YacTb |. AHTEHHbI, MUP U Mbl

PeanbHbiint KO3 PULUEHT yCUJIEHUS A
(v KNM) mopenu aHTeHHbI 6bln U3MEPEH B
LUIMPOKO HenpepbIBHO nonoce, 3axeatbl- |7 /"\
BatoLLenn 06a padbo4ymx amanasoHa. Ha puc. oo / N
3.12 nokasaHa 3asucumocTtb KNI ot R \\
OJIVHbI BOJTHBI, OT/IMYatoLencs B npeaenax ~—
nccnepyemori nonocel B ~1,7 pasa. 08 o 5 0 1 Mom

Ha BonHe 8,25 MM KO3 DULIMEHT yCun- Puc. 3.12
nenus (c 3epkanom 1,1 m) pasen 51,1 gb,

Kvn

(KM ~ 0,725). MakcmanbHble 3Ha4eHUs KN

KW, gocturaiowwme 0,75, kak 1 Gbi10 3agy- | > R N

MaHO, COOTBETCTBYIOT MOSIOCE HU3KOYa- L7 . \
CTOTHOrO AuanasoHa, B KOTopoit pachasu- | %@ )i N
poBKa pynopa Ags = 21 1 popma rMasHoro ," \\
nenecTka Hanbonee 613Ka K onTUMalib- 0700~ 0% 10 106 Mhar

HoW. B npegenax aTon nonocsbl (Npn name-
HEeHWM OJINHbI BOMHbI B ~1,25 pasa) KU Puc. 3.13
Boiwe 0,7, a 3a ee npegenamm, BKIYasa 1
BTOPOM, BbICOKOYACTOTHbIN, paboynii T ~
AvanasoH, KUM 6onblie 0,65. PeasbHble L~ bl -
3HaueHmns KUIM goctaTouHo XopoLwuo cosna- -02 N
[aloT C OXnoaemMbiMU, MOMYYEHHBIMU B -0k 015 0 0125} 025M
pe3ynerate aHanusa H pynopa v 06ny- Puc. 3.14

YaloLLLEN CUCTEMbI, O KOTOPOM BbIS1I0 ckasa-

HO BbILLE.

Ha pwuc. 3.13 nokasaHa 3aBucumMocTb KU oT naMeHeHns AfinHbl BOJIHbI — A
OTHOCUTESIbHO ONTUMANbHON — Agnr MPU UCMOJIb30BAHNN ABYX 006yHaAIOLWNX CUCTEM:
1-9 — paccmoTpeHHas Bbille, ¢ PPU; 2-a — ¢ ManbiM 3epkanom crneumanbHoro
npodunsa n ¢ PK, umerowmmMm ocecuMMETPUYHYIO KyrnosoobpasHyto GopmMy rMaBHOro
nenectka (c™m. puc. 3.4, cnpasa).

CpaBHeHMe NokasbIBAET, 4TO MPU NCMONb30BAHNN «KJIACCUYECKOro» pynopa c
KaHaBKamu 1 BCMNOMOraTeibHOro 3epkasna cneumanbHoOro npodunsg MakCMmMmanbHOe
3HadeHune KNI Ha onTrumanbHOM BOJIHE Takxke AocTuraeT 3HadyeHus 0,75, HO ¢ uame-
HEHVEM AJInHbI BOSHbI KMI B 9TOM cnyvyae ymMeHbLUIAeTCs 3Ha4MTENbHO BbICTpee,
yem c PPW.

Ha puc. 3.14 nokasaHbl NOoTepU ycuneHus npu nepemerteHnn PPU Boonb
dOKaNbHOM OCU aHTEHHbI.

Mpu cmeweHnn ¢pas3oBOro LeHTpa pynopa OTHOCUTENLHO ¢$OKyca BCrnomMmora-
TenbHoro 3epkana B npegenax 0,25\ notepu He npesbiwatoT 0,2 ob. 3170 KOCBEHHO
noaTeepxaaeTt, 4To PPU He o4eHb 4yBCTBUTENEH K TOYHOCTU €r0 YCTAHOBKM OTHOCU -
TenbHOo ¢okyca.

OCHOBHbI€ JOCTOMHCTBA U HEA0CTATKN aHTEHHbI.

JLOCTOMHCTBA @HTEHHbI, NOJY4EHHbLIE 3a CHET UCNONb30BaHna PPU:

+  [loyTn ngeanbHasa oceBasi CUMMETPUS MABHOIO JIENMECTKA aHTEHHBbI.

+  Bblcokas appekTUBHOCTD B LUMPOKOM ananadoHe (KUIM — 0,65 — 0,75).

+  Hwuakunih ypoBeHb GOKOBOIO N3Ny4YeHMS.

«  OyeHb WKMPOKUIA (MOYTU OBYXKPATHbLIN) HENPEPLIBHbLIA paboyunii ananas3oH.

OCHOBHbIMM HEAOCTATKAMU aHTEHHbI, 06YCNOBNEHHLIMW AAHHOW CXEMOMW, KaK U
OO0NbLUNHCTBA APYrMX OCECUMMETPUYHbIX aHTEHH, ABNSIOTCS:
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AHTEHHbI, MUP 1 Mbl. YacTs |

+  Peakuus obnyyaTens Ha oTpaxeHHoe 3epKasiom (3epkanamu) none, 4To
YXyOLUAET COrNnacoBaHNE aHTEHHbI C MUTAIOLWVM TPAKTOM.

+ 3areHeHue 3epkana obyyaoLer CUCTEMON N 3IeMeHTaMn ee KpenieHus,
4YTO YyMeHbLUaeT 3P PEKTUBHOCTb N YBENNYMBAET YPOBEHb BOKOBOI0 N3NYYEHUS.

+  TpyOHOCTb CO3OaHns B packpbiBe (rMy0boKux 3epkan) paBHOMEPHOro
pacnpeaeneHuns amnanuTyapl nosnsi, 06ecrneynBatoLLLEro BbICOKYO 3D dEKTUBHOCTD.

MeHbLUen peakumeinn obnydaTens Ha oTpaxeHHoe none obnagatoT AD, a 3aTe-
HeHWs 3epkasna obsy4aTenieM B OCECUMMMETPUYHbIX 3ePKasibHbIX aHTEHHAX YCTPaHUTb
HEBO3MOXHO. Y10 kacaeTca apPEKTUBHOCTU N APYrUX SNEKTPUYECKMX NAapaMeTpPOoB
[AHHOI @aHTEHHbI, TO OHW OblNM 3HAYNTENBLHO YJTYHLUEHbI 32 CHET UCMONb30BaHUS B
KavyecTse nepBn4HOro nsnydartens PPU.

MccnepoBaHma nokasanu, 4To ncnonb3oBaHue PPU B kauecTBe NePBUYHOIO
obnyyarens B CXeMe 370 KOPOTKODOKYCHOWM aHTeHHbI (29 = 180°) nossonnno 6e3
Moamburkaumm npoduns aepkan nonyydnTb Bolcokmin KUM v HM3kuii ypoBeHb 6OKOBO-
ro N3fly4eHus B AmanasoHe, KpamHUe 4acToTbl KOTOPOro omivyaioTcs B 1,7 pasa.
Kpome Toro, Ha 0OCHOBaHMKM UccnegoBaHUs HanpaeieHHbIX cBoncTe PPU (cm. pas-
nen 1.4.2), MOXHO yTBEPXAAThb, YTO U 3a NpeaeniamMmu 4aHHOro AMana3oHa aHTeHHa C
PPWU He Tonbko coxpaHsieT paboTocnocobHOCTb, HO 1 ee 3P(PEKTUBHOCTL OCTAETCS
[0CTaToO4yHO BbICOKOM.

CornacoBaHue gaHHOW aHTEHHbI UICCNEA0BAHO He ObI10, Tak Kak M3MepeHUs
MPOBOANINCL HA MOAENN (HA OYEHb BbICOKMX YacToTax). Ho, kak noka3ann uccneno-
BaHWNS APYrnx aHTeHH, OHo, 6narogaps PPU, nonxHo 6bITb Ny4dlle, Y4em ¢ ApyrmmMm
pynopamu.

3.3.2. AHTeHHbI THNA AQS

AHTEHHa OByXx3epkanbHasi C 3/IMNTUYECKUM BCNIOMOraTesibHbIM 3epKasiom
(AO93), puc. 3.15, B 06LEM cniyqae cOCTOUT [2] N3 OCHOBHOIo Nnapabosmyeckoro
3epkana gunameTpom D co cmeleHHOoM pokanbHOM OCbio 1 06yYatoLLLEn CUCTEMBI
(kopoTKO: 0bnyyaTens), BkovaloLLen manoe, 3IMNTUYECKOE, 3ePKasio 1 NepBMY-
HbI, PYNOpPHbINA, obnyyaTtens. HekoTopble ALD
0b6opynoBaHbl 3y64aTbiM 9KPaHOM (CM.
puc. 3.15), yayylaioLwmm NnoMexo3aLLnLLLEHHOCTb
aHTEHHbI B 3aIHEM NOJTYNPOCTPAHCTBE.

OcHoBHoe (6onbLuoe) 3epkano A3 obpaso-
BaHO NMyTeM BpaLleHns napabosibl BOKPYr OCH,
KOTOpasi He COBMaAaeT C OCb0 CUMMETPUN
aHTEHHbI, a CMelleHa NapanfiefibHo el Ha HeKO-
Topoe paccTosiHue. NMoatomy B ALD HET To4eu-
” / - HOro ¢dokyca, a umeeTcs GokanbHOE KOsbLO,
Puc. 3.15 o ] AuameTp KoToporo (d,;) onpeaensercsa cMmeLle-

HVEM OocW.

Cxema obOnyuaioweii cuctemsol ALLD ¢ nepeBuyHbLIM 06y4aTenem B sBuae PPU
M 9NMNTUYECKUM BCMOMOraTesibHbIM (MasibiM) 3epkanom nokasaHa Ha puc. 3.16.

lMoBepxHOCTL BCNOMOraTeibHOro 3epkasa obpasoBaHa BpalleHUeM OTpe3ka
annmnca (3Aannc NokasaH MyHKTMPOM) BOKPYr OCU CUMMETPUM aHTEHHbI. Manoe
3epkarno, kak 1 napabonona, MMeeT He ToYeYHbIi GOKyC, a pokanbHOE KOJSbLO Ana-
MeTpom dy, npuyem d, 2 d,, (X pasnuyme AoMKHO BbiTb He6ONbLLVM, Ha puc. 3.16
OHO MCKYCCTBEHHO NPEeYyBEINYEHO).

MNpuHaTbie 0603HAYEHUN:

3epkano / SkpaH
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2y, — yron pacteopa OCHOBHOrO 3epka- 4
na; 2y’ — cekTop yrmnos, 00y4aemMbIx MasbiM
3epkanom; d, u d, — anameTp dokanbHOro
KOsMbLa Napabonnyeckoro u aaIMnTUYeckoro
3epkana, COOTBETCTBEHHO, d, > d,;; Y — yron
Mexay dokanbHOM OCbio N MPOU3BOJIbHLIM
Jly4OM, OTPaXEHHbIM OT MasIoro 3epkana; y,
— yron mexay ¢okanbHOM OCbIo N JIyHOM, "
OTPaXEeHHbIM OT KPOMKM Manioro 3epkana v
(ecnu dy = dy,, TO Y, = 0); dg — AnameTp o
Manoro 3epkana, obbi4HO dg =d,; F,— 2
¢dokycHoe paccTosHue napabosnsl; 2o v d, —
yroJsl pacTeopa 1 gMameTp packpbiBa pyno-
pa; 0 — ¢asosbint LeHTp pynopa; 0, 1 0,, — TO4KK, PACNONIOXEHHbIE HA HOKASILHOM
KOJIbLIE SIMNATUHECKOrO 1 Napabonmnyeckoro 3epkana, COOTBETCTBEHHO; @4 U (o —
yron o6ny4yeHns n3 ¢asoBoro LeHTpa pyrnopa CoOOTBETCTBEHHO (pOKaIbHOro KonbLa
1 KPOMKM Masioro 3epkana.

OCHOBHble 0COGEHHOCTM aHTeHH Tuna ALD, o6yC/oBNEHHbIE UX CXxemoli [2]:

+ B ueHTpanbHOM 4aCTu aHTEHHbI (BHYTPM COOCHOIO C 3€PKasioM LMnmHapa
onameTtpom d;) o6pasyeTcs 06beM, He 0OyYaeMbIli NONIEM, OTPaXKEHHbIM OT Maso-
ro sepkana. lMoatomy noTepun n3-3a 3aTeHeHUs B 3TON CXeMe NPUMEPHO B ABa pa3sa
MeHbLLE, YeM B Kiaccudeckon. Ecnm d, > d,,, To Heobny4aembli 06beM yBenM4mBa-
eTcsl. TO NPMBOOUT K YNYYLLIEHMIO COMTACOBaHUS, HO YBENNMYEHMIO (M3-3a O0MOSHU-
TeNbHOro 3aTEHEHUS) NOTEPb YCUIEHNS U YPOBHS NEPBbLIX 1 BJIMXKHUX OOKOBbIX Nene-
CTKOB MO CPaBHEHMIO C BApUaHToM, korga d; = d,,.

+ Bcnepcteue nHeepcun nmeetcs nepedbpoc 3HeEPrmmn, COOTBETCTBYIOLLEN
LlEHTpaNbHOM YacTu guarpaMmmbl NEPBUYHOMO U3NydaTens Ha nepndepmto OCHOBHO-
ro 3epkana v HaobopoT.

«  AMmnauTtygHoe pacnpegeneHne B6M3n KPOMKM OCHOBHOMO 3epkasa umeet
KpYTOW cnag, onpeaensieMblii O4eHb MasibiM YPOBHEM 3HEPTUN, «OTPaXKEHHbLIM» OT
OCTpUS BCNeOCcTBME €ro Masnon nnowaan. Ho B 6onbluei 4acTu packpbiBa pacrnpe-
neneHve aMmnanTyabl Nonst MoXeT OblTb O/IN3KMM K paBHOMEPHOMY Jaxe Mpu Kyno-
noo6bpasHoii 1H nepBuYHOro obnydaTens, 4To ABASETCS He TOJIbKO AOCTOUHCTBOM
[AHHOI CXeMbl, HO U ee HeJOCTaTKOM, Tak Kak OrpaHMyYnBaeT BO3SMOXHOCTW peanu-
3auMm HA3KOIro YPOBHS NepBbIX (U 6AMXHNX) BOKOBLIX IENECTKOB.

+  HekoTopbIii 4ONONHUTENBHINV CMag 3HEPrUM HA Kpako OCHOBHOIO 3epkana
MO>XHO 00ecneynTb 3a CHET HanpaB/IEHUS MOJs, OTPAXKEHHOr0 OT LLEHTPa Manoro
3epkasna He Ha KPOMKY OCHOBHOIO, & C HEKOTOPbLIM CMELLLEHNEM K €0 LeHTPY, Npu
aTOM Y’y < Y.

+  Cneuuduryeckas popma Manoro sepkasa — HalM4Me B ero LieHTpe oCcTpus,
paccensatoLlero 60sbLLYI0 HaCTb SHEPTUW 3a Npenesbl paboyei 30HbI pynopa, 1 60sb-
Lee (Mo CpaBHEHUIO C LEHTPOM) yaaneHne paboyer NoBEPXHOCTM Masioro 3epkana oT
packpbiBa pynopa no3BonsieT Npnban3nTb Masioe 3epkasio NoYT BrIOTHYIO K pynopy
obecneynB 3TM BOMbLLYI0 CYMMapPHYI0 pacha3mpoBKy (Ags) Npy 3HAYNTENBHO MEHb-
LIMX pa3Mepax pyrnopa, Yem B CllyHae ero pacrosioxXeHus B AaslbHEN 30He.

B cBs13u co cneundundeckumMmm 0CobeHHOCTSIMU cxeMbl ALD ncnonb3oBaHme B
3TUX aHTeHHax pacda3npoBaHHbIX PYNOPOB B KA4ECTBE NEPBUYHLIX 06nydaTeneni

Puc. 3.16
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aBnseTcsa Hambonee NpeanoYTUTENbHbBIM, @ 6/IM30CTb PACTMONIOXEHUS MaNoro 3epka-
na 1 pynopa no3BossieT 06beANHUTL UX B e0MHbIA KOHCTPYKTUBHbIN 610K — 0bny4ya-
TeNb, NPMBA3aB Masioe 3epkasio HENOCPEACTBEHHO K pyrnopy. Mpu aTom 6obLUne,
COM3MepPUMbIE C MasbiM 3epkasioM, pa3Mephbl pyrnopa sBAsgTCs JOCTOMHCTBOM, a
He HeJOoCTaTKOM.

Oco6GeHHOCTU pa3paboTKu cucTem kpenseHnsa oonyyarena ALD [22] ces-
3aHbl ¢ 6IM3KNM PaCMOIOXKEHMEM pynopa 1 Manoro 3epkana. Huxe paccmMoTpeHo
HECKOJ/IbKO CMCTEM KpPEeneHns OAHOro U Toro xe 651o0ka obnyyartens, uccnenoBaH-
HbIX B NpoLiecce pa3paboTku 1 Belbopa Hanbonee oNnTMMasibHOro BapmaHTa ans
aHTeHHbl A9-1/11 guameTpom 1 M NpegHasHavyeHHOM ans pabdboThbl B AnanasoHe
11 My, (paboyas nonoca — 10,7+11,7 I'Tu, cpenHas vactoTa fo = 11,2 ['Tw, cpenHas
[OJIMHa BOJHbI Ag = 26,786 MMm).

Pa3amepbl nepBmyHoro obnyvarens (PP ¢ nnaBHbIM NepexonoM): BHYTPEHHUN
anameTp — dp =170 mm (6,351), 20=90".

Pasmepbl 0cHOBHOro 1 mManoro 3epkana: D = 1000 mm (37,33)); 2y = 210°;
29’y =200°; dg =200 MM (7,47X); dy = 207 MM (7,73%); F = 153,5 MM (5,73));

@1 = 45°, 9= 37,5° akcueHTpucutet annunca ¢ = 0,769 .
KoHCTpyKLMA cucTeM Kpennenus obycnaBnmBaeT Ux 4OCTOMHCTBA U HegocTaT-

KW.
Cuctema kpennerus | (puc. 3.17) — 4-e cTeknonnacTUKOBbIE TATU LMPUHON 4
MM, B KOTOPOW HECYLLEN KOHCTPYKUMEN aBnsieTcs pynop. Noatomy cTeHkn pynopa
YTOJILLEHbI, 4TO MNPMBESO K YBENIMYEHMIO Er0 BHELIHErO AnamMeTpa.
JocTomHCcTBa: OTCYTCTBME TEMJOBLIX MOTEPL 1 MAI0e BAUSIHME HA Cornlacosa-
Hue. HepocTaTku: HEOOGXOAMMOCTL B YKPbITUM, AOMOSHUTENbHO YXYALLAOLLIEM Napa-
METPbl aHTEHHbI.

Cuctewmsbil I, Il v IV BbINOMHEHBLI N3
154 neHononnypeTaHa. NMpodune BHELWHEN
rpaHnubl BO3AYyX-AN3INEKTPUK cuctem |l n
st * | Il (oM. puc. 3.18 1 3.19) — KOHMYECKUIA, a
r,"j! cuctemsl IV (puc. 3.20) — nonbii Topong,

J, CO cneuyanbHbIM NPOPUIEM CTEHOK.
JoctouHcTtBa cuctem I, Il n IV: oHn
MOTIYT CNYXWUTb HE TONbKO ANS KPEMNIEHUs
3epkana, HoO OOQHOBPEMEHHO BbINOJIHATL U
bYHKUMN YKPBITUS, TEPMETU3NPYIOLLETO
obnyyatenb, N GYHKLMM YCTPONCTBA TOU-
HOI I0CTUPOBKN. HepocTtaTtkn, Tpebyowme

g
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E

Ocs camaTpen Manoa aspranc

Puc. 3.17 AOMNOJIHNTENBbHOIO UccnenoBaHnd: Tensio-
34 Menononuypetad g5 MNeHononwypeTan
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Ocs cummeTprn  Manoe seprano Och CHMMETPHN
Puc. 3.18 Puc. 3.19
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Bbl€ NOTEPU B OUI3NEKTPUKE N €0 BANSHNE
Ha 3NeKTPUYECKME XapaKTEePUCTUKN.

TennoBble NOTEPU 3aBUCAT OT MaTe-
pvana, NN0THOCTM U 06beMa AMNINEKTPUKA,
a BINSIHNE OManekTpuka Ha HanpaBfieHHbIe
cBoiicTBa 0b6nyyaTtens u KoadpdUUNEHT
OTPaXeHUs 3aBUCUT, KPOME TOro, N OT Iv 1
dOopMbI rpaHunL, BO3OYX-ANanekTpuk. Ans
ocnabneHus BAUSHUS OU3neKTpuka xena-
TeSIbHO NCNONb30BaThb AN3NEKTPUKU (B A
JAaHHOM crydae, NeHONONMypPETaH) Masnomn - - E, |
MJIOTHOCTU, HO 3TO YMEHbLLAET MexaHn4e- Ock - Maﬂﬂ'ﬂ: aepKanc
CKYIO MPOYHOCTb CUCTEMbI KPEMJIEHUS.

CucTema kpennenus V (oHa apecs e P¥C- 3-20
rnokasaHa) npeacTtaBnseT codoi 0ObIYHbIN
MOJbIA KOHYC, CTEHKW KOTOPOTO (TOMWMHOW ~8 MM) BbINOMHEHbI U3 NEHOoNonMypeTa-
Ha.

BavsHue cuctemM KpenaeHusa Ha HanpaBieHHble CBOMCTBA pynopa:

Cuctema kpennenus | (cm. puc. 3.17) BHOCUT CyLLECTBEHHbI Bknag, B YPOBEHb
OOKOBOro M3Ny4YeHUs, T.K. TArN BO30YXAAKOTCSH 3HEPrMEN 3HAYUTENbHOM NMIIOTHOCTW.

Cuctema kpennenus Il (cm. puc. 3.18) npn yaenbHOM NIOTHOCTU NeHONoAnype-
TaHa ~0,1 r/cm® nameHset JH pynopa takmm o6pasom, puc. 3.21, 4To ypOBEHb
06Ny4eHns KPOMKM Manoro 3epkana B NnockocTu E ysennyneaetcs.

OT0 NPUBOANT K AOMNONIHUTENbLHLIM NOTEPSM Ha NepeunsnyvyeHmne, yBeM4eHmo
YPOBHS1 6GOKOBOI0 N3sy4eHunst, 00yCNOBAEHHOr0 NepeMBHbIMU NTIENecTKaMmn un
ondpakumein Ha KPOMKe Manoro 3epkana, a Takke K pocty KoadduumeHTa oTpaxe-
HUS.

Cuctema kpennenus lll (cm. puc. 3.19), 6narogaps MmogmdbukaLmm BHyTPEHHEN
rpaHuLbl BO3OYyX-AN3NEKTPUK, NO3BONAUMA (MPWY TOW Xe YAENbHOM NAOTHOCTU NEHO-
nonuypetaHa ~0,1 r/cm®) n3ameHnTb GOpMY MMaBHOIO Sienectka pynopa B Ni0CKOCTU
E onTmanbHbiM 06pasom, npnbnmauve ee k [1H B nnockoctn H.

YpoBeHb 06/1y4eHMS KPOMKM Manoro 3epkana ¢ cuctemoi kpennexus lll no
CpaBHEeHWIO ¢ cncTemoi |l cyuecTBeHHO noHmxaeTcs (cMm. puc. 3.21). 3To npuBoanT
K YMEHbLLUEHUIO MNEPENINTYHEHUS SHEPTUN 32 KPOMKM 3epkana, YMEHbLUEHUIO YPOBHS
OOKOBOr0 M3NYYEHUS 1 YIYHLLEHWUIO cornacoBaHms. Kpome Toro (BCcneacTBmMe yMeHb-
weHns obbema neHononnypeTaHa), HECKOJIbKO CHUXAKOTCS U TEMJIOBLIE NOTEPW.
CywecTBEHHO CHM3UTb TEMJIOBLIE MOTEPU N BAUSIHWE MEHOMNONINYpPEeTaHa Ha Harnpa-
BJIEHHbIE CBOMCTBA pyrnopa MOXHO 1 NyTEM YMEHbLLIEHUS ero yaebHON NJIOTHOCTH
0o ~0,03 r/cm®. OgHako B 3TOM CJly4ae BHELLHIOW MOBEPXHOCTb CUCTEMbI KPEMEHNS
HeobX04MMO YNPOYHUTL, HANPUMeEp, CNOEeM CTeKIOTKaHN. Ho 3To, kak nokasanu
VCCNenoBaHns, NPy KOHMYECKOM popme AaHHOMN

NMOBEPXHOCTU, NMPUBOAMUT K 3HAYNTENIbHOMY YXYALUE- | gp° -40° -20° o  20° 40° 60°
HWIO COrnacoBaHus. : i H-H

Cuctema kpensnenus IV (cMm. puc. 3.20) nosso- ; ,"' N O 2 H
JIIET CHU3WTb TEMJIOBbLIE NOTEPU AaXe NPY 3HAYU- y 15 X
TENbHOW MAIOTHOCTY NEHOMNOINYPETAHA, TakK KakK ero i 20 )\
06beM O4eHb MaJ. . ;;} = A

B aToin cucteme paxe npm 3HaYNTENbHOM yBE- Al P aaa ACAY
JINYEHUU NNIOTHOCTM NEHoNoAnypeTaHa (4o

Puc. 3.21
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~0,35r/cm®) BCneacTene Masnomn TOJIWMHBI CTEHOK Topouaa (6+8 Mm) TennoBble
noTtepu Bo3pacTatoT He 6osee 4em Ha 0,3 Ab No cpaBHEHUIO C TaKOW XXe CUCTEMOI,
HO MMetoLLe NNoTHOCTb He 6onee 0,05r/cm?, KOTopas NPaKTUYECKM He OKa3biBaeT
HMKaKOro BANSIHUS Ha SNIEKTPUYECKNE NapaMeTpPbl aHTEHHbI, 8 NO3TOMY Bblfia NPUHS-
Ta B Ka4ecTBe 3TasIoHa.

Kpowme Toro, cucrema kpennenmsa IV gaet BO3MOXHOCTb MOYTU MOJIHOCTbIO
YCTPaHUTb OTPAXEHUSI BHYTPb pynopa OT BHELUHWX U BHYTPEHHMX rpaHuL, Toponaa,
6narogaps cneuuanbHon GopmMe ero NoOBEPXHOCTM.

B cekTope MN (pabouyem), orpaHN4eHHOM KpaeBbIMU SlydamMm, OTPaKEHHLIMU OT
MaJioro 3epkasa, BHyTPEHHSI1 U BHELLIHAS MOBEPXHOCTb TOpouaa o6pa3oBaHa nyTem
BpaLLEHNs BOKPYr 0Ch hOKasibHOr O KOJbLIa aHTEHHbI OTPE3KOB ABYX 3/JIMMCOB (BHY-
TPEHHEro N BHELLHEro), 0AnH 13 GOKYCOB KOTOPbIX (CM. puc. 3.20) coBnagaeT ¢ ¢poky-
com annmnca 0,, 06pasyioLLEero Masioe 3epkasio, a apyrow (0.)BbiHECEH 3a Npeaerbl
packpbiBa pynopa. BHe cektopa MN npodunb noBepxHOCTM 0COB0M POnn HE UrPaeT u
BbIBMPAETCHA N3 KOHCTPYKTUBHbLIX COOBPaXeHuiA. Npyn TakomM MCMNONHEHNN OCHOBHOE
nosie, NPOXOAsLLEE YePEs3 ANINEKTPUK, HE3HAYUTENBHO NPENTIOMIISETCS, 8 OTPAXKEHHbIE
nons (nyamn 1 n 1) otbpackiBalOTCst COOTBETCTBEHHO BHYTPEHHEN U BHELLHEN CTEHKOM
TOpOVAa BHE packpbiBa pynopa. [Janee aTv nons paccemBaloTCA OCHOBHbBIM 3E€PKaoM,
BHOCS! HE3HAYUTENbHbIN BKJ1aJ, B GOKOBOE N3JyHEHMNE aHTEHHbI.

OpHako NpakTU4Yeckoe MCMNosib30BaHME CUCTEMBI KpenieHns IV BO3MOXHO NnLLb
NPV HANMYUKU YKPLITUSE @aHTEHHBI B LLeIOM. Ecnn e aHTeHHa He MMeeT Takoro yKpbil-
TUS, TO BHELLUHIOIO NMOBEPXHOCTb TOpouaa (Aaxe Npn cpaBHUTENbHO GOJbLLION NNOT-
HOCTW NeHononmypeTaHa) Heo6XoANMMO YNPOYHNTb, HANPUMEpP, C/IOEM CTEKJIOTKaHW.
CTteknoTkaHb, NpuHUMasa GopMy Topomaa, He yXyALaeT CorlacoBaHUS aHTEHHbI, HO
BbI3blBAET A0MNOSHUTENbHbIE NOTEpU ycunenus Ha 0,1+0,2 ob 1 He3HaunTenbLHOE
NOBbILLUEHME YPOBHS OOKOBOIO U3Jy4YEHUS.

BnusiHue cuctem KpenieHus Ha CornacoBaHMe aHTeHHbl MoKa3aHo Ha puc. 3.22,
roe npuBeaeHa 3aBUCMMOCTb OT YacTOoThbl KOaddurumeHTa oTpaxeHus (I %) ot
BX04a o6ny4aTenst Npu UCMoJfib30BaHUM Pa3HbIX CUCTEM KpPeneHus:.

Bbicokoe o0Lee 3HaveHne KoapPpuLmMeHTa oTpaKeHNs 0ObACHAETCH TEM, YTO B
[AaHHOW aHTEHHE ncnonb3oBaH PP, nmelowni pasHyto WnpuHy rmaBHOro fenecTtka B
nn. E n H. Moatomy ypoBeHb 06/1y4EHNS KPOMKW Maioro 3epkana B ni. E co Bcemu
cuctemamum kpennenma — (nckmoyas lll, kotopasa ynydwaet JH B nnockocTtu E)
BECbMa BbICOK, Y4TO 1 ONPEeAEeNNIO NOBLILEHHbLIA YPOBEHb NOMS, OTPAXXEHHOIO B
pynop.

Cuctema kpenneHus | Ha cornaco-

% BaHME aHTEHHbl 3aMETHOI0 BAIUSHUSA He
0 OKa3blBaeT, Tak Kak 60sbLuast HaCTb
12 //—\5\/\ v 3HEpPrumn, OTPAKEHHON OT TS, yXOAWT 3a
4 \/\\/ npegensl pynopa, KpoOMe Toro, OHu
107N Ve " MMEIOT HEBObLLYIO LLINMPUHY.
8 H—¥ ’\< Cucrema kpennenust Il naet Hambo-
6 \ A ,%C/ \/ ~ \\/,\ nee BbICOKM KO3PPULMEHT OTPaXKeHUs
4/‘ \& /) —x-gx_,s('i\ (10+13 %). 3T0 O6BACHSETCS HE TONLKO
4 /x-/.;:'\_ \ — . ‘>j>/ N OoTpaxeHnem Nonasa BHyTPb pyrnopa oT
o 2K N\ Ne 7 N A KOHWYEeCKO NOBEPXHOCTM pa3aena
’ W A ST N
o v Y ve s BO34YX-OW3NEKTPUK, HO N OTpULLATENb-
10.0 104 108 112 16, My HbIM BIIMSIHMEM ON3nekTpuka Ha [1H B

nn. E, 0 4eM yxe 6bI110 Cka3aHo BbILLE.
Puc. 3.22 Y

126



YacTb |. AHTEHHbI, MUP U Mbl

Cuctema kpennenus lll, Gnarogaps MU3BMeHeHUIo BHyTPeHHEN hOopMbl AN3NIEK-
TpuKa, No3BoNunBLLUEMY yay4wnTb H B na. E, nmeeT 6onee HU3kUin KO3abDDUUNEHT
oTpaxeHus (Huxe 8 %), HeCMOTPS Ha COXPaHeHME KOHNYECKOW (DOPMbI FrpaHuLbl
pasgena.

Cuctema kpennerus IV — nonbii Topona, N03BONSIET CHU3UTb KO3DDULNEHT
oTpaxeHus 0o 4 %, n HUXe, NPUYEM TOJIbKO 3a CHET TopomaanbHon dopmbl. Kpome
TOro, HanM4me Ha ee BEPXHEN NOBEPXHOCTY TaIOro CHEra TONLWMHOW B HECKOJIbKO
CaHTUMETPOB MPAKTUYECKM HE OKa3blBAET BANSHMSA HA KOADDULIMEHT OTPAXKEHUNS
(IVe).

Cuctema kpennerHns V — nonbiii KOHYC obecrnednBaeT KO3pdOULMEHT OTpaxe-
HWSA MeHbLue 6,5%. Ho npy Hannunn Ha Hel Tanoro cHera B HECKOJIbKO CaHTUMe-
TPOB KO3DPUUMEHT OTPaXEHUS (HA HUXKHUX YacToTax) yeennunsaeTtcs 0o 9.5% (Vc),
T. €. Ha 3%. A 3TO BeCbMa OMacHoO, eC/IN aHTEHHA SKCMNyaTupyeTcs 6e3 ykpbiTus ee
B LLE/IOM.

BnusHume Tanoro cHera 4omkHO HabMoAaTbCA U Ha OPYruX TOPOUAasbHbIX U
KOHMYeckunx cuctemax kpennenus. OgHako B cuctemax Il m lll ero TpyaHee obHapy-
XXUTb N3-3a BbICOKOI0 MX COBCTBEHHOIO KO3ddULIMEHTA OTPAXKEHWUS, CBA3AHHOIO C
BVSITHMEM OU3NEKTPUYECKOro 3anonHeHns Ha JH pynopa.

M3 aHanm3a nony4yeHHbIX PEe3ynbTaToB CEAYET, YTO HaMMEHbLLEE (OTpULATENb-
HO€) BAMSIHNE HA COrnacoBaHME aHTEHHbI OKa3bIBAET cMcTemMa Kpennenus IV —
NoJbI TOPOUA, C NMOBEPXHOCTbLIO CNELMANbHOro npoduns.

BavsHure cucteM KpenaeHus Ha HanpasJieHHbIE CBONCTBA aHTEHHbI B . H
3aMeTHee, 4eM B 1. E, noToMy 4TO B 9TOWM NIOCKOCTU COBCTBEHHbIN (6€3 BKaaa
CUCTEMbI KpenieHnsl) ypoBeHb 6OKOBOIro nanyy4eHus Huxe. NosTomy 3a4ecb paccmo-
TpeHbl [1H TONbKO B N1.H 1 TONBKO B NnEpeaHeEM NONynpOCTPaHCTBE, KOTOPbIM (B
KOPOTKOGOKYCHbIX aHTEHHAX) OrpaHN4YMBaAETCA BKI1a, CUCTEMbI KPEMIEHUS B YPO-
BEHb OOKOBOrO U3y4YEHUS.

Ha puc. 3.23 npueeaeHbl JH aHTeHHbI, UBMepeHHble Ha YacTtoTe 10,7 Mw.

CnAoWHBIMU IMHUSIMKU CO LUTPUXOBKOM NnokasaHbl JIH aHTeHHbI C NofibiIM TOPOU-
[OM o4eHb Manoii nnotHocTu (~0,05 r/cm®), KoTopblii, Kak yxe 6bl1o cka3aHo, Npu-
HAT B KQYECTBE 3TaJIOHa, TaK KaKk HE OKa3bIBAET 3aMETHOI0 BAIMSIHUA HA 9NEKTpUYe-
CKMe napameTpbl aHTEHHBI.

Cuctema kpenneHus | (cm. puc. 3.23, cnea) 3Ha4YUTENbHO NOBbLILLAET YPOBEHb
OOKOBOro M3NyY4eHUs Kak B MIOCKOCTU PacroNoXeHNs Tar (MyHKTUP), Tak U B MJIO-
CKOCTW, MOBEPHYTOM K HEWM Ha 45° (TOYKWM), a8 MOTEPM YCUNEHNS COCTaBNAIOT
~(0,3+0,5) ob.

Cuctemsbl kpernnenus Il u IV (cm. puc. 3.23, cnpasa) No4TU HE OKa3bIBAKOT BN -
HWS1 Ha YPOBEHb OOKOBOIO U3Ny4eHNs aHTEeHHbI. OQHaKo NPy UCMONb30BaHNUW CUCTEMBI

0 0
CucTeMmbl
Cucrema | -10 " -10
N 20 v :
JranoH k - V. e
\ N : 3ranoH ) J S
' = -40 T : - y 40
fq - 50 .
" “‘ J h -50
-60 -60
‘ - aB P
-80° 60 -40 -20 0 20 40 60 B80° -80° -60 -40 -20 0 20 40 60 80°
Puc. 3.23
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Il (npn NnoTHOCTM NeHononnypeTaHa ~0,1 r/cm®) NoTepun yCUneHmsi Mo CPaBHEHWIO C
aTanoHom cocTtaenaioT ~1,5 ab. Mpu ncnone3oBaHum cuctemsl IV (Mpu TOM e NNoT-
HOCTM NeHononnypeTaHa 1, K TOMy Xe, YNPOYHEHHOWN CTEKJIOTKAHbIO), OHWN PaBHbI
Bcero nuuwb 0,2 ob. N xoTa cuctema Il He yBenmymBaeT ypoBeHb OOKOBOIO U3NTy4EHUS,
HO UCNONb30BaTh ee (13-3a OONbLUMX TEMNOBbIX NOTEPb) HeLenecoodpasHo.

OnTMManbHLIMWU CUCTEMAMW KPEMJIEHUs, KOTOPbIE MOTYT OblTb MUCMOJIb30BaHbI
Jaxe Toraa, Koraa aHTeHHa B LE/IOM He UMEET YKPbITUS, SBNSIOTCS:

+  [onbii TOpoma co cneumnanbHOM GOPMON BHELLHEN N BHYTPEHHEN NOBEPX-
HOCTW rpaHnL, pa3aena Bo3ayx-ouanekTpuk, N3roTOBIEHHbIN N3 NeHoNonypeTaHa
nnoTHocTbiO ~(0,1+0,2) r/cM®, yNpOYHEHHbIN, eCNN aHTEHHA HE UMEET YKPbITUS, CTe-
KNOTKaHbIO.

+ YacTuyHoe 3anonHeHne NpoCTPaHCTBa MexXay CTEHKaMM pynopa v noBepx-
HOCTbIO BCNOMOraTesibHOro 3epkasna neHononmypeTtaHoMm nnoTHocTbio ~0,03 r/cme.
B aTOM cnyyae BHYTPEHHSS U BHELLHSS rpaHnua BO34yX-AN3NeKTPUK 40KHA OblTh
TakxXe BbINMOJIHEHA NO cneuyanbHoMy npodunto. U, ecnu aHTeHHa HE UMEET YKpbl-
TUS, TO BHELUHSS MOBEPXHOCTb A0/IKHA ObITh YNPOYHEHA CTEK/TOTKAHbIO.

PaccMoTpeHHble Bhille ONTMMalbHbleE CUCTEMbI KpenneHus obnyyaTtens paspa-
6oT1aHbl g AL, HO 3a510XKEHHbIE B HUX MPUHLMMbLI MOXHO MCMNONb30BaTh U B APY-
rMx TMnax aHTeHH, 0CO6EeHHO TaMm, rae pynop pacnosoxeH B6M3n manoro sepkana.

Oco6eHHOCTU pa3paboTKu 00y4YalLWmMX cUCTeM /19 aHTeHH Tuna ALD [20]
TaKke CBsA3aHbl C Creumdunyeckomn reoMeTpmM4eckom CXeMOM 3TUX aQHTEHH, BKIIOYast
1 o4yeHb 61M3KOEe B3aMMHOE PacnosioXeHe 3N1eMeHToB 001y4aloLLEen CUCTEMBI, YTO
Bbl3blBAET pasHOe Ha pa3HbiXx YaCTOoTax 1 BECbMa CYLLECTBEHHOE N3MEHEHWE B MNpe-
nenax 30Hbl 061y4eHns Masnioro 3epkana aMnanTyOHbIX U pa30BbIX XapakTepPUCTUK
nepBuYHOro nany4darens. Moatomy, Hapsay C BbINOSIHEHNEM 06LLMX TPeOOoBaHWUNA,
M3N10XEHHLIX B pasgene 3.2, HeoOX0aMMO y4YnTbIBaTb HEKOTOpPbIE cneunduieckme
0COOEHHOCTU 3TOWN aHTEHHbI 1 NpK ee pa3paboTke cobnoaaTh onpeaesieHHble Tpe-
60BaHWS, B YACTHOCTMU:

* d, <dy, rae d, — anametp pynopa, do — AMameTp Masoro 3epkana;

« | >\/4 (Ha camoi pnrHHOM BONHe paboyero guanasoHa), rae | — paccros-
HVe OT packpbliBa pyrnopa Ao OCTpUsS Manoro 3epkana, Ho NP HeoBXoANMOCTH
OCTpMEe Manoro 3epkasna MOXHO NPMBAN3NTL NOYTU BNIOTHYIO K PacKpbIBY pynopa;

+ otpasatb npegnoyTeHme PP u PPU pasHbix Mogmndmkaumii.

Hwuxxe paccMoTpeHbl HEKOTOPblE 0COBEHHOCTM ONTUMN3ALMKN aHTEHH Tuna AS
no aPEKTUBHOCTN N COMMACOBAHWUIO MNYTEM ONTUMU3ALMK 0BTyHatoLWen CUCTEMbI B
Lesnom.

LJononHutenbHaa ontumMmnaaumsa aHTenH A1D no 3addOEKTUBHOCTM BO3MOXHA
3a cYeT ONTUMU3ALMKN XapakTEPUCTUK pyrnopa C Y4eTOM BANSHUSA BNUXHEN 30HbI
M CO34aHUa ONTUMAsIbHOrO 1 NNABHOro (6e3 CyL,eCTBEHHbIX OCLUANSALWIA)
pacnpegeneHns aMmnanuTyabl MNoas Ha NOBEPXHOCTU Manoro 3epkana. 3To MOXHO
obecneynTb NyTeEM ONpeaeneHHoOro U3MeHeHns pac-
da3npoBKKN pyrnopa B npenenax cekropa oby4eHns

a) A Byt 6) || 3epkana.
/’ 7 5 N OnTumMansHoe pacrnpeneneHne Ha NoBePXHOCTH
' N 3epkana, Kak nokasasna npakTtuka, nosy4aercs, Koraa Ha
/ el —1| paccTosiHMK1, COOTBETCTBYIOLLLEM PACCTOSHMIO OT ha30-
7 l 1 U = BOrO LIEHTPA pynopa A0 MiaoCKOCTH, NPOXoAsLLen Yepes

20° 10 0 10 209\ KPOMKWM MaJioro 3epkana, Acpz ~ 27, a Ha paccToaHnn 0o
Puc. 3.24 ero octpust —Agy =~ 3.
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Ha puc. 3.24 nokasaHo Ana cpaBHEHUS pacrnpeneneHne aMmnanTyabl Noas Ha
NOBEPXHOCTM MaJioro 3epkana gis AByx CinydaeB U3MeHeHUs (No mepe npubnmnxe-
HWSA OT Kpasi 3epKasa K ero LeHTpy) pachas3nposku (Ags): a) — pachasnposka B
npegenax cekropa o6ay4eHns 3epkana pynopom, BbiNOJSIHEHHbLIM No cxeme PP,
MeHsieTcs oT 2 0o 4w, 6) — oT 2% 0o 3.

B nepBom cnyyae (cMm. puc. 3.24a) HabnioaanTcs 3HaYnTeIbHble OCLUMINALNN U
cyuiecTBeHHoe paanuyune H B nn. E n H. Bo BTopom cny4dae (cMm. puc. 3.246)
ocuUMNNAUMK B pacnpeneneHnm aMnianTyabl Nons npakTtnyeckm otcytcTeytoT. Kpome
TOro, pacnpeneneHme aMnanTyapl Nos, y4uTbiBas AasbHENLLYIO NHBEPCUIO SHEP-
rMn, OCYLLLECTBNISIEMYIO MasibiM 3epKasioM B aHTeHHax ALD (nepudepuiiHasa 4yacTb
BCNOMOraTebHOrO 3epkasa OCBELLAET LEHTPasIbHYIO YaCTb OCHOBHOMO 3epkana, a
LeHTpanbHas ero 4actb — nepudepuiiHyto), 6anxe K oNTMManbHOMY, YEM B MEPBOM
cnyyae.

OnTMM3aums aMmnanTygHbIX XapakTePUCTUK C YHETOM BINSHUS BNVXHEN 30HbI,
Kak nokasasnu aKCnepmuMeHTasbHble NCCef0BaHNS, MOXET OaTh AOMONHUTENbHbIN
BbIMIPbILW B ycuneHun Ha 5+10 %, HO B CpaBHUTENBLHO Y3KOW MoJIoCe 4acToT.

Ontrmmzaums AILS No COrNnacoBaHwUiO, Kak U APYrnx aHTEHH, AOCTUraeTcs He
TOJIbKO 3a CHET YNy4LleHNs COOCTBEHHOIO COMlacoBaHUs pynopa, HO Y YMEHbLLIEHUS
BHELLIHNX OTPaXKEHHbIX N ANPPaKLMOHHbLIX MOsei, CNOoCOOHbIX MONacTb BHYTPb PYMno-
pa.

BnnsiHue pynopa Ha cornacoBaHMe aHTEHHbl 3aBUCUT OT ero TUrna v CXEMbI.
KoadbdurumeHT oTpaxeHns pynopos, ncnonbdyembix B A (PP ¢ cornacyoowmmm
nepexogamu n PPWN) 06bl4HO He npeBbilaeT 1+2 %, a BONPOC A0MNOJIHUTENIbHOIO
YNY4LLEHNS UX COrnacoBaHms NoapobHO paccMOTpeH B pasgene 1.7.

BnnsiHue octpus manoro 3epkana cea3aHo ¢ ¢opmon andpakumoHHon H
OCTpuUsl, oNpenensemMomn yrnom vy, puc. 3.25, n BEIMYNHON YrI0BOro CEKTopa, B npe-
Jenax KoToporo nyyu, andparvpoBaHHbIE HA OCTPUE, MEPEXBATLIBAIOTCS PYNOPOM.

Mpw 3apaHHOM yrne KoHyca () BAUSHME OCTpUs 0cnabnsaeTcs npu yMeHbLLIEHUN
cekTopa 00ny4yeHus packpbiBa pynopa 3TuUM MoseM, T. €. Npn yBenndeHum yrna (yo)
MeXay Ny4oM 3, OTpaXXeHHbIM OT OCTPUS, 1 ANDPaKUNOHHBLIM Sly4oM 4. YBennyeHue
Yo AOCTUraeTcs 3a CHET yBeIMYEHNS PACCTOAHUS A MeXay PackpbIBOM pyrnopa u
OCTPUEM BCMOMOraTeibHOro 3ep-
Kana vu/vunm 3a CH4ET YMEHbLUEHUS Manoe dq
packpbisa pynopa (dp). 3epkano )

Ha puc. 3.26 npuBeaeHbl rpa-
duKn, xapakTepmnayloLwme 3aBuUCKu-
MOCTb KOSDPULMEHTA OTPAXKEHNS
(I %) oT n3mMeHeHus yrna y, npm
$pVKCMPOBAHHOM 3Ha4YeHun v, = 24° | 4
N OT U3MEHeHNd yrna y, Npu GUKcu-
POBAHHOM 3HaueHum y, = 32°, rae y, Pynop
— yron Mexagy ny4om 1, oTpaxeH- \
HbIM OT KPOMKW Masoro 3epkana, u
ny4om 2, andparnpoBaHHbIM Ha
9TOI Xe KPOMKe 1 NajatoLyiM B MapaGona
HarnpasfeHUM KPOMKKM pynopa.

3T rpadurKmn NOCTPOEHbI Ha
OCHOBaHUM 3KCNEPUMEHTASTbHbBIX

T

Puc. 3.25
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% nccnenoBaHuii ogHoro n3 obnydarenen A3, ¢
ManbiMu 3epkanamuv, UMeLLMMKN pasHble guame-
Tpbl dokanbHbIX Konew,. JaHHble pe3ynsTaThl onpe-
OEensiioT NULb XapakTep 3aBUCUMOCTH, a He abco-
P JIIOTHYIO BENVYVHY KO3DDUUMEHTA OTPAXEHUS,
"/0,:32D SN \ KOTOpas A4nsa pa3Hbix obnydaTenei pasnnyHa.
BnnsiHne KpomMkn Manoro 3epkana 3aBmcuT oT
10 15 20 25 Yo'k YPOBHS ee 06y4eHns 1 OT yrma, nog, KOTOPbIM
Puc. 3.26 BUAEH PYNOP CO CTOPOHbI KPOMKN. YPOBEHbL 0611y -
YEeHUs1 KPOMKM CreayeT yMeHbLLAaTb, HO ECNIN OH
CTaHET MEHbLLE ONTUMAJIbHOIr0, TO BO3HUKAIOT NOTEPU ycuneHusa. Noatomy nHorga
uenecoobpasHee yBenMumMBaTh Yron v,, Tak Kak NPy 3TOM YMEHbLUAeTCs CEKTOP
00ny4yeHus pynopa 1 ypoBeHb Mo, U3/ly4aeMOro B €ro HanpasneHuu. Yron y,
MOXHO YBENNYNTb, YMEHbLLIASA PACKPbIB PYNopa vU/vuiv yBenndneas pasHuLy Mexay
dpokanbHbIMK KONbLamu (dy > dg), cM. puc. 3.25. Npn 3TOM 4acTb NOJSA OT KPOMKM
Manoro 3epkana (OTpaxXeHHOro u AndpakUoOHHOro) NPONAEeT MUMO pyrnopa.

Mpwn cywecTseHHOM pasnuynm mexay dg u d, BO3HMKAET, 04HaKo, Henooobnyye-
HWE LEeHTPasnbHOM YaCTW OCHOBHOIO 3epkana, T.e. Kak Obl yBENIMYMBAETCS 3aTEHEHNE
packpbiBa @aHTEHHbI. ATO MOXET NPMBECTU K 3aMETHbIM NOTEPSIM YCUJIEHUS N K POCTY
nepBbIX N BMKHMX BOKOBbLIX NenecTkoB. MNo3ToOMy cnenyeT cneguTb 3a TeM, HYTOObI
9TO «3KBMBAJIEHTHOE» 3aTEHEHNE HE MPEBbLILLANIO A0MYCTUMOW BENNYNHBLI. HO npun
npasuibHOM Bbibope dg 1 d, cornacosaHme ynydwaeTcs 6e3 3aMeTHbIX MOTEPb YCu-
JNIEHNS N gaxe Npu HebOoJbLLIOM BbIUIpbILLe, 00bACHAEMOM 61aronpUSTHLIM Nepe-
pacnpenefieHnem nons B packpbiBe aHTeHHbl BCNeacTene pasnuyns dy n d,,.

BnnsiHne ueHTpanbHOM 4aCT OCHOBHOIO 3epkana Ha cornacosaHuve (npu euk-
CYPOBaHHOM YPOBHE 00y4eHNs KPOMKM Masioro 3epkana) ocnabnsercs npy d, > d,
nd, >dg.

Mpw 3TOM, Kak yxe 6bIs1I0 cka3daHO, MOTYT BO3HMKHYTb MOTEPU YCUIIEHUS N NOBbI -
CUTbCS YPOBEHb BIMXKHMX BOKOBbIX NEnecTKoB, BKtoYasa nepeble. OgHako (B onTu-
MaJiIbHOM Clly4ae) BAUSIHUE Ha COrnacoBaHME LLEHTPANIbHOM YaCTM OCHOBHOIO 3epKa-
na (B cxeme A19) MOXHO YCTPaHUTb NOYTU MOJIHOCTLIO 63 3aMETHOI0 yXyALLEeHNS
OCHOBHbIX MAPaMETPOB aHTEHHBDI.

BnnsiHne pacctosiHua Mexay packpbiBOM pyrnopa 1 OCTPUEM Masnoro 3epkana
MOXHO MCMNONb30BaTh A5 YYHLIEHMS COIMacOBaHNS aHTEHHbI B ONPEaeNeHHOM
MoJI0Ce YacCTOT 3a CYET NPOTUBODABHOIr0 CIIOXEHUS YACTU OTPAXEHHbIX MOJIEN.
Takoli npnem Bbin ncnonb3oeaH B A9, oNnTMMN3NpPoOBaHHOM No 9OPEKTUBHOCTU U
COIMacoBaHuIo.

AlD c noBbILWEHHOW 3(PPEKTUBHOCTHIO U YIYYLLEHHbIM COrflacOBaHNEM
[20], npeoHa3HaveHHas ons paboTbl B AManasoHe 7,9+8,4 Tu., Obina onTMnsnpoBsa-
Ha Ha cpepaHei yactoTe fy = 8,15 T (Ay= 36,81 mm) aTOro avanasoHa. B kayectse
NepBMYHOro KU3nydarens ncnonb3doaH PPU ¢ nnaBHO MCKpMBREHHOM 06pas3yioLei.

Pasmepbl aHTeHHbl: D = 1000 mm (27,174); 294 =210"; dy = d, = 200 mm
(5,43N); dy =210 MM (5,7A); L= 153,7 mm (4,174); @1 = 30°, g =257, F=153,5 mm.

Pasmepbl pynopa: 2R, = 137 MM (3,72)), 20, =48°, 2R; = 70 mm (1,9)). MNMepe-
XO[, OT CEYEeHUS N3/I0Ma K CEYEHUNIO BOJSIHOBOAA BhIMOJIHEH B BUAE Napabonnyeckoro
nepexona anvHon 150 mm.

KpunBble HACTPOWKM AHTEHHbI, U3BMEPEHHbLIE HA KPaMHUX U CPEeOHEN YacToTax
paboyero anana3oHa, nokasaHbl Ha 3.27. Makcumymy curHana Ha vactote 8,15 T,
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COOTBETCTBYET PACCTOSIHMNE MEXAY PYNOPOM M OCTPUEM Masnoro 3epkana A =5 mm.
CmeLLeHne MakCMMYMOB HAaCTPOMKM Ha pa3dHbIX YacToTax OObSACHAETCS TEM, 4TO B
naHHoM PPU (¢ ManbiMm pynopom, nmerowmm napabonmyeckyo 06pasytoLLyro) He
ObI10 BLINOJSIHEHO YCNOBUE ero cMH®as3HoCTU. N 3To NpuBENO K CYLLLECTBEHHOM
3aBUCUMOCTU NON0XeHMS (pa30BOro LLeHTpa OT 4acToTbl. B apyrrx aHTeHHax (npwu
CcoBI0OEeHUN YKa3aHHOMO YCT0BUS) MakCMMYMbl HACTPOMKW Ha BCeX YacToTax pabo-
Yyero AmManasoHa TakoW Xe LWMPUHbI NPaKTUYECKN NOSIHOCTLIO CoBNaganu.
Anarpammbl HaNpPaBAEHHOCTWN PyNnopa, n3MepeHHble Ha YacTtoTe 8,15 M,
nokasaHbl Ha puc. 3.28. OceBas cuMmMeTpus

rnaBHOro nenectka gaHHoro PPU (c manbim napa- | 0 a6 TR 7N 7/ Niarms

O0NMYECKMM PYNOPOM) HECKOJIbKO XYXeE, YEM T [easrry i

06bI4HOr0, HO 3aTO JIy4LLIE COrNacoBaHune. 0.4 [ VAAY I\
N3mepeHnsi MPOBOAUIINCE HA OKPYXKHOCTMU, 08 A Pt B i

NPOXOASLLEl Yepes KPOMKM Masioro 3epkana npu Cls - eam (B

YCTAHOBKE PYrnopa B MoJioXeHne, COOTBETCTBYIO- |27y 0 4 8 12 2

wee ontumasnbHon (no KWIM) HacTporike aHTEHHBI.

KosddurumneHT oTpaxeHnd pynopa v aHted- Pwuc. 3.27
Hbl, U3BMEPEHHLI Ha BXoAe pynopa B AnanasoHe

7,6+9,0 My, KOTOPbIA 3HAYNTENbHO WKPe paboyero anana- | 0 b
30Ha, nokasaH Ha puc. 3.29. \\ ____ﬂﬂ:ﬁ
B nonoce 7,6+8,6 ', onTMMU3npoBaHHOW NO corna- 10 \
COBaHWIO, rAe CUrHasbl, OTPAXEHHbIE OT HEOOHOPOOHOCTEN | 29 \\
obnyyatouein CUCTeMsbl, CknaabiBaoTcs 6M3KO K MPOTUBO- \\\\
dase, KOIPDULUMEHT OTPAKEHUS aHTEHHBI HE NPEBLILIAET 30 %
1,5 %, a pynopa — 0,5%. 40 \
LvarpamMmbl HaNPaBJIEHHOCTN aHTEHHbI (6e3 3y64YaToro 0 20 40 60°
9KpaHa), N3MepeHHbIe Ha 06erx NoNAPU3aLmsx (CrJIoWHas  p,-3 5g
nuHnsa — nn. E, nyHktup — nn. H) Ha cpegHen
BOJIHe paboyero gmanasoHa, rge r%
D/A~ 27,2, Gyay = 37,8 4B, NOKasaHbl Ha 3 Pynop AHTeHHa J[‘
puc. 3.30 [20]. 2 P e 7
B BepxHeit 4acTu (B pacTsHyToM Macwitabe) |1 [ N T gt
npuBeneHsl rmaeHble nenectku n JH B nepegrem |0
noNynpoCTpaHCcTBE. B HMXHEN — B 3agHEM. 7.6 8,0 8.4 838,rru

LUTpnx-nyHKTUPHON nuHuen 1 HaHeceHa H Puc. 3.29
MCD3, pelicTBOBaBLUAsi BO BPEMS

Pa3paboTKM aHTEHHbI: e o o M AL _
G(6) = 52 -10 log (D/A) — 25 logf BN 5 8 0 1 B
— [N1st BAVKHEro 6OKOBOTO U3NY- | kg trae TN 4 AT e 7
yenusi v G(0) = 0 — ons nanbHe- | i/ [ DA f i
ro, nepecumntaHHas no (3.14) k t T NNREh o
Gimax- /MHMeN 2 — yHnBepcans- | EEPErt R Rt A
Has JJH, paccumTaHHas no (3.15). v " I{, i nmam— ’“‘ﬁ‘l" mlir' \'L )
rlOqTﬁﬂyic-)dlB{']‘le“lr:JSgﬂroe’HM?Kizqaﬂ ‘ga 0o No 20 10 #0 w0 160 170 : IEFE:‘EWU -160 ~150 ~140 _]3”1 =120 '/ﬂv ~Hig -§°
nepsble 6okoBble Ana 1n 2, a S S e e e e Y P S S -5—- =
TaKxe OTaeNbHbIE BLIBPOCHI B M. - T : RRmmr S
E B cexTope AanbHero v saaHero | RNk bt AR
N3ny4eHus.

Puc. 3.30
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KoadpdurumeHT ycuneHuns, UBMepeHHbI METOA0M CPaBHEHUS C STAJIOHHOMN
aHTeHHOW, Ha cpeaHel yactote — 8,15 My paeH 37,8 nb (KUIM — 0,83). Ha kpaii-
HUX YacToTax gmuanasoHa — 8,4 n 7,9 'y, (npy onTuManbHO HACTPOIKE aHTEHHbI
Ha cpepgHel yacToTe, A =5 MM) OH cOOTBETCTBEHHO paBeH 37,0 ab 1 36,3 ab (KU
— 0,64 n 0,69).

CHuxeHne KUMM Ha kpaliHuX YacToTax 0ObACHAETCS TEM, YTO OISt HUX A =5 MM
COOTBETCTBYET MUHUMYMY CUrHana (cm. puc. 3.27), Ho aToro cHmxkeHus KNI, kak
y>xe OblI0 CKa3aHo, MOXHO n36exartb.

OCHOBHble HEAOCTATKN aHTEHHbI:

+ OuyeHb BbICOKNI YPOBEHb NepPBbIX 60KOBLIX NlenecTkos: -(10+14) ab.

+  Bblcoknii ypoBeHb MakcUMyMOB Kpoccnonspusauum: -(18+20) ab.

MepBbIii HEOOCTATOK, ABNAETCA HEAOCTATKOM JAaHHOW KOHKPETHOM aHTeHHbI. OH
0b6bsicHseTCS 60MbLUIMM 3aTEHEHMEM OCHOBHOIMO 3epkasia BCroMoraTesibHbIM, paB-
HbiM 0,2D, a Takxe AOMNONHUTENbHbLIM «3aTEHEHNEM>» U3-3a HEO000y4EeHUs ero
LeHTpa BCNeacTsmne Toro, 4o dy > d,,. [pn ncnonb3osaHmm aHanorn4Hom obny4ato-
el cucTemMbl B ApYrnx aHTeHHax 3Toro Tmna, Hanpumep, B A3-5, roe 3aTeHeHue
He npeBbiwaeT 0,1 D, ypoBeHb NepBbix OOKOBbLIX NENECTKOB COCTABASAET Nopsaka
-20 nb.

BTopoit HepocTaTok cBS3aH ¢ 60NbLUMM YI/IOM pacTBOpPa OCHOBHOIO 3epKana,
KOTOpbIA, 0QHaKo, AeNaeT aHTeHHY 6onee KOMMNAaKTHOM, NO3BONSET YMEHbLLLNUTL YPO-
BEHb JanbHeEro 60KOBOro U3y4eHMs U yNydLINTb 3alMTHOE AENCTBME aHTEHHbI 6e3
YCTaHOBKW OOMNOJSIHATENbHbIX 3aLMTHbBIX 3KPaHOB.

JLOCTOMHCTBA @HTEHHbI, NOJIY4EHHbIE 3a CHET UCNonbL3oBaHna PPU v ontnmusa-
umm obny4yarouen CUCTEMBI:

« [lpakTnyeckn oceeas CMUMMeETPUS MaBHOro nenectka JH aHTeHHbI.

« OueHb xopoluee cornacoBaHne ¢ NUTaKLWMM TPakTOM B npegenax paboyero
avnanasona (7,9 — 8,4 'Tu).

+  Bbicokast 3dPEKTUBHOCTD.

3.4. PynopHo-napabosmyeckmne aHTeHHbI (PI1A)

3.4.1. O6wne ceegeHns

PynopHo-napabonuyeckmne aHTeHHbI (PTA) OTHOCATCS K KNaccy HeocecumMme-
TPWYHbIX @HTEHH, T.K. UMEIOT OAHY NJOCKOCTb CUMMETPUMN.

Otpaxatowlee 3epkano PMA, puc. 3.31, npeacrtasnset coboii 4acTb napabdo-
nowvpga spaweHns — 1. Ee packpbiB (MPOEKUUS Ha MIOCKOCTb, NEPNEHANKYASPHYIO
dokanbHOM 0cK) UMeeT TpaneuenganbHyto (cM. puc. 3.31) unm kpyrnyio popmy.
O6nyyaTenem — 2 — 3TOW @HTEHHbI CNY>XUT NMPaMUOanbHbIA (MM KOHUYECKWIA)
pacdasmnpoBaHHbi pynop (PP), npuMblkalowmi K 3epkany, HO BbIHECEHHbIN 3a nNpe-
nenbl ee packpbiBa. [1oaToMy NOYTK BCS SHEPTUs, n3iydaemasi pynopom (Uckiodas
SHEpPruo, N3sy4yaemMyto B HanpaeiieHNN BEPXHEN KPOMKM), MEPEXBATLIBAETCS 3epKa-
JIOM, a BOJIHbl, OTPAXEHHbIE OT 3epkana, B pyrnop He nonagaioT.

Cxema 1 0603Ha4YeHMEe OCHOBHbIX FEOMETPMYECKMX PA3MEPOB NMpamMmnaanbHoOm
PMA noka3zaHbl Ha puc. 3.32.

F — dokycHoe paccTosiHue ncxogHoro napabonovaa; S — niowaab
packpbiBa, 2\ yron pacteopa B NPOAOJIbHOW MIIOCKOCTU; 2¢q — Yron
pacTBOpa B NONepeyHom NII0CKOCTU; X4, Xg, Xo — PACCTOSIHME OT OKasb-
HOW OCW A0 HMXXHEN, LEHTPaNIbHOWM 1 BEPXHEN KPOMKN 3epkana, COOTBET-
cTBeHHO. Yron pacteopa PlA BbibupaeTcsi, 06bI4HO, B Npeaenax 30+50°,
Puc. 3.31 OCb pynopa HanpasfieHa BEPTUKANbHO BHU3, a 411 LOMOAHUTENbHOIO
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YAy4LIEHNS COrNacoBaHus
YCTaHaBNMBAETCS MABHbIN
nepexon.

AoctounHcTea PlA,
onpepensieMbie €e CXeMOW:
1. OuyeHb WNPOoKNi
paboynii ananasoH (MHOro-

KpaTHbIN).

2. [ocTaTo4Ho BbiCOKas
adppekTrHOCTb (KUIM npun-
mepHo 0,5+0,7).

3. Xopoluee cornacosa-
HUE C NUTAaLWMM TPAKTOM Puc. 3.32
(KCB < 1,02+1,06).

4. OuyeHb HNU3KMIN YPOBEHb BOKOBOIO U3TyYeHWsI B MONEPEYHOM NIOCKOCTH
(Hanbonee BaxHoM ans aHTeHH PPJ1), Bkntoyas 3awmtHoe genictene (Ha 20+30 ob
HUXE YPOBHS M3OTPOMHOIO U3Jy4EHNS).

5. BepTukanbHbiii BbIx0m, 061y4aTens, KOTOpbIi MOXHO paccMaTpuBaTth Kak
JOCTOVIHCTBO NP PacnonoXeHnn annapatypbl BHU3Y BbICOKOW OMOpPbI 1 NpuU
MCMNONb30BAHNN XECTKOr0 BOTHOBOAHOMO TpakTa.

MepBbie oBa NnapameTpa onpenensTca TeM, 4To B cxeme PI1A B kayecTse
obnyyatens ucnonbdyetcs PP, umetowmin o4eHb 60bluyio pacdasnpoBKy, KOTOPbIN,
0OHaKO, HAAENSET €€ HE TOJNbKO MOIOXNTENBbHBIMU, HO U OTPULATESNTbHBIMW CBOM-
CTBaMWU.

HepocTtatku PMA, onpeaensieMblie ee oGsyyaTesieM U CXeMOW:

1. PasHasg wmpuHa maeHoro nenectka JH no nonspusaumam.

2. BbICOKMin ypOBEHb NMepBbLIX HOKOBLIX 1enecTkoB B M. E (-15+17 ab).

3. BbICOKMin ypOBEHb BOKOBOIO M3y4EHNS B MPOAOJSIbHOM MAOCKOCTU.

4. BbICOKUI YPOBEHB KPOCCNONSAPU3aL N B MONEPEYHOWN MIOCKOCTU.

5. OuyeHb 6onbLUMe rabapuTbl (0COOEHHO NPOAOSIbHLIN pa3mep), a M03TOMY
6onbllas Macca, MaTepnanoemMKocTb, CTOMMOCTb U TPYAHOCTb TPAHCNOPTUPOBKA.

6. XXecTtkas cxematmyeckasi CBA3b 3epkana ¢ obnydyaresiem, 4To 3aTpyaHaeT
ONTUMM3ALNIO ANEKTPUYECKNX NAPaMETPOB NOCEOHErO.

7. Ob6sa3aTenpHas repMeTr3aums 1 yKpbiTUe packpbiBa @HTEHHbI B LIEJIOM.

MepBble gBa HepocTaTka UMEKDT MECTO TOJIbKO NMPU NCMNOSIb30BAHUM HEONTUMU -
3mpoBaHHoro PP.

Kpome Toro, 3almTHbIE KPbILLKM aHTEHH CTapbiX KOHCTPYKLUMA 3HAYUTENBHO
YXyOLaoT n3HavaabHO O4YEHb XOpOoLUMe anekTpudeckme napametpbl PIMA. A cospe-
MEHHbIE PaaVONPO3PaYHbIE MIEHOYHbIE YKPbITUS HE OY4EHb HAOEXHbI C MEXaHN4e-
CKOW TOYKM 3peHnst. Ho, HECMOTpPS Ha BECbMA CYLLLIECTBEHHbIE HEAOCTATKN, UMEHHO
PMA (Ha 3ape pa3sutus PPJ1) Hawnn Hanbonee Wnpokoe NpuMeHeHne Ha Marun-
CTPabHbIX IMHUSX CBA3M, TaK Kak OHM (MO CPaBHEHMIO C APYrMMU TUNaMn aHTEHH
TOro BPEMEHU) MMENN CaMble BbICOKUE 3/IEKTPUYECKNE NapaMeTpbl 3 Hanbonee
BaXKHbIX A1 aHTeHH PPJ1.

HemanoBaxHbIM NPENMYLLLECTBOM 151 TOrO BPEMEHU SABASINICS N BEPTUKANIbHbIN
BbIX0, 06ny4aTens, Tak aHTEHHbl MarncTpasbHbIX JIMHUI yCTaHaBIMBaAOTCS 0ObIYHO
Ha BbICOKMX ONopax, a Ajs ux CBA3M C annapaTypon NCNob30BasiCa TOraa ToNbKO
>XECTKUIA BONHOBOAHbI TPakKT, Tak Kak r’MOKMx BOJIHOBOAOB B TE€ BPEMEHA €ELLE He
Obln0.
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C pacwupeHnemM cet cBa3u 1 nossneHnem PPJ1 MecTHOro 3Ha4yeHust (C Masibl-
MW MPONEeTaMm 1 HECKOJIbKO MEHbLUUMU TPEOOBaHUAMU K 3NEKTPUHECKUM Napame-
Tpam) BO3HMKJ1a HE06X0AMMOCTb B pa3paboTke 6osiee NPoCTbIX, NEerkux 1 AeLleBbixX
aHTeHH, obnagaroLmx, O4HAKO, 4OCTATOYHO XOPOLLIUMU SNeKTPUYeckMMim napame-
TpamMu. 3TO NPUBESO K LUMPOKOMY BHEAPEHMIO B CEPUIHOE NMPON3BOACTBO OCECUM-
METPUYHbIX (0QHO3EpPKabHbIX 1 OBYX3EpPKaJlbHbIX) aHTEHH Pa3HbIX TUMOPa3MEpPOB,
napameTpbl KOTOPbIX, Obl/IN YAyHLIEHbI 32 CHET YNy4LLEHNS NapaMeTpoB obnydaTens.

TenpeHuus ynyyweHns NoMexo3aLllnWEHHOCTU (B OTAEbHbIX HANPaBIEHNSAX
rMnonepeyHoOn 1 NPOAO0/IbHOM MNAOCKOCTH, IAe UMEIOTCA BECbMa BbICOKME aAndpak-
LIMOHHbIE nenecTkun) kocHynack n PMA. Kpome Toro, Bo3HMKa He06XoaMMOCTb Nnpe-
OO0NEHNS TPYOHOCTEN NO TpaHcnopTupoBke PlA, nMmeloLwmx yBenmyeHHble (no
CPaBHEHWIO C TUMOBOW aHTEHHO) pa3mepbl. [T03TOMY 1 B 3TUX HanpaBieHusx Obiin
TakKxke npoaenaHbl onpeaenieHHble padboThl, 0 KOTOPbIX CKA3aHO HUXE.

3.4.2. PaBHoyrosbHasi nupamuganbHas PIA

MupamupansHag PMA, puc. 3.33, ncnonbdyemas 6onee nony-
Beka Ha marmctpanbHbix PPJT Hawen cTpaHbl, onncaHa BO MHOMMX
paboTax, B YacTtHocTu [1], [3], [64]. OHa nMeeT NpUMEPHO pPaBHbIN
pasmMep packpbiBa B MPOAOJIbHOM (BEPTUKAIbHON) 1 MOMEPEYHON
(ropr30HTaNbHOM) NNOCKOCTU, & €€ BONTHOBOAHbIN BbIXO4, HArpaB/ieH
BEPTMKaNbHO BHU3. PackpbiB 910l PIA 3aKkpbIT KPbILLKOW, N3roTo-
BJIEHHOW N3 NeHonnacTa, koTopas obecne4ynBaeT repMeTn3aLmo Bcen
AHTEHHbI B LIEJIOM.

OcHoBHble pa3mepbl [64], cM. puc. 3.22: 2y, = 2¢ = 35°,

Xy =3,17M, x5 =59 M, F=2,16 M, S=7,5 Mm%

Puc. 3.33 HecmoTtpsa Ha 1o, uTO pacyeTHas aPPeKTUBHOCTb 3TOW aHTEHHbI
BeCbMa BbICOKa, HO ee peanbHbiii KNI HeBenuk (nopsaka 0,6), 4To

00BbACHAETCH KakK He[lOCTaTOYHOM TOYHOCTbLIO N3rOTOBJIEHNS MOBEPXHOCTU pedrek-

TOpa, Tak 1 60NbLUVMMU NOTEPSIMU B 3ALLIMTHONM KPbILLKE, KOTOpast, K TOMY Xe, 3Ha4u-

TeNlbHO YBENNYMBAET U YPOBEHL HOKOBOI0 N3JTyHEeHUS.

Ha puc. 3.34 — 3.36 nokasaHbl [64], pacyeTHble (CnaoLHas NMHUS) 1 3Kcnepu-
MeHTasbHble (NYHKTUP) [H aHTeHHbI B6M3KM raBHOMrO HanpaBieHns Npu nonepey-
HOW (cneBa) n Npu NPOaONbLHON (Crpasa) NoNApPn3aUnm OTHOCUTENbHO OCU aHTEHHbI.

Ha puc. 3.34 v puc. 3.35 npueeneHbl rnaBHble 1 nepBble 60KkoBble nenecTkmn H
AHTEHHbI /151 NONEPEYHON (FrOPU3OHTaNTbHON) 1 NPOAOIbHON (BEPTUKAIBHOWM) Mio-
CKOCTM aHTEeHHbl, COOTBETCTBEHHO. Mpn aTOM B 06emnx NIOCKOCTAX HabnogaeTcs
CWUJIbHOE OTNINYME NO NOASPU3aLMAM LLUMPUHBI IMAaBHOIO IENECTKa M YPOBHS MEPBbIX
OOKOBbIX enecTkoB (B ni. E OH 3Ha4YMTENbHO BhILWE).

Ha. 3.36 nokasaHbl Kpocc-nonspuaaumoHHble [A1H B6113n HanpasneHus rnaBHoO-
ro N3ny4eHus B MOMEPEYHONM MNIOCKOCTU, U3 KOTOPbLIX CEAYET, 4TO YPOBEHb MAKCU-
MYMOB KPOCCNONsSpu3aumm 3TON aHTEHHbI, Kak 1 apyrux PMA, BeCbma BbICOK U
cocTaBnseT -(16 — 18 gb). B npogonbHon nnockoctu PIA, kak n apyrue Heoce-

-6° -‘1 i 0 2 0° _ge .[z 2 ' [ -0° -2 o
| | 10 ‘i ‘ 1/( Il! \ £ d : 1n\.
a \ ,/ 20 \, N ! /' 20 \\ i 4 20
Y] SO TN P
!l H 40 H U \‘{ 40 a6 ' 3 '\;iJ 40
Puc. 3.34 Puc. 3.35
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CYMMETPUYHbIE QHTEHHHI, Cge -2 0 2 0° _g° 2 0 F) o
KpOCC-NoNapun3auUnoOHHbIX - e
MaKkCUMYMOB HE NUMEET.

MpuBeAEHHbIE BbILLE (’"‘ ’“""“-\
[OH aBnaTca TUNUMYHBIMU / :
Ons paBHOYronbHbIX PIA, 40
€C/N B HMX B Ka4ecTBe ! I il
06nyan?nﬂ 1CNoNb3yeTcs Puc. 3.36
00Obl4HbIN PP,

Ha puc. 3.37 nokasaHbl | 200 40 o 10 20°
Ha roOpM30OHTaNbHOW (Cnesa) _ i
1 BEPTUKAabHON (cripasa) '
nonsipusaumm 3KCrnepumMeH-
TanbHble [JH B ropn3oH-
TaNbHOW MJIOCKOCTU OQHOMN
13 CaMblX MEPBbIX OTe4e-
CTBeHHbIX PIMA [64].

Bonee nogpobHLIe cBe-
OEHNS 0 MOOEPHU3VPOBAH-
Hoi PMA (PTMA-2I1), umeto-
wen MmogndrumMpoBaHHYIO
KPbILLKY 1 6OKOBbIE WnTkn, Puc. 3.37
yayyLaloLWmMe NoMexo3atLm-

LLEHHOCTb aHTeHHbl (cM. puc. 3.33), npueeneHsl B [1] 1 [3].

HecmoTtpsa Ha 1o, uTo PIA okazanacb AOArOXUTENLHULEN, C Pa3BUTUEM CETHU
PPJ1 noTpeboBanncbk aHTEHHbI Ppa3HbIX TUNOPA3MEPOB, BK/IIOYAsA aHTEHHbI U C 60J1b-
LWNM, N C MEHbLUUM KO3(PDULIMEHTOM YCUNIEHUS, a TakXe C elle 6osee HU3KUM
YPOBHEM BOKOBOI0 U3/Ty4EeHUS B TOPU30HTaIbHOM NI0CKOCTU. M03TOMY LWWIMpPOKoe
pasBuTME NONYYMNISIN @aHTEHHbI CaMblX Pa3HbIX TUMOB, 0COBEHHO, 0CECUMMETPUYHbIE,
Ccpean KOTOpbIX O4eHb MHOIO @HTEHH C 6onbLueit, 4em y PIA, nnowaabio packpbiBa,
Nno3BoNAOLLEN peann3osaTb Oonee Bbicokue 3HaveHus KY.

Pa3paboTurkm aHTEHH NpoaomKanM MmoaepHu3npoBatb 1 PIA, ynydwas ee
napameTpbl 3a CHET UCMOJIb30BAHNS HOBbIX, 0COO0 MPOYHbIX, PAAMONPO3PaYHbIX
NieHoK 1 nornowamwmx matepmanoB. OgHako BO3MOXHO yy4lleHe NapamMmeTpoB
PMNA v 3a cyeT naMeHeHns ee KOHCTPYKTUBHOM CXeMbl.

4 30
30 )

a0 40|

60 60

CLTRNGS

=
-100° 180 100°

80 .80

3.4.3. Yny4yuieHne nomexo3alyuLLeHHOCTU

Pa3paboTka pasnnyHbIX yCTPOACTB, C MOMOLLLIO KOTOPbLIX MOXHO YNYyYLLINTb
NOMEeX03aLLUNLLEHHOCTb Kak CYLL,ECTBYIOLLMX, Tak N BHOBb pa3pabaTbiBaeMblX @HTEHH
pasHbIX TUMOB, a He Tonbko PIA, npeacTaBnseT 60bLLION NPaKTUYECKNIA UHTEPEC.

HekoTopble MeToabl NoAaBNeHNst YPOBHSI GOKOBOIO U3Ny4EeHUSI MNPy NOMOLLM pPas-
HbIX LLUMTKOB 1 dbnaHueB ObM ccnenoBaHbl ewle B 1967 roagy [64]. OgHako B OTKPLITOM
neyartun coobueHne 06 aToMm [26] nossBmnock Tonbko crnycts 14 net. Ho Tak kak pasBu-
TWE aHTEHH LUJIO0 CBOMM YEPEOM, TO HEKOTOPLIE U3 3TUX METOAOB, HAMAEHHbIE Kak
HEe3aBUCUMO, TaK U C UCMOJNb30BaHMEM PE3YLTATOB NEPBbLIX UX Pa3paboTYMKOB, Obln
onyb6MKOBaHbI APYrMMm aBTopamMm paHbLue. Hike paccMOTpeHbl KOHKPETHbIE CMOCO-
Obl U AaHbl NPaKTUYeCKNe peKoMeHAaUMM No NoAABIEHNIO YPOBHS OOKOBOIO N3yHeHnst
PIA npy noMoLLm 04eHb NPOCTLIX YCTPOMCTB, 4acTb KOTOPbIX, BKOYasa 3y0yaTble akpa-
Hbl, BblS1a UCMOJIb30BaHA U B @HTEHHAX APYrmx TUMOB, B YHacTHOCTU, B ALD n ABO.
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o _ MoBbILLEHHBIN YPOBEHb OOKOBOr0 U3Ny4EeHNS
A_/PF’J PIA HabnopaeTcs B ropyu3oHTaIbHOM NI0CKOCTH
L Nnpuv rOPM30HTaNIbHOM NONgpu3aunmn 1 B BEPTU-

100 o KasibHOM MNI0CKOCTW NPY BEPTUKANIbHOW NOASpU-
7 3auuu, T. e. B TeX cny4dasix, korga 60koBbIE 1 BEPX-
/ HSIS KPOMKA aHTEHHbI 00J1y4at0TCS MOBbILLEHHbBIM
YPOBHEM, KOTOPbI MMEET MECTO (M13-3a pa3HoOM
LUIVMPWVHBI FIaBHOrO JIeNeCcTKa pyrnopa B MN0CKO-
cTsax E n H) npu ncnonb3oeaHnmn B ka4ectse o0y-
yaTtens obbi4Horo PP.

B ropn3oHTanbHOM NJIOCKOCTU NPU rOPU3OHTaNIbHOW NOJSISPU3aLum yBeam-
YyeHHble AMdpPaKkLMOHHbIE NTENEeCTKM 00YCNOBNEHbl CUHMA3HbLIM CIIOXEHNEM
ONOPaKLMOHHbIX Nyder 0T GOKOBbIX KDOMOK aHTEHHbI, OrPaHNYNBAIOLLNX PACKPbIB.
OpureHTUPOBKa 3TUX JIENECTKOB 3aBMCUT OT BEINYMHbI U COOTHOLLEHUS YII0B
pacTBopa obnyyatouwiero pynopa. Ha puc. 3.38 nokazaHna 3aBMCMMOCTb yrna 6, nog,
KOTOPbIM PaCnOSIOXKEH MaKCUMYM ANPPaKLMOHHOIO N1IeNECTKA, OT COOTHOLLEHUS
yrnoB pacTteopa pyrnopa (t = tgpg/tgyg).

HanpaBneHus 6, B KOTOPbIX HAGNOAAITCA YBENMYEHHbIE NEeNecTky, onpenens-
toTCH nNo popmyne:

0 = + 2arctg ( tgey/tgyy), (3.18)

roe 2¢o — yron pactsopa pynopa B nonepeyHor nioCKOCTU aHTEeHHbI (naparn-
NeNIbHOM MI0CKOCTM PackpbiBa), 2y, — Yyros pacTeopa pynopa B NPOA0JIbHON Nio-
CKOCTW aHTEHHbI (NepneHaAnKyNSapHON PacKkpbIBy).

M3 (8.18) cnenyert, 4TO HanpaBiEHNEM YBENIMYEHHbIX JIENECTKOB MOXHO NIErko
yrpaBnaThb («LUEBENNTb YLLIAMW»), UBMEHSAS COOTHOLLEHWNE YITIOB ¢y U . ITO AaeT
BO3MOXHOCTb MNPV KOHCTPYMPOBaHMM HOBbIX PTA ncnonb3oBaTtb Takoe COOTHOLLE-
H1E YINOoB, MNPV KOTOPOM YBEIMYEHHbIE NIENECTKN HANPAaB/EHbI MO, 3apaHee
BbIOPaHHLIMUW 1 HAMMEHEE NMOMEXO0O0MNacHbIMU yrnaMmn. Ho aTu yrnbl Ans pasHbix
nyHkToB PPJ1 pa3nnyHbl 1 MOryT CO BpeMeHeM MeHATbeSs. NoaTomy 6onee ueneco-
06pa3Ho ynpaBnsTb OPUEHTUPOBKOW N YPOBHEM 3TUX JIENECTKOB, MPUMEHSSA CbEM-
Hbl€ 3KPaHbl.

Mnockne dnaHupl, puc. 3.39, ycTaHOBNEHHbIE NEPNEHONKYNSPHO GOKOBbLIM
CTEHKaM aHTEHHbI, MO3BONSIOT 3HAYNTENBHO YMEHBLUUTbL YPOBEHb YBEINYEHHbIX
ANdPaKUMOHHbIX IENECTKOB, PACMONIOXEHHBIX, €CN Qg 2 g, MOA yrnamu 6 > 90° ot
HarnpaBfEHVS MMAaBHOIO U3JTyYEHUS.

Mpwn Hannumm Takoro gnadua ny4m, gudparmpoBaHHbIe Ha KPOMKax BOKOBbIX
CTEHOK, MCMbITbIBAIOT BTOPUYHYIO AUdPakumio Ha ero BHELLHEN KpoMke. B pesynbra-
Te NMpu TOW e OPUEHTUPOBKE YPOBEHb ANPPAKLMOHHBIX JIENECTKOB 0CNabnseTcs.

Ha puc. 3.40 nokasaHa 3aBUCUMOCTb YPOBHS AN PaKLMOHHbIX 1ENEeCTKOB OT
LWIMPWHBI NA0CKOro dnaHua.

140

120

80

60

0,6 1,0 1,4 1,8 22 T
Puc. 3.38

B S .

| 55 9

2 4 6 alr

Puc. 3.39 Puc. 3.40 Puc. 3.41

136



YacTb |. AHTEHHbI, MUP U Mbl

OT1a 3aBMCMMOCTb, NOJly4eHHas 3KCNepuMeHTaNbHO npu nccnegosaHmn PTA ¢
29y =49 n 2y = 22° (cm. pasgen 3.4.4), HennHenHas, NO3ITOMY NPUMeEHeHne GnaH-
La WwmpuHom 6onblue 3+4A HeuenecoobpasHo. MNpu gq < g, KOraa nenecTkun pacno-
noxeHsbl nof, 6 < 90°, Takon ¢pnaHew, BOoOLLE He paboTaeT.

TpeyronbHble skpaHbl [26], [64], puc. 3.41, aKBMBaANEHTHbLI U3SMEHEHWIO YINa Y.
Yron 8§ (Mmexay KpomMkor 60koBon cTeHkM PTA 1 BHeELLHE KPOMKO 9kpaHa) BbiIOu-
paeTcs B 3aBUCUMOCTU OT 3a[,aHHOI0 HanpaeneHus no dopmyne:

d =g — arctg[tgepy/tg(6/2)]. (3.19)

Ecnn & > 0 (9TO SKBUBASIEHTHO YMEHbLLEHMIO YII1a 1), TO TPEYrobHbIN 3KPaH
ycTtaHaBnumBaeTcs no puc. 3.41, cnesa. Ecnm d < 0 (3T0O 9KBUBANIEHTHO YBENTMYEHUIO
Yp), TO cornacHo puc. 3.41, B ueHTpe. [pn 3KBMBANEHTHOM YMEHbLLEHUN Y Iene-
CTOK NepemMeLlaeTcs B CTOPOHY 60/bLUMX YroB. [1oaToMy ycTaHOBKa Ha GOKOBbIX
cteHkax PIA (2 = 2¢y = 50°) TpeyronbHOro akpaHa (d = 18°) npmeoamnT K cMeLLe-
HUIO UMEIOLLMXCSA Y Hee nof yrnaMmmn £90° NoBbILEHHbIX IENECTKOB B 061aCThb Yr/10B
+(140+150)° 1 yMeHbLUEHMIO NX YPOBHS Ha 8+12 ab.

TpeyrofbHble 3KpaHbl (C LESbo YMEHbLUEHUS rabapUTOB) MOXHO 3aMEHUTb HEC-
KONbKMMU CEKLIUSIMU, UMEIOLLIMMW MEHBLLINIA NOMNEepPEeYHbIr pasMep, HO PaBHbIN (C
COOTBETCTBYOLUM H0NbLUMM 3KpaHOM) yron d (cm. puc. 3.41, cnpasa). MoxHO nx
CAenaTb U U3 pasHbIX CEKLNIA, MPUMBbIKAIOLLNX OPYr K apyry, puc. 3.42.

Cekumm MoryT MeTb paBHble UK pasHble yrbl. MpuHUMN AeNcTBUS Kaxaon
CeKkLMN aHanorm4eH 0gHOCEKLIMOHHOMY aKpaHy. 1o aHanorMyHomMy NpuHLmMny
BbINosiHeH akpaH PIMA-2l1 (cm. puc. 3.33), Ho oH 6onee yoobeH KOHCTPYKTUBHO, Tak
Kak ero ABe NPsIMOYroJibHble CEKUUM COeANHEHbI KaTeTaMu, a He
BepwmnHamu. Mpun NnpaBnnbHOM BbIOOpE O TakoM 3KpaH No3BoNSeT
«pa3mMasaTtb» 6HOKOBbLIE NEnecTkn B Hosiee LUMPOKOM CEKTOPE
YrnoB, HO Ha 60siee HU3KOM YPOBHE.

[pebeHyYaTble NONYBOAHOBbLIE (DaHLIbI OTINYAIOTCSA OT BCEX
M3BECTHbIX pacdasunpyoLmnx KOHCTPYKUMIA MUHUMaNbHbIMN
rabaputamun. Hanbonee rnybokoe nogaBneHne 4OCTUraeTcs
NnpW UX yCTaHOBKE MO Kpar niockoro gpnaHua WmpuHonm 1+3A,
puc. 3.43. MNMone, Bo3byxaatowee rpebeHyaTyo CTPYKTYpY, CHa-
yana ocnabnsetcs 3a cyeT gudpakunM Ha KIMHE NIOCKOro
dnaHua, a 3aTeM 3a C4eT ero pacdasnpoBkn rpedbeH4aTomn
CTPYKTYPO.

pebeHyaTble pnaHLbl MOXHO MCMOJIb30BaTb B @HTEHHaX C
NPOW3BOJIbHEIM COOTHOLLEHNEM YITOB g U . HO B KaXA,0M KOH-
KPETHOM cllydae HeobxoauMo NoadbupaTb Hak/IoH rpebHeln n
WnpunHy dnaHua Takmm o6pas3om, 4Tobbl 06ecneynTb MakCcMasb-
Hoe ocnabneHne GOKOBOro N3Ny4eHMs B 3aJaHHOM CEKTOope
yrnoB. MakcrumanbHoe nogasneHne 60KOBOro nsnyyeHuns B PMNA ¢
Yo = @p = 25° HabnogaeTcs, HanpMMep (Npw pasHom A/2

Puc. 3.42

Puc. 3.43

BblCOTE rpebHel 1 lWwnpmrHe nnockoro dpnaHua, nepneHanky- |-60 2 T 7
NSPHOro 60KOBOV CTEHKE), KOraa yrosa Mexay nioCcKoCTbIo 65 — 1/
rpebHer n nnockmm pnaHuem paBeH ~55°. 70 |4 'i\

YpoBeHb NoaaBneHns GOKOBOr0O U3Ny4eHUs OT yrna 5L ]
HakJIo0Ha NPSIMOYroJibHbIX rPebHeN 3aBUCUT BECbMa CUJIbHO, —
puc. 3.44, a [OCTaTO4HO rNyboKoe NoJaBfieHNe COXPaHAeT- -80 20 40 60 80°

Csl B CPABHUTESIbHO HEGOILLLON MONIOCE HacToT. ITO CBA3A- B a4
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HO C OTCTYNJIeHMEM pa3mMepa rpebHein (Npu N3SMEeHEHNN OJINHbI
BOJIHbI) OT ONTUMAaSIbHOM BENINYMHBI, PaBHOM A/2.

3ybyaTble dnaHubl, puc. 3.45, BbINOSHEHHLIE B BUAE paB-
HOGEeApPEHHbIX TPEYroIbHNKOB BbICOTON 1 + 3A 1 LUMPUHOI (Y
OCHOBaHWUs), paBHoOI A, paboTaloT (N0 cpaBHEHUIO C rpebeHva-
TbIMN) B 3HA4YMNTENBHO H60J1EE LLNPOKO NOSI0CE YacToT, HO
9P deKTUBHOCTbL 3ybyaToro dnaHua BbICOTOW A MeHbLUe adpdek-
TUBHOCTM rpebeHyaToro dnaHua, UMeLero BLICOTY BCEro A/2,
a onTMManbHas BeicoTa 3yOLLOB cOCTaBnsieT nopsiaka 3A.

Ha puc. 3.46 nokasaHbl ornbato-
wme OH PIMA (29, = 49°, 2y = 22°) 6e3
LUMTKOB (MYHKTMP) 1 C 3yByaTbiMu
wmMTKamMu (cnaowHas nIMHus), KOTo-
pble YMEHbLLAT YBESINYEHHbIE Nene-
i 1 [T | CTKM 10 YPOBHS HIKE -80 nb.

T j6ﬂ -30 u-wgga o @ rzz; 15§ B BepT"Kaan?" naockocTu

npyv BepTUKanbHOWM Nonspnsaumm
Puc. 3.46 NOBBILLIEHHbIN YPOBEHb HOKOBOrO
n3ny4yeHns HabNoaaeTCs B BEPXHEM U
3a4HeM MNoJyrnpoCTPaHCTBE (B CEKTOPE YIIOB, ONPeaensieMoM NpsiMbIM Nepensny-
YeHuEeM pyrnopa n gndpakunen Ha BepPXHen KPOMKE).

OTO N3nyyeHne oTpaxaeTcs Ha 3aMTHOM AENCTBUM aHTEHHbI, TPEOOBAHUS K
KOTOopoMy ans aHTeHH PPJ1 Benvkn. Kpome Toro, OHO MOXET BHOCUTb MOMEXU B
CMYTHMKOBbLIE CUCTEMbI CBA3W, ECNTM @aHTEHHA 3KCnJlyaTupyeTtcs BOIM3un akeaTopa.

YcTaHoBKa N0 BEPXHEWN KPOMKE 3epkana rpebeH4YaTbix NOAyBOAHOBBIX UV 3y0-
yatbix dnaHues, puc. 3.47, aHaNnoOrMyYHbIX PACCMOTPEHHbIM BbiLLE 1S TOPU30HTab-
HOI NNIOCKOCTU, ABNSIETCS BECbMA NPOCTbIM CNOCOO0M NoAaBneHus oudpakLmMoH-
HbIX N1IENeCTKOB, CO34aBaeMbIX BEPXHEN KPOMKON. ITU (praHLbl, kak 1 6OKOBbLIE, Cre-
[yeT yCTaHaB/MBaTb MO Kpal BEPXHEro ninockoro dnaxHua, u noadupatb Hanbonee
OnNTUMasibHblE OTHOCUTESIbHO HEMO YIbl HAKJTOHA.

Ha puc. 3.48 nokasaHbl ornbatowme OH aHTeHHbl (2 = 49°, 2E, =~ 22°) B BEpTU-

KasibHOM MNAI0CKOCTM NPY BEPTUKAIBHOW NOAsipusaumm
¢ rpebenyaTbiMM pnaHuamMm (CnaoLwHasa nMHUS) n 6e3
HUX (MYHKTUP).

MopaBneHne 6OKOBOro U3Nly4eHUs NoJly4aeTcs
BECbMa 3Ha4YUTENbHbIM. HO BnnsiHMe 3TuX pnaHueB
pacnpoCTpaHseTCcsl TONbKO Ha ANdpPakuVOoHHbIE Nene-
CTKW OT BEPXHEN KPOMKU 3epkarna, a NnepesimBHbIn
JIENECTOK HE YMEHbLLIAETCS.

Puc. 3.47 BeinonHeHne yacTtu nepegHen (ZTeHKI/I pynopa B
BUAE UMNELAHCHOM CTPYKTYPbI
(rnagkor AnanekTpuyecKon nnacTu-
Hbl UM MEeTaNINYEeCKON C HeTBEPTb-
BOJIHOBbIMU KaHaBKaMM), «OTXN-
RN MatoLLLen» 3HEPIU0 B CTOPOHY 3ep-

— Kana, npu npasuibHOM BbiOOpe pa3s-
N L= ] Mepa TakoW CTPYKTYpbl, ABISETCH

-8 -m}\ TR TR T 03091;0 W W w0 | O4eHb 9D DEKTUBHBIM CNOCOGOM
Puc. 3.48 nogasneHus nsnydenus PrA B

Puc. 3.45
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BEPXHEM 1 3aHEM MONyrnpoCcTpaH-
ctee. Takas CTPyKTypa yMeHbLUaeT ] ”j“
He TOJIbKO ANdPaKLMOHHOE U3JTy4e- fki
HME, HO U NEepPennBHbI NIenecToK. Lk
VimnepgaHcHas CTpykTypa, 3 750‘1 P
4TOObI HE YXYOLWWTbL COMaCoBaHUS i - I i
AQHTEHHbI C MUTAOLLMM TPAKTOM, e —.«sz o

[0JKHA MIaBHO conpsiraTbCs Co
CTEHKOW pynopa co CTOPOHbLI Ero
ropna. CekTop 1 BenuinHa nogasneHns 60KOBOro n3nyyeHns 3aBUCAT OT pa3mepa
CTPYKTYPbI 1 €e pacnosioXeHns BHYTpw pynopa. MNpu ee pacnonoxeHum sB6a13sn
packpbiBa CEKTOP M rMyOnHa NogaBfeHNs HE3HAYNTENbHbI, HO MO MEPe CMEeLLEHUS K
ropny pynopa (Ui yBennyeHuns LUMPUHbI) CEKTOP NOAABNEHNS PACLLUNPSETCS, HO
BO3HMKAIOT 1 NOCTEMNEHHO YBEANYMBAIOTCS NOTEPU yeuneHus. MoxHO, 0aHaKo,
nopobpaTb Takoe pacrnosioXeHMe U Takyto LUMPUHY, KOrga CeKTop 1 rmybuHa noaa-
BNeHNs OyayT 3HaYNTENIbHLIMU, @ YCUJIEHNE aHTEHHbI OCTAHETCS NPaKTUYECKN HEN-
MEHHbIM U 4aXe HEMHOIo BO3pacTeT.

Ha puc. 3.49 npusepensl ormbarowwme OH PIA (2 = 2¢q = 50°) B BEpTUKAb-
HOWM NNOCKOCTU NPY BEPTUKAIBbHONM MONgpu3aumnu, rae ypoBeHb NEPESIMBHOIO 1
OMdPakLMOHHOrO IENECTKOB HanboJsiee BbICOK.

CnnowHon nnHnin aaHa JH aHTeHHbI C UMNEeNaHCHOW CTPYKTYPOl B BUAE
4eTBEPTbBOJIHOBbIX KAHABOK, PA3MELLEHHON B BEPXHEN 4acTn pynopa (MpUMepHOo 00
CepeanHbl BbICOThI EM0 NepeaHer CTEHKKN), a MyHKTUPOM — 0e3 Hee.

Hannune kaHaBOK NPUBOAUT K YMEHbLLEHUIO N3ny4eHuns (6onee yem Ha 10 —
15 nB) B 6onbluel YacTy BEPXHErO 1 3aQHEro NonynpocTpaHcTea. HekoTopoe yBe-
JNn4eHne ypoBHS BOKOBOIO U3JTYYEHUST B CEKTOPE Yr0B, COOTBETCTBYIOLLEM
OMdPaKLMOHHOMY MOS0 OT HUXKHEN KPOMKW PackpbiBa aHTEHHbI, MOXHO OObACHUTb
yBENNYEHNEM aMMINTYAbI N0, 061y4aloLLLEr0 3Ty KPOMKY, KOTOPOE SBUJIOCh Clnep-
CTBUEM NMepepacnpeneneHns 3Heprum B packpbiBe aHTEHHbI. [1pn 3aMeHe KaHaBOK
OMN3NeKTPNYECKOM NIacTUHOM, NogobpaHHO COOTBETCTBYIOLWNM 06pa3omM, A0CTHU-
raeTca aHanorn4Hbli apdexT.

Mcnonb30BaHve NOMIOWAKLWNX MaTEPNASIOB — HAaHECEHWE X Ha MOBEPXHOCTb
PaCCMOTPEHHbIX BbILLE 3KPAHOB (MK BbINOSIHEHNE U3 NOMMOTUTENS UX CaMUX)
OOMNOSTHATENBHO YBENMYMBAET MOMEXO3ALMLLLEHHOCTb QHTEHHDI.

BHumanue! MNpu ncnonb3oBaHMM BCEX PACCMOTPEHHbIX BbllLe 3KpaHOB HEOOXO-
OMMO 0B6ecnedynTb O4eHb NJIOTHOE UX NPUJIEraHne K TeNly aHTeHHbI. LLlenn n 3a3opebl
HEOOoMYCTUMBbI, Tak KakK Mpu NX HAIMYUM BMECTO YyYLIEHMS MOMEXO3aLLMLLEHHOCTH
MOXHO MOJY4UTb AAXE YXYALLIEHNE.

Puc. 3.49

3.4.4. PasHoyronbHasa nupamugansHas PIA

C paseuturem cetein PPJ1 n yBennyeHnem ganbHOCTM NposieToB TpebytoTcs
@HTEHHbI C NOBbILWEHHbIM (MO CpaBHEHWIO ¢ TUNoBoi PlMA) koadpduumneHTom ycune-
HUs. OgHaKo yBenMYeHne yCuneHus 3epkasibHblX aHTEHH HANPsSIMYO CBA3AHO C yBe-
JINYEHMEM MX PA3MEPOB, KOTOPbIE OrPAHUNYMBAIOTCHA BO3MOXHOCTbLIO €€ TPaHCNopTu-
POBKW, BKJIOYAS U TPAHCNOPTUPOBKY XENE3HOAOPOXHbBIM TPAHCAOPTOM. Tak Kak
OoTHOcuTeNbHbIE pasmepsbl PIMA (npu paBHom KY) HamMHoro 60/bLUe pa3MmepoB oce-
CYIMMETPUYHOM aHTEHHbI, TO ee TPaHCNOPTMPOBKA NpeBpaLLaeTcs B npobiemy npu
ropasno MmeHbLmx KY.

Kpome Toro, nponopumnoHanbHoe YBENMYEHVE pa3Mepa packpbiBa B 06eunx nno-
CKOCTHAX NPMBOAUT K COOTBETCTBYIOLLEMY CYXEHMUIO LUMPUHBI IIABHOrO IenecTka
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Takke B 06enx nnockoctax. OgHaKo Cy>XXeHue rMaBHOro ienecTka
B BEPTUKANbHOW MJIOCKOCTM OO0 260’5 < 1° rpagyca gns aHteHH PPJ1
HeXenaTesibHO, Tak Kak MOXET NPUBECTU K HEYCTONYMBOCTU CBA3M
n3-3a pedpakuyn. YeenmumeaTb NoWaab PackpbiBa aHTeHH PPJ]
¢ 6onbuimm KY xenatesibHO NO3TOMY 3a CHET YBENMYEHUS pa3me-
pa anepTypbl TONIbKO B FOPU3OHTAJIbHOM MAOCKOCTU. JTO, K TOMY
Xe, MPUBOAUT M K CHMXXEHMIO B 9TOW MJIOCKOCTM (OCHOBHOW Ans
aHTeHH PPJ1) ypoBHst GOKOBOIO U3Jy4eHuUs.

Pa3HoyronbHas PIA [4], [64], puc. 3.50, N0O3BONSET PELLNTb
Puc. 3.50 yka3aHHble Bhbille NpobneMbl. 9Ta aHTEHHA C YBEJIMYEHHOW (MO

CcpaBHeHUIO ¢ TnoBon PIA) nnowaabio packpbiBa UMEET U yBE-
NINYEeHHbIV npumepHo Ha 3 ab KY, koTopslii B ananasoHe 3,4 — 3,9 I'Tu, cocTaBnseT
nopsiaka 42+43 pb. YBenuyeHne nnowanu packpbiBa AaHHOW aHTeHHbI obecneymBa-
eTcsl 6narogaps pasHbiM yriam pacTBopa 3a CHET YBENIMYEHUS pa3Mepa ee anepTy-
pPbl B rOPU30OHTaJIbHOM MNIOCKOCTW.

Pasmepbl aHTeHHbl: 2y = 22,10°, 299 = 49°, X4 = 5,47 M, X, = 8,08 Mm,

F=3,326 M, S = 14,65 m2.

Pasmepbl 1 popma packpbiBa aHTEHHbI BbiOpaHbl TakM 006pa3oM, 4TOObl UMETb
BO3MOXHOCTb 6€3 pa3bopkn napabosiMyeckoro oTpaxartens NepeBo3nTb aHTEHHY
no >enesHor gopore. [ns 3Toro 4OCTaTOYHO pasbeAnHUTL Napabonnyeckoe 3epka-
1o (co «wekamn») 1 obnyyatowmii pynop. PaamelleHne 3epkana 1 pynopa Ha
Xene3HoaopoXxHoW nnaTgopme nokasaHo Ha puc. 3.51 (a u 6, COOTBETCTBEHHO).

AnarpamMmbl HANPaBAEHHOCTU MOAENN aHTEHHbI [4], [64], BbINONIHEHHOW C
koadppuumneHTom moaenmpoBaHus 1:10, BGNM3KM rnaBHOro HanpaeieHWs rnokasaHbl
Ha puc. 3.52 — 3.54 (OH npn nonepeyHoi nonsipusaunm gaHbl Cnesa, Npy nNpoaosib-
HOM — cnpasa, PacYe€THbIE — CMJIOLLHOWN JIMHNEN, 3KCNEPUMEHTASIbHbIE — MYHKTU-
pom).

MmaeHble nenectkn [1H B ropu3oHTaNbHOW NNOCKOCTU (CM. puc. 3.52) Ha 0b6eunx
nonsipmsaumax 3Ha4nTesIbHO yXe, YeM B BEPTUKanbHOM (CM. puc. 3.53), roe oHn
NPUMEPHO UAEHTMYHbI [IH B 3TOM Xe nnocko-
cTn TunoBow PI1A, a rmaBHble NenecTkn He
NPEeBbLILLAIT A0NYCTUMON WKPUHBLL. OgHaKko
npucywas PMNA (¢ o6bi4HbIM PP B kauecTBe
obnyyaTenst) pasHuua Mo LWMPUHE rMaBHOro
JlenecTka 1 YpoBHIO NepBbix 6OKOBLIX Niene-
CTKOB MO NONSpn3auuvsiM, COXPaHSeTCs.
| Ha 3.54 noka3saHbl Kpocc-nonsapmaaum-
| | OHHbIE [H B nonepey4Hoin nnockocTn B6GNM3u

J HanpaB/IEHUS IMaBHOIO N3JyYEHUS.
N YpOBEHb MakCMMYMOB KpOCCNonspmaa-
LMK 3TOMN @HTEHHbI MPMMEPHO TaKoM Xe, KaK 1
Tunoeoii PINA, oH coctaBnseT -(16 —18 ob).
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HanomHum, 4To B NpOa0bHOM — o 2 e e 2 o 2 @
nnockocTtu PIA kpocc-nonsapu- T ] .
3aLMOHHbBIX MAKCMMYMOB HE !
MMEET. | *

Ha puc. 3.55, 3.56 1 3.57 |/ 1
npveeneHsl Kpyroebie [1H aHTeH- ,,-\’ "ﬂ \'\n\ ; Fw iy
Hbl 6€3 LNTKOB (NMYHKTUP) N C % / | \{ ‘)v‘Lm ‘ ‘ *ana
NoJTyBOJSIHOBbLIMM rpebeHYaTbiMn a
WMTKamMu (CNaoLLHas TNMHUS). Puc. 3.54
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B nonepeyHoii nnockocTtn (cM. puc. 3.55), roe ypoBeHb 6OKOBOI0O U3y4eHUs
Hanbosiee HM30K, NOBbILEHHbIE AMDPaKLMOHHbIE NENecTkKM HabNoaaTCs B 3agHEM
nonynpocTpaHcTBe. bnarogaps rpebeHyaTbiM WUTKAM, YCTaHOBIEHHBIM Ha GOKOBbIX
KPOMKax aHTEHHbI M BEPXHEN, UX YAAN0Cb CHU3UTb A0 YPOBHSA HMXe -80 ab (Huxe
YPOBHS LLYMOB M3MEPUTENIbHOWM YCTAaHOBKW). B pe3ynstaTe B CEKTOPE YIriioB MpUMep-
Ho 180°+120° Ha ropu3oHTanbHOM nonspmsaumm n 180°+130° — Ha BepTMKaIbHOM
YPOBEHb AasibHero 60K0BOro N3ny4yeHns aTon aHTeHHbl 6onee Yem Ha 37 ob Huxe
YPOBHS N3OTPOMHOIO U3NYy4YEHUS.
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B npogonbHoi nnockocTu (cMm. puc. 3.56), roe ypoBeHb AaNlbHEr0 U3NyYeHus,
onpegensieMbli NEPENVBHLIM JIENECTKOM pynopa v Andpaxkunen Ha BEPXHEN KPOM-
K€ aHTEeHHbI, Hanbosee BbICOK (0COBEHHO MpPW NPOAOJILHOM NoNsSpu3aumnn), ero B
6osblUe YacTn 3aQHEro NoayrnpoCTPaHCTBA YAaN0Ch YMEHbLUMTL 0 YPOBHS HUXE
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—75 ab (HMXe YpOBHS LLYMOB N3MEPUTENIbHON YCTaHOBKMW. B pesdynbtaTte n B 3T0M
NJOCKOCTU 3aLLNTHOE OENCTBME @HTEHHbI 3HAYMTENBHO YIYHLINIOCh U CTano bonee
4yeM Ha 32 ab HUXE YPOBHSI N3OTPOMHOI0 U3NYy4EHUS.
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Kpocc-nonapusaumoHHble H (cm. puc. 3.57) B nonepeyHon naockocTn, KOTo-
pble 1 6e3 WNTKOB MMEOT HN3KNIN YyPOBEHb AASIbHEr0 N3NydYeHusl, bnarogaps WmT-
KaMm Takxe yNy4LnUInCb 1 YPOBEHb UX AanbHEr0 GOKOBOIO U3Jy4eHUs CTan HUXe
YPOBHS LLYMOB U3MEPUTENbHOW yCTaHOBKM (HUXe -70 ab).

KoadduumneHt yeunenums (n KUM), n"3MepeHHbIi METOA0M CPaBHEHUS C 3TAsNIOH-
HOIM aHTEeHHO, B nonoce paboyero guanasona (3,4 — 3,9 ') n3ameHseTcs npu-
MepHo oT 42 no 43 ob (KM — 0,64 — 0,70), 4TO HECKOJIbKO HMXE OXMOAEMbIX PaC-
YeTHbIX 3Ha4YeHn. OQHOM N3 BO3MOXHbIX MPUYNH HECOBMNAAEHUS SABNSETCA HEOO-
CTaTO4YHO XOPOLLAs TOYHOCTb N3FOTOBNIEHNSA MOOENN aHTEHHBI.

KoaddurumeHT oTpaxeHua oT Bxoga pynopa (Npy Hann4mmu crneunanbHo pac-
CYMTAHHOIO COMIACYIOLLLErO NePEXOAa N OTCYTCTBUM KPbILKU, 3aKPbIBAKOLEN
packpbIB aHTEHHbI) He npeBbiwaeT 1,25 %. MIamepeHns NpoBOANINCH Ha peanbHbIX
BOJIHax C NPUMEHEHNEM SKBUBAJSIEHTA AHTEHHbI.

MpuBeneHHbIE BbILLE NapaMeTpbl NOJly4eHbl HA aHTEHHE 0e3 YKPbITUS!, KOTOPOoE,
€C/n €ro BbIMOJIHUTL MO aHANOrM C TUMOBOM @aHTEHHOW, SHAYUTENBHO YXYOLUINT
napameTpbl 1 3TOI aHTeHHbl. OgHaKo NPUMEHEHME AS YKPbITUS BHOBb CO3AaHHbIX
NONMMEPHBIX MaTEPMNANIOB CMOCOOHO PELLUTbL 9Ty NPOBAEMY NPAKTUYECKM BE3 yXya-
LIEHMSA OCHOBHbIX NapPaMeTPOB aHTEHHbI.

MpenmyuiecTea pasHoyronbHor PIA, packpbiB KOTOPOW BbITSHYT B MOMNEPEYHOMN
MIOCKOCTU (MO CPABHEHMIO C PABHOYIOJIbHOW U MPU NPOYMX PABHbIX YCIOBUSX):

YBenuyneaeTcs NOMexo3aLUNLLEHHOCTb aHTEHHbI B TOPU30HTANIbHOWM N0-
CKOCTWU, roe TpedoBaHusa K Hel ansa aHTeHH PPJ1 HanbGonee BbICOKU.

Mpu yBennyeHun nnowaan packpbiBa NpUMEPHO B ABa pasa ero pasmep B
BEPTUKAIbHOM NAOCKOCTM OCTAETCS NOYTU NPEXHMM, HTO NO3BONSET YBENNYNTL YCU-
JIeHWe aHTeHHbI NpMepHo Ha 3 ab 6e3 cyxeHuns rmaBHoro nenectka 4H B aton nno-
CKOCTW, YTO ABASIETCS MOJIOXNTENbHBIM (DAaKTOPOM C TOYKMN 3PEHUS YCTONYNBOCTU
CBA3N.

AHTEHHa, HECMOTPS Ha 60JbLUNE pa3Mepbl, MOXET TPAHCNOPTUPOBATLCS MO
xenes3How gopore 6e3 pa3dbopku 3epkana.

HecmoTps Ha To, 4TO B pa3HoyrosibHom PIA 6biin ycTpaHeHbl HEKOTOPbIE HeLO-
CTaTKn, NPUCYLLME OAHHOM CXEME, Ba €€ BECbMa CYLLECTBEHHbIX HEQOCTAaTKa BCE
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Xe coxpaHunncb. K HUM OTHOCUTCS 3aBUCUMOCTb LUMPWHBI IMaBHOMO fienecTka 1
YPOBHSI NMepBbiXx OOKOBbLIX S1€NEeCTKOB OT Nonspusauum (Mpu NCrnosb30BaHUM HEOM-
TUMM3NPOBAHHOIO Pyrnopa), a Takke o4eHb 6onblune rabapntbl aHTEHHbI. B cnenyto-
LWMx pasgenax 6yayT pacCMOTPEHbI BO3MOXHbIE MYTU U UX YCTPaHEHUS.

3.4.5. PIA c mogugpuyumpoBaHHbIM Pyrnopom

XKecTkoe CXeMHO-KOHCTPYKTUBHOE COEAVIHEHVE Pyropa C OTpaxatLmMM 3epka-
oM, xapaktepHoe ans PIA, 3aTpyaHSET, kKak y>ke Obl/Io 0OTMEYEHO, Yy4dlleHne
napameTpoBs Pl1A nyTem ontuMmnsaunm napaMmeTpos ee obsiyqaTens, npeacTaBnsio-
wero coboi, yaule Bcero, 00bl4HbI PP ¢ pa3dHoi Ha pasHbix NoNspusaumnsx wnpm-
HOW rmaBHOro nenectka. NprumMeHeHne KoHn4Yeckoro PP no3sonseT, npaeaa, Hec-
KOJIbKO CHU3UTb YPOBEHb NMepPBbIX HOKOBLIX JIENECTKOB, HO pPa3Hasi LUMPWHA rMaBHOro
JNienecTka Ha pasHbiX NOASpuU3aumsax BCE paBHO COXPaHSAETCS.

OoHuM 13 ucnonHeHni PMA, no3songaowmm obecnedynTb He3a-
BUCUMOCTb LLUMPUWHbI [TABHOIO JIENeCcTKa U YPOBHS NepBbIX OOKOBbIX
NIenecTKoB OT NoNApM3auvmn, a 3a04H0 yay4LLINTb 1 MOMEXO3aLUMLLEH-
HOCTb, siBngeTcd PlA, B KOTOPOM MCNOMb30BaH PYrnop CO CTYNEHbKOM
[9], puc. 3.58.

OTa PIA copepxuT oTpaxatouiee 3epkano 1 n obnydaromin
pynop, BbIMOJIHEHHbI U3 OBYX NOC/e0BaTENIbHO PACMNONOXEHHbIX
pynopoB 2 n 3. ®a3oBbIil LEeHTP 06/1yHatoLWero pynopa COBMELLEH C
doKycoM oTpaxatoLlero 3epkana. PackpblB pynopa 2, npuMblKatoLLe-
ro K NMTaloLLLEMY BOJIHOBOAY, MEHbLLE OCHOBaHMS pyrnopa 3, a yron Puc. 3.58
pacTBopa pyrnopa 2 MeHbLLe UnKn paBeH yry pacteopa pynopa 3. Mpu
COOTBETCTBYIOLLEN PA3HOCTU 1 BEMYMHE YITIOB pacTBOpa ABYX CEKLMIM pynopa OH
npeacTtaensiet coboin PP co cTyneHbKO B MECTE COEAMHEHMWS Manoro pynopa ¢
OCHOBHbIM, a Npu paBeHcTBe YrnoB — PP co ctyneHbkomn. MNpn cOOTBETCTBYIOLLEM
WCMOJIHEHMN PYropa YPOBEHb 00/y4eHUs KpaeBoW 30HbI (Ha puc. 3.58 oHa 3awwTpu-
XOBaHa) 3HAYUTENIbHO CHUXAETCA.

Pynop PIMA, kak nupammnaanbHOW, Tak U KOHUYECKOW, MOXHO
BbIMOJIHATL 1 N0 06bI4HOM cxeme PPU (6e3 cTyneHbkun), puc. 3.59, X
COCTOSILLEro, Kak 06bl4HO, U3 OCHOBHOIO W Masnoro pynopa, reome- 3eprano
TPUYECKNE pasMepbl KOTOPbIX ONTUMU3VPOBaHbI (CM. pa3gen
1.4.2). Npun 3TOM MOXHO COXPaHUTb U CTYMeHbKY, MepPeHecs ee B {‘

MECTO COEAVHEHNS OCHOBHOIO pyrnopa C 3epkasiom (B 9TOM cly4ae
ee uenecoodbpasHo NMoKpbITb NOMOTUTENEM).

PaccmoTpeHHble Boile cxembl PIA He nccnegoBanncb, HO
COBEPLUEHHO OYEBMOHO, YTO TaKOE pPELLUEHNE NMO3BOJNISET MaHMMy-
NMpoBaTb KOHCTPYKUMEN 1 HanpaBieHHbIMW CBOMCTBaAMM 00Ny4a- Puc. 3.59
Tens, onTMMU3VPYs, B KOHEYHOM UTOre, 3IEKTPUYECKME nNapamMe-

TPbl @HTEHHbI B LLEJIOM, BKJTIOHAS HE TOJIbKO AOMOSHUTENbHOE YIyYLLIEHUE €€ MOMEXO-
3aLMLLEHHOCTU, HO 1 CO34aHNE OCECUMMETPUYHOIO MaBHOIO NenecTka,  YMeHb-
LEHNe yPOBHS NepBbix OOKOBbLIX JIENECTKOB.

MpennoxeHHbIE CXEMbI HE YCTPAHSIOT, 04HAKO, OCHOBHOIO KOHCTPYKTUBHOIO
HepocTaTka PIMNA — ee o4yeHb 60nbLUMX NPOAOSIbHBIX Pa3MePOoB. ITOT HEAOCTATOK
yCTpaHsieTcs, 0AHaKo, Npu nepexonae k cxemam ABO, B KOTOpPbIX 06/1y4aTesNb «0TOP-
BaH» OT 3epkasia 1 NO3TOMY BOSMOXHOCTU €ro ONTMMnU3aumm 3Ha4UTENbHO pacLun-
PEHBI.

OcHoBHoM
pynop

Y

Maneliii pynop
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3.5. AHTeHHbI ¢ BbIHECEeHHbIM 0b6s1y4aresnem (ABO)

3.5.1. O6wne ceengeHns

HecmoTps Ha T0, 4To PIMTA MMEIOT XOopoLune anekTpuyeckme napameTpbl, 0CO-
6€EeHHO Mo Anana3oHHOCTU 1 MOMEXO3aLUNLLEHHOCTU, KOJIMYECTBO BbiNyCKaeMblX
TUNOPa3MeEPOB 3TUX aHTEHH (13-3a X BONbLLUMX rabapuUTOB, MAacChl U CTOMMOCTK)
BECbMa OrpPaHUYEHO N IBHO HEQOCTATOYHO AJ151 ONTUMaNIbHOrO NPOEKTUPOBAHUS
ceTu paguopeneriHbix n, TeM 6onee, CNyTHUKOBLIX IMHWUIA. [ToaToMy 6bino pa3pabo-
TaHO MHOXECTBO aHTEHH APYrnX TUMOB, B MEPBYIO 04epeab, OCECUMMETPUYHBIX, a
peannsauus ocTomHCTB PIA npu OTCYTCTBUU UX HEOOCTATKOB CTasia BO3MOXHOM B
aHTeHHax C BbIHECEHHbLIM 0bnydaTenem (ABO).

Ho Huyero He paeTtcs 6ecnnartHo, 3a BCe HYXHO nnatutb. OcecMMMeTpUYHbIe
aHTeHHbl 1 ABO 3a ynydlleHne CBOMX NapamMeTpoB pacniadnBaloTcs 60s1ee CIoXHbIMU
obnyyatensimu, a Takxe yBenndyeHmnem rabaputosB, MacChbl U CTOMMOCTU, XOTS U He
CTOJIb 3HauMTENbHbIM, kKak PMA. ABO nonroe Bpems 3HauntensHo yctynanm PrA no
CBOMM OCHOBHbIM MapameTpam, BKJIlo4asi MoMexo3almIeHHOCTb. Ho B HacToswee
BPEMSI 3TW @HTEHHbI (MPU COOTBETCTBYIOLLEM UCMOJSIHEHMM) CNOCOOHLI MPEB30MNTHU
PIA He TONbKO N0 KOHCTPYKTMBHBIM, HO U MO 3N1EeKTPUYECKUM rnokasaTtensim. ITo cTano
BO3MOXHbIM Br1arogaps Tomy, 4to obnyyatenb ABO He COCTaBnsieT C 3epkanomM egu-
HOIMO CXEMHO-KOHCTPYKTMBHOIO 610Ka, 1 3TO NO3BOJISIET UCMOJIb30BATh B 3TOM CXEME
camble pasdHble 0b6nydaTeny ¢ onTMMmManpoBaHHbIMK [IH, a Takke cBo60QHO BapbUpPO-
BaTb pa3mepom, GOPMON U KOHCTPYKLMEN €€ 3aLLMTHbBIX SKPaHOB.

Cxema ABO (6e3 3amTHOro akpaHa) nokasaHa Ha puc. 3.60.

OTpaxatoLlee 3epkana
ABO ¢ KpyrnbiM packpbiBOM,
Kak y>e OblJI0 ckaszaHo, npea-
cTaBnseT cobom BbIPE3KY
yacTn napabononga Bpatle-
HUSA uynuHapom. Ock aTOro
uMnMHapa napasnnenbHa
dokanbHOM 0CK NCXOOHOTO
napabononga v yoaneHa ot
HEEe Ha HEKOTOPOE pPaccTos-
HMe (Xp).

OcHoBHble 0603HaYEHMA:
Puc. 3.60 D=2R — pnameTp packpbiBa

aHTeHHbl; F=00" — ¢ okycHoe
paccTosiHMe; X4 — PacCTosiHMe oT dpokanbHol ocu (0Z) 0o BAVKHEN (HVXHER) KPOM-
KW 3epKana; Xy — paccTosaHne oT GpoKasibHOM OCY [0 LeHTPa PacKpblBa aHTEHHbI; X
— paccTosiHMe OT HOoKabHOM OCU A0 AasibHen (BepxXHen) KpOMKM 3epkana; yq —
yron mexay dokanbHOW OCbio 1 HanpaBfeHMeM Ha BIMKHIO (HUXKHIOK) KPOMKY
3epkana; Y, — yrosn mexay ¢pokasibHOM OCbIO U HanpasfieHMEM Ha JaJIbHIO (BepX-

HIOI0) KPOMKY 3epkana (MonoBMHa yrna pacteopa UCXogHoro napadbononaa; 2y —
yroJi pactesopa 3epkana B NPoL0JIbHOM MIOCKOCTM (M10CKOCTM cuMmmeTpun X0Z); 2¢,

— yron pactBopa 3epkana B NonepeyHor niockoCTh aHTeHHbI (nnockocTtu AA'Q’,
npoxogsawen 4yepes GoKyc 3epkana 1 nonepeyHyo 0Cb CUMMETPUN PacKpbIBa).
3aech 1 ganblue, roeops 06 aHTeHHax Tuna ABO, nnockocTb X0Z, coBnaaato-
LLYIO C MJIOCKOCTbIO CUMMETPUU aHTEHHbI, Oyaem (no aHanoruum ¢ PIMA) Ha3biBaTb
NPOOONLHOW NN BEPTUKANBHOM NIOCKOCTLIO. MnockocTe AA'Q’, npoxoasLuyio Yepes

144

0 o | Z Y ] +Y




YacTb |. AHTEHHbI, MUP U Mbl

NMOMNepeYHyo 0Cb CUMMETPUN packpbiBa U GOKYC 3epkana, — nonepevHor niaocKo-
CTblO @aHTEHHbI. [1N10CKOCTb, MPOXOASALLYIO YEPE3 NOMNEPEYHYIO OCb CUMMETPUMN
packpbiBa napannenbHo GpoKanbHOM OCKM — MOMepPEeYHOM NNOCKOCTbIO PACKPbIBA,
NMBO NPOCTO NONEPEYHON WM TOPU30HTaNIbHOM MJIOCKOCThIO.

PaccTosiHne xg, B 00Lwem cry4yae, MOXET OblTb PaBHO, MeHbLUe uin 6onbLue

(kak B paccmMaTprMBaemMoM 1 OONbLUMHCTBE APYIMX CNy4aeB), pagnyca umanHapa

— pagnyca packpbiBa 3epkana — R n onpegensieT BbIHOC 06nyyaTens M3 LeHTpa
3epkana. lpu xg> R MOXHO NOMHOCTBLIO MCKIIOYNTL 3aTeHeHne 3epkana obnyya-
Tenem, HO 3TO HEBO3MOXHO caenatb Npu Xo < R. C yMeHbLIeHneM Xq (Mpy npo4mx

paBHbIX YC/IOBUSAX) yMeHbLUaeTca rnybuHa 3epkana, a C ero yBeamieHmem rnyom-
Ha 3epkana, HaobopOT, YBENNYMBAETCS, YBENNYMBAETCS U Yrofl 1y, HTO BEAET K
NOBLILLEHMIO MakKCMMYMOB Kpoccrnonsipudauumn. Noatomy Hanbonee onTumanb-
Hblil BApMaHT cneayeT BblOupaTtb, UCXOAS U3 KOHKPETHbIX TpeboBaHni, npeabs-
BISEMbIX K @HTEHHE.

OcHoOBHble NapameTpbl: paboynii guana3oH, apdeKTMBHOCTb, Cornacosa-
HVe, ypOBEeHb BOKOBOI0O U3JTYHYEHUS U 3aMTHOE OeNCTBME O4HO3EpPKaIbHON
ABO 6e3 akpaHa npakTU4eckn NoSIHOCTbIO ONpenensaioTcs XxapakTepucTnkaMmm
obnydatens.

WpeanbHaa dopma 1H obnyyatens ABO, NO3BONSIIOLWErO NOy4YnUTb B packpbiBe
HEOCeCUMMETPUYHOW aHTEHHbI pacnpeaenieHne aMnanTyg nons, 61mM3Kkoe K 0Cecum-
METPUYHOMY 1 PAaBHOMEPHOMY, a TakXe UCKITIOHYUTbL YTEUKY SHEPrumn 3a kpas 3epka-
na nokasaHa Ha puc. 3.61 (a — gns nonepeyvyHoi NNockocTn; 6 — Ans NPOA0SIbHOWN
MAIOCKOCTU, MIOCKOCTM CUMMETPUN).

Heobxoonmas BennumHa nepenaga 1
SHEpPrnmn Mexay LIeHTPOM 1 Kpasmu 3epkana | a) - 6)— 1
3aBUCUT OT BEJINYUHBI YITIOB (g U 1, BO3pa-
CTas no mepe ux ysenunyeHnsa. NoeanbHas
[H obnyyatensa npakTUYeckn HegoCTUXNMA,
HO K HeW cneayeT CTPeMUTLCS, eciv -0, 0O o, Y, Y,
HeobxoaMmMo obecnedynTb BbICOKYO addek-
TUBHOCTb @HTEHHbI U HU3KWNI YPOBEHb Nepe-
JINBHbIX 1ENECTKOB. YPOBEHbL NEPBbIX U
OIMXKHUX (anepTypHbIX) nenecTkoB Npu Takon dopme [AH obnyyatens 6yneT, ogHa-
KO, BECbMa BbICOK, YTO He Bcerga Aonyctmmo. NosTtoMy ypoBeHb 061y4eHNS KPOMKMN
3epkana BbibupatoT, 06bl4HO, B Nnpeaenax —(10+12) gb, 4to cooTBeTCTBYET HAaMbo-
niee oNTUMasnbHOMY KOMMPOMUWUCCHOMY PEeLUEHUIO.

M3BeCcTHO MHOIro TUNoB obny4yaTenei 3epkanbHblX aHTEHH, dopma [H KoTopbix
npndnnxaetca kK JH, kotopas onTumanbHa ans rnonepevyHon niocKocTu (CM. puc.
3.61a). Ho obnyyatenei, uMmelowmx B Apyroi, NpoaosibHOM, MNIOCKOCTUN aHTEHHbI
[H, aHanornynyto npencraeneHHom Ha puc. 3.616, o4eHb Mano. HekoTopble U3 HUX,
onncaHHble B MEPBOW IMaBe, MCMNOJIb30BaHbl B PACCMOTPEHHbIX HMXEe 0QHO3epKasb-
HbIXx ABO, npegHa3HavyeHHbIx ans paboTbl Ha PPJ1 1 Ha 3eMHbIX CTaumsix CNyTHUKO-
BbIX CUCTEM.

Puc. 3.61

3.5.2. ABO c ynyywieHHbIMu napameTpamm

Yny4duweHne napaMmeTpoB pacCcMoTpPeHHbIX Huxxe ABO 6bInio LOCTUIHYTO 3a CHET
ncnonb3oBaHns obnyyatenen, OoNTUMU3NPOBAHHbIX CNeunanbHO 419 AHHOW CXEMbI
@HTEHHbI N MPUMEHEHUA 3aLUTHBIX 3KPAHOB Pa3Hol koHburypaumn. U Bo Bcex aTmnx
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aHTEHHax B kayecTBe obsiy4aTenen
MCMNOJIb30BaHbl Pas3finyHblie Moandmkaunm
PPI.
- ——— —1— ABO c 3awnTHbIM 3KkpaHoMm [21],
8 & | puc. 3.62, cOCTONT 13 OTPaXaIOLLEr0
.= 3epkana 1, obnyyarens 2 1 3aWMTHOrO

7 / aKpaHa 3. 9kpaH, B NpUHLUUNE, MOXET
VMETb Pa3Hylo KoHoUrypauymio. B naH-
3T HOW aHTEHHE OH BLIMOJIHEH B ABYX Bapu-
Puc. 3.62 aHTax: 60NbLION 3KpaH (cnaowHas

NVHNA) 1 Manbii (NyHKTUP). OH nMeeT

Hanbosiee NPOCTYIO, HO HE camyilo onTuMasbHylo dopmy. Bonee onTMManbHbIM
SIBNIIETCS 9KPaH C KPUBOJIMHE MHBIMWU KPOMKaMMW, KOTOPbIN ncrnonb3osaH B AHK-
1,5 (cm. pa3pen 3.6.3).

3epkano aHTeHHbl:napabonuyeckoe ¢ F/A=15,32, D/L =31, H/A = 18,7,
Yy = 12,67°, Yo =96°, 2y =y, —p; =~83,3".

O6nyyatens npeactaensaet cobon PPUMNOKC (cm. paspen 1.6.2), pa3amepsl
KOTOPOro oNTUMN3NPOBAHbI.

Aunarpammbl HaNpaBaeHHOCTU 06nyyaTens B Nonepe4vHor NIocKocTu (a) n npo-
[onbHOM (6) NnpuBeaeHsl Ha puc. 3.63, npm aTom ¢’ = 0 NPUMEPHO COOTBETCTBYET

HanpasieHUIO BOOJb HGOKANIbHOW OCK.

JaHHbln obnyyaTenb

s 0 aB P _W", 0 a6 V" | umeer Huskmii YPOBEHb
L i+HA a) B 0 /) | 8| 6okosoro nanyyenus. Ero
#-20 _QOTIL rnaBHbIV nenecTok (B pabo-
! .30 \ 3ols 4YeM CeKkTope Yrnos) Ha
Mo NP ™ | 06enx nonspnsaumsx npak-
180 -120 -60 O 60 120 180-180 -120 -60 0 60 120 180| TyyecKkU UOEHTUYEH U onn-
Puc. 3.63 30K K ONTUMaNIbHOMY, KakK B

MOMEpPEYHON, Tak 1 B NPO-
[0NbHOM nnockocTu. MNpu ycTaHOBKE 3TOro pynopa OTHOCUTE/NIbHO 3epkana B
onTumarsnbHoe (No 3pdEKTUBHOCTIN) NONOXEHNE YPOBEHb 0BJy4EeHUST KPOMOK 3ep-
Kana B nonepeyHon nnockoctn paeseH ~ -(10+12) ob, a nepenaf ypoBHeWN B
HanpasneHnn 6nmxHen (P =1, = 12°40') n ganbHen (Y = P, = 96°) KPOMOK cocTa-
BnaeT ~ -(8+10) gb. 9T0 NOYTN KOMNEHCUPYET Pa3HULY B 3aTyxaHUU, BO3HMKA-
IOLLLYIO M3-3a Pa3HblX A0 HUX PACCTOSAHMI. [103TOMY 1 BAMXKHAS, N AaNbHAS KPOM-
ka 3epkana obsiyyaeTcsd NPMMEPHO OAHUM U TEM XE YPOBHEM, YTO NPUBOOUT K
BblpaBHVBAHMNIO aCUMMETPUN B pacrnpefeneHnm amnanTyabl noas B NpoaosibHON
MIOCKOCTM packpbiBa aHTEHHHbI.

3aWmTHbIM 3KpaH (CM. puc. 3.62) BbINOMHEH TaknMm 06pa3om, 4TO ero obpasyio-
wasa B nnockoctn XOZ coctaensieT ¢ ocbio OX yron merbLue 30°, a B Toukax BB' —
90° ¢ NNOCKOCThIO, MPOXOAsALLEN Yepe3d KPOMKM 3epKana.

Takas reoMeTpus NPy CPaBHUTENBLHO MaslblXx pasMepax 3KkpaHa No3BoNISET 3Ha-
YNTENbHO YMEHbLUNTbL YPOBEHb OOKOBOI0O M3NY4YEHNS aHTEHHbI B 3a4HEM NONYMNpo-
CTpaHcTBe NpoaosnbHOM (ons PPJT — ropusaoHTanbHOM) NNOCKOCTU U MPaKTUYECKN
WCKJ/TI04AET CKOMJIeHME 0CaZKOB Ha ero NoBepxHocTun. Pasamep akpaHa 3aBUCUT OT
npeabsaBASEMbIX K aHTEHHe TpeboBaHWI No 3aWMTHOMY AENCTBUIO. 34eCb pa3Mepsbl
Masioro n 60/1bLIOro 3KpaHa COOTBETCTBEHHO pasHbl: Ly/A =6, hy/A =101

L,/A =10, hy/A =23.
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KoadbdurumneHT ycunenus aHteHHbl (D/A = 31), n3MepeHHbIn Ha BEpXHEN, cpen-
HEel N HUXHel YyacToTe pabo4vyero avana3oHa, KpaHue 4acToTbl KOTOPOro oTin4ya-
totcea B 1,1 pasa, coctaensieT 38,4; 38,1 n 37,5 b, 4yto cootBetcTBYeT KNI 0,68;
0,69 1 0,68, T.e. B npeagenax padoyero ananasoHa 3¢pPeKTUBHOCTb aHTEHHbI COXpa-
HAEeTCS NOYTU HEU3MEHHOMN.

[OH aHTeHHbI B rOpM30HTaNbHOW NMJIOCKOCTU Ha CpeaHer BONHe pabo4vero
auanasoHa ao ypoBHs -60 b npv ropn3oHTanbHOM (CnaoLwwHas TMHUS) 1 BEpPTU-
KanbHOW (MYHKTUP) Nonsipm3aumm nokasaHsl Ha puc. 3.64 — 3.66.

B BepxHeli 4acTn BCeX 3TUX PUCYHKOB NMPUBEAEHbI B YyBENMYEHHOM MacLuTabe
rnaBHble nenecTtkn 1 1H B nepegHemM NonynpocTpaHCcTBe, B CEKTOPE YrioB
6 ==(0° + 90°), a B HMXHel — [IH B 3agHeM nNonynpoCTpaHCTBE, B CEKTOPE YIN10B
6 ==%(90° + 180°). Kpome TOro, Ha puc. 3.64, 3.65 1 3.67 WTPUX-NYHKTUPHOW JINHU-
eli 1 HaHeceHa OencTBOBaBLUAs BO BpeMs pa3paboTku aTon aHTeHHbl JH MC3 (ons
6nmxHero 6okoBoro nanyydenus: G(6) = 52 — 10log(D/A) —25 log6, onsa aanbHero:
G(0) = 0, nepecuuTaHHas no (3.14) OTHOCUTENBHO MakCUMaNbHOIro KO3 duLmneHTa
YCUNEHUS aHTEHHbI.

YpoBeHb 60koBoro nanyvyeHnsa ABO 6e3 akpaHa (cM. puc. 3.64) B cekTope
61mxKHEero 60k0BOro nany4eHns MHoro Hmke JH MC3 Toro BpeMeHu, a panbHero —
HVXXe YPOBHSA M30TPOMHOI0 N3NyYeHNs.

[H aHTeHHbl 6e3 akpaHa, Bk/tovas nepBble OOKOBbIE NIENECTKN, YAOBNETBOPSIOT
n 6onee no3gHum H MC3: (3.4) n (3.11), a c He6oNbLIMM NPEBbLILLEHNEM (Ha 2 —
3 ob), npnyem Tonbko B6AM3KN 3a4HEN0 U3NTy4EeHUsT — YHMBEpPCabHbIM (3.15) —
kpmBas 2. 3awmTHoe aerictene ABO npuMepHO TOro xe nopsaka, 4to U 3almTHoe
0elicTBrne 0CECUMMETPUYHOM aHTEHHbI C YINIOM PacTBOpa, PaBHbIM YIily pacTBopa
ee ncxogHoro napadononga (2, = 192°), 1. €. 3Ha4MTEeNbHO 6onee rmybokoro, 4em

3epkano ABO, nmetowen yron pacteopa 2y, = 83,3".

YpoBeHb GOKOBOro M3sy4e- v % T R— &
Hus ABO c ManbiM akpaHoMm, puc. | | ot T LT e o s
3.65, MHOro HMXe YPOBHS CTapbIX } @“ ‘ K | @,_
OH MC3 (kpueas 1) B npeaenax . oo [T /4 i N 2
BCEro KpyroBoro Cektopa ropu- b Sl e NS
30HTasILHOM MIocKoCTH, BKMoYas | [ T IR, ! i, 2 EERERERR A
1 3aiHee NosyrnpoCcTPaHCTBO. -\;q—;"" i A fIH SL_ iatlde |
Ot H ynoBneTBoOpsIiOT U YHU- o e W@ ko 0 AW
BepcanbHoii (kpueasa 2) AH MC3 E T T g _%’__:__
(3.15), npuyeM B CeKTope Yo = AR R S N LT
+(36° < 0 < 180°) ¢ 3anacom, RidboboL R L : s
paBHbIM NpuMepHo 10 ab. Puc. 3.64

OKpaH YMeHbLLAET YPOBEHb o v - ) » ] -
hanbHero 60K0BOro U3Ny4eHns B o TR Rl == AT 7 i N
cekTope yrmnoB %=(30° + 180°), Bksto- B bl . -
yasi 3aHee MosyrnpPOCTPaHCTBO, B 8. i N w0 ——e
rOe y aHTeHHbl 6e3 3KpaHa OH Han- | = EAmEE N TN T e
©osnee BbICOK) MPMMEPHO A0 YPoB- | [ T T il
Hs -58 OB, T. e. Ha 20 ob Huxe SehiAE T Hemn I IAEERE AL SR
N30TPOMHOrO. AHTEHHA C TaKV M A tm, T .
YPOBHEM BOKOBOI0 U3Jy4eHst SiEecasnsEsEn j}:ﬁ?j1 BERPARBERBERES
MOXET BbITb OTHECEHA (M0 Mexay- | ook R g Db

HapPOOHOM TEPMMHONIOMNK) K KIaccy Puc. 3.65
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BbICOKOKQYE€CTBEHHbIX aHTEHH, HEC-
L s thve || MOTPS HA TO, YTO OHa MMeeT Cpas-
@ HUTENbHO HEGONBLLION OTHOCUTESb-
A% | Hbili paavep (D/A = 31).
f YpoBeHb 6OKOBOro nany4ye-
b Hyst ABO ¢ 60bLLMM 3KPAHOM,
RPN B pvc. 3.66, B cekTope yrnos
Puc. 3.66 +(65° + 180°) HMXe YPOBHS LLYMOB
N3MEePUTENbHOW YCTaHOBKMN (HMXe
EINEIP = amn vns=NEARENR «:| -60 AB).
‘2@};&’_ » 'nﬁ .. o Bye | [H aHTeHHbI ¢ 60nbLLIMM
R nu v T A\ 9KpPaHOM YAOBNETBOPSIOT HE
\ 21427, | TONbKO BCEM NPYBEIeHHbIM Bbille
~_-| AH MCD3, Bkntoyas yHMBepcarsb-
.| Hyto (3.15). B aTom cnyyae B
i obnacTv ganbHUX U 3agHUX Nene-
——L]—| CTKOB 3anac eLie 60nbLue, YeM Y
AHTEHHbI C MabiM 9KPaHOM.
Kpome Toro, atn JH MHOro Huxe
M rapaHTUPOBAHHOIO YPOBHS
Puc. 3.67 GOKOBOI0 U3NTy4EeHNst KOHNYECKOW
PMA (WTpmX-NyHKTUP), UMEIOLLLEN
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Takom xe KOaPUUNEHT YCUNEHUS.

[OH aHTeHHblI B BEPTUKANLHOW NJIOCKOCTU, U3BMEPEHHbIE Ha 06eunx nonspu3aa-
umsax (nn. E — cnnowHas nuHma, nn. H — nyHKTUP) Npy Hanmynum 60bLWOro aKkpaHa,
nokasaHbl Ha puc. 3.67. BosbLUOK 3KpaH YyMeHbLUAET YPOBEHb AaflbHErO BOKOBOIO
n3nydeHms ABO B nn. E. noyTtn 0o ypoBHs ero B 1. H. AHTEHHa C 3TMM 9KpaHOM U B
BEPTUKALHOW NJIOCKOCTN MMEET YPOBEHb BOKOBOIO MU3/TyHEHMUSI MHOIO HMXE CTapblX
OH MC3 (Wwtpux-nyHKTMP).

Kpome Toro (3a uckniovyeHnem HebobLLOro CEKTopa YriioB B panoHe 75 rpagy-
coB) [1H aHTeHHbl yoOBNeTBOPSIOT 1 yHMBepcaabHbiM JH MC3 (3.15), npnyem B
6osblUe YacTn 3aQHEro NonynpocTpaHcTea ¢ 3anacom npumepHo B 10 ob. Ypo-
BEHb AMDPaKLMOHHbIX JIENECTKOB B 3TOI MAOCKOCTM MOXHO AOMONHUTENBHO YMEHb-
LWNTb 32 CHET UCMNONb30BaHUSA 3yB4aTOro aKpaHa, yCTaHOBJIEHHOMO MO BEPXHEN
KPOMKE aHTeHHbI (CM. pa3gen 3.4.3).

Kpoccnongapusaumnsa ABO cpasHuma ¢ PIA, nMetoLLLen NPpUMEPHO TOT XXe Yron
pacTBopa MCx04HOro napabonovaa.

Makcumymbl Kpoccnonapusaumm JaHHOW aHTEHHbI HA IMHEWNHOW Nonspu3auum
He npeBblwaioT -17 b, a MMHMMYM B HanpaBNeHUM MaBHOIO U3y4EHNS COCTaBNS-
eT ~ -50 gb, 4To He NPOTUBOPEYNT COOTBETCTBYIOLLMM 3HAYEHUAM, 3aJI0XKEHHbLIM B
yHuBepcanbHyto JH (3.16), a Ha KpyroBoii nonspuaaumm, kak y>xe 6b110 ckasaHo,
MakCMMYMbl KpOCCNonsipm3aumm BOoOLLLE OTCYTCTBYIOT. YPOBEHb OOKOBOI0 KPOCC-
NonsipM3aLMOHHOr0 N3NYYEHNT Ha HECKOJIbKO AB HMXe OCHOBHOIO.

[aBHbIVi 1 NepBble 6OKOBLIE IENECTKN aHTEHHbI (MOKa3aHHbIe Ha NPUBEAEHHbIX
BblLLE PUCYHKaX B YBENMYEHHOM MacLuTabe) Ha 06emnx nonsapmn3aumsax n B 06eunx nno-
ckocTsx, B otnnyme oT PIA ¢ 06bl4HbIM PP, npakTrnyeckm naeHTUYHbI.

LLinprHa rnaBHOro nienecTka B pasHbIX MIOCKOCTAX M HA PasHbIX NOSSpMU3aumsax
konebnetcs B npegenax 2°20'+5’, 1. e. OH NpakTU4YECKN OCECMMMETPUYEH, @ YPOBEHb
nepBbIx OOKOBbLIX NENeCTKOB konebnetcs B npenenax —(23+25) ab.
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KoaddurumneHT oTpaxeHns ot Bxoaa obnyyaTtens, KOTOpbIA B 3TON aHTEHHe ¢dak-
TUYECKMN W OMpenensieT ee cornacoBaHne C NUTAOLWMM TPaKTOM (BINSHUE NOoNs,
OTPaXEHHOro OT 3epkana, B AaHHOW CXeMe NpakTUYeckn OTCYTCTBYET), B paboyem
AuanasoHe He npesbiwaeT 2 % (KCB<1,04).

3alu1Ta aHTEHHbLI OT aTMOCdEPHbLIX 0CaAKOB OCYLLIECTB/ISETCS 3a CYET €€ CXe-
MHO-KOHCTPYKTMBHOIO peLleHunst, bnarogaps KOTOPOMY B J@HHOM aHTEHHE MOXHO
repMeTnanpoBathb Nnwb 06nydatens. Kpbillka, 3akpbiBatowas packpbiB pynopa,
COCTaBJIIET C FOPM30HTabIO Yron nopsaka 60°, 4To NPensaTCTBYET CKOMIEHUIO Ha
Hel naxe TBepAblx 0caakoB. JocTaToqHO «NPO3pavyHbiMU» O OCaAKOB SABNSIETCS U
OCHOBAaHWe aHTEeHHbIl. [109TOMY B BOMLLLUMHCTBE KIMMATUYECKUX PAiOHOB CTPaHbI
3Ty @HTEHHY MOXHO 3KCMJlyaTMpoBaTb O€3 YKPbLITUSI €€ B LLEIOM.

Mpn HEOBXOOMMOCTN aHTEHHA MOXET ObITb 3aKpblTa MPOCTbIM (HEFEPMETMNY -
HbIM) YEXJIOM M3 TOHKOM PagMonpo3pavyHoON MIEHKU, HE yXyOLIaloLEN SneKTpuye-
CKkMe napameTpbl aHTEHHbI, TaK KakK B C/ly4ae NOBPEXAEHUS MIEHKN PUCK HEBENTUK —
aHTeHHa Bce PaBHO OCTaHeTCcs paboTOCNOCOOHOM.

CpasHeHwne ABO ¢ koHuveckon PMA [21], nmetoLwein NpruMepHO pPaBHbIN OTHO-
CUTENbHbI AnaMeTp packpbiBa, Nokasasno, YTo OHa (Mpu NCMNOoJIb30BaHUN B KA4eCTBE
obnyyatenss PPUMNOKC) no cBoMM a1eKTPUYECKUM NapamMeTpam He TOJIbkO CoM3me-
puma c PlA (¢ 06bl4HbIM PP), HO gaxke NnpeBoCXoamnT ee Nno 60NbLUMHCTBY U3 HUX,
Bkto4aa 3ddEKTUBHOCTbL, YPOBEHL NepBbiX 60KOBLIX ienecTkoB U KCB. YkasaHHble
napameTpbl y paccmaTpuBaemoii PIMA cooTBeTcTBEHHO paBHbl: 0,55, -18 ob u 1,06.
Mo ypOBHIO MaKCMMYMOB KPOCCMONSAPM3aLmMn 3T aHTEHHbI COM3MEPUMBI.

Taknm ob6pasom, gaHHas ABO (c onTuMmnanpoBaHHbiM 06ydyaTenem B BUae
PPUMOKC), nmetowias aHaunTenbHO MeHbLUMe rabapuTbl 1 MaTePUanoeMKoCTb,
MOXET C ycrnexom 3ameHunTb PIA B Tex cnydasx, korga He TpebyeTcs ee npucoean-
HEHWS K XXECTKOMY BEPTUKASIbHOMY BOJIHOBOLHOMY TPaKTY.

ABO c oGnyyaTtenem, UMeIoLLUM ABYCKaTHbIN NOMOLLAI0-
wwun pnaHey (cm. pasgen 1.4.5), KOTOPbIVN NO3BOASIET AOMNOSHN-
TeNbHO YNYYLWUTb MNOMEX03aLWMLLEHHOCTb aHTEHHbI, MOKa3aHa Ha
puc. 3.68 [54].

Mpw yctaHoBKe 06y4aTens ¢ ABYCKaTHbIM NOTMOLLAKOLLMM
dnaHueM Takum 06pa3oMm, YTO ero AJIMHHbIE oBpasyloLlme nexar B
BEPTUKABbHOW NJIOCKOCTU, HE TOJIbKO AOMOSIHUTENBHO YBENNYNBAET-
CS1 3alUNTHOE AENCTBME aHTEHHbI JaXe NPW OTCYTCTBUM 3KpaHa, HO
M yMeHbLuaeTcs, 6narogaps ABYCKaTHOM KpblLKe, BEPOSITHOCTb CKO-
NniaeHns Ha Hel ocaakoB Niodoro Buaa (Bodpl, CHera, nbaa).

Puc. 3.68

3.5.3. lLiupokoamnana3zoHHass ABO ¢ BepTukanbHbIM BbIXO40M 006ny4yarens

LnpokogmanazoHHasa ABO ¢ BepTukanbHbIM BbixogoM obnydatens [30]
BbIMOJIHEHA Ha 6a3e NCNoNb30BaHUsA O4HOro n3 moaudgukaunin PPN. OHa 6e3
3aMeHbl U NepecTpoiikm obnydatens paboTaeT No4yTn B 4-x KPATHOM Nonoce
yacToT.

KoHCTpyKUMS aHTeHHbI, puc. 3.69, Heckonbko HanomuHaeT PI1A, Ho ee BepTU-
KanbHbI pa3mep CUNbHO yMeHbLeH. OHa cocTouT 13 napabonunyeckoro 3epkana 1,
pynopHoro obnyyatens 2, akpaHa 3 n pambl 4.

3epkano MMeeT Kpyrblii packpbiB 1 NpeacTaBnseT cobor Bblpe3ky U3 napabo-
nonaa BpaleHus uunmHapom guametTpa D.

Pa3mepbl 3epkana (cMm. puc. 3.60): D=2R=1,5m, F=0,575m, x4 =0,3 ™m;
Xg=1,05M;x,=1,8Mm,y; =29,2°; ¢, = 114,8°, 2y, ~85,6".

O6ayyaTens, BbinosHeH no cxeme PPUMOKC (cm. pasgen 1.6.2).
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Pa3mepbl 06nyyaTens:
2R hax = 780 MMm; 201, = 90°, 204 = 57,
Yno = 157 Bo =27°; A= 87,5 mm; amna-
MeTp ceveHuns BosiHoeoaa 2r = 70 mm.

[eomeTpuyeckme pasmepsbl 3epka-
na n obnyyatens BbldpaHbl TakuUMm
06pa3om, 4TO NMpu yCTaHOBKE 3TOro
pynopa B NosoxeHune, 651M3koe K onTu-
MaJibHOMY, ero BOJIHOBOOHbIN BbIXOZ,
HanpaeJfleH BEPTMKANIbHO BHU3. OTO
no3sonseT npucoeanHaTb ABO, kak n
PMNA, K XecTkoMy BEPTUKAIbHOMY BOJ1-
HOBOAHOMY TPaKTy 6e3 JOMOJIHUTENbHbIX N3rnboB.

OKpaH, ynyyLarLwmi NoMexo3aLnLLEHHOCTb aHTEHHbI, NpeacTaBnseT cobon
BHWN3Y YaCTb MOBEPXHOCTU KOHYCA, a BBEPXY — UMAnHapa. Takon akpaH, He3Hauu-
TeNbHO yBenuumBas rabapuTbl aHTEHHbI, CYLLLECTBEHHO YJly4LUaeT ee NoMexo3aLum-
LLEHHOCTb U OAHOBPEMEHHO (BMECTe C pebpamMm XXeCTKOCTN) CY>XUT HECYLLLEN KOH-
CTPyKUVEN.

CHM3y 3KpaH yceyeH NnocKoCTbo, coBnaaaroLLer ¢ nnockocTtbio YOZ. BeicoTa
skpaHa h, = 0,95 m. NpaMonnHenHbie KPOMKIM 3KPaHa MOXHO 3aMEHUTb KPUBOJIU-
HEeMHbIMN, KaK 3TO OblJI0 cAenaHo B CepuiiHoMi aHTeHHe (cM. pasgen 3.6.3), 4To
NO3BOJINT UCKJTIOYUTL MNOSIBNIEHNE B TOPU30OHTaNIbHOW NAOCKOCTU YBESIMYEHHbIX
OMbPaKkLMOHHbIX enecTkoB. NMoapobHee 0 KOHCTPYKLMK 3kpaHa cka3aHo B [30].

Pama ocHoBaHug 4 BbINOJIHEHA B BUAE PELLETKN C 4OCTAaTOYHO 60NbLUMMU NPO-
cBeTamMm, 4TOObl HE A0MNYCTUTb 3HAYNTENBHOIO CKOMJIEHUS HA HEW BOAbI, Nibaa U
cHera.

3alumTa aHTEHHbI OT aTMOCAEPHbIX 0CAAKOB OCYLLECTBASETCHA, B OCHOBHOM,
6narogapsi KOHCTPYKLUMM CaMOol aHTEHHbI U 06nydaTens. MnocKocTb KpbILWKK 0611y~
yaTesns 3a CHEeT YIIOB Y, = 15° 1 By, = 27° COCTABNSAET C FOPUIOHTASIBIO Yron 42°, 4To
NPensTCTBYET CKOMJIEHNIO HA €€ NMOBEPXHOCTM Aaxe TBepAbIX 0CaAKoB (Nbda u
cHera).

[Mo3TOMy BO MHOMMX KNIMMaTMYECKUX paioHax aTa aHTeHHa, HECMOTPS Ha BEP-
TUKaNbHbIM BONTHOBOOHbLIN BbIXOA 061lydaTens, MoxeT, B oTinyume oT PlA, akcnnyatu-
poBaTbCs 6€3 YKPbITUSI U C HEFEPMETUYHbBIM YKPbITUEM N3 TOHKOW MJIEHKW, Tak Kak
ee obnyyaTenib repMeTM31POBaH OTAE/IbHO M aHTEeHHa B Le/IOM B repMeTn3aLmn He
HyxxgaeTcs. 9T0 SBNSETCS O4EPEOHbIM, MPUYEM O4EHb 3HAYUTESbHbLIM, NPENMYLLIE-
CTBOM 3TOM @HTEHHbI N0 cpaBHEHMIO C PIA.

AneKkTpuyeckue napameTpbl 06nyyaTens onpeaenstoTcs ero CXeMom 1 reo-
MeTpuyecknmMimn paamepamu, obecneynsaowyMmy paboTy B O4eHb LUMPOKON Hernpe-
PbLIBHOW MOJIOCE YaCcTOT, NepPeKPbIBAIOLLEN HECKOJIbKO AMana3oH0B, BblAENEHHbIX Os
PPJ1 (4, 6, 8 u paxe 11 'Tu). OToMy cnocobCcTBOBaAN 1 O4EHbL Masblii Yron pacTBopa
Manoro pynopa.

Puc. 3.69

90° -60 -30 0 30 60 90°-90° 60 -30 0 30 60 90° [IH o6ny4atens, name-
y L , ! Vf \H ' | peHHble Ha yacToTe 5,92 Ty
/. c -15 —H E/-/ 15 i 1 Ha PACCTOSIHUM, MPUMEPHO
L L X ‘ i 13 COOTBETCTBYIOLLLEM PACCTOSI-
AN A WJ’ M\ | Huio OT dokyca 3epkana fo
e L 45 pp——4 o 45 gs—— | ||enTpa ero packpbiBa, noka-
Puc. 3.70 3aHbl Ha puc. 3.70.
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B nonepevHoi nnockocTtu (cMm. puc. 3.70, cnesa) [IH Ha 06enx nonapusaumsax
WAEHTUYHbLI U CUMMETPUYHBI. OHM MMEIOT 3HAYNTENBHYIO KPDYTU3HY CKaTOB IMTaBHOMO
JfienecTka 3a npegenamm paboyero cekTopa yrfiioB U HU3KUIA YPOBEHb BAVXHErO U
hanbHero (OH 34ecb He nokasaH) 60KOBOro N3nydYeHus.

B npogonbHoi nnockoctn (cMm. puc. 3.70, cnpaBa) — NiIOCKOCTU CUMMETPUN
pynopa JH no nonapusaumsam OTm4aoTCs HE3HAYNTENbHO, MMaBHbIA JIENECTOK
ACUMMETPUYEH, YTO MO3BOJIFET NOYYUTb M B 3TOW MIIOCKOCTU MOYTU CUMMETPUYHOE
OTHOCUTESNIBHO LEHTPA packpbiBa pacrnpeaeneHne amnanTyapl nons (B 4aHHOM Chy-
yae HyneBO€E HanpasyieHMe COOTBETCTBYET HaNpPaBEHMIO OCY BOJTHOBOAA).

Mpwn ncnonb3oBaHnn Takoro obnydaTenst apOeKTUBHOCTb aHTEHHbI 3HAYNTESb-
HO YBENNYMBAETCS, NPUYEM HE TOJIbKO B ONTUMU3VMPOBAHHOM AMANa3oHE, HO U B
NPUEraloLLNX K HEMY.

OpHako no mepe yaaneHust oT oNnTUMU3NPOBaHHOIo guanasoHa 1JH pynopa
NMOCTEMNEHHO OTKJ/IOHAETCH OT ONTuUManbHON. B ananasone 4 My, (1 H/1Xe) oHa nNpu-
onuxaetcs k JH o6bi4HOro PP, a noaTomMy LunpurHa rmasBHOro fenectka B ni. E yse-
JINYMBAETCH CO BCEMMU BbITEKAIOLLMMU NOCNEACTBUSAMU (MOBbILLEHMEM 06YyYEHUS
KPOMKM pyrnopa v nepensnyyeHmemM 4acTu SHEPrnuuv 3a npeaensl 3epkana). B oanana-
30He 8 [Ty, (1 BbILLIE), OCTaBasACb NOYTU OAVMHAKOBOM Ha 06eunx Nnonsapmnsauusx, rnas-
HbI TENEeCTOK MNOCTENEHHO CyXaeTcs. YpoBeHb 061y4eHNS KDOMKW pyrnopa 1 3epka-
nla npuv 9TOM YMEHBLUAETCS, YTO NPUBOANT K 3HAYUTENBHOMY YIYHLIEHMIO COrnaco-
BaHVS U MOMEXO3aLUULLLIEHHOCTN aHTEHHbI. HO 9 dEKTUBHOCTb @aHTEHHbI MPU 3TOM
nagaeTt. 3To 0COBEHHO 3aMETHO NPU OTKIIOHEHUN pabo4eit HacToThbl OT ONTUMAIbHOM
6onee 4eM B 2 pasa M OOBLACHAETCS TEM, YTO Ha 3TUX YACTOTax BIINSHNE OCHOBHOIO
pynopa Ha rmasHblii nenectok H yxxe mano. PabotaeT, B OCHOBHOM, Ji1LLb Masbli
CUH(}a3HbIN pynop, rMasBHbIN 1ENECTOK KOTOPOro B 3TOM Anana3oHe CTaHOBUTCS
HACTOJIbKO Y3KUM, 4TO nepmndepmns OCHOBHOIO 3epKasna MOXeT 061y4aTbCcs Aaxe
nepebIMM 60KOBbLIMUK Nenectkamn. OgHako 1 B 3TOM Cllydae aHTEHHa OCTaeTcs BMOJ-
He paboToCnoCcoOHOM 1, 3a UcktoYeHnem apEHEeKTUBHOCTU, ee OCTallbHble Napame-
TPbl, BKJIIOYAsS NOMEXO3ALLNLLEHHOCTb M COrNacoBaHNE, ynyyLlaloTCs.

AnekTpuyeckue napameTpbl aHTEHHbI OblNN UCCeaoBaHbl (6e3 3aMeHbl U
nepecTponkn obnydyarens) no4Tu B 4-X KpaTHOW NMOJIOCE 4YacToT.

KoadduumeHnt yeunenus (KY) n koadpduumeHT ncnonssosanus (KUIMM), kotopble
NPakTUYECKM HE 3aBUCKAT OT NONSpU3aumn NpnBeLeHbl (B 3aBUCMMOCTU OT YaCTOThI)
Ha puc. 3.71 (To4ykamum 1 KpecTMKamm, KOTopble NPakTUYECKM COBMNaAaloT, NOKa3aHbl
3HaveHus KY Ha AByx nonsipmn3auusx).

C yBenunyeHuem vactotbl oT 3,3 'y, go 10,5 Ny, abcontoTHoe 3HaveHne KY
NaaBHO YBENNYNBAETCS, a 3aTEM HA4YMHAET O4EHb MEAJIEHHO YMEHbLLATHCS N3-3a
CHuXeHus KUIM, koTopblin, 0a4HaKO, NpY NEPEKPLITUN NOYTU 3-X KpaTHOro Anana3oHa
(Ha yacTtoTax MeHble 10 M) coxpaHseTcs Bbiwe 0,5. U Tonbko gocTuras 4acToTbl
12 ['Tu, 4TO COOTBETCTBYET NEPEKPLITUIO NMOYTU 4-X KPATHOrO AManasoHa, nagaeT oo
0,3. Ho u a10T, 4-X KpaTHbIA, AMana3oH MOXEeT OblTb JOMNOSIHUTENBHO PaCLUMPEH B
CTOPOHY OJIHHBIX BOJIH, €C/N HET MOBbILLEH-

HbIX TpeboBaHuin kK KCB, Tak kak CO CTOPOHbI KMN, KY.ab
HVXXHUX 4acToT (Mpwn JOCTaTo4HO BO0SbLLOWN 08| 42 v LRl
pacdasnpoBke pynopa) pabouumin anana3oH 0.7 40 o i
OrPaHUYMBAETCS MaKCUMANBHO AOMYCTUMbIM | %8| 38— DAl Lo
3HaueHnem KCB. 031 38 4 J

CornacoBaHve aHTeHHbI C MUTaoLWWM 041 34— <
TpakToM, puc. 3.72, coxpaHsieTcst OCTaTOYHO S

Puc. 3.71
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KCB XOPOLUMM BO BCEM UCCTIEA0BAHHOM, MOYTU
1,08 ] AN 1{ 11 __‘L 4-x KpaTHOM, AMana3oHe 4acToT gaxe 6e3
104N S 1T -1 | onTMMU3aLMK obnyyaTens no cornacosa-
EERTEANEL A= fe==}= | | HMi0. HO B AVIMHHOBOJTHOBOW YacTu Anana-
1,0 4 5 6 7 8 9 10 11, rry | 30HA NpM nonepedyHon nongapusaunm (1)

Puc. 3.72 KCB 3HaunTenbHO Bbille, YEM MpU Npo-
[ONbHOW nonsipmsauum (2).

YeennyeHue KCB npu nepexoae k 6onee AnMHHbIM BOJIHAM NPOMCX0OUT NOTO-
MY, YTO C YMEHbLLUEHMEM 4aCTOTbl [MaBHbIM TIENECTOK pyrnopa B na. E pacwmpsercs,
a No3TOMY yBENIMYMBAETCS BKJIaZ KPOMKM OCHOBHOMO pyrnopa B 00LLEee OTPaXeHHoe
none. Paznuine KCB no nnockocTtsiM o6bsaCHAETCS TeM, YTO NpU NPOA0SbLHON Nons-
pr3aumm NOoBbILLEHHBLIM YPOBHEM 061y4al0TCA TE YaCTM KPOMKM pyrnopa, KoTopble
CUNbHO pacdasnpoBaHbl, 4TO 1 BeaeT K cHmxeHunio KCB, a npu nonepe4vHoi nons-
pr3auunm CUrHan, OTPaXeHHbIN OT NPOTUBOMOJIOXHbBIX TOYEK KPOMKW, PACMHONOXEH-
HbIX CUMMETPUYHO, cknagbiBaeTcs B dasde n KCB yeennunsaetcs. Kpome Toro, B
[AHHOM UCMNOIHEHUM @aHTEHHbI 061y4aTeNb YaCTUYHO HAXOOUTCS B 30HE AENCTBUS
HXKHEN 4aCTu 3epkarna, 1 OHO (Ha HUXXHMX YacToTax, rae rmaBHbiv nenectok JH
obnyyaTenst B nnockoctu E paclumpsieTcs) Takke oka3blBaeT HEKOTOPOE BIUSIHUE Ha
cornacoBaHue. O4yeHb HM3koe (1,02 1 HUXe) 1 NPaKTUYeCKU He3aBMUCUMOE OT Nons-
pu3auumn 3HadeHne KCB Ha yacToTax Bbiwe 7,5 M, 00 bACHAETCH TEM, HTO B 3TOM
ciny4yae U KpoMKa OCHOBHOIO pyrnopa, 1 HUXKHAS 4acTb 3epkana 061y4aloTcs 04eHb
HU3KNM YPOBHEM 1 NPAKTUYECKN HE BHOCST CBOEIr0 BK1aA4a B OTPAKEHHOE Mone.

Ecnu aHTeHHa npegHa3HayeHa ans paboTbl B Nos0oce oAHOro paboyero gunana-
30Ha UK COrMacoBaHWe aHTEHHbI HEOOX0AMMO YNYYLNTb B KAKOM-1TM60 OAHOM U3
AManasoHOoB, TO 3TO MOXHO cAenaTb N0 METOANKE, N3IOXEHHON B pasaene 1.7.

lapaHTmpoeaHHblie IH [30], nocTpoeHHbIe kak ormbdatoLme MakCMmMymMom 60Ko-
BbIX JIENECTKOB HECKOJIbKMX 3KCNEepPUMEHTasbHbIX [1H, M3MepeHHbIX B rOpU30oHTasb-
HOI NNOCKOCTM Ha YacToTax 3,65 (D/A = 18,25) n 5,92 'y, (D/A = 29,6), aaHbl HAa
puc. 3.73, a Ha yacTtoTax 8,15 (D/A =40,75) n 11,2 Ty (D/A =56) — Ha puc. 3.74.

0
o
KY=335na8f=3,65rru  -20(17) Ky=37,528, f=5,92rry
20 e SR8 T3,
NCCSRLTTT T TTTTTT] -40 \\\‘-....___ I M e
v e . ] S8 i L
40 EEG=VNENA SRS S NN i RN
oL LTl [ [ [ [[ ] -60 1 NARNE
0 30 60 90 120 150 180° 0 30 60 90 120 150 180°
Puc. 3.73
0 (&5 0 A8
L
20 KY=39,55s, f=8,15rry 20 R KY=4104z6 f=11,2rru
-40 “ r\\{\ 40 “"“L\f 3
N ===l N TTREHA
o 1 T T 60— =t
60 SN=VINNENEREEN [T s
0 30 60 90 120 150 180° 0 30 60 90 120 150 180°
Puc. 3.74
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Ha aTux e pucyHKax LUTPUXNYHKTUPHOM NruHMen nokadaHbl JH MCO (anein-
CTBYIOLLME HA MOMEHT pa3paboTKn 3TOW aHTEHHbI), pacCYMTaHHbIe MO GopMye:
G(p) = 52 — 10log(D/A) —25 loge v nepecymTaHHble no (3.14) oTHOCUTENBHO G,y
6e3 orpaHn4eHns Kakum-1mbo GUKCMPOBaHHbLIM YPOBHEM, Kak 3TO NPUHATO N
6onblNHCTBA coBpeMeHHbIX IH MC3 (cm. pa3aen 3.1). Bce rapaHTupoBaHHbIe (U1,
Tem Oonee, peanbHble) H ynoBneTBopstoT He Tonbko ato JH MC3, Ho n 6onee
nosgHuM, BkItovas yHmuBepcanbHyto JH (3.15), npmnyem npu 36° < ¢ < 180° B 0CHOB-
HoM ¢ 3anacom 6onee 20 gb. C yeenuyeHnem D/A 9TOT 3anac B yka3aHHOM CEKTOpe
YI70B YBENMYNBAETCS, YBENMYMBAETCS 3anac 1 npu yrnax < 36°. PeanbHble JH
aHTEeHHbI (OHW 34eCb HE NPUBEAEHDI) B CEKTOPE BMXKHUX (anepTypHbIX) NenecTkoB
npakTMYeckn yaoBIeTBOPSIOT U camoi ctporon H (3.12), nenctBntensHom ans
PMA n ABO co cnabbiMm 0651y4eHmeM kpas 3epkana (¢ manon addekTMBHOCTL0). U
3TO, HECMOTPS Ha TO, YTO B AnanasdoHe 4 1 6 Ny, jaHHas aHTeHHa MMEET BbICOKYIO
9P DEKTUBHOCTb, NPUYEM NPU HEDOJILLLOM OTHOCUTENIBHOM pa3mepe 3epkana.

Cnenyet oTMETUTb, YTO aOCONIOTHYIO MOMEXO3ALUMLLLEHHOCTb 3TON aHTEHHbI
onpenennTb He yaanoch, Tak Kak paboyunii anana3oH U3MepPUTENbHOM YCTaHOBKMN
coctasnsan 60 ob B ananasoHe 4 'y n 70 nb — B guanasoHax 6, 8 u 11 My, 4to
0Ka3anoCb HEAOCTATOYHbIM NPU n3mMepeHnn J1H aHTEHHbI CO CTOJ1b BbICOKOM NOMeE-
XO3aLWMULLLEHHOCTbIO.

3allMTHOE AENCTBME aHTEHHbI B pa3HbIX Ayana3oHax 1 Ha pasHbiX nonsipusa-
LUMSX Pa3NYHO, HO €ro rapaHTMPOBAHHOE 3HAYEHNE B CEKTOPE YITIOB HE MEHEE
180°+45° coctaensiet 6onee 20...30 ob.

YpoBeHb KPOCCNonapmn3aLmmn B rMaBHOM HaNpPaBAeHWUW, HECMOTPS Ha BbICOKNE
MakcuMyMmbl, He 6onee -40 ab.

B Tabnuue npmBeaeHbl OCHOBHbIE NapaMeTpbl aHTEHHbI HA CPEAHNX YacToTax
Tpex avana3oHoB, BbiaeneHHbix ana PP, rne KU Bbiwe 0,5.

HO

Yactota, D/A KY, nb Kun nb, 20y 5 [[() . KCB*

My nb nb

365 T 18,25 33,4 0,66 -17 3728 -13 <1,07
B 33,3 0,65 -27 4 -15 <1,04

592 T 29,6 37,6 0,66 -25 2°40’ -15 <1,05
B 37,6 0,66 -24 2°40’ -14 <1,03

815 T 40,75 39,8 0,59 -30 22 -17 <1,02
B 39,4 0,53 -30 1°50' -19 <1,02

B Tabnuue npuHaTel cneayowme o6o3HaveHust: ' v B — ropnsoHTanbHas
(nonepeyHas) n BepTmkanbHaa (MPoaobHada) nonsgpmaauns, COOTBETCTBEHHO; KY —
koadbunumeHT yeunenms; KUM — koadpunumeHT ncnonb3osaHma nosepxHocTu; Nb
— YPOBEHb NepBoro 60KOBOTO JIENECTKa; 26y 5 LUMPWHA [1aBHOrO JIENecTKa no ypoB-
HIO NONOBUHHOW MOLWHOCTH; KI5« — YPOBEHb MakcMmym kpoccnonspusaumm; *KCB
— KO3bDUUNEHT CTOSIHEN BOJIHbI, UBMEPEHHbIN B NPeAenax Kaxnoro n3 paboumx
Onana3oHoB, BblaeneHHbix gnas PPJ1.

MapameTpbl aHTEHHbI B Pa3HbIX YACTOTHbIX Anana3oHax Obliv N3MepPEHbI Npur
MCNONb30BaHNN KOHNYECKUX BOJITHOBOAHbIX MEPEXOAOB OT CEYEHMSA BOTHOBOAA ANa-
MeTpoM 70 MM K TUMOBOMY (AN UCCNeAyeMOro ananasoHa) cevyeHmto. Boamox-
HOCTb COBMELLEHNSA HECKOJIbKMX YACTOTHbIX ANAna3oHOB B €4MHOM BOJTHOBOAHOM
TpakTe TpebyeT 4ONONHUTENBHOM A0PabOTKN N UCCNEeA0BaHMUS.

B maHHO aHTEHHE He TONbKO peann3oBaHbl BCE OCHOBHbIE AOCTOMHCTBRA Pl1A,
BKJ1tO4as1 BO3MOXHOCTb HEMOCPEACTBEHHOIO (6€3 BOTHOBOAHOIO U3rnba) npncoe-
OMHeHNs obnyyaTens K XXeCTKOMY BepPTUKalbHOMY BOJITHOBOOHOMY TPakTy, HO U
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YCTPaAHEHbI MOYTN BCE €€ HEQOCTATKN B HACTU KOHCTPYKTUBHBIX U 9NIEKTPUYECKNX
napamMmeTpoB.

VcknioyeHmne cocTaBAseT NOBbLILLIEHHbIN YPOBEHb KPOCC-NONMSAPN3aLOHHbIX
MakCMMYMOB, KOTOPbI B 32BUCUMOCTU OT H4acTOThl U Nonsipusauum konebnercs, kak
ny PMNA, B npegenax —(13+19) ob. Ho Tak kak B HanpaBneHUM IMaBHOIro N3ny4eHns
YPOBEHb Moss Npu Kpocc-nonapusaummn 6onee —40 ab, To Npu TOYHOM IOCTUPOBKE
AHTEHHbI, KOTOpPas, Kak NPaBuio0, UMEET MECTO BCErga, 9TOT HEAOCTATOK HE JOIKEH
BNMATb Ha paboTy PPJ1, ecnn kK 3aTOMy napamMeTpy He NpeabsaBaseTcs Ype3MepHbIX
TpeboBaHWMA.

Takum 06pas3om, BbIroAHO oTamyatoLwasacs ot PMA Hebonblunmm rabaputamu, a
noasTtomy 6onee nerkas u MeHee matepuanoemkasi, 4em PIA, aHTEHHA, BbINOSHEH-
Has no cxeme ABO, obecnedrBaeT 6€3 3aMeHbl U NEPECTPONKM 0bslydaTens coms-
Mepumble ¢ PTA 1 6onee BbICOKME 3NeKTPUYECKMe napameTpbl Npu paboTe B 3-x
KpaTHoM nonoce 4acTtoT. CoxpaHaeT oHa paboTOCNOCOOHOCTb, XOTS U MNPV MeHbLLEn
9¢dPEKTUBHOCTH, HO 3aTO NPU JIy4LLEM COMACOBAHUN C MUTAIOLLMM TPAKTOM U JTyY-
Len NoOMexo3almLEHHOCTU, 1 B 4-X KPaTHOM Nosnoce.

Mpwn HaNMYMM HECKOSIBKUX CMEHHBIX 00NyHaTenen, onTMMM3nNPOBaHHbIX O
OJHOr0 NN OBYX CMEXHbIX AMana3oHOB, MOXHO peanm3oBaTtb U 6onee BblICokMe
napameTpbl, B YHaCTHOCTWU, 00EeCneyYnTb B KaXA0M U3 HUX MPUMEPHO OAMHAKOBYIO
(BbICOKYI0) 3P DEKTUBHOCTb. OTO ObINIO OCYLLLECTBIIEHO HA CEPUINHOM aHTEHHE
AHK-1,5 (cm. paspen 3.6.3).

Hannune BepTnkanbHOro BOJIHOBOAHOMO BbixoAa (Mpu Manblx rabapurax v
MacCe aHTEHHbI) JAEeT BO3SMOXHOCTb MCNOJIb30BaTh 9Ty @HTEHHY CO LUNPEHIE/IbHON
MadTOMN-BOSIHOBOOOM Tuna «LLinopa», B KOTOPO NUTAIOLLMIA BOJTHOBO, ABNSETCA
OOHOBPEMEHHO 1 Ma4TON-onopon (cMm. pasaen 3.6.5).

3.5.4. ABO c a/nmnTn4eckum u rnosiykpyriibiM packpbiBOM

AHTeHHa HeoceCcMMMeTpPUYHas C AIUNTUYEeCKUm packpbisom (AHJ) [54],
puc. 3.75, BoinonHeHa no cxeme ABO. OHa npepncTasnsieT coboli Bbipe3ky 13 napa-
6onounaa BpalLeHUs anaMnTUYEeCKUM LUMHOPOM C COOTHOLLIEHNEM OCEli B BEPTU-
kanbHow (Dg) n ropmsoHTansHom (D,) nnockoctn 1:2 1 pokKyCHbIM paccTosiHuem — F.
TR === llccneposaHua AH3 npoBoaunnchL Ha
’ﬁfﬁ ‘%gi AeiCTBYIOLLEM MakeTe B AnanasoHe

3 i 10,7...11,7 T,
; ¥ | OcHOBHble pa3mepsbl 3epkana
{ (puc. 3.76):
D,=2M,Dy;=1M,F=0,6 m,
Y x1=0,25M; x5 =0,75 M; x, = 1,25 ™m,
29y =69, 29y = 106°.

O6nyyaTenb aHTEHHbI BbINOJI-
HEeHHbI no cxeme PPN3 (cMm. pas-
nen 1.5.2), umeeT npakTn4eckun
OOVHAKOBYIO LUMPWUHY MMaBHOMO
nenecTtka Ha 06eunx nonspunsaymsx,

x2 HO MO MJIOCKOCTAM OH OTNIN4HaeTCHd B

~1,4 pasa, 4TO NPUMEPHO COOTBET-
% . CTBYET pa3/Inyunio No nNIOCKOCTAM
0 0 z yrnoB 061y4eHNs 4aHHOrO 3epka-

Puc. 3.76 na.
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KoaddurumneHT ycunenus (~ 42,6 ob Ha yactoTe 11,2 'TW) No4TM He 3aBUCUT OT
nonspusaumu, a KUM B nonoce padoyvero auanazoHa (10,7+11,7 I'Tu) konebnetca B
npenenax 0,62 + 68.

[OH aHTeHHbl AH3, npakTn4eckn oanHakoBble Ha 00eunx Nnonspm3aLmnam, 3Ha4m-
TENbHO OTIMYaeTca (BCNeacTBmMe pasnnyns pasMmepa anepTtypbl) MO MNAOCKOCTAM, Kak
Mo LUMPWHE IMaBHOro JIENECTKa, Tak U N0 YPOBHIO GOKOBOIro U3y4eHus.

3alnTHOE AENCTBME aHTEHHbI C 9KPAHOM, YCTAHOBMIEHHLIM CHM3Y (Ha puc. 3.75
n 3.76 oH He nokasaH), B cektope yrnos 180°+60° 6onbLue 27 gb, 4To No3BonsieT
oTHecTn AHD K aHTeHHaM C NOBbILLEHHO MOMEXO3aLUNLLEHHOCTLIO.

AH3 nossonsieT, npu paBHOM (C 0CECUMMETPUYHOW aHTEHHO) nnoLwaam
packpbiBa (U KO3PDULMEHTE YCUNEHNS), YMEHBLLUNTL YPOBEHb HOKOBOI0 N3JTyHeHUS
B FOPU30HTAJIbHOW MIOCKOCTU U YBENVUYUTL MI0LWaab packpbiBa (M KOIGGUUMEHT
ycuneHus) 6e3 yMeHbLUEHUS LUMPUHBI MaBHOIO JSlenectka B BEPTUKaIbHOM MI0CKO-
ctn. Oba aTn pakTopa ABMATCHA BECbMa BaXXHbIMU 151 aHTeHH PPJ1.

AHTEeHHa HeocecMMMEeTpPUYHaa C NONYKPYribiM packpbisom (AHI),
puc. 3.77, kak n AH3 nosBonseT nony4untb [H, noyTn ogmHakoBkble No Nonspusa-
LUMSM, HO HECKOJIbKO OTiiM4yatoLpmecd no naockoctsam H (1 no wmpuHe rmaBHOro
fienecTka, 1 no ypoBHio 60KkoBOro nanydenms). Ho, AHM, B otnnyne ot AHI, 3Ha4n-
TeNIbHO NPOLLE B M3roTOBJIEHNM, Tak Kak NpeacTaBnseT cobom No0BUHY OCECUMME-
Tpu4HOro napabdonounaa.

3epKanomM aHTEHHbI MOXET CIY>XUTb NOSIOBUHKA YXXE U3roTaBAMBaeMoro napa-
60mM4eckoro 3epkasa 0CeCUMMETPUYHOW aHTEHHbI, KOTOPOE KOHCTPYKTMBHO COCTO-
WT U3 ABYX YacTei. ITO ABNSETCS BaXHbIM KOHCTPYKTUBHbLIM 1 TEXHOJIOMMYECKUM
npenmywectsom AHIM no cpasHeHuio ¢ apyriumm ABO.

3allUnTHbIV 9kpaH (Ha puc. 3.77 paHa doTorpadurs aHTEHHbI
6e3 3KpaHa), KOTOpbIil 04EHb JIErko 1 YA0OHO NpMCoeauHAETCS K
HUXHEN YacTu 3epKana, MOXeT ObITb BbINONHEH (B pa3BepTke) B
BUAE KPYrOBOr0 CErMEHTA UK TYMOYrosibHOrO TPEYroibHUKA C
NPAMOIMHENHBIMU (HO NyyLlEe «BOrHYTbIMW») CTOPOHamu. Kpyro-
BOV CErMEHT U TYNOYrOJIbHbIN TPEYrOSIbHUK C «BOMHYTbIMU», CTO-
poHamu obecnednBatoT obLee «pa3masbiBaHne» AndpakLMOH-
HbIX N1enecTkoB (6e3 nx GOoKyCUPOBKM NOA, ONPeaeNeHHbIMY yrna-
MK) nNo 6osiee HN3KOMY YPOBHIO C MakCMMaJsibHbIM ero nogasne-
HVeM B 06/1aCTV 3aAHENO U3NYYEHUS.

O6ay4aTens MOXET ObiTb BbINONHEH B Buae PPUap, PPUNp  pyc. 3.77
(npepnoyTuTENnbHEE C ABYCKAaTHBIM cpe3om) unmu PPU kakown-
nnbo gpyroin mogudukaummn (cm. pasgensl 1.4 — 1.6).

B naHHO aHTEHHE MOXET BbITb MCNONb30BaH 06y4aTeNb AaXe U B BUOE CUM-
METPUYHOro (KoHM4eckoro nnu nupammaansHoro) PPU, PPUMOKC wnu PPU c aBy-
CKaTHbIM Cpe30M. HO B 3TOM criyyqae (Mpuv 04EHb BICOKOW MOMEXO3ALLVLLIEHHOCTHY B
rOpPU30HTasIbHOM MIOCKOCTU) 3P DEKTUBHOCTb @HTEHHbI BYAET HECKOJIbKO HUXE.

OJeKkTpuyeckne napaMmeTpbl aHTEHHbI C NONYKPYIIbIM PACKPbLIBOM MO CBOUM
npenMyLLLeCcTBaM aHanornyHel napametpam ABO ¢ annmnTuyecknm packpbiBOM 1 BO
MHOrOM OMnpenensitoTcs napaMmeTpamMm BbIbpaHHOro obnyyarens.

3.5.5. Bbibop onTumasibHOV pOpMbI pacKpbiBa

Mpw pazpaboTke N oNTUMN3aunKn 3epkasibHbIX aHTEHH B OONIbLUMHCTBE Ciy4yaeB
NMepBMYHON (MCXOOHON) ABNSAETCA CXeMa aHTEHHbI, @ BTOPUYHOWM (uckomon) AH
obnyyaTensl, KOTOPYO CUHTE3MPYIOT (MK NOABUPAIOT) UCXOAS U3 CXEMbI U FTeoMe-
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TPUYECKNX PA3MEPOB aHTEHHbI. OTO 0OBLACHAETCS TEM, YTO GONBLLUMHCTBO CYLLE-
CTBYIOLLMX @aHTEHH MMEET KPYIJblI PaCKPbIB 1 IBASIETCS 0CECUMMETPUYHLIMU. Oce-
CYMMETPUYHBLIMU, KaK NPaBUIO, ABASIOTCS N NCNOSIb3YEMbIE B HUX MEPBUYHBIE U3NY-
yarenu, n obnydatrome cuctemol. Noatomy nogdop onTUMasbHbIX 0bnydaTenel ans
Taknx aHTEHH 0COObIX TPYAHOCTEN He BbI3bIBAET.

OpHako paxke cpeam CyLEeCTBYIOLLMX 3epKalibHbIX aHTEHH BCE Yallle BCTPeYatoT-
CSl HEOCECMMMETPUYHbIE aHTEHHBbI, BKtovas ABO, a ana Takmx aHTeHH nogobpartb
obnyyaTens ¢ onTuManbHol [IH 3HaunTenbHO cnoxHee.

B T0 e Bpems, C LUMpOKMM pa3Butnem 9BM 1 BHegpeHnem B NPON3BOLACTBO
HOBbIX TEXHOIOMMI, NPOEKTUPOBAHNE U NPOU3BOACTBO @aHTEHH C MPOMN3BOJIBHOWN
dOopMOIi packpbiBa U HEOCECUMMETPUYHBIX 00TyHaTenen ons HUX 3HAYNTENBHO
YNPOCTUNOCH. DTO AaeT BO3MOXHOCTb M3MEHUTL NOAX0, K pa3paboTke HEOCECUM-
METPUYHbIX aHTEHH, T. €. NMB0 NPUHATL 32 OCHOBY [1H o6nyyaTens, cumtas UICKOMO
dopMy packpbiBa aHTEHHbI, M60 NogobpaTb Hanboee onTUMabHbI BapuaHT
obnyyaTensi, U3MeHss 1 NepBoe, N BTOPOE.

Mpepnaraembin Noaxon, K pa3paboTke aHTEHH OaeT creayloume BO3MOXHOCTH:

* T[lo3eonsieT onpeaenntb (Npu 3agaHHoi IH obnyyaTtens) onTuManbHyo
¢dopmMy packpbiBa 1 OCHOBHbIE FTEOMETPUYECKME PA3SMEPbI AHTEHHDI.

* [lomoraet HaMeTUTb JasnbHenwmne Nyt onTumMmaauun H obnyyatens, ecnm
Nosly4eHHble pe3ynbTaTbl HE OTBEYAT KakKMM-nNnMbo cneundurnyieckum TpeboBaHnaM,
npenbaBASEMbIM K QaHTEHHE.

*  BbiBUTb (MyTem aHanmM3a KOHTYPHOW KapTbl) Hanbonee nomexoonacHble
HarnpaBfEHUs U MPUHATb MEPBDI, YTyHLLAIOLLNE MOMEXO3ALLUULLLEHHOCTb AHTEHHDI
VIMEHHO B 3TUX HanpaB/IEHUSX.

MocnenHee Hanbonee NPOCTO AOCTUraeTCsl YBEIMYEHMEM B MOMEXOOMACHbIX
HanpaB/ieHNsIX pa3mepa anepTypbl (3TO NPUBOAUT K YMEHbLLEHUIO YPOBHS 00N1y4e-
HUS KDOMKIM), @ TaKXEe YCTAHOBKOW OOMNOSIHUTENbHbIX 3KPAHOB. [oaToMy Asia 9ToMn
LLeNN XXenaTeibHO CTPOUTb KOHTYPHbIE KapThl HE TOJIbKO B Npeaenax rmaBHoro, Ho n
B CEKTOpPE NnepBbiX 6OKOBLIX JIENECTKOB NPOCTPaHCTBEHHOM [AH obnyyaTens.

Hwxe paHbl npyMepbl peanm3aunmy npea-
b X naraemoro nogxoga [41] NPMMEHUTENBHO K

X d. ABO, ons koTopblx paspaboTka obnyyatens c

[OH, 6n13koin K onTMManbHoOM (Npyn 3aaaHHON

dopme packpbiBa), BECbMa 3aTPyOHUTENbHA.

B Ha puc. 3.78 nokazaHo 0603Ha4YeHne

X. | OCHOBHbIX reomeTpuyeckmx pazmepos ABO ¢

npon3BosIbHOWM POPMOIN pacKkpbiBa:
Yoe z Y l Y p dop packp
0— NS 0 Poc — YrOJ1 HAKJIOHa OCY BOJIHOBOLHOIO
Puc. 3.78 BbIxoAa 06nydaTenst OTHOCUTENbHO (oKasb-

HOI OCK UCX0aHOro napabononaa;

dg; 1 d, — pa3mep packpbiBa aHTEHHbI B MPOAOJIbHOM (BEPTUKANBHOW) 1 none-
pe4vHom (roOpN30oHTaNbLHOW) MJIOCKOCTU, COOTBETCTBEHHO;

Xg — CMeLLeHMe LeHTpa pacKkpbiBa aHTEHHbI B MPOA0JIbHOM MI0CKOCTN OTHOCU-
TenbHO poKanbLHOM OCK.

OcHoBOI Ana onpeaeneHns onTuMasnbHOM GOpPMbl packpbiBa U reOMeTpuye-
CKMX pa3sMepoB aHTEHHbI CITYXXWUT NpocTpaHcTBeHHasa [AH obnyyaTtens B npegenax
rMaBHOro nenecTka.

O1a AH MoxeT ObITb NONyYeHa Kak paC4eTHbLIM, TaK U 9KCNepMMEHTabHbIM
nyTeM, B YAaCTHOCTU, NYTEM €€ U3MEPEHUS B HECKOJIbKMX MIIOCKOCTAX, MPOXOOALLMX
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yepes 0Cb BOJIHOBOAHOMO BbixoAa 06ydaTens nog, pasHbiMn yriamMum, a Takxke Ha
pasHbIX PacCTOSHMAX OT Ha30BOro LLEHTPA pynopa, COOTBETCTBYIOLLMM Pa3HbIM TOY-
KaMm npepnnonaraemMoro KoHTypa KpoMok 3epkasna, 06/1y4aeMoro TeM Un NHbIM
YPOBHEM.

B kauecTBe ncxoaHbIx 66111 BoiOpaHbl AH aAByx obnyyatenein: 0CECUMMETPUYHOIO
PPU c ocecnmmeTpuyHOn B npeaenax maeHoro nenectka [H (cm. pasgen 1.4.1) n
PPUMNOKC c opgHOockaTHbIM Ccpe3oM packpbiBa (cM. padaen 1.6.2), umetoLero B npo-
JONbHOW MNNOCKOCTN acuMmeTpuyHyio JH. Peayneratel pacyeTta, nonyyeHHble ans PPU
1 PUMOKC, nokazaHbl COOTBETCTBEHHO Ha puc. 3.79 u puc. 3.80 — 3.82.

CneBa BBEpPXY Ha KaxO0M N3 3TUX PUCYHKOB MPUBELEHbI KOHTYPHbIE IMHUWN
pacnpegeneHus amnanTygpl nNons no ypoexio -5, -10, -15, -20 ab, a BHM3y 1 cnpasa
— OXMagaemoe pacrnpeneneHve amnanTyapl noas COOTBETCTBEHHO B MOMNEPEYHON U
NPOAOJIbHOM MJIOCKOCTM packpbiBa A1 C/y4as, Koraa pa3mMep packpbiBa OrpaHnYeH
KOHTYpoM -15 ab (519 npooonbHOM nonspusaumn — CraoLlHas IMHUS, oas none-
peyHoi — wTpuxoBas). KOHTYpHbIE NMHUK BbIN MOJTyYeHbl MyTEM MaLUMHHOK 06pa-
OOTKN 3KCNEPUMEHTaSIbHbLIX MPOCTPaHCTBEHHbIX JI1H obnyyarenei.

Mpu ncnonbzosaHuu PP nony4mtb CUMMETPUYHOE pacnpeneneHme B npo-
[OJbHOW NIOCKOCTU U KPYIyto dOopMy packpbiBa He yaanocb. Hanbonbllee npu-
6MXKeHMe K CUMMETPUYHOMY pacrnpeneneHunto B NpoAoSibHOM NMAOCKOCTM (CM. puc.
3.79, cnpaBa) COOTBETCTBYET 00/Ty4EHUIO KPOMKN 3epKana ypoBHeM -15 ab, Ho
onTumarnbHas dopma packpbiBa, onpegensiemas KOHTypom -15 ob o1 kpyrnor BeCb-
Ma OTIn4aeTcs (He ABNSeTCA OHa Kpyrnon n gns KoHTypa -10 ab). AHTeHHa npu
3TOM MMEET cneayoLwme pasmepsl: Yo, = 60°, xg = 1,25F, d; = 1,9F d, = 2,5F.

Mpw ncnonbsosaHnn PPUMOKC noyTtun kpyrnas ¢popma packpbiBa 1 o0CeECUMME-
TPUYHOE pacnpeneneHne nosyyaioTcs ang koHtypa -15 gb (cm. puc. 3.82), a aHTeH-
Ha MeeT cnenylowme pasmepbl: Yo, = 70°, xg = 1,4F, d; = 2,2F, d, = 2,1F.

Mpwn BepTUKaNBLHOM Bbixoge 0bny4arens (Yo, = 90°) B NpOA0AbHONM MNOCKOCTH

HabnoaaeTcs HEKOTOPOE HapyLLEHNE CUMMETPUN pacnpeneneHms amnanTyabl 1
OTKJIOHEHME pacKpbiBa OT Kpyrno ¢opmsbl (cM. puc. 3.80). B aTom cnyyae

(npn F= 0,575 M) 3epkano aHTeHHbI o KoHTypa -15 b umeeT cneayowme pasme-
pbl: Xg=2,1F=12m,d, =26 F=15m,d;=2,8F= 1,6 m.

MonyyeHHble pa3mepbl BeCbMa 6nn3ku K pasmepam 3epkana AHK-1,5, ans
KOTOPOW AaHHbIN 0bnyyaTtenb Obin pa3dpaboTtaH (cM. paszaen 3.6.3), Ho He paBHbI M.
BonbLiee npubnuxeHne packpbiBa k kpyrnom ¢opme (d, = 1,46 mm, d; = 1,53 mm)
nonyyaetcs npu F= 0,546 M, HO CUMMETPUYHOIO pacnpeneneHns B NPOLONbLHON
NJ0CKOCTU packpbiBa BCE PABHO HE NoJjlydaeTcs. Bce nepeyncneHHble «HECTbIKOB-

157




AHTEHHbI, MUP 1 Mbl. YacTs |

K1» CBMOETENbCTBYET O TOM, 4TO 3epkasio aHTeHHbl AHK-1,5, koTopas 6bina paspa-
6oTaHa paHblLLe, Y4eM BO3HMKIA AaHHAs METOAMKA, MPU NCMNONb30BAHUN €ro C 3TUM
obnyyatenem (ONTUMM3MPOBAHHbLIM OJ1s Anana3oHa 8 ') Bce e He COBCEM OMTU-
MaJibHO.

Mo pe3ynbTaTtamMm aHanuaa npocTpaHcTBeHHoM [JH obnyyaTens n ¢ y4etom cne-
umduryecknx TpeboBaHU, NPeabIBASEMbIX K aHTEHHE, BKJllOYas BbICOKYIO adpdek-
TUBHOCTb NPU XOPOLIEN MOMEXO3ALLMLLEHHOCTN B FOPUSOHTAJIbHOM MIOCKOCTU U
HanM4mMe BEPTMKANIbHOrO Bbixoda obnyyatens, Obin pa3paboTaH 1 nccnenoBaH aAen-
CTBYIOLLMI MAKeT HEOCECUMMETPUYHON aHTeHHbl — AH-1,5, MeloLWwmnin paBHyo C
AHK-1,5 nnowapnb packpbia (1,7 M? ) 1 TPUMEPHO paBHbIn 1,5 M pasmep packpbl-
Ba B nonepe4yHon nnockocTtu. Mpu atom B AH-1,5 6bInM AONONHUTENBHO BHECEHbI U
HEKOTOPbIE KOHCTPYKTMBHbBIE U3MEHEHMS, ynpoLuatowme (no cpaBHeHnio ¢ AHK-1,5)
TEXHOJIOTUIO €€ N3IOTOBJIEHUS.

OcHoBHble reoMeTpudeckmne paamepbl AH-1.5 ¢ BepTrKaibHbIM BbIXOOOM U €€
obwmin BAa nokasaHsl Ha puc. 3,83, cnesa, a AHK-1,5 — cnpaga.

X
X ] 1562,5 X P& 1408,7
1500
1750 - 391
1560,9 1800 b
900
Y d) Yo, { z -Y D v o
0 90 T’ 0 o575 To
Puc. 3.83

3epkano AH npegctasnsieT coboi Beipe3ky 13 napabdosionaa BpaweHus nono-
BUHOI 3NIMNTUYECKOro umnuHapa ¢ pasmepom nonyocent 1,751 0,91 m. Kpome
TOro, B HUXHEN NONOBUHE OHO AOMOJIHNTENIbHO YCe4YeHO ¢ 6OKOB ABYMS MJIOCKOCTSI-
MW, napannienbHbiM1 GOoKanbHOM OCU, KOTOopble 06pa3yioT 6OKOBLIE 3aLLUUTHbIE 9Kpa-
Hbl C KPUBOJIMHENHOM KPOMKO. OTa aHTeHHa no cpaBHeHuto ¢ AHK-1,5 6onee npo-
CTa KOHCTPYKTMBHO.

OcHoBaHWe aHTEHHbI NPeacTaBNseT coOoM peLleTyaTyio paMmy NoakoBoobpas-
HOM HOpPMBbI, «NPO3payHyo» Ans ocagkoB. HM3 3epkana AH-1,5, xoTa v aBngeTcs, B
otnunume ot AHK-1,5, yacTblo napabononaa, Ho GakTUHECKU CIYXMUT SKPAHOM.

Koadduument yeunernuna AH-1,5 B ananasone 7,9+8,4 I'Tu konedbneTcs B npe-
nenax 40,0...40,5 nb, a KUIM He Hmxe 0,65 (0,65...0,7), 4TO xapakTepHO A1 aHTEeHH
C BbICOKOI 3P EKTUBHOCTHIO.

Mpwn pacuete KUIM B noBepxHOCTL packpbiBa AH-1,5 BklO4YEHA HMXKHAS YaCTb
napabonnyeckoro 3epkana, XxoTs oHa GakTU4EeCKM ABASETCS TOJIbKO 3KPaHOM U He
ydacTByeT B GOpPMMPOBaAHNM MMaBHOIO nenecTka. Ecnu yunteiBate TONbKO AEN-
cTBYylOLLYIO Niowaapb packpeiea AH-1,5, To ee KUTM 6ypeT elle Bbille.

OH AH-1.5 B nonepe4Hol (ropn3oHTabHOM) NAOCKOCTM NPY NONEPEYHOM
(cnnowHas NMHUA) N NPOAONbHONM (MYHKTUP) NoNSpu3aunm nokasaHoel Ha puc. 3.84.

YpoBeHb rnepsblix 60KoBbIX ienecTkoB AH-1,5 Huxe -25 ob. YpoBeHb ee 61mx-
Hero v ganbHero 60K0BOro N3y4eHns MHOIo HUXe yHusepcanbHoi H (3.15), kpu-
Basi 1, npMyeM He TONbKO C orpaHndyeHnemM yposHem Ha 10 ob HMxXe N30TPOMHOro,
Kak 3To aaHo B (3.15), Ho 1 6e3 orpaHmnyeHus. Kpome Toro, ypoBeHb anepTypHbIX
JNlenecTkoB (B CeKTope yrnoB npumMmepHo o 40°) yooneTtsopsieT u (3.12), camon
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pednekTopa, T. €. AN aHTEHH C HN3KOM 3P PEKTUBHOCTLIO. 1N aHTeHH ¢ 6onee
BbICOKMM YPOBHEM 00/Ty4eHns kpas 3epkana (419 aHTEeHH C BbICOKOW 3 dEKTUBHO-
CTblO) AOMNYCKAlOTCH MPEBLILIEHNS, KOTOPbIE HABNOAATCSA 34ECh TOJILKO NP yrnax
Bbile 40°.

OyeHb HNU3KNI YPOBEHb anepTypHbIX JIENECTKOB, a TakXe AallbHErO U 3aAHEr0
M3Ny4eHus, KOTOPbLIN B NepeaHeM NnosynpocTpaHcTBe npumMmepHo Ha 20...25 b, a B
3apHeM — 6onee 4em Ha 30 ab HUXe N3OTPOMNHOIo (HUXE YPOBHSI LLIYMOB M3MepU-
TENbHOM YCTaHOBKMW), MO3BOJIET, HECMOTPS HA BbICOKYIO 3DPEKTUBHOCTb, OTHECTU
AH-1,5 K aHTE@HHaM C 04YeHb BbICOKOI MOMEXO3aLLMLLEHHOCTbIO.

CornacoBaHve AaHHOW aHTEHHbI C NUTAIOLWLMM TPakTOM NPakTUYECKN NOJIHO-
CTblO onpepensieTcs cornacosaHnem ee obnydatens. KCB B ananasoHe 7,9+8,4 1
npv nonepeyvyHon nonspusaunmn He npesbiwaeT 1,04, a npu npogonsHon — 1,02.

HoBblilh noaxon, k pa3paboTke HEOCECUMMETPUYHbIX 3epKasibHbIX aHTEHH aeT
BO3MOXHOCTb ObICTPO 1 C MUHUMAJIbHBbIMMK 3aTpaTtamu pa3paboTaTtb aHTEHHY C
OYeHb BbICOKMMM 3NEKTPMYECKMMU NapaMeTpamMm, OTBEHAIOLLYIO TakXe ornpeneneH-
HbIM AONOJIHNTENbHLIM TPEOOBaHMNSAM, HO NMPU YCIOBMU, 4TO (popMa packpbiBa
aHTEHHbI MOXET ObITb MPOW3BOJIbHOM. ITOT e NOAX0H MOXET ObITb MCNONL30BAH U
npv paspaboTke HEOCECUMMETPUYHbBIX @aHTEHH C Pa3HbIM B MaBHbIX MI0CKOCTSX
pasmepom anepTtypbl. HO B 3TOM cnyyae npu pacyete onTuMasnbHOM GopMbl
packpbiBa B Ka4ecTBe 6a30BOM 0mKHA ObITb 3anoxeHa [1H obnyyaTtens ¢ pa3Hon B
rMaBHbIX MOCKOCTAX LUMPMHOW MMaBHOIO fienecTtka (cm. pasgen 1.5).

3.5.6. BnanaHne ocagkos

3almTa aHTeHHbl OT aTMOCGEPHbIX 0CaAKOB ABNAETCA OQHOW N3 BaXHENLLINX
npobnemM npu paspaboTke K SKCrlyaTauum aHTeHH, Tak Kak 1 CaMn 3alUUTHbIE
YKPbITUS, U CKanJnBaeMble Ha HUX OCaAKU, BKIOYas UX pacnpeneneHne Ha noBepx-
HOCTW YKPbITUS MW 3ALUTHOW KPbILLKW, MOFYT 3HAYUTENBHO YXYALUNTb NapamMeTpbl
aHTEHHbI JaxXe B TOM CJlydae, ec/im ndHavasnbHo (6e3 yKpbITUS) OHWU BblIN OYEHDb
BbICOKVMMW.

HeobxoanMMoCTb YKPLITUS 1 repMeTU3aumnmn pasHblX aHTEeHH pasnuyHa. ns
OOHWX @HTEHH, B YaCTHOCTW, Ansa PMNA Heo6xoaMMO repMeTUYHOE YKpbITUE BCel
aHTEHHbI, a 419 APYrnxX — MOXHO OrPaHNYUTLCS BCEro NLLb repmeTusaupneit obny-
yaTtensa.

TpeboBaHUS K YKPbITUIO 3aBUCAT U OT KIIMMATUY4ECKOro paroHa, B KOTOPOM
aHTeHHa akcnnyaTupyetcsa. OgHako akcnnyaTaums PINA 6e3 ykpbiTUS ee B Lenom,
npu4yemM repMeTUYHOro, UCKJloYeHa B NI06OM KIMMaTUYeckoM paioHe 3eMHOro
wapa. HeobxoaMMo yKpbITUE aHTEHHbI B LLENIOM (HErepMeTU4Hoe, eCN repMeTu3n-
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poBaH obny4artesib) U A1 0CECUMMETPUYHBIX @HTEHH C 6ONbLLION FYyBUHOM OCHOB-
HOro 3epkana u/unun, MerLLmMx 60bLLOK 3aLLMTHBIA 3KPaH.

Y10 KkacaeTcsa ABO, pacCMOTPEHHbLIX B AaHHOM paboTe, TO MX MOXHO 3KcryaTun-
poBaTb 6€3 YKPbITUS aHTEHHbI B LLE/IOM HE TOJIbKO B TEX KJIMMaTUHYECKUX paioHax
3eMHOro Lwapa, rge HeT 0CafKoB B BUAE CHera, HO U TaM, rae Takme ocaakm HEMHO-
rOYUCNEHHbI N/ HE CANLIKOM 06UNbHbI. HO Ans 89Toro He06X0ANMO UCKITIOHNTL
(VY 3HAYNTENBHO YMEHbLLNTL) BEPOSTHOCTL CKOMJIEHUS OCaAKOB, BKIIlOHYas nef v
CHer, Ha MOBEPXHOCTN KPbILLIKW, 3aKpblBatoLEeNn packpbiB 061ydaTens, a Takxke Ha
onpeneneHHbIX KOHCTPYKTUBHBIX 3/IEMEHTaX aHTEHHbI.

YT100bI ONpeaennTb pasmep «6eAcTBUsS» (CTENEHb YXYALEHUS 31EKTPUYECKNX
napamMeTpoB) OblM NPOBeAeHbl nccnepoBanus BnuaHmna Ha H, KY n KCB ABO,
BbIMOJIHEHHbIX MO NPEASIOXKEHHbLIM BbILLE CXEMaM, NMPU HAIMYNK Ha KPbILLKe 0bnyya-
Tens NbAa U CHera pasHow TONWWHbI.

Ocapnkm HaHOCUIUCb Ha KPbILIKY W YAEPXKMBANUCh HA HEW NCKYCCTBEHHO. Ncnbl-
TaHus NpoBoaAunMCh B AnanasoHe 12 I'Tu, roe BAnsiHMe ocaakos (Mo CPaBHEHMUIO C
OpyrMMm paboyrmMmun gmanasoHamMu, ons KOTopbix pa3pabaTtbiBaiCb aHTEHHbI) Han-
6onee cunbHoe.

BnusaHue ocankoB Ha [1H nokasaHo Ha puc. 3.85, roe npuBeneHbl orndatoume
MakKCMMYMOB OOKOBbIX JIENECTKOB B FOPU30OHTAJIbHOM (NOMEPEYHO) NNOCKOCTU Npu
paboTte ABO (6e3 akpaHa) Ha ropu30oHTaNIbHOM (CneBa) 1 BepTMKasbHOM (cnpasa)
nonsipmM3aumm, COOTBETCTBEHHO.

M3mepeHns NpoBOAUNANCH MPU HANTMYMK Ha KPbILKe 061ydaTens Cyxoro cHera
TONWMHOM 60 MM (KpmBble 1 — NYHKTMP) 1 CYXOro NbAa TONWMHON 2...3 MM (KpUBble
2 — WTpuxnyHkKTUpP). Kpome Toro, onsa onpeneneHms BO3MOXHOCTU paboTbl aHTEH-
Hbl B 3KCTPEMabHO HeEBNAronpuUATHbLIX NOroAHbLIX YCIOBUSIX MCCNEeA0BaNoCh BAuUS-
HVEe HaCbILWEHHOro BoAOM cHera TonwmHon 60 MM (kpuBble 3 — ToukK). [1ns cpaBHe-
HWSA TaMm e nokasaHbl ornbatoLme MakCMMyMoB OOKOBOIO M3NYyYEHUS MPU OTCYT-
CTBUK Ha obnyyaTene Kakmx-nmbo ocagkoB (KpuBble 4 — CloOWHas NHUS).

= === 1.Cyxoi cuer, 60 um

1 7

f=12,1 Ty

FopusoHTankHas
nonspusayMs

-6 40

= === 1. Cyxoi cHer, 60 mm

— - — 2.Cyxoi nen, 2-3 mm

=124y

3. Mokpuii crer, 60 mm

nonspusauus

2. Cyxoit nep, 23 mm
3. Moxkpui cher, 60 mm

4.Be3 ocankos

4. Bes ocaakos

7]

Puc. 3.85

BnvaHue ocankos Ha KY

Bup ocagkoB TonwmHa cnos, Mm Motepu KY, ob
JNlen, 2.3 1,0

Cyxoii cHer 30...40 1,0

Cyxoii cHer 60 2,5

CHer ¢ Bofon 30...40 15,0

CHer ¢ Bofon 60 30,0

AHann3 nokasbIBaET, YTO NMPU HaNIMYMM Ha KPbILKE 06y4aTens Cyxoro nbga u
CYXOro CHera pasHoi TOJILWMHBI NoTepwn ycunenus (0o 2,5 ab) Habnioaanmcb TONMbLKO
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npwv TonwmHe cHera ~ 60 MMm. MNpn 3TOM ypoBeHb BOKOBOI0 1 3aHErr0 N3JTyHEHUS
aHTEHHbI B TOPU30HTasIbHOM NNOCKOCTU NnoBbillaeTcs Ha 5+10 ab. CHer, HacbILLEH-
HbIl BOAOM, npu TonwmHe 30 MM yBennumeaeT notepu ao 15 ab, a npn 60 mm note-
pv pocturatoT 30 ab.

OpHako Tanblil CHEr HXU Ha O4HOM 13 Kpblwek 0b6yyaTens, OnMcaHHbIX Bbllle
ABO, yaepxaTbCsi HE MOXET, HO OH MOXET YAEPXMBATLCS HA KPbILLIKax obnyyaTenemn
Kaknx-nnmbo Apyrux aHTeHH, HaNpUMep, BEPXHEN YacTu yKpbliTus obnyyvatens ALS.

BnusaHue ocankoB Ha cornacosaHue ABO (B ananasone 9,6+12,2 I'Tu), puc.
3.86, Ha pa3HbIx YacToTax Pas3nNYHO U CUSIbHO 3aBUCUT OT BMAA W TOJILLMHBI Ocag-
KoB, puc. 3.86.
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Puc. 3.86

Hanunune cyxoro cHera TofWmHoi o 60 MM 1 nbaa ToNWmMHOM Ao 2+3 mm (6na-
rogapsi HakKJIOHHOMY MOJIOXEHUIO KPbILLKX 06y4aTens) No4T He Oka3bliBaeT BUSI-
HWS Ha cornacoBaHMe aHTEeHHbI C NUTAOLWMM TPakToM, cM. puc. 3.86. B aTom cnyyae
KO3 PULUMEHT OTPaAXKEHUS MPU TOPUIOHTANIBHON, U MPU BEPTUKANIBHON Nonapu3aumn
B ananasoHe 10,7+11,7 I'Tu He npeBbiwaeT 2,5% (kpuBble 1). PbixNblii U BNAXHbLIN
CHer TonwuHom 60 MM M3MeHSIeT KO3 UUNEHT oTpaxkeHus Ha 1+2% (kpuBble 2),
a NNOTHbIN BNaXHbI CHer yxe npu TonawmHe 30 MM, nameHsieT KoadPUUMEHT oTpa-
XeHus Ha 2+3% (kpuBble 3).

Hanbonee cunbHOE BANSIHNE OKa3blBalOT KYCKW TAKOLLEro Nbda HepaBHOMEP-
HOM ToNWMHBI (6+10 MM) 1 Npon3BonbHOW hopMbl (KpuBble 4). B aTom cnyyae ko3ag-
PULMEHT OTPaXeHUs Ha OTAeNbHbIX YacToTax gocTuraeT 5+6%. CnegoBaTesnbHO,
HeobxoaMMo 06ecneyYnTb Tako HaKOH KPbILWKK 06y4aTens, Npy KOTOPOM TatoLni
CHEr 1 e Ha Hen yaepXaTbCs HE CMOTyT.

BepodaTHOCTb CKOMJIEHMS 0CaaKOB Ha Kpbllke obnyyaTens onpeaensnacs B
panoHe cpegHen nonockl (MogMOCKOBbLE) B TEHEHME ABYX CE30HOB, OTNINYAIOLLLNX-
CSl O4YEeHb pe3kMMK nepenagamMmu TeMmnepaTtypbl 1 06UIMEM CHErONaAoB U ronone-
na.

[ns ncnoitaHmin 6bin BoiOpaH obnydaTtens Ha 2 [Ty, nMmetowmii camblii 60/1bLLON
pasmep KpbIWKK, Tak Kak Ha Kpbllwkax o0sy4aTenein MeHbLLErO pa3mMepa, COOTBET-
CTBYIOLLMX OPYrMM guana3oHam, BEPOSTHOCTb CKOMJIEHUS OCAAKOB 3HAYUTESNbHO
MeHbLue. Kpbllwka obnyyaTens, M3rotToBfieHHas U3 neHonnacTa, 6bina ynpoyHeHa
CBEpPXY CTEKJIOTKaHbIO, Kak 3TO MMeNo MecTo B cepuiiHbix ABO. NoaTomMy ee noBepx-
HOCTb Obl1a cnerka LepoxoBaTomn, YTO YBENNYMBANO BEPOSATHOCTb CKOMIEHUS Ha
Hel TBepdblX 0CaAKOB. Yo HakfoHa KPbILLKM OTHOCUTENIbHO ropuaoHTa (~40°)
COOTBETCTBOBAJT HAVMEHbBLUUM YIIaM HakoHa Kpbiwkn 0bnyyatenen ABO, paccmo-
TPEHHbIX B JaHHO rnaBge.

MccnenoBaHusa nokasanu, 4To B TedeHue 9% (33 oHs) ronosoro nepuoga Ha
KpbILUKE yAepXUBacs o nHes nnn nbaa TonwuHom 1+2 mm, B tederHne 1,3%
BpeMeHu (5 aHei) — cnom cyxoro cHera TonwmHon oo 10 mm, n nuwb B 0,6% (2
[HS1) roAoBOro nepmoa ToswyHa Cyxoro cHera coctansna 60 mm. Bo Bcex cny-
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yasix ocagkm rno NOBEPXHOCTU KPbILLKK Oblnn pacnpeneneHbl paBHOMEPHO. Talowmii
CHEer 1 nef, Ha Takon KPbILLKE HE YAEPXMBaIMCb BOOOLLLE.

Takmnm obpazom, ABO ¢ obnyyatenem, Kpbillka KOTOPOro HakiloHeHa OTHOCK -
TeNlbHO ropu3oHTann Ha yron nopsaka 40° (n 6onee), B cpeaHNX KIMMaTUYECKMX
30Hax CTpaHbl MOXHO 3KCMNyaTUpPoBaTb 6€3 YKPbITUS aHTEHHbI B LIesIoM. [py Takom
WCMNOJIHEHWN 3HAYUNTENBHOE YMEHbLLEHWE YCUNEHNS aHTEHHbI (80 2,5 ob) 1 yBenu-
YyeHune ypoBHS 6OKOBOro nanyyeHus (Ha 5+10 gb) HabnogaeTcs NuWb B OYEHDb
Masiom npoueHTe Bpemenun (0,6% rogosoro nepuoga).

Mpw ncnonb3osaHun B ABO obnyyareneit Tuna PPUMOKC ¢ ogHockaTHOM nnu
[BYCKaTHOM Kpbilwkoi u PPU ¢ aBycKaTHOM KPbILLKOW HEOBXOANMBIA HAKJTOH KPbILLKW
obecneyrBaeTCcs aBTOMaTUYECKM.

3.6. ABO ans PPJ1

3.6.1. TpeboBaHus, npeabaBaseMbie K aHTeHHam PPJ1

Ha PPJ1, ona koTopbix BblAENEHbI ONPeaesieHHbIE MOMOChl YHAaCTOT B Anana3oHe
o1 0,3 0o 30 T, (M BbILLE) MCMONL3YIOTCH CaMble pa3Hble TUMbl aHTEHH. KoHKpeT-
HbI1 BbIBOP aHTeHHbI PPJT BO MHOrOM onpenenseTcs He TONIbKO 31EKTPUYECKUMN
napamMmeTpamm n CTOMMOCTbIO, HO 1 MacCOW, 1 BETPOBOW MA0LLAAbI0, U BbIXOAOM
obnyyaTensl, Tak kak B O0SIbLUIMHCTBE CNy4aeB OHM YCTAHABIMBAKOTCS HA BbICOKNX
MadTax, rge nocnegHe Tpu napaMeTpa MOoryT urpatb HEMasniOBaXHYO pPOJib.

OCHOBHbIMM 3neKTpMYeckuMn napaMmeTpamm aHTeHH PPJ1 asnsioTcs:

+  KoadpdpuumeHT ycunenus (KY).

+  WwupuHa masHoro nenectka [4H no yposHio -3 AB (20 5).

+  YpoBeHb nepBoro 6okosoro nenectka (MB).

+  3awmTHOE pericTeue, onpenensieMoe BeIMYNHON CHUXEHNSA U3NYYEHNS B
3a]aHHOM CEKTOpe Yr0B 3a4Hero nosynpocTtpaHcTea (00bivHO: 180° + 40...45°%).

+  KoadduumneHT ctosuein BonHbl — KCB (nnn koapdULMEHT OTpaxeHnus —
I,% ) onpenensemblin TpeboBaHNAMN, NpeabsaBasemMbiMu k annapatype (KCB peanb-
HbIx aHTeHH PPJ1 konebnetca B npegenax 1,04+1,2).

+  Kpocc-nonapusaumoHHaa pa3esaska, onpegensaemMas, kak npasmao, Makcu-
MaJibHO JOMYCTUMbIM YPOBHEM MOt KPOCC-NONApM3annm B npeaenax onpeaeneH-
HOro CekTopa yr/ioB B6IM3M HanpaB/ieHUs MaBHOMO U3Jy4YEHUS.

OTOT cekTop ANs aHTeHH PPJ1 orpaHnymBatoT, 0Obl4HO, MO a3UMYTY KOHTYPOM
rMaBHOrO fIenecTka Ha OCHOBHOW nonsgpusauuu no ypoeHio -1 ab. Beoaar onpe-
[eneHHble OrpaHNYeHmns 1 No yrny MecTa, kotopble ans ABO BbINOSHAOTCSA aBTO-
MaTM4ECKN, MOTOMY HTO B YIJIOMECTHOM (MPOAOJIbHON) MAOCKOCTU NOJIE KPOCCMO-
napmn3aumm 9TUX aHTEHH TEOPETUHECKN PABHO HYJIO, @ MPakTUY4eCKU — MUHU-
MaJsibHO MO CPaBHEHWUIO CO BCEMU APYTMMU NAOCKOCTAMU U N0ObIMU OCECUMME-
TPUYHLIMU aHTEHHamMK. CnenyeT OTMETUTb, YTO TPeboBaHWA MO Kpoccnonapusa-
LUMN He SBNSTCSA 00WMMK, a BblABUIralOTCS, Kak NpaBuiio, TOJIbKO B TEX Crly4asX,
Korga npegycmatpmBaeTcs OgHOBpPeMeHHas paboTa aHTeHHbl Ha 06enx nonapu-
3auusax.

B 3aBMCUMOCTM OT COBOKYMHOCTM OCHOBHbIX 9N1IEKTPUYECKMX MApaMeTPOB
aHTeHHbl PPJT1 nogpasnensiotcsa [43] Ha cTaHOapPTHbIE, BbICOKOKA4YECTBEHHbIE U
CBEPXBbICOKOKa4eCTBEHHbIE. CyLEeCTBYIOT Tak)Ke aHTEHHbI, Yy4llEHHbIE MO OQHOMY
13 OCHOBHbIX MAPaMeTPOB, HANPMMEpP, MO NOMEXO3ALLMLLEHHOCTU, 3DPEKTUBHOCTH,
COrmacoBaHWIO 1 ap.

Bbibop «kavyecTBa» aHTEHHbI OJ19 KOHKPETHOM NMHUN 3aBUCUT OT MHOIMX pakTo-
pOB, BKJIlOYasa napamMeTpbl annaparypbl, EMKOCTb JIMHUW, NPOTAXEHHOCTb NPONETA,
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NMOMEXOBYIO CUTYaLMIO (HACbILLEHHOCTb JAaHHOIo paioHa cucTteMamm ceasu, pabo-
TaloLWMMN Ha TEX XE YacToTax).

B cBA3K ¢ 6LICTPLIM Pa3BUTMEM CETU PAANOPENENHbBIX U CMYTHUKOBbLIX CUCTEM
TpeboBaHMsa K MOMEX03aLUULLEHHOCTN aHTeHH PPJ1 nocTosiHHO NoBbILIAOTCS, NpU-
4YeM He TOJIbKO K 3aLMTHOMY AENCTBUIO aHTEHHbI (YPOBHIO 3aJHEr0 N3JTy4EHUS B
onpeneneHHOM CEKTOPE YroB), HO 1 K YPOBHIO GOKOBOIro, ONpenensitowero anek-
TPOMarHUTHYIO COBMECTUMOCTb @aHTEHHbI C APYrIMU aHTEHHbIMUW yCTponcTBamn. C
YBENIMYEHNEM YMCa KaHaI0B PacTyT TpeboBaHMs U K COrTaCOBaHUIO aHTEHH C
MUTAOLWMM TPAKTOM.

MexayHapoaHble pekomeHgauum no H anteHH PPJ1 npuBeaeHbl B pasgene
3.1 paHHoO rnaesbl.

Hwuxxe paccMoTpeHbl aHTeHHbl ans PPJ1, BbinonHeHHbIe nNo cxeme ABO, KoTopble
OblnV BHEOPEHLI B CEPUIIHOE NPOU3BOACTBO.

3.6.2. AHK-1,1 gna ganana3zoHoB 4, 6,8, 11n 12 Iy

AHTEHHA HEOCECMMMETPUYHAS C KPYrbiM packpbiBoMm anametpom 1,1 m (AHK-
1,1) [29], [38] umeeT yeTbipe BapuaHTa ncnonHenus: AHK-1,1/4, AHK-1,1/6; AHK-
1,1/8, AHK-1,1/11, npegHa3Ha4YeHHbIX Ans paboTbl B ananasoHe 4,6, 8 u 11 My,
COOTBETCTBEHHO, KOTOPbLIE B OCHOBHOM Pa3nnyaloTCcsl KOHCTPYKUWEN U/Unu pasme-
pom obnyyartens.

Kaxpoe U3 ncnonHeHnii aHTeHHbI CNOCOBHO, 6e3 3aMeHbl 1 NepecTpPorikn 06y-
yaTtens paboTaTb He TOJIbKO B ONTUMU3VPOBAHHOM aAnanasoHe YactoT (O44), Ho u B
paclimpeHHoM amnana3oHe vacTtoT (POY), BkitovatoLem n 6onee Bbicokune, 1 bonee
HU3KKe 4acToTbl. CO CTOPOHbI BLICOKNX HAaCTOT BO3MOXHOCTM @HTEHHbI OrpaHNYeHbI
MWHUMAIbHO A0NYCTUMOM 9DPEKTUBHOCTBLIO, @ CO CTOPOHbI HU3KUX MUHUMASTbHO
[0MyCTUMbIM COIMMacoBaHMEM C NUTAOLWMM TPAKTOM, KOTOPOE yxyaLlaeTcs npu npu-
OIMKEHMM YaCTOThl K KOUTUYECKOKM YacToTe NUTAIOLWLEro BOIHOBOAA.

KoHCTpyKuMa aHTEeHHbI BKJ1IOYAET B ce0s cneayloLime OCHOBHbIE Y3Jlbl, PUC.
3.87, cnea: 3epkano — 1, obnyyarenb — 2, OCHOBHOW akpaH — 3.

Kpome Toro, B KOMMEKT aHTEHHbI (MPU HEOOXOAMMOCTW) MOMYT BXOAUTbL: MOA-
cTaBka — 4, AONONHUTESNbHbIM 3yb4aThlil 3kpaH (CM. puc. 3.87, B LLEHTPE), BOJIHO-
BOAHbIN U3rMb 1 4exon.

3epkano aHTeHHblI UMEET CneaytoLmne OCHOBHbIe pa3mepbl: D =2R =1,1m,
F=0,5M,x;=0,1M;x,=1,2 M.

O6nyyaTenb B aHTeHHax AHK-1,1/6; AHK-1,1/8, AHK-1,1/11 BbinonHeH B BUAe
PPUMOKC (cm. pasgen 1.6.2 ) c ogHOCKaTHLIM CPe30M packpbiBa (cM. puc. 3.87,
cneea U B LeHTpe), a obnydatens AHK-1,1/4 npenctaenset cobon PPU ¢ gByckaTt-
HbIM cpe3oM packpsbia [31] (cMm. puc. 3.87, cnipasa).

BonHOBOAHLIN BbIxon, 00nyHaTenein BCeX UCNOMHEHMIA aHTEHHbI HanpaB/ieH Nog,
YII0OM 22° OTHOCUTENBHO BEP- :

Tukanu. NMoaTomMy Npun Ncnonb-
30BaHUK B kayecTBe duaepHom .
NHUK Kabens nnn rmbkoro
BOJIHOBOJA CENIEKTOP Npucoe-
auHaeTcs K obnyyaTento Herno-
CPEACTBEHHO, a NpX Hann4mMm
KEeCTKOro BEPTUKaNbHOIO BOJI-
HOBOZHOIO TpakTa npeaycma- ¢
TpUBaeTCs UCNONb30BaHNe Puc. 3 87
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cneumanbHo pa3paboTaHHOro BOSIHOBOAHOIMO M3rmba, KOTOpPbIi MOYTM HE OKa3blBaeT
BINSHUS HA NApPaMeTPbl aHTEHHbI.

Kpblllikn, repMmeTnsvpyolivie packpbliB obny4vyatenei, BbiNOJIHEHbI U3 PaAMO-
NPO3payHOro marepmasna ¢ O4eHb MasibiM KOOPPULMEHTOM OTpaxeHuda. Kpome
TOro, KOHCTpyKuus obnydyaTtenei TakoBa, YTO OTPaXeHHOe OT Kpbilek obnyyaTte-
new none, cnocobHoe BCe Xe nonacTb B BOTHOBOA, pacda3npoBaHo.

leomeTpuyeckne pasmepbl pynopoe AN BCEX NCMOJIHEHUIA aHTEeHHbI BblOpa-
Hbl Takum obpa3om (cMm. pasgenbl 1.4 n 1.6), 4Tobbl X [IH B COOTBETCTBYIOLWEM
O44 6binn 6GNM3KN K ONTUMabHbIM.

OKpaHbl (OCHOBHOI — KOHUYECKUIA U O0NONHUTENbHBIN — 3y04aThIii), Npea-
Ha3Ha4yeHbl 419 YIYyYLWEeHNA NOMEXO3aLLNLLLEHHOCTMN aHTEHHbI.

OCHOBHOW 3KpaH NPUCOEANHAETCH K HUXXHEN YacTu 3epkana u yKperJseH Ha
KPOHWTENHE (KPOHLUTENH ABMSETCSH HECYLWEN KOHCTPYKLMEN U JAET BOSMOX-
HOCTb YCTAHOBUTb aHTEHHY HEMOCPEACTBEHHO UM BMECTE C NOACTABKON Ha
rOPU30HTaNIbHYIO KOHCOJb). JLONONHNTENbHbIN (3y04aThlil) 3KpaH ycTaHaBIMBa-
€TCS MO KPOMKE BEPXHEWN YaCTu 3epkana 1 AONOJHUTENbHO yAy4YLaEeT MNOMEXO-
3aLUNLLEHHOCTb @HTEHHbI, B OCHOBHOM B BEPTUKAJIbHOM MIOCKOCTU N B 3aHEM
HanNpaBNEHNN rOPN30OHTANIbHOW MIOCKOCTY NMPW BEPTUKAIbHOW NONSAPU3aLnn.

BHumaHune! Heobxonmmo obecrneyunTb 04eHb NI0OTHOE NpuieraHne aKkpaHa K
3epkany.

MoncrtaeBka € IOCTUPOBOYHBIM YCTPOMCTBOM, NO3BOJISET MNJABHO NOBOPAYN-
BaTb N XECTKO GUKCMPOBATb aHTEHHY B Npenenax =3° — no yrny Mecrta u
+5° — no asumyTy.

3almTa aHTEHHbI OT aTMOChEPHbBIX 0CAAKOB OCYLLECTBNSAETCHA 32 CYET KOH-
CTPYKLMN CaMOW aHTEHHbI N €€ 3N1IEMEHTOB.

Pabouyas NnoBepXxHOCTb 3epkana 3alumuieHa oT ocaakos 6narogaps «oTpuua-
TeNbHOMY» HaKJ/IOHy camMoro 3epkana. Kpbllwku obnyyaTenen u CTeHKN aKpaHa
COCTaBNSAOT C BEPTUKAsbIO CPABHUTENLHO Masblil Yron, 4TO He cnocobCcTBYeT
CKOMJIEHNIO HA HNUX 0CAAKOB HE TOJNIbKO B BUAE O,0XAs, HO U cHera. «[1po3pa4vyHon»
O/ 0CaaKOB CAENAHO M OCHOBAHWE KPOHLUTENMHA, U OCHOBAHME IOCTUPOBOYHOIO
ycTporicTea. bnaropgaps aTum Mepam aHTEHHA, Kak NoKa3anu NPOBEAEHHbIE
NCNbITaHUS, B 60NbLLUNHCTBE KNMMaTUYECKUX PAMOHOB CTPaHbl MOXET aKCnayaTu-
poBaTbca 6€3 ykpbiTMS ee B Luenom. OgHako, Nnpm He0B6X0ANMOCTH, NpeagycMa-
TpMBAeTCs BO3MOXHOCTb YKPbITUSA a@HTEHHbI YEXJIOM, U3TrOTOBIEHHBLIM N3 TMOKON
TOHKOW pagmnonpo3pavyHon MiIeHKU, KOTopas NpPakTUY4ECKn HE BAUSIET HA 9NEK-
TpU4eckue napamMmeTpbl aHTEHHDI.

Macca AHK-1.1 6e3 noacTaBku (MpU N3rOTOBJIEHNWN AHTEHHbI U3 aNtoOMUHNE -
BbIX cnnaBoB) coctaensaeTt ~20 kr, a ¢ nogctaskon — ~30 k.

AnekTpuyeckue napameTpbl MakeTa aHTeHHbI [29] onsa aAByx nonspusa-
umsax (F N B) B nonepeyHolh NNockocTn Ha cpeaHeii yactote (MNb, 34, n KCB — B
npenenax BCceu rnonochkl) ONTUMM3NPOBAHHOIO Anana3oHa YactoT (O44) oaHbl B
Tabnuue.

Kpome TOro, B Tabnuue npuBeaeH pacluMpPeHHbI amana3oH YactoT (POY), B
npepenax KOTOPOro aHTeHHa (6e3 3amMeHbl U NepecTporikn obnydaTens) coxpa-
HAeT paboTOCNOCOBHOCTb U XOPOLUME ANEKTPUYECKME NapamMeTpbl, U guamMeTp
BOJIHOBOAHOIO Bbixo4a obnyyartens.
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WUcnonHenne OOM, D/A;  KY, Kun 20, N6 34 KCB PAY*™*, 2r
AHTEHHbI My, nb (fcp) (fcp) nb nb My, MM
(fep)

AHK-1,1/4 T 3,4+4,2 13,9 31,0 0,65 53 22 21 1,07 3470 70
B 31,0 0,65 5,3 23 25 <1,06

AHK-1,1/6 I 5,67+6,17 21,7 35,0 0,67 326 -25 28 <1,06 4,884 43
B 35,0 0,67 323 25 26 <1,04

AHK-1,1/8 T 7,9+8/4 29,9 37,9 0,70 267 -24 32 <1,05 10,0+-11,7 32
B 37,9 0,70 25 25 28 <1,05

AHK-1,1/11% T 10,7-11,7 411 41,0 0,75 1,63 -25 35 <1,05 94+13,25 24
B 41,0 0,75 1,67 -23 35 <1,02
r 11,7125 44,3 415 0,73 1,56 -27 37 <1,03
B 415 0,73 147 271 37 <1,02

*AHK-1,1/11 pa3paboTaHa Cc y4eToM onTuMmn3aLmm ee rnapamMmeTpoB HE TOJIbKO B
avanasore 10,7+11,7 ITL , Ho v B avana3oHe 11,7+12,5 [Ty, npndem 6€3 3aMeHbl v
rniepecTpoviku obsy4aresis, No3ToOMy OHa UMEET ABa ONTUMMU3NPOBAHHbIX Anana3oHa
4acTor.

** PAY, gpakTyeckun, 3HaYNTeIbHO LLUMPE yKa3aHHOIro B Tabmue, Tak kKak CO CTOPO -
Hbl JIMHHbLIX BOJIH OH OorpaHun4YnBaeTcs He HaripaBJ/ieHHbIMU cBovicTBaMu aHTEeHHbI, a Mak -
CUMasbHO J0MyCTUMbIM 3Ha4YeHnem KCB, KOTOPbIVi C yMEHbLIEHNEM Pa3Mepa Ce4eHus
BOJIHOBOAa B AJINHax BOJIH NOCTerieHHo yBeJindinBaeTcs, a rnpuv I'lpl/lﬁﬂl/l)KeHl/ll/I K Kputn4de -
CKOJi 4acTOTe BO3PacTaeT 0O4eHb PE3KO.

YpoBeHb nepsoro 6okosoro (MB) nenectka, 3awmtHoe aenctene (3/,) aHTEeHHbI
B cekTope yrmoB 180°+40° n koaddpuumneHT ctoayer BonHbl (KCB) naHbl ans Bcen
nonocel OA44.

MapameTpbl MakeTa aHTEHHbI, HE BOLleAne B Tabnuuy: KoapdULMEHT NCMOSb-
30BaHus noepxHocTu (KUIMM), cooTBeTCTBYIOWMI 3HAYeHusM KY, npuBegeHHbIM B
Tabnuue, paeeH 0,67+0,75; ypoBEHb MaKCMMYMOB KPOCCMOJISipU3anmm
KMnax = —(16+19) b 1 ypoBeHb KpOCCNONapu3aummn B HanpasaeHNN rMaBHOMO N3Ny-
yenus KlMy < 40 — ons BCEX MCNONHEHNA aHTEHHbI. [1pn TakOM yPOBHE Makcumy-

MOB KPOCCNONSpn3aumm ypoBeHb NoJs B nepeaenax 3a4aHHoro ansg aHteHH PPJ]
CeKkTopa yrnoB He npesbillaeT -25 ob.

Cnenyet oTMeTUTbL, 4TO 0BNyyaTenb MakeTa gns anana3oHoB 6, 8 11 —
12 Tu cocTos U3 OOHOIO 1 TOMO Xe pynopa, 3akaH4YMBaoLWEerocs AMamMmeTpoM
110 MM, K KOTOPOMY ObINV NPUAAHbLI TPU CMEHHbIX PYNOPHO-BOJIHOBOOHbLIX NEPEXO-
na, obecnevnparoLme gns Kaxaoro gManasoHa nepexop K onTumManbHOMY CEYEHUIO
1n3510Ma 1 TUMOBOMY CEYEHMIO BOSTHOBOAA. B pe3dynbtate B KaXaom M3 aTux guana-
30HOB 061y4yaTesib paboTan B ONTUMabHOM pexXnmMe.

AnexkTpuyeckmne napamMmeTpbl CEPUNHON aHTEeHHbI [38] HECKOJIbKO OTINYAIOT-
Csl OT NapamMeTpOB MaKeTa, Tak Kak OHWM COOTBETCTBYIOT 3HAYEHUAM, NPUBEAEHHbLIM B
TY, roe no TpeboBaHMIO 3aBOAA-U3rOTOBUTENS Obl/IN AaHbl FapaHTUPOBaHHbIE Napa-
MEeTpbI, T. €. C BeCbMa 60J1bLLMM 3anacoMm.

Kpome Toro, B OnbITHbIX 06pasuax N CepUnHbIX aHTEHHax obnyyaTtenm Bcex
VWCMNOJIHEHNI 3aKpPbITbl FEPMETUYHON KPbILLKON, N3rOTOBNIEHHOW N3 NeHonnacTa u
YNPOYHEHHOI CBEPXY C/IOEM CTekIoTKaHW. Takas Kpblwka, B OTINYME OT MJIEHOY -
HOM, NCMONb3YEMOW B NepBOHaYaNbHOM Agencteytowem makete, KY n KCB, xota n
HEe3Ha4YnTeNbHO, HO yxyawaeT. K ToMy Xxe, o6nyyaTenn CEPUNHbIX aHTEHH O
Kaxaoro gManasoHa narotaBanBagnucb MHAMBUAYaANbLHO U OTINYAINCL OT MakeToB
reomeTpuyecknmun paamepamu. Kpome toro, obnyydatenn AHK-1,1/6 n
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AHK-1,1/11 B nonoce OAY 6bi511 4ONONHUTENBHO ONTUMN3UPOBAHLI MO COMNaco-
BaHuio (cMm. pasgen 1.7).

Anarpammel HanpaeneHHocTn AHK1,1/11 (akcnepumeHTanbHble — 30H,
rapaHTupoBaHHble — IOH n JH MC3) nokasaHbl Ha puc. 3.88 n puc. 3.89.

[1] .
FopusoHTanebHas 3AH Fopu3oHTanLHasa l
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Puc. 3.89

OJ1H — ocHoBHble (cM. puc. 3.88) n kpocc-nonsapusaunoHHelie (cMm. puc. 3.89) B
ropu3oHTasnibHoM (ocHOBHOM ans PPJ1) nnockocTn npuBeaeHbl ans HukHeln (10,7
Mu) yactoTte paboyero ananadoHa 10,7 — 11,7 'y, roe ypoBeHb 6OKOBOroO U3ny4ye-
HWA Hanbonee BbICOK.

IOH [38], cnpaBeanueblie B npegenax scero 044, rapaHtmpytoT, 4to B 99% Kpy-
roBOr0 CEeKTopa YrioB YPOBEHb peanbHOro O0OKOBOro N3ny4yeHnsa He OyaeT NpeBbl-
waTb rapaHTMPOBAHHOIO HM Ha 0AaHOM 13 YacTtoT OJY. NMoaToMy OHM paccymnTaHbl Ha
XyOLWWi criy4ain, COOTBETCTBYIOLLMIA, KaK NPaBuUio, FOPU3OHTAIbHOW NoAspusaumn n
camMoi Hu3kow yactoTe kaxgoro O4Y. nsa AHK-1,1/11 rapaHTupoBaHHbIin 3anac no
cpaBHeHUIO ¢ peanbHol [1H gaxe Ha camoin Hu3ko Yactote OA4 (cMm. puc. 3.89 n
puc. 3.90) coctaBnseT B ocCHOBHOM 6osblie 6 — 10 ab, a Ha apyrux, 6onee BbICO-
KMX, YacToTax OH eLle OonbLiue.

OH MC3, peincTteyowas Ha MOMEHT pa3paboTku 9TOM aHTEHHbI:

G(p) =52 - 10log(D/A) — 25 logp v nepecunTaHHasda no (3.14) oTHOCUTENBHO KO3(-
duumMeHTa ycuneHms aHTeHHbl (kpmBas 1), faHa 30ecb 6€3 orpaHMyYeHns Kakum-

60 PUKCUPOBAHHBLIM YPOBHEM (OHaA NpuBeAeHa WTPUXMYHKTUPHOW NIMHNENR, a Ha
puc. 3.88 ob6o3HaveHa undpori 1). Mo cpaBHEHUIO C HEWN peaibHbIN YPOBEHb OOKO-
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BOrO M3y4YeHNs AAHHOW aHTEHHbI HUXe Ha 15 — 20 gb, a rapaHTUpPOBaHHbI —
6onee yem Ha 10 ob. PeanbHbili ypoBeHb 60koBOro nanydeHms AHK-1.1/11 npaktu-
Yyeckn yooBneTBopsieT 1 6osiee CTPOrMMm, yHmeepcanbHbiM, H ons ocHoBHoM (3.15)
1 nepekpecTHoi (3.16) nongpusaunu, Npu4eM nog, fanbHUMM YIIiaMmn ¢ OYeHb
6onblwKnM 3anacom. B 3agHemM nonynpocTpaHCcTBe 3TOT 3anac coctaensaet 25 ab,
Tak kak 3awmTtHoe gencteme AHK-1,1/11 oTHOCUTENBHO M30TPOMHOIO YPOBHS HE
meHee 35 ab. Kpome Toro, peansHas H AHK-1,1/11 B cekTope anepTypHbIX nene-
CTKOB Yy 0BNETBOPSIIOT U CaMOI XecTKon (Ha cerogHs) AH MC3 (3.12), pekomeHao-
BaHHOW ons PMA n ABO ¢ HU3KnMM ypoBHEM 006N1y4eHMs kKpas 3epkana, T. €. C Masnon
a¢pPpeKkTUBHOCTbLIO (CM. puc. 3.88, kpuBas 2), HECMOTPS Ha TO, 4TO 3Ta aHTEHHA
MMeEeT 04eHb BbICOKyto addekTnBHocTb (KUIM 6onblue 0,7).

CnpaBo4Hble agnarpamMmbl HanpasneHHocTy (CIH) BCex MCNONHEHWI aHTEHHbI
[38], puc. 3.90, nocTpoeHHble Ha 6ase [[H, HUXe nx npumepHo Ha 3 b, a noaTomy
6onee 6:13KkM K peanbHbiM. OHK NpeaycMaTpPUBaLOT, YTO peasibHbI YPOBEHb BOKO-
BOro nanydyeHus npumepHo B 90% KpyroBOro cektopa yriioB He NPeBbLILLAET UX YPOB-
HSl, XOTA paKTU4eckme rapaHTum 3Ha4NTeNbHO OOoJIbLUE.

BHumanue! C[1H naHbl ¢ Mcrnofnb3oBaHMEM NepeMeHHOro maclutaba.
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Puc. 3.90

COH (n TOH) AHK-1,1 Bcex ncrnonHeHuin aaHbl B [38] He TonNbko B BUae rpadpu-
KOB, HO U (Ons yoobcTBa MalUMHHOK 06paboTkn) B BUOE IMMUPUYECKNX DOPMYII,
cnpaeeanmebix B nonoce O4. BHe O14 ypoBeHb 6OKOBOIO U3y4EHUS B HA3KOYaA-
CTOTHOI YacTn MOXeT ObITb HECKONBLKO BbilLe, 4em B O[14, a B BbICOKOYAaCTOTHON —
HUXe.

Hanwnune B IAH (n COH) 60nbLIOro rapaHTMPOBaHHOIO 3anaca o0bsACHAETCH
TpeboBaHMeM 3aBOAA-NU3roTOBUTENS, B COOTBETCTBME C KOTOPLIM B ocHoBe I[JH (1
NMOCTPOEHHbIX Ha nx 6ase CAH) nona OO4Y AHK-1,1 Bcex UCnonHeHUin nexat orun-
fatoLme MakCUMyMOB GOKOBbIX JIENECTKOB 04eHb HOJILLLOI0 YMcna 3KCNepuMeH-
TanbHbIX AH (ABYX OMbITHLIX 0OPa3LI0B U TPeX AENCTBYIOLLIMX MAKETOB), UBMEPEHHbIE
Ha Tpex yacTtotax O (aByx KpanHux u cpeaHemn). OHn, pakTUHeCKn, yINTbIBAIOT
YPOBEHb CaMOro BbICOKOro 6H0KOBOro nenecTtka, BKoYas tobon CnyvanHblii
BbIOPOC, BbI3BAHHbIN MIOXMM Ka4eCTBOM U3rOTOBNEHUS KOHKPETHOM aHTEHHbI 1/
HETOYHOCTbIO N3MEPEHMIN, KOTOPbIN BCTPeTUsCcs XoTs Obl Ha ogHol n3 30-tu OH,
npuHagnexawmx 5-1m pasHblM aHTEHHaM, BKJIOHAIOLWMM 1S KaXA0M N3 HUX ABe
nonspusaumn U TP YacToThl (ABE KparHMe 1 CPEOHION).

Koadduument ycunenusa (KY) u ncnonbzosaxHmsa nosepxHoctu (KWIM) B 3aBncu-
MOCTM OT 4acToThl B npeaenax POY nokasaH Ha puc. 3.91.

PeanbHble 3Ha4yeHus KY Bbile NpUBEAEHHbIX, Tak kKak 3anac rno KY cocraenaer
~(0,2+0,3) nb. Hawusbiclumne 3Ha4eHns KNIM HabnogaoTes B nonoce OA4. B ctopo-
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07 | a2}t HY BbICOKMX 4acTOT KUM nnaBHo ymMeHbLuaeT-
: N ~ ] | C8- [IPUMEPHO Takas xe TeHaeHuns Habnona-
06 |38 [—ag N\ eTCs 1 B CTOPOHY HU3KMUX 4acToT. Ho paboToc-

N ﬁ N NOCOBHOCTb aHTEHHBI CO CTOPOHbI HNU3KMX

0,534 ~ I S \ 4aCTOT OrpaHnyMBaeTcs He 3PPEKTUBHOCTBIO,
/ A4 \ v —— || napawoLei BecbMa MeaIeHHO, @ MakCUMaib-
0430 | N~ ==11| no gonyctumbim 3HauyeHnem KCB, KoTopsilii (¢
o5 r e M BTy eHbLUIEHNEM OTHOCHTENIBHOTO pa3Mepa BoJ-

Puc. 3.91 HOBOJA) pacTeT ropas3ao bbicTpee, 4eM naga-

eT 9hPEeKTUBHOCTL, O HEM Y>Ke BblI0 CKka3aHo.

CornacoBaHue aHTeHHbI C NUTAOLWMM TPakTOM Noka3aHo Ha puc. 3.92 ons Bcex

YyeTblpex UCMOJIHEHNI aHTEHHbI B BUAE 3aBncumocT KCB oT 4acToTbl NpY rOPU30H-
TanbHom (') n BepTukansHom (B) nonspusaumn.

. om Kes
KCB—'—T%“P:-— DN 7 108
1 04& ‘ | | Ty | AHK-1,1/4 !
= ; <t s 108 I~
1,00 1.00

KCB
.
[ _L,:[' AHK-1,1/8 | 1,04

10 11 1.00

KCB
1,04
1,00

Puc. 3.92

Cnenyet 0oTMETUTb, YTO 0By4aTENN CEPUNHBIX UCMOJTHEHWNIA @HTEHH, KPOME
AHK-1,1/8, B nonoce O14 66111 ONTUMU3NPOBAHbLI 1 MO HanpaBieHHbLIM CBONCTBAM,
1 Mo cornacoBaHuio (CcMm. pasagen 1.7).

Bnarogaps ontummndaumm (cm. puc. 3.92) KCB AHK-1,1/4, AHK-1,1/6 n
AHK-1,1/11 B 60nbLueit YacTu nosockl OY 3Ha4UMTENBHO HUXE, YEM Ha NMpunerato-
KX K Hel yacToTax, 0COBEHHO HUXHUX, rae HabnioaaeTcs 3Ha4YMTeNlbHOE YBENNYE-
Hue KCB. 9T0 yBenn4yeHme BblI3BaHO, B OCHOBHOM, OTHOCUTEIbHBIM YMEHbLUEHNEM (B
O/IMHax BOJIH) pa3Mepa BOJIHOBOAHOrO BbIxoAa obyyaTtens u camoro pynopa.

Monoca POY co CTOPOHBI HMXKHUX 4aCTOT B

20,7 AHK 1174 [aHHOM crnyyae Oblna orpaHn4yeHa yCcioBHO 3HaYe-
6= Huem KCB nopspaka 1,07+1,08. Ecnu xxe ponycTtu-
5 L Mo 6onbluee 3HavyeHne KCB, To wmpuHa POY B cTO-
4 [ — LT POHY HMXHUX 4aCTOT MOXET BbITb yBennyeHa. C

BT~ T =| | yBenuyeHnem 4acToTel HaGoaaeTca 06Lasn TeH-
33 4 5 6 rry | AeHuma K ymeHbLueHuto KCB, 4yto 06bsacHsaeTcs

20,, pa F | AHK-1.1/6 yBeENM4eHMEM pa3mMepoB o0bydaTens B oanHax BOJIH
3 = —— 1 6051ee HU3KUM YPOBHEM 06JIyHEHNEM KPOMKN
2 B | T}- OCHOBHOIO pyrnopa.

” 5 6 7 8 rru LLivpu1HAa MAaBHOIO IENECTKA MO YPOBHIO MOA0-
o \""‘r' B- AHK -1,1/8 BUHHOW MOLLIHOCTH, (29"0,5 ) B npenenax scero PO
2 r npakTU4eckn ogMHaKoBa Ha 00enx NonsapusaLmax

1
7 8 9 10 11 ra| (EnH), puc. 3.93.
OCHOBHbIE A,OCTOMHCTBA U HEAOCTaTKN:

el [rd AHK -1,1/11 .
2 =T _—-_—;._‘_'H OCHOBHbIMW JOCTOUHCTBAMW BCEX UCTOJIHEHMIA
1 AHK-1,1 aBnai0TCca 04eHb BbICOKME INTIEKTPUYECKMN

9 10 11 12 13 ’ toTCs 04e COKMNE SneKTpuieckne

Puc. 3.93 napameTpsbl, peanm3yemMble npu Masbix D/xcp, paB-
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HbIX NpuMepHo 44, 41, 30, 22 n paxe 14. PeanbHble [1H Bcex ncnonHennin AHK-1,1
YAOBNETBOPSIOT, NpUYeM C 60MbLUMM 3arnacoM, He TOJIbko coBpeMeHHbIM JH MC3
ons aHteHH PPJT (3.11) u yHnduumpoBaHHoii (6onee xectkon) OH (3.15), HO n Tpe-
60BaHMaM, NPeAbSABASEMbIM K aHTEHHAM C O4YEHb BbICOKO MOMEX03aLLLEHHO-
CTblO, OTINHASACH NMPY 3TOM BbICOKOM 3 PEKTUBHOCTBIO M, KakK MPaBmiio, O4EHb XOPO-
LIVIM COIMTIaCOBaHMEM C MUTAIOLLMM TPakTOM. 10 COBOKYMHOCTM peasibHbIX NapamMe-
TPOB, NCKJ/IOYas YPOBEHb MAaKCMMYMOB KPOCCNONSPU3aumm, X MOXHO OTHECTU K
KJ1TACCY aHTEHH BbICOKOrO UK CBEPXBbICOKOIro KayecTsa.

OcHoBHbIM HepgocTaTkoM AHK-1,1 (eAMHCTBEHHbLIM B 4aCTW 3NEKTPUYECKUNX
napameTpoB) SIBNSIETCS BbICOKMI, Kak 1y MHOrux apyrux PMA n ABO, ypoBeHb Mak-
CYIMYMOB KPOCC-NoNsipn3aLmmn B ropusoHTanbHom nnockoctn (-17+19 ab), ogHako B
HanpaB/IEHUW MMAaBHOIo U3Jly4eHUs pa3Ba3Kka Nno nonasipmusaauusamM cCocTaBnseT 6onee
40 pb.

Kak yxe 6bl510 cka3aHo, ABa MakCMMyMa KPOCCMNOosipn3aumm 3TON aHTEHHbI
niexar B NonepeyHom NaoCckoCTH, Kotopas ang aHteHH PPJT aenseTcs ropyusoHTanb-
Hon. TpeboBaHUS K KPOCC-NONApM3aLmm B 3TOM MNI0OCKOCTM 3HAYNTESIbHO MeHbLLE,
4yeM B BEPTMKaIbHOM. [03TOMY NpU TOYHOW IOCTUPOBKE aHTEHHbI, 61aroaaps HU3KOo-
MY YPOBHIO KPOCC-NONSPU3aLNOHHOI0 U3y4eHns BONN3K MaBHOIro HanpaeieHus,
BbICOKOW YPOBEHb MakCMMYMOB KPOCC-MOASpM3aLnmn He IBNSeTCs NoMexon. YTo
KacaeTCcsl NPOoAO0JIbHOW (BepPTMKaNbHO) NIOCKOCTH, rae TpeboBaHMS No KPOCC-nons-
pu3dauumn K aHteHHam PPJ1 3HauynTenbHo Bobiwe, To AHK, Kak n Bce apyrme aHTeHHbI
39TOro TMNa, UMEET B 9TOM MNOCKOCTU MUHUMYM KPOCC-NOASPU3aLMOHHOIO n3ny4e-
HWS, @ NO3TOMY CMNOCOOHA YAOBETBOPUTL CaMbIM CTPOrMM TPeBOBAHUSAM.

KoHcTpykTmBHbiMU goctonHcTteamu AHK1,1 (no cpaesHeHuio ¢ PIA) asnaioTca
3HAYUTENTIbHO MEHbLUVE, COU3MEPUMbIE C OCECMMETPUYHLIMW aHTEHHAMK, pa3me-
pbl U MaTEPNANOEMKOCTb U, Kak CNeacTBME, MEHbLIAs Macca U CTOMMOCTb.

KOHCTPYKTMBHBLIM HEAOCTATKOM, NPUYEM EAVNHCTBEHHBIM, SBASIETCS (MO CpaBHE-
HUIO C OCECYMMETPUYHBLIMU aHTEHHaMK) 6onee CroXHas TEXHONIOMMS U3rOTOBEHUS
M KaK CNeacTBMe — HEeCKOJsbKo 6onee Bblcokas CTOMMOCTb. Ho cnenyet oTMeTuTb,
4YTO OCECUMMETPUYHbIE AHTEHHbI CO CTOJIb BICOKMMU 3IEKTPUYECKUMM NapamMeTpa-
MU NpU CTOJNb Xe MasbiX, kak AHK 1,1, OTHOCUTENBbHbLIX pa3mMepax peann3oBaTtb
BOOOLLLE HEBO3MOXHO.

3.6.3. AHK-1,5 ana gananasoHoB 2,4, 6,8un 11Ty

AHTEHHA HEOCECMMMETPUYHAS C KPYMbIM PACKpbIBOM anaMmeTpom 1,5 m —
AHK-1,5 [40], [42], puc. 3.94, nmeeT, kak u AHK-1,1, Heckonbko ncnonHenmin: AHK-
1,5/2, AHK-1,5/4-6; AHK-1,5/8 n AHK-1,5/11, npegHasHa4YeHHbIX COOTBETCTBEHHO
ons pabotbl B agnanasoHax 2, 4,6 — 8 u 11 My, 3T1 McnonHeHns B OCHOBHOM OTNN-
yaroTca pasmepamu obnyyaTtens v AMamMeTpoM ero BOJIHOBOAHOMO
BbIXO4a.

Kaxpoe ncnonnenmne AHK-1,5, kak n AHK-1,1, cnoco6bHo,
06e3 3aMeHbl 1 NepecTpoiku obnyyaTens paboTtaTb HE TOJIbKO B
oNTMMN3MPOBaAHHOM AnanasoHe YyacTtoT (O44), Ho 1 B pacLlun-
peHHOM amanasoHe YacTtoT (PAY), Bknovatowem n bonee
BblcOKME, N 6bonee HU3kKMe yactoTtbl. Ho nonocwl PAY 6onee
y3kune, 4eM nosoca paboyero gnanasoHa LWMPoKoAnanasoHHON
AHK-1,5 (cm. paspen 3.5.3), Tak kak ee obnydatenm 6binn
ONTUMWN3MPOBAHbI OTAENBHO AN OQHOro (MK ABYX) paboynx .
OMana3oHoB (T. e. ansa 6onee y3kux nosoc). Puc3.94
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Takasa onTuMmn3saums Nno3BOAMUIA YBENNYUTb 9DDEKTUB-
HOCTb @HTEHHbI B Npeaenax kaxaoro O44 n ymeHbWnTb NPo-
OONbHbIM pa3dMep PynopoB 3a CHET yBENUYEHMS (40 MaKCU-
MasibHO AOMYCTMMOW BENMYKMHBI) yraa pacTBopa Masioro pynopa
(cm. paspen 1.4.2).

MapameTpbl AHK-1,5/2, npuBeaeHHble B AaHHOW paboTe, B
OoTNIn4YMe OT APYrnX UCNONIHEHUIA STOM aHTEHHbI, MOJy4eHbI NP
MCMbITaHUWN OeiCcTBYOWEro MakeTa, puc. 3.95, n B nonoce POY He
. % nccneposanace.

Puc. 3.95 Ho no aHanoruuv ¢ apyrumm NCNosHeHMs MU ee pabounii

[Mana3oH MoxeT OblTb Takxke paclnpeH (no cpasHeHuto ¢ O4Y),
no KkpaiHen Mmepe, B CTOPOHY B0Jiee BbICOKNX HAcTOT, r4e BO3MOXHOCTM BCEX NCMOJI-
HEHUIM aHTEHHbI OrPaHNYEHbI TOJIBKO MUHUMAsbHO A0MYCTUMON 3DPEKTUBHOCTLIO. B
CTOPOHY HUXHUX YaCTOT paclUMpeHmne anana3oHa He MOXET OblTb 3HAYUTESbHbIM,
Tak Kak, 4ToObl HECKOJIbKO YMEHbLUWUTL abCOJIIOTHbLIE pa3Mepbl ee pynopa, ero 0THO-
CuUTeNbHble pa3mepsbl (B ASIMHAX BOJIH) OblI MUHMMU3MPOBaHbI, MO3TOMY 3anaca rno
pacda3npoBKe y HEr0 NOYTU OCTasNOCh.

OCHOBHbIM KOHCTPYKTUBHbBIM JOCTOMHCTBOM BCEX UCMONHeHnn AHK-1,5
ABNSIETCS BEPTMKASIbHbIN BbIXOA 06y4aTens, 4TO POAHUT 3Ty aHTeHHY ¢ PMA n
NO3BOJISIET HENOCPEACTBEHHO, 63 BOJIHOBOAHbLIX M3rnboB, NPMCOeanHNTL 06y4a-
Tesb K XXECTKOMY BEPTUKaIbHOMY BOSIHOBOAHOMY TPAKTY.

Mpn obecneyeHnm aToro BaxXHOro KOHCTPYKTUBHOIO NpenMyLLLeCTBa peann3o-
BaTb MaeanbHO CUMMETPUYHOE pacnpeneneHs aMmnanTyabl Nons B NpoAos/ibHOM
MIOCKOCTU NP Kpyrnon dopmMe packpbiBa, Kak nokasan aHanus (cMm. pasgen 3.5.5),
He yaanocb. ITO NPUBENO K HEBONbLLIOMY CHUXEHWNIO 9P PEKTUBHOCTN 3TON aHTEHHDI
Nno cpaBHEHMIO ¢ aHTeHHoM AHK- 1,1, nmeloLen ontumanbHbIA yron HakoHa pynopa
OTHOCUTENBHO 3epkana.

KoHcTpykuunsa AHK-1,5 aHanornyHa AHK-1,1. AHTeHHa coctouT (cMm. puc. 3.94
n 3.95) u3 3epkana, obnyyatens n akpaHa. Kpome Hux (Npy HEOOXO0AMMOCTU) B KOM-
MAEKT aHTEHHbI MOTYT BXOAUTb: NOACTABKA W HYEXOJI.

3epKkasio aHTeHHbl MUMEET CllieayloLLme OCHOBHbIE pa3mepsl (CM. puc. 3.60):
D=1,5m,F=0,575M,x;=0,3M; X, = 1,8 M.

O6nyyatenn AHK-1.5 Bcex ncnosHeHui (cm. puc.
| 3.95 n puc. 3.96) BeinosiHeHbl No cxeme PPUTMOKC ¢
OOHOCKaTHbIM Cpe30oM packpbiBa (CM. pasaen 1.6.2).
| OHM OTAMHalOTCA APYr OT ApYyra CeYEHMEM BOJTHOBO/I-
N HOro BbIx0Ja 065yHaTens ¥ reoMeTPUHECKMMUN pasme-
pamMu, oNTUMMU3VPOBAHHLIMW OTAESIbHO 51 KaXa0ro
ncnonHeHus B nonoce 044, a obnyyatens AHK-1,5/2

W | onTMMM3npoBaH 1 No cornacosaHuio (Cm pasnen 1.7).
Puc. 3.96 Hanbonblume pasamepbl UMEET, ECTECTBEHHO,
obnyyatenb AHK-1,5/2, koTopbI Aaxe HECKObKO
3aTeHSET HMXXHIOKO YacCTb packpbiBa 3epkana (cMm. puc. 3.95). OgHako Ha napame-
TPbl @aHTEHHbI 3TO CYLL,ECTBEHHOIO BNANSIHUS HEe oka3biBaeT. ObnydaTenu opyrmx
MCNOJIHEHNI aHTeHHBbI, BkKtoYyas AHK-1,5/11, pacnonoxeHbl N04YTU NOSIHOCTbLIO BHE
packpbiBa (CM. puc. 3.94).

B komnnekt AHK-1,5/4-6, nmeioLlein BONHOBOAHbIV BbIXO4 AnamMeTpom 70 Mm,
BXOAAT BOJSIHOBOAHbIE Nepexoabl, Mo3Bonsolwme (Npyu HeobXoaMMOCTU) NEePENTN Ha
TUMNOBOE CeYeHne BoHOBOAa anameTpom 43 n 32 MM ans ananasoHos 6 n 8 ',

il
L}
&

170



YacTb |. AHTEHHbI, MUP U Mbl

KpblllkK, repMeTu3vpyoLive packpbiB obyyaTenen, Ha CTaanm onbITHbIX
006pa3LoB ObIIN N3rOTOB/MEHLI B ABYX BapMaHTax: N3 paamonpo3padyHoi nieHku (Cm.
puc. 3.96) n n3 neHonnacTta, ynpo4YHEHHOr0 CTEKIOTKaHbI0. [Ans akcnnyaTtauum Obin
BblOpaH BTOPOW BapMaHT, kak 60s1ee NPOYHbIA MEXaHMYECKU, XOTSI OH M BHOCUT MoTe-
pu nopsgka 0,1 — 0,2 ob, a repmetmnzaumsa obnydarensa AHK1,5/2 ocywectensaercs
nyTem 3anosiHeHMs HacTn ero o6bLema NeHonoINypeTaHoOM Masion NJIOTHOCTH,
YNPOYHEHHbLIM CO CTOPOHbI PackpbiBa COEM CTEKIOTKaHWN. Takon cnocob repmeTu-
3auum obnydatens Ha 2 'y, cBa3aH, BO-NepBbiX, C 60nblLMM aBCONIOTHLIM pasme-
pPOM €ro packpbiBa, a BO-BTOPbIX, C TEM, HYTO B 9TOM AMana3oHEe BAVNSHME NEHOMNO-
NInypeTaHa Ha 9NeKTPUYECKME NapamMeTpbl aHTEHHbI MPAKTUYECKN OTCYTCTBYET.

OKpaH npeaHa3HaYveH ans yaydweHns NoMexo3almeHHOCTN aHTeHHbl. OH
NMPUCOEOVHAETCS K HVXKHEN YyacTu 3epkana u, B otnndme ot AHK-1,1 n maketa AHK-
1,5, VMeeT KPMBONMHENHYIO KPOMKY, YTO MO3BONIIO AONOMHUTENBHO pacdasnpo-
BaTb CO34aBaeMO€e KPOMKO akpaHa audpakumMoHHoe nose n, bnarogaps atomy,
[OMOSIHATENBHO YNYYLINTL NOMEX03aLLMLLEHHOCTb @HTEHHbI, 0COOEHHO B FOPU30H-
TaNbHOW MJIOCKOCTU.

[Moacraeka € IOCTMPOBOYHLIM YCTPOWCTBOM, MO3BOAISIET MNJABHO NOBOPAYMBATh U
durKCcMpoBaTb aHTEHHY MO Yy MECTAa U MO a3uMyTy B Npeaenax 3a4aHHOro cekropa
YrnoB.

OcTrpoBKa aHTEHHbI MO Yry MecTa (B HEGONbLUMX Npenenax) MoXeT OCYLLECT-
BNSITbCS TOJIbKO 3@ CHET NOBOPOTA 3epkana (obayyaTenb NpmM 3TOM OCTaeTCs HeNo-
OBVXHbBIX), YTO 1 AeNaeT BO3MOXHbIM IOCTUPOBKY @aHTEHHbI TOJIbKO 32 CHET NOBOPOTa
3epkana. Takas BO3MOXHOCTb ncnonb3oBaHa B AHK-1,5/2 npu ee yctaHOBKe Ha
MayTe-BOSIHOBOAE (CM. pa3aen 3.6.5).

3awmTa oT atmocdepHbix ocaankoB AHK-1,5, kak n AHK-1,1 ocywiecTenseTcs 3a
CYET KOHCTPYKLUUM CaMOW aHTEHHbI U €€ 9NIEMEHTOB.

Mpw BbIGPAHHOW KOHCTPYKLMK, KaK Nokasann NnpoBeaeHHbIe NCCeaoBaHns (CM.
pasgen 3.5.6), Ha 3epkasie aHTEeHHbI M KpblLlke 00y4aTenss BO3MOXHO JINLLb HE3HA-
YNTENBbHOE CKOMMIEHNE OCAAKOB B BUAE CHEra, NbAa WUin NHes!, MPU4YeM B O4YEHb
MaJsioM NPOoLEeHTEe BpeMEHU. N03TOMY B O0NIbLUNHCTBE KITMMaTUYECKNX parioHOB
CTpaHbl aHTEHHA MOXET 3KCnyaTupoBaTbcs 6€3 ykpbITUSA €€ B LenoM. MNpn Heobxo-
OMMOCTU NMpeaycMaTpuBaeTCsd BOSMOXHOCTb YKPbITUSE aHTEHHbI YEXIOM, U3roTO-
BJIEHHbBIM N3 rMBKOMN TOHKOW paamMonpo3paqyHon NNEHKN, KOTopas NPakTUYeCckn He
BJINSIET HA 3/IEKTPUYECKME NapaMETPbl aHTEHHbI.

Macca AHK-1,5 (13 antoM1HUEBBIX CMIABOB) OT/IMHAETCS MO UCTMOIHEHNSAM.
AHK-1,5/2 6e3 nogctaBku BecuT 67 Kr, C noacTaBkon — 124 kr, a Macca aHTeHH
OpYrmx ncnonHeHuii coctaensieT ~50 kr — 6e3 noacTaBku 1 ~80 K — C NOACTaBKOM.

OnekTpunyeckune napameTpbl Mmaketa AHK-1,5/2 1 Tpex apyrux (CepuiiHbIx)
ncnonHeHmin AHK-1,5 npmuBeaeHobl B Tabnvue.

AHTEHHa oav, D/A, KV, K1n 20,5 Nb, 3A4* KCB PAM*, 2r

My nb (fcp) nb nb My MM
(fep)
1 2 3 4 5 6 7 8 9 10 11
AHK-1,522T  1,7+21 95 272 0,59 6,7 <22 >20 <1,06 1,6+3.4 -~140
B 27,2 0,59 7,3 <24 >20 <1,05
AK-15/4-6 T 3,4+4,2 19,0 336 0,64 3,5 <20 >26 <1,06 3,2+84 70
B 336 0,64 3,8 <22 >28 <1,05
I 567+64 30,2 37,0 0,56 24 <22 >35 <1,03
B 37,0 0,56 24 <24 >30 <1,04
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1 2 3 4 5 6 7 8 9 10 11

AHK-1,5/8 7984 418 40,2 0,64 1,8 <20 >30 <1,04 7,0+11,7 32
402 0,64 1,8 <22 >25 <1,02

AHK-1,5/11 10,7+11,7 56,0 430 0,64 11 <22 >32 <1,04 93+132 24

430 0,64 1,1 <22 >21 <1,02

CU_|CU—|

* P4 ana AHK-1,5/2 yka3aH npearnosioxXnTebHO, 110 aHaaorum ¢ ApyruMu Ucrios -
HeHWSIMU aHTEHH, T. K. 4aHHasl aHTeHHa B ripegenax PAY He nccnegosanace

3HayeHunsa napameTtpoB AHK-1,5 [40], kak n AHK-1,1, cooTBeTCTBYIOT TY Ha 3Tn
aHTEHHbI, 1 (N0 TpeboBaHWIO 3aBOAA-N3rOTOBUTENS) AaHbl C 60NbLUMM NPOU3BO/A-
CTBEHHbIM 3anacom, ncknodas AHK-1,5/2 [42]. CepuiiHoe Npon3BOACTBO NOCNes-
Hel 6bI1I0 HanaxXeHo NO3Xe 1 ee 3NIeKTpUYeckne napamMmeTpbl, NpUBeaeHHbIE B faH-
HOI Tabnuue, Noay4eHbl NPU UCNbITaHMN OeNCTBYOWEro MakeTa (CMm. puc. 3.95).

OkcnepumeHTanbHble 1H maketa AHK-1,5/2 B ropM30oHTanbHOM NIOCKOCTU Ha
ropun30HTaNbHOM (CNeBa) n BEPTMKaNbHOM (Crpasa) nonapusaummn, USMepPEHHbIE Ha
caMoil HU3Kow YacToTe paboyero ananasoHa (1,7 '), rae D/A = 8,5 n ypoBeHb
©OKOBOro n3nydyeHust Hambonee BbICOK, NokasaHbl Ha puc. 3.97 (OCHOBHble —
CMJIOLUHOM JIMHUEN, KPOCC-MNONSAPU3aLVNOHHBIE — MYHKTVUPOM).
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Puc. 3.97

O™ [H, HecMOTpS Ha O4YeHb Masbli OTHOCUTESbHLIN pa3mep packpbiBa, yao-
BNETBOPSAIOT C 04eHb 6onblimm 3anacom AH MC3 (3.11) ana PPJ1. Ha ocHoBHOI
nonsipmMaaumm OHM yooBneTBOpPSIoT 1 yHMBepcanoHo H (3.15), nokasaHHOM
LWITPUXMYHKTUPHOW NNHWEN, Npuyem B O0JbLLIEN YacTn 3a4HEro NoNynpoCcTpaHCcTBa C
3anacom B 10 (1 6onee) ob, Tak kak 3aLMTHOE AeNCTBME 3TO COBCEM ManleHbKOW
(B nuHax BoNH) aHTeHHbl 6onee 20 ob.

CpaBHUTENBHO BbICOKNIA (CON3MEPUMBIM C OCHOBHbLIM) YPOBEHb HOKOBOIO N3y~
YeHUs MPU KPOCC-NoNspm3annm CBA3aH C MasibiM OTHOCUTENTbHBIM Pa3MEPOM
packpbiBa 3TOM aHTEHHbI, ONpeaensiowmM 60/bLLOoN BKIa4 ANGPakUuVOHHbI Nonen.

[apaHTupoBaHHbIe anarpaMmmel HanpasneHHoctu (FAH) AHK-1,5 Bcex ncnonHe-
HU B TOPU3OHTAsIbHOM NAOCKOCTN (OCHOBHBIE U KPOCC-MNONSPU3ALVIOHHbIE),
NOCTPOEHHbIE, kak 1 ans AHK-1.1, nytem 06paboTkm akcnepmmMmeHTanbHbix H Hec-
KOJIbKMX @HTEHH KaX40ro UCNosIHeHns. npueeneHsl Ha puc. 3.98 — 3.100. 3tn IIAH
OaHbl 6e3 nogpasneneHns No nonsprusaunsMm n COOTBETCTBYIOT CaMOMy XyALlemMy
cny4ato 1 no nonspuaaumn, u no yactoTe (B npegenax O44), n no aHteHHe, H
KOTOPbIX Y4UTbIBANUCH Npu nocTpoeHun atux FIAOH. NcknodeHne coctaBnset AHK-
1,5/2, TOH koTopbIiX, NOCTPOEHHbIE NO pe3yfibTaTaM UCMbITaHUs MakeTa, AaHbl 6e3
0cob0oro Npon3BOACTBEHHOMO 3anaca.

BHumanue! IJH Ha puc. 3.98 — 3.100 paHbl B nepeMeHHOM MacLuTabe.
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HanomMHuM, 4TO peasnbHbll ypoBeHb 60KoBOro nsnydyeHmnsa AHK-1,5/4-6; AHK-
1,5/8 n AHK-1,5/11 (no cpaBHeHuto ¢ NpuBeaeHHbIMM [AH) B nogasnaowen 4actun
KpyroBoro cexkropa yrnos nonocsl O4 n3-3a 60nbL10ro NPoM3BOACTBEHHOIO 3ana-
Ca, 3HAYUTENIbHO HUXE rapaHTUPOBAHHOIO.

BHe O14 oH paBeH nnu HeckonbKo Boile [[H B HM3Kko4acTOTHOM YacTn POY,
roe pasmep packpbiBa B AjMHax BOJIH yMeHbLlaeTcs, a JH obnyyatensa B nn E pac-
wmpsieTcs, Ho 3HaumnTenbHo HXe I[JH B Bbicoko4yacToTHOM YacTtu PY, roe pa3mep
packpblBa B AJIMHaX BOJIH yBENMYMBAETCS, a wnpuHa JH obnyyatens cyxaeTcs,

npu4yem Ha obeunx
NnoNspu3aLmsXx.
YpoBeHb nong
Kpoccnonspusaumm
AHK-1,5 Heckonbko
Bbille, yem AHK-1,1,
n3-3a 00/bLUEN
BEINYMHbI yrna
pacTBOpa UCXOOQHOro
napabonoupa.
YpoBeHb Makcu-
MYMOB KpOCCnonsi-
pu3auumn paBeH ~(-
13+16) nb, HO B
rmaBHOM Hanpasne-
HUW KPOCC-MOoNapu-
3aLMoHHOe none
Huxe -40 ob. MNoaTto-
My NpU TOYHOW OCTU-
POBKe aHTeHHbI pas-
BSI3Ka Mo Kpocc-
nonspusaumn B Tpe-
OyeMOM cekTope
Yr1I0B COCTaBNISIET HE
MeHee 25 nob.
KoaddbuumeHt
ycunenus (KY) mn
koadbbuLmeHT

uncnonb3osaHns
(KWM) B nonoce POY
Kak PyHKUMSA YacTo-
Tbl NOKa3aH Ha puc.
3.101.

Hanbonblive
3HaveHus KU
HabnogaTcs B
nonoce OZ4. B cTO-
POHY BbICOKNX HacTOT
KWIM nnaBHO yMeHb-
waetcs. NMpumepHo
Takasi e TeHaeHuns
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HabNoAAEeTCA N B CTOPOHY HMXHKUX 4aCTOT,
HO B 3Ty CTOPOHY, kak 1y AHK-1,1, pabounii
AManasoH 3TOM aHTEHHbI OrPaHNYNBaETCS
He KUTI, a MakcrmasnbHO JONyCTUMbIM yBe-
nnyeHnem KCB. KUIM Bcex MCMOIHEHWIA
AHK-1,5 B npepnenax O44 paseH
~0,6+0,65, ncknioyas gnanasoH 5,67+6,4
ITu, roe oH napgaet go 0,55.+0,6.

CornacoBaHuve aHTeHHbI C NMUTAOLWWM
TPaKTOM BCEX YETbIPEX UCTOJIHEHUIN QHTEH-
Hbl, B BUAe 3asmcumocTt KCB oT yacToThl
Puc. 3.101 NPV rOPU3OHTASILHOW (CMIOLLIHASA IMHUSA) 1
BEPTUKANIbHOM (MyHKTUP) nonspusaumn
nokasaHo Ha puc. 3.102.
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Puc. 3.102

3HayeHua KCB Bcex ncrnonHenuin aHteHHbl B nonocax 044 Huxe 1,04 Ha ob6enx
nonsipmsaumsx 3a UCKIIoYEHNEM ropmn3oHTanbHon nonapusaunn gna AHK-1,5/2 n
AHK-1,5/4-6 B O4 nnanasoHa 4 'Tu, roe oH B OTAE/bHbIX TOYKAX AOCTUraeT 3Havye-
Huin 1,06 n 1,05, cooTBeTCcTBEHHO. B 6onbluent 4yactm nonocekl PAY BCcex ncnonHe-
Hun KCB Hxe 1,05, a nogbem KCB Ha KpalHUX HUXHUX YacToTax Npu ropnusoHTasb-
HOW nonsipnsauumn He Boiwe 1,08.

LLInpmnHa rnaBHOro nenecTka no YPOBHIO MOAOBUHHOM MOLLIHOCTHA (26"0’5) B rnpe-
nenax POY 6e3 nogpasaenenuns rno nonsapmaaumnsam, Tak Kak rfaBHbI Nenectok
NnpakTU4eckn oCeCUMMETPUYEH, nokasaHa Ha puc. 3.103.

JdoctouHcTBa n HepgocTtaTtkm AHK-1,5 ananornyHel AHK-1,1, HO K ee pocTo-
nHcTBam nobaBnsieTcs BepTUKabHbIN BbIXO4 0OnydaTens.

OCHOBHbIMMW IOCTONHCTBAMW B YACTU SNEKTPUYECKNX NapaMeTPOB BCEX UCMOI -
HeHun AHK-1,5 aBnaioTca o4eHb BbICOKUE, MPUYEM rapaHTUPOBaHHbIE, MapaMeTpbl,
peanusyemMble gaxe nNpu o4eHb Manbix D/A, Takmx kak 8,5, 19 n 30.

lapaHTUpOBaHHbLIE ANEKTPUYECKME NapamMeTpbl BCex ncrnonHenmn AHK-1,5 (no
NPUHATON MeXAyHapoaHOM TEPMUHOIOMMN) YO0BNETBOPSAOT, Npuyem ¢ 60/bLUNM

3anacom, TpedoBaHUaM A5 aHTEHH
- BbICOKOIO Ka4eCTBa, a peasibHble
[ [ [ | | mapameTpbl, UCKo4as YpoBEHb MaK-

T

y \\ 1,5/4-6 r T‘ CVMMYMOB KPOCC-NOASpU3aLmm, CooT-
""" et f——l BETCTBYIOT TPe6OBaHUAM, Npeabs-
S AHK .58 || || BnsieMbim k aHTeHHam PPJ1 cBepxBbi-
AHK_-1,5(11 | | COKOro Ka4yecTsa.

B j OCHOBHbIM HEJOCTaTKOM B 4aCTu
0

3 5 7 9 M 13 rru| IEKTDUYECKIX NADAMETDOB

SBNSIETCSH CPABHUTESIbHO BbICOKUIA
Puc. 3.103 P
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YPOBEHb KPOCC-NONASPU3aLMOHHOIO N3NTy4EHNS B TOPUSOHTAIbHOM MIOCKOCTU, KOTO-
pbiit xapakTepeH ans PMNA n ABO ocobeHHO ¢ BepTMKaJIbHbIM BbIXO40M BOJIHOBOAA,
raoe MCnonb3yeTcs KOPOTKODOKYCHBIN MCXOAHbIM Napabonong. 3710 genaet npobne-
MaTUYHbIM UCMOJIb30BaHWE TakKnUX aHTEHH, KOraa HeobxoayMa OYeHb BbICOKas pas-
BA3KA MO KPOCC-NMoAapu3aumm, 4To Ha NPaKTUKe BCTPEYAETCS HE 4acTo.

OCHOBHbIMM IOCTONHCTBAMW B YACTU KOHCTPYKLIMK (MO cpaBHeHuto ¢ PTA npn
CON3MEPUMBIX C HEV WJN axXe JyHLUMX 3IEKTPUYECKUX NapamMeTpax) SBnsiioTCs
3HAYMTENIbHO MEHbLUNE (CON3MepPUMbIE C OCECUMMETPUYHLIMU aHTEHHaMK) rabapu-
Tbl U Macca, NpuyeM Npu Hanmuum, kak n'y PIA, BepTukanbHOro Bbixoga obnyyare-
nsa. Kpome Toro, AHK-1,5 (B otnunume ot PIMA) MoxeT akcnnyaTupoBaTtbcs 6€3 rep-
METUYHOIO YKPbITUS, @ BO MHOTMX KIIMMATUYECKMX paioHax 3eMHOro wapa 1 Boo6-
we 6e3 yKpbITUSi aHTEHHbI B LLEJIOM, Tak Kak repMeTM3npoBaTb HEOOX0ANMO NNLLIb
obnyyaTens.

OCHOBHbIM HEJOCTATKOM B 4aCTWN KOHCTPYKLIMK (MO CPABHEHUIO C OCECMMME-
TPUYHBIMW @HTEHHAMM) ABNSIETCS Boslee CNOoXHAs TEXHONMOrMS N3roTOBIEHUS U
BbITEKAIOLLLAA U3 9TOro, BO3MOXHAs NOBbILLEHHAS CTOMMOCTb.

3.6.4. Bo3amoixHbie obnactv npumeHennss AHK-1,1 n AHK-1,5

Bo3moxHble obnactu npuMmeHenuns aHteHH AHK-1,1 n AHK-1,5 onpegensioTcs
MX O4€Hb LUMPOKMM paboynmM aAmanasoHOM U BbICOKMMUN 3/IEKTPUYECKUMM NapamMe-
Tpamm, 0COOEHHO B HaCTM NOMEXO03aLUMLLEHHOCTU, MPU Mabix pasmMepax 1 Macce.

+  AHTeHHbl AHK-1,1/8, AHK-1,1/11, AHK-1,5/8 n AHK-1,5/11, nmetowine
CPaBHUTEJIbHO BbICOKUI KO3DPUUMEHT YCUNTEHUS U OYEHb BbICOKYIO MOMEXO3aLLN-
LEHHOCTb, MOTYT HANTN NPUMEHEHME Ha Y3/I0BbIX CTAHLMSAX AN151 paboThbl B HECKOJb-
KX pagananbHbIX HAanpaBneHUsX.

«  AHTeHHbl AHK-1,1/4, AHK-1,1/6, AHK-1,1/4-6, nmetoLwime cpaBHUTENIBHO
Masbii KOAPDOULMEHT YCUNEHNS, HO BbICOKYIO MOMEXO03aLLMLLEHHOCTb, LLEeNecoob-
pPa3HO MCMNONb30BaTh NPU CTPOUTENLCTBE OTBETBIEHNI (HEOONbLLLOM MPOTAXEHHO-
CTM1) OT CYLLECTBYIOLLMX NN BHOBb CTPOSALLMXCS PAaOVOPENENHbIX CTAHLMA, ECNN OHU
Nno KO3 OULMEHTY YCUIIEHNS OTBEYAIOT NPenbABASEMbIM TPEOOBaHMSM.

«  MnaBHas (6e3 ocunnnaunii) n yctonumeas 3aBucumMocTb KY oT 4acToTshl,
xapaktepHas onga AHK, manas macca n Hebosnblume rabapuTbl 4al0T BO3MOXHOCTb
MPUMEHSITb UX N B KAYECTBE 3TANIOHHbIX aHTEHH NPU namepeHnmn koaddbunumeHTa
YCUNIEHUS.

+ LUupokas nonoca 4acToT, B npeaenax KOTopon Kaxapli BapyuaHT NCMNOJTHE-
Hma AHK coxpaHsieT BbICOKME 3NeKTpuieckme napameTpbl, NO3BONASET UCMNOb30BaTb
3TM aHTEHHbI B CaMbIX Pa3HbIX CMCTEMax CBA3U, paboTaloLwmx B Nosoce 4acToT
1,6+13,25T1Twy,.

+ AHK-1,5 (6naropgaps BepTKanbHOMY Bbixoay o6ydarens) MOryT MCNoJib30-
BaTbCS B TEX C/y4asix, Koraa annapartypa yCTaHOBJIEHA BHU3Y BbICOKO ONOPbI U COe-
OVNHEHA C QHTEHHOW NMPY NOMOLLM XECTKOr0 BEPTUKANIbHOrO BOJIHOBOAHOIO TPaKTa.

+  AHK-1,5 ¢ BonHOBOAOM 60JIbLLOI0 CE€Y4E€HNS, B YACTHOCTU, C BOJIHOBOAOM
anameTpom ~140 mm 1 70 MM, MOXET UCMNOJIb30BaTbCs B cucTteme Tuna «Llnopa»,
roe BoSIHOBOOHasA Tpyba, pacyaneHHas pacTsXkaMu, CIYXUT ANS aHTEHHbl U MaY-
TON-0OMNOPON.

3.6.5. UcnonbsoBaHne AHK-1,5 co unpeHresnbHOV Ma4yToVi-BOJIHOBO4OM

AHK-1,5 6bina ncnonb3oBaHa Co LUNPEHrensbHoM madTtoi [65], paspaboTaHHOMN
O.T.H. A. A. BoeBogviHbiM, B KOTOPOW BOJSIHOBOS,, YKPEMJIEHHbIN LUMPEHTENIMU U
pacTskkamu, SBASIETCS HECYLLEN KOHCTPYKUMEN, a K BEPXHEN ero 4actm npucoeamn-
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HAieTCcs aHTeHHa, puc. 3.104. LileHTp TSXecTu 3TON aHTEeHHbI

] [oJKeH ObITb Xopowo cbanaHcuposaH n AHK-1,5, nmetowas
BEPTUKAJbHbIN BbIXOL BOJIHOBOAA, CThIKYETCS C TAKOW Ma4vTOM-
BOJIHOBOAOM Hanbonee rapMoHn4Ho. OgHako (Npu Hann4mMm
n3rnda) BO3MOXHO ncnonb3oBaHne n AHK-1,1.

YcneLwHo npoLuin anekTpu4eckme UCnbiTaHns 4encTByo-
LMe MaKeTbl LUMPEHrenbHOM Madtel-onopel ¢ AHK B ananasoHe
8 I'Tu, roe B kKa4eCcTBE MayTbl-OMOPbl UCMOJIb30BaAICH TUMNOBOW
BOJSIHOBOA, AmnameTpom 70 mm. TMpu aTomM 0bnyHaTenb aHTEHHbI
MMen BOJIHOBOAHbLIN BbIXOA AMaMeTpoM 32 MM 1 NPUCOeaNHS-
€Sl K MHOroMO40BOMY BOJIHOBOAY AnameTpom 70 MM nocpen-
Puc. 3.104 CTBOM KOHWYECKOro nepexona, KOTopbl CAy>Xuni 0OHOBPEMEH-

HO HECYLLEN KOHCTpyKUmen. Bce anekTpuyeckue napameTpbl
3TOl CUCTEMbI OTBEYaNn 3afaHHbIM TPeboBaHNAM, HECMOTPS HA UCMOJIb30BaHME B
HeWn AJIMHHOrO MHOrOMOZOBOrO BOIHOBOAA. CBA3b Gbina yCTOMYMBOM, XOTS BO
BpeMs NpoBeAEHNS UCMbITAHUIA CKOPOCTb BETpa gocTturana ndorga 18+20 m/cek. Ho
Tak Kak BpeMsl 3aBepLUEHNS AaHHOW pa3paboTKn COBMNasno C Ha4asioM NepecTPonkm
CCCP 10 ee BHeapeHue B CepuiiHoe Npou3BoaACTBO He COCTOSAN0Ch. Heckonbko
nosxe 6bl1 paspaboTaH U UCNbITaH AEACTBYIOLLMIA MakKeT MayTbl-BOJIHOBOAA AuaMe-
TpoMm ~140 mm, rae ucnonb3oBanacb AHK-1,5/2 (cm. puc. 3.104).

B cepuiiHoe Npon3BOACTBO C Ma4TON-BOSIHOBOAOM Oblfla BHeApeHa aHTeHHa
AHK-1.5/2, koTopas BxoauT B COCTaB annapartypsbl «[lnxTta-2», BbIMyCKaemMom Cepuii-
Ho OAO Bnapumupckoro 3aBoga «dnekTponpuoop».

3.6.6. Ucnonb3oBaHne ABO B nepuckonn4ecknx cucremax

lMepuckonnyeckne aHTeEHHbIE cucTeMbl [2] uenecoobpas3Ho UCMOob30BaTb NP
YCTAHOBKE aHTEHH HA OYEHb BbICOKMX OMOpPax U pacrnosioXXeHun annapatypbl BHU3Y,
KOraa UCrnoJsib30BaHWe BOJIHOBOAHOMO TpakTa No KaknmMm-nmbo npuynmHam HEBO3MOX-
HO UM HEXENaTeNbHO.

Mepuckonuyeckas aHTeHHasa cuctema, puc. 3.105, COCTOUT U3 HUXHEro 3epka-
na-nany4aTtens, pacnosioKEHHOro Ha 3eMJ1e, 1 BEPXHErO 3epKana-nepenanyyartens,
YCTaHOBJIEHHOrO Ha onope. B kauecTBe HUXHErO MOXET ObITb NCNONL30BAHO OCe-
CYMMETPUYHOE 3epKarso, HO npeanoyTuTensHee ncnonb3osatb ABO, Tak kak B 3TOM
cny4yae npobnemMbl, CBSI3aHHbIE C €ro 3aWmnTon 0T aTMOCHEPHbLIX 0CaAKOB, BO MHO-
rnx cryyasix BooOLLe OTNaaalT UM 3HAYUTENBbHO YNpOoLLaoTCs.

KayecTBO paboThbl NEPUCKONNYECKON aHTEHHOW CUCTEMbI ONpPenensieTcss MHOM-
Mn dakTopamu. Cpeam HUX HEMaNoBaXKHYO POJib UrpaloT HanpaBfieHHbIE CBOMCTBA
obnyyaTenst HAXHEero 3epkana, KOTopbl B 04eHb O0JbLUONM CTENEHW onpeaenseT
nomexosawmieHHocTb ABO, ¢ ynydlieHnem KOTOpon yMeHbLIaeTCs
E 1 YPOBEHb MOMEX, ONPEAENFIEMbIX OTPAXKEHNEM SHEPTUU OT KOH-

— CTPYKLMM ONOPbI.

Mpwn ncnonb3zosaHnm ABO ob6ydaTenb MOXHO YCTaHOBUTb Kak
HenocpeacTBEeHHO B TEXHNYECKOM 34aHumn (cMm. puc.105), Tak n BHe
ero, u rabaputbl o6yqaTens B 3TOM cjlydae 0coboro 3Ha4eHusl He
nMeloT. Mo3TOMY HMYTO HE MeLlaeT MCMoJIb30BaTb B Ka4ecTBe 00/y-
yatens HuxHero 3epkana PPU, npenmyliecTsa KOTOPOro B 4actu
A K== | 9NeKTPN4eCcKMx NapameTPOB Mo CPABHEHWIO, HaNPUMep, C 0ObIYHLIM

=% et sar -] CUH(A3HBIM PYNOPOM HEOCTNOPVMBI.
Puc. 3.105
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Puc. 3.106

Ha puc. 3.106, cnesa nokasaHbl Ha 06enx NonsApusaunax B nepeaHeM nosynpo-
cTpaHcTBe AH 06bl4HOrO NMpamMmaanbHOro CMHGasHoro pynopa, KoTopbli UCMNoJb-
30BasICs B OAHOM U3 NEPMCKOMNMNYECKMX aHTEHHbIX cnuctem, n JJH koHmnyeckoro PPU
(OHM 3aITPMXOBAaHbI), KOTOPbIM CUHOA3HbIN pyrnop Obin 3aMmeHeH [53].

Pasmepbl PPU: 2R, = 9,2, 2a, = 35°, 2R = 2,97, 204 = 10°.

Pa3amepbl cuHdazHoro pynopa: 2R = 2,8\, BbicoTa h = 6\. Yron 061y4eHus
Kpomku 3epkana 8, = 16°.

Ha puc. nokasaHbl pedynstaThl pacyeta KUI (aneptypHoro — K, nepexsata —
K, n obwero — K,) no skcnepumeHTtasnbHbiM JH.

Mpwn 3ameHe cuHdasHoro pynopa Ha PPU (cm. puc. 3.106, B LeEHTpe 1 cnipa-
Ba), NP1 No4TM oguHakosom aneptypHoMm KUI ( K,) o6wwmin KU (K,) ysenuumncs
ot 0,62 o 0,8 3a cyeT cUnbHOro yBenuyeHua koadpdounumeHT nepexsaTta ( K;,) —
ot 0,7 (no cpegHemy no nonsipuaauuam 3HadeHnto) oo 0,9. KoaddurumeHT pacce-
AHUSA npu ncnonb3oBaHun PPN coctaBnsieT Bcero 10 %, 4TO NpMBOAUT K 3HAYU-
TENBbHOMY YNYYLLIEHUIO MOMEXO3ALMLLEHHOCTUN NEPUCKONUYECKON aHTEHHOM
CUCTEMBbI B LLEJIOM.

PeanbHbln KM 61130k K pacyeTHOMY, Tak kKak B JaHHOW CUCTEME HUXHEe 3ep-
Kano o4eHb AJIMHHOPOKYCHOE N MMeeT BOJIbLIOIK OTHOCUTENbHbLIA pa3Mep pPackpbiBa,
NO3TOMY KPOCC-NONAPMI3ALNOHHbBIE N ANDPaKUMOHHbIE NOTEPU Malbl.

Mpn HekoTOPOM (BMOJIHE AONYCTUMOM) CHUXEHUU K, Hanpumep, 00 BENNYMHbI
0,75 (6,=18°) koapPpuLMeHT paccesaHns yMeHbLUNTCS B0 3...5%, 4TO MOXeT AaTb
LOMNOSTHATENBHOE YIyYLLEHNE MOMEXO3ALLMNLLEHHOCTU.

3.7. ABO a5t 3e MHbIX CTaHLNI CITYTHUKOBbIX CACTEM

3.7.1. Tpeb6oBaHusa, npeabsiBysieMble K aHTeHHaMm 3C crnyTHUKOBbIX
cucrem

MmeeTca 60MbLLIOE KONNMYECTBO PAANOCUCTEM, MPUHAANIEXALLMX PA3HbBIM,
ObICTPO Pa3BMBAIOLLMMCS, CTYTHUKOBBLIM paamnocnyxbam, BkodYas GUKCMPOBaHHYIO
cnyTHUKoBYto cnyx0y (PCC) n BewatenbHyto cnyTHUKoByio cnyx0Oy (BCC). Ong kax-
[ov cnyx6bl onpeneneHbl NONOCHl YHaCTOT, KOTOPbIE, KakK NPaBWI0, COBMELLEHbI C
apyrumun cnyxx6amu. B HanpasneHun 3emnsa-Kocmoc n Kocmoc-3emns nonochl
4acToT pasnunyHbl. PaznmyaloTcsa oHn n ons pasHbix PainoHoOB 3eMHOro Lwapa.
MakcurmanbHO 0CBOEeHbI AnanasoHbl 4/6, 11/14, 12/18 'y, n yxxe oceamBaloTcs
ananasoHbl 20/30 My, B pasHbix pagnocnyxbax NpuUMeHsoTCS pasfiniHble aHTeH-
Hbl 3eMHbIX cTaHumii (3C).

OnameTp aHTeHH 3C OCC cocTangeT npumepHo 3 — 12 M. Manble aHTeHHbI
3eMHbIx cTaHuui (0,5 — 3 M) npuMeHsoT B pacnpeaenntenbHbix ceTax BCC n Ha 3C
NOABMXHbIX CNYX6, 06nagatoLmx Manor nponyckHom cnocobHocTbio. OaHako, 6na-
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rogapsi COBepLLUEHCTBOBAHNIO BOPTOBOM annapaTtypbl, BO3MOXHOCTb UCMOJIb30BaHWS
aHTeHH Manoro anameTtpa yeenuumaeTcs kak ans BCC, Tak n gna GCC.

Oco60e BHMMaHWE yaensieTcsl HanpaBfieHHbIM CBOMCTBAM @aHTEHH, Tak Kak
VIMEHHO OHM ONpPenenstoT CTeneHb MCNOo/b30BaHUSA reocTaumMoHapHoi opobuTsl (MO),
roe yxxe Habnogaetcs 60nbLUas HACILWEHHOCTb.

OO6wue TpebGoBaHUd, NpPeabsaABISeMble K 3JIEKTPMHECKMM NapaMeTpaM 3eMHbIX
aHTEHH, NCMNOJIb3YEMbIX B CMYTHMKOBbLIX CUCTEMAX:

+  Hun3kuin ypoBeHb 6OKOBOIO U3My4eHUs B NepenHeEM NoynpocTpaHCTBe
(yBENMYEHME NPOCTPAHCTBEHHOW N30MPATENIbHOCTU aHTEHHbI), ONpeaensiiowmnii, B
KOHEYHOM UTOre, Ka4eCcTBO NpMeMa Npv 3aJaHHOM YrJIOBOM Pa3HOCE CMYTHMKOB U
MWHMMaIbHO BO3MOXHbI YIJIOBOM Pa3HOC CMYTHUKOB NpU 3a4aHHOM Ka4yecTBe
npuema.

+ MakcumanbHO BO3MOXHas WnpmHa paboyero ananasoHa, onpenensiowas
BO3MOXHOCTb MCMNONb30BAHUS OOHOM U TOI XXe aHTEHHbI B pa3HbIxX Ciyxbax n/mnm
panoHax 3eMHOro Lwapa, a Takke BO3MOXHOCTb NPUeMa OgHOW aHTEHHOW HECKOJ1b-
kux ctaHuui BCC.

+ MakcumanbHasi BO3MOXHas MOMEX03alULLEHHOCTb aHTEHHbI B LLEJIOM,
BKJ1IOYAs 3aHEe NosynpoCTPaHCTBO, ONPEAENnsoLwas LWyMOoBYIO TEMNEPaTypy
AHTEHHbI, NPY 3aaaHHON 3DPEKTUBHOCTMU.

+  MakcumanbHO BO3MOXHasa adPEeKTUBHOCTb NPY 3a4aHHON NOMEXO3aLLm-
LLEHHOCTW.

+  MakcumanbHO BO3MOXHas (Mpu 3agaHHOM KO3PDUUMEHTE YCUNEHNS)
LUMPYIHA MABHOO NIEMNeCTKa aHTEHHbI M0 YPOBHIO MOIOBMHHON MOLLHOCTY (20 5),
KOoTOpasi onpenenset cTabunbHOCTbL PaboTbl CUCTEMbI NPU OTKJIOHEHUM CNYTHUKA U3
pacyeTHOM TOYKU.

+  MuHMManbLHO BO3MOXHbIN YPOBEHb KPOCC-Nonsipusauum B6a13n Hanpasne-
HWS [MaBHOIO N3JTyYeHUs1, onpeaensaoLwni 3amILEHHOCTb CUCTEMbI OT NpYemMa
nomexu Apyrown nonapusaumnm, Tak kak npu NiaHNpPoBaHMN pa3MeLL,eHns CNyTHUKOB
Ha opbuTE YUNTbLIBAETCH U KPOCC-NONApU3aumoHHas pa3Baska.

+ MuHMManbHO BO3MOXHbI KO3 OULMEHT CTOSAYEN BOMHbI HA BXoAe 0bny4ya-
Tens.

MpuBeneHHbIe BhilEe (BECbMA NMPOTUBOPEUMBLIE) TPEOOBAHNSA SABNAOTCS 00OLLM-
MW, K KOTOPbIM, MO BO3MOXHOCTW, CrieayeT CTPEMUTLCSH, HO OYEHb TPYOHO peannso-
BaTb B NOJIHOM 06beMme. [ToaTomMy Npu pa3paboTke KOHKPETHbLIX @HTEHH, Kak NpaBu-
110, HAXOAAT KOMMPOMWUCCHbIE BapuaHThbl, @ MO3TOMY HEKOTOPbIE N3 3TKX TpeboBa-
HWUA MOryT ObITb 6oNlee XecTknumu, a gpyrne — 6onee MArkMMu, B 3aBUCMMOCTU OT
KOHKPETHbIX TPeBOoBaHUN, NPEAbSBASEMbIX K aHTEHHAM TOW UM MHOW CUCTEMbI NN
K OA@HHOW KOHKPETHOM aHTeHHe. Hanbonee msrkne TpeboBaHns B GONbLUMHCTBE Chy-
YyaeB NPEeAbLABSIOTCA K COrnacoBaHmo aHTeHH 3C ¢ nuTaloWwyM TPakToM.

Kpome Toro, NnpMeMHble aHTEHHbI A1 MHOVMBUAYASIbHOrO 1 KONEKTMBHOIO NpmMema
cuctembl BCC gomkHbl 6biTb MPOCTLIMU MO KOHCTPYKLIMW, HAOEXHBIMU B SKCMyaTaumm
M OELLEBbIMU, TaK Kak OHU YXe CTann U3OEeNMAMM «<MacCOBOMO Crpoca».

Lanee, 6onee nogpobHO, OCTAHOBNUMCS HA HEKOTOPbLIX, HANbOoee BaxHbIX, Tpe-
O0BaHMAX N3 NEPEUYNCIIEHHbIX BbILLIE.

TpeGoBaHUs K NPOCTPAHCTBEHHOW U30MPaTeNIbHOCTU aHTEHH BbI3BaHbI
HEeoOX0OMMOCTbIO YBENTMYEHUS EMKOCTM reocTauuoHapHoi opouTsl (MO). B obwem
ciny4yae NpoCTPaHCTBEHHAsA N36MPaTENbHOCTb ONPeAENsaeTcs ypOBHEM MakCUMYMOB
1 CKOPOCTLIO craaa 60okoBbix nenectkosB. Hanpumep [66], yBennyeHne ckopocTu
cnaga B 1,5 pasa nnmn cHmxeHne ypoBHS OOKOBbIX J1IENECTKOB A0 BENYUNHbI:
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G(6) =25-251g6 (3.20)

NPUBOAUT K COKPALLEHMIO yria pa3dHoca CNyTHMKOB NPUMEPHO BOBOE U COOT-
BETCTBEHHO K YABOEHMIO EMKOCTM reoctaunoHapHoin opoutsl (IMO).

YBenunyeHne NpoCTPaHCTBEHHOM U3BMPATENIbHOCTU AIBNSIETCS BECbMA CJIOXHOM
3apadven, Tak kak (Npm NpoYmx paBHbIX YC/IOBMSIX) CKOPOCTb craga 6amkHuX (anep-
TYPHBIX) NTIENECTKOB, onpeaensemas oTHoweHem D/A, No mepe yBenn4eHuns
9hPEKTUBHOCTN YBENMHMBAETCS, & UX YPOBEHDb (M YPOBEHb AN PAKLMOHHBIX) nene-
CTKOB, 3aBUCSLUNI OT pacnpeaeneHns aMmnanTyapl nofs B packpbiBe (OT YPOBHS
00Ny4eHns KPOMKIM 3epkana), npu yeennieHnn ap@ekTmBHOCTN, HAOBOPOT, NOBbI-
waetcs. [NosTomMy BCcerga npuxoamnTcs MCKaTb HEKOE KOMNPOMUCCHOE PeLLEHME.

Mpwu cywecTByoLen (6onbLloii) HackiweHHOCTM O cnyTHMKaMn yBenmyeHmne
NPOCTPaHCTBEHHOI U3bupaTensHOCTN aHTeHH 3C ABNSeTCS NepBOOYepenHON 3aaa-
yer, KOTopas peLlaeTcs yXe B Te4EeHNE NPUMEPHO ABYX OAECATUNETUN.

TpeGoBaHUs NO KPOCCNONAPU3ALUMN TOXE CBA3AHbI C YBEJIMYEHNEM EMKOCTH
'O 3a cyeT pasgeneHns CUrHanoB No NoNsPM3aumaMm, 4To 4OCTUraeTcs Npu nany4de-
HMM CUTHANIOB C OPTOroHaNbLHOM Nonspuaaunen — NMbo NMHENHONM B ABYX OPTOro-
HaJsIbHbIX MNJIOCKOCTSX, MO0 BpaLLaloLLENCs C pa3HbIM HanpaBieHNEM BpaLLeHs.

PacwupeHue paboyero guanasoHa sBigeTCca BeCbMa BaXHO 3aaayeit, Tak
Kak genaeT aHTEHHY YHMBEPCAJIbHOM 1 obecneyYnBaeT BO3MOXHOCTb ee MCMOJIb30Ba-
HWSA pa3HbIMK paguocnyxbamu, a Takke ons paboTbl B pasHblix PailoHax 3eMHOro
wapa cuctem OCC n BCC, roe paboyne nonockl HacToT CABUHYTLI OTHOCUTESIbHO
apyr apyra.

MHorune TpeboBaHus, NpeabaBAseMble K aHTEHHAM CMYTHUKOBBIX CIYXO,
3aduKCMpPOBaHbl COOTBETCTBYIOLLMMW OKYMEHTAMU, MPUHATBIMY BCEMUPHBIMU 1
pernoHanbHbiMu KoHpepeHumsamm MC3. HekoTopble 1nx 3TUX LOKYMEHTOB NpuBeae-
Hbl B pa3gene 3.1, roe paHa n yHmBepcanbHas [H, Hanbonee nosHoO oTBevatoLas
Hanbonee CTporum TpeboBaHUAM, NPeabaBASEeMbIM (Ha CEFOAHS) K aHTEHHAM pas-
HbIX CNyX06, BKo4as aHTeHHb! 3C.

Beayuwue pmpmbl npu pa3paboTke HOBbIX aHTEHH (BHE 3aBUCKMMOCTU OT UX pas-
Mepa 1 NPUHALANEXHOCTU K TON NN NHOM CNYTHUKOBOW CUCTEME) CTPEMSTCS YO0-
BIETBOPUTL UK Aaxe NpeB30iTn Hanbonee xecTkne TpeboBaHus, 4TobObl coenaTb
CBOW @HTEHHbI KOHKYPEHTOCNOCOOHbIMU. B yacTn Manbix aHTeHH 3C npegnoyteHne
OTOaHO UMW aHTEHHaM, BbIMNOJSIHEHHbIM Mo cxeme ABO.

Mpenmywectea ABO C TOUYKM 3pEHUS X MCMOb30BAHNS B KAYECTBE aHTEHH
3C cnyTHUKOBbLIX CUCTEM:

+ OTcyTCcTBME 3aTEHEHUS PACKpblBa aHTEHHbLI 061y4aloLLE CUCTEMO U
aNeMeHTaMm ee KpenseHns no3BoNseT NonyyinTs (Npu BbicokoMm KUIM) Hanbonee
HW3KWIA YPOBEHb NEPBOro 1 BAMXKHMX BOKOBbLIX NEMNECTKOB JaXe NPW OY4EHb MasibiX
OTHOCUTENBHbBIX (B O/IMHAX BOJIH) pasMepax OCHOBHOIO 3epkana.

« OTcyTCcTBME 3aTEHEHUS pacKpbiBa AaeT BO3MOXHOCTb CO3A4aHMs cnagato-
LEro Uam gaxe cneumanbHOro pacnpeneneHns aMmnanTyabl Nons B packpbiBE, YTO
NO3BONISET (MPY BbICOKON 3DPEKTUBHOCTIN) NOMYHYUTh LUMPOKNIA MaBHbIN NENECTOK B
COYETAHUN C HU3KUM YPOBHEM OOKOBbIX.

+  Hmn3kunin ypoBeHb 6OKOBOIO U3Jly4eHUS aHTEHHbI B LLesIoM obecneyrBaeT
HM3KYIO LUYMOBYIO TEMMNEPATYPY aHTEHHbI.

«  Hun3kunin ypoBeHb BAMXHMX (anepTypHbIX) IENEeCTKOB 1 OblCTpas CKOPOCTb NX
cnaga no3BOJIET YBENNYMUTL EMKOCTb reoCTauOHapHOM opOuThl.

+  MeHblume TpeboBaHUS K TOYHOCTM YCTAHOBKM 0B1ydaTens (aHTEHHbI,
BbIMOJIHEHHbIE MO cxeme ABO npu paBHOM C OCECMMMETPUYHO aHTEHHO Aname-
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Tpe packpbliBa 3KBMBaNEHTHbI 6oee AIMHHOPOKYCHbIM OCECUMMETPUYHBLIM aHTEH-
HaMm) genatroT paboTy aHTEeHHbI 6oiee HaaEeXHON.

+  KOHCTpyKUMS aHTEHHBbI, BbINOSIHEHHOM Mo cxeMe ABO (HaknoHHOEe pacnono-
XXEHMe MOBEPXHOCTN 3epKaa 1 KpbILKKM 061y4aTenss OTHOCUTENIbHO FOPU30HTa)
obecneyrBaeT BO3MOXHOCTb 3KCrlyaTaumm 3TUX aHTeHH 6e3 yKpbITUS MOYTU BO
BCEX paioHax 3eMHOro Lwapa, UCK/Itoyas NLlb BbICOKOrOPHbIE palioHbl BOIN3N
aKBaTopa.

HepocTtatku ABO:

+ CnoXHOCTb N3roToBAeHMs Npu 6onblunx (6onblue 2+3 M) paaMmepax 3epka-
na.

+  [1OBbIWEHHbIN (MO CPABHEHUIO C ATMHHOMOKYCHBIMY OCECMMMETPUYHbLIMU
aHTeHHaMW) ypoBEHb MakCUMYMOB KPOCC-MNonsipm3aumm npu paboTe aHTEHHbI Ha
JIMHENHOM Nonspu3aunmy (Ha KpyroBon nonsapusaunu, kak yxe 6bi10 ckazaHo MHOrMO-
KpaTHO, KPOCC-MONApM3aLmMoHHble XxapakTepncTnku ABO 3HAYUTENBHO NydLle, YHeM Y
OCECUMMETPUYHbIX aHTEHH).

Kak yxe oTMevanocb, ypoBeHb MakCUMYMOB Kpocc-nonspudaunn ABO B none-
PEYHOM NNOCKOCTU NPUMEPHO COOTBETCTBYET MakCMMyMaM KPOCC-Nonspusaumm
OCECUMMETPUNYHOWM aHTEHHbI, UMEIOLLIEN YrOo pacTBOpa 3epkasia paBHbIl yry
pacTBOpa ncxogHoro napabononpa, 3 KOTOpoOro «Bblipe3aHo» 3epkano ABO, T. e.
3epkany, yron pactsopa KOTOpOro NpMMepHoO B AiBa pa3a 6obLue yrna pacTeopa
ABO. OgHako (Npu COOTBETCTBYIOLLLEM BbIBOpE reomMeTpunyeckmx paamepos) ABO u
Ha NIMHENHON nonapu3aumm yooneTesopsieT TpeboBaHNAM, NPenbIBNSEMbIM K
aHTeHHamMm 3C CNyTHUKOBbLIX CUCTEM.

M3 ckazaHHOro BhbIlLE COBEPLUEHHO 04eBMOHO, NodeMy ABO manoro anametpa,
BbINOJSIHEHHbIE MO O4HO3EPKANIbHOW CXEME, MOJy4YnIM CaMoe LLUMPOKOE pacnpocTpa-
HeHne B BCC. Hwxe npmBeaeHbl pe3ynbtathl pa3paboTku OBYX aHTEHH Ans npue-
Ma CMyTHMKOBOIO TENEBU3NOHHOIO BELLLAHUS, BbIMOJIHEHHbIX MO cxeMme ABO: aHTeH-
Hbl C AMaMeTPOM packpbiBa 1,1 M 1 aHTEeHHbI C AguamMeTpoM packpsiea 1,5 M, npea-
Ha3Ha4YeHHbIX 4519 paboTbl B Anana3oHax YacToT, BblAENEHHbIX 4151 CMYTHUKOBbIX
CUCTEM.

3.7.2. ACTB c gnameTtpom packpbiBa 1,1 m

MakeT aHTeHHbI [39] Ans nprema CrnyTHUKOBOrO TENEBU3MOHHOIO BELLAHNS C
anameTpom packpbiea 1,1 m (ACTB-1,1) Obin npegHa3HadveH ans padotsl B POY — pac-
LUMpeHHoM auana3oHe YacTtoT (11,4 — 14 [Tu), BkoyaoLweM B ceds HEeCKOJIbKO NOS0C
®CC n BCC, BblaeneHHbIx af1s pa3Hbix PaiioHOB 3eMHOro wwapa. o pesynstatam
nccnenoBaHUsl aToro MakeTa Obln pa3paboTaHbl M BHEOPEHDI

m'.ll'll.l'.luu'\'lllul.' o
e B CEPUIHOE MPOMN3BOACTBO HECKONBLKO TUnopasmepos ACTB,
l FpRans BbIMOJIHEHHbIX MO 0AHO3epkKanbHO cxeme ABO.
1 B o6uwem cnyvae ACTB (puc. 3.107) cocTosaT n3 oTpa-
[ o Xartolero 3epkana, obny4yaTtens, yKpenaeHHOro Ha KpoH-
/( LUTeHe, 1 NOACTaBKM C OCTUPOBOYHLIM YCTPONCTBOM. KOH-
T—* | :'“‘"".”"_"_"'_" CTPYKUMS KPOHLLTEMHA, NoACTaBKN U IOCTUPOBOYHOIO
|I Y ______.L‘t" YCTPOWMCTBA MOXET ObITb PA3JINYHOM B 3aBUCUMOCTU OT CMO-
| _;.:.'.'-" " coba yCTaHOBKW aHTEHHbI (HAa rOPM30HTaNbHOW NoLaaKe
| Hpssameitt | 1 NPUKPEnIEHHOM K BEPTUKaNbHOM cTeHe). B otnnyme ot
. i-:;\_’ MeacTacss ABO, npegHa3Ha4YeHHbIX ans pabotbl Ha PPJ1, akpaH B
; L% aHTeHHax ACTB oTcyTCTBYyeT, Tak ypOBEHb UX AANIbHErO U
Puc. 3.107 3a0Hero n3ny4yeHus TpedoBaHNSAM MO NMOMEX03aLLMLLEHHO-

180



YacTb |. AHTEHHbI, MUP U Mbl

e Lo || e [T1] [a AT T T 1111
camizinim 3 0 | | H e . N | P""\-\_‘ [T I_
[ | log i r 2
il = [ T E}i\. r‘: L - m
L 4 - Iy o
I!FH. -1 —* --.,_I_l_m 1l L 1 _'\-l“]_rﬂ'l 3 ]
5 50 30 20 0 20 80 6 8F 5% 60 40 20 0 70 40 1 &m

Puc. 3.108

CTW yooBneTBopsieT n 6e3 akpaHa. Cxema aHTeH- . ‘ e

| Fepazsrmausen i
Hbl 06ecnevnBaeT BO3MOXHOCTb €€ aKcrnyaTa- Jeei— A ™ -
UMM 6e3 yKpbITUS, Tak Kak BEPOATHOCTb CKomJe-

it
HWUS1 0CaOKOB B BUAE OOXAA U CHEra Ha KpbILKe A .JI;,
ob6nyyartens n Ha NOBEPXHOCTU 3epkana (npu i Al
OPUEHTUPOBKE aHTEHHbI Ha CNYTHWK) NpakTnye- [ ] E R N
- -f'l}l |

CKM OTCYTCTBYET. H _._h_ Lot

3epkano MakeTa aHTeHHbl, 3aMMCTBOBaH- TFT [ [ i T
Hoe oT cepuinHon AHK-1,1, umeeT cnepnyowume 7 [ 1 ,_} .

. - — - — . | !;;.H 1Ak R

pasamepbl: D=2R=1,1m,F=0,5M, x4 =0,1 m; -a.. T a1 4:-

Xo = 1,2 M 1 3aTEHEeHNe packpbiBa aHTEHHbI
obnyyaTenem, NnpeaHasHa4YeHHbIM A4S 3TOro L
[uanasoHa, NpakTU4eckn UCKITIOHEHO.

OGny4aTtenb BbINOSIHEH Mo cxeme PPU-
MOKC (cm. pazgen 1.62) n ontuMmnanposaH ans
cpenHen yactothl OOY (11,7+12,5), ero OH
nokasaHbl Ha puc. 3.108.

B nonepeyHon nnockoctn 1H CMMMETPUYHbI
(cm. puc. 3.108, cnesa), a B NpoA0SIbHOM — acMMMETpPUYHbI (CM. puc. 3.108, cnpa-
Ba). OHW NpakTMyYeckn oamMHaKoBbl Ha 06enx nonspusauuax (E n H) n nmetoT H1M3Knin
ypoBeHb HOKOBOro N3nyyYeHust, oTeeyass TpeboBaHMaM, npeabsBasemMbim Kk JH obny-
yatensa ABO.

KoadPpuumeHT ycuneHms, MaMepeHHbI Ha NIMHENHOW noaspusaumm, Ha
yactoTe 11, 7 I'Ty, (Ha HUxHel yacToTe OAM, roe D/A = 42,9) paeeH 41,0 ob, 4to
cootBeTcTBYET KUIM 61mskomy k 0,7.

JAH aHTeHHbI Ha KPYroBOi NOASPU3aLmn B NONEPEYHOM MIOCKOCTM Ha 4acTo-
Te 11,9y (D/\ = 43,6) Nnpu NnpaBoM (CNOLHas IMHUS) 1 NEBOM (MYHKTUP) BpaLLe-
HUM AaHbl (OTHOCUTENIBHO YPOBHS M30TPOMHOMO U3ny4eHus) Ha puc. 3.109. Beepxy
— [N151 CEKTOpa YIoB, rae YPOBEeHb CUrHana Bbllle YPOBHS LLUYMOB U3MeEPUTENbHOMN
yCTaHOBKM (Bbile -15 abun), BHU3Y (B yBENMYEHHOM MacluTabe) — B6AM3K Hanpa-
BJIEHWNS TNABHOIO U3JTy4EHUS.

AH aHTeHHbI

'
O TAHE | I
FIVEETE R

M—r1 Jlriﬂ\.l.-'.
_n_l/’r. - 3:¥_:

| - | [ 20 | -
[ a3 %f |

4" 4
Puc. 3.109

1[Iq:.
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nonspusauum B
nonepeyHom n Npo-
[0NbHOW MJIOCKOCTU
rnokasaHbl COOTBET-
CTBEHHO Ha puC.
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TPUYHOMY pacrpe-
OEeNeHno aMninTy-
Obl MONS B packpbl-
Be) Ha 06eunx nons-
pu3aumsx npakTm-
4YeCKn 0gMHaKOBbI U
naoeHTnyHbl JH Ha
KPyroBom nonsipum-
3auun.
Puc. 3.111 Ha puc.
3.109...3.111
LWITPUXMNYHKTUPHOW NnHKuel (Ha puc. 3.110 — nuHmeit 1) nokazana JH MC3 gnsa
aHTeHH 3C, geicTeytowas BoO BpeMs pa3paboTkm AaHHOW aHTeHHbI (1983 —1984
I'T.), KOrga ypoBEeHb anepTypPHbIX IENECTKOB ONpeaenssncs no Gpopmyne:
G(p) =52 - 10log(D/A) — 25 logg. MyHkTUPHOW NnHKe Ha puc. 3.110 n 3.111 npwu-
BEOEH YPOBEHb M30OTPOMHOI0 N3JTyYEeHUS1 JAHHOW aHTEHHbI.

LLUTpuxnyHKTUPHOW NnHKWen 2 Ha puc. 3.110 nokasaHa yHuBepcanbHas AH
(3.15), a nuHuen 3 — nepcnektneHas: G(6) = 25 — 25log6, kKoTopas pekoMeHaoBaHa
Kak Lenb, K KOTOPO cnenyeT CTPeEMUTLCS Npu pa3paboTke HOBbIX aHTeHH 3C, 4ToObI
YBENNYNTb EMKOCTb FreoCTalOHaPHOM OpOUThlI.

CpaBHeHMe Noka3bIBAET, YTO YPOBEHb HOKOBOIO U3/y4eHNS AAaHHOW aHTEHHbI B
006enx NNOCKOCTAX 1 Ha 06eunx nonspmndaumsax Hmxe ctapbix H MC3 Ha 10+15 a6 B
noaaBnsiloLEM CeKTope yrnoB, 1 Ha 20 — 25 gb Huxe N30TPonHOro ypoBHs. Kpome
TOro, B NOMEPEYHON MIOCKOCTM (OHa NPU COOTBETCTBYIOLLLEM PACMOSIOXEHUN aHTEH-
Hbl OTHOCMUTEJIbHO re0CTaUMOHAPHOM OPOUTLI ABNSAIOTCS ONPEAENsoLLEen) YyPpOBEHb
anepTypHbIX NENECTKOB YAOBAETBOPSET (C 3anacom) n yHmBepcanoHom [1H (kprBas
2), n ueneson (kpueas 3).

Kpocc-nonsapusaumoHHble XapaKTepUcTUKn npu paboTe aHTEHHbI Ha NINHE-
HOIA 1 KPYroBOWM Nonsipnaaumm, kak yxe 6bl10 cka3daHo, OTINYAKTCS NPUHLMNVaNb-
HO. HanomMHuM, 4TO Ha kpyroeom nonspusaummn ABO He nMeeT Kpocc-noaspuaaum-
OHHbIX Ma2KCMMYMOB BOIM3M HaNpaBeHWs rMaBHOro U3Sly4eHunst, a Ha IMHENHOW OHU
BECbMa BbICOKM U 3aBUCAT OT yrfia pacTBopa UCXOAHOro napadonounaa.

OpHako ons aHTeHH 3C, KOTopble UCMOJIL3YOTCA 6€3 3alNTHOro 3KpaHa, 1 HeT
HeobX04MMOCTU B MUHMMM3aLUMN ero rabaputos n/mnm B BEPTUKANbHOM BbIXOOe
obnyyaTensl, reoMmeTpmnyeckne pasmepbl 3epkasia MOXHO BbiBpaTb Taknm 06pas3om,
yTo TpeboBaHMe No Kpocc-nonaspuaaumn (3.16) BeinonHaTCA 6e3 0cobbIX NPo-
6nem, 4To 1 610 caenaHo B aHTeHHax ACTB, BHegpeHHbIX B cepUiiHOE NPOM3BO4,-
CTBO, e B Ka4eCTBE MCXOQHOIro NCMNob30BaH MeHee rnybokuii napabonouni, 4em B
aHTeHHax anga PPJ1.

Mpw ncnbitaHMm aHTeHHbl ACTB-1,1 Ha KpyroBoi nonspn3aumm ypoBeHb Makcu-
MYMOB KPOCCMONSipn3aLmmn onpeaensncs Kpocc-nonsipmaaumMoHHbIMU XxapakTepu-
CTUKaMu NonsipmM3aTopa, a He aHTeHHbl. C 04HMM U3 NONSPU3aTOPOB OH Obln NoJy-
yeH Huxe —20 b, a ¢ gpyrum — Hmxke —23 ab. Tak kak Bknag, aHTEHHbI, BbINOJIHEH-
Holi no cxeme ABO, B KpoCC-Nonsapmn3aumMoHHoe N3fy4eHne cucTemMsl, paboTatoLlen
Ha KpPYyroBoi nonsipusaunm 3Ha4YNTENbHO MEHbLLE YKa3aHHbIX BEJIMYMH (TEOpPETMYE-
CKM paBeH HyJ0), NOSTOMY NPW UCMOJIb30BAHUM 3TUX MONSPM3aTOPOB 3aMETUTb Ero
OblJ10 HEBO3MOXHO.

KoadduumenTt oTrpaxeHus (%), usMepeHHbIn Ha Bxoae obnyyaTens npum
paboTe aHTeHHbI Ha JIMHEeNHOM Nonspmuaaumn, nokasaH Ha puc. 3.112.

" MNpaannksar
NABCEOCTE

MNpnanneuas
NAOCEOCTE

= ———
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B npepenax 044 (11,7+12,5TTu)Ha [ 1. =
nonepeyHon nonspmusauun (cnioLHas 2 | A AT T e
NNHUSA) KOSPDULUMEHT OTPAXKEHNSA HNXE a = AT
1,7 %, Ha NpOOO0nbHOM (NYHKTUP) — 14 T 12.6 13.2 13.8 r_r..
[0)
Huxe 1, 2 %, a B npegenax scero POY Puc. 3.112

(11.4+14,0 I'Tw) — Huxe 2 %.

LLlymoBas Temnepartypa aHTEHHbI, paccuynTaHHasi no ornbatoLeii Makcnumy-
MoB OOKOBbIX nenecTkoB [JH, n3mMepeHHoM B Mpoa0sibHOM NIOCKOCTU, IAe YPOBEHb
OOKOBOro n3nydyeHust Hambonee BbICOK, Npu yrne Bo3BbiweHnsa 10° Huxe 30K, a npu
yrne 40° — Hmxe 11K.

dakTnyeckas WwymoBas TeMneparypa MeHbLUe YKa3aHHbIX 3HaYEHWUI, Tak Kak
ypOBeHb HOKOBOr0 N3JTyYeHUs1 BO BCEX APYINX NMIOCKOCTSAX 3HAYUTESNIbHO HUXE, YEM B
MIOCKOCTU, 3a/IOKEHHOW B PaCHET.

Takum 06pas3oMm, odeHb nNpocTast ogHosepkanbHasa ABO (c D/A = 44 + 46) B npe-
nenax O4), B KOTOpOI B Ka4yecTBe 06y4aTens NCnonb3oBaHa ogHa U3 Moguduka-
umn PPU, nmetowero rmaakne (6e3 kaHaBOK) CTEHKM U HE TPEBYIOLLLErO BbICOKOWA
TOYHOCTM U3rOTOBJIEHNS U YCTAHOBKW, MO3BOJIUIA MOJIY4UTb BECbMa BbICOKME 3N1EK-
TpU4eckmne napameTpbl.

MapameTpbl JAaHHOrO MakeTa aHTEHHbI U pa3paboTaHHbIX HA ero OCHOBE Hec-
KOJNbKMX TUNnopaamepos aHTeHH ACTB, BHeOpeHHbIX 3aTEM B CEPUIIHOE NPOU3BOA-
CTBO, YAOBIETBOPSIOT HE TOJIbKO TPEOOBaHMAM, NPEAbLSABASEMbIM K aHTEHHAM OaH-
HOro Ha3Ha4YeHUsl Ha MOMEHT UxX pa3pabdoTkn (Havano 80-x ro4oB NPOLLIOro Beka),
HO 1 cOBPeMEHHbIM. 10 HEKOTOpPbLIM NapamMeTpaM, BKJoHas LWNPUHY paboyero
[uManasoHa, 3TM aHTEHHbl NMPEBOCXOAAT MHOIMEe COBPEMEHHbIE, NpeaHa3Ha4YeHHbIe
O TOW Xe Lenun.

3.7.3. ACTB-1,5 c ganamerpom packpbiea 1,5 m

AHTeHHa g5 npmemMa CnyTHMKOBOIO TENEBU3NOHHOIO BELLLAHMS C ANaMETPOM
packpbiea 1,5 m (ACTB-1,5) [44] kak 1 gpyrve Tunopa3mepbl ACTB, BbINoAHEHa No
cxeme ABO, puc. 3.113, n obnagaet BcemMun AOCTONHCTBA-
MW, NPUCYLLIMMWN aHTEHHAM 3TOro Tmna (cMm. pasaen 3.7.1).

Mpu HaNM4YMM OBYX CMEHHBIX 06Ny4YaTenen aTa aHTeHHA
cnocobHa paboTaTb B ABYX O4EHb LLUMPOKUX MOJI0cax 4acToT:
3,4+8.4TTuun 10,6+14,8 MU, KpaiHNE H4aCTOTbl KOTOPbIX,
OT/INHaOLMECH COOTBETCTBEHHO NoyTn B 2,51 1,4 pasa,
nepeKkpbIBaIOT HECKOJILKO YaCTOTHbIX MOJIOC, BblAENEHHbIX
®CC n BCC ansa pasHbix PaiioHOB 3eMHOIO Lwapa.

O6nyuatenb ACTB-1,5 ans BbICOKO4aCTOTHOMO Anana-
30Ha (10,6+14,8 'Tu) BbInonHeH no cxeme PPUTMOKC,
puc. 3.114, cneBa, a ans HU3KOYaACTOTHOrO (3,4+8.4'y) —
no cxeme ocecummeTpuyHoro PPU (cm. puc. 3.114, cnipa-
Ba). Kpome Toro, ans nonocekl 10,65+12,75 'y, 6bin gonon-
HUTENbHO pa3paboTaH cneuyanbHbI 006nyyYaTenb, BbIMNoJ-
HEHHbIN B BUAE ocecuMmMmeTpuyHoro PPUHK (¢ Hacagkonm,
VIMEIOLLEN KaHABKW).

AnarpamMmmbl HanpPaBNEeHHOCTU aHTEHHLI B NepeaHeM
NOSYNPOCTPaHCTBE MONEPEYHOM MIOCKOCTU Ha NOMEPEYHOMN
(cneBa) n NnpoaonbHOM (cnpasa) Nnonsapu3aunn nokasaHbl Ha
puc. 3.115 — 3.119.

Puc. 3.114

183



AHTEHHbI, MUP 1 Mbl. YacTs |

Ha 3Tux >xe pucyHkax (LUTPMXOBOM NnHMen) nokasaHsl AH MC3 B cekTope
OnuxHero nanydeHus (cMm. pasgen 3.1), coorsercraytowme (3.6) 1 yHMBepcanbHOM
(3.15), npuBegeHHbIe NO (3.14) K YPOBHIO MaKCUMaJIbHOIO N3NY4EHUS aHTEHHbI.

JurarpamMmmbl HaNPaBAEHHOCTN AHTEHHbI C HU3KOYACTOTHLIM 06ay4aTenieM (CM.
puc. 3.115 n 3.116) namepeHnl Ha yactote 3,8 My, n 6,0 M,

B avanasoHe 4 I'Ty, (cM. puc. 3.115), HecMOTpS Ha 04EeHb Masblii OTHOCU-
TenbHbIN pa3mep packpbiBa (D/A = 19) IH (OCHOBHbIE 1 KPOCC-MONAPUIALMNOH-
Hbl€) YA,0BNETBOPSIOT C 3anacoM YHMBEPCanbHOW, Hanbonee xectkon, OH (3.15
n 3.16).

B omanasone 6 My, (cMm. puc. 3.116), roe D/A = 30, IH aHTeHHbI yaoBneTBops-
0T He TONbKO Hanbonee XeCTKUM (COBPEMEHHBIM) cnpaBoyHbiM JH MC3 (nyHk-

It o '.;'.r _ s
— =up] 0 —25lg8
g | = e T -.._"" k| o __B_M
AT L R S T
WAL e " AT T
IRNENE T iRt B
OCHOBHAA NoNADHE AL KA = = = = pOCCNonADHZaumR
Puc. 3.115
ml-m - - T
' L || 'Ky=37.316 [ ] T T ®Ky=137316
£ rHsH 1 S
' n E T
1 11 | | I ] k I i
— 29-25Ig8 ] 29 25ige
B N/ = 30— A g
25— 25ig8 i k2525196
A0 By I - ]
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fil AT
KY — 43,0 nb KY — 43,0 0B
Al 29-25la6 29— 2504
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s . 2575100 X PR=75Ig0

Puc. 3.117
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TUP), HO U LLENEBON (LUTPUXMYHKTMPHAS IMHNS), NMO3BOMSIOLLLEN SHAYUTENBHO YBENU-
YNTb EMKOCTb reocTaLmoHapHom opouTsl (3.20).

AnarpamMmmbl HaNPaBAEHHOCTU aHTEHHbI C BLICOKOYACTOTHbLIM 06ay4aTenem (Cm.
puc. 3.117 n puc. 3.118) namepersl Ha yactote 10,7 'y, (D/A =583,5) n 14,5 Tw,
(D/A =72,5).

1] Kv-a41m6

9w @ a8 W@ s
" —
Hr— 25 - 25lqE
! 2= 25l
G O ~ae

Puc. 3.118

Ot [H Takxe ynoBneTBopsioT He ToNbko (3.6) 1 (3.15), Ho 1 (3.20) — wTpux-
NYHKTUPHas NIMHNA, paccMaTpuBaeMoi B Ka4eCcTBe NepcnekTyBbl, MpU4em B Anana-
30He 14 Tu, (D/A =72,5), roe KM aHTeHHbI cHuxaeTcs oo 0,5 — 0,55, — ¢
CONMUAHBLIM 3anacom

Jnarpammbl HaNPaBNEeHHOCTN aHTEHHbI CO CreLumanbHbIM 00y4aTenem (CM.
puc. 3.119), namepeHHsle Ha YactoTe 11,25 Ty (D/A = 56), npakTnyeckn BNNCkbIBa-
I0TCS gaxe B guarpammy (To4kn), kotopas Ha 5 ob Hmxe ypoBHs nepcnektusHom JH
MC3: G(8) = 20 — 25Ig6.
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Puc. 3.119

CornacoBaHue aHTeHHbl B CUIbHO CTEMNEHW 3aBUCUT OT AnamMeTpa BOJIHOBOAA B
ONIMHaX BOJIH U YXYALLAETCH C ero yMeHbLUeHneM. Ho paxke npu npuHATOM ans
@HTEHH CMYTHUKOBLIX CUCTEM (HEDO/LLLIOM) OTHOCUTENBHOM AMaMeTpPe BOIHOBOAA,
paBHOM = 0,85\, KCB Ha Bxoge obnyyaTtens HU C 0OHUM 13 obniydaTenen He NpeBbl-
waet 3HaveHus 1,06. MNpu xenaHmm KCB moxeT 6bITb yMeHbLueH Ao 1.04+1,05 Tonb-
KO 3a CHEeT YBENINYEHMS AMamMeTpa BOJIHOBOAA B AJSIMHAX BOJIH.

KWIM aHTeHHbI konebnetcs (B ocHOBHOM) B npenenax 0,6+0,7, n naxe Ha camom
BblcokoM yacTtoTe (14,5 'Tu) oH He onyckaeTcs Huxe 0,5, HecMOoTpS Ha TO, YTO
aHTeHHa onTuMKU3npoBaHa no addekTneHoctTn ang 10,6 M.
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3.8. O cooTBeTcTBMMN pa3paboTaHHbIX aHTEHH COBPEeMEHHbIM TpeboBa -
HUsM

BOAbLIMHCTBO PACCMOTPEHHbIX B 3TOW NaBe 3epKasibHbIX @HTEHH MO CBOMM
napamMeTpam He yCTynaeT y4yLlM COBPEMEHHbBIM aHTEHHAM aHaNoOrM4yHOro Ha3Ha-
YEeHUsl, @ HEKOTOPbIE N3 HUX AaXe NPEBOCXOAAT TO, YTO AOCTUIHYTO K HACTOSLLLEMY
BPEMEHMU, XOTS CO BPpEMEHU UX pa3paboTkm npotwuso yxe 20 (1 6onee) net.

MHororo yoanocb oo6uTbCs 3a CHET NCMONb30BaHUSA B KA4eCTBe obnyyaTenemn
9TUX aHTEHH pa3nunyHbix Moandukaumi PPN, paspaboTaHHbIX B T€ Xe rodbl, a Takxe
6narogapsi TOMy, 4TO B npoLecce paboTbl MOCTOSSHHO OTCNEXMBANIOCb COCTOSIHME
MWPOBOIr0 YPOBHSI aHTEHHOW TEXHUKM 32 COOTBETCTBYOWMIA nepmog [17] [18] [27] n
onpenensncb OCHOBHbIE TEHAEHUMM ee fanbHenwero pa3sutus [43]. OCHOBHble
TEHAEHUMW, BKITIOYAS YBEIMYEHNE NOMEXO3ALLMLLEHHOCTM, COXPAHUIINCH U MOHbIHE.
OpHako, BcneacTteue pa3paboTky 6onee CoOBEPLLUEHHONM annapaTyphbl, TpeboBaHUs K
aHTEHHAM Y>XECTOYalTCS Y>KEe CO 3HAYUTENIbHO MEHbLUEN CKOPOCTbIO, YEM 3TO ObIIO
paHbLLe, KOoraa OCHOBHYIO «OTBETCTBEHHOCTL» 3a 0OecneyYeHne Ka4eCTBeHHOM pabo-
Tbl TOW WUV MHOM CUCTEMBI B LLE/IOM CTapasnCb NEPENOXNTb HA MJIEYU «KPaMHEr0»,
T. €. Ha aHTEHHY.

MopBoas nTor AaHHOM rnaebl, NEPEeYNCIMM OCHOBHbIE AOCTONMHCTBA OOJIbLLUNH-
CTBa PACCMOTPEHHbIX BbILLIE aHTEHH:

«  OuyeHb WKMPOKUIA pabounii AmanasoH (NoNyTOPHbINA, ABYKPaTHbLIN 1 Bonee).

+  Xopouwas adpdpektnsHocTb (KNIM — 0,6 — 0,7) npun 04eHb BLICOKOM NOMEXO-
3alUNLLEHHOCTU, OTBEYAIOLLIEN CaMblM CTPOrMM TPeboBaHNUSAM.

«  Xopoluee cornacoBaHue ¢ nutawowmm Tpaktom (KCB Hmxe 1,04 — 1,06).

+ [lpocToTa cxembl 1 ONTUMU3ALMM NAPaMETPOB.

+  OTHOCUTENBHO Masble pa3Mepbl 1 MaTepManoemMKoCTb.

+  Peannzaums BbICOKMX 9N1EKTPUHECKUX MNapaMeTPOB He TOJIbKO Npu 60/bLUNX,
HO 1 NPU 0YEHb MasbiX OTHOCUTESbHBLIX pa3dMepax aHTeHHbI, BMaoTb 40 D/A =~ 8+10.

Hanbonblumin MHTEpeC NpencTaBnsaioT, NoXanyi, crnenyouwme aHTEHHbI:

LLupokoguanazoHHaa ABO (cm. pasnen 3.5.3), cnocobHas paboTaTb Moyt B
YeTbIPEXKPATHOW HEMPEPBLIBHOM MNOSIOCE YaCcTOT.

ABO c annamMnTU4YeCcKUM 1 NOJNIYKPYriibiM packpbiBOM (CM. pasgen 3.5.4),
NMO3BOMIAIOLME MOJYYNTb CYLLLECTBEHHO OT/IMYAIOLLMECS MO LWMPUVHE [MaBHbIE Niene-
CTKM B ABYX B3aMMHO NepneHaMKYNSPHbIX MI0OCKOCTSX U CHU3UTb ypOBEeHb BOKOBOIO
M3Jy4EeHMS B NONEPEYHON (rOPU3OHTaIbHOM) MAIOCKOCTU NPY BECbMa BbICOKMNX
OCTalbHbIX NapamMeTpax aHTEHHbI.

AH-1,5 c onTumanbHoI popmoii packpbiBa (cM. pasgen 3.5.5), obecne4yn-
BalOLLLAs OYEHb BbICOKYIO MOMEXO3ALLMLLEHHOCTb, BKJIOYas CEKTOP MEPBbIX, anep-
TYPHbIX 1 3a4HUX JIENECTKOB, NPU XOpoLLen 3PpHeKTUBHOCTH.

AHK-1,5 ¢ BepTukanbHbiMm Bbixogom ana PPJ1 (cm. pasgen 3.6.3), Tpu
WCMOJIHEHMSI KOTOPOW, OTINYAIOLWLMXCS TONbKO 06nydaTenem, obecnevmBatoT (C
nepekpbiTnemM) paboTty B nosoce 1,7 — 13,5 My, ¢ 04EHb BLICOKMMM 3NEKTPUHECKU -
MW NapamMeTpamu.

ACTB-1,5 pna 3C cnyTHUKOBbIX cuctem (cMm. pasgen 3.7.3), oTnnyatouiascs
(npn xopowein 3dPEKTUBHOCTN) O4EHDb BbICOKON MOMEXO3ALUNLLEHHOCTBIO B CEKTOPE
OMXKHUX (anepTypPHbIX) IENECTKOB, ONpPeaen oM NPOCTPaHCTBEHHYO n3bupa-
TENIbHOCTb U BANSAIOLLMX HA HACbILLLEHNE CMYTHUKAMW re0CTauMOHapHO OpbUuThI.

AHK-1,5/2 Bowna B coctaB annapatypsl «[uxTa-2», Bbinyckaemor OAO Bnagun-
MWPCKMM 3aBOAOM «IneKTponpmnbop». AHTeHHbl AHK-1,1 n AHK-1,5 pa3Hbix ncnon-
HeHui, a Takke ACTB HecKosbkMx TUNOPasMepoB Oblfi BHEAPEHLI B CEPUIMHOE
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NPON3BOACTBO U BbINyCKannUcb 3aBoA0M «[1poMcBsa3b» (I AxTbipka, Cymckas
obnacTtb), koTopbli B CCCP Obls1 0CHOBHbLIM MOCTaBLLMKOM aHTeHH ans PPJ1. Ho,
CNycTsa HEKOTOPOE BpeMs nocrne passana CCCP, aToT 3aBoa nepenMeHoBasncs B
OAO «HedTenpommalu» 1 nepenpodunnmpoBancs Ha BbliMyck 000pyaoBaHus ons
HedTAHOM NPOMBILLNIEHHOCTH, a Kakasi cyabba NOCTUIHET BblMyCKaeMble 3TUM 3aBO-
[OM aHTEHHbl — HEN3BECTHO. [103TOMY OTEYECTBEHHYIO (POCCUMINCKYIO) aHTEHHYIO
NPOMBbILLIEHHOCTb, Kak, BNPOYeM, 1 Hay4Hble pa3paboTku B 3TOM 06n1acT NnpuaeT-
csl, BUOVMO, BO3POXAATb 3aHOBO.

B aToi1 rnaBe gaHbl NpakTU4yeckne pekoMmeHaaummn no pa3paboTke aHTEHH U
onTUMM3aLMn nx NapamMmeTpoB. MNonb3ysacb MU MOXHO HE TOJIbKO «TUPaXnUpoBaTb»
YK€ peanm3oBaHHble aHTEHHbI MPUMEHUTESNIBHO K APYrMM AMana3oHam 4acToT U
TUnopasmMepam, HO 1 MPOAOSIXUTL UCCNef0BaHUS B TEX HANPaB/IEHUSIX, KOTOPbIE
3[€eCb TOJIbKO HAMEYeHbI, MOTOMY YTO UX AaNbHelwas npopaboTka Oblna npepsaHa
«MEPECTPONKONM», KOTOpas MoOMeLlasna He TOSIbKO MEPENTN K HOBbIM Hay4HbIM pa3spa-
60TKaM, HO 1 3aBEPLUMTL YXXe HavaTble.

187



AHTEHHbI, MUP 1 Mbl. YacTs |

3aknioyeHue

)KnaHb NpoaonxkaeTcs M CTaBUT Nepen 4enoBe4eCTBOM BCE HOBLIE N HOBbIE
3apaun.

B o6nacTn aHTEHHOW TEXHUKM NEPBOOYEPEOHON 3aaayel (y>xxe cerogHs)
aBnseTcs pa3paboTka 1 NpPon3BOACTBO aHTEHH, paboTaloLwmx Bo Bce bosee 1 bonee
BbICOKMX Anana3oHax 4acToT. Mpu pelueHnn aToi 3aaaqum MOXHO UCNONb30BaTh YXe
HaKOMJIEHHbLIM ONbIT B YacTW pa3paboTkn 1 NPOM3BOACTBA aHTEHH Pa3HbIX TUMOB,
BKJ1tO4AS @aHTEHHbI (M PYNopHbIe 0bny4yaTen Os HMUX), PACCMOTPEHHbIE B 3TON
4acTV OAHHOW KHUTW.

Ho ecnu Koro-To «noBTOPEHNE NPOOEHHOr0» HE YCTPaMBaeT, TO B aHTEHHOM
HayKke 1 TEXHWKE eCTb eLle 0Ha, COBEPLUEHHO He n3yYeHHas 06nacTb, CccrnenoBa-
HVEe KOTOPOW TONbKO HAYMHAETCS. DTO eCTEeCTBEHHbIE aHTEHHbI, CO3aHHbIE CaMOM
Mpupopoii, KoTopble, Kak Noka3anu Aaxe camMble NepBble Waru, caeaHHbie B 3TOM
HanpaBfIEHUU, ropa3f0 COBEPLLUEHHEE NCKYCCTBEHHbLIX @HTEHH, pa3paboTaHHbIX U
M3roTOBJIEHHbIX YEJTOBEKOM.

M3yyeHne eCTECTBEHHbIX aHTEHH NO3BOJINT HE TONbKO HANTU MHOXECTBO MpPOo-
06pa3oB A1 cO34aHUS UCKYCCTBEHHbBIX aHTEHH HOBOIO NMOKOJIEHUS, HO 1 MOCMO-
TpeTb Ha Haw Mup 1 Ha cebs B 9TOM MUPE COBEPLLEHHO APYrMMU [Ma3amm.

Bce, koro nntepecyet HOBOE, MoryT no3HakOMMUTbLCS CO BTOPOW YacTblo AaH-
HOW KHUIMM, KOTOPas TakxXe NOCBSLLEeHa aHTeHHaM, HO TakuMm, KoTopble NOKA aHTeH-
HaMW He Ha3blBAOTCS.
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