 B PAAE CIIyJaeB — 3HaYH-~
TEJbHO MPEBOCXOIANIHMH [0 YPOBHIO BHYTPEHHHE IIyMbI IPUEMHHKA.

DHepreTUKa KOCMHYESCKUX THHHI OOBIYHO paccUUTHIBaeTCA C yde-
TOM TOJIBKO JIPOTAYKCHHEIX MCTOYHUKOB BHEIIHHX IIyMoB (cM. 19.3.1). xa-
PAKTEpHCTHKH TaKHX HCTOUHHKOB MOAPOOHO paccMOTpeHH! B IL. 19. 3neck
OTMETHM TOJIBKO T€ HX CBOHCTBA, KOTOpbIE BIMAIOT Ha YCIIOBHA paboThI
KOCMHYECKHMX TUHMHA.

CyMMapHSI1if ypOBEHb IIYMOB KOCMHYECKOTO H3ITydCHHA 1 HAarpeToi
arMocdepsl IMEET YETKO BEIPAXKEHHOE KOKHOY, PACIOIOKCHHOE B JHana-
3oHe 1...10 I'T (cm. prc. 19.2). HIKHAS rpaHHia «OKHA» TMMHTHPYETCS
KOCMHYECKHM H3ITy9eHHEM, KOTOpoe Ha yacTorax Hiwke | I'Tu nqocturaer
SIPKOCTHOH TEMITepaTyphl B COTHH IPaxycoB, 9€M OTPaHHIMBAET AHANa30H
HPHMEHHUMBIX 9acTOT NPH pabore ¢ MATOITyMAIMMH MPHEMHUKaMH. Bepx-
HfA I'PaHHLIA 33KPLIBACTCA ITyMaMH aTMOoc(ephl, KOTOphIe Ha 4acToTax Gonb-
me 10 I'Tn 661cTpo Bo3pacTaroT H AOCTUralOT MAKCHMABHOH TEMITeparty-
pet 20...300 K Ha yactorax 20...25 I'Tu, [Ipu onenke aTMoChEpHEIX  IIYMOB
HEeoOXOMMO YUHTHIBATh, 9TO MX YPOBEHD Ha BXO/E NIPUEMHHKA MMOHIDKACTCS
1o Mepe nogseMa JTH npHeMHO# aHTeHHB! Haf TIMHHEH rOpPA30HTa.

IpHu cpeAHHX METEOPOIOrHIECKHX YCIOBHAX, Y3Koi JTH anTeHHEL,
yIiax BO3BBIUeHUA A > 5° B tuana3one yacror 4...6 I'T'u cymmapnas mry-
MOBas TEMIIEPaTypa OT BHCIUHMX HCTOYHUKOB OLICHHMBAETCH 3HAUYCHHEM
30...50 K.

Jns GopTOBOTO IpHEMHHKAa OCHOBHBIM BHCUTHHM MCTOYHHKOM I1O-
MeX, Koraa 6oproBas aHTEHHa OPHEHTHPOBaHA B HANPABJICHHH Ha 3eMIIIO,
SBIIAETCS PaJHOH3ITYICHHE HATPETON NOBEPXHOCTH 3EMITH.
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21.4. UckaxeHunsi CUrHaNoB B TPaKTe pacnpoCcTpaHeHns
21.4.1. lucnepcroHHbIe NCKKEHURA

K kocMHYECKHM NTUHUAM CBA3H 0OBIYHO MPEXBABIAIOT TpeOOBaHKE
HmIHpoKornonocHocTy. IIpu nepenave aHanoroBoil HHGOPMAIHH OTHHM H3
OTpaHHYHBAIOMMX (AaKTOPOB NEPENaBaeMOil IOAOCH YACTOT ABIAETCA H3~
MEHEHHE ITepBOHAYaIbHEIX (Ja30BLIX CIBHTOB MEXIY CHEKTPaIbHBIMHU CO-
CTaBIMIONIMMHE CHTHANA H3-3a JHCIIEPCHH B HOHOChepe (cM. § 19.2).

Cornacuo (19.6) xomMuecTBEHHAN OLUEHKA 3THX UCKAKEHUI CBOTUT-
Cs1 K OTIpe/IEIeHHIO PA3HOCTH BPEMEHH PacpoCTPaHEeHHs KPaiHHUX COCTaB-
JSAIONINX CIIEKTPa CHTHANa, SHEPTHA KOTOPOTO COCPENOTOYEHA B MOJIOCE
9acToT ot f + Af, . /2 no f, — Af, /2. Pacuer BpeMeHH pacTIpOCTPaHEHUS
BOJIHBI #(®, ) B HOHOC(Epe NOIDKEH YYHTHIBATH €€ HEOJHOPOIHbIE CBOI-
crBa. [IpumeM, 910 KoadduIMEHT npenoMueHus 1,(Q, ¥) TIOCTOSHEH HA
3NeMeHTapHOM oTpe3ke Nyt Ar. Toraa npocrpaHcTBeHHBIH Haber (as3n
BOJIHBI Ha OTpe3ke Ar .

@ =k, NAr = (w/cyn (o, rAr,
rae k(w, r) — koad¢uimerT daspl. IIpyn npoxoxkaeHHH My TH 7 B HOHOCepe
@ = (®/¢p) [n,(w, r)dr. (21.7)
0o
Jins 9acToT, HCHONb3yeMbIX Ha KOCMHYECKHX JIMHHAX, Ko3(hdunu-

eHT mpenomiIeHns HoHocdeps! 1 (©, HAr = [1 — 808N (/f?]V2 = 1 -
- 40,4N (NIf 2, TloacTapnsaa 310 BeIpakeHue B (21. 7), momydaem

¢ =(w/cy) [[1-40,4N,(r)/ f*1dr. (21.8)
0
Toraa BpeMs pacnipocTpaHEHHA
o) =do/do=r/cy- 221N (ryab. 219)
cof? 0 '

PasnocTs Bpemenn pacnpocTpaHeHHA KPaiHNX COCTARBIOIIMX CTICKIpa

80,80/,
Al (B pax> 1) = ——j;—— [N.(Pdr. (21. 10)

ofy 0
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Pa3HOCTB ha3 THX e COCTABIAIOMIHX
AQ, . = 21Af AL (21. 11)

JMcnepCHOHHbIE HCKDKEHNA CUMTAIOTCS MATIBIMH, ECTTH AQ, << 27.
OO6biuno npunumaior Af, At < 0,1. Cormacuo (21. 10) 310 HepaseH-
CTBO BBINIONHACTCA, €CITH

808, /o /N (P)dr <0, 21.12)
0

OTKyAa BHIHO, YTO NOMYCTHMAs I00ca Af . 3aBHCHT OT HHTETPallbHOH
SMEKTPOHHOM INIOTHOCTH Ha ITyTH pactpocTpaHenus. IpnbmnkeHHy10 OLieH-
Ky Af, ., MOXHO IIPOH3BECTH, IPHHHMAS Ty Th PACIIPOCTPAHEHHA KBA3HIIPA-
MOJIMHEHHBIM, 9TO CIPaBEUIHBO A PAacCMAaTPHBAaEMOro Iuara3oHa Jac-
TQT NpH yIVIax BO3BBIIEHNS A > 10°. B atom npubnmxenun dr = dhsinA u

h
Af max < (co fy sinA/80,8) [N, (h)dh. (21.13)
. 0

IIpu cpeAHNX yCIOBHAX HHTErpanbHas 37EKTPOHHAS IIIOTHOCTH NPH-
MEpHO paBHa 3 - 10'7m2 1 HeHcKaXeHHAd TT07I0Ca nepenavyu

Ao <,1,1-10'6\/ f2sinA, (21.14)

rae Af, ., 4 f BHIPaXEHBI B repuax. )

Pacuer o (21.14) nokazsiBaet, uto mpH A = 10° IHpOKONOIOCHOCTH
noHocdepsl Ha gactore 0,1 I'Ty He mpespimaer 450 [y, Ha JacToTe
1 I'Tu cocraBnser 12 MI'n u na uacrore 10 I'Ty mocturaer 410 MI'u. M3
IIPUBEAEHHBIX P CAERYET, 9TO HAa YaCTOTaX, OIM3KHX K HIDKHEMY Kpalo
JHana3oHa, HCIOb3yeMOro Ha KOCMHYECKHX JIMHHAX, TUCTIEPCHOHHBIC HC~
KaXXEHHA OTpaHHYMBAIOT [TONIOCY Nepeaady eAMHHIAaMH Merarepil. HamoM-

HHM, 4TO JUIA TepeladH TENCBH3HOHHOTO CHTHAlNa HeoOxoxauMa monoca
6,5 MI'n.

21.4.2. flecbopmauus cnektTpa curHana 3a cyet acpdpekra [lonnepa
Oddexr Homnepa HabmomaeTcs Npu NMpUEMe CHTHAIIOB CO CITYTHH-

Ka, NepeMEMAlolIerocs OTHOCUTENBHO MyHKTa nprema. Eciin rapMorndec-
KO€ II0JIE C YaCTOTOH () PAacIPOCTPAHAETCS B CBOOOIHOM NPOCTPAHCTBE CO
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CKOPOCTBIO C;, TO B MOMEHT BPEMEHH / Ha PACCTOSHHH 7 OT HCTOYHHKA Ha-
Ger ¢a3pl BOTHEI

o(r, 1) = 0t — (w/cy)r. (21.15)

IIpu mepeMemeHnH HCTOYHHKA (HIIH: IPHEMHHKA) OTHOCHTENBHO
IpyTOro KOPPeCIOHAEHTA JUIHHA ITYTH 7, IPOXOAUMOTO BOJHOM, MeHAeTC
BO BPEMEHH M PHHHIMAeMas 4acToTa, Ha3biBaeMas JOIUICPOBCKOM, OTIH-
gaerca oT u3nyueHnoi. Cornacuo (21.15) wacrora Jlonnepa

@, = 20f, = do(r, 1) = 0 — (@lcy)drldt. (21.16)

3nece dr/dt — pajyManbHas COCTABAIONIAA CKOPOCTH CHYTHHKA V,.
Cornacro puc. 21.5 v, = dr/dt = vcosd, rae v — opbuTanbHAA CKOPOCTH
HIC3; & — yron Mexuy BEKTOPaMH U 1 7]

IpusnMaemas ruueiHas gacrora Jlomnepa

Ji=f 1 = (W/cy)cosd]. 21.17)

TTo Mepe nepeMeIeHH s CITyTHUKA YTON 8 H3MeHsIeTCa H LOIIEPOBC-
KOe CMEIIEHHe YacTOThl Af, = f, —f TakKe M3MEHAETCS OT HyJIEBOTO 3HA4C-
HHA, KOTAA CIfyTHUK B 36HHUTE, 10 MAKCHMAITBHOTO 3HAYCHHA, KOIIa CIyT-
HHMK HaXORWTCS Ha THHHH ropH30HTa. IIopAN0oK MAKCHMAIEHOIO CMEIICHHS
9aCcTOTHl MOYKHO OIICHHTb, IPHHAB L = § 10% M/c 1 cosd = 1; Toraa cormac-
HO (21.17) Af, =2 1073, yto Ha yacrotax 1...10 I'Tu cocrasnser 0,02...
0,2 MI'm. '

Heonnoponssle cBojicTBa aTMocdiepsl BHOCAT HEKOTOPHIC H3MEHe-
HHA B JOIUIEPOBCKHI CABHT 4aCTOTHI IO CPABHEHHIO CO CBOGOXHBIM IIPO-
cTpaHcTBOM. B peanbHolt atMocdepe pactipocTpane-
HHE TIPOMCXOIUT IO HCKPHBICHHON TPAeKTOPHH CO
CKOpPOCTBI0, HECKOJBKO OTIIMYHOM OT CKOPOCTH CBETA

<t

B cBO6OTHOM NpocTpancTBe. TouHbIE pacueTs! A0TuTe- N
POBCKOTO CIBHMTa YacCTOTHI IIOKA3LIBAIOT, YTO HEOXHO- S
ponHocTs Tpomocdepsl BHOCHT MONPaBKy NOPAAKa el

nonei repua. Tak, mpu A > 5° 31a nonpaeka cocras-
nset MeHee 0,2 I'u. 3ua4yeHue HOHOCepHOH Nonpas-
KM 3aBHCHT OT 4acTOTHI 1 Ha /< 100 MI'y onennBaet-
¢ HECKONBKHMH JIECATKAMH Tepil, YMEHbIIAACH [0

SOMHHI M Jonei repy Ha wactorax f> 1 ITu. Takne
Puc. 21.5
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MoNpaBKH HECYIIECTBEHHEI A PabOTHI CHCTEM CBS3H H BEIHHA, HO YU~
TBIBAIOTCA B PaJIHON3MEPHTEIILHBIX CHCTEMAX.

Sddexr Nonnepa Hapany Co CMEICHUEM HECY el 4aCTOTH CUTHA-
7Na MPHBOJHUT K CMEILECHHIO BCEX COCTABISIONINX €ro crekTpa. Eciu u3my-
4aeTcs CHrHaN ¢ mojioco#t Af, . To cornacho (21.17) ciiextp nedopmupy-
€TCA H CTAHOBHTCS PaBHBIM

Mo = A [1=-(0/ ) c083). (21.18)

Jns KOMIIeHCAIMH JOIIEPOBCKOro CABHIA Ha HecCymiel yactoTe B
NPHEMHHKE C PACITHPEHHOMH MOJOCOH HCMOIB3YIOT aBTOMATHIECKYIO MO~
CTPOHKY YacTOTHI HJIH, €CITH M3BECTHE! [IApaMETPhl OPOUTHI, H3MEHAIOT [I0
onpeieneHHOM NporpaMMe YacToTy nepefaTinKa. Hy oHH H3 3THX croco-
60B He ycTpaHieT nedopManuu CHEKTPa, Wi 3TOro TpeSyIoTea chenras-
HBIE CJIOXKHBIE YCTPOHCTBA, PEryIHPYIOIHE CKOPOCTh IIEPENady H BOCHPO-
H3BECHHA COOOIEHHIH.

OTMETHM, YTO B CHCTEMAX CBA3H H BELIIAHMUA C HCIIONb30BaHHEM I'eo-
cTamoHapHoro cnyTHHKA 3ddexr [Jomiepa orcyTcTByeT.

21.5. DHepreTuveckne COOTHOLUEHUA
Ha KOCMMYECKUX PagNONUHUAX

IMpu pacuere sHepreTukH cucreM cBa3m uyepes MC3 napamerpsl an-
TCHH M IPHEMHEIX YCTPOHCTB CBA3aHE MHOTHMH OrpAHHYCHHAMH. AHTCH-
HBI 3¢MHBIX KOMIUICKCOB ZIOJDKHBI MMETh MaKCHMAITBHO BO3MOKHEIE KO3 (-
GHMIMEHTH YCHIICHHSA IS KOMIIEHCAMy GOIBIIHX [I0TEPh B TPaKTe pac-
npocTpaHeHHs. Takoe pelueHHe OKa3hIBAETCS YKOHOMHYECKH HaHGoOmee
BEITOMHBIM. Be160p GOpTOBOI AaHTEHHE! OTPAHHYEH TOITYyCTUMOH Maccoii u
rabapuTHBEIMM pa3sMepaMH. Bo MHOTHX cityuasx koddduuneHt ycunenus
60pTOROIT aHTEHHBI PEITIAMEHTHPOBAH TOJIBKO YITIOBHIMH Pa3sMePaMH 30HBI
o6CImy>XHBaHHA Ha MOBEPXHOCTH 3eMiH. Bri6op 3eMHBIX IIPHEMHBIX YCT-
POHCTB OZHO3HAYHO ONPENENAESTCA THIIOM MAJIONTYMALUIAX IPHEMHHKOB H3-
32 HOPMHPYEMOT0 HM3KOI'O YpOBHS IPHHHMMAEMOro CurHana. boprosbie
NPHEMHEUKH HEPAUHOHANBHO BHITIONHATSH C LIYMOBO TeMIIEpaTypoit Hixke
290 K, ecnu GoproBasi aHTeHHa OpHEHTHpOBaHa Ha 3emmio (cM. § 21.3).
Pa6o4as 9acToTa CHCTEMBI BLIOHPAETCs B COOTBETCTBHH C YaCTOTHEIM per-
namernToM MKKP, a Taxoke ¢ y4eTOM 4acTOTHOM 32aBACHMOCTH XapaKTepuc-
THK aHTEHH, IIOTEPb B TPaKTE PAcHpOCTPAHCHHA M MHTCHCHBHOCTH BHE-
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IHHX IyMOB. MOIIHOCTS GOPTOBOTO MEPENaTIHKA NPAKTHYCCKH BCETNIA
3ajaeTcs Hexons U3 oblielt SHeproeMKOCTH KocMudeckoro annapara. Ilo-
3TOMY OXHMM U3 Haubomee IOABHKHEIX JEMEHTOB YHEPreTHKH KOCMHYeC-
KHX PaHONHMHUIA ABIIETCA MOIHOCTD 38MHOTO IIEpeAaTYHKA.

PaccmoTpuM MeTOX pacdeTa MOIIHOCTH NepeaTduKa JUid CIIyvas,
KOTZIa 3NEeKTPUYECKHE XapaKTCPHCTHKU NPHEMHOTO YCTPONCTBA M aHTEHH
3a/IaHBI H PacUeT CBOTUTCA K OMpE/IEICHHUIO IapaMeTPOB TPAKTa pacipocCT-
paHeHHA.

MomHOCTE 3¢MHOTO nepenaTauka, b, cormacuo (15.10)

1)13M=P26+L1_n1m_n26’ (2119)
rae P,; — MOIHOCTE CHIHaJIa Ha BX0/ie GOPTOBOTO MPUEMHMKaA, HEOOXOH-
Masg s 06ecTiedeHHs 3a1aHHOTO KauecTBa paGoTe! muHuM; L, — Han6oms-
Me TOTepH nepenadu Ha yuactke 3emns — C3, xotopsiit oGo3nadeH uu-
nexkcoMm 1; M, . 1 M,, — KIIJ dunepos 3emHO¥ nepenaromieil aHTEHHb! U
60pTOBOI MPHEMHOI COOTBETCTBEHHO,

Ilpu pacyere P, OyneM HCXONMTH W3 33JaHHOrO OTHOLICHWS CHT-
HaJI-TIOMeXa Ha BXoze npueMHHKa (P /P ), KoTopoe 3aBHCHT OT Tpebye-
MOTO KadecTBa paboThl, BH/a MOXY/LIIHH, [IOMEX03aNIHIIIEHHOCTH IPHEM-
HHKA H IPYTHX TEXHUTECKUX [TapamMeTpoB obopyxosanus. Torna

PZG = (Pc/Pm)nxP w BX 6°
rae coracHo (19.11) MousOCTS HTyMa Ha BXozie 60pTOBOrO NpHEMHHKA

P, s=kT A (21.20)

CyMmapHas 11yMOBast TeMIlepaTypa Ha Bxoge 60pToBoro npueMHu-
Ka, KaK 5To caexyer u3 (19.10),

16 =Tumps * Twgps t TwacNges (21.21)
rme T s — cOOCTBEHHAs NIyMOBas TEMIIEPATypa GOPTOBOTO MPHEMHHKA
(cM.puc. 19.1); T, 6= T ¢(1 -n q:)" IryMoBas Temueparypa punepa ¢ KI1[J
Mgy = Nys NIPH TepMOaMHaMuYecKoi Temueparype T, K; T, . — Cymmap-
Has IIyMOBas TEMIIEpaTypa MPHUEMHOI OOpPTOBO#M aHTEHHHI, 00YCIOBICH-
Hasd JeiiCTBHEM BHEITHUX ICTOYHHKOB IITyMOB.

CornacHo maHHBIM TJ1. 19 B OTCYTCTBHE IOMEX CTaHIIHI IIPH y3KO-
HaNpasBlIeHHOH NPUEMHOH aHTEHHE U C YYETOM TONIBKO NPOTKEHHBIX HC-
TOYHHKOB ITYMOB TIPHPOIXHOTO NPOHCXOKACHUA
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Tuas= Tt T+ T, (21.22)

a3m°

tne 7, — APKOCTHas TeMIeparypa kocMHueckoro ¢ona (cM. puc. 19.2);
T, ,—APKOCTHAA TEMIIEpaTypa Pa/HOM3ITyJCHH armMocepsl (cM. pHc. 19.2);
T, .« — ADKOCTHAs TEMNEPATypa PAJUOU3NYJEHHS 3€MHOH IOBEPXHOCTH
(19.14). Bee Benwauast B (21.20) onpegensior ¢ y4eTOM MAKCHMATBHO BO3-
MOXHBIX 3Ha4eHHH.

IIpu onpenenenun T, o YIUTHIBAIOT, YTO LIYMOBas TEMIIEPATYpa
npHeMHOH 60pTOBOMH aHTEHHEI ONPENENACTCA pagHOH3IyICHHEM NOBEPX-
HocTd 3eMin T, , IOCKOJILKY KOCMH4ECKHIA (hOH BOCIIPHHHMAETCS TONBKO
cna6beiMu OOKOBEIMH JienecTkaMu JH.

B (21.19) norepu
Li=Ly+L,. (21.23)

3necs Ly, — notepu nepenaun (15.11) nmpH MakCHManbHOH MpoTs-
*eHHOCTH uHTeprana 3emis — MC3, o6o3Ha9eHHOTO HMHAEKCOM 1; le —
IOTMONHUTENBHBIE MOTEPH NPU MUHMMATBHOM YTJIE BO3BBRILICHHA AHATDaM-
MBI IEpealoNIci aHTCHHBI:

Lzmrl== Lr + Lq) + Loc’ (2124)

rae L — motepu 3a cueT nornomerns B rasax (cm. puc. 18.10); L, ~mons+
PpHU3aIUOHHBIC IOTEpH 3a cdet abdexra apanes (cm. 21.2.3); L —ocnal-
JieHHe B ocagkax (cM. 18.3.2).

JTumepamypa: ocnosnaa [58), dononnumenvhan [42).
KoHTponbHbie BONpoch!

1. HazoBHTe SBICHHS B TPAKTE PACHPOCTPAaHEHHH, KOTOPhle HEOOXOTHMMO Y4HTHIBATH
TIpH NIPOCKTHPOBAHHH H 3KCIUTYaTaLMH CHCTEM CITYTHHKOBOH CBA3H,

2. TloyeMy Ha KOCMHYECKHX IMHHAX MepeAaya U NpyeM HHGOPMalHK BEXYTCA NPH yr-
JIax BO3BHIIICHMA TPAEeKTOPHH BOJH Gonee 5°7

3. Kakue orpaHHY€eHHA NPH BEIOODE 11apaMeTpoB JHHHI CIYTHHKOBOH CBA3H HANAraT
BHEUIHHE MyMBb1?

4", TTosicCRATE 4aCTOTHYIO 3ABHCHMOCTS JIMCTIEPCHOHHBIX MCKaXEHHI CHTHaNA.

5. OT KaKHX XapaKTEPHCTHK TPaKTa paCPOCTPAaHEHHS 3aBUCHT HeoGXOIHMast MOIITHOCTE
3eMHOTO WK GopTOBOrO NepenaryHka?

6. Kaxne 0COOEHHOCTH BO3HHMKAKOT NpH cBA3u ¢ FIC3, nepeMemalomMMHCA OTHOCH-
TEIBHO Ha3eMHOTO ITyHKTa CBA3N?

Fnasa 22. PACMPOCTPAHEHUE KOPOTKUX BONH

22.1. OCHOBHOW ME€XaHKU3M pacnNpoCTPaHEeHUsA
u obnactu npumeHeHun KB

K nranazony KB (fekaMeTpOBEIE BOIHEI) OTHOCAT PaJHOBOJIHbI IUTH-
Ho# 10...100 M (gactots! 30...3 MI'n). Paguyc neiicTBHA 3eMHOMN BOMHBI
B muanazone KB cpaBHHTENBHO HEBENMK M NPH OOBIYHO HCIIONB3YEMBIX
MOILHOCTAX NMePEAITIHKOB HE IIPEBLIINACT HECKONBKHX JECATKOB KHIIOMET-
poB. D10 06YCNOBIEHO MOTEPAMH B HOMYIPOBOAAILEH NOBEPXHOCTH 3¢M-
a4 ¥ GONBIIMMH TOTEPAMH B IIpoLiecce AUdPaKIHH BAOIb 3EMIH.

Ho nexameTpoBsie BOTHBI MOTYT PAacIIpOCTPAHATCA HA MHOTHE ThICA-
9M KWIOMETPOB ITyTEM MEOTOKDATHBIX MOCHEOBATEIbHBIX OTPAXKECHUH OT
uonoceps! u 3emm (puc. 22.1), ¥ [y 3TOr0 He TPEGYIOTCH IEpENaTIHKH
Gonemoit MomHOCTH. JTO yHUKANbHOE CBOHCTBO nuana3oHa KB ucnoms3yer-
¢ 79 IOCTPOCHUA CHCTEM HaibHEH cBasH. KpoMe PATHOCBSA3H EKAMETPO-
Bbi€ BOJIHbI ITHPOKO HCTIONB3YIOTCA I PAMOBEIIAHHSA M APYTHX HENCH.

Onnaxo psizi HeOMaronpHATHEIX 0CO-
GeHHOCTEH pacIpOCTpaHEHUA CHIDKAeT 3¢-
(EKTHBHOCTB HCTIONB3OBAHMUA ITONO AHAIA30-
Ha. K TakuMm ocoGeHHOCTAM cliefyer OTHeC- - /
TH: MHOTOJIyHEBOCTh, COIPOBOMXIAIOLIYIOCS
DTyOOKHMH 3aMHpPaHHAMH; OIPaHHIEHHOCTh
HEHCKAXXCHHOH II0NI0CH Nepefiady i CKOpoC-
TH TenlerpadupoBaHys; NOABEPKEHHOCTH HOHOC(EPHEIM BOIMYIIEHHAM H JID.

B nanHo# I1aBe CHavalia pacCMaTpUBalOTCA HaubolIee XapaKTepHEIe
ocobenHoctH pacnpoctpaHeHus KB, a 3aTeM OmMUCHIBAIOTCA OCHOBEI pac-
veTa u npoextrposanms KB panxomuuuii.

Howocpepa
- — T

Puc. 22.1

22.2. Pabouyme yacToTbl

OnHoit 13 ocHOBHBIX ocobenHocTelt KB panuonnnuil senseTcs or-
panHyeHHe paboyMX YacTOT Kak CO CTOPOHBLI BBICOKHX, TaK M HU3KHX 3Ha-
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YeHHi, npudeM 06 IPaHHIIB 3aBHCAT OT U3MEHUHMBOMH CTPYKTYpPhl HOHOC-
tepet. TloatroMy Ha KB nHHUAX B OT/IMYHE OT JIMHUH APYTHX JIUANA30HOB
BO3HHKAeT HEOOXOMHMOCTD NEPHOIHIESCKOH CMEHB! pabOYMX YacToT B CO-
_ OTBETCTBHH C H3MEHSIOIIUMCSA COCTOSHHEM HOHOC(EDPEL.

Bepxmsd rpanuna pabodux 9acToT ONpeaenaeTcs TeM, 4TO IPH CIIML-
KOM BBICOKOH 4acTOTe BOJNHA He OTpa)kaeTca oT HoHocepsl (cM. 18.1.5) u
HE IPHXOIMT B IYHKT IIPHEMA Ha 3€MIIE, a YXOUHUT B KOCMHYECKOE IIpo-
CTpaHCTBO. MakCHMalIbHad 4acToTa, IpH KOTOPOil OTpaXKeHHas BOJIHA MO-
KeT OBITE NIPYHATA B 33JJaHHOM ITYHKTE TIPHEMa, Ha3bIBACTCH MAKCUMATb-
Hotl npumerumot yacmomoti (MITH). Yuursisas (18.33), MITUH onpenens-
eTcA KaK MAKCHMYM IIPOH3BEJICHHA 3KBHBAIECHRTHOH YacTOTHI BEPTHKAIIb-
HOTO MAJIEHHUS f, Ha CEKAHC yITIa TaJICHHs BOHK! Ha CJI0# HOHOC(EpEI secy;:

MITY = ( f,5€cP) - (22.1)

B o6mem cirywae MITU 3aBHCHT OT [UIMHEI TPACCHI, BEICOTHI OTpasKe-
HYIfl, 32KOHa PacHpeIeicHUs IEeKTPOHHOH IUTOTHOCTH 110 BBICOTE, KPHTH-
YeCKoii 4acToThl cos. 1o ycnosuaM oTpaxkenns o1 HoHochepsl paGoyas
YyacToTa fp Ha KB paguonnauax He no/pkHa npesbimars MITY, T.e. j; <MITY.

HrxHsAA rpanuia pabo4ynx 4acToT OHPEAENICTCA TEM, YTO C YMEHb-
IIeHHEM JacTOTH YBEIHYHBACTCA MOTIOMICHHE B HOHOCdepe (B ocBemieH-
HOE BpEMs CYTOK) H, KaK CIICACTBHE 3TOT0, YMEHBIIAETCS HANPSHKCHHOCTD
nonsi. Bcmi ypoBeHs CHTHANIAa B TOUKE MPHEMa YNAIeT HHXKe HEKOTopoi
HOPMEI, Ipom30#iner cpbiB cBa3H. HauMeHsmad yacToTa, pH KOTOPOi yc-
TOHYHMBOCTH PabOTEI CHIDKAETCA N0 MHHHMANBHO AOMYCTHMOIO YPOBHA,
Ha3bIBACTCA HauMenbuiel npumenumot yacmomoti (HIT). 3navenne HITY
3aBHCHT OT IIOLTIONIEHMA, YPOBHS HOMEX, MOITHOCTH H3IydeHus, Tpebye-
MO# ycroituuBocTH pabots! u T. 1. Pacaer HITY cBommTCs K onpeneneHuIo
METOZOM MOCNENOBATeNbHOCTH IPHOIHKEHHIT YaCTOTHI, HA KOTOPOH yCTOH-
YHBOCTE PAGOTE! YMEHBINAETCA 40 MEHHMATILHO JOIYCTHMOTO YPOBHS IIPH
3afaHHBIX apaMeTpax NpUeMONEpeNaomeii annaparypsl.

Pa6ouas gacrora fp BBEIOHpaeTCst Tak, YTOOH! YIORIETBOPSIIOCH HE-
PaBEHCTBO

HITY < f,< MITY. (222)

ITpu n3MeHeHnH cocrosuust Honocdepst HITY 1 MITY n3MenstoTcs.
Jla obecnedenys HenpepsiBHOTO AeiicTeusa KB panuonuauii HeoGxonuMa
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HepHoauYecKas cMeHa paboyHx JacToT. J{ns KaxxmoH paqHONHHHHE COTIIac-
HO MEXIYHapOIHbIM IIPABHIIAM BBIENACTCA PAX PHKCHPOBaHHBIX YaCTOT.
JUtst IpOTSXKEHHBIX MarHCTPAbHBIX THHHH 9HCIIO TAKHX YaCTOT JOCTUIACT
YeTHIpEX-NATH, a A MEHee OTBETCTBEHHBIX JIMHHH — IBYX-Tpex. Ha xax-
IBIH MECSI COCTaBIIACTCS BOTHOBOE PACIIMCAHNE, KOTOPOE YCTaHABIMBAET,
Ha KaKHX M3 BBIICJICHHBIX YACTOT ClICAYyeT paboTaTh B Pa3lIM9HEIE 9acChl
CyTOK. JUs NOBBIILIEHHS] BEPOATHOCTH OTPAKEHHS OT HOHOC(EPH! NTPpH QIyK-
TyalHiX e¢ NapaMerpoB BepxHuit npenen pabo-

YHX 9acToT orpaHmuuBaioT He MITY, a Tak Ha3bIl- el
BaeMOH onmumaneHoti paboyeti vacmomoti (OPY).

% o
B cpensem OPY mmwxe MITY 1a 10... 20 %. .

1 =

BomHOBOe pacnicanue COCTaBIAeTCA Ha fo1 \

ocHobe 3aBucumocteii OPU n HITY or Bpemern  # ] -
cyToK (puc. 22.2). B xaxnpiii mepuox BpeMeHn ¥
pa6ora moskeT BecTHCE Ha mo6olt dactore ne -1/ e
semie OPY u me ke HITU. 13 3akpensierroro 4 I i -
Ha6opa 9acTOT 714 Pa3sBhIX IIEPHONOB CYTOKBE- 44 4 72 75 20 2
6upatorcs vacToTs 6moke k OPY, Tak kak npu Bpemn cymon,
3TOM BHIIE YCTOWYHBOCTH pabOTHI. Puc. 22.2

22.3. 3aMmupaHusa U pasHeceHHbIN NpUem

B nuanasone KB, xak u B ApYTHX AHana3oHaXx, IPHEM BCETIIa COMpPO-
BOXHAETCHA HENPEPHIBHEIMM M3MECHCHHAMH YPOBHA CHTHANA BO BPEMCHM,
T.¢. 3amMupaHuaM (cM. § 19.1). samupanns Ha KB nauusx uMeroT HHTEp-
(hepeHIHOHHOE M MOIIPH3AHOHHOE MPOHCXOXKICHHE, & TAKKE CBA3AHBI C
H3MEHEHHEM NOMIOMeHHs B HOHocdepe.

OCHOBHBIMH NPUYHHAMH HHTEP(EPEHIIMOHHBIX 3AMHPaHHH ABJIAIOT-
c4: MHTEP(EPEHIHA HECKOMBKUX BOJH, MPETEPIEBIIUX PA3NHIHOE THCIIO
orpaxkeHHH oT HoHocdeph! (pHc. 22.3, a); uHTephepeHNHA pacCesHHBIX
KOMIIOHEHT BOIHBI (pHC. 22.3, 6); HHTepdepeHIus oObIKHOBEHHON (MHIEKC
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«O») 1 HeoOBIKHOBEHHOM (MHIEKC «X») COCTaBIAAIOUIMX BOIHEI (pHC. 22.3, 6)
(cm. 17.3.1).

[MonsApu3anmoOHHbIE 3aMHpaHHA HAOMIONAKOTCA Kak NPH IpHeME Ofi-
HOTO JIy4a, TaK H IPH MHOTOJIy9€BO# CTPYKType IO,

B nuanaszone KB nnTepdepeHuyonnsie 1 NONAPH3AIHOHHEIE 3aMH-
panudg 00BIYHO NMPOTEKAIOT KaK OBICTpEHIC; MEIUICHHBIE 3aMHPAHHA TIPKITH-
CHIBAIOT MpOIlECCaM MEIEHHBIX 3MeHeHHH normomenus. Ha KB paauo-
JHMHHMAX OCHOBHBIE XaPaKTEPHCTHKH ObICTPBIX 3aMHpaHH#t (4aCTOTa U Iiry-
OuHa 3aMHpaHMii, MacIITaGpl NPOCTPAHCTBEHHOM M YAaCTOTHOH Koppensd-
UM M IIp.) CYIIECTBEHHO H3MEHAIOTCSA J]aXe B TCIEHHE OTHOCHTENBHO KO-
POTKHX HHTEPBAJIOB BPEMEHH.

Pasnecennsiii npuem. [ NOBEIIIEHHA YCTOHYHBOCTH paboTel KB
TIVHHUHA CBA3H TIPH HATHYHH 3aMHpaHuii 0OBIYHO HCHONB3YIOT IPAEM Ha pas-
HECEHHEIE BHTCHHBI M B HEKOTOPHIX CIIy9adX — pa3sHECEHHE MO MOIAPH3a-
muH (cM. § 19.1). B mnana3zoHe AeKaMeTPOBBIX BOMH B HANPaBJICHHH, TIep-
TICHAHKYIIPHOM TPacce, MacirTal IPOCTPaHCTBEHHOM KOpPEnAHUY 3aMHU-
panuif cocrasipier (10...15)A. M3-33 OrpaHHYEHHOCTH IO AHTEHHEBIX
nonci pacCTOAHAE MEXKIY JBYMA NIPHEMHBIMH aHTeHHaMH OOBI4HO BHIOH-
patot oxoso 10A.

BEIHrpHINI B yCTOHYHBOCTH PabOTHI, OJTydYaeMElii 38 CHET IPHMEHE-
HHA PA3HECEHHOro NpHEMa, CYIIECTBEHHO 3aBHCHT OT CTATMCTHYECKOM
cTpykTypsl nons. IIpH uHTEpdEepeHUHOHHOH CTPYKTYpE TI0/IA OH 3HAYH-
TENBHO Gombiie, 9EM IIPH PaCCEAHHOH,

Kpome cryuatineix u3Menenuid aMonuTyasl nong Ha KB paguonu-
HHSX BCETa HMEIOT MECTO YaCTOTHO-CEIEKTHBHEIE 3aMupanus (cM. § 19.2),
IPH KOTOPSIX BO3HHKAIOT HCKOKEHHS aMIUINTYIHO-IaCTOTHOH XapaKTepH-
ctukd (AYX) B npezenax nepenapaeMoii ON0CH 9acToT. B 3aBHCHMOCTH
OT CTPYKTYPHI 1IOJIA B TOUKE IpHeMa H TpeboBannii x paBHOMepHOCTH AUX
CHMTHala HEMCKAXKEHHAd 110JI0Ca NEPENadl XapaKTepu3yeTcs SHaUCHHAMH
ot 100 I'y mo 3 xI'n. ITo cpaBrenuio ¢ nuanaszonom YKB tpakr pacnpoct-
paHEeHHA KOPOTKHX BOIH 3HaYHTENBHO foNee y3KOMOMOCHKIH.
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22.4. Bpems 3anasabiBaHUA U OrpaHUYEeHUe CKOPOCTH
nepepaun uHdopmanumn

MarucTpanbHble JIMHUH CBA3H B THAMNA30HE JeKAMETPOBEIX BOIH HCIOMIb-
3yIOTCA B OCHOBHOM JUIA Nepeayy uH(opMaimu B xuckpeTHol dopme (auckper-
Hulit Tenedon, Tenerpad, hoTorenerpad, nepenaya IaHHHX), T.6. paboTa Besercs
HMITYJILCAMH OIpeieNIeHHO# AnuTenbHoCTH. B § 19.2 ormeuanocs, uTo B pesyib-
TaTe BAMAHUA TPAKTa PaCOPOCTPAHEHHA AIMTENbHOCTh HMIIYbCA B TOYKE NpUeMa
OTIHYAeTCs OT HCXOAHOH, T.e. HMEIOT MECTO BPEMEHHbIE MCKAKEHHA.

BpemeHHBIE MCKaXEHH HMIYILCOB Haubolee CyIIeCTBEHHB! B TEX CIIyYa-
X, KOLZKA B TOYKY NIPHEMa MPHXOAHT HECKOIBKO BOIH C COM3MEPHMEIMH aAMILIHTY-
JaMH H 3HAYUTE/LHEIM BPEMEHEM 3ana3aniBanus. Bpems sanasneisanus A7 H3-
MEHACTCA B LIMPOKHX MpeZesax B 3aBHCHMOCTH OT JUTHHHI TPACChI, COOTHOLIEHUA
Mexay paboued yactoroit 1 MITY, BpeMeHU CYTOK, CE30Ha, YPOBHS COINHEYHOM
GKTHBHOCTH. PacyeThl MOKa3bIBAOT, 4TO MRKCHMANILHEIE 3HAYEHUS AL Ha Tpac-
cax npotkeHHOCThio 1500, 3000 u 4000 KM MOTyT JOCTHrarh COOTBETCTBEHHO
2,8; 1,5 u 2 mc. Eciiu npuHATH, 4TO HCIPAaBAIOLIas CrIOCOOHOCTD anmaparyphl
paeHa 40 %, ToO MUHHMAJTIBHO JIOIy CTHMEIE JUIMTEILHOCTH MMITYJILCOB JOJDKHEI OhITh
B 2,5 pa3a Gonblle yKa3saHHBIX 3HAUEHUH Af . T.e. cocTaBmaTk 7; 3,75 u 5 cm.
CnemoBarenbHO, CKOPOCTh IepeaaYy XHCKpeTHOH uHpopManuu Ha KB nuamax
CBA3H NpoTsKeHHOCTHI0 1500, 3000 11 4000 kM orpaHHYeHa COOTBETCTBEHHO 3Ha-
yeHusaMH 143, 627 u 200 Gur/c.

IIpuBeneHHbIe JaHHBIE CBUACTEILCTBYIOT O TOM, 4TO IPH JUIHHE TPACChl
oxono 3000 kM HabmonaeTca HauMeHbLIee BpEMA 3ana3AbIBAHN U, KaK CIE/CTRHE,
JocTHraercs HaubonbIuas CKOpocTs nepeaaus HHGopMaruu.

22.5. BnnaHne noHochepHbIX BO3MYLLeHUI -

CywectseHnoe Bimanue Ha pabory KB pagnonuHuii 0xaskBalOT HOHOC-

. (pepume BO3MYILLICHHA. B CpEAHHX LIHPOTaX Haubonee OIaCHRIMHU ABJAIOTCA oTpH-

flaTebHEIe Bo3MyleHns (cM. 17.3.2), korna KpHTHYECKHE YacTOTH c1os F2 moHu-
xatorcs 6onee yem Ha 20 %. Do nosmwxkenne f,_F2 cyxaer NpUMEHHMEII Axana-
30H paboYHX YacTOT, HOCKONBKY 3HAYEHMA Mﬂg mpubmnkatores x HITY.

OCHOBHBIMH MEPOIPHATHAMH MO0 YTYYHICHHIO pabOTH CpeJHEWHPOTHBIX
panmMONMHUH B NEpHOAbl HOHOCGEPHRIX BOIMYIUECHUIT ABNAIOTCA: OMEpaTHBHAA
cMeHa paGo4MX 4acTOT; NOBbIHIEHHE 3PPEKTUBHOCTH TEXHUYECKHX CPEACTB, B
9aCTHOCTH YBeJIHYeHHEe MOLIHOCTH NEPEAaTuYHKa 0 HECKONBKUX JECATKOB KUJIO-
BATT BMECTO MOILHOCTH B HECKOIBKO BaTT, HeoOXoauMoil 1A paboTel B OTCYT-
CTBUE BO3MYILEHHH.

16—2013
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Ha paanonHHAX, IPOXOAAIIMX B BBICOKMX IIHPOTAX, B IEPHOAEI CHIBHOTO
TIOTJIOLIEHNS TIPsiMast CBA3b B JHANa30He KOPOTKUX BONH HE MOxeT OITh obecne-
4eHa [aXe NPH UPHMEHCHHUH BBICOKOI({)EKTHBHBIX TEXHUYECKHX CcpeacTs. s
TIOZiep KaHHs CBA3H B 9THX CIYYasAX PEKOMEHIYETCH NPUMEHATE PETPAHCIALMIO
4epe3 MyHKTHI, PACIIONOKEHHEIE B CPENHHX H FOXKHBIX IIHPOTAX.

22.6. OcHoebl pacueta KB paguonuHui

22.6.1. Yrnbt HaknoHa Tpaektopuit u Tpe6oBaHun
K gnarpammam HanpasneHHocTu KB aHTeHH

Vb1 HakyoHa TpaextopHit Ha KB pannonnHHAX MOXKHO PaCCUHTATh C HC-
nonk30BaHueM TeopeM Bpaiita, Telona 1 MapTuHa, N0Ka3aTebECTBO KOTOPRIX MOX-
HO Ha{TH, HanpuMep, B [5]. 3TH TeOpeMEI IO3BONSIOT 3aMEHATH HEU3BECTHYIO MC-
THHHYK KpHBOMHHEAHYIO TpaekToputo AKB (puc. 22.4) ¢ BBICOTOIH A, TI0 KOTO-
POH CHTHAN PaCpPOCTPAHAETCS C IPYNIOBOH CKOPOCTBIO ¢, Ha IKBHBAJICHTHBIH
TpeyronbHbii nyte ACB ¢ neficTyiolueii BHICOTOH 4, 10 KOTOPOMY CHTHall pac-
IIPOCTPAHAETCS CO CKOPOCTEIO CBETA B CBOGONHOM IPOCTPAHCTEE C,).

H3 3KBHBaJIEHTHOTO TPEYTOILHOTO ITyTH ONIpEAENsAeTCA Yol HafeH!s BOJ-
HEI Ha TUIOCKYI0 HOHOChEpY @ '

18¢, =sin(0/2){1+ A, /a,, —cos(0/2)], (22.3)

rae 0 = r/a,, - UEHTPaNbLHBIA YTON, COOTBET-
cTByrommii gyre r (cM. puc. 22.4). Ha anuHHBIX
Tpaccax, IZie HMEeT MECTO MHOTOCKaIKOBOE pac-
HpOCTpaHeHue, O » HOApa3yMeBaeTcs JIHHA
OJIHOTO CKadKa.

Vron HaKNOHA TPaeKTOpPUM A CBS3aH C

YoM nNagcHHs (po COOTHOUICHUEM
A=n2 - @, 6/2. (22.4)

B puanaszone KB npu pabore Ha yacro-
Tax, GJIM3KUX K ONITHMA/BHBIM, B TOUKE IpHeMa
none 06sMHO HOPMHPYETCA HECKOIBKHMH BOJI-
HaMM, NPETEPNEBUINMHA PAIMIHOE YHCIO OT-
pakeHuit oT HoHOC(eEpEL. B pasHble ce30HBI H
IIEPHOABI CYTOK COOTHOILUEHHE MEXAy Hamps-
MEHHOCTAMH IIOJIA OTAENBHBIX BOJIIH MEHAETCH.
Puc. 22.4 TlostoMy st momaepxaHus ycroiausoit pa6o-
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THI aHTEHHB! Ha Niepejaye U rpueMe JODKHE! 00ecneyHBaTh HHTEHCHBHOE H3Tyye-
HHE ¥ PHEM B HaIPaB/ICHHH LIEJIOT0 CIIEKTPa YIIOB, COOTBETCTBYIOLIUX BOJIHAM C
HauOOoNbLIMMH AMIUTHTYIaMH.

Bri6op HaknoHa M lMpuHkl JIH aHTeHH B BepTUKAILHON MIIOCKOCTH PEKO-
MEHIYETCS NPOU3BOUTH C YYETOM KaK CPeAHHX 3HaueHHil YIVIOB HAKIIOHA TPaeK-
TOpHH A, p» TAK M BO3MOXHBIX GmyKTyauuii OTHOCHTENRHO A .

Cpenne 3uavenns yrios A, PaCCHHTHIBAIOTCS 110 (25.4) UCXOJs U3 pery-
JAPHBIX CYTOYHBIX M CE30HHBIX M3MEHEHHUH JeACTBYIOMMX BRICOT OTPAXEHNUS h .
Bepxuas rpaHnLa YII0B A ) ONPEACIACTCH MaKCHMA/IbHO BO3MOXKHLIM Habonae-
MBIM YHCIIOM OTPXEHHMIT OT cios F2 Ha JaHHOM Tpacce B IIEPHOABL, KOLa BBICOTa
3TOrO 1105 MakcuManbHa. Hikuss rpanuua A, J1s BCeX MMHHiA OGIYHO MPHHH-
MaeTcs okono 2...3°. Tpaexropus ¢ Golee HU3KMMH yIIaMH Mal103¢ GeKTUBHEI H3-
3a CHJIBHOTO OclabieHns B MoHocdepe H BIHAHUA 3eMIIH.

Jinsa Tpacc mpotsbkeHHOCTBIO Gonee 2000...3000 kM BepxHie rpaHULIB yIia
A » PACCUMTAHHEIC C YYETOM PEailbHO HAOMIONACMBIX TPACKTOPHH, IPHBE/ICHE B
Tabn. 22.1. HwxHsas rpaHHna 3Toro yria cocrabiset 2...3° 1is Beex Tpacc.

Tabnuua 221

JomHa muemd, kM| 2000...3000 | 3000...4000 | 4000...7000 | 7000...10000
A, 20 15...18 10...12 10...12

@nyxTyanun 3Ha4eHHH YIJOB HAKJIOHA TPACKTOPHIl OTHOCHTEINILHO Cpel-
HHX 3Ha4Y€HH# BO MHOTHX ClIy4asX BeCbMa cyiecTBeHHbl. OHu 00yCIOBIIEHE! pas-
NUHMHBIME NPUMYMHAMH, OZHA U3 KOTOPHIX COCTOMT B HEMPEPHIBHOM Cy4aifHOM U3-
MEHEHHH BBICOTHI OTPAKAOLIETO CIIOR, APYras — B TOM, 9TO OTpacaromas o61acT
HoHocdeps! 9acTo He sABIAeTCA chepHueckH coHcToH. [Toatomy B hopmupoBa-
HHH TPHHHMAEMOIo CHIHaa y4acTBYIOT IIONEPEMEHHO HIH OJHOBPEMEHHO He-
ckoneko obnacteit HoHOcdeps!. Takoi xapakTep pacupOCTPaHeHHA Jaxe NpH IpH-
€M€ OJIHOTO JIyYa NPUBOAMT K PAaCHPEAEIEHUIO SHEPIrHH BOIHbI B HPOKOM CIIEKT-
pe ymioB, T.e. K QIyKTyaluuaM yIJIOB HaKJIOHA TpaekTopui. ITpu MHOroayueBoM
npremMe QIyKTyalnH YIVIOB HAKIOHA NPUCYLLIN KOKI0# U3 TPAEKTOPHIA 1 CIIEKTPHI
YIJIOB, B KOTOPBIX PAacipeieieHa JHEPTHA BOJIHBI, MOTYT YaCTHYHO MM MOJHOC-
TBIO IEPEKPRIBATE APYT ApYyra. JlaHHbIE 0 BO3MOXHBIX (PIyKTyalHsx yrioB HaKIo-
Ha TpaeKTopuif npuseaeHs! B Tabn. 22.2,

B ropu3sonTansHOH N1ockocTH Ha MupHHY JIH aHTeHH OKa3plBaeT BIMAHHE
TaK HasblBaeMas deguayus nyyet, T.6. OTKIIOHCHHE HAIIPaBeHHA pachpocTpaHe-
HHA BOJIHBI OT AyrH Goabloro kpyra. OCHOBHBIMH IPHYHHAMH ACBHAIHM JTydeii
SBJAIOTCA HAKJIOHB! OTPAXAIOIHX CI0EB HOHOCGEPH B HANPABICHHH, IIEPICHIH-
KyNIApPHOM Tpacce. MOKHO OPHEHTHPOBOYHO IIONArarth, YTO B FOPH3OHTANBHOM
IUTOCKOCTH AHTEHHBI JOJDKHBI 06ECIIeYHBATh HHTEHCHBHOE H3IYyYCHHE H NIPHEM B
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Tmna OIyKTyalHH YITIOB HAKJIOHA TPAEKTOPHid, I'paj, 3a NEPHOX
1eTo 3HUMa
TPAcCHl, KM
DeHb HOYb JeHb HOYb
1000...3000 2 6 4 0...24
3000...5000 3 8 6 0...30

JIMAa30He YraoB +(3...5)° OTHOCHTENBHO JYTH GOJBILOTO KPyra, T.6. OTHOCHTEb~
Ho MakcuMyma JTH anTtenn. B BeICOKMX IIKPOTaxX H3-33 GONBIIOH HEOAHOPOXHOC-
TH HOoHOCGEPH! YITBI AeBHALMH JTy4eii Gonee 3HaYHTENBHBI.

22.6.2. PacueT HanpsiXeHHOCTU nons

Ocnabnenue nons va KB PAIHOIMHHUAX BBI3BAHO PACXOAMMOCTBIO BOJIHEI,
NOMIOWEHNEM B HOHOChEPE, OTPAXKSHUEM OT [IOBEPXHOCTH 3€MIIH K APYTHMM IIPH-
yrHaMu. OHUM U3 OCHOBHBIX METOZOB PacyeTa HANMPMKECHHOCTH MO ABJIAETCH
mertoz, npemioxennslii A.H. KazanuesniM. Han6ombiiyio TOYHOCTE 3TOT METON
ofecreyrBaeT NpM pacyere Tpace, NPOXOAAMIMX B CPEHUX [KPOTaX.

B cooTsercTBUM ¢ YKa3aHHBIM METOINOM ACHCTBYIOUIEe 3HAYEHHE Halps-
HEHHOCTH NOJIA B TOYKE MPHEMA

‘J30P;GI(A) l 1+RR”_[ exp(-—r“)- (22'5)
2

r 2

:4

[loscuuM CTpYKTYpY 210it GOPMYNLL.

[lepBolii MHOXKMUTENb COOTBETCTBYET HOMO B CBOGOAHOM IPOCTPAHCTBE
(15.2). 3necs P| — MOIHOCTD, MOABOAKMAS K NEPEAAIOLIEH aHTEHHE; G,(A) - ko-
9 OHUIMENT YCHIEHHA Nepelatolleli aHTEHHBI OTHOCHTENIBHO H30TPOITHOIO HITY-
yarelsl ¢ y4eToM BIHAHMA 3eMiH, Te. G,(A) = G F %(A), roe F(A) — nopMHpO-
pannas JIH nepeparonieii aHTEHHBI B BEPTHKAIBHOH IJIOCKOCTH C Y4€TOM BIIMAHHA
3emud; A — yron BO3BBILIECHHA TPAGKTOPHH BOJHBI, ONpeAenseMblii (22.4); r, —
[YTh, IPOXOAHMBIii BOJIHOH OT TOYKH NEPEAaYH 0 TOYKH IPHEMA.

BTopoii MuoxuTens (1/2) COOTBETCTBYET YMEHBIUEHHIO 1OMA (HIIH MOIIHO-
ctd) Ha 6 OB. I3 nux 3 b A. H. KasaHnes oTHOCHT 3a CY€T TOTO, YTO NpHeMHad
AHTEHHA MMEET JIMHEHHYIO NOAPH3ALHIO, 3 BOIHA B IPOLIECCE OTPAXKEHHA OT HOHOC-
depsl probpeTaeT AUMNTHIECKYIO (2 MHOIIA H KPYT'OBYIO) OJPH3aluI0. JIpyrue
3 1B o0ycnoBneH ! TeM, YTO BOJHA B HOHOC(epe pacIleruiseTcs Ha OOBIKHOBEHHYIO ¥
HeoOBIKHOBEHHY0; HEOORIKHOBEHHAs COCTaBIAIONIAA CHIBHO MOMIOWAETCH, & A
[pHeMa OKA3BIBAETCA TMOMIE3HOH TONBKO MONOBHHA H3TYyUEHHOH MOLUHOCTH,
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Tperuit MuOKuTeNb (1 + R)/2 yuuTs-
BAET BIHAHHE OTPAXKEHHOMH OT 3€MJIH BOJIHEI B

MECTE PacIoNoXEHHs MPHEMHOH AHTEHHBI. 5
Ecnu 681 npueMHas anTeHHa B (puc. 22.5) Ha- 2 o
XOIWIIACH HA OIITHMA/ILHOM BRICOTE /2, HAZL 3eM- . 3 <
HOIi TIOBEPXHOCTBIO, TO BOIHE! [ U 2 MMenH g

661 onuHAKOBYIO (pazy B TOUKE MpHEMa U pe-
3yABTHpPYIOLEE roNe (IPH FOPH3OHTAJIBLHOH
noysipusauuy) uMeno 6u1 snagenue (1 + R)E,,
rae Ej — none npaMoi BolHK /. B peaNbHBIX YCIOBUAX BCAEICTBHE KOne6anuit
BBEICOTBI OTPaXaloWero cios 06ecneYHTh ONTHMAIBHOE CI0XKEHHE BOMH [ 1 2 He
yRaercs, H A. H. Kazanues Gepet cpeanee 3HaueHue ko3dhdHIHEHTa, YUUTHIBAIO-
IIETO BIHAHUE OTPaKEHHOH 0T 3emH BoiHBl, a HMEHHO (1 + R)/2. O6bI4HO BRIOU-
PpaoT cpenHee 3HadeHue R nopsaaka 0,8.

YeTpepTriii MHOKUTEb R™ yUUTLIBAET AOMONHHUTENBHEIE IOTEPH [IPH OT-
paxceHHH OT 3eMIH B IIPOMEXYTOYHBIX TOYKAaX B CIy4ae MHOIOCKa4KOBOro pac-
npocTpaHeHus. 3aeCk n — YHCIO orpaykeHuit ot nonocdepsl. Ha ognockauxoBsix
JMHESAX (C OOHUM OTpaXEHHEM OT HoHocdeps) n= 1 u R 1 =1,

Haxonen, nsrsiii muoxurens exp(-T,) yuuTbiBaeT nomoluenue B HoHoChepe.

[onupiit uuTerpanbubii koddgduument normomenus I, onpeaensercs kak
CYMMa NOTJIOIIEHHA B TeX CII0AX HOHOCHEDEI, KOTOPBIE BOIHA IIPOXOHT (HEOTKIIOH-
I0L11ee NONIOMIEHHE), K MOMIOLIEH!S B OTPAXKAIOLIEM CII0e HOHOCGEPHI (OTKIIOHSIO-
nice nomomenue). B ciyyae, koraa B ROHOCHEPE CYyIIECTBYIOT BCE PEryIAPHBIE CIIOH
U OTPaKeHHE MPOUCXOIUT OT ci10s F2 , MONHbIA Ko3dpuuueHT HomouieHus

I, = -
o+ )

[lepeoe cnaraemoe ONpezeNseT HEOTKIOHAIOMIES NOTTIOEeH e, 3nech Ay —
k03¢ PHIHEHT, 3aBHCALLKI OT KPHTHYECKOH JacTOThI C10s E HOoHOCheph! (kak Mepa
SNEKTPOHHOM IIOTHOCTH BO BCEX CJIOAX) H JUIHHEI Tpacchl (puc. 22.6); paGoyas
4acToTa fp H 4aCTOTa NpPOAOILHONO FHPOMATHUTHOIO pe3oHaca f; (cM. 17.3.1)
BBIpaXEHH B Merarepuax. Yem Gonbiue creneHb HOHU3aLUK MoHocdepn (f E),
TeM Goutbiie ee yaenbHas npoBoauMocTs (17.20) u Gonbine nornomexue. Yem 6ob-
mie JJIMHA TPAcChl, TeM GONBLIHIA IMyTh MPOXOAUT BONHA B HEOTKIIOHAIOLIMX CIOAX
4 TeM GoJiblLI€ NMOrOLIeHHE. DTH 3aBHCHMOCTH H OTpaXKeHE! Ha puc. 22.6. U3 dop-
MyJtkl (22.6) ClieRyer, 4To ¢ yMEHbIICHHEM f, BO3DACTAIOT IOTEPH, TaK KaK pacTeT
[POBOIHUMOCTS HOHOCEpEL.

Bropoe ciaraemoe B (22.6) OlleHHBaeT OTKIOHAIOILEE MONIOEHHE [IPH OTpa-
KEHHMH BOJHBI OT ¢/104 F2 . KoaduuueHT B, 3aBHCHT OT POTAXEHHOCTH TPACCh 1

Puc. 22.5

+Bp, 2
rolp (22.6)
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brz JeHCTBYIOWEH BEICOTHI OTPAXKEHHA BOJI-
102 et (puc. 22.7). U3 pucyHKa BUAHO, YTO
8 - IIPH YBETHYEHHH 7 3HAYEHHA B, YMEHb-
6 W IIAIOTCH, T.€. YMEHBIIAETCA MOMIOMIEHHE.
4 \Q . 310 MOXHO 0GBACHATE TeM, 4To Ha Go-
3 AW\ Jiee JUIMHHBIX TPAccax HCTIOMB3YOTCA BO-
2 RN HEI ¢ 60J1€€ NOJIOTHMHU TPAEKTOPHSIMH, KO-
,";{1 SN | g4 TOpbiC MeHBIE TIDOHMKAIOT BIyGhb OTpa-
a . ggg MAIOILETO C/10% ¥ MEHBINE ONIOIAIOTCA.
6 - 3akoHoMepHOCTH H3MeHeHHA [,
= 300 "
4 P 750 BHTekaomwue u3 dpopmyns (22.6) u
J -
0300 7000 7500 2007 3300 P puc. 22.6, 22.7, NOIHOCTHIO COOTBET
CTBYIOT TEM, KOTOpbIe ObLIH paccMOTpe-
Puc. 22.6 Hbi B 18.3.3.
Ag
4oL T _ T V4
- rl=35001m /?/ W
300 | t
C 3000 v 4007/
o 1000,
r /// / / 500>
10 F / e e e
F /
] |
0 W] L1 1L L L.l LA L) I
10 1,5 20 25 30 35 fapb,mMu

Puc. 22.7

22.6.3. BrinsiHue yCroBUi pacnpoCcTpaHeHus
Ha paborty paanoBellaHUA

JlekameTpOBbIE BOIHBI MMEIOT OFPaHHYEHHOE PUMCHEHHE JUIA BELAHMA
H3-32 GONBIION 3arPYXEHHOCTH 3TOTO IHANa30Ha, BHICOKOIO YPOBHS fIOMEX CTaH-
LMii M OTHOCHTENBHO HU3KOTO KauecTra npuema. HauGonee TMOHIHO IPUMEHEHYE
KB auana3zoHa [l BEIAHMA Ha TPYAHOAOCTYIIHLIE YaJNEHHEIE PafOHBI, KOIa CH-
cTeMsl, paboratomue Ha Gonee kopotkux (YKB) win Gonee pmunnsix (CB, JIB)
BOJIHAX, OKA3HIBAIOTCA HENPUTONHBIME H3-3a OTPAHHYEHHOTO PajHyca AeHCTBHA.
Bellanne Ha AEKAMETPOBLIX BOIHAX NPELyCMaTpHBacT 00CIyKHBaHHE 3ATAHHOH
TEPPUTOPHH C IIOMOLIBIO HOHOCHEPHEIX BOMH.

Bonnosoe pacnucanue (cM. § 22.2) juis BellaHUs COCTABIACTCA C YUCTOM
YCIOBHil PaCTIPOCTPAHEHHs B TEYEHHE LIENOTO Ce30Ha. B pesyisTare BO MHOTHX
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cinydasx pabora BEAETCA HA 4aCTOTaX, Aanekux or OPY, uto cuipkaeT yposeHb
CHIHalla H Ka4eCTBO IpHeMa.

3ona 06CIy)KMBAHKA BELIATENBHOTO NEPENATYMKA HMEET IPAHHULbI, KOTO-
Pphle OpH yHETE HOMEX TO/BKO MPHPOIHOIO ITPOHCXOXKACHHA ONPENE/IATCA MHHH-
MaJIbHO AOMYCTHMOH HANPAXEHHOCTBIO NolIA £, . MeamanHoe 3HA9€HHE HATIpS-
XKEHHOCTH T0JIA ONPENEIAETCH 10 METORY, U3NIOKEHHOMY B 22.6.2.

Jia nuanazona KB xapakrepHo Hannuue MepTBOMH 30HEI, B Mpeeaax KoTo-
POH peryJpHBIH NPHEM HEBO3MOXEH, TaK KaK paluyc JCHCTBHA 36MHOH BOJIHBI
06bIYHO MEHBIE, YeM HAUMEHBLIEE PACCTOSHHE, MEPEKPBIBAEMOE 110 3eMIIE HOHOC-
depHoii BonHOH. BHyTpeHHUI paaryc 3T0i 30HBI YCTAaHABIHBAIOT ITyTEM pacuyeTa
HanpsKEHHOCTH MO/ 3EMHOMH BOJIHEI C [IOMOLIBI0 METO/IOB, H3IOXKEHHBIX B Ii1. 16.
PaccuursiBas HalPAXKEHHOCTD ITOJIA HA PAa3HBIX PACCTOAHHAX OT nepena}omeifl aH-
TEHHBI, ONMPEAENAIOT TO PACCTOAHME, [IPH KOTOPOM YPOBEHb M0JI1 paBeH MHHIMANLHO
JIOMYCTHMOMY 3HA4YEHUIO. BHEIHMIl paiHyC YCTAHABIMBAETCA [0 KPHTHIECKOMY
yIJIy naj€HUA BOIHBI Ha HOHOCdepy (cM. puc. 18.7). Ecnu B nepBoM mpubimaxe-
HUH OTpaXkatoluii coil noHocdeps! CUMTATh JOCTATOYHO TOHKHM, TO BHEUIHMIT
pazHyc MEPTBO# 30HBI MOXHO OLEHUTH 1O NpHONmKeHHOH dopmyne [5]
172

(S fg)* =1
) 1+[(fp/fxp)2—l]hn/am

U3 dopmyibl BHAHO, 4TO Ha YacTOTE fp = f. » BHEIIHHI pallyc MEpTBOi
30HEI paBeH Hyo. C BO3pacTaHHEM YaCTOTH PAIHYC 7,,, YBEIHYHBAETCS, JOCTH-
rasg MakCHMaILHOTO 3HAYEHHS HA 4acToTe f;,, paenoit MITU.

Yy =2h

JTumepamypa: ocnoenas [58), dononnumenwvrasn [5, 57].
KonTponbHbie BONPOCHI

1. B 9eM pasnHyHe MaKCHMAaNBHOH IPHMEHHMO# YaCTOTH! M MAKCHMAJIBHOMH 4acToTs?

2. KaxoBbl MpHYHHE 3aMHpanHit Ha KB paxionuHHAX H KaKHe MePBI NO3BOJIAIOT IIOBBI-
CHUTb YCTOHYHBOCTD nprema?

3. YeM OrpaHHYHBAETCA CKOPOCTH NEPEAaYH KHCKpETHOH HHbopMamny Ha KB paauo-
JIHHHAX?

" 4, KakoBbI OCHOBHBIE TIONOXEHHA METOa pacueTa HanpaxenHoctH nona? Ioscrnte

CTPYKTYpY COOTBETCTBYIOIIEH opMymEL

5. Kak BIHSAIOT yC/IOBHA pacnpoCTpaHeHus Ha TpeboBaHusA, npexpasisemere Kk J[H an-
TeHH B BEPTHKAJIBHOM M TOPH3OKTANLHOMH MIOCKOCTAX?

6°. TToueMy MOHATHE «MEPTBOH 30HEI» JUIA MIPHEMA XapaKTEPHO HMEHHO U1 JMara-
3ona KB?



nasa 23. PACNPOCTPAHEHMUE CPEOQHUX
¥ ANUHHbLIX BONH

23.1. PacnpocTpaHeHue cpeiHMX BOSIH

23.1.1. OcHOoBHble ME@XaHU3MbI PACNPOCTPaHeHUsA
¥ obnacTu NpUMeHeHus

K nuanasony CB (rexroMerpoBble BOIHEI) OTHOCAT PafgMOBOJHEI
mHOo# 100...1000 M (vactoTs! ot 3 MI'y mo 300 x['ix). XapakrepHoii oco-
6eHHOCTHIO pacnipoctpaHeHns CB sBiserca npueM B JJHEBHOE BPEMs TONb-
KO 3¢MHOH BOITHHI, @ B HOYHOE — ¥ 36MHOM, ¥ IIPOCTPAHCTBEHHOM.

3emnan eonna pacnpocTpaHAETCA BIONL IIOBEPXHOCTH 3EMIIH Ha
Gonbiune paccTosHuA, YeM B auanasoHe KB. O0bacHaeTcs 9170 MeHbIIeH
YTeuKO# 3HEPTHH BOJIHEI B [TOYBY M MEHBIIIMMH JH(PaKIHOHHEIMH 1IOTEPS-
MH (cM. 16.5.2 n1 16.5.4). B peaybHBIX YCJIOBHAX NPHEM 3eMHOH BOIHBI
BO3MOXKEH Ha PacCTOAHUAX O HECKONBKUX COTEH KHWJIOMETPOB B moboe
BpEMS CYTOK.

Ilpocmpancmeennan 6onna MOXET NPUXOIHTH B TOYKY IpHEMa
B pe3yJbTare oTpaxeHHs oT HoHocdepsl. [[na CB ycnoBus oTpakeHHs OT
HoHOCQEpH! BHINOMHAIOTCE B cioe E. OxHako B IHEBHEIE 9ackhl, KOIIa Cy-
IIecTByeT ciioif D, HoHocdepHas BONHA HCIILITBIBAET HACTONBLKO CHIBHOE
TIOTTIONIEHHE B 3TOM HIDKENeXKaMmeM Cioe, YTO ee MPUEM OKa3BIBAeTCs He-
BO3MOXHBIM. C HacTyIJIeHHEM TEMHOTHI, KOTAa ciod D Mcue3aer, Hanps-
JKEHHOCTD MO IPOCTPAHCTBEHHOI BOIMHBI PE3KO BO3PACTACT, H HA paccTo-
aanax Gonee 100...200 kM 3Ta BOMHA CTAHOBHTCA JOMHHHPYIOMICH.

Takum 06pa3omM, B THEBHOE BpeMs paaUyc AeHCTBHS CTAHIHH 0ObIY-
HO COCTaBJIET HECKOIBKO COTCH KHIOMETPOB, YBEIHYHBAACH B HOUHOE BpE-
M4 o 2000...3000 kM 1 Gonee. AHAJIOTHYHBIME YCIOBUAMH PacpocTpa-
HEHHA XapaKTepH3YIOTCA U BOJIHBI JINHOHK npuMepHo 1o 2000 M (JacToTh!
Jo 150 xI'), T.e. KOPOTKOBOJIHOBAS YaCTh CMEXHOTO Muanasona IB. Ilo-
3TOMY B IJaHHOM pasjielie B LEIOM PacCMaTPUBAIOTCA PaJHORHANAa30HE
nmuHo# 100...2000 M.
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OnucaHHBIC YCIOBUA PACTIPOCTPaHEHNA HaUOONee THNHMYHBL UiA
cpexHero yuactka guanasosa CB. Ipu npubmpkenun k apanasony KB ycu-
JIMBAETCA POIIb IPOCTPAHCTBEHHBIX BOJH; NIPU NPHOIMXEHHH K IMana30Hy
JIB npoucXoauT MOCTENCHHBIN MEPeXox K BOTHOBOJHOMY PaclipoCTpaHe-
HH0 (cM. 23.2.1). ‘

HanGomnee npuMeHEMEI 3TH BOJIHBI B CITy)0e Bemanys, 11 KOTOpoit
Komurerom yactor MKKP Beizenena nonoca 187...2000 M (uyactors
1,6 MI'n...150 xI'n). Kpome Toro, oHM MCTIONB3YIOTCA U1 Nienei MOPCKOi
cBs3i. Ha MOPCKHX JIMHHAX YCIOBHS pacnpOCTpaHCHHA 3¢MHO# BOJIHEI Hay-
6onee OATONPHATHBI M3-32 MATIOH YTEYKH SHEPIHH B IOACTHIIAIOILYIO Cpe-
JTy — MOPCKYIO BOLY, KOTOpad 00/aiaeT BHICOKOM IPOBOXHMOCTBIO.

23.1.2. CnyyaitHbie (ryKTyauuu HanpsKeHHOCTH NONA

Ha paccrosnusx, riie B TCYeHHE CYTOK HOMHHHpPYET TOJIE 3eMHOM
BOJIHBI, YPOBEHb CHIHAJIa YCTOH4YHB, JTa 00)1acTh pacCTOAHMIH Ha3HIBACTCA
30Ho1 ysepennozo npuema. Jlanee paclioNOKECHA 30HA OAUNCHUX 3aMupa-
Hutl, TAE C HACTYIUJIEHHEM TEMHOTHI NPHHAMAEMOE IOJie €CTh Pe3yIbTaT
HHTEep(dEPECHIHH COM3MEPHMBIX O aMIUIMTYJE 3eMHOH U IPOCTPAHCTBEH-
Hoi#t BosiH. BenencTere HeperynapHbIX GIIyKTyanHit SMeKTpOHHOMH IUIOTHO-
cty B nonochepe daza npocTpaHCTBEHHOI BOTHBI HENPEPHIBHO H3MEHSAET-
€11, 103TOMY B OIKHEH 30HE IPHEM COTIPOBOKAAETCA IITyOOKHMH 3aMHpa-
HUAMM HHTEpQEPEHIIMOHHOrO Nporcxoxaenud (puc. 23.1).

3a 30HOI GIMMXHUX 3aMHpPaHMI PaCNONIOKEHA 30Ha JAJILHETO MpH-
€Ma MITH TaK Ha3blBaeMas 30Ha 0anbHux 3amupanuti. B 1anHOM 30He npreM
OCYMIECTBIAETCA 33 CIET HECKOIbKHX IIPOCTPAHCTBEHHBIX BOJIH, #-KPATHO
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OTPKSHHBIX OT HOHOC(HEPBl. AMIUTHTYBE! MHOTOKPATHO OTPaXXEHHBIX BOIH
B 2 M Gonblee YUCIO pa3 MEHBIIE aMILTHTYb! ONHOKPATHO OTPaXXeHHOH
BOTHBI, TO3TOMY B 9TOH 30HE 3aMHPaHUA MeHee NIyOOKH, 94eM B 30HE GIIHK-
HHUX 3aMHPaHHii.

Ipn npoekTHpPOBaHHH pagMOBELIaTeNbHON ceTH B auanasone CB
OOBIYHO CTABHTCS 3a[aya PacIIMPUTH 30HY YBEPEHHOTO NpPHEMA, T.c. IO
BOSMOXKHOCTH YBEJTMYHTh HaNPSKEHHOCTh HOJIA 36MHOM BOJHB! H YMEHb-
IIATH HANPKCHHOCTH IOJIA IPOCTPAHCTBEHHBIX BOJH, H3y4aeMbIX MOJ
GONBIIAME YITIAMH K TOPH30HTY. IIpH TakoM pacnpefeNeHHH IOJA 30Ha
OMIKHUX 3aMHpPaHUil cMemaeTcs Ha Goliee anekue pacCTOSHHA OT Iepe-
Jarduka. JIocTHraeTcs 3To MpHMEHEHHEM TaK
Ha3bIBaEMbIX «aHTH(EIWHTOBBIX» AHTCHH Ha
nepegade (cM. I1.12), KOTOPHIC HMEIOT JIHar-
pamMsl HanpaBieHHOCTH (pHc. 23.2), Gonee
«apmkarsie» K 3eMite (kpuBasd 2), yeM o6bId-
Puc. 23.2 HBIC AHTEHHBI-MadTHl (KpHBas [).

23.1.3. MNepekpecTHasA MOAYNAUUA B noOHOChepe

B HO4HOE BpeMa B 30HE IIpHeMa HOHOCHEPHEIX BOIH MOXeET HabmonaTscs
SBIEHHE [IEPEKPECTHON MOMYIALMH: P HACTPOIIKE IPHEMHHKA HA YACTOTY f Ma-
JIOMOIIHOTO [EPEAATIMKE MOXET NPOCIYILUBATECA Nepejada APYroro, MoIHOIo
TIEpEAATYHKA, IPH STOM HECYLIas 4aCTOTA MEILAIOLIETO MEPENATIHKA f,, HE BXOJMT
B MOJIOCY NPONMYCKaHusA PHEMHHKA. Takoe sBIeHHe BO3MOXHO, EC/IH [Oe MaIo-
MOILHOIO NEePENATIHKA OKA3BIBACTCSA NMPOMOXYIHPOBAHHEIM CHIHAAOM MOILHON
cTaHIuH. Moaynsuus npoHCXONUT B HOHOCHEpE 3a CHET ee HETMHEHHBIX CBOHCTB.

TTpolece nepeKpecTHOM MOAYIALIMH POTEKAET Ho cieAylomeii cxeme. Eciu
CHTHAJ MOIIHOM (MEIAKOLIei) CTaHLMH NPOMOLYTHPOBAH HH3KOH yacToToii L, 10
CKOPOCTb IBH>KEHUA CBOGOMHBIX ]IEKTPOHOB B HOHOCdEpE 1101 NEACTBHEM MOMs
JTOM CTAHIMH OKAXETCH 3aBucALIEi 0T . CKOPOCTh ABIKEHHA JNEKTPOHOB BIMA-
€T Ha OPOBOAMMOCTE M TEM CaMhIM — Ha HomIolieHue. M3smeHeHne noromeHus
[0J ASHCTBHEM IOJIA MOILHOM CTAHIUK NPOABIAETCA B AMILIUTYAHON MOLY/IALMH
CHTHAJIOB, PACIIPOCTPAHSIOIMXCS B 3TOH BO3MYIUEHHOH 06/1acTH HOHOC(EepH!. DTO
SBJICHHE H HA3KIBAETCH nepexpecmHol Modyrayueti B HoHoChepe.

Jlns Toro 9106hI 0CHa6UTE KK H36eXaTh IIEPEKPECTHON MOMYIALMH, NPH-
XOIHMTCA IIPH NPOEKTHPOBAHMM CETH BELIAHHA BHIGMPATh MOIIHOCTH M€PeaTdH-~
KOB M HX B3aHMHOE pacnojioxkenue, a Taoke JJH antenH ¢ yuerom atoro sddexra.
3a cyeT nepeKkpecTHOH MOMYIALHH B IPHEMHHK 4aCTO IPOHUKAIOT HHTEHCHBHBIE
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rPO30BbIE OMEXH, KOTOpPEIE HEBO3MOXKHO OTQHIBTPOBATh — FPO3OBOIL pa3psay Mo-
IYAUPYET IPHHHEMAEMBIH CHTHA,

23.1.4. PacuyeT HanpsaXeHHOCTH nonsA

B auana3sone ond 100...2000 M HanpsA>KeHHOCTH MOJIA 36MHO}T BOJIHEI YIORB-
JIETBOPHUTEJLHO OIEHHBaeTCA HOpPMynaMu, CpaBeIMBBEIMH 711 HU3KO Pacrono-
MEHHBIX aHTeHH (cM. § 16.3 u 16.4). OgHako B pacCMaTpHBaeMOM JHANa3oHe Ha
T0JI€ 36MHO#H BOJIHBI OKA3bIBAET BIHAHHE JNEKTPHYECKAs HEOMHOPOAHOCTD [I0YBBI
BHONB TPACCHI H 110 F1yGHHE MOYBEHHOFO MOKPOBA, 8 TAKXKE HEPOBHOCTH penbeda.
Pacuer HanpsKEHHOCTH MOJA B 3THX ClIyyasdX BEXyT ¢ YYETOM Tak Ha3bIBaEMBIX
KaOXKYLIMXCA 3HAYCHHIT JUINEKTPHYCCKOH IPOHHLIAEMOCTH €, M NIPOBOJHMOCTH
O, JEMJIH, KOTOPEIE 3ABHCAT HE TOJILKO OT JIEKTPHIECKAX CBOFCTB IOACTHIIAI0-
1€ IOBEPXHOCTH, HO M OT XapakTepa peaseda [29]. Hanpumep, s ropoackux
YCJOBHIA XapaKTepHbl 3Hadenus €, . = 3...5; 6, =107 ...103 Cm/m.

B uHxeHepHOH NMpaKTHKE A/ ONpeAeieHus 1014 36MHOM BOIHEI IIHPOKO
npumensiorcs rpapuxa MKKP, koTopele MpecTaBIsgIOT Pe3ylabTaT pacueTa Ha-
NPHKEHHOCTH oM 00 AuGPakuuoHHRIM GOPMy/IaM JUIA pa3HBIX NPOBOJUMOCTEH
NOACTHIIAIONIEH MOBEPXHOCTH. B KauecTBe mpuMepa Ha puc. 23.3 npuBeneHE! Ta-
e rpaduKy 14 00YBbI C napaMeTpamu: €., , =4; 0, = 1073 Cm/m. 3uauenue
HaNpsKEHHOCTH IMOJIA, IPHBECHHEIE Ha rpadHKax, COOTBETCTBYIOT U3ILYyHEHHOM
MOLIHOCTH, paBHOH 1 KBT, H KOpPOTKO# BepTHKaILHOM nepeaatowei anTeHHe (ne-

MEHTapHOMY BHOpaTOpy), CTOALIEH Ha MOBEPXHOCTH HAeanbHOI 3emun. PeansHo

HAIPsOKEHHOCTD MOJIA, OLPEACIICHHYO U3 rpaduka, CIIeyeT YMHOXHTD Ha 1’ PG,

rae P/ — MOLIHOCTE, IOABOMMMAY K TIEpefiatoleii anTeHHe, kBt; G, — koaduuu-
€HT YCHICHHA Nepefatomell aHTeHHbl B HaIPaBICHUH BAOIb 3€MIIH, BEIYHCICH-
HBIi1 [10 OTHOLICHHIO K JEMEHTAPHOMY JIEKTPUYECKOMY BUOPATOpYy, PacIIONOXKeH-
HOMY Ha HAeaIbHOH 3eMie.

B HOYHOE BpeMs KpOMe 3eMHOI BOJIHBI HEOOXOAMMO Y4YHTHIBATL HAIMYHE
BOJIHEI, OTPa)XCHHOMH 0T HoHocephl. HanpsizkeHHOCTE nons HoHOCHEpHOH BOIHBL
E,, MB/M, peKOMEHIyIOT ONIPENIENIATE, HCHIONB3YS PE3YIBTATEI CTATHCTHYECKOH 00~
paboTKH N3MepeHUid, NpoBeeHHBIX Ha EpponeiickoM xoHTHHEHTE [28]:

E, =10233yP{G, /rexp(-8,94-107X"%%r),
rae P/ BbIpaXeHa B KWJIOBATTAX, & BCE JUIMHEI — B KMioMeTpax. B [28] npusoastcs

MHOTOYHCIIEHHbIE rpadMKH, IO3BONAIOILME BHECTH [IONPABKY Ha BPEMA CYTOK, YpO-
BEHB COJTHEYHOM akTUBHOCTH, [IH anTeHHb! U ap.
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23.2. PacnpocrpaHeHune ANUHHbLIX BOMNH

6
5

23.2.1. MexaHu3m pacrnpocrpaHeHus 1 06nacT NpUMeHeHUs
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K axanasony /IB (kumoMeTpoBEIE BONHbI) OTHOCAT PaIHOBOIHbI IJTH-
so#t 1000...10000 M (vactotsi 300...30 kI'). JIMMHHbIE BOIHEI BCIICACTBHE
OTCYTCTBHA NOTJIOMIECHAS 3eMIIEH, KOTOPAs IIPAKTHIECKH ABIACTCS 1A HHX
} HPOBOJHHUKOM, H G0NbIIOro JH(PaKIMOHHOTO NONA PaclipocTpaHsercs
3€MHOMH BOJHOH Ha CpaBHHUTENHLHO OONBIIHE PACCTOAHHA (IPH HCIIONB30-
BaHHH Npo¢eCCHOHaiIbHOro npueMa). OfHAKO YK€ Ha PacCTOAHMAX
1000...2000 xM mone HoHOCEPHOH BOJIHBI 3HAYUTEIHLHO PEBHIIIACT IOJIE
7 =F = q 3eMHOM BOJTHBIL.
= s Kaxk ormeuanocs B 18.1.1, B auanaszone B npubnmkenne reoMer-
pHYECKOH ONTHKH He BhinonHaeTca. COBpeMeHHbIE TCOPHH PacpoCcTpaHe-
= = = HH4 JIB 6a3zupylorca Ha pacnpOCTpaHeHHH 3THX BOJIH B cepudaeckoM BOJI-
At = = HOBOJE, HIXKHEH CTEHKOH KOTOPOro ABJIACTCA IOBEPXHOCTH 3EMITH, a BEpX-
gl'\ = z A A A v Hel — HeM cnofl D, Hoasio cnoit E. CnoxHOCTh PU3AYECKHX NPOLIECCOB
- IIpH PacIpOCTPaHEHHH PaZHOBOIIH B TAaKOM BOIHOBOJE 00yciIOBIEHA clie-
OYIOIMMH IIPHYHHAMH: C(EPHYHOCTHIO 3EMIIH H HOHOCEPEI; pa3MbITOC-
TBIO M KOHEYHOH NPOBOJMMOCTBIO HIDKHEN I'paHHIIBI HOHOC(hEpE!, ee aHH-
30TPONHBLIMH CBOKCTBAMH 32 CUET BIHSAHHA MATHUTHOTO MOJIA 3EMIIH; KO-
HEYHOH [IPOBOXHMOCTEHIO H CIIOXHBIM pelibedoM 3eMHOH MOBSPXHOCTH.

BomoBomHas Teopus [35] nmoka3sniBaert, 4To, Kak M B HACANLHOM BOJI-
HOBOJIE, MOJIC B TOYKE NPHEMa IIPEICTABIACT PE3yJIbTaT HHTEpdepeHIUH
MHOECTBA BOJIH, IPETEPIIEBIINX 1-KPAaTHOE OTPAXKEHUE OT CTEHOK BOITHO-
Bona. Kaxnan n-cocramnsionias, Ha3spiBacMas napyuaibHoti 8010, pac-
= IPOCTPAHACTCA 10 HAKIIOHHOH IO OTHOLIEHHIO K OCH BOJIHOBOIA TPAEKTO-
pun. Kaxnoit napuuanbHOi BONHE COOTBETCTBYET CBOH YIOI NajeHus ¢,
Ha CTEHKH BOJIHOBOAA. OT TOro yriia 3aBUCHT K03 QUIMEHT OTPaXKEHHA OT
= 77 ’ CTEHOK, T.€. 3aKOH 3aTyXaHH BOJIHBI.

A AR BBICTpOE 3aTyXaHKe BOIH C BRICOKHMH HOMEPaMH IIPHBOTHUT K TOMY,
5 7 9TO C YBEJIMYCHHEM PACCTOSHHA BCE MEHBIIEE YHCIIO MOX OKa3BIBAETCA CY-
IIECTBEHHBIM NPH (OPMHPOBAHUH IIONA B TOUKe MpreMa. CTpyKTypa nonst
B TOYKE NpHeMa 3aBHCHT 0T BpeMeRH cyToK. Housto B popMupoBanun noms
y4acTByer Gonbliee 4UCIO BOMH, 9EM JHEM, NOCKOILKY B TEMHOE BpeMA
CYTOK Hcue3aer cnoii D u 3aTyxaHue Bcex BOIH yMeHbmaetcs. Ha puc. 23.4
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~V 4 \
1

2000 4000 s000 8000 10000 rKM
Puc. 23.4

NpPHBEEHB! PACCYUTaHHBIE 3aBUCHMOCTH E(7), cripapeuBbie 11s nus (1)
u Houw (2) Ha gactote 20 '

Hounas 3asucuMocTs E(r) Ha 9actore 50 kI'iy mokasana Ha puc. 23.5.
T4 3aBUCMMOCTh PACCIUTAHA MIPH IKBUBANICHTHOH H3TyICHHOH MOIIHOC-
i P, =1 KBT; O, = °° U BbICOTE BONHOBOAA 70 KM.

B 3akiiouenye HeoOXOIHUMO OTMETHTD eIle OHy 0COGEHHOCTD pac-
TnpejieNeHus IO C PACCTOTHHEM, XapaKTEPHYIO [/ AMana3oHa JINHHEIX
BOJIH. VI3MepeHus 1OXa3bIBAIOT, YTO Ha paccTosHuK okono 20 000 kM oT
U3JTyqaTens (TOUKa aHTHIOoNA A, HaXONAIMAsCA Ha MPOTHBOTIONOXHO# CTO-
POHE 36MHOTO IIapa) HANPsHKCHHOCTH M0/ Bo3pacTaeT (puc. 23.6). B an-
THMIIOAE aMIUTMTYAR MO IPEBHIIACT €€ 3HAYCHHUS B CEPENMHE TPACcCHl B
6...7 pa3. Teopus BOTHOBOAHOTO PACIPOCTPAHECHHS MOATBEPXKAAET CyLIE-

E, M8l CTBOBAaHHUC 3(1)(1)6[(’1‘3 AHTHIIONA B C(l)epI/I‘ICCKOM BOJIHOBO-
l 1R YucTo Ka4eCTBEHHO €10 MOXKHO OOBACHHUTH KaK pe3yib-
48 L” TaT «CTCKAHUA» B 3Ty 001acTh BOJIH, TIPUXOMAIINX C pas-
E, uxB/n
05
mJ nl\

o \,\ P
02 ,I \‘f\ v 1 \

L \Y
.\ L] | , ]
0 2000 4000 6000 8000 mmM 1 T
Puc. 23.5 Puc. 23.6
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HBIX HaNpaBJIeHUH, T.¢. BOMHEI, orubaoiie 3eMiIo, y aHTHIOAA CKIabI-
Balorca B (ase.

OGnacTh MpIMEHEHN THX BOIH ONpeenseTca 0COOEHHOCTAMH HX
pacnipoctpaneHns. OTHOCHTENBHO Malloe 3aTyXaHWe IoNA B TPakTe pac-
TIPOCTPAHCHUA H YCTOHYHUBOCTH IO OTHOLIEHHIO K HOHOCHEPHBIM BO3MY-
IMEHWAM JENA0T PAlMOHAIbHBIM HCIIOIL30BaHHEM BOJIH JUIA CBA3SH HA AJIb-
HHE PAacCTOSHMA, IPOCTHpAIOLIKecs 0 aHTUona. OJIHaKo Manas 4acToT-
HAas EMKOCTB 3TOr0 Aiana3oHa (Bcero 29,7 kI 1) mo3BoNsAeT IPUMEHATH TOb-

Ko TenerpadHele CHCTEMBI C MAJILIMH CKOPOCTAMH TenerpadupoBaHus (Ha-
npuMep, pabora KIo4oM).

23.2.2. PacueT HanpsiXeHHOCTH nons

Haxoxaenve noss B chepuueckoM BOIHOBOAE 3eMIIA — HHXKHAS [PaHMIA
HOHOC(EpPB! CBOAUTCA K PEIICHUIO YpaBHEHUH MaKcBenIa ¢ y4eTOM rpaHHYHBIX
YC/OBHIA, B KOTOPBIX OTPaXXeHBI POPMa H EKTPHYECKHE XAPAKTEPUCTHKH CTEHOK
BonHoBoAa. HecMoTpa Ha TO, 94TO TEOPHA BOIHOBOJHOTO PACHPOCTPAHEHHS AOCTa-
TOYHO XOpowo pa3paborana [35], Ha ceroAHAUIHMI JEHb eie He CO3MaH METOx,
yIAOOHBI /s NPaKTHYECKUX PAaCYETOB.

B nuesHoe BpeMs s pacctosHui fo 16000...18000 kM Hax MopeM u cy-
meii, NpudeM B [IOCHENHEM CTy4ae, HaunHas ¢ paccroanui 2000...3000 km, pac-
uet £, MB/M, 06b1uHO Benyr no nomysmnupuueckoi hopmyne Octuna [59]:

E = (300/r),[P{G1 V0/sin0 exp(—0,0014r/ A"8), e P/ — MOIHOCTS, NOBO-
AuMas K iepenaioleit antenne, KBT; 0 = r/a_, BCe UHHEI BHIPAKEHE! B KIJIOMETpaX.

Jumepamypa: ocrosnas [58), donornumensrasn [5, 28, 35).
KoHTponbHble BONPoCkl

1. Tloyemy panuyc neficrua CB nepenarynka H3MeHsSETCS B TEYEHHE CYTOK?

2. Yro Ha3sIBaeTCA 30HOH yBepenHoro npueMa CB H KakuMH cioco6aMu yBeTHIHBAIOT
NPOTAKEHHOCTH ITOH 30HBI?

3". TTouemy achdexT nepexpecTHOH MOXYTAUMH PATHOBONH B HOHOC(hEpE XapaKTepeH
TONBKO JI% AHanazoHa CB?

4. OT KaKHX IapaMeTPOB TPacchl H 0GOPYAOBaHHA 3aBHCHT HaNPAXEHHOCTD ITOJIS [IPO-
CTPaHCTBEHHO#H BONHEI B [Hanasone CB?

5. Kakue xapakrepHbie 4epThI pacnpeAcIeHns o ¢ paccronnueM Ha [IB?

6'. TloueMmy 3aKoH pacnpenenenue nois Ha J{B 3aBHCHT OT BPEMEHH CYTOK?

7". louemy B nuanasone JIB ciyuaitabie GIyKTyallHH HAMPHKERHOCTH TI0Js MPOTEKa-
10T TONBKO MEJICHHO?



Fnaea 24. OCOBEHHOCTWU PACNPOCTPAHEHUA BOJTH
ONTUYECKOIo ANANA3OHA

24.1. Obuwue 3aMmevaHun

OnTHyeckoe H3My4eHHE OXBATHIBAET AHANA30H BOoAH npuMepHo ot 0,01 xo
1000 mxm (wactors1 3 - 10'!... 3 - 10'6 T'u). Bech ananason npunsto pa3Gueats Ha
ynstpaduonerosyo (A = 0,01...0,38 Mxm), Buaumyro (A = 0,38...0,76 MKM) 1 HH-
dpakpacuyio (A = 0,76...1000 Mxm) obnactu. Takoe AeIeHHE HOCHT HECKOIBLKO
YCHOBHBIH XapaKTep, OCKO/IbKY CTPOFMX I'PaHHL MEX Ty 00IaCTAMH HE CyLIECTBYET.

CreunuueckuMy NpeUMyIIECTBAMH BOIH ONTHYECKOTO AMAIA30HA O
CPaBHEHHIO C BOTHAMH PaAHORHAIIA30HA ABIAIOTCA TOTEHIHANbHAA BOSMOKHOCTE
nepepaun 6onpnx 066eMOB HHOOPMALMH U BO3MOKHOCTE JOCTHKEHMA BEICOKO#
CTeMeHH KOHIIEHTPAlUHH H3ayJaeMOoi JHepriuu. DTH ABe 0COOGEHHOCTH Onpeaeis-
0T IOBRINIEHHEI HHTEPEC K ONTUYECKMM CHCTEMaM cBsasH. OJIHAKO HCIIONB30Ba-
HHE ITHX CHCTEM B YCIIOBUAX 3€MHO# aTMOC(EPHI OTPAHUYMBACTCA BIUSHHEM TPAK-
Ta pacrnpocTpaHeHus. JIMHA BOJIHBI OITHYECKOTO U3TyYeHNUs COM3MEPHMa C pas-
MepaMy MONEKYJI H Pa3iMYHbIX B3BCLICHHBIX YaCTUL, COASPXKALIMXCH B aTMOChe-
pe. 210 BEI3BIBaET OcaabueHue MO 3a CHET MOJIEKYIAPHOTO MOMIOUEHNS, Pacce-
SIHHE Ha MOJIEKYJIaX ¥ B3BELUSHHLIX YacThIiax. BaaumoneiicTere OnTHYeCcKOro u-
Ty4eHusA ¢ TypOyneHTHOI arMocdepoil NPUBOANT K H3MEHEHHIO TPASKTODHH Hyd-
Ka BOJH H €ro PacilliPeHHI0, 0cHabneHHI0 3a CUeT paccesHud, YXYIILEHHIO IIPo-
CTPAHCTBEHHON KOTEPEHTHOCTH H MTONAPH3ALHOHHEIM QIyKTyalusmM,

BonHEI ONTHYECKOrO AHANA30Ha MOTYT PaCIPOCTPAHATLCS TONBKO KaK 3eM-
HEIE M npsAMEle. B arMocdepe ¢ I1aBHO MEHAIOUMHCA TapaMeTPaMH BO3HUKAET
pedpakiiis BOIH ONTUYECKOTO AUaNa3oHa. Paqnyc KpHBH3HB! TPAEKTOPHH BCIEd-
CTBHE MEHBLIETO BIMAHHUA HA CTO/bL BRICOKHX YAaCTOTAX MOJIEKY] BOASHOTO Mapa
Ipu HopMalibHOl atMocdepHol pedpakuuu cocraBmier p = 50000 kM npoTHB
3HaueHHd p = 25000 kM s guanazona YKB.

24.2. OcnabneHue BONH ONTU4ECKOro AvanasoHa
B aTMocdepe

MonexynsipHoe nornomenue. B onruueckoM ananasoHe, Tak ke Kak U
B IMAIIa30HE PAAMOBOJIH, MONEKYIAPHOE NONIOLLEHHE 06YCIOBIEHO EPEXOIOM MO-
nexyn B Gosee BbICOKHE JHEPreTuyecKkue coctosttus (cM. 18.3.1). Ontuueckoe u3-
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Jly4eHHE MONIOAETCA OAHOBPEMEHHO II0MTH BCEMH aTMOC(EPHBIMH razamu, oj-
HAKO HauGonbIIKe MOTEPH MPOHCXONAT B MONEKYIaxX IApOB BOABI, YIVIEKHCIIOTO
rasa, KHCJIOpPOJa H 030Ha.

JUna KONHYEeCTBEHHOM OLIEHKH CTENEHH MOMIOLEHHA B ONITHYECKOM JHara-
30HE YacTO IONB3YIOTCHA BENHYHHON 4 , KOTOpas Ha3LIBAETCA IOMIOLIEHUEM (TI0
momroct): A = 1- V2, rue V — MOIyns MHOXHTENA OCTab/IeHHs 10 HANPAKEHHO-
CTH 1104, olpesenseMslii cootHomenneM (15.16). ITornomenue 4 06r1yHO BrIpa-
»aercs B npoueHTax. HaramHoe npeacTaBieHne 0 pacpeeIeHHH TONIOMEHHS
B AManasode anud Boax 0,01...100 MxM MOXHO mony4uTs U3 puc. 24.1, Ha KoTo-
pOM NPHBEAEHBI JBE 3aMKCH CIEKTPa NMONIOMEHHS COMHEYHOro H3myyeHus [25] y
moBepxHocTH 3emin (puc. 24.1, a) u Ha Bricote 11 kv (puc. 24.1, 6). Buaso, uto
ynsTpadHONETOBBIE Y4 C JUIMHOH BOJHEI 710 0,3 MKM M HHpPaKpacHbIE JIYUH ¢
muHO# BOMHEL 25...100 MKM NPaKTUYECKH MONHOCTEIO IONIOINAIOTCA aTMoche-
poit (morouHoe ocnaGnenue cocrasuder 100...1000 xb/km).

1%
S0
o0 . it
o1 95 1 s w 50 10
L]
Puc. 24.1

B auana3one ond 0,3...25 MKM B aTMocdepe CyIecTBYIOT TaKk Ha3biBae-
MBI€ OKHQ NpO3pauHOCMu, COOTBETCTBYIOLIME y4acTKaM JmhH Bonn: 0,4...0,85;
0,95...1,05; 1,2...1,3; 1,6...1,75; 2,1...2,4; 3,4...4,2; 8...12 mxM. Koadduunenr
ocnabneHns B OKHAaX MPO3pavHOCTH CHinkaeTcs fo 1...10 xb/km.
, C yBenuueHueM BEICOTH Hajl IOBEPXHOCTHIO 3eMIM KOHLECHTpAIH4 apoB
BOJBI U YIIEKHCIIOTO ra3a yMeHbliaerca. [[03T0My MIHpHHA OKOH IPO3PayHOCTH
YBE/IMYMBAETCS H NOMIOILECHUE COOTBETCTBYIOLLMX MM HITYUCHHIH YMEHBIIACTCH (CM.
puc. 24.1, 6). OrMeTHM, YTO KaOXKAAS M3 MONOC MOMMOMEHHS Ha pHC. 24.1 cocTouT 13
MHOTHX THICAY OTAEABLHBIX JMHKE HOMIOMIEHNS, ME&XTY KOTOPHIMU Pacolaralorcs
MHOIOYHMCIIEHHEIE MEUKPOOKHA ITPO3PavHOCTH. B kauecTse nmpumMepa Ha puc. 24.2 npu-
BeZieHAa TOHKAs CTPYKTYpa CIIEKTpa NOMIOMmeHNs arMochephl, COOTBETCTBYIOIAA TO4-
ke C Ha puc. 24.1. Buaso, 4To [1a nepeaayy HHGOpPMaliHH C OMOILBIO ONITHYECKHX
BOJIH B YC/OBMAX arMoctephl HeoOX0AUMO BHIGHpaTh pabouMe 4acTOThI C Y4eToM
MHKPOOKOH IIPO3Pa4YHOCTH H TOYHO CTAGHIH3NPOBATh YaCTOTY H3TydeHH .
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Pxuc. 24.2

Paccesnve Ha MOJIeKYJIaX H B3BelIeHHBIX YacTHIaX. OTAeHpHEIE MOTIE-
KYJTBI aTMOCGEPHEIX ra3oB, YACTHLE! IBUIH H ABIMA, a TAKKE KAIUli Bojsl B oba-
Kax, TYMaHax, JOXAAX PACCEHBAIOT BOJIHBI ONTHYECKOrO Auana3oHa. Xapakrep
PacCesHHOTO [OJIA, KAK BCET/a, 3aBHCHT OT COOTHOIMIEHHS Pa3MEPOB YaCTHIL H JUTH-
HBbI BOJIHEL

Pa3Meprl MOIEKYN M MHKPOCKOIHYECKHX Kale/lb BOABL B HIMKE MaJIbl 0O
CPaBHEHHIO C JUIMHOH BONHEL. BHOCHMEIE HMH NIOTEPH HA PACCESHHUE CIEAYIOT 3a-
KOHY Paltesi, OpH KOTOPOM € YBENMYEHHEM JHHEI BOIHBI IOTEPH YMEHBIIAKOTCA
nponopumonansto 1/A*, Ipu pmune sonsst Gonsiue 0,6 MkM ko3hGHUMEHT OC-
nabneHus 3a cueT PIIEEBCKOro paccesHus B atMocdepe He rpesbimact 1 Ab/km, n
06bIyHO 3THM BHAOM OcnabIeHus MOKHO npeHebpeyb.

YacTUups! MBUTH, ABIMA, KalUTM BOZH B OGNAaKax, TyMaHe H JOXIE HMEIOT
pasMepsl OpAAKa JUIHHBI CBETOBO# BOJIHHL B 60iice, N03TOMY OHH OKA3HIBAIOT 3Ha-
YHTEIHHOE BAHSHUE Ha PACIPOCTPaHEHHE BOJH ONTHYECKOro AHana3ona. [Tpu pac-
npocrpaHeHuH B HanGonee 9acTo BeTpevatowmxes obnakax ¥ TyMaHax ¢ pasMepa-
MU Kanieib Bofs 4...6 MKM kodddunuenT ocnabnenns CPaBHHTENBHO MANO 3aBU-
CHT OT JUIMHBI BOJHE H NPH ONTHYECKOH BUIM-

Ya, B/ moctu 200 M coctasnser npumepHo 90 ab/kM.
25 70 03HaYaET, YTO NMPH NPOXOKACHHH ITYTH JUIM-
HO# Bcero 1 KM HHTEHCHBHOCTbH M3JIy4YeHHS

-0 { ymenbiaercs s 10° pas.
-15 Ocauku B BUAE AOKAEH CONCPKAT YaCTH-
v 1Bl BOA! pasMepamu 1o 100 MxM 1 Gonee, npu
- 4 3TOM K02 puiiuenT ocnabieHus NPaKTHIecKH He
-5 e 3aBHCHT OT JIHHE! BOJIHE! H ONPEACNAETCH TOMb-
. 171 m KO HHTEHCHBHOCTBIO OCA[IKOB: Y, = —0,9J£r74, e
7 5 0 Jasps Y, — Koa(duument ocnabnenns, Ab/kM; J — uH-

Puc. 24.3 TEHCHBHOCTb 0cajaKkoB, MM/4. Io 310l dhopmyne
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NOCTPOEH rpaduK, NPEACTABICHHBIH Ha pUC. 23.3, U3 KOTOPOrO BHAHO, YTO KO3~
bHUHEHT ocnabneHys BOMH ONTHYECKOTO AUANa3oHa B OCA[KaX BEJIHMK M MOXET
JOCTHIaTh 3HAYEHUH B HECKOJIBKO ACCATKOB A€LMOEN Ha KHIOMETP.

Ocnabiaenue Ha TypOyNeHTHBIX HeogqHopoaHocTAX. Ocnabnenne y3kux
IY4KOB BOJIH OIITHYECKOTO JHaNa30Ha Ha TyPOyIEHTHBIX HEOMHOPOLHOCTAX aTMOC-
(ephl cyLecTBEHHO 3aBUCHT OT COOTHOLIEHH AMaMETpa [yYKa U pa3MepoB 3THX
HeoHoponHOCTel. B 06ieM ciyyae npuuuHO¥ 0CIa6IeHHA 104 MOTYT CITYXHTh
pacIHpeHue ITy4ka (IMH30N006H0e AeHCTBHE), OTKIOHEHHE TPAEKTOPHH Pacipo-
CTpaHEeHHA BOJHBI (3G (EKT NpenoMIeHUA) HilH pacCesHUE BONHEL.

B pealibHBIX YCIOBHAX MONEPEYHBIe pa3Mephl MyYKa BOIHbI MEHbIIE HIH
IPHMEPHO PaBHH pa3Mepy TypOYyJIEHTHOCTEH, MOITOMY MOXET NPOHCXOAUTE 3a-
METHOE pacLIMpeHHe Ny4Ka BOJIH, a TAK)Ke CHIIbHOE OTKIIOHEHHE TPAeKTOPHUH pac-
NpOCTpaHeHKsA OT NepBOHaYalbHOro HanpasiaeHus. OcnabieHue 3a cuer pacces-
HHA Ha TypOylneHTHOCTAX oObIYHO HeBenMKo — Hipke 1 Ab/kM. B 1ienom notepu
nepeaayH 3a cyeT TypOYJIeHTHOCTEH M3MEHSIOTCA BO BPEMEHH, & B TEX CIyYasx,
KOTAA B pe3y/bTaTe PETOMICHHA Y3KHI Ty4YOK BOJIH MPOXOAUT MHUMO IIPHEMHOH
AHTEHHBI, CBA3b MOIHOCTHIO HAPYUIAETCA.

U3 cka3aHHOrO BHILIE CIIEAYeT, YTO Hepeaya HHpopMalH yepes atMocde-
Py € OMOLIBIO BOJIH ONTHYECKOrO JHANa30Ha 3aTpyHeHa pAaoM dakropos. Hau-
Gonee CyLecTBEHHRBIH U3 HUX — PE3KOE YBEJIHUIEHHE OCNabIeHHs IPU HATUYHMY HA
Tpacce 0CaJKOB, KOIZIA IOTOHHOE OCNIabNeHHEe MOXKET JOCTHIATh HECKOJIBKHX Je-
caTKOB Aeumben Ha kunomerp. [To3ToMy aTMOC(epHbIE Ta3epHEIE CHCTEMBI CBAM
II0Ka IIHPOKO HE MPUMEHAIOTCA. MMeroluecs MMHUY MCIIONB3YHOTCA, KaK [IPaBH-
1o, Juis riepefadH upoBoil HHHOPMALH ¢ BRICOKOH CKOPOCTBIO HA PACCTOAHIA
OT HECKOJIBKUX COTEH METPOB (CBA3b MEX Y OTACNBHBIMHM 3/[AHMAMM) KO HECKOIb-
KHX KHJIOMETPOB.

B ycnoBHSX KOCMHY€ECKOTO IIPOCTPAHCTRA Y3KOHANPABICHHBIE MYYKH BOXH
ONTHYECKOTO JUANa30Ha PACAPOCTPAHAIOTCS MPAaKTHYECKH 6€3 oTeps, YTo Jena-
et Gosiee IEPCHEKTHBHEIM IIPUMEHEHME 3TOr0 JUANa3oHa [UIs JIMHHA THIIA KOCMOC
— KOCMOC.

24.3. HenuHelnHble adibekTsl B aTMOCKhepe
npy pacnpocTpaHeHWUU Na3epHOro Usny4vyeHus

IIpu pacnpocTpaHeHHu B aTMOCdEpe CBEPXMOLIHOTO H3Ty4eHHs, JOCTHIa-
€MOr0 B COBPEMEHHEIX JIa3epax, 0OHapyKHBAIOTCA HeMMHEHHEIe 53 eKThI, BO3HH-
KaloIlue B Cpejiax, CBOHCTBA KOTOPBIX 3aBHUCAT OT HHTEHCHBHOCTH BO3AEHCTRYIO-
ILEro MouA.

Spdexm Hacviyenus 3aKIOYAETCA B TOM, YTO IIPH YBEIHIEHHH MOLIHOC-
TH H31y4EHHS KO3 PULHEHT MONEKYIAPHOTO NOMMIOLEHUS aTMOCHepsl YMEHBIIa-
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€TCH M HaCTYNAeT CBOe0OPa3sHOe «IPOCBETIEHHE» — YBENUUIECHHE €€ [IPO3PAYHOC-
TH. 10T 3PPEKT MOKET HMETh MECTO IIPH AOCTHIKEHMH ILIOTHOCTH MOTOKA MOLI-
HOCTH okol1o 107 B/cm?, 9T0 BONHE PeaIbHO U1t COBPEMEHHRIX 1a3€POB.

CamodoKycHpOBKa J1azepHoro usnydenus B armocepe. [lpu pacnpoc-
TPAaHEHHH JIa3¢PHOTO M3NMYYCHHA B arMocdepe MOTYT NPOHCXOAUTh H3MEHEHHA
K03b(HIMEHTa NPENOMICHHA BO3MyXa B KaHane myuka. [Ipu oToM pasHuiia B 3Ha-
YeHHAX K0IpHIHMEHTa IPEIOMICHUS B KAHAJIE [IyYKa M BHE €10 MOXeT ObITh Ta-
KOH, IPH KOTOPO# yCTpaHAeTCA pacXoqHMOCTB ITy4Ka. JTO ABICHHE HA3EIBAIOT ca-
Moghorycuposkoii naseprozo usnyvenus. Oaxkt caMO(OKyCHPOBKH MOUIHOTO Ja-
3EPHOIO H3IIYYEHHS B aTMOCdepe NOOTBEPKAAETCA SKCIIEPUMEHTANBHO.

BosaeiicTBHe Ja3epHOro ujyyeHns Ha o01axa u Tymanbl. O6nydeHue
061aKOB H TYMaHOB MOIIHBIM HANpPABJIEHHHIM H3IY4YEHHEM CONPOBOXIACTCS PA-
JioM 3¢ eKToB, IPHBOAAIIMX K HIMEHSHHIO YCIOBHi pacnpocTpanenud. HanGomns-
Mt MPaKTHYECKAH HHTEPEC NPEACTABNAET 3HAYUTENLHOE YMEHBIIEHHe ocnabie-
HHA [10J1 3 CYET NOJTHOTO HIH YaCTHYHOIO HCIIapEHHS Kanellb BOLI NOX AeHCTBH-
€M MOLIHOTO u3iyueHus. [IpocBeTnenue 06naKos ¥ TYMaHOB CiIbHEE BCETO Mpo-
SBIAETCA Ha JUIMHAX BOJIH, KOTOPBIM COOTBETCTBYIOT MAKCHMAJILHALIE 3HAYEHHA KO-
3¢ duunenTos normonieHua soasl. Hanbonee nepcnexkTnBeH id 3THX Henei uH-
TepBal JUIKH BoiH 10...25 MM,

Jlumepamypa: ocrosnas (58}, donornumenvnan [25).
KoHTponbHbie BONpPOChl

1. B yeM OCHOBHBIE NPEHMYILECTBA BOIH ONTHYECKOTO JHANA30Ha 1O CPaBHEHHIO C
panHoBONHAMH?

2. YeM OrpaHMYHBACTCA NPHMEHEHHE BOTH ONTHYECKOTO THANA30Ha Ha JIMHHAX CO CBO-
BOIHBEIM paCpOCTpaHEHHEM B aTMOctepe?

3. B ueM NpoARIAIOTCA HeMuHelHbIe 3¢dexTs B aTMocdepe B NPH KaKHX YCIOBHAX
OHH BO3HUKAKOT?

Crucok numepamype! 485

p—

12.

13.

14.

15.
. Byarak B. B. Koruenmusa koMmMepueckoit cassu Poccuu // Tenesectrux. — M.: Paguo u

17.
18.

19.

20.

Cnncok nutepatypbl

AtizenGepr I, 3. KopoTkoBonHOBbIE anTeHHBL — M.: CBasbu3aar, 1962. — 815 c.
AiizenGepr I, 3., AImnoasckmii B. I, Tepewnn O. H. Anrennst YKB. 4. 1, 2. - M.:
Cssss, 1977. - 667 c.

Afizenbepr I. 3., SiImnoancknit B. T. IlaccuBHble peTpaHCIATOPS! A1 pagHopeneit-
HBIX JiHEHMH. — M.: Cea3b. 1973. - 208 c.

Aspuanur I1. A,, Beaknna M. I'. UncnenHsle pe3ynsTaTsl TEOPHH AM(pakuuy paauo-
BOJTH BOKpYT 3eMHO# nosepxHocTH. — M.: CoB.panuo. 1957. - 88 c.

Aannepr 5. JI. PacnpocTpaHeHHe 2JIEKTPOMAarHHTHBIX BOJIH H HoHOocdepa. — M.: Ha-
yKa, 1972. - 563 c.

Anrenusi (CoBpeMenHoe cocrosuHe B npotaemsr) / J1. H. Bockpecenckait, B. JI. I'oc-
TioxHH, K. Y. T'punenxo v ap.; Hox pex. JI. 1. Baxpaxa u JI. K. Bockpecenckoro. — M.:
Cos. paxgno, 1979. 207 c.

Antennnl 1 ycrpoiicrsa CBY / Ilon pen. 1. Y. Bockpecerckoro. ~ M.: Cos. paznuo,
1972. -320c.

Antennsl H yerpoiicto CBY (ITpoexrupoBanie ¢a3HPOBaHHBIX aHTEHHEIX PEILETOK)
/I II. K. Bockpecerckuif, B. JI. Toctioxun, P. A, I'panosckas u ap.; Iox pen. . H.
Bockpecenckoro. — M.: Paamo i cBass. 1981, —431 c.

AHTeHHBI YIIHNTHYECKOH monapusanuu: Ilep. ¢ avmn. / Ilox pex. A. Y. Inyntosa. —
M.: HJ1, 1961. - 350 c.

. Baxpax JI. JX., Kpemeneuxunii C. JI, Cunres nanygalomux cucreM. — M.: Cos.pazuo,

1979.-232c.

. BenbkoncxkHii 3., Jinnuncknii 3. JlobuTeNbCkHe aHTCHHB! KOPOTKHX H YIETPaKOPOT-

kux BoyH: Ilep. ¢ nonsck. / TTox pen. O. I1. ®ponosa. — Paguo u ceass, 1983. - 479 c.
AHTeRHBI [U11 pauocessH 1 panuosemanus / C. I1. Benoycos, P. B. T'ypesny, I A.
Kunrep, B. JI. Kysnenos. 4. 1. KopotkoBonrossIe aHTeHHEL. — M.: Csi3b. 1970. — 136 ¢.
ARTennbl 1711 paxHocBa3H H paxnosemanus / C. I1. Benoycos, P. B. I'ypesuy, I. A.
Kimurep, B. 1. Ky3nenos. 4. 2. CpeAHEeBONHOBEIE H ATHHHOBOIHOBBIE aHTEHHEL — M.
Cps3sp, 1980. - 120 c.

Bponwreiin H. H., Cemenasien K. A. CnipaBouHHK 10 MaTeMaTHKe JI1 HHKEHEPOB H
yuamuxcs BTY308. — M.: Hayxka, 1986. - 544 c.

By6nos I. I. ArTeHHEI panuoycTpo#icTs. — M.: 3Hanne. 1978. — 64 c.

cBA3b, 1987. 272 ¢c.

Bacunses E. H. Bo36yxnenne ten BpauieHns. — M.: Paxuo 1 cBasb, 1987.

Boabman B. H., ITumenos 10. B. TexHuueckas snekrponuHamuka. — M.: Ceaze. 1971,
-437c.

Bockpecencknii [, H., ®uanunos B. C. Tlevarusie n3nyuarenn // Aurenns: / Ilox
pea. JI. 1. Bockpecenckoro. — M.: Paxno u cBassb, 1985, — Bein. 32. C. 4-16.
Jpabknn A. JI., 3yienxo B. JI., Kncnos A. I. AuteHHO-bHACPHBIE ycTpoiicTBa. — M.
Cos. paauo, 1974. — 536 c.



486 AHmeHHO-¢hudepHble ycmpodlcmea u pacnpocmpareHue paduosornH

21

22.

23.

24,
25.

26.
27.
28.
29.
30.
3L
32.
33
34.
3s.
36.
37.

38.
39.

40

41.

42.

43.

44,
45,

. Epoxun I, A, Kouepxepcknii B. I',, Topman B. I. Merton cunresa s¢dextusHoro

BO30YAHTENA MOBEPXHOCTHOM BoNHbI // Paauorexuuka, 1986, Ne 1.

Kyk M. C., Monoukos 0. Bb. IIpoekTHpoBaHHe aHTCHHO-PUACPHBIX YCTPOHCTB.
- M.: Onepras, 1966. — 648 c.

Kyx M. C., Moaoukos 1O. B. [IpoekrnpoBaHue THH30BBIX, CKAHUPYIOIIHX, (IHPOKO-
JHaNa30HHbIX aHTEHH H GUIEPHBIX yeTpolicTs, — M.: DHeprus, 1973.

3enxnn E. I, Cokonos B. I'. Merozs! cuntesa anterH. — M.: Cos. paawo, 1980. —294 c.
3yes B. E., Ka6anos M. B. IlepeHoc onTHYeCKHX CHI'HaJOB B 3¢MHOM aTMOcdepe
(B ycnosusx nomex). — M.: Cos. paxuo, 1977. — 368 c.

HMnnomuro JI. . BiusHue ycaorHit arMocdepHOTO pacrpocTpaHeHHs paHOBONH Ha
KocMHYeckde cucTeMsl cBa3d. TUHOP. 1981. T. 69. Ne 6.

Kanuuun A. H. PacnipocTpaneHue pagHOBOIH Ha Tpaccax Ha3eMHBIX H KOCMHYECKHX
panvonnuuil. — M.: Ceasse. 1979. — 259 ¢.

Kanuuun A. H., Yepenxosa E. JI. PacipocrpaHerne paxuoBoiIH B paboTa paxuoiy-
Huit. — M.: Cesse. 1971. - 438 c.

Kamnposckuii B. E., Kysy6os B. A. PacipocrpaHense cpeJHHX PaJHOBOJH 3€MHBLIM
nywyoM. — M.: Cea3e. 1971. - 220 c.

Kossipes H. [{. AHTeHHBI KOCMHYECKOi cBA3H. — M.: Pagno u cBass, 1990.
Kyp6ancknii H. H. Antennsl. — M.: Duepras, 1973. -336c.

Koporkosoanossie antenns! / I. 3 Aiizen6epr, C. I1. Benoycos, 3. M., Xypbenxo
u ap.; Iox o6, pen. I, 3. Aiizenbepra. — M.: Pagno u ceass, 1985.

Kouepxeeckuii I. H. AnTerHO-buRepHble yeTpoiicTsa. ~ M.: Paxuio u ca3e, 1981.
-280c.

Kouep:kepckuii I. H., Epoxun I'. A., Kosuipes H. /I. ArTeHHO-bHIEPHbIE YCTPO-
cTBa. — M.: Paguo u cBa3s, 1989. — 352 ¢,

Kpacuywkun I1. E. Meton HOpMalbHEIX BOJNH B IPUMEHEHUH K IIpo0/ieMe pagHoCRs-
3eil. MI'Y, 1947. - 57 c.

JlaBpos I. A. BiauMuoe BauAHHE THHEHHBIX BUOGPAaTOPHBIX aHTeHH. — M.: CBa3s, 1975.
-128c.

Jloces A. K. Teopus nHHEHHBIX 3eKTpHYecKuX Lemeit. — M.: Briciras mikona, 1987.
-512c.

Mapxkos I, T., Casonos JI. M. Auterssl. — M.: Sreprus, 1975. - 528 c.

Mapkos I, T., Yanauu A. @, Bo36yxaeHue 21eKTPOMarHHTHEIX BOAH. — M.: Panuo n
cBA3b, 1983. - 296 ¢.

. Musuxosnu B. M., fixosnes B. I1. Teopus cunresa antenn. — M.: Cos.paano, 1969.
-29%c.

Mousunro P. A, Munaep T. Y. AxantusHrie aHTeHHBIe penretku: Ilep. ¢ anm. / Tlox
pen. B.A. Jlekcadenko. — M.: Pagno u cessb, 1986. — 446 c.

OCHOBLI TEXHHYECKOTO NPOEKTHPOBaHHA cHCTeM cBa3H yepes HIC3 / A. [, Poprymen-
¥o, I. B. Acknnasu, B. JI. BeixoB u xp. — M.: Cass, 1970. - 330 c.

ITanuenxo B. A., Hedenon E. K. MukpononockoBsie aHTeHHEL — M.: Panno u cBsss,
1985. - 143 c.

Mucroaskope A. A. ARTeHHBL. — M.: CBa3bu3zar, 1947.

Iucroankope A. A. O6uias Teopus nudpakiuuoHHEIX auTeHH // XKTO. 1944,

Cnucox numepamypbi 487

46.

47.

48.

49,
50.

5

—

52.
53.
54.
55.
56.
57.
58.
59.

60.
61.

62.

63.
64.

65.

okpac A. M., Comon A. M., lypskoB I'. I. AHTEHHEI 3eMHBIX CTaHUHH CITyTHHKO-
Boif CBA3H. — M.: Pagwo i cBa3k, 1985. — 288 c.

Tlonomapes I'. A., Kyankos A. H., Teannyxoacknuii E. JI. Pacnpoctpanenye YKB
B ropoge. — Tomck: MIT «Packon, 1991. -222 c.

IIpo6aemsr anternoit Texuuky / Ilox pen. JI. J. Baxpaxa, JI. M. Bockpecenckoro.
—M.: Pammo # cea3sb, 1989. — 368 ¢,

Ca3onos JI. M. AuTeHHsI H yerpoiictea CBY. — M.: Boicmas mikona, 1988,
Cnpasounnk mo paguopeneitHoit casu / Iloa pea. C. B. Bopoauwa. — M.: Paauo
M cBA3b, 1981. — 416 c.

. CnipaBoMHHK MO CITYTHHKOBO# cBA3n M Bemanuio / Ilox pen. JI. 5. Kanropa. — M.:

Panuo u cBa3e, 1983. - 288 ¢.

Pacnpenenenne o 3eMHOMY IIapy aTMOC(EPHEIX TOMeX ¥ HX XapaxrepHcTHkH // MKKP.
Oruer 322. - M.: Cpass, 1965. - 80 c.

Cea3b ¢ nogBHKHEIMH ofbexTamu B muanasone CBY: Ilep. ¢ anm. / ITox pen. M. C.
SApnbixosa u M. B. UepHnskopa. — M.: Ceass, 1979. — 520 c.

Ganskopckmit O. H. Texanueckasn snexrpoauHamMuka. — M.: Caass, 1078.

®pagun A. 3. AurenHo-dpuaepHsie yerpoiicra. — M.: Ceass, 1977. — 440 c.

®ok B. A. IIpoGnemsl AudpaknHu B pacnpoCTpaHEHHH IEKTPOMATHHTHEIX BOJH.
—M.: Cos. pagno, 1970. — 440 c.

®posios O. TI. AHTeHBI 114 36MHBIX CTaHIHH CNyTHHKOBOM CBA3H. — M.: Pagno
H cBA3B, 2000. — 272 c.

Xmensnuuxuii E. A. Onenxa peansHoH NoMeXo3aiHILEHHOCTH NIPHEMa CHTHAIOB
B KB nuanazone. - M.: Caazs, 1975. - 232 c.

Yepenkosa E. JI., Yepusimes O. B. PacnpocTpanenne paguoBond. — M.: Paguo
M cBs3b, 1984. - 272 ¢.

Yepuoiii ®. B. Pacnpoctpanenue paguosonH. — M.: Cos. pamuo, 1972. — 463 c.
Yepunimes O. B., BacnabeBa T. H. IIporsos MakcHMalbHBIX TPMMEHHMBIX YacTOT.
—M.: Hayxka, 1973. - 386 c.

Iudpun 51. C. BonpocH craTHcTHYECKO#H TeopHH anTeHH. — M.: Cog. paguo, 1970.
-384c.

Axosnes O. U. KocMuueckas pannogusuka. — M.: Hayunas kaura, 1998. - 432 c.
SAmnonbcknii B, I, ®poaos O. I1. Aurennsr 1 OMC. ~ M.: Paguo u cease, 1983.
-272c¢.

SAmnoasckuii B, T, ®poaos O. I1. OnTHMH3aNHA aHTEHHRIX CHCTEM JIHHHH CBA3M.
— M.: Pagino u cBasb, 1991. - 272 c.



488

AHmeHHo-thudepHeie ycmpolicmea U pacnpocmpaHeHue paduosonH

OrnaBnexue
TEPEIHCIOBHE  .......ccoerecnirenriecicrrnenetsersasssissssasavassssas e st essssmnssssssssass s senssssnsesenssesssasasss
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Jpe3sbluaitbix cUTYauni, AN cuctembl KB nepcoHansHoro paanosei3osa.

AANs WHpoKOro kpyra uutatenel: OT HayuHbix pabOTHUKOB W acCNVPaHTOB AC
CTYAEHTOB BYy30B.

Meckun A. E., TpycdaHos B. . MupoBoe BeusaresibHoe TenesuaeHue. Crau-
A3apTLI ¥ cucTeMbl: CnpaBouHuk. — M.: Topsavas nuHus — Tenekom, 2004, —
308 c.: un., ISBN 5-93517-179-1.

MpuseaeHs noapobHbie CBEAEHWA O MUPOBOM BeLLATENLHOM TENEBUASHUU:
uucdpoeoM, aHanoroBom 4epHo-6enoro y LBeTHoro usobpaxeHuid, CNyTHUKOBOM (aHa-
noroeoM W uudposom) U kabenoHoMm (aHanorosom u uudposom). MokasaHsl tansi
Pa3BUTUA MUPOBOTO BELIATENLHOTO TENEeBMAEHMA M KOHUENUWA NOCTPOEHNA MHOFO-
CTaHAAPTHLIX TENEeBUIUOHHLIX NPUEMHUKOS,

Mocobue paccuuTaHo Ha TeXHUHECKUA NEePCoHan, 3aHATLIN BHeAPEHNEM W IKC-
nayatauued TeNesUsUOHHLIX CUCTEM, CTYACHTOB COOTBETCTBYIOWMUX CneuuansHocTel
BY30B W CPeAHMUX cheuuansbHuix y4eOHbiX laBeaeHuil, a Tawke ksanuuuupoBaHHBIX
paagunoniobutenei.



Bbiwnu B ceeT:

bapsinuk B. IN. OcHOBbLI TENeBU3IMOHHOrO BELIAHUA CO CMYTHUKOB. —
M.: lopsivan nuHus—Tenekom, 2004. — 368 c.: un. — (MaccoBas paauo6ut-
nuoTeka; Bbin. 1269), ISBN 5-93517-155-4.

PaccMoTpeHbl NPUHLUNEI NOCTPOSHMA CHCTEM ANA NPUemMa TENEeBU3NOHHOIO Bella-
HNA Yepe3 CNYTHUKU-PETPAHCNATOPL. [laHbl cBeAeHNA 00 aHTeHHaxX Pa3nuuHbIX TUNOB,
nepenuHbIX obnydarensx, nonApu3aTopax 3INEeKTPOMArHUTHbIX BOMH, ManoLyMSLLNX
yeunutensx curHanos CBY, vactotHbix npeobGpasoBarensx (konBeprepax). Pac-
CMOTpeHb! (HaKTOpbl, OKa3biBAKLWME BNMAHNE Ha KaYeCcTBO NpUema W cnocobbl CHu-
xexua nomex. Mpueenena noapobHan nndopMauna o yucpo-aHanoroBon cucTeme
D2-MAC/PACKET. PaccMoTpeHbi BONPOCH CXKATUA UWMDPOBLIX BUAEO- W 3BYKOBbIX
AakHbIX No npovokony MPEG-2, npuema/nepesaun tudpoBbiX AaHHBIX U NI0BLILIEHUA
NOMExXOyCTOWMMBOCTYM KaHana CBA3K B COOTBETCTBUM CO CTaHgaprom DBV-S.

[nA WWPOKOTO Kpyra uvuTateneil, MHTEPecCyIOMUXCA NPUEMOM TENEBU3UOHHbLIX
nepeaav 4epes CnyTHWKW-PETPAHCNATOPBI, MOXeT ObiTh nonesHa NOArOTOBNEHHbIM
pasvoniobuTensim, a Take CTYAEHTaM BY30B U acnMpaHTaMm.

lMonosuH O. B., Yucrsakos H. W., Weapy B., XapaoH Arunsp U.  PaguoceAsb
/ Nop, pea. npod. O. B. MonoeuHa. — 2-e u3a., — M.: MNopavasa nunus — Tene-
KoM, 2003, — 288 ¢.: un., ISBN 5-93517-033-7.

PaccMoTpeHbl aTansl M uTorn GOpMUPOBAHUA 3HAHMI 06 3aNeKTPOMAarHUTHbBIX
BONHAX, WX CBOWCTBAX U PECYPCax MX TEXHUYECKNUX NPUMEHEHUA ANA CO34aHUA U pas-
BUTHA cucTem U ceTedt GecnpoBoaHOK cBA3W. [MonynsipHO nokasaHa husndeckas kap-
THHA NPOLECCOB NONYYEHUA OCHOBHbIX CBOWCTB W PacnpocTpaHeHus paguosonH. O6b-
ACHEHbI OCHOBHDLI® NPUHLWNBL PA3NUYHbIX COBPEMEHHbIX CUCTEM PagnuoCBA3N U TEeH-
AESHUUM BX AanbHeRLero pa3BuTua.

[ins LUMPOKOFO Kpyra Yurartenei — OT CneunanucTos A0 CTYAEHTOB BY30B 3nek-
TpoTEXHNUYECckux npocunei.

Netpos B. M. SnexkTtpoguHamMmuka u pacnpocTpaHeHUe PagUOBONH: Yueb-
HUK Ans BY30B. — 2-€ u3a., uenp. — M.: Mopauan nuuns — Tenekom, 2003, —
558 c.; un., ISBN 5-93517-073-6.

CuecremaTiuieckn u nogpobHo paccMoTpeHbi OCHOBHbLIE YPABHEHUR U NONOXe-
HUA 3NeKTPOAUHAMUKM, WayvaloTcs Bo3bywaaemuie dnekTpomardutHoie (OM) nons
B HEorpaHUUYeHHOM OZHOPOAHOM NPOCTPAHCTBE, TEOPNA HANPABNAIOWMNX CUCTEM, Ipa-
HUYHbIE 3ajaus O BO3BYXAEHU Unu BOIMOXHOCTM CyulecTBoBakus OM BONH B Ha-
NpaBRsIoLLMX cucTeMax W B 06beMHbIX pe3oHaTopax, ABNEHNA PacCesHun u Audpak-
LMK BOMH, COOTBETCTBYIOLME NPNKIAAHLIM 334a4am PagUOTEXHUKMA, N3NOXKEHbI OCHOB-
Hbl@ NMONOXEHUA reOMEeTPUUECKOH ONTHKKU, NOHATUA O HENWHEeRHbLIX Cpeaax W o pacnpo-
cTpaHenun OM BONMH B HEOAHOPOAMBLIX ¥ AaHW3OTPONHLIX CPEAAX; PaCCMOTPEHO BNWA-
HWe noeepxHOCTH 3emnn, Tponocdepbl U MOHochepb Ha pacnpocTpaHeHue IM BonH
pasnnukbix AuanasonoB. OcoGoe BHUMaHue yaeneHo (hU3NMECKOW UHTephnpeTauuu
SBNEHUA INEKTPOMArHeTn3Ma, uMeeTca 378 unnioctpauuid. [laHs! npumMepsl pacyeTos
v chopmynmpoBaHbl 132 KOHTPONbLHBIE 3aau4K.

LN CTYAEHTOB PaANOTEXHUYECKNX CneLranLHOCTE.

Karanos B. . PaguoTtexHuka + komnblotep + Mathcad. — M.: opavas
nunna — Tenekom, 2001. — 416 c.: un., ISBN 5-93517-054-X.

W3naraloTCA TeopeTudeckne OCHOBLI PaaMOTEXHUKW W ee B3auMojeicTeue
C KOMNBIOTEPHBIMM BbiYMCNEHNAMW. PelleHne pasHoobpasHbiX 3ajay no Teopuu pa-
AMNOCUIHANOB, NUHEAHBIM U HEeNuHeRHbLIM PaAUOTEXHNYECKUM YCTPOWCTBaM, NO Npo-
6nemam onTMN3aLUN, METOAM FEHEPUPOBAaHNA, yeuneHus, hopMUpoBaHus, npuema
u 06paboTkM PaavocMrHanos NPOBOAMUTCS C NOMOLLBKY MaTemMaruyeckoro naxkera npo-
rpamMm «Mathcad», paGoTaiouux B cpeje onepauuoHHo# cuctembl «Windows. B o6-
el CROXHOCTH npuBeseHo 50 nporpamm, PaccMOTpeHb! NPUHLUNLI NOCTPOEHUA CNyT-
HWKO-KOCMWMECKUX ¥ HA3EMHbIX CUCTEM PAAUOCBAIN ¥ NPUMEHEHNE B HUX KOMMNLIOTEPOB.

KHura HanucaHa KHa OCHOBaHWM NeAaroruyeckoro oneita astopa 8 MUP3A,
[nA cneuvanucTos B 06naCTN PasNO3NEKTPOHNKN U CTYAEHTOB BY30B PagnoTeXHU4e-
ckoro npocuns,

Puxtep C. I". UncpoBoe papuoseuianume. — M.: Mopayasn nuHua—Tenekom,
2004. - 352 ¢.: vn., ISBN 5-93517-158-9.

Lincbposoe papuosewjanne (LIPB) — HoBaR MHGOPMALUOHHAA TEXHOMOMMA,
B OCHOBE KOTOPOW npejcTaBnexHue U nepeaaqa 3BykOBOro curdana s uncgposoi dop-
Me BO BCEX 3BEHbAX BELaTeNIbHOr0 TpakTa — OT CTyaun A0 MOGMNBHOrO npruemHuka.
B moHorpacuu B A0CTYNHOW hopme aHanusupyeTtca noHsaTue «ycnyra LIPB», wanara-
totcs Gasosble Npoueaypbrl 00pabGoTku 3BYKOBOrO BEWATENLHOr0 CUrHana W OCHOBbI
TexHonoruM LUucgpoBOro pPaguoBEeLaHus, AOCTATOMHO noapobGHO pacckasbiBaeTcs o
nepenekTUsHbIX cuctemax Eureka 147/DAB n DRM. PaccmaTtpuBakiTca OCHOBbI NPOEk-
TUPOBaHUA cucTem u ceteil LIPB, o6cykaaloTea nepcnekTuBLl U HekoTopble Nnpobnemot
BHEApPEHUA LUpPOoBLIX TEXHONOMMIA Ha ceTax paaunoselliaiua Poccuu.

AnA  LWMPOKOro Kpyra uJutateénel, B TOW WNU MHOW Mepe CBA3aHHbIX
c npobnemaTtuko LMpPOBOro 3BYKOBOrO BELAHUA: PYKOBOAWTENEH pasHOro ypoBHSA,
Cneynan1cToB ANEKTPOCBA3N U BEUJaHWs!, NpenofaBaTenei, acNMpanToB 1 CTYAEHTOB.

Cucrembl MoGunbHoM cBA3Ku: YuebHoe nocobue ansa sysos / B. . Una-
ToB, B. K. Opnoe, W. M. Camoiinos, B. H. CmupHos; nioa. pea. B.MN. Unaro-
Ba. — M.: Nopsadas nuausi—Tenekom, 2003. — 272 c.:un., ISBN 5-93517-137-6

B cucTeMaTuaupoBaHHOM BMAE M3NOXKEHBI knaccuukaumn w aTanbl pasBUTUA
Ha3eMHbIX cucTeM MoGUAbHON cBA3u. PaccMoTpeHbl ocoberHocTn dhyHKUMOHUPOBa-
HYA, NPUHLMNGLI OPraHM3aLMM M OCHOBHbLIE TEXHUYECKUE PELIeHMA Ha RpUMmepe CTaH-
AAPTOB, UCNONb3yEeMblX B COBPEMEHHLIX chCTeMax. [poaHanu3upoBaHbl TEHAEHUUW
¥ NEepPCNeKTUBL! UX COBEPLUGHCTBOBAHWA.

Ana cTyapeHTOB cneuvanbHocTed 200700 «PagvorexHukar», 201600 «Paauno-
ANEKTPOHHbIE CUCTeMbl» W HanpaBneHw#t 552500 «PaguotexHuka» n 550400 «Tene-
KOMMYHUKaUUW», a TaKke MOXeT ObiTb NONe3Ho WHXEHEPHO-TEXHUYEeCKUM paboTHkam
3Tux obnacrei aHaHui.

TeneKoMMyHUKaLMOHHbIe cucTeMbl U ceTu: YuebHoe nocobue. B 3 Tomax.
ToM 2 — Papguocssaab, papuoeellanve, Teneeugenne / Katynuu I 1., Mam-
yes I". B., MonaxTtoHonyno B. H., B. M. lUysanoB; noa pen. npodgeccopa
B. M. Wyeanoea. — Uaa. 2-e, ucnp. u gon. — M.: Fopsyas nMHUA-TenNeKom,
2004. - 672 c.: vn., ISBN 5-93517-089-2,

Bo BTOPOM TOMe TPEXTOMHOrO y4ebHoro noco6us paccMaTpuBaloTCA CUCTEMBI
pasuocBnA3M, paauosew@nns u Teneeugenus. OCHOBHOE BHUMaHue yAensieTca nep-
CNEKTUBHBLIM HANPaBEHWAM Pa3BUTUA GECNPOBOAHONR CBA3M: CMYTHUKOBAA CBA3L,
CBA3b C NOABWKHBIMU OBLEKTaMMU.

[ns CTyAeHTOB By3OB CBA3K W Konneaxei. KHUra MoxeT 6biTb UCNONb30BaHa
ANS NOBLIWEHUA KBanuuKkaum paboTHUKaMKU NPEANPUATUA CBA3K,



TexHu4Yeckan BUArHOCTUKA U PeMOHT 6LITOBONW PafUO3NEKTPOHHOIA
annapatypbl. YuebHoe nocoGue ans sysos / B. M. Xa6apos, I'. B. Kynukos,
A. A. Napamonog; MNopa pepakumed I'.B. Kynukosa — M.: l'opsvan nuHus-Tene-
KoM, 2003, — 412 c.: un., ISBN 5-93517-142-2.

W3noxeHbl TEOPETUYECKUE OCHOBb U NPAKTUMECKUE NPUNOKEHNA TEOpUM Ha-
AEXKHOCTH, TEXHNYECKOW AKArHOCTUKA W PEMOHTA COBPEMEHHOW GuiToBOW pagnoanek-
TPOHHOW annapatypbl. MpuBEeAeHbI METOAVKYA U3MEPEHWUA OCHOBHbIX TEXHUMECKUX na-
pameTpoB, anroPUTMbl NOKCKA MECTa OTKA3a ¥ METOAUKM PErynupoBKM PaANONPUeMHY-
KOB, MarHuTocbOHOB, NpOUrpbiBaTeneil KOMNAaKT-AUCKOB, TeNEeBU3OPOB U TPAKTOB 3BY-
KOBOW uacToTbl. PaccmoTpeHbl Hanbonee xapakrepHbie NpuMepbi Mogenei GbiToBON
P3A oTeuecTBEHHOro W 3apyGexHoro NpouasoacTea.

Ona yyawmxca cheunanbHbix yyeGHbix 3aBegeHnid, MoxeT GuiTb nonesHa
Cneunanucram, 3aHMMaloWuMMcs pemoHTOM GbITOBOW paawoannaparypbl, a Takke
KOHCTPYKTOpaM 3M1eKTPOHHOW TEXHNKKM U paguonioGurensm.

UucpoBoe npeobpa3zoBaHue usobpaxenuit: YuebHoe nocobue ans By3oB
/ P. E. Beikos, P. ®paitep, K. B. Usanos, A. A. Manusetos; og pea. npo-
ceccopa P. E. Bbikoea. — M.: Mopsa4asi nuHua-Tenekom, 2003. — 228 c.: un.,
ISBN 5-93517-119-8.

UsnoxeHb TeopeTnueckue OCHOBH (opMUpoOBaKUMA W uudpoBoro npeobpa-
30BaHWA CUrHanoB u3obpaxeHnin. PaccMOTPeHE! NPUMHUUNB 06paboTkk u3oBpakeHwi,
NPEAHa3HAUEHHBIX ANA 3PUTENBHOTO BOCAPUATUA ¥ aBTOMaTUYECKOro aHanuaa, Bonpo-
col UMdpoBoit DUNLTPALMY, CKAaTUA, XKOAMPOBAHWA CcurHanos ulobpaxeHua w ap.,
U3NOKEHB! NPUHLMNEI NOCTPOEHUA YCTPONCTB HOPMUPOBaHUA BUAGOCUTHANOB 1 OCHO-
8bl NOCTROEHNA MHOIO30HANbHDIX CKaHUPYIOWIMX CUCTEM.

Ong cTyAeHTOB, OGYMaIOWMXCA N0 CNEeLMAnbHOCTAM «PaguoTexHuka» W «Ayauno-
BU3YANbHAR TeXHUKa», aCNUPAHTOB W Hay4HbiX PABGOTHUKOB, MOXET GbiTh NONe3Ha vHxe-
Hepam, paGoTatoumm B 06nacT yudpoBon TEXHUKK U TeNeBUAEHUS.

Mo sonpocam npuobpemeHus KHue
U ¢ asmopckumu npednoxexHuamMu obpawamscs e usdamenscmso no
men. (095) 287-49-56, e-mail: radios_hl@mtu-net.ru

Bbl MOXeme 3aKa3amb 3mu KHU2U HaJIOKOHHbLIM ramexe,
8bICN1a8 110YMO8YI0 OMKPLIMKY UNU NUCLMO 10 adpecy:
107113, Mockea, a/s 10, «Dessy»; men. (095) 304-72-31 unu no
3nekmpoHHoli noyme: post@dessy.ru

HononnumensHas uHpopmayus
dns yumamenell, aesmopos, pacrnpocmpaxumenel Ha cepsepe

WWW.TECHBOOK.RU

Kuuru usparenncrea «lopavan nuuna — Tenexkom»

MOXHO 3aKa3aTh Yepe3 novroBoe arentcTeo DESSY: 107113, r.Mockea, a/a 10,
a TaKe WHTepHeT—marasunbi: www.dessy.ru www.top-kniga.ru

CaifT u3parenbcrea: www.teCh bOOk.r u

AHTEHHO-GHIEPHBIE YCTPOHCTBA
W PACTIPOCTPAHEHHE PAZIHOBO/TH

M3naraioTcs oCHOBHbIE BOMPOChH TEOPUM U3NY4EHWA 1 NpYeMa
pafvoBOIH, paccMaTpuyBaloTCA Haubonee pacnpocTpaHeHHbIe Tkl
aHTEHHO-(DWAEPHBIX YCTPOCTB M METOABI X pacyeTa, 0CoBeHHOCTI
NUHWA NWTaHWA aHTEHH PasnW4YHbIX BOMH, @ TakXke BOMPOCHI
3MEeKTPOMAarHUTHOM COBMECTMMOCTHW aHTeHH, 061LLUan Teopus 1 0Co-
©eHHOCTV pacnpocTpaHeHUs PagVoBOIIH PasNYHbIX AVAna3oHoB.

Ocoboe BHWMMaHWe yAeneHo BOMPOCaM, WMEIOLWMM Hero-
CpefCTBEHHOE OTHOLUEHWE K NPOEKTMPOBaHWIO W 3KCniyaTtauum
cUCTeM PafvoCBA3v, PaaUOoBeLLaHWA U TeNeBUAEHNS.
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