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BBELEHUE

MNpouece yp6aHnaatum B Mupe CTPEMUTENBHO pacTet. B Hauane XX Beka B ropoaax
npoxueano Toneko 14% Hacenennst 3emnv. Mocne 60-x rogos XX Beka cewiuie 50%
Hacenenwsi 3emnm xuno B ropopax. K navany XXl eeka okono 75% HaceneHns 3emmm
XMBET B ropoaax. Cpeau sT0ro HaceneHusi HaxoaaTcs n pagvonioburenn, Ha KOTopbIX
yp6aHncTuueckmit obpas XmaHn okaza aHauuTeneHo Gorbluee BIVSIHME, YeM Ha npej-
cTaBuTeneil Apyrux Bwaoe xob6u.

AsiicTeutenbHo, o paboTel paanocTaHuuy Heobxoauma 3hgekTVBHEs aHTeHHa.
A ecskas addexTveHan anTeHHa Tpebyer A5 CeOErc pasMeLleHns CBOBoAHOro Npo-
CTPaHCTBa, dedurupT KOTOROro oCcTpo HabnaaeTcs B ropoae. [lagaiite oTKpoem MHorue
CTapbie A06pEIe KHUMM NO aHTEHHAM U NOCMOTPKUM Ha aHTEHHBI, Kakie TaM npeanaraercs
MoCTaBNUTbL paavontobuTensm. YBel, A9 MX YCTAHOBKK TREBYETCH MHOTO MECTA, KOTOPOro
HeT! ApxutekTypHele TpeBoBaHMA Takke HE BCErae MO3BOASIOT YCTAHOBUTL BONbLLYIO
aHTEHHY B ropoae.

W BCEe Xe YCTaHOBWTb aHTEHHY B FOpOLE BrNOMHE BO3MOXHO. Pagmoniobutens,
PYKOBOACTBYAICh YCAIOBMSIMM, B KOTOpPLIX OH HaxOAWTCSl, BNOAHE CMOXET Buibpars wa
BTON KHUIM NOOXOAALLYIO 1A HErO aHTeHHy. 3AeCh NPUYBEAEHO ONMCAHME MHOXECTEB
KOHCTPYKLMY  KOPOTKOBONHOBLIX BHTEHH PasNMuHON CAOKHOCTK, PaACCHUTaHHBIX LS
paboTHl Ha DAHOM UNW HECKOMEKUX AVaNaacHax nnn 06ECNEHMBAIOLLVX LLIMPOKONONOCHYI0
paboTy. lNpuBeaeHsl KOHCTPYKUMM NpOCTbiX YKB aHTeHH, paccymTaHHbiX ans paboTsl
Ha puanasoHe 144 MIu, 1 KOTOPLIE HECNOXHO YCTAHOBMTL B YCAOBWSIX rOpOAa.

CnewpmanbHan 4acTb 3TOM KHUM NOCBSILLEHa 3araakam pacnpoCTpaHeHusl paanoBonH
1 paboTbl aHTEeHH. B M1pe A0 Cvx NOp €LUEe MHOTO HENOHATHOTO B 3TOM 0GNacTy, v pa-
Avonoburenn naxe B XXI BEKe MOryT BHECTW CEOI BKNAS, B MCCNEAOBBHNE MHOTMX 38-
FAJ04HBIX SIBNIEHUI, KOTOPbIE CONPOBOXAAIOT PacnpoCTpaHeHne paavioBoNH.

B KHUry BKAIOYEH CrpaBouHBI Matepuas, KoTopsiii ByaeT noneseH pagvioniobure-
N9M, CaMOCTOATENBHO KOHCTRYVRYIOWMM MENOMOLLIHYIO NEPEAAIOLLYIO annaparypy n
paboTalolmm 13 NoneBblx YCNOBWMA Ha 5TON annaparype. [laHbh COBETHI NO MCronL3o-
BaHMIO aKKYMYNATOPOB, NO 3apAAKe akkyMynsiTOPOE MpU MoMoLLm ConHedHbix Garapeit.
npuBeaeHsl GopMysbl, KOTOpbIE MOMYT GbiTb UCNONL30BaHBI B NPAKTMHECKON OBATENb-
HocT paavonoburens.



Yactb 1
BEPTUKATbHBIE AHTEHHDI

B 3TOi HaCTU KHUMW ONUCaHEI MPAKTUHECKUE KOHCTPYKLUMW PasfnyHbiX BEPTUKANbHEIX
SHTEHH, KOTOPLIE PaaMONIOBUTENL MOXET YCTaHOBUTL B OFPaHUHEHHBIX YCNIOBMSX ropoaa.

JlaHo onucaHve MpOCThIX OfHOAVANA3CHHLIX BEPTUKANbHEIX AHTEHH U NPOCTBIX
MHOTOAWSNA30HHLIX BEPTUKANbHEIX SHTEHH. PaCcCMOTPEeHbl BEpTMKANbHBIE SHTEHHHI,
npeaHa3HavenHbie Ana paboTel Ha HUBKOYACTOTHBIX uana3oHax. PaccMorpexbl wupo-
KOMONOCHLIE BEPTUKA/bHLIE BHTEHHLI, CNOCOBHKIe paboTaTs BO Beex nobuTenbekux KB
nnana3oHax. Bimouena crneuvantHas rnaea, NOCBSLUEHHSs aHTeHHaM Tuna «<Bobtail
Curtain». 310 ogHa 13 Havbonee NpocTeX U 3MMEKTUBHEIX KOPOTKOBONHOBbIX 8HTEHH.
KOTOPYI) MOXHO YCTAHOBUTE B OrpaHUHEHHBIX MPOCTPaHCTBaxX ropoaa.

B KOHLIe NEepEOi 4acTU NpUBEAeH MaTepuan, NOCBsLeHHbI COrnacoBaMuio BepTu-
Ka/lbHBIX 8HTEHH C NUHWEHN NuTanus. OT MpaBuNbHOrO MUTAHWS aHTeHHbl U, Creacsa-
TEeNnbHO, OT KauECTBA COrNAcoBaHWUS aHTEHHD G ee ¢uaepomM 3asmcut 3(GOeKTUBHOCTL
paboThl AHTEHHOM CUCTEMBI U YPOBEHL PAZMONOMEX, KOTOpble BO3HMKAIOT Npy patote
aHTEHHBI HA nepene4y.

B 3r0ii YacTu NpuBedeH B OCHOBHOM NpPaKTUNECKWA MaTepuan, NOCBSLLEHHBIR
KOHCTPYKUMAM aHTEHH U WX paboTe. TeopeTuyeckve CBEASHUA NPUBOSUNMCL B Tex
MUHUMANBHBIX KONUMECTEAX, KOTOpbIE Obinv HEOBXoAVMEl ANs NOHMMaHUs paboTel Toi
WIY UHOWN aHTeHHBI.

1. NPOCTHLIE BEPTUKAIbHLIE AHTEHHbL

B 3T0i1 rnaee gaHo OMMCaHWe NMPOCThIX, HO 3MPEKTUBHEIX BEPTUKAMBHBIX AHTEHH,
KOTOpLIE MOXHO MCMOSb30BaTk B YCNOBUAX TOPOAA.

MoaBopka aHTeHH, NMPeACTABNEHHLIX 3/16Ch, OXBATLIBAET PasHbIE TUMbl BEPTUKaTbHBIX
aHTeHH.

Wz Hafopa 3TUx a8HTEHH papvoniobutesib BMONHE MOXET NoaobpaTe @HTEHHY, on-
TUMANTBHO MOAXOAALLYIO ANl HETD, COOTBETGTBYIOLLYI0 €r0 KOHCTPYKTOPCKUM BO3MOX-
HOCTAM, OMbITY Hanagku BEpTUKAmbHBbIX aHTEHH U Lensim paboTel B agupe.

1.1. HepaspbiBHblii BUGpaTop

JUns 3TOM aHTEHHBI HE TPEBYETCS BEICOKOKAYECTEBHHEIN OMOPHLIA aHTEHHLIA N30ns-
TOP. JU'$ NOCTPOEHWA AHTEHHKI UCTIONLAYETCH HEPa3PhIBHAsi METANNMYECKas TpyBKka unu
WTbIpb. B ropoackux yCnoBUsX anst KOHCTPYKUWW TakuX BEPTUKANBHbLIX 8HTEHH MOXHO UC-
MONL3IOBATH PA3UYHLIE 323EMNEHHKIE MAYTL!, HAXOAALMECS Ha Kpbile A0MA. JTO MOTyT
6bITh METAANMHECKME LWTHIPY FPOMOCTEBOL0B UNU Kakve-nuBo Apyrie 3asemneHHsie Mau-
Thl. BLIBaET, 4T0 PAAVONIOBUTEND HE MMEET BO3MOXHOCTY NPUOBPECTN XOPOLUUIA OMNOPHIA
U0nsTOp. BCNEACTBUE 3TOrO OH MOXET YCTAHOBMTH TONLKO 3a3eMNEHHYI0 BEPTUKANLHYIO
METANNUYECKYI0 MBYTY AR CO3AaHVS BEPTUKAIbHOM aHTEHHI.

PaccMOTPUM, KaknM xe 0BpasoMm MOXHO 3aCTaBUTL PaboTaTh MeTanYeckylo MavTy
B KaYeCTee aHTeHHbt. Hambonee NpocTo ANA KOHCTPYMPOBaHUS BEPTUKANbHLIX 8HTEHH
UCMONBL30BaTh 3a38MNEHHLI HEPA3PLIBHLIN BEPTUKAbHBIR BUBPATOP, Kak 3TO NOKa3aHo
Ha puc. 1.1. OBulen pavHa 3asemneHHoro evbparopa COCTaBnsieT A/2, KoakcuanbHbIN
kabenb NOAKMONEH K cepeanHe BuBparopa. HWKHAS NONOBUHA aHTEHHLI NPeACTaBserT
coBoi YeTBepTLBONHOBOIN METAINMYECKUIA 30NSTOP. JIHO METAANMYEecKOro U3onsTopa
MOXeT BbiTb 3a3eMEHO HA BNEKTPOTEXHWHECKYIO W PASNOTEXHUHECKYID 3eMNI0. Inek-
TPOTEXHMHECKAR 3EMNS HEOBX0oAMMAa ANs CTOKA 3NEKTPOCTATUHECKUX 3apALO0B, KOTopLie
MOTYT MOMacTb Ha aHTEHHY B FPO3OBOI M NPEArpoO30BOI Nepuod. PaavoTtexHuyeckan
3emns HeobxoavMa anst ynyHweHus paboTel aHTeHHbl. B KauecTee paavoTeXHUNEeCKoh
3EMMN MOXHO MCMONb30BETb HECKONBKO Pe30HaHCHbIX MPOTUBOBECOB.
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Puc. 1.1. HepaapuieHbiit subpaTop Puc. 1.2. YnveepcantHbilh HepaapbieHbil BubpaTtop

Ana ynydwenus paGoTsl aHTeHHEI K ONNETKS KoaK-
Ta6nnua 1.1 cuanpuoro kabens B MECTE NOAKIOYEHNS €10 LIEHTPANL-

Davke BUGPATOPOE MK HO#A U5kl K BUBPATOPY MOXHO NOAKMOYNTS HECKONHKO
NOCTPOSHMU @HTEHH AnA MPOTUBOBECOB ANVHOI A/4. 3T MPOTMBOBECH MOTYT
AvanasoHos 6—20 meTpoB GbITb MCNONBE30BaHLI B KaYeCTBE OTTRXKU BMBpaTOpa
aHTeHHb. MpoTueOBECH MOMYT GbiTb  PacMONOXEeHb
JLimanaaou, amgé':?fpa. NPaKTUYECKN NOA, NIOGKIM YTNOM K BUORATOpY BHTEHHH.
" oM MNpOTVBOBECH! M MPOBO/A YETBEPTHBOMIHOBOIO M30NATOPA
0 % MOTYT BbITb BEINONHEHE! M3 &MOMUHWEBOrO UM MEBHOTO
17 208 npoeona puametpom t—4 mm. B T1abn. 1.1 npueeneHsl
JAJMHB! BuBpaTopoe ANs! ELINONHEHU @HTEHHB! ANs Ana-
15 336 nasoHoB 2—20 metpos. B aTON Tabnvue He yuTeH
12 294 KO03hOUUMEHT yKOopo4eHusi Bubparopa. OpHako faxe
1 260 NPy BLINONHEHUW @HTeHHLI TOYHO MO pasmepamM, yka-
10 252 3anHBIM B OaHHoN Tabnuue, aHteHHa HWe Tpedyer Ha-

& 141 CTPOIAKU.
2 a9 B peansHOM Xusnn no 3axkoHy Mepdun ceobopHas

3a3eMIEHHan  METaNMuecKas maqTa scerpa Oyper
WMETb BRICOTY MMM BONbLIVIO, UMK MEHbLUYIO, HEM A/2.
PaccMOTPUM, KOHCTPYKUMKM BHTEHHBI C MCMONb3OBAHUEM TaKOM «HEMPABWILHOIP» MaUTbI
cnyqaiiHoM anuHbl. AHTEHHE B Ciy4ae «AMHHOM MauTelk» MOXET O6blTb EbinonHeHa
cornacHo puc. 1.2. B 3TOM aHTEHHE AHO YETBEPTLECNHOBOrO U30MNATOPA HAXOAUTCH Ha
METANIMHECKON ManTe Ha HEKOTOPOR BLICOTE L Hag 3emneii.

TouHyl0 HaCTPOIKyY 8HTEHHEI (DUC. 1.2) & PE3OHaHC OCYLLECTBASIOT NYTEM USMEHEHMS
TOYEK NOAKITIOHEHUST LIeHTPanbHOM XUkl A U COOTBETGTBEHHO TOYKM noawmoueHust B
[HA 4ETBEPTLEONHOBOIO Pe30HaTopa K MauTe. PacCTosHWe L, KOHEYHO, B 3TOM Ciyvae
6yneT MeHsTbes. Jns aEKTUMBHONM paBOoTh aHTEHHbI HEOBXOAUMO KCTONL30BaTL HE
MEHEE TPEX YETBEPTLBONIHOBLIX NPOTUBOBECOR, NOAKMOYEHHKIX KO OHY METAINMYECKOro
uaonsTopa.

ECnu onvHa 383eMNEHHO MauThl CYLIECTBEHHO MeHblie A/2 U npubnuxaercs x
ANVHE, PaBHOi A/4, TO NS Peanusauun BEepTUKA/IbHOTO HEPa3phIBHOrO Bubpatopa
venecoobpasHo UCNONL30BAETL FramMMalUNKu OMera)-cornacoBanvie. KOHCTpYKUVS aHTeH-
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Hbi [T 3TOFO Cny4as npueesneHa wa puc. 1.3. HacTpolika Takoi aHTEHHEI HEC/IOXHAS.
CHayana oT BEpXHETO KOHLIA 333EMIIEHHOTO LITEIPA OTMEPSIOT ANWHY, paEHylo A/4, ansi
YICNONL3YEMOTO aHTEHHOM AvanasoHa paBoThl. MOAKIOHAIOT K aHTEHHOW mMauTte He
MEHBE TPEX PE3CHAHCHBIX NPOTUBOBAcOB. CneayeT oBpaTuTh Cepbe3Hoe BHUMaHWe Ha
HAZEXHOCTb SNEKTPUYECKOTO KOHTAKTA 3TUX MPOTWBOBECOE C MaqTamu. flocne atoro
YCTaHABAUBAIOT 3NEMEHTE! FaMMa UN OMEra-CorNAacoBaHus.

3 Bl
N X
< <]
1
wl Wk
—
= =
Puc. 1.3. HepaapeieHbw Bubpatop Pyuc. 1.4. NaMMa-COrJiacoBaHNE AHTEHHB!
C ramMma-cornacosaHnem € WCMONB30BAHMEM YKOPauMBaIoOLLEro
KOHAEHCATOpa

Ha npaktuke OOGbMHO MCMONL3YIOT CXEMY FaMMa-COrnacoBaHWs!, NOKa3aHHylo Ha
puc. 1.4. Cxema raMma-CornacoBaHusi, NOkasaHHan Ha puc. 1.4, OTNUHAETCH OT CXembl
ramma-cornacoBaHvsl, NpYBeaeHHOM Ha pue. 1.3, HanuyueM NEpeMEHHOTO KoHpeHca-
Topa C1. C NOMOLLBIO STOrO KOHAEHCETOPA BO3MOXHO MPAKTUHECKN NONHOCTHIO CKOM-
MeHCUPOBaTL MHEYKTUBHYIO HaCTb, BHOCMMYIO BO BXOLHOE COMPOTUBIEHUSI aHTeHHb
ramMma-CornacoBaHnem.

DanbHeluM PasBMTUEM r8MMa-COFNABCcOBaHUsI SIBNSIETCA OMEra-CornacoBaHue.
Cxema OMera-cornacoeaHus npueeneHa wa puc. 1.5. Omera-cornacosaHue OTAUNaETCA
OT CXeMbl ramMa-COrnacoBaHusi Hanuuuem konaexcatopa C2. Npy nomouy 3Toro
KOHAEHCATOPA YAIETCA NPAKTUHECKW MONHOCTHIO KOMMEHCMPOaaTh PEAKTVEHYIO COCTaB-
NSIOLLYI0 BO BXOAHOM COMPOTUBREHUM BHTEHHLI, B pesynsbtare 3Toro AOCTMXUM KCB,
npaKTMyeckU pasHbiii 1:1 AN KoakcnanbHoro kabens ¢ BONHOBLIM COMPOTMBREHUEM
kak 50, Tak n 75 OM. KOHCTpyKTMBHEIE AaHHbIE WCMONHEHUsI Famma U Omera cornaco-
BaHue NPUBEAEHDI B rNaee 7. Creayer 3aMeTUTh, YTO NP1 NOMOLLY ramMmMa-CornacoBaHust
MOXHO NMPOM3BECTY COrNACOBaHWE 3a3eMNEHHOTO LTHIPA JI0BOo anvHbI Ho a 6bl
COBETOBAN BCE Xe CNEAOBaTb KOHCTPYKLMM BHTEHHLI, MOKasaHHoi Ha puc. 1.4, T.e.
323EMNEHHBIA WTLIpb, CBEPXY KOTOPOro OTMepeHa anuHa A/4 1 NOAKOYeHb! 4eT-
BEPTLEONHOBLIE NPOTVBOBECH!. Kak NMOKassIBAeT ONbIT, Takas aHTeHHa paboTaeT nyule,
4YeM WTkIPh CMy4alHOM AMMHEI ¢ NPOTUBOBECAMU BO3NE 3emMnu.

Mpy abiNENHEHWM HEPaspbIBHOV BEPTUKANILHOM aHTEHHbI MOXET OKasaTbesl, HTO
ONMHA 3a3eMNIBHHON MaqTLl NPUBNUXAETCS K ANMHE BOMHLI, NS KOTOPOI KOHCTPYU-
PYETCA aHTeHHa, UNW fiaxe npeebiwaeT ee. Takoe MOXET 0KalarbCsl NpU NOCTPOEHMM
HepaspblieHoro eubparopa ans AvanasoHoB YKB U B HEKOTOPLIX Cnydasx Npy NocTpoe-
HUN aHTeHHBl anst paBoTel Ha eepxHux KB gvanasonax 6—12 metpos. B atom cny4ae
Ha 3TOM MauTe GYOEeT LUenecoobpasHo BHIMONHUTL J-aHTeHHy. KOHCTPYKUMS J-anTeHHb!
C 333EMNEHHOM MauToM nokasana Ha puc. 1.6. Jnsi NocTpoeHUs J-aHTeHHbl UCNoNb-
3yeTcs BMBPATOp OAMHOWM A/2. Kak M3BECTHO, aHTeHHA OMHOIK A/2 NMEeeT BbiCOKOE
BXOAHOE CONPOTUBNEHME HA CBOUX KOHUAX. [LNsi NUTaHUA TAKOM aHTEHHB! UCNONL3YeTCa
cOrnacyioulee YCTPOMCTBO, BHINONHEHHOE HA OCHOBE YETBEPTLEONHOBOrO pE3oHATOpa.
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Puc. 1.5. Omera-cornacosaHue BepTUKaibHON Puc. 1.6. J-aHTeHHA € MUCMONb30BaHUEM
333EMNEHHOIA AHTEHHB! 3a3EMNEHHON MaqTe

PaccTosiHue L OT TOYKV 383EMNEHUA MauThl A0 OHA YETBEPTHEBONHOBOTO M30NATOPA
MOXET BbiTb NoGkIM. OBR3aTenbHO NOAKMIOHEHVE HE MEHEE TpeX pPea0HAHCHLIX Mpo-
TUBOBECOB KO OHY HETBEPTLBONHOBOFO pe3oHaTtopa. KOHCTPYKLVS YeTBept:BONHOBOTO
pe3oHaTopa, MPUMEHSEMOrO Al MOCTPOEHUS J-aHTEHHbl, AHANOTMYHA KOHCTPYKLMU
HeTBEPTLEONHOBOrO U30NSITOPa, MCMONL3YEMOTo ANS NMOCTPOEHUS aHTeHHsl, M300pa-
XeHHOW Ha puc. 1.1. MNpuUMEpHOe PacCTOAHUE MOIKNIIOHEHUS] KOAKCUanbHOro kabens
nuTaHua K aHTeHHE NokasaHo Ha puC. 1.6. Hactpoika J-axtenHel 3akmouaercs B
nogope TOHEK MOAKMIOYEHUS] KOBKCUANBHOTO kabens nuraHus no mMuHumymy KCB B
kabene. B HEKOTOpBIX CNy4asx, BO3MOXHO, MPUAETCA HEMHOTO USMEHUTb ONVHY YeT-
BEPTLEONHOBOTO PE30HaTOPA.

JANst KOHKPETHOM KOHCTPYKUMM aHTEHHbL (B 33BUCUMOCTUA OT UCTIONL3YEMBIX B HEW
Marepuanos, B 3aBUCUMOCTM OT BENWYMHLI DACCTOSHMA L OT 38MAKM, OT OKPYXEHUs
aHTEHHEI MOCTOPOHHUMU NPEAMETaMU) PaCcCTOSIHUE MOAKIIOHEHWS KOAKCUanbHOTO Ka-
6ens Kk HETREPTLBONHOROMY PezoHaTopy GyAeT MeHaTLCA. Ho NOABOp 3TOMC paccTosHUA
no muHumymy KCB B KoakCuanbHoM kabene nuranmst oBeMHO He npeactaensier cobo
TpyOHOCTEN ana paavoniobutens. [ KOHCTPYKUUM J-8HTEHHEI MONOXEHUE KOAKCH-
ancHoro kabens B8 MPOCTPAHCTBE CYLLECTBEHHOM POMM He urpaet. OM MOXET nOTn
af0Nb YETBEPTLBONHOBOIO Pe30HaToPa, a 3aTem BAO/L MO MANTE, MOXET pacnonararscst
NOL, HEKOTOPBIM YTNIOM K 3a3EMAESHHON METANNMYECKON MauTe.

Ans nUTaHUs) J-aHTEHHEI M @HTEHH, NOCTPOEHHLIX HA OCHOBE METANIMHECKOTO
YETBEPTLBOMIHOBOrO M30MSTOPa, MOXET BbiTb WCMONL3OBaH KOaKCUanbHeih kabens c
BOMHOBEIM COMpoTUBreHnem 50 unu 75 Om. TMocKonbKky Many4alolas YyacTe aHTeHHb
3TOro TWNa NOAHATA Hef, NOBEPXHOCTHIO 3eMNU (KphILLM) H3 BLICOTY HE MEHEE YeMm
A/4, TO cnagyeT OxmaaTe OT TaKOM aHTEHHbI U3NYHEHUS] NOL MOROFUMU Yrmamy K
FOPM3OHTY, 4TO GnaronpusaTHO Anst Nposefenust DX cesiseit U ans OpraHU3aLun Me-
CTHO HU3OBON CEA3U.

Crenyer oBpaTwTb CepbesHOe BHUMAHWE Ha TO, YTO HA KOHLE KOAKCUAnbHOro
KaBensi MUTaHUS BEILLIEONMCAHHBIX aHTEHH JONXEH BbiTh YCTAHOBAEH BLICOKOYACTOTHLIN
Apoccenb. IToT APOccent NPENaTCTBYET 3aTekaHuio BbICOKONACTOTHLIX TOKOB HA BHEL-
HIOKD OBONONKY KOAKCHManbHOro Kabensi, KoTopas B 3TOM Ciyqae GyfeT CnyxuTb Uany-
HAIOWEN 4aCTb0 aHTeHHbl. 3TO MPUBEOET K YBENWHEHWIO YPOBHS NMOMEX NMpu paborte
aHTeHHbl Ha nepefadvy. Havbonee NpocTan KOHCTPYKUMSI TAKOrO BHICOKOHYACTOTHOrO
apoccens — 310 10—30 (eppyTOBLIX KONEL, TYro HaAETHX HA KOHUE KOAKCUanbHOro
kabensi. MoXHO Mcnonb3oeatb (HEPPUTOBLIE TPYBKY, YCTAHOBMEHHBIE HA LHypax MO-
HUTOPOB A1 NOCTPOEHWST BLICOKOYACTOTHOrO APOCCEens.
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Jinsl cO30aHUS @HTEHHEI HA OCHOBE 3@3eMNEHHOI MauTbl XenarenbHo NCnonb3osaTb
ANMOMUHUEBBIE UM MeAHEIe TPYOKW. XKeneadbie TPpyGKyM UMEIOT MOBbILEeHHEIE MoTEpU
Ha BLICOKMX HaCTOTax M NOSTOMY HEXenarenbHbl Ansl NOCTPOEHUS BEPTUKabHbIX 3a-
3EMMEHHBbIX AHTEHH.

1.2. MNpakTM4Yeckoe BLINONHEHNE NONYBOMHOBLIX LUThIPENR

NMonyeonHoBas BEpTMKaNbHSSA HECUMMETpUYHAsi aHTeHHa BCEraa Mpuenekana BHU-
MaHue paavoniobutenei, U Ha 3TO €CTb CBOM MpuuMbbl. FlONyBORHOBOW BepTvKa
vany4aet Noa ManbiMY Yriiamn B BePTUKAnbHOI NNOCKOCTU. 3T0 O4eHb GnaronpusiTHO
ansi npoBeaeHwst DX cesiaeit. Flpy pacnonoXexHuy NonysoNHOBON BEPTUKBILHON aHTEHHbI
Haf, XOPOLUO NPOBOASLLEHA MOBEPXHOCTHIO MaKCUMYM €ro Manyuenus Gynet nponcxoauts
NOL YrNOM, pPaBHLIM MpuUmepHo 18°. MOABEM aHTEeHHBl HAZ 3emMneil Ha HeBOnbLUYIo
BLICOTY, ZI0 HETBEDPTU ANUHBI BOAHEI paboTel AHTEHHBI, CYLECTBEHHO HEe yNyywaeT BUf,
[varpaMMel  HAanpaBNEHHOCTY, HO NpUYBOAWT K APOBNEHUIO OCHOBHOIO Nernectka ee
AvarpammMel HanpasnesnocTU. CreaosarensHo, NONyBOSHOBOW BEPTUKAN MOXeT BhiTb
YCTaHOBNEH Ha HEBONLLION ELICOTE Hag 3emnels.

MNMonyBonHOBasl BEPTHUKANbHASA 8HTEHHA UMEET BLICOKOE BXOAHOE COMPOTMBAEHUE Ha
KOHue. HecMoTpAa Ha TPYOBHOCTH, BOSHUKAIOLME NPY COrNAcOBaHUN BELICOKOTO BXOAHOTO
CONPOTUBNEHUS] NONYBONHOBOW aHTEHHE C HU3KUM BOJSIHOBBIM COMPOTUBNEHMEM KOakK-
CHanbHOro Kabensl, BCE Xe BbiCOKOB BXOAHOE COMPOTUBAEHUE SIBNSIETCS SOCTOUHCTEOM
NONYBONHOBOIM BHTEHHBI.

flonyBonHOEas1 BEPTUKANbHan aHTEHHA B CPaBHEHUN G YETHEPTLBOSHOEOH aHTEHHON
HE HYX[OAETCS B CNOXHOM CUCTEME NPOTUBOBECOE, 00PasyoLwyX UCKYCCTBEHHYIO 3EMNI0.
Jna yonelHol paboTei BEPTUKANLHOM aHTEHHb), VMeoLleil BhICOKOE BXOOHOE COnpo-
TUBNEHME, AOCTATOYHO HECKONBKMX KOPOTKMX NPOTUBOBECOB ANMHON MEHEE YeTBepTU
ONUHBLN BONHBL. OAHAKO MCMONb30BaHVE 2—4 NORYEOSHOBLIX NPOTUBOBECOB 3HAYUTENbHO
CHUXaeT napaanTHoe nanydeHne eHellHei 060NoYKM KoakcHanbHOro kabens 1 ynyqwaet
BUL QMarPaMMBbl HENPaBNEHHOCTU 3TO aHTeHHL. WHorpa pofaenedHue OpHOro-aByx
YeTBEPTLBOHOBLIX MPOTUBOBECOB MOMOraeT ewe Gonee NOHM3WTbL NapasvTHOE WU3ny-
yeHne 0BONONKK KoakcuanbHOro kabens u, CnepoBarentHo, YCTPaHUTL Nomexu Tene-
BUOEHUIO M PaAVOINEKTPOHHON annapaType, BO3HUKalowyve npu pabote Ha nepefayy
Ha MONYBOMHOBYID BEPTHKANBHYIO aHTEHHY.

Ho nnatoli 3a BbICOKOE BXOAHOE COMPOTUBEHWE MONYBONHOBOM @HTEHHBI U MOHW-
KeHHbe TPeOOoBaHUA K CUCTEME 3aBEMNEHVS SBNAETCS YCNOXHEHWE NUTaHus 3Toit
aHTeHHbl. [N NMUTaHUS BEPTMKANBHOW MOMYBOAHOBOM BHTEHHLI MPW MOMOLLM KOAKCK-
anbHoro kabensi HEOGXOAMMO WUCTONBL30BATL CreLVanbHOe COrnacylouee yCTPONCTEO,
YGTaHOBNEHHOE HEMOCPELCTBEHHO OKONO aHTeHHkl. Havbonee yacTo B kauecTee Takoro
COMNAcyloWEero yCTpPOCTEA NPUMEHSIIOT NapanfenbHbiii KOWTYP, HACTPOEHHLI B pe3o-
HAHC HAa 4acTOTy paboThl AHTEHHHI.

Cxema NoNyBONHOBOM aHTeHHbI COBMECTHO C COTNacyloWwmM YCTPOMCTBOM NoKasaHa
Ha puc. 1.7. JaHHbie O ONWHE BONHOBOI W NONYBONHOBOW SHTEHHBI ANK BCEX pa-
avontoburesnbcknX KOPOTKOBOSIHOBLIX AWMAanasoHOB npusepeHbl B Tabn. 1.2. [adHble
npueepensl 6e3 y4eTa kO3(¢GUUMEHTA YKOPOHEHUR, KOTOpDHIA MOXET HaxOpUTbCA B
npagenax 0,9...0,95. MNapamMeTpel COrnNacyiolero KOHTypa Ans BCex NOGMTENbCKUX
KB gvanasoHOB npueeneHsl B8 Tabn. 1.3.

JAns NUTBHMS aHTEHHEI MOXET BbiTb MCNONBL30BaH KOaKcUankHeIl kabens ¢ BONHOBLIM
conpoTveiieHneM 50 unu 75 OM. Npu HeBOALLIOM NoABOPE KONUYECTBA BUTKOB KaTYLLIKU
cBsi3v L2 BO3MOXHO AOCTUTHYTL B koakcuanbHoM xatene KCB, npaktuiecku 6auskoro
k 1:1. HacTpoiika cornacyiouero aHTeHHOro KOHTyPa B PE30HAHC C MOMOLULIO KOH-
pencatopa C1 obs3arensHa. HeoBxoAvMO UCMONLE30Bath BLICOKOKAYECTBEHHLIN KOH-
OEHCaTOP, MMEIOLLWIA Maslble NOTEPY HA BEICOKUX HAcTOTax. OTOT KOHOEHCATOP [oMXeH
6bITb paccyuTaH Ha HanpsxedHue nve Menee 1000 B npu nopsoOoMMO MOLLHOCTU K
aHtenne po 100 BT Ha npaktuke MOXHO WCMOJNb30BaThb BakKyMHLIE MEpBMEHHbIe
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Ta6nuua 1.2
AnvHa WTLIPA aHTEHHL

AN
<
oo | A e | P e
160 78.94 157,89
1 80 4166 83, 33
L1 40 21,33 42,67
30 14,8 29,61
20 10,56 21,12
Ny 7 626 16,53
15 7.09 14,18
12 8,01 12,02
1" 566 1,32
Puc. 1.7. Monysonxosan

BEPTUKANEHAA aHTEHHa 10 s.21 1041
[3 2,66 577

Ta6bnuua 1 3
MapamMeTpsl COrnacyiowero KoHTypa

Lwanason, m VHayKTUBHOCTE fy”p":::: :Do:: Anaverp ka- | finvea wamor- | fuametp npo- | Koauuecrso
KaTyWKA, MKTH neHcatopa, n | TYLKH. MM K, MM BOAA, MM euTKoB
160 6.8 1000 40 &0 20 18
80 [} 330 30 €0 220 20
40 24 220 a0 50 2.0 10
30 20 130 30 30 0.8 10
20 14 100 30 &0 1.0 10
17 1.25 &5 26 40 20 10
15 1,05 75 26 &0 20 10
12 0.85 85 50 50 20 5
1 0,6 50 16 25 1.5 9
10 07 50 50 &0 20 5
6 0.3 35 18 20 1.5 5

KOHAIEHCATOPKI W/IN CBA3KY MOCNEA0BATBNLHO BIMOHEHHBIX CMIOAAHBLIX KN KEPaMUNBCKUX
KOHJIEHCATOPOB.

Bubpatop aHTeHHbt ans HidkeMx KB gvanasonoe 30—160 MeTpos MOXET GbiTh
BbINONHEH U3 MEAHOro NpoBoAa TONWMHONM 1..2 MM. AN BepxHux NOBUTENBECKUX
AnanasoHoe 6—20 MeTPOB BUOPATOD BHTEMHBI XENATENLHO BEINONHUTE U3 AMOMUAHME-
BOIt UNW MeaHol TpyBku.

AHTEHHS, BLINONHEHHEN M3 NPOBOJIOKM, MOXET GbiTh MDABELIEHA HAKIIOHHO UM BED-
TWKanbHO B 3aBUCUMOCTU OT MECTHBIX YC/IOBUWIA YCTaHO8KW. HanpuMep, Ha KpbILLe MHO-
rO3TaXHOr0 AOMA MNPOBOSIOHHAN aHTEHHA MOXET GhiTh YCTAaHOBNEHA HA ASPEBAHHON May-
1€ (puc. 1.8,a). Ecnn paaom ¢ pabouum MECTOM paavonioBuTeNs eCTh BLICOKOE IepeRo,
aHTeHHa MOXET BbiTb NoAsewleHa Ha HeM (pvc. 1.8,6). B yCNOBWsIX ropoaa aHTeHHa MO-
et GbiTb pasmMeLlieHa Mexay ABYMA MHOroaTaxHLIMK fnomamm (pyc. 1.8,8). CneayeT 06-
paruTb BHUMaHUE, YTO NMpY PasMeLLieHUU aHTEHHLI MeXY JOMaMU, UNK B HENOCPeacT-
BEHHOM 6nM3oCTM OT pepesa, Uy Ha AEePeBsIHHON MadTe YacTb WU3Ny4aemoi aHTeHHOM
aHeprum GypeT TEPATLCS B OKPYXAaIOLWWX aHTEHHY NpeameTax. Takke NponsoiiaeT usme-

16



HeHWUE AUarPamMMLl HaNPaBREHHOCTM AHTEHHE!, BEPOSTHES BCETO B XYANIYIO CTOPOHY. Mpu
NOFAOLWEHUN BEICOKOMACTOTHON 3HEPIUIN 6/IM3NEXAELLMM NDEAMETEMMN B OMArPamMMe Ha-
NPaBReHHOCTH MOryT 06pa3oeaTses Hefonblume NpoBaL!. MpK OTPaXEHUN BLICOKOHAC-
TOTHOM 3HEPrMY BNM3KOPACTIONOXEHHBIMU MPEAMETAMU B OUATDAMME HANPaBIEHHOCTU
aHTEeHHBI NOSBATCA HeXenatensHule GokoBrle nenecTkn. OpHAKo B YCNIOBUAX ropoaa Ta-
Kasi CyppOraTHas yCTAHOBKA AHTEHHE MOXET OKa3aThCH 8AUHCTEEHHO BO3MOXHOM.

flpn ELINONHEHMM MONYBONHOEON AHTEHHB Ans

a) AHmerHg
pabotel Ha nobutensCckux avanasoxax 80 U 160

llepebsrnas METPOE A/MHA U3NY4aTensl aHTeHHbl Nony4aeTcs
mayma ¢u3nyBCKM Gonblumx pasmepos. B aTom cnyuae
Kanpowobas aHTeHHa MOXET BbITb pasMeLeHa B NPOCTPaHCTEE
Bepebra HaKJIOHHO WM B COTHYTOM MONOXeHUH. W3BECTHO,

Coznacywuee  HTO B (OPMUPOBAHVE OvarpamMmel HANpaseHHo-
ycmpodcmbo CTW OCHO8HYI0 PONb BHOCST T@ 4HacTW aHTEeHHHI,
MO KOTOPbIM MPOTEKAIOT HanBONLLIME BLICOKOYAC-
TOTHLIE TOKW. B BEpTUKanbHOMN NONYBONHOBON aH-
TeHHe Havbonslie TOKM MPOTEKAIT B CEpenviH-
HOi4 YaCTW @HTeHHeI, KakK MokasaHo Ha puc. 1.9.

6)
Y i
W Anmenra
J”
p
A -
Asmennd H Ocwobras
! yacmb QHMeHHS,
H
Coznacyouee | | Lepeol ! ywacmbyouas
ycmpoucmbo \ 8 cozdaruu
— i duazpamme
\

TITTTITTTTTTTTT T T

HanpabrerHocmis
. P

8)

N A\ U
B B |Axmenng BB
B B £ B B

Puc. 1.9, Pecnpenenene

E E E E HanpAXeHs W ToKa BOONb

E B< E E NONYBONHOBOW AHTEHHB!
TITTTTITTITTTTIT T TT] Lns Toro, 4ToBbl MabexaTb CyLLecTBEHHOro
PyC. 1.8. PaCrionOXeHMe BepTU- YXYOWEHWS1 AMarpamMMbl HaNpaBfEHHOCTU COTHy-
KanbHOM RPOBONOHHOA AHTEHHB TOM NONYBONHOBOM 8HTEHHKI, HEOBXOAVMO MO BO3-

MOXHOCTV pa3MeweTh CepaavHHyI0 YacTb SHTEH-
Hbl, YYACTBYIOWYIO B CO30AHUM OMErpammbl Ha-
NPaBNEHHOCTN AHTEHHBI, BEPTUKA/ILHO OTHOCUTENEHO MOBEPXHOCTN 3EMKN. KoHubl ak-
TEHHBI, BHOCSLUME HECYWWECTBEHHKIA BKNAS B U3NYHEHWE AHTEHHbl, MOXHO PasMelyars
FOPUSOHTANbHO OTHOCUTENLHO 3EMNK. Pa3MellieH e COrHyTOM NONYBOAHOBOM aHTEHHE B
OrpaHUHEHHOM MPOCTPAHCTBE NoKasaHo Ha puc. 1.10. Jin OTTKEK KOHUOB 8HTEHHE!
MOXHO VCNONL3OBaTh KANpOHOBYIO BEpEBKy 6e3 ncnonb3aoBanus Kakux-nubo no6asoy-
HbIX M30NATOPOB. COTHYTYIO MONMYBONHOBYIO BHTEHHY MOXHO MCMONb30BaTh ans paboTol
B MONEBbIX YCNOBMSX. B 3TOM Cyvae ans €6 YCTAHOBKY MOXHO UCNONE30BaTh 6nmako-
PaCnONOXEHHbIE NEPEBbS UMW 33PAHEE MPUTrOTOBJIEHHEIE CKNAAHBIE MaYTbI.
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Puc. 1.10. PasmelieHue COrHyTOM NOMNYBOSHOBOM AHTEHHL B OFPaHUEHHOM npoctpaHcies

B nio6oit KOHCTRYKUMN 8HTEHHEI CAMBIM €6 HEHENEXHEIM YHACTKOM SENSIETCH MECTO
COEOMHEHVS PA3NUYHBIX YACTE aHTeHHE!. JIIBOE aNeKTPUYECKOE COeaMHEHME, KOTOpoe
N0 cunaMm BLINONHUTL panvonobutenio, — naiika, COSAVHEHWE O NOMOLLBIO XOMYTOR,
KiienaHele COeAUHEHWs!, CO BPeMEHEM yxyawaeTcs.. B peayrbrate ysenuaveaetcs ne-
PexonHOe CONPOTUBNEHME ITOMO COBAMHEHUS! W YXYALLAETCH 3(PeKTUBHOCTL paboThl
aHTenHHbl. MosTOMy BCerfia XenaTenbHo BLINONHATD @HTEHHY W3 HEpPA3PLIBHOIO MaTe-
puana.

flpy BLINONHEHNN NPOBONOHHBIX NONYBOMHOBLIX GHTEHH BIONHE BO3MOXHO U3 TOro
Xe MPOBOAA, M3 KOTOPOrO BhINONHEH BUBPATOD aHTEHHLI, BHINONHUTL KATYLWKY Napan-
NENbHO KOHTYPY, NUTaloulero aHTeHHY, Kak NoKasaHo Ha pvic. 1.11,a. Npy BbINOAHEHUM
8HTEHHBI 3 TPYBOK KaTYLUKY UHOYKTUBHOCTM TAKXe LeNeco0BpasHO BbINOIHUTL U3 3THX
xe Tpybok (puc. 1.11,6). MpU AOCTATONHON TOALMHE TPYBOK, MCMONB3YEMEIX B KOHCT-
PYKUMK HEPASPLIBHOW aHTEHHBI, OHA MOXET BbiTh BLINONHEHA KaK eauHas MexaHU4eckas
KOHCTPYKUMA. Cneayet 06patiTh BHUMBHME HA TO, YTO MHOMUE KOMMEpUYECKMe MNony-
BOJIHOBLIE aHTEHHBI CO3AaHLI N0 3TOMY NPUHUMNY. BbinOnHeHHas Takum 06pasom
aHTeHHa GypeT ocTaeaTkCs PaBoOTOCNOCOBHON B TedeHWe MHOTUX NET. Menonbaosanme
HEPa3PbIBHON aHTeHHbl UMEET CBOMM MPEUMYLLECTEOM ELle U TO, 4TO HeT Heobxopw-
MOCTV B UCNONL3OBZHWA BLICOKOKAYECTBEHHOrO ONOPHOTO USONATOPa B OCHOBAHWUU
B8HTEHHBI.

a) 6)
p 3

Puc. 1.11. Hepa3pbiBHas MOMyBONHOBAR AHTEHHA
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MuTalowuii aHTenHy napannensHeiii KOHTYP, BhINONHEHHBIA U3 NpoBoaa, JOMKEH
6biTh  3awmuleHd OT BO3JAEACTBUA aTMOCGEPHEIX YCnoBuid. [MpocTeiwmii cnotob —
MOMELLEHNE €70 B NNECTUKOBYIC BYThUTKY OT NPOXJaAvTENLHEIX HENUTKOB. Flocne aToro
6yTbUIA FepMeTU3NPYETCSt MBLIM U3BECTHBIM CrocoGom. OpHako Npy NOCTPoOeHUU
NONYBONHOBOM BEPTVKANBbHON aHTEeHHLI U3 LIENO TONCTOMN XecTKoi TPyGkU HeT Heob-
XOAVMOCTU B 3alUUTE KaTYLIKW OT aTMOCGHEPHBIX BO3AEiCTBMiA. Heobxoauma Tonbko
3aLmTa KOHTYPHOrO KOHAEHCATOPa OT aTMOCGhEPHBIX BO3AEHCTBUMA, YTO MHOFO NpoLue,
YEeM MNONHas 3allWTa BCEro KOHTYpa.

Havnbonee nerko BeINONHAETCA M HaubBonee NpocTo pac-
CHUTHIBAETCS OAHOBUTKOBAA KaTylLKa B OCHOBAHUU NOYBON-
HOBOM aHTeHHsl.. BUL ORHOBUTKOBOrO KOHTYpa NOKasaH Ha
puc. 1.12. Takylo ORHOBMTKOBYIO KaTyLLKy Haubonee paumno-
HanbHO UCNoNbaoeaTh AnA paboTel B NIOGUTEMLCKMX guana- c
30Hax 6—20 MeTpoB.

B T1abn. 1.4 NpuBeneHL! pasmMepbl aHTEHHEI U NapameT- L
pbl COrNacylouero KOHTypa A5 NONYBONHOBOM aHTEHHH,
rnokazaHHOi Ha puc. 1.12. [daHHbie ykasadsl anst nobu-

TensCkUX avanasoHoR 6—20 metpoe. [na onpepeneHus

WHBYKTMBHOCTW NETAM B 38BUCWMOCTM OT TONMWMHEI WTLIps

BHTEHHBLI UNW NMPOBOLA, B KOTOPOTO OHA BLINONHEHA, MOx-  Puc. 1.12. Nonyeosmosan
HO BOCTIONb3OESTLCA  rPaukami, MPUBEASHHBIMU Ha on"oa“::;sg;amywmn
puc. 1.13.

B HeKOTOphIX Chaydasx ueneco- Ta6nvua 1.4
06pa3Ho UCNONL30BATHL HE OQHOBUT-
KOBYIO METNI0 B KAYECTBE KaTYLLKU
COrNacyloLero KOHTypa, @ Ucrnonb-

MapameTpe! OJHOBUTKOBOrO KOHTYpa
1 [L/IMHA NONYBONHOBOM AHTEHH MR [YanasoHoB

30BaTh HECKONbKO BMTKOB BUOpa- 620 metpos )
TOpa aHTEeHHbl B KaueCTBE TakOW puanasow, | Arwea A, EmKxocTs Wnaykveocr
KaTyWwKkW. 370 MOXeT Bblfe B TOM " R it i
cnyyae, KOrpa XEcTkOCTU OAHOTO 5 o 100' 1..4
60nbLLIOro BUTKA GyHEeT HELOCTATON- 7 78 8s 125
HO Onsi MOCTPOEHWA MEXaHUIecKU 15 67 75 105
MPOYHON  KOHCTPYKUMM  @HTEHHbI. 12 57 & 085
flpy BRINONHEHUA HEPA3PLIBHOM NO- 1 55 50 08
NYBONHOBOM @HTEHHKI U3 TPYBOK anst 10 52 50 o7
AvanasoHos 20—30 METPOB MOXET 3 2,82 35 03

BrITh OKaXeTCs LenecoobpasHo ebl-

roNHeHe MHOTOBWUTKOBOM COrna-

CYIOLLEN KaTyllKU Ha BbICOKOKAYECTBEHHOM Kapkace. [ris pacyeta BelMuiMHbl UHOYK-
TUBHOCTU MHOTOBWUTKOBOM KaTylWkM MOXHO BOCMOJIb30BATECS OBLIEU3BECTHRIMUA ¢op-
Myramu. Takke MOXHO BOCMONb3OBATECS IpadVKOM, NPUBEABHHLIM Ha pyC. 1.13 1
npepHasHa“eHHLIM ansi onpegenenst HAYKTUBHOCTM OQHOFO BUTKA KaTywku. Haiios
VHOYKTWBHOCTL OOHOTD BUTKE M YMHOXMB €€ Ha 06LLee KONUYECTBO BUTKOB B KATYLLKE,
MOXHO NpubnusuTenbHo ONpefenvTb UHOYKTMBHOCTL MHOrOBMTKOA0M KaTylwKW. Takoi
cnocob pacyeTa WHOYKTUBHOCTU COFNacylowel KaTyLLKY HepaspLIBHOW NONnysonHOBOMN
aHTEHHB! AAET AOCTATONHYIO NS NPAKTUKU TOYHOCTb.

HacTpoiika nonyBONHOBOM BHTEHHBI C PE30HAHCHLIM KOHTYPOM, NET/NEi B OCHOBaHUM,
HECNOXHa. flepBoHaYanbHO LeHTpanbHyI0 Xuny Kabensi ¢ NnpunasHHbIM K HEi XeCTKUM
«KpOKOOWIOM» MPUCOEAVHAIOT K HETBEPTU ONUHBI NETNU WU K Tpe'rheﬁ HAaCcTU BUTKORB,
€01 UCNONb3YSTCH MHOrOBUTKOBARA KAaTYLLUKA. anI NOMOLLM NEPEMEHHOTO KOHOeHCaTopa
HACTPaUBaIOT KOHTYP B pe3cHaHC. Pe3oHaHC nerko onpepensiercs Unv no MakCUMyMy
BLICOKOYACTOTHONO HaNpPsXeHUs Ha KOHType, Uiy No MuHumymy KCB B dupepe. anee,
NepeaBUran «kKpoxoaun» B Ty WM MHYIO CTOPOHY U BCE BPeMsl NOLCTPauBas COOTBET-
CTBEHHO MPU 3TOM KOHTYPHBIM KOHOEHCATOPR, NOBWBAIOTCA AANbHENLLETO YMERbLIEHWS
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KCB, unu, 4t0 TO XE camoe, Mak-

L C/MyMa BbICOKOYACTOTHOTO Hanpsi-

MK(H XEHWsl HAa COFNacyloWeM KOHType,

20 B2 e TouHble pasmepsl  COFNacyiowero
19 — B1 um Z5m4  y4acTKa NETU UNU KONUYEETBO BUT-
17 KOB MapanfBAbHOrO KOHTYPa U em-
1576 210 KOCTHOIO KOHAIEHCATOPA HACTPOMKK
1343 Z1Bm  nop6upaloT npakTieckn. Ha ontn-

,' 7 P24 MM ManbHOB COMNACOBAHME AHTEHHLL
25 @ 48 BRMSIET MHOXECTEO (baKTOPOB: aua-
0.6 METp TPYBOK M Marepuan, w3 Ko-
87,67 TOPOFO BLINONHEH BUBPATOP aHTEH-
05 - Hbl, HanMuUe MPOTUBOBECOB, WX
04 KONMYECTBO U WX ANWHA, HanUume
%2 OKONO AHTEHHEI NOGTOPOHHMX MPea-
METOB, NPOBOAVIMOCTL MOYBLI, Haj,

T T T T T T T T T Korﬁpoﬁ YCTaHOBNEHa aHTeHHE, U T. 4.
1525 35 45 55 g5 lOCe NONHOIX HacTPolikK B pe-
w280 F w5 0% n Pen o 30HAHC KOHTYPA NONYBOSHOEOH aH-

Puc. 1.13. MHAYKTUBHOCTE OfIHOBUTKOBO[ NeTiu TEHHBI  KOHTYPHLIA  KOHAEHCATOP
B 33BICYIMOCTI OT €€ AMaMeTpa M ToMWHE obpasyiowero  3allywetoT oT Bnarn. Coegunenne

€€ NpoBoAHVka KkoakcuanbHoro kabensi ¢ nernei

WU KaTyLIKOM, BEINONHEHHOR Y3

MpOBoAa @HTEHHLI, MOXHO OCYLLECTBUTL C MOMOLLBIO MaiKy, ECNM aHTeHHa BLINONHEHA

13 mean. B ToM cnyyae, ecnu aHTeHHa BLINONHEHE M3 aMIOMUHWST WK N0 KaknM-ToO

MpUYMHaM N1 MEHOM aHTEHHBI OCYWECTBUTH Maiiky COXHO, LEHTDATBHYIO XNy

KaGens NPUCOEAMHSIIOT K NONOTHY HTEHHEI C MOMOLLBIO XOMYTa, BUHTOBOrO COBAMHEHWS],

PackpbiTLiil KOHEL, KOaKCUaNnbHOTO Kabess Takxe HEeOBXOAVMMO 3alLUTUTL OT MONaaaHns
TyAa Bnarn KakUm-nmbo uSBECTHLIM CrOCOBOM.

BbICOKME BEpPTUKANbHLIE AaHTEHHEI NOABEPXEH! YAAPaM MOAHUM. Takke sBMsHOTCS
OHU XOPOLMMKM PaspagHMkaMu Ans aTMOCHEPHONO aneKTpuuecTea. Flo3ToMy Heobxo-
BUMO MpUHATL MEPE! MO 3aLMTE annaparypel, NOOKMIOYEHHOW K Takoll @HTEHHEe, OT
aTMOC(HEPHOrO INEKTPUYECTEA.

HauGonee NpoCTON CNOCOB 3alMTLI AHTEHHBI OT ATMOCHEPHOrD 3nNexTpUHecTea
COCTOMT B 333€MMNEHMM «XONOJHOTO» KOHLA KATYLLKU COrMACYIOLero yGTpolicTea Ha
METANNNHECKYIO MaTY (PUC. 1.14), Ha KOTOPYIO 3Ta AHTEHHA YGTaHoBNeHa. ECn aHTenHa
YCTGHOBNEHA Ha [OUBNEKTPUNECKOWM MauTe, TO AHO aHTEHHEI HeOBXOOUMO 3a3eMNUTb
TONCTLIM KYCKOM MPOBOAA Ha 3NEKTPOTEXHMHECKYIO 3EMII0, ECIIN STA 3EMITS HAXOANTCS
B HENOCPeACTEBBHHON 6IM30CTH OT aHTEHHbl, Ha PAacCcToAHMM 1—2 M. Ecnn xe anek-
TPOTEXHU1ECKaA 3EMNS1 HAXOAUTCA HA 3HAYMTENLHOM YAANEHWM OT aHTEHHBl, TO CO-
€VHEHME C Hel HEeOBXOOMMO BRINOAHMTL Yepes ABa PEe3UCTOPa CONPOTUBAEHUEM
10000...20000 OM U MOWHOCTHIO 5...10 Br, npuueM opuvu PE3NCTOp BONMXEH BbITh
PACMONIOXEH HENOCPEACTEEHHO OKOJO AHTEHHEl, 8 OPYroil PE3NCTOp — Henocpeact-
BEHHO OKOJIO 3NeKTPOTEXHWMECKOro 3a3eMNEHMS, Kak NokasaHo Ha puc. 1.15.

CoaavHeHVe aHTeHHbl C SNeKTPOTEXHUMECKON 3eMnedt YEpPE3 [aa BhLICOKOOMHBIX
PeE3NCTopa LEeNnecoobpasHo BEINONHUTL MO CNEAYIOLIMM NPUYUHEM.

Bo-nepebix, 4epes MPOBOA, MOYLMA OT aHTEeHHBI K ANEKTPOTEXHUHECKON 3emne,
Ha TpaHCUBEp MOryT MOCTYNaTh PavOnOMEXU Kak WUCKYCCTBEHHOrO, Tak U ecTecT-
BEHHOMO MPOVCXOXAEHUSA, CYWECTBYIOWME B CUCTEME 3NEKTPOTEXHUHECKOTD 3a3eM-
NeHWs aHTEeHHBL.

Bo-BTOpLIX, BO BPEMs nepajauyu NapasuTHOE WUBNYYEHUE CUCTEMEN BNEKTPOTEXHW-
“ECKOMO 3a3eMNeHUs MOXET BhI3BATL CYWECTBEHHLIE PaaUoNoMExXH BaMaKopacnono-
XeHHoM paamoannaparype. Fpy orpaHnieHN TOKa Yepesa CUCTEMY 3a3EMIIEHVS! YDOBEHb
3TUX NOMEX CYLIECTBEHHO MOHU3NTCH.




Memannuseckasn

masma [lusnexmpuseckas

MaYma

R1=R2=10000...20000 Om

3nexi MPOMEXHUYECKOR
3emns

Puc. 1.14. HenocpeacteeHHoe Puc. 1.15. 3asemneHue nonysoRHOBOM
3asemneHue NOJyBONHOBOW BEPTUKANBLHON AHTEHHD, YAANEHHOM
BHTEeHHBI OT BAEKTPOTEXHUYECKOM 3EMN

B-TpeTubuX, XENaTenbHo OrpaHuHenve Toka craTite-
CKOro 3NEKTPUHECTBA 1 aTMOCGHEPHLIX Pa3paaos, npoTe-
XAI0LLero YepB3 COrnacyiowmii aHTeRHy KoHTyp. Mockons-
Ky TOK CTATUMECKMX U aTMOCOhEPHLIX Pa3pPRACE NPOTEXaeT
uepEe3s PE30HAHCHLIR KOHTYR, PECFIONOXeHHLI B OCHOBA-
HUW aHTeHHbl, TO KOHTYP MOXET W3fy4aTb 3aTyXaiolve
xoneBanns BCIEACTBUE €ro yaapHoro so3byxaenns. 370
MOXET fIPMBECTU K CO3ZaHUIO NOMEX B WIMPOKOM Duana-
3oHe YacToT, FloMexy 6yayT xaK NoGUTENbCKUM CTaHLUAM,
TaKk W paguoseLaTensHoMy nipuemy. Fipy ucnonb3oBaHuu
TOKOOrPaHUHVBAIOLIENO PesUCTOPa YPOBEHL TakuX MOMEX
GymeT MU3EpHbIM.

Lns HopMansHoii paboThs fONYBONHOBOK aHTEHHbI He-
0OBXOAMMO WCNOSIL30BATE COBMECTHO C Heit 2—3 ver-
BEPTLEONHOBLIX fIPOTUBOBECA, NOAKIIIOYEHHBIX KO AHY CO-
FABCYIOLIEro KOHTYPa.

Ha KoHLIe KOAKCUANBHOTO Kabens NIUTaHVS BHILLEOTIUCAHHbIX
FIONYBONHOBbLIX @HTEHH LOMKEH BbiTb YCTAHOBAEH BbICOKOYAC-
TOTHBIA APOCCenb. Ero KOHCTPYKUMA MOXET BbiTh aHanoruy-
HOA KOHCTRYKLMKM BPOCCENS, OfUCaHMe KOTOpOIt NpUBEAEHO
B naparpade «HepespbBHuit BUGparop». 63 ucnons3osa-
HUS BbICOKOYACTOTHOrO APOCCENA YpoBeHb PaaviofioMex,
NpoV3BOAUMBIF FIONYBONHOBON aHTEHHO, GYAET BLICOKNM.

Ecnuv o xakyM-nrbo NpuHyHaM B FIONYBONHOBO 8HTeH-
He TPyOHO YCTaHOBMTb FIPOTUBOBECH!, UX MOXET 38MEHWUTH
orineTka KoaKcuanbHoro kabens, UCAoNL3yeMoro ans nuTa-
HUSA aHTeHHbl. B 3TOM criyyae BbICOKOHACTOTHLIM Apoccent
YCTaHaB/IMBAETCH HA PaCCTOSHUW, PaBHOM fIPUMBPHO YBT-
BEPTb AIUHE! BOJIHBI OT COTNACYIOLLEro YCTPOICTBa aHTEHHbI,
KakK fiokasaHo Ha puc. 1.16. Cregyet 3aMeTuTb, 41O MCMONb-
30BaHUB OFJIETKU KOAKCUaNbHOro kabens B Ka4ecTss NpoTU-
BOBECOB HE FENAETCA UX PacHOLIeHHOW 3aMeHoit. Mo BHel-
Heih onnetke xoakcuankHoro kabens B 3TOM cnydae Gymyt
fIPOTEKATH 3HAYUTENEHBIE BLICOKOYACTOTHLIE TOKM, NOAABUTL
KOTOPbLIE TONLKO OAWH APOCCEeNb, YCTAHOBNEHHLIR HA pac-
CTOSHUY HETBEPTH [/IUHL! BOJTHEI OT COTNACYIOLLIEro yCTpoit-
©TBa @HTEHHbI, CKOPES BCEro He CMOXET. LA AansHeiiuero
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Puc. 1.16. YcTaHoBka
NonysoNHOBOM

aHTeHHbt 683 NPOTUBOBECOB

N2

N4

Y

N4

Puc. 1.17. YcTaHoeka

TOAYBONHOBOM aHTeHHb!
€ £062BOYHEIMU RPOCCESAMA
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flOA3BNEHUA BEICOKOYACTOTHLIX TOKOB, PAcrpPOCTPaHSIOLUVIXCS fI0 BHELIHED 0fONoHKe Ko-
aKcuankHoro kaéens, HeoOXOZVMO YCTAHOBUTH HA HEIt HECKOMbKO BLICOKOYACTOTHBIX
Apoccenei, Kak fiokasaHo Ha puc. 1.17. OHu MOryT GbiTb YCTAHOBNEHL! HA PACCTORHMM,
PABHOM HETBEPTU [IVMHL BONHLI OPYr of apyra. OfHaKo eCu eCTb BOAMOXHOCTL yCTa-
HOBUTL UX Yalle, TO 8Ty BO3MOXHOCTb HEOBXOAMMO UCNONb30BATb.

1.3. KonnuHeapHsle aHTeHHsb!

Eciv eCTb BO3MOXHOCTb YCTAHOBUTL BEPTUKANLHYIO 8HTEH-

HY BbicoTol 6onee Hem /2, TO MOXHO UCTIONb30BATEL KORAU-

HeapHyt0 CUH(MB3HYIO BEPTUKANbHYIO BHTEHHY. B knaccuue-

p/3 CKOit KONNVHEAPHOI CUHMA3HYIO BEPTYIKANLHOM @HTEHHE Jua-

rpamMma HanpPaeneHHOCTV GOPMUPYETCS flyTEM CIOXKEHUR fo-

neid uafyyeHus OT FIONYBOMHOBLIX BUBPATOPOB, KOTOPLIE

INTAIDTCH CO GAsurom ¢as, pasHbiM 180°, T. B. NMUTAEMBIX CUH-

Pasno. CrH}A3HLIE KONNMWHEAPHLIE AHTEHHLI BLIMMPLIBAIOT B

pabote nepen TaKUMK Xe fIO BEICOTB BEPTUKANEHLIMIA BHTEH-

Puc. 1.18. 3emns Hamy. Bnaronaps CNOXEHWO fONein U3Ny4yeHWs OT pPasHbIX

KOJUmHeapHoi BMOPATOPOB, CYH(asHan BEPTUKANLHAA KONNMHEeapHAs aHTEH-

CUH(A3HOHM aHTEHHB!

H2 UMEET NPUXaTose K ropU3oHTY USNY4YEHWE U O4EHL HEBONL-

Loe 38HUTHOB ManyYeHre. B popMuposaHuy puarpammel Ha-

fIPABNEHHOCTU BEPTVKANLHON KONAUHBAPHON CUHGDE3HOI aHTEHHb! GORLLLIYIO PONb Urpa-

€T KaYECTBO 3eM/M 104 Helt. TOSTOMY TaKyl0 aHTEeHHY [Nf QUanas3oHa KOPOTKUX BOMH

HEoBX0AMMO YCTaHaBNVBATE TONLKO Haf, XOpOLIO fPOBOARALLEH 3eMneit. Eciv kauecTso

+38MAU MNOXOB, 04 aHTEHHOI HEOBXOLUMO YCTAHOBWTE XOPDLYIO CUCTEMY 3B36MNEHIA.

1A cucTema 3a3EMNEHVS [ONXHA COAEPKATH HE MEHBE YETHIPEX NONYBONHOBLIX U HE

MEHEE YETLIPEX HETBEPTLBO/IHOBLIX APOTVUBOBBCOB, AMAFOHA/LHO PACHONOXEHHbLIX OTHO-

CUTENBHO APYr Apyra, Kak Noka3sHo Ha puc. 1.18. XopoLuwmii BapUaHT 3a3eMNEHus fog,
KONNIMHeapHOIt BHTEHHOM 3aKNIOYAETCH B UCTIONL30BBHVI METANNVYECKON CeTKU.

LNA KOMMEPUYECKKX BEPTUKANBHBIX BHTEHH KOPOT-

P_ / KUX BOMH UCAIONL3YIOT METAIU3ALMIO NOS aHTEHHA~

Mu. [ing TenepsavioBeLLialva v CyxeBHOIt Cen3un Ha

YKB TOXe MCRONb3YIOT KONAVHBAPHLIE CUHGB3HLIE

' aHTeHHbl. MHOraa Takue KONAUHeAPHLIE BHTEHHLI Co-

nepxar 6onee ascsATy BUbpaTopos. Ha YKB vcnone-

3YIOT TOMLKO CUMMETPUYHLIE KOMWUHEAPHLIB aHTEH-

Hbl. O6bINHO 3TV CUMMETPUNHLIE BEPTUKANEHLIB @H-

TeHHbI FIOAHSATL! BLICOKO Haz NOBEPXHOCTLIO 3EMAU,

B pamonobutenbokux YCIOBUSX TPYRHO BLINON-

:EZ—I HUTbL BHTEHHYIO CUCTEMY, COABPXaLlyI0 CTONb GOMb-

L0 KONMMNECTBO BUBPATOpPOB. M3-3a CBOWX OTHOCK-

TenbHo GoNbLINX GUBMYECKUX PA3MEPOB BEPTUKAL-

' HLIE KONAMHEapHLIe AHTEHHL! PaavoniobuTeny wuc-

b Y74

N4

MONL3YIOT B OCHOBHOM Ha BEpxHuX KB puanasoHax
6—15 Metpos. FlOaTOMy PBCCMOTPUM KOHCTRYKLMIO
1 npocTeiitueit cypporarHoit OByXaneMEHTHON KORAW-
% HEeapHOIt 8HTEeHHI, COCTOsLLEH U3 HEeTBEPTLBONHOBO-

[ad

0 ¥ NoNyBORHOBOrO BuBparopa. Cxema 37Ot BH-
TEHHbI IoKazaHa Ha pyic. 1.19. BeicoTa 3Toit npocroit
PaamoMobUTENboKOi KONAMHEAPHOIt NONYBONHOBOM
aHTeHHbl COCTABNSET 3A/4. flo CPaBHEHUIO C OBLIKHO-
Puc. 1.19. Mpocteiuas BEHHOW BEPTUKANLHOW BHTEHHON, UMeloweit BHICOTY
AEYXINEMEHTHES 34/4, KONFMHEAPHBSA @HTEHHA UMEBT Gones NpWXa-
KONMHEZpHas aHTeHHa
TYIO K FOpUSOHTY AWarpamMmy HanpaeneHHOCTI.



Takoe MOCTPOSHWE KONAWMHBAPHOI aHTEHHLI BROMHB ONPaBAaHO B paauoHo6u-
Tenbokux yonosusx. Paavonioturensmu xopowo paspaoraHbl METOAL! AIUTAHUS HeT-
BEPTLBONHOBLIX BHTEHH MPW MOMOLLUV KOAKCUankHoro kaBens. Ha koHue YeTeeptb-
BONHOBOTO BUOpaTopa GyIeT MAKCUMYM BLICOKOYACTOTHONO HaNPSXEHUS, KOTOPbI
KaK pas v HeobxoOouM Ans NUTaHWUA BEPXHBIO foNyBORHOBOro Bubparopa, vmeloliero
BLICOKOB BXOJHOB COMpoOTUBrEHve. Yepea wneii¢ anekTpuyeckoid [UvHOI, pasHOR
A/2, 37O BLICOKONACTOTHOR HarpsxeHWe NUTaeT NORNyBORHOBOWM sBuGparop. Pscrpe-
FEReHve BLICOKOYACTOTHOTO TOKA BAOAb KONAWHEAPHOW AHTEHHLI W €ro YCnoBHoe
HanpaeneHve nokasaHo Ha puc. 1.19. Toku B BEpXHEM U HIDKHEM BUBpaTOpe aHTEHHbL
CyH}p@3HbI.

AnA nUTBHWR KONAWHEAPHOI aHTEHHBI LEenecooBpB3HO
WCFIONE30BaTL FAMMa(1iM OMBra)-COrfiacoBBHUE, KaK NOKa-
3aHo Ha puc. 1.20. Metoavka pacyeTs raMmMa-corfiacosaHus
npveefeHa B rneese 7 Hactosiulei kHurv. Famma-cornaco-
BBHWB B NUTaHWUW KOMIMHEAPHO! BHTEHHbI UMEET psig Mpe- § /7 I
“MyLLECTB. Bo-nepsbIX, HWKHKIA Bubpatop, NUTaoLwmii Bepx-

p 74

HUii AONYBONHOBO BUBPATOP, 333eMNEH. 3TO 3HAYUTENBHO N
YNPOLLAET KOHCTPYKLVIO @HTEHHBI U NPaKTUYECKU VoknioNaerT <<
NOpaxeHve oflepaTopa v annapaTypel, NOAKMOYEHHOR K ak-

- TEHHE, AaTMOCHEPHLIM 3NEKTPUHECTBOM, BO-BTOpLIX, € MNO- —_
MOWBIO FAMMa-COrnacoBaHUA MOXHO NPOW3aecTy yerewHoe Pro. 1.20. Muranue
COrAACOBaHNE AHTEHHLI C KOaKCUanbHLIM KabBnem ¢ BOTHO- KOTMHEAPHO HTEHHb
BbIM CONMpOTVBREHVEM Kak 50, Tak 1 75 OM. [inA ycnetuHoit C TIOMOLLLIO
pafoTel 3Ta aHTEHHa OOMKHA pacrionaraTtecs nubo Hap Xo- ramma-CcornacoeaHus

poLIO MPOBOASLLE NOBEPXHOCTBIO, VB0 KUMETe CUCTEMY
3a3EMAEHYS, NMoKkasaHHyto Ha puvc. 1.18.
Ans BbifionHeHUA dasocapuraoeit AMHuv
Tabnuua 1.5  MOXHO MCMONBb30OBATH NEHTOYHLIA Kabenb TUna

JaHHble A8 BhITONHEHUS KATB wnu pnaxe TenegoHHbIA npoeog TP, Ko-
KONRMHeapHOHM CUHGA3HOM aHTeHHb BhOUUMEHT YKOPOYBHUA 3TUX AUHUA nepenay
79 puanasoHos 2—15 metpos cocTaensiet 0BbHO 0,82. KoadduuveHT ykopo-
HEHVR AAYXNPOBOAHOM NVHWW MOXET GbiTh O~
vactora, | Lrwwa | Llmka Anywa penensH caMOCTOSTENBHO B PagvonoBuTens-
M M4, m N2, M [(M4) x 0.82, m
CKMX YCNOBUSIX, UCMO/b3Y A METOAVKM, U3A0XEH-
21,2 353 7.07 29 Hble B nuTeparype [1]. dasocauralowan nu-
24,9 3 6 247 HUS, BbLINOMHBHHAR W3 NEHTONHOFO Xabens,
27,0 2,77 5,55 2,27 MOXeT GbiTb UMK HB TYro CBEPHYTA BOKPYr pas-
288 26 52 213 LENSIOLErO YACTU KONIUHEAPHO BHTEeHHLI U30-
52 144 288 118 NATOPA, WN4 PACTAHYTA B FIPOGTPAHCTES G Mo~
145 05 0 042 MOLLLIO BEPEBKV. XKenarenbHa npocreiian aa-

wuTa (pasocaBuraloeid AVHUY C NNACTUKOBOIA
v3onaumeid OT BO3RERCTBUR  AaTMOCKhEPHBIX
BozaelicTanit, HaNPUMEpP AR 3TOF0 MOXHO MOMECTUTE NVHWIO B MAGCTUKOBYIO GYTbINKY.
B 1ab6n. 1.5 npusefeHsl faHHLIe NS BLINOAHEHUS KONTMHEAPHOM cuHbasHOI aHTeHHD!, 418
nobutensckvx ouanssoHoB 2—15 M. Paamepbl BUGPBTOPOB npvBemaHbl Gea ydera
k03pPOULVEHTA YKOPOYEHUS, KOTOPLIA Moxer cocTasnsTs 0,9...0,95. B atoit Tabnuue
npyBenaHbl AVHb) GAa30CABVIraoLel NUHWK C KA OULIMEHTOM YKOPOYBHYS, PasHbiM 0,82.
KonnuHeapHas cuHbasHas aHTeHHa A5 AVanB30HOB 2—15 M UMBET OTHOCUTESBHO HE~
Goneiuve pasvepsl ¥, CrefoBaTeNbHO, MOXET BhiTh BLIONHEHA HEPa3PbIBHOA. JiNa 13ro-
TOBABHUA BUBPATOPA AHTEHHLI MOXET GbiTh MCTONL30BaHa MEAHas TPYEKa HapYXHLIM ava-
MeTpom 420 MM UK ANOMUHUEBLI NPOBOZ, OT CUJIDBOFO 3NEKTPMYECKOrO KaBens Takoro
e guametpa. LLnedip aHTeHHb! B 3TOM Criy4ae MOXET GbiTe CBUT B Kpyr (pyc. 1.21).
CuhgasHas KOfMHeapHan aHTEHHA MPU PacroNoXEHW Haz, XOPOoLO NPOBOAsLLeiH
3emnei 1 NPy UCNONL30BaHWK LIS €8 NUTAHWA OTKPLITOW ABYXNPOBOAHOW AMHUM, KaK
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Konnureapras
aHmersa

[fiByxnpoBodras
nupus npdou  (02nacypuee
anurbi yempotcmbo  Tparcubep

0 O HEOLE]

- @z

Puc. 1.21. MNpoctan komwmHeapHas Puc. 1.22. MNMuTaHue KONNMHEAPHOW AHTEHHbL
HEPa3PbLIBHAA aHTEHHa N0 ABYXNPOBOAHON NUHWA

nNOKa3aHo Ha puc. 1.22, moxer Gbitb UCNONL30BEaHA Anf PaboTel HAa HECKONLKWUX RIO-
6UTENLCKVX IuanasoHax.

HO, KOHewHO, Takoll BapUaHT UCMONL30BAHUR KONNUHEAPHO AHTEHHBI MOXHO CHUA-
TaTb fiLiL BCAOMOrare/bHeM. OnTyMankHan ee HacTpoika B PE30HAHC, 8 CRENOBBTEeSb-
HO, ¥ oBecneyeHve npwxaroit QuarpamMmMbl HANPABNEHHOCTY, BO3MOXHA TONLKO HA O4-
HOM AuBnasoHe. Ha ocTankHeIX fuanasoHax 3ra aHteHHa Gynet paboTtatb kak obbluHas
BepTUKansHan aHTeHHa. OBulen ¢puanyeckas fAmmHa BUGPBTOPa KOFMMHEAPHO GHTEHHDb)
COCTOUT K3 CyMMbl OJIUH HUXXHE, BEpXHelt 4acTu U ¢a3oCABUraoLLero yoTpoiicTsa,
Y 3Ta UHE NPeaCTaBseT coboit OTHOCUTENbHO GONLLLIYIO BENMYUHY. BCnaacTsme atoro
aHTeHHa ByfeT HEroxXo paboTaTk Ha APYrvX N0BUTENLOKIX OUana3oHax, NPUYEeM Kak Ha
BEPXHUX, TAK U HA HUXHUX OTHOCUTENEHO PE30HAHCHOM Y4acToThl aHTeHHs. Bonee Toro,
ob1yan navHa KONAVHEaPHOIt aHTeHHb BAKBKA K PeaoHaHCHOI A/MHE ANS HEKOTOPLIX CO-
capHux niobuTensckyx aranasoHos. 3To ewe Gonee nosbiuaeT 3¢dEeKTUBHOCTE PaBoTel
3Toi% @aHTeHHL! HA HUX. [PK UCNONL30BAHWA 3TOK BHTEHHL MEXAY OBYXNPOBOAHOI AVHN-
€if 1 TPAHCUBEPOM HEOBXOAMMO BKHOYATL COFRACYIOLIEE YCTPOIACTBO.

KoHeuHo, nyuqlnidi BapUaHT BLINOMHEHUS KONAWHE-
] apHoit cvH(asHOI aHTeHHbl © BUBpaTOpPamIi, UMEelo-
N WVMA AvHY A/2. CxeMa Takoi aHTBHHbI FIOKa3aHa Ha
puvc. 1.23. Ha atoM e pucyHke nokazaH BapuaHT nu-
| TaHUS BHTEHHbI FPY NOMOLLM NBPAIENLHOrO KOHTYPA.
BriosHe BO3MOXHO MCNOAL3OBATE LIS MUTAHWURA aHTEH-
Hbl 4ETBEPTLBONHOBbIA PE3OHBTOP. MOCKOMbKY KORM-
HeapHas aHTEHHAa C NONYBONHOBLIMU BUGpPATOPamMU
umeet BoNLLIME Pa3MEpPH], ee LenecoobpasHo UCnoib-
308aTb Ans paBotel HAa puanasoHax 2—12 Metpos.
3Ta aHTeHHa MeHee KpUTWYHA K KauecTsy 3emMiu. Ye-
Tbipex MPOTUBOBECOB ANMMHOW A/4, NOOKMONYEHHbIX K
onnetke KoakcuanbHoro kaGens, BoMHE A0CTATONHO
ANs ee ycrietHoid peboThl, HudkHWA KOHEL, BHTEHHHI
LOXeH pacnonaratbCsi Hag NoaepXHOCTBIO 3EeMAU Ha
BbICOTE He MeHee uem 0,1 A.
Cnanyet 06paTviTb CEPLE3HOE BHUMAHUE HA TO, HTO
Puc. 1.23. Konnureapras H2 KOHUE KoakcuansHoro kabens fMTaHWA OnmMcaHHbIX
CuHpazHas anTeHHa B 3TOM naparpade KOMNVHEapHbIX AHTEHH OOMXEH
C MIONYBONHOBLIMI BAGPATOPMU  GbiTh YCTBHOBNEH BLICOKOYACTOTHLIM apoccefb. Ero
KOHCTPRYKLIVS MOXET OblTb aHanNorMHHON KOHCTRYKLMU

N2

N2
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BbLICOKO4ACTOTHOMO [IPOCCENS HA OCHOBE (HEPPUTOBLIX KOMEL], ONMUCAHWE KOTOPOM Npu-
BeaeHo B naparpade «HepaspbisHbi BUGPATOR».

1.4. YKOPOHEHHBLIE BUTLIE AHTEHHBI

Mpu HepocTaTke MecTa AN1s YCTaHOBKW NONHOLEHHOM BEPTYKANBHOM BHTEHHBI MOXHO
YCTAHOBUTE YKOPOHEHHYIO BUTYIO BEPTWKANbHYIO aHTEHHY. BUTas aHTeHHa 3aHuMaet
Mano MBecTa. 3Ty aHTEHHY MOXHO YCTAHOBWTL Ha BankoHe, B NMPOEME OKHa, Ha Yepaake
WUAY Ha XPbile npy HeaocTarke MecTa N8 YCTaHOBKW MONHOPA3MEPHOW BHTEHHBI.
YKOPOYEHHBIE BUTHIE BEPTUKANLHLIE AHTEHHBI HE MOryT S(®dOEKTUAHO WCRONL30BBTLCS
ANs fIpOBEAeHUs AenkHUX CBs3eil, HO OHW BMONHe MOryT paboTaTk Kak cypporartHbie
aHTeHHbl. B 3ToM naperpade mMbl pasbepem 0COGEHHOCTY M3rOTOBMEHUS U YCTAHOBKU
BEPTUKANLHLIX BUTBIX AHTEHH.,

N8 U3roToBNEHUs YKOPOHEHHOW BUTOI aHTEHHB! NPOBOA, A/IMHON HE MEHEE YEM HET-
BBPTH [UIWHB} BOSHLI DaBHOMEPHO HAMATLIBAIOT HA KaPKac W3 M30NSLMOHHOND MaTepua-
na. Ans KOHCTPYKLUW 8HTEHHLI CObINHO WUCTIOAL3YIOT NPoBOA ausMeTpom 1...3 MM 1 gu-
3nexkTpuueckuii kapkac avametpom 10...50 MM. BereacTeue ceonx Masbix Pa3Mepos Bii-
ThiB aHTeHHbl 06nenaloT Gonbtuoit AOGPOTHOCTHIO U, CREA0BATEALHO, UMBIOT HEBORLLIYIO
NONoCy APOAYCKaHUA. LNA CHWKEHUR AOGPOTHOCTU aHTEHHH W, CnagoBaTensHo, O/
pacliupeHvs ee NoRoCs NPOAYCKaHUS B KOHCTPYKLMKY BUTOM BHTEHHbI OBbINHO UCTNONL3Y-
10T EMKOCTHYIO Harpyaky. Takan Harpyaka KOHCTPYKTUBHO BLINOIHSETCS B Buae 4—6 npo-
BOJHVKOB AWHOI T 40 Ao 100 CM, PacnoNoxeHHbIX Ha BEPLUIMHE AaHTEHHBI. Cxema KIBC-
CUHECKOW BMTON YKOPOUYEHHOI BEpTUKaNLHO aHTEeHHBI Nokasara Ha puc. 1.24.

Ansi HopMansHoit paboTbl 8Toi aHTeHHBI HEOBX0AMMA XOpoLUas PaaMoTEXHUHECKas
3emns. B kpaitHem criydae MOXHO MCRIONb3OBATH HE MEHEE ABYX NPOTUBOBECOB [/IMHOI
4eTeepThb [UWHLI BOAHLI. [POTHBOBECH MOMYT BLITb PACTAHYTHI B MPOCTPaHCTBE, WRW,
HTO HECKOMBKO XYXE, CBEPHYTHI B KRYT, WK pacrionoxeHbl B suae Gyks I, M.

Knaccuyeckast HaCTPOAka BUTOI aHTEHHbI 3AK/IONAETCA B NOCTENEHHOM YKOPOYEHN
€e O/vHb 0o HeoBxoOoMMoli PEe3OHAHCHON. Pe3oHaHC BUTOIR aHTEHHLI ONPEEeNneTcs
NPV NOMOLLUV BbICOKOYACTOTHOro MOcTa. Kak fiokasbiBaeT npakTuka, NMpy ucrnonbaosaHu
AN U3rOTOBNEHUA YKOPOYEHHOIt BUTOI aHTEHHbI NPOBOAA MUMHOM, TOYHO PaBHOI
4YETBEPTW A/mHbl BONHBL, €€ PE30HAHCHAR YacTOTa MONYYBETCR HEMHOFO HUXE, HeMm
AR pasBepHyTOi B NPOCTPAHCTBE BHTEHHL! [UIMHOM YETBEPTL BONHLI. 3TO NpoUCXoauT
BCNaACTBYE TOro, HTO BUTKM SHTEHHbI UMEIOT HEKOTOPYIO COBCTBEHHYIO E€MKOCTb, KO-
TOpas U NPOU3BOAUT FIOHUKEHUE PEIOHAHCHOR YACTOTbl aHTEHHLI, KOHEYHO, HacTpoiika
BUTOIt BHTEHHb! YKOPOYEHWEM €€ [/IVHBI HE Beerpga yaobHs. Jlerse u TexHonoruyHee
HACTPBUBATL TAKYIO EHTEHHY C MOMOLULID YKOPAYMBAIOWErD NEPEMEHHOFO0 KOHOeHCa-
TOpa, KaK MoKassHO Ha puc. 1.25.
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Puc. 1.24. YkopouemrHas suras Puc. 1.26. Butasi aHTeHHa ¢ HaCTpOIKoi
BEPTUKANEHAsA aHTEeHHa YKOPR4MBAIOLLIMM KOHAEHCATOPOM




Ecfv npegnonarastCcs HacTpavsats BUTYIO 8HTEHHY C fIOMOLLLIO YKOPa4MBAIOWIEFO
KOHEEeHcaTopa, MIMHY COCTaBIsIoLLero ee nNposogHuka HeoBxoovMmo BuiGpaTh Ha He-
CKONILKO MpoLeHToB Bonblie, YeM HeoBXo4yMble YeTBEPTb [UIMHLE BOMHLL. MCNOAb30-
BaHWE ANIA MOCTPOEHUR BUTOW AHTEHHbI YKOPAYUBAIOLLIENO KOHAEHCaTopa MPOBOOHUKA
ANMHON Bonblue A/4 NO3BONSET YBENWYVBATL €€ BKTUBHOE BXOLHOE COMNPOTVBIEHME.
Daeaiite pasBepeM, flOYEMy Tak BaXHO BCEMK cnocobBamMu yBeRMuMBaTL BXogHoe
COMPOTUENEHWE BEPTUKANLHOM BUTOIR BHTEHHbI.

AKTUBHOB BXOOHOB COMPOTVBIEHUE PE30HAHCHOM HETBEPTHBONHOBOI BUTOI aHTEHHbI
O4eHb HuaKkoe. OPUEHTUPDBOYHD MOXHO CUWUTETL, HTO TEOPETUHECKOE BXOOHOE COMpPo-
TUBNEHWE BUTON BHTEHHLI IPUMEPHO B 3...5 pPas BILLE, YBM TBKOI XE NO BLICOTE HEBUTOK
BHTEHHb). BXOAHOE COMPOTUBNEHWE YKOPOYEHHO BUTOI aHTEHHBI 3aBUCKUT OT guaMetpa
ee kapkaca, OT AvMamMBTpa NPoBoaa, M3 KOTOPOro BLINOAHEHA BHTEHHB, OT criocoba ee
HaMoTKUW. He rpadukax, NpUseneHHbIX B riase 15 HacTosueit KHury, NokasaHo BxogHee
COMPOTUBNEHWE KOPOTKOW BEPTVKANLHOW aHTEHHE PasHOR ANWHLI DA BCEX AIOOWUTENb-
CKMX KOPOTKOBOMHOBbLIX OWanasoHoB. M3 atux rpadukoB CAeOyeT, HTO TEOpETUYECKOE
BXOJIHOE CONPOTUBREHWE YKOPOYEHHOI BUTOIM aHTeRHbl Bynet uMeTs HeGonbuyio Benu-
YUHy. HW3KOE BXOOHOE CONPOTUBASHWE AHTEHHbLI TPYOHO COrMBCOBATE C KOAKCUANABHBIM
kabenem ¢ aoNHOBLIM conpotuBieHnemM 50 unu TeM Gonee 75 Om Ge3 UCNoONb3oOBAHKUS
crneuvansHLIX COrNacyioLmMX YCTPORCTB MEXOY BHTEHHOI 1 xoaKeuanbHbIM Kabenem. Uc-
NONb30BBHVE BHTEHHLI 3NEKTPUHECKOR ANWMHOR BOALLUBA, YEeM YETBEPTb AJIUHL BONHbI
MO3BONAET HEMHOrO fIOBLICUTL BXOAHOE COMPOTUBNEHUE BUTON YKOPOYEHHOM aHTEHHH ¥
OBAETYUTL €€ COTNBCOBAHUE.

Kak 13secTHO, NPUHLIMN COTNAcoBaHKA KNacCUHBCKOrO, PA3BEPHYTONO B MPOCTPAHCT-
B€, BepTUKana AnuHolt Gonklieit, yem HETBEPTL [UMHEI BOAHEI NPV floMowW NOCneaoBa-
TENLHO BKIIOYEHHOMO EPEMEHHOIC KOHAEHCATOPA 3aKIIONAETCS B Criagyiowiem. FIpy yse-
FHEHUN LUIMHL! BEPTUKANBHO BHTEHHE Gonee, yem A/4 B KOMMAEKCHOM BXOAHOM COMpo-
TUBNEHUW BHTEHHbI Y AETCH Ero BKTUBHAR COCTABNAIOLLAA. DTO fAET BOIMOXHOCTb
COFMBCOBBTL BHTEHHY C KOAKCWANbHbIM KaGeneM ¢ BOSTHOBLIM COMPOTUBAEHUEM Kak 50,
Tak u 75 OM. YKOpaumBaloLmiA KOHEEHCATOP KOMMBHCUPYBT «HEHYXHYIO» UHOYKTUBHYIO
4ACTk BXOAHOMO UMNEHaHca 8HTeHHbl. HanOMHUM, YTO BXOAHOE CONPOTUBIIEHWE BEPTU-
Ka/ibHOW HECUMMETPUYHOI BHTEHHBI BLICOTOI A/4, PACNONOXBHHOM Haz WASanbHOIN no-
BEPXHOCTHIO, cocTaBnseT 36 Om.

Ha 3TOM e NpUHLMNE OCHOBaHO COrIACOBBHUE KO-
POTKOIA BEpTUKANEHOM BUTO aHTEHHB!, UMEtoLWEeR [m-
Hy COCTaBRSIOLLEro e npoBoaa GonbLuyio, sem A/4. Ko-
HENHO, BXOJHOE COFIPOTUBMEHUE 3NEKTPUNECKW AMHOIt
BUTOM aHTEHHB! fIPY MOMOLUM YKOPASMBAIOLIErD KOH-
JAeHcaTopa HEBO3MOXHO MPUBECTW K BONHOBOMY CO-
MPOTUBNEHMIO KOAKCHaNLHOro kadens 50 wan 75 Om.
Ho paxe HeGonbluoe yBENUYEHWE €€ BXOGHOrO CONpo-
TUENEHUs MNOBLICUT  3((PEKTUABHOCTL  COrMacoBaHVs
3TOI 8HTEHHBI C KOAKCHa/bHBIM Kabenem.

OpHaKo Npy U3MEPEHUW BXOJHOTO COMPOTUMBNEHUS
peanbHo BUTOR YKOPOYEHHON BHTEHHE! 3TO COMPOTUB-
JiEHWE YECTO OKA3LIBAETCH 3HAYMTENLHO BhILUE Ero Teo-
PETUHECKOI BefUYMHbL. 3TO MPOUCXOAUT BCNanCcTeue
Hanuuusa NoTEPL B CUCTEME 323EMNEHUN, B NPEAMETaX,
PACrONOXEHHBX B HENOCPEACTBEHHOI BNMM30CTH OT BU-
TOi aHTeHHbI, B NPOBOAE, W3 KOTOPOTO BLINOSHEHA aH-
TEHHa, B yKOPAYUBAIOLLEM KOHOEHCaTope. Yem cuiibHee
OTAVNAETCH PeaibHOE BXOOHOE COMNPOTUBIEHME BUTOMR
Puc. 1.26. Famma-cornacosanme BHTEHHBI OT TEOPETUNECKOTO 3HAYEHVS, TEM HUXKE ad-

BEPTUKANLHOM YKOPOYEHHDI GEKTUBHOCTE AHTEHHbI, TEM BLILLE BEAVYMHA BLILLEYKA-
BUTON AHTEHHBI 3BHHbIX NOTEPD B 3TOM aHTEHHE. Ho B TO Xe BpemMs Tem




Terye Cornacosark 3Ty aHTeHHy € KoakcvanbHbiM kabenem, Tem Gonbiue ee nonoca npo-
NyCKaHus.

Xopotuero CornacoBaHus BUTOW YKOPOYEHHOW aHTEHHbI C KoaKCuanbHEIM KaBenem
MOXHO 10BUTHCS NPY NOMOLM ramMMa-CorNacoBaHus. [N YKOPOHEHHBLIX BUTLIX AHTEHH
MOXHO UCNONL30BaTH YNPOLLEHHYIO CXEMY Takoro COrABCOBaHUS. Ha puc. 1.26 nokassHa
CXema YKOPOHEHHOWR BUTOW a8HTEHHLI C UCNOABL30BAHWEM YNPOLUEHHOO FAMMa-cOrna-
cosBHUR. Pasbepem paGoty 3TOW CXBMbL.

HwKHAR 4aCTe YKOPOUEHHO BUTOM aHTEHHBI BHINOAHEHA 13 ManorabepuTHoR OByX-
NPOBOAHON NMHWK B MJACTUKOBOW W3ONSILMKU C BONHOBLIM COMPOTUBREHVEM 350 Om
v pavHoi G, pasHoit 0,05A. B kauectse Takoil ABYXNPOBOOHOIR WHWKM MHOR Bbin
YCnonb3oBaH TEneqoHHbIR AayxnpoBoaHLii kaGens TPI, koTopbiA uaBecTeH cpepu
pagvoniobuteneil nog Has3ssHWEM «antuB». Ha OAHOM KOHUE »1nbl KaBBNs CRasHL ©
NpUCOEAVHEHb K MPOBOAY, COCTBBASIOLIEMY MONOTHO AHTEHHBI 1 UMEIOWEro AAVHY
0,2). Mpu nomouw koHgeHcaropa C7 yKOPONEHHAR BUTas aHTeHHa HacTpanBsaeTes B
pesoHaHe Ha ceoo pabouylo yscToty. Mpu noMoww KoHpeHcatopa C2 npouascanTes
COFNacoBaHe aHTEHHL! C KOAKCUANLHBIM KaBensm nutaHus.

Cpasy HeolGxopumo 0TMETUTE Cliefytowve MOMEHTEE B ciydae npuMBHeHVs raMma-
COrnacoBaHUA UCMONL30BBHYE KOHAeHEaTopa CT u, cnenosarensHo, HacTpoiika BUTOIA
YKOPOYEHHOI aHTEeHHbI B Pa30HaHC HE oBR3aTtentHe. Ho fpy NoMoLLy 3TOro KoHEEeH-
caropa C1 yaaeTcs Npoussecty Gonee TLaTenbHylo HAGTPOIKY aHTeHHbI. ECNv BhicoTs
BEPTUKANEHON BUTOI @HTeHHbl cocTaBnser mexee 0,17, To UenecoobpasHo mmHy L
B35TL 6onee 0,05h. S1a kA MOXeT HaxoauTses B Npeaenax (0,05...0,1)A. Mpu aToMm
o6wan AnmHa NPOBOOHVKA, COCTAANSIOLErO YKOPOUEHHYIO BEPTUKANEHYIO BUTYIO BH-
TeHHy, oMxHA HaxoguTecs B Npegenax 0,25 A.

Mpy ramma-cornacoBaHul TOKa COMPOTUBIBHWUB 2HTEHHbI MOXET COCTABNATe HB
500m, a ckopae scero 30...40 OMm, 4TO yxe Bynet nocratouHo. MoapobHee o ramma-
COrMBCOBBHUW CM. B rNBBE 7.

AByxnNpoBoOaHan NWUHKS, CNYXauwes raMMa-CornacoBBHUBM, HAMATLIBBETCH HA NNa-
CTUKOBbIA KapKac aHTEHHLI B HWXHBI! ee YacTW. JlanHbie Ans BLINCIHEHWR YKOPOYEHHBIX
BUTBIX aHTEHH ANS NI0BUTENECKUX AvanaaoHos 6—160 M, KCNONb3YIOWMX raMMma-Corna-
COBBHUE NPVBEAEHb B Tabn. 1.6. B aToii Xe TabnuLe NprBenaHo OpUEHTPOBOYHOE YCUu-
NEHVE YKOpPOYEHHO BUTO aHTeHHBI, UMetoLell NpUBeaeHHyIo B Tabn. 1.6 BwicoTy. Yo-
NoBHbIE 0B03HAYEHUS ANWH YAcTeil aHTEHHLI COBNANAET C YCNOBHBIM OBGO3HAYBHUEM Ha
puc. 1.26. YcuneHuve aaHo OTHOGHTENEHO HBCUMMETDUYHOND YETEBPTLBOSIHOBOFO BEPTU-
KansHoro BUBPaTopa, HAXOASLIEroCs Haz VOeantHoW aemneit. MpaBaa, Kak BUOHO U3
1865. 1.6, yCuneHue 3Tux aHTEeHH o CPABHEHMIO C HETBEPTLEONHOBOM BEPTUKATLHOI He-
CUMMETPUYHO aHTEHHOR oTpyuarensHoe. FipesunbHee Gbino 6l rosoputs 06 ocnabne-
HUY, KOTOPOE BHOCKT 3TV AHTEHHL MPY WX UCNONb30BBHUK. ECAN yuecTb, 4To oBbiuHO
YKOPOYEHHEIE BUTHIE 8HTEHHBI Pa3MELLAIOT CPEOV BRM3KOPACTIONOXKEHHBIX MOCTOPOHHUX
fpaaMEToB U VCNONb3YIOT VIS 3TX AHTEHH CYPPOTaTHYIO 3EMAK), TO YCUNEHWe PeansHon
YKOPOYEHHOR BUTOI aHTEHHE! Byaar euje Hike.

KoHeyHo, npusefeHHbie B Tabin. 1.6 3HAYEHUR BLICOTBI AHTEHHLI U pa3Mepet ee
EMKOCTHOI Harpysku He SBAsioTcA ofnaatensHeMu. Mpy yBENUNBHUM BBICOTHI YKOPO-
YEHHOIt BUTOI aHTEHHL!, NPOVCXOAMT YBEAUIBHUB 3¢h¢hBKTUBHOCTY €€ pabotbl, pacliu-
pseTCs Aonoca NPONYCKaHNS aHTeHH.. MNP YBEAUYEHNW PA3MEPOB EMKOCTHOI HarpyaKM
BO3PaCTaeT Nonoca NPOMYCKaHUA aHTEHHbI U HEMHOFO YBENNMBAETCA ShMEKTUBHOCTE
ee paboTe. B n06OM Cllyyae XenaTesbHo UCMONb30BETh AN BHIfIONHBHUS YKOPO4EHHOI
BUTOA BHTEHHBI MaNTy HANGONbLUEH BOMOXHOI BLICOTHI W FPUMEHATL EMKOGCTHYIO
Harpyaky HeuGonbrueit AmHbL.

ANs NPAKTUMECKOTO BLINONHEHWA BHTEHHbI MOXHO MCMONL30BaTh TUGKUA MaaHbI
MHOFOXusibHbIR NpoBoL, Arametpom 1...3 MM, vCnonbayemblit Ons ApoKNasky anex-
TpuHecTes. Takoll Nposos CTOMT HEIOPOMo U WMPOKOAOCTYreH. OueHb YOoGHO UC-
NONb30BATL B KAYECTBE KApkaca AN M3rOTOBEHWS BMTON BEPTUKANBHOW AHTEHHb
Nnactvkosylo Tpybky avemetpom or 10 Ao 50 MM. TekUe MAAoTUKOBLIE TPYGLI UG-
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Ta6nvuua 1.6

JDaHHbIe ONA BHINOJHEHMA YKOPOUYERHBIX BUATHIX @HTEHH ONR NI0BUTENLCKIX
favanasoHos 6—160 meTpos

Makecw- Fonoca Forepwm

B omoem | e | & | o om0 T onosemo

(%) ci, AHTEHHBI, K BEpTYKANY

nP My BeicoTOR A4, dB

160 250 500 7.7 30,7 5 2 0.06 -22

60 250 250 4,16 1686 35 1.2 o1 -18

40 200 200 2,12 6,51 2 0.8 01 -15

30 150 200 1,48 6,94 16 08 0.2 -1

20 150 150 1,06 4,22 18 0.6 03 -9

17 100 100 0.83 3,32 13 0S 04 -9

15 100 100 07 2,83 1.2 0.5 0.5 -8

12 100 100 061 244 1 04 06 -6

1" 100 100 0.55 222 1 0.3 0.8 -5

10 100 100 0,52 21 1 0.3 0.8 -5

6 50 80 0,29 1,176 08 03 1.5 -3

NOoNb3YITCR AR BOAONPOBOAA. VHOMNA ANS W3roTOBNEHUS BEPTUKANLHOI BUTON aH-
TeHHbI yIOBHO UCNONL30BaTH FUBKUIA LWNAHF A5 NOAa4Y BOAbI. AHTEHHA, W3rOTOBAEHHAR
HB TWBKOM tUnaHre, MOXET GbiTe UCMOML30BaHA KaK ANS CTAUMOHAPHOM, Tak W ans
nosneBoir padotel. Mpy UCRONL30BaHWKM €& ANF Noneeolt paboTel aHTEHHA MOXET ObiTh
PacTsHyTa B APOCTPEHCTEE C NOMOLILIO BEPBBKY MEXOY AepaBbiMy. AHTEHHY, BLIFION-
HEHHYIO Ha OCHOBE ruUBKOro LWNaHra, NErko NEPEeBOaUTk NPY CMEHE MBCTA PaaVo3Kec-
negyumu,

CnepyeT ob6patuts BHUMaHWUE Ha TO, YTO HA KOHLe KoakcuansHoro kabens nuTaHus
YKOPOYEHHbIX BUTLIX @HTEHH, OfIUCaHHLIX B 3TOM Maparpade pomked BbiTe yCTaHOBNEH
BLICOKOHACTOTHBIA APOCCeSb. EF0 KOHCTPYKUUA MOXET BbiTh aHANOMHHON KOHCTPYKLMKA
J[POCCENS, OFUCBHWE KOTOPOIt fipuseAeHo B naparpade 3Toi rnasbl «HepaspbiBHLIN
BUBPBTOP».

JINTEPATYPA

1. Mpuropos W. H. AnTetHbl. Hactpoiika u cornacosadve. — M.: UM PaguoCodr, 2002. ~
272 c¢. — ISBN 5-83037-087-7.

2. MHOrOaWANA30OHHBIE BEPTUKAJIbHBIE AHTEHHbI

JHeduuur ceoBopHoro NPOCTPaHCTBE B ropoae /sl pa3MelLeHUs aHTEHHL! 1 yBe-
NUEHUE YUCIB PaVONOBUTENLCKUX OVBNB30HOB NPUBOAWT K YBENWYEHWIO NONynsp-
HOCTW MHOTOAUANA30HHLIX BEPTYKANLHBIX BHTEHH,

MHOroaMana3oHHEIB BEPTUKASTbHLIE BHTEHHb) HB 3aHUMAIOT MHOFO MECTa NS CBOeU
ycraHosky. Mpy floMOLM 3TUX aHTEHH BO3MOXHA OpraHUzauus PasvomoBUTenbCKon
CBS3W B rOPOACKUX YCROBUSIX.

Hixe paccMoTpeHbl cnocoBbl NOCTPOEHUA 1 PeasbHBIE KOHCTPYKLIMK MHOTOAMana-
30HHBIX BEPTHKANLHBIX LUThIPDABLIX AHTEHH OMANAa30HA KOPOTKUX BONH. Bce aHTBHHLY
npocTHl B Hanagke v ofecnenvBaioT sbicokue napamsTpbl Npu paboTe B adupe.



2.1. TpexavanasoHHas BepTVKasibHasi aHTeHHa

Mpw HeAOCTaTKE MECTa Ha Kpbile AoMa Afs yCTa- Ta6nuua 2.1
HOBKY OTAENbHON BEPTUKANLHON BHTEHHBI HA KaXMbIit CoveTanme auanasonos
BepxHViA nloBuTensckmii KB ouanasoH MOXHO UCAIONb- paBOTH KOMBUHUPOBBHHOT
3068Tb KOMOUHVUPOBAHHYIO TPEXOMANA3CHHYIO AHTEHHY. TDEXAMANASOHHON AHTEHHbI
Cxema TaKoit aHTeHHBI NokasaHa Ha puc. 2.1.

Tpy 4eTBEPTLBONHOBLIX BUGPaTopa NOAKIIONAINTCH BOivHa BOMH, M
fapaentHo K UEHTPaNLHOM Xuie KOaKCUasbHOro Ka- 6 10 15
Bens. K onnetke koakeviankHoro kabensi NoAKIIoHaloTCR 10 15 20
HE MEHee NBYX HETBEPTLEONHOEBLIX fIPOTUEOBECOB O/IR 12 7 30
KX/I0r0 AuanasoHa paboTel aHTeHHbl. B Tabn. 2.1 npu- 15 20 20
BEEHO CONETaHWE [UanascHOB, Ha KOTOPbIX napan-

NEeNsHO BKIOYEHHBE BUGPATOPLI BHTEHHLI OKA3LIBAIOT 1 7 2
MUHUMaSILHOE BAVSHUE APYT Ha apyra. Vicnonbaosanue 20 %0 40
Gonee Tpex BUGPATOPOB A4/151 BLINONHERS MHOroaWana- 30 40 60
30HHON BEPTMKANEHOI aHTEHHbI HeLenecoobpasHo. 40 80 160

EMKOCTHBA COCTABNsIOLW|aR UMNepaHca MHoroamana-

30HHOI BEPTUKANLHO @HTEHHBI BYLET CPAaBHUMA C aK-

TUBHOW YACTHIO € BXOAHOIC CONPOTUBIEHUN HA BEPXHUX AvanaaoHax paboTkl aHTEeHH,
B peayneTare yero a(dEeKTMBHOCTL PabOThl AHTEHHB! HA HUX BHBYUTENLHO NaJaeT.

~
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Puc. 2.1. KombuHuposanHas Puc. 2.2. Pacrionoxenve subparcpos
TPExAMana3oHHan aHTeHHa AHTEeHHbt H2 METannu4eckoM yronke

KOHCTpYKUWs 3TOIF MHOTOAMANasoHHOR aHTEHHbI 3BBMCUT TOMBKO OT PEanbHBIX
BO3MOXHOCTe pasvoniobutens. BubpaTopel BHTEHHL! MOTYT BbiTh XECTKO FPUKPYLEHE
K METannuyeckoMy Yrofiky, KaK nokasaHo Ha puc. 2.2. Ecnuv ynpyrocts BuBpatopos He
fIO3BONAET AOCTUAMHYTL XECTKOCTW KOHCTPYKUMM aHTEHHBI, PDACCTORHWE MeXOy Bubpa-
TOPamMKu aHTEHHBI OTHOCUTESILHO ApYr Apyra MOXeT GbTb 3agmkeuposaHo Npr NOMOLLK
NN2acTUKOBLIX M3ONSTOPOB, KaK NOKa3aHo Ha puc. 2.3. HaoBopot, gocTaTouHo XecTkue
BUGPATOPLI AaHTEHHLH MOTYT PACMONaraTsCs BeePoM (PIC. 2.4). Lhsblipy 408 pabotsl Ha
BLICOKOYACTOTHbIX AWAN230HAX MOryT ObiTh BLIFIOFHEHBI Y3 MEOHLIX WAV AIOPaneBLIX
TPY6OK, MOTYT BbiTb PAGTAHYTHI 13 TONCTOrO MAAHOIO NPOBOAA. Ha KOHLE KOBKCUANLHOMO
kabens NUTaHVs XenaTenstHa YCTAHOBKA BbICOKOYACTOTHONO [POCCENS, KaK 3T0 Bbiio
ornvcaHo B rnase 1 HacTosWelh KHUTK.
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Puc. 2.3. ukcauvs BUMGPATOPOB AHTEHHBI Prvic. 2.4. BeepHoe pacCnosioxeHue

BUBPATOPOB BHTEHHE!

KonuuecTso peaoHaHCHLIX NPOTUBOBECOB, UCMONE3YEMBIX C MHOMOAMaNa3oHHOM Bep-
TUKANbHOIA AHTEHHOM, JoMXHO BLiTb HE MEHEEe JayxX AR KEKAOr0 AuanasoHa paboTs!
aHTeHHw!. B cnyyae pasMeleHus aHTeHHbl Ha HEOONBLWION BBICOTE Haf METANMYBCKOR
KPbitueit U XOpOLUEero KOHTAKTAa OMAETKY KoakcuansHoro Kabesns ¢ SToM kpbilwelk MHOFO-
[ManasoHHan BEPTUKATLHAs aHTEHHB MOXET BbiTb MCNonb3osaHa 6€3 NPOTUBOBECOB.

2.2. Tpexavana30oHHasa aHTEHHa A/ HU3KOHaCTOTHBIX Auana3oHoB
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Puc. 2.5. Hactpoiika BuBparopos
BHTEHHBI B PE30HAHC
MPU MOMOLLM YKOPBYUBAIOLUX
KOH/IEHCATOPOB

30

Ha HuskovacToTHbie KB nuanazoHbl BUGpaTopb!
BHTEHHBI LBNEco0Bpa3Ho BLINOAHWUTL U3 MEAHOTO
nposoga puameTpoM 1...2 MM. Ha HuSKoHaCTOTHBIX
LuanasoHax BMUSHUE OKPYXaoLUX aHTEHHY Npea-~
MeToB Ha Hes Gypmer suicokuM. CneposatesnsHo,
ckopeir Beero notpebyeTcs noactpoiika [OavHe!
Kaxaoro BuGpaTopa Ha KeXOOM nuanasoHe pabo-
Thl @8HTEHHbI. FIPK BLINONHEHUWN @HTEHHLI Heobxo-
OVYMO NPefycMOTRETe KOHCTPYKTUBHYIO BO3MOX-
HOCTL 015 Takolt noacTpoiiku. Ans atoro subpa-
TOpPbl 8HTEHHbI LENBCOOEPA3HO BLIONHUTE YYTb
Gonslle, YBM YETBEPTL [OJ/IHLI BORHLI. HAcTpoiiky
BUBPATOPOB  MHOTOAWANA30HHOR  BEPTUKANLHO
aHTEHHbl B PE30HAHC HAa Kaxablit gvanasoH
paboTl B STOM CNy4aB LenecoobpasHo Npousso-
LUTE C NMOMOLLBIO YKOPAiMBAIOLVX KOHAEHCATOPOB
(puc. 2.5).

KOHEYHO, HACTPaMBATE AHTEHHY B PE3OHaHC NpU
NMOMOLLUY YKOPauUBAIOLIMX KOMAEHCATOPOE MOXHO
HE TONBKO Ha HUXHWX KOPOTKOBOMHOBLIX AMUana3o-
Hax, HO U Ha BEpXHUX. EMKOCTE YKOpauraanLero
KOHOEHcaropa MoxeT 6uiTk Ao 100 nd npu pabote
BUOPATOPOB @HTEHHBbI B AranasoHax 6—17 meTpos,



Ao 150 nd npu paboTe BMBPATOPOB aHTEHHDI B AvanadoHax 20—30 meTpos, 200 nd npw
paboTe BMBPATOPOR &HTEHHLI B AvanasoHax 40—80 meTpor v Ao 250 nd npy paboTe ax-
TeHHbl Ha 160 mMeTpax.

CJ'!BD.YET 06pﬂTMTb CEPbE3HOE BHWMBHWE HAa TO, YTO HB KOHUE KOaKCHamsHOro
kabens NUTaHWA BLILLEONMUCAHHLIX AHTEHH DOSKEH BbiTe YCTaHOB/IEH BblICOKOYACT! OTHbIA
Apoccens. 3ror Apoccens NMPensaTCTBYET 3aTeKaHWI0 BbICOKOYACTOTHLIX TOKOB HA BHEL-
HIOK 0BONOYKY KOAKCWANLHOro Kabens, KOTopas B 3T0M cnyyae Byaer cnyxvre uany-
YHAKLLEA YacThio @HTEHHbI, 4YTO NPUBEOET K YBEIWMYEHWI0 YPOBHS nOmMex npu paﬁoTe
aHTeHHBl Ha Nepegady. Hawbonee npocTas KOHCTPYKUMS TEKOrO BbICOKONACTOTHOMO
apoccena — aro 10—30 (eppuToBbIX KONEL, TYr0 HAAETHIX HA KOHLE KOAKCUAIEHOrD
kabens, 4yto 6LNO ONWCcaHO paHee.

2.3. BepTukanbHbifl WThIPb B paboTe MHOFOAMAaNasOoHHOM aHTeHHbI

Cpeav pagvoniobuTeneid  pacnpocTpaHeHO WCNONb30BaTe OAMH  BEPTUKAMBLHBINA
BvbpaTop Bis paboTsl HA HECKONEKUX NIOBUTENBCKMX AnanazoHax. OAHAKO MpoCTsiM
noABOopOM  (UBVHECKOW A/MHLI BUEPATOpa aHTeHHbl HEBO3MOXHO MNOOOrHaTh ero
BXOAHOE COMPOTVBNEHVE K BONHOBOMY CONMPOTWBNEHUIO KOakcuanbHOro kabens Ha
HECKOMNBKUX NII0BUTERLCKMX auanasoHax. CAefoBartensHo, HEBO3MOXHO WMCNONb30RaTs
KOAKcvanbHblii kabens Ans NpsMOre NMWTaHus Takoi aHTteHHbl. B 3ToM cnydae gas
MNTaHUA BEPTVKANbHON aHTeHHLI BNONHE BO3MOXHO VCMNONL3OBETh ACSYXTPOBOAHYIO
OTKPLITYIO AVHWIO. [BYXMPOBOAHan NvHWA Aoryckaer paboty ¢ GonbwmvmM 3HaueHeM
KCB. B 71axoii KOHCTPYKUMM @HTEHHON CUCTeMEI ABYXNPOBOOHAA NVHVSA HA OOHOM
KOHUE NOAKMONAETCH HENOCPEeACTBEHHO K LUTLIDIO @HTEHHbI, a APYroil KOHeL, OByx-
NPOBOOHOR NVHWY Yepe3 COrNacylollee YCTPOWCTBO NOOKMIOYAETCH K TPaHCVBEPY.
Cxema MHOrOOMaNAa3oHHON BEPTUKANLHON AHTEHHBI C MNUTAHVEM MO ASYXIPOBOAHOM
NUHKWU noKasaHa Ha pvc. 2.6.

La
I AByxnpobodnas
AUHUR
\ KoaxcuansHei
xadens
Coznacypuee Y

ycmpoicmbo OOO
Tparcubep @.g

buc. 2.6 Cxema MHOI 0Mana3oHHOM BEPTUKAMNLHON @HTEHHBI C NUTaHMem NO OBYXNPOBOAHOM MHU

AHTEHHA COCTOMT W3 WTHIPA LWHONW Lo ¥ MUHUMMYM YeTbIpEX NPOTYBOBECOB
nwvHoi Le. ins addekTUBHON paboTsi BEPTUKANBHON AHTEHHb, LUTHIpb KOTOPOii HE
HACTPOEH B PE3OHAHC C M3ny4aeMblM el CUrHanoM, HeobxoAwMo 4qTOBEI SNEKTpU-
yeckas gnuHa wreips Obina He MeHee A/8. FMpy TakoW L/vHE aKTMBHOE BXOAHOE
COMPOTVBIEHWE LUTHIPA COCTaBNseT okono 5 OM. 31a Ta KpaiiHssi BeAVMMHA BXOOHOMO
CONPOTVBNEHUS aHTEHHb, KOTOPOE €le MOANRETCH YAOBAETBOPUTENSHOMY COFNaco-



BaHMO NpY MUTEHWM LITHIDEBOM 8HTEHHLI NPU NOMOLWM  ABYXNPOBOOMON NMHUK.
CrienoBatentHo, ANA TOro wrobbl aHTeHHa pabotana B NIOBUTENLCKUX OvanazsoHax
6—80 MeTpoB, AOCTATONHO, YTOGL! A/MHA €€ BEPTVKANLHON 4acTy 6uina pasHa He
MeHee 5 M. Kak ykasblBaeTcR BO MHOTMX PagvomoBUTENbCKMX WCTOWHUKAX, L5
paboTbl Takoi CypporaTtHOM BEPTWKASIbHOW MHOrOOMANazoHHOW aHTeHHLl Henbs3a-
TefbHO WCTONL30BaTL PE30HAHCHLIE NPOTUEOBECH], KOTOpble, BE3YCNOBHO, YNyuLIaIT
paboTy aHTeHHbl, HO B TO XX€ "BPEMS 3HAYUTENLHO YCNOXHAKT €8 KOHCTPYKLVIO.
Ans yposneTBOpUTEnsHOi PaBoTLl AHTEHHE) BIIOMHE AOCTATONHO YETLIDEX MPOTUBO-
BECOB [MHOM, PaBHON BLICOTE WTLIPS.

Fo cuvx nop cpeau paavoniobuTeneil HeT 6AVHOrO MHEHWS, KAKOW LJMHL LWThipb
HEOBXOQYMO MCMNOML30RATE DA CO30aHVS MHOMOAMANASOHHON BEPTUKANEHOM AHTEHHE
C NTaHWeM No ABYXPOBOAHOM OTKPHITOM NUHUK. ECTb ABa NPOTUBOMONOXHLIX MHEHUS
O ANVMHE wWTbIPA. FlepBoe, YTO LWTHIPL AOMKEH VMETh PE30HAHCHI HA BEPXHUX MobGu-
TENbCKVX AnanasoHax, Ha KOTOPLIX UCTIONB3YETCSl aHTeHHa, W ApYyroe, 4Tto He obasa-
TENBHO, YTOBH! LWTbipL MMEN Pe3oHaHCH HA AvanasoHax paGoThl aHTEeHHLI.

Teopetuieckn pns paBoThl STOM aHTEHHb HET PasHULLEI, UCTIONL3YETCA NN WTLIPL
PE3OHAHCHOM AAVHLI TMBO PE30HAHC LUITHIDA TAM NEXUT BHE NIOGUTENLCKOro ANEnasoHs.
A Ha NpaKTVike MHOFOVANA30HHasA aHTEHHA C HEPE3OHAHCHBLIM WTLIPEM, NUTAEMas Mo
[EYXNPOBOAHOW NMHWM, MOXET OKa3areCsi adpeKTVBHee, Tak Kak MNpv MOMOLLM
VIBBECTHbLIX COFNACYIOLMX YCTROWCTE BECHMA HECNOXHO OCYLLECTBUTL COrNacoBaHVie
CYCTEMBI «HEPE30HAHCHBIA LUTHIPb—VHWA MNTaHVS»,

C romowsic nporpammbl TLW MHOIR 6Gbina  NpoaHanvampoaHa 3¢hOheKTVBHOCT.
NUTEHUA NPUBEAEHHBIX HYKE PE30HAHCHBIX M HEPE30HAHCHLIX BEPTUKANMGHBIX AHTEHH.
Henb3a cka3atk, 4TO aHTeHHA PE3OHAHCHOW L/IMHLI MMEET TIPEMMYLLECTED B NUTaHLM
Nepen aHTeHHOI HEPE30OHAHCHON AnvHE, W Haobopor. MMpy MHoroAVanasoHHoi pabote
wWblpn niobas ero peacHaHcHas AnvHa 4719 OAHOMO AVANAa30Ha ABAETCA KOMMPOMMCG-
HO# o apyroro. Tak xe ¥ ¢ NuTanveM. Foe paGotaer Nyylue PesoHaHCHLIN WTkPs, 8
FAe — HEPe30HaHCHLIR. HaBepHoe NoSTOMY NGO CTOPOHHVKOR PEBOHAHCHBIX U HEpe-
30HAHCHBIX LUTBIPEBLIX MHOTOAMAMNAS0HHLIX AHTEHH MONTM OAWMHAKOBO, HUXe pasbepem
oba aTv BapraHTa BHINOIHEHVS GHTEHHLI.

Knaccumeckoit HepeaoHaHCHON KOHCTPYk-
Ta6nvua 2.2  ueil MHOrOAWANA3OHHOMO BEPTVIKANEHOND

3rauenmA koadduumenTa younetua WTHPS, UCTIONB3YEMOTO  PaaVoTIGUTEnRMU
aHTeHHb! WBBAAM BO BCEM Mype HeoBXOAUMO MpU3HaTL aHTEH-
Hy WBBAAM, paccMOTpeHHYIO B nureparype
Dyvanazon, m l:':::;":’g:;:gﬂ"; [1]. LLThipb aHTEHHBI 1 ee MPOTVIBOBECH! UME-
M 2 AanvHoR M4, aB 10T Avny, pasHyio 6,1 M. B Tabn. 2.2 npu-
BEEHb 3HaveHVn koadduLveHTa yeuneHus

3 0.9 5
aHTeHHbl WBBAAM OTHOCHTENBHO YETBEPTH-
b 0.8 3 BOMHOBOr0 HECHMMETPYMHOrO Bbparopa pa~
12 051 2 6OTAIOIEro HA CpPaBHYBAEMOM [VANasoHe.
15 0.43 1.5 Kak BMAHO u3 aToi Tabmuubl, napameTpsi
17 0.36 1 3TON aHTEHHbl BECHMA XOpOLM HA AVANAa30Hax
20 0.28 05 6—20 MeTpoB, YOOBNETBOPUTENEHL! NPy pa-
30 0.2 05 6ote B AvanasoHax 30—40 METPOB, U aHTeH-
40 0.15 3 Ha MOXeT BbiTb MCNONL3OBaHa 4 BCMOMO-~
80 008 5 rarensHoi pabotel Ha Ayanasoqe 80 METROB.
. B nuteparype [2] pagvonoburenem DL2JWN
160 0.037 -14 NPVBEAEHO OMVCAHIE HEPE3OHAHCHOM AHTEH-

Hbl C GJMHaMKU BEPTMKANLHOM 4acT n npo-
TVBOBECOE, PaBHbiMM No 6,7 M. OYEBMOHO, 4TO NapaMeTpbl aHTeHHbl DL2JWN HeaHa-
YUTENBEHO OTAMMAIDTCH OT NApPaMeTpPoB aHTeHHbl WBBAAM. Mpaktvuecku gnsa paBorol
8HTEHHbl HET Pa3HvUbl, KaKkas L/WHA LTLIPS MCTIONb3YeTCR A5 NOCTPOEHUN MHOro-
BVanasoHHOR BEPTVKANLHOM aHTeHHb wnu 6,1, wwm 6,7 M. [laMHa wWTeips B aTOM
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Chyyae 3a2BUCUT TONLKO OT yAOBCTBA MCMONBb3OBAHMS TEX WM MHLIX MATePVancs ans
BBINONHEHMA MHOrOOVANA30HHON AHTEHHBI.

Dasaiite paccMOTPYM MHOMOMANA30HHEIB BEPTVIKASILHLIE AHTEHHBI G TUTAHVEM MO
[LeyXNPOBOAHOM JHWKM ¥ MMEIOLIVX LUTLIDb PE3CHAHCHOIM L/VHEI LN HEKOTOpLIX ee
AManaaoHoB paboThl. AHTEHHA C BLICOTON BEPTVKANbHOM YaCTV 1 INMHOMN NPOTVBOBECOB
no 508 cM onvcana pagvoniobuTeneM ¢ noabiBHbM WAVON B nutepatype [3]. 3Ta
aHTeHHa paboTaet B Pe3cHaHCHOM pexviMe Ha avanasonax 10 v 20 merpos. BuicoTa
aHTeHHbl WAVON MeHblLue, HYeM BLICOTa aHTeHHbl WBBAAM. CrefioBatenbHO, aHTeHHa
WAVON pabotaer HEMHOrO MeHee addeKTUBHO, YeM aHTeHHa WBBAAM. AHTenHa
WAVON rivtaeTcs npyi Nomowy OsyxMPOBOAHON NUHVM, B ONMCAHUM YKA3LIBAETCH Ha
BO3MOXHOCTb ee paboTe B nobuTensckmx avanasonax 10...80 Merpos.

BeprvikanbHas MHOrOAVAaNasoHHan aHTeHHA C AMHOM BepTMKambHOW yact 10 M
W Tpems MpoTYBOBECaMY TakOW Xe LAVHbl OnvcaHa paavonobuteneM ¢ nosblBHBIM
W1AB B nuteparype [4]. AHTEHHA VMEET PEe3OHAHCbl Ha MOBUTENLCKVX AMAanasoHax
10, 20 1 40 MeTpoa. 3Ta aHTeHHa BCNEACTBUE OTHOGUTENBHO GONBILIOH OAvHL Bep-
TVKAJIBHOM HacTh MOXeT 06ecrieunTs paboTy He ToNkko Ha auanasomax 10...80 meTpos,
KaK yKa3aHo B ee onucaHuu, Ho v Ha avanasoHe 160 merpoe. Yownedvie ee Gyper
TPUMEPHO B NONTOPa Pa3a BhIWE MO CPaBHEHWIO C BEPTUKANMLHOM aHTeHHoit WBBAAM
(om. Tabn. 2.2). KoHeuHo, nipyt HAIMYUK [OCTATONHOTO MECTA LA PASMELLIEHNA aHTEHH!,
NPy HaMYMK Marepyanos, OrbiTa YCTaHOBKW BbICOKMX BEPTUKANbHBLIX AHTEHH, Nyulue
UCTONH30BATE MHOFOAMANA30HHYI0 aHTEHHY C AAVHOIA BEPTUKANLHOM YacTW, COCTaB-
naoweid 10 v Gonee meTpoB.

AeyxNpOBOAHAA AVHMA NEPEaYM A1 NUTAHKS MHOMOMANAIOHHLIX BEPTVKALHLIX
8HTEHH MOXeT BbiTe UCNONBL30BAHA C JIOGLIM BONHOBLIM CONPOTUBNEHMEM. 310 MOXET
GbiTe caMORensHan LBYXMPOBOAHAS NIMHVA, VMEIOWas CryuaiiHOE BONHOBOE COnpo-
TVB/IEHVE, MOXHO WCMONb3oBaTk CTAHAAPTHLIA NEHTOYHLI kabenb, Hanpumep Tvna
KATB.

Mpy MOWHOCTY, NOOBOAMMOI K @HTeHHe, He 6onee 100 BT, MOXHO VCNONL3OBATL
B Ka4ecrTse AQYXNPOBORHOWN NMHWKM miepefaum TenedOoHHBI OBYXNpoBoaHLI Kabenb
wvna TPM, TPB, MPMN, koTopuiii cpean paavoniobutenell Gosblle W3BECTEH TNOL,
Ha3eaHieM «nanwa». K coxanenuio, a1oT kabenb npy ero akcnnyaraum rof, AeicTamem
aTMOChEPHBIX YCNOBUIA DBBINHO YEPE3 HECKONbKO NET BbIXOAUT u3 CTPOs. 3To Npouc-
XOOUT 13-38 PaspyLEHVs NNACTUKOBOW HEPYXHON M30NALMW 1 BCIEACTBYE 3TOM0 OKWUG-
JIEHUS XKMN NHUK Nepegayn. Fivhua nepegauyt ¢ OKMCNEHHBIMU XUNamyi COBEPLLEHHO
HENPUIOAHA B KaueCTBE NVHMW MNepeayuy BLICOKOYACTOTHOW 3HEeprvu.

AHTEHHbI C nMTaHeM Mo OBYXNPOBOAHOM NVHUW MEPESAYM WCTIONb3YIOTCR pa-
mvomobutenamMy BCe ellle pepko. 3T0, HA MOW BIrNAL, MOKHO OBLSACHWTL TONLKO
OTCYTCTBYEM B NPOAAXE HEAOPOrMX ABYXMPOBOAHLIX MHVIA Nepefaqy, KOTopble MoryT
paboTats AOCTATOMHO AONFOE BPEMs MOA BO3NEHCTAMEM aTMOChepHbIX yonosui. Wc-
NMONL30BATL CAMOAENLHLIE OTKPLITLIE MKMW Nepeaayur He Beerga yao6Ho. [ocTynHbii
peavionobuTensm TenedonHbil kabens TPM, TPB, MPMMN «<kBeT HA OTKPLITOM BO3-
Lyxe TOnbk0 2—3 ropa. 310 OrpaHMHMBAET €f0 WCTIONbSORAHWE ANA NOCTPOSHWA
@HTEeHH.

OpnHako B NOCnegHee BPEMA B LUMPOKON MPOAAXe W Mo TPUEMIEMBIM LieHaMm
Ha4YvHAIT NOABATLECA AEYXMPOEOAHLIE VMMOPTHbIE NMHUK nepedauv (Tvna Hawero
KATB) ¢ pasnyuHbIMY BONHOBLIMY COMPOTUBEHVAMIA. MOXHO HALESTLCSH, 4TO UHTEPEC
K MHOMOAManasoHHLIM BEPTUKANEHLIM @HTEHHAM C IMTAHVEM MO ABYXMPOBOAHOMN NMHMN
cpaan pagvoniobureneid BO3PacTeT CHOBA.

2.4. Artenna UA1DZ

WmeHno vz-aa feduimTa OTKPBITEIX IVHWIA Nepeaesy, paavonoburent npearpu-
HUMAIOT MONLITKY MUTaTb MHOMOAMANAa30HHYIO AHTEHHY YEPE3 KoakCanbHLI Kabens ©
VICMONbL30BAHUEM PA3MNHBIX COMMacyloWMX YCTPOUCTB, pacnoNOXeHHbIX HernocpeacT-



REHHO HA WTHIPa aMTeHHb. OpHa u3 Haubonee yAaqHbiX KOHCTPYKUM MHoroavana-
30HHON BEPTVKANbLHON aHTeHHs Bbina ocyluecTeneqa paavonooutenem UATDZ. Hau-
6onee paHHee ONMUCAHME BTOW AHTEeHHbl, gaHHoe camvM UATDZ, 6bino npviBefeHo B
nutepatype [5]. KOHCTPYKUWS MHOTOAMAana3oHHOW BEPTUKAnEHOW aHTeHHsl UATDZ v
@e COrnacylowmx YCTPONCTs nokasaHa Ha puic. 2.7.
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Puc. 2.7. KOHCTPYKUMS MHOrOAWENA30HHOM BEPTMKANbHOW aHTeHHbl UA1DZ

BricoTa WbipsA aHteHHbl UAT1DZ coctasnser 9,3 M. 3ta fnvHa Buibpana He Cny4anHo.
Dns KOHCTPYKUMM WITHIPSA aHTeHHbl pagvionoburens UA1DZ vicnonb3oBan CTapylo BO-
EHHYIO LUTLIPEBYIO aHTeHHY, BavHa kotopok Bbina pasHa 9,3 M. MpoTBOBECH aHTEHHbI
UMEINT LvHy, pasHyio 9,4 M. Odu BHINONHEHH M3 npoBoga puvametpoM 1,5 MM u
PACTIONOXEHL NMPOTVBONONOXHO APYyr Apyry (CM. rnaBy 7 HacTosweid KHurn).

NepBOHaYanLHOE COFRACOBAHME BXOAHOIO COMPOTUSEHVA LUTHIPA aHTeHHB W CUC-
TEeMbl NPOTVBOBECOB € BONMHOBLIM COMPOTUBIEHWEM KOAKCUanbHOro kabens nuraHus
OCYLLECTE/INETCA C MOMOLLLIO OTKPLITOI NHUK A AIVHOIA TpMepHO 1 M 1 © BONHOBEIM
conpoTveneHueM 450 OM COHa cnyxuiT G\ npeasapuTensHoil TpaHcdopmalmm BXxon-
HOMO COMPOTMBAEHWA AHTEHHOW CUCTEMbl B BOMHOBOE CONMPOTWEIEHUE MUTAIOLEro
koakcvansHoro kabenn. Hanee © NOMOLWLID COTNacyioLLero oTpeska kOakcwansHoro
kabens B ¢ BOMHOBLIM coNpotveneHveM 75 OM Mpov3BonaT AanbHeiyio TpaHchop-
MaLmio BXODHOFO COMPOTWBNEHWS aHTEHHON CWCTeMbl B BOMHOBOE COMpPOTVBEHUE
KoakcuankHoro kabens nuranus 75 OM. OTpesok koakcvanbHoro kabens B npouasoavt
KOMMEHCALMIO PEAKTVBHOW COCTABNAIOWEN B NMHUV NMUTaHWUS aHTEHHbLI. AHTEHHA MOXeT
pabotatb Ha pawanasoHax 7, 14, 21 My ¢ KCB menee 2
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CnegyeT o6patmTs BHUMaHWE, NTO B Pa3HbIX ONVCAHWAX aHTeHHbl UA1DZ npu-
BOAVAVCE HECKONbLKO OTnMNaloLIMecs OPyr OT Apyra LJvHbl COTNacylowyvx nuHuit A,
B, B. CoBpeMeHHEIE NpPOrPaMmbl MOOEAVMPOBAHUSA aHTEHH TIOSBOMMAM HAWTW OMTH-
ManeHsie GAVHBI O75 3TVX COTNacyloluvx NuHuid. OHW Bbini paccuvTaHbl Pasronio-
6utenem VASTTT (ex UASXCD, UZ3XWB). B nutepatype [6] mpuvBedeHbl onmvmuam-
POBaHHEIE AMVHEL 418 3TUX COrMacylowux nvHnii. ONTUMUSMPOBAHHBIE UTMHL MHWR
npvBeaeHel Ha puc. 2.7 B ckobkax. Kak BWOHO, TONLKO AN MvHuM B OnTMMUaMpo-
BaHHas AyiMHa W OvHa Cornacyioleil cekuvv, ykasadHble paavionotutenem UA1DZ
B MEpBOM OMWCaHM 3TOI aHTeHHbl, NPYBEReHHbIe B nuTeparype [5]1, HeMHoro He
COBMNajaT.

Tounylo HacTPOVKY aHTeHHbl UATDZ MOXHO OCYWECTBYTL NPy NOMOLLM MOCTOBOrQ
viaMeputens conpotvsnedmus. O paonxeH GbiTb PacmionoXeH Ha BXOAB COMNACYIOLVX
YCTPOWGCTB @HTeHHbl. YMEHbluas AivHy otpeska A nobusalorcs MuHuMansHoro KCB
Ha pvanasoHax 7 u 21 Ml YKOpoYeHWe BMHbI MHvM A Ha 5 CM BLISLIBAET CMe-
uieHvie pesoHaHca Beepx Ha 200 kMy Ha 21 MY v Ha 60 Ky Ha 7 MIu. Brionve
MOXHO HaCTROWTL @HTEHHY TaK, 4to 6bl MUHUManbHBIN KCB Haxoguncs BHyTpU Awa-
nagoHos 21 u 7 M. Mpu HacTpoiike aHTeWHbl gns paboThl HA 3TVX AMAanasoHax
KCB anTenHbl Ha 14 MIL, gomkeH cTaTh «HA CBOE MECTO». B Ka4yecTBe OTKPLITOI
LBYXNDOBOAHOM AUHUM MOXHO WCMONL30BATE MM CAMOMENEHYIO OTKPHITYIO JMHKIO C
BOJIHOBBIM conpoTveneHveM 450 OM, vy ABYXNPOBOOHYIO NMHMIKO TPOMLILUNEHHOrO
V3roTOB/IEHNA.

Mo coobuwenvio VASTTT, Ha AvanascHe 7 ML 3ta aHTeHHa vMeer ycunenue
3,67 dBi, va puwanasoxe 14 MIy ycvnetvie 4 dBi, Ha Avanaasode 21 ML yocunenve
7,6 dBi. B nuteparype [5] ykasblBaeTcAl Ha BO3MOXHOCTb pabBoTsl aHteHHsl UA1DZ
Ha pvanasoHe 28 MIu, opHako vccnenoBaHvs, npoBedeHHHe VASTTT, He no3sonvnm
AOCTUTHYTL HU3KKX 3HaueHWidn KCB Ha 3TOM AumarnasoHe Npy KCNonb30BaHM YKasaHHbIX
3/eCb COMMAacylLUVX YCTPOWCTB HA BXOAE AHTEHHbI.

CornacHo pexoMeHzauvsM pagvonobutens UATDZ cornacyioles MvHvA A nonkHa
6biTh yOaneHa Ot Kpblm He mMeHee yeM Ha 50 cM, oHa momkHAa GbiTe PACHONOXeHa
NPAMOSIMHENHO B NpocTpaHcTee. Cornacyiowan cekuvs 5 Toxe A0MKHA BbiTh PAacno-
NoXeHa NPAMONMHERHO B NPOCTPaHCTBe, OHAa AOMKHA GbiTe yAaneHa OT Kpbiuy Ha
pacctosHve 30...40 oM. Cornacyiouian cexuvst B MoxeT Gbite ceepHya B ByxTy u
pasmMelleHa B Hebonbiiol kopobke. CeepHyTas B GyxTy uacTh B NpakTUNECKW HE
W3ny4aet, CnenoBareflbHO, CAYXUT TOMbKO KaK COrNAacylollee YCTPOMCTBO, a He Kak
HaCTb @HTeHHbl. Mpy PACNONOKEHMM HACTU KOAKCHansHoro kabens cextww B B pas-
BEPHYTOM COCTOSHUM OT HEe BO3MOXHO MapasvtHoe WanydyeHue.

Ha koHue koakcvansHoro kabens, nurailero aHTeHHy UA1DZ, fonkeH 6biTb yc-
TaHOB/IEH BLICOKO4ACTOTHLIA APOCCenb, aHanorvyHblii TOMy, KOTOPLIA OnvcaH B BToil
rnase B Naparpade O TPexavana3oHHbIX aHTeHHax.

2.5. MHoronanasoHHble BEPTVKA/bHBIE aHTEHHBI C 3arpaanTenbHBEIMU
KOHTYpamm

Cpean penvoniobyrenei WMpOKo PacrpocTpaHeHa aHTeHHa C 3arpaavTensHbIMU
KOHTYpamK, yCTaHOBNEHHbIMU B €€ NoNOTHE. BriepBble a1a aHTeHHa Bbina sanaTeHToBaHa
8 CLUA H. K. Morgan, nateHt N2 2229856 ot 1938 . (cornacHo vicTouHvka [7]). B nvre-
partype onvicaHiieé MHOrOAUAaNa30HHbLIX AHTEHH C 3arpaauTeNbHLIMY KOHTYPaMK BriEpBbie
nosBKnock B [8]. [laBalite paccMOTPYM NPUHLKMN paBOThl aHTEHHB! C 3arpaauTenbHbIMU
KOHTypamu. CxeMa Takoit aHTEHHbI NMoKasaHa Ha pyc. 2.8.

B atoih aHTeHHe cexuvs A HacTpavBaercs LA paboTtel B avanasode 10 MeTpos
SarpaguTentHoid koHTyp L1C1, HACTPOEHHLIA HA AvanasoH 10 MeTpoB, «OTKIIOHaeT»
BEPXHIOID 48CTs aHTeHHE Npy ee paboTe B SToM AvanasoHe. Mpw pabote aHTeHHH B
AvianasoHe 15 MeTpoB cexums 5 yOMHAET CeKUMIO A 10 SVHbI, PE3OHAHCHOR B 9TOM
AvianasoHe. KoHtyp L2C2, HacTpOeHHbI Ha puanas3oH 15 METPOB, OTKMIONAET BEPXHIOD
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[lodaboyran
B cexyun dns 5
dJuanazora 20 r

7 . 1 PexexmopHsitl
_I__ t2g — \ Koumyp 0nn
Pexexmoprsi | duancsona 10m

KoHmyp 0na lodaboyras
dugnazora 15 r cexyun dns
6| duanasona 15 M

|f1 L7 j— \l
PexexmupﬂblL'/L

692 cm

5.8 cm

KoakcuabHbil

xonmyp 0 gEKuW dna 2 kadenm ¢ BonuoBsm
duanasona 10 1 vanasona 10 11 conpomubnesuer 50 0m
y Koakcuanbapits

xadens 50 Or

Heckonbxko qembepmsBoHoBex
npomubobecol dnn xkaxdozo
duanasora padoms

aHMeHHb!

Heckomko vembepmsbonyobix
npomubobecol dns kaxdozo
duanazona polome

a&MeHHb!

Puc. 2.8. BeprvkansHas aHTeHHa Puc. 2.9. AntenrHa WAILNG
C 3arpaauTensHBIMA KOHTYRaMI

HacTb aHTeHHb NPy ee pabote B avanasoHe 15 metpos. [na pabothl Ha OvanasoHe
20 MeTpOoB aHTeHHa HacTpaMBaeTCs B PE30HAHC W3MEHEHWEM G/vHbl cekuwr B. AHa-
JIOTUYHO @HTEHHY MOXHO HAaCTPOWTL M Ha OCTassHble paauvoniobuTensckue KB guana-
30H6. Ha npaktike pagvoniobvreny oBbidHO HE MCNONL3YIOT BEPTUKBLHLIE AHTEHHH
C 3arpagutensHBiMY KOHTYpaMy B MONOTHE aHTeHHb wucnoM Gonee opHoro. 3ro
CBASAHO C TEM, NTO CEKLMM aHTEHHE! AOMKHLI GbiTb 3NEKTPUYECKY W3ONMPOBaHL! APy
OT [pyra, a Ha NpaKTVike BbINOIHKTL AOCTATOMHO MPOYHOE 4715 CYLUECTBOBAHVA aHTEHHDI
M30NVpyloLee COaaVMHEHUE 3aTPYRHUTENLHO.

B 1955 roay B nurepatype [9] mosBumack crams pagvonoburens W3DZZ o
MHOroAManasoHHON aHTEHHE, B KOTOPOW WCTIONb30BE/ICA TOMBKO OAWH 3arpaguTencHbli
KOHTYP. Brnaroaaps COOTBETCTBYIOLLEMY PACNPEASNEHUIO BLICOKOYACTOTHOrO TOKA, KO-
TOpbt obecrieuvBan 3TOT KOHTYP, @ra aHTeHHa Morna paborars Ha HeCKONbKVX Aya-
nazoHax. Hwke Mbl pasbepem paBoTy HECKONbKMX MOMYNAPHLIX MHOFOAMANA30HHBIX
@HTEHH, KOTOPbIe MCTONL3YIOT TONLKO OAVH KOHTYP.

OnHoi 13 Havbonee NonynsapHLIX BEPTVKAMLHBIX 8HTEHH C 3arpaguTeNnbHLIMA KOH-
Typamu, ucrionb3dyemoir Ha 10 1 15 mertpax, SBNSETCA aHTeHHa, OnMCaHHas paavo-
niobutenem WATLNQ B nuteparype [10]. Cxema atoit aHTeHHH nokasaHa va puc. 2.9.
OHa BbinofHEHa M3 Oeyx W30MMPOBaHHbIX Apyr OT Apyra Tpybok pnvHoit 240,7 n
69,2 oM. OavHa wsomvipyloweid BcTaBkv 5,8 oM. BOkpyr 3TOi BOTaBkM HamoOTaHa
Karylwka 3arpagutensHoro koHTypa. KaTylika BeMONHeHa w3 MegHoi TpyBku awva-
METPOM 3—5 MM ¥ coaepxuTt 2 BUTKa NPoBoaa C waroM 1 BUtok Ha 25 MM HaMOTKW.
CpeaHvii avamerp Karywkyi cocTasnser 55 Mm. B KauecTse KOHOeHCATopa Cronb-
3yeTcH OTPE30K KoaKcHanbkHoro kabens ¢ BONHOBHIM conporueneHueM 50 OM v Ha-
HanbHoM pavHoi 80 ©M, KOTOpLI B Npouecce HACTPOKM NOCTENEHHO YKOPa4VBaETCA
no BOCTuXeHnio MuHuvaneHoro KCB B auanazoHe 10 MeTpoB. Mocne aToii HACTpOoitku
BO3MOXHA HEBOnbLIAA TOACTPOMKA AAMHLI BEPXHEN CeKuM aHTEHHbI MO0 MUHUMANL-
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HoMy 3Hadenwio KCB Ha AvanasoHe 15 merpoB. [1isi BbINOAHEHWS AHTEHHLI MOryT
6biTb VCMONb30BaHEl MEOHLIE UMK anloMUHVEBbIE TpyBkK Ovametpom 18—25 MM.

Jpyroit nonynapHoih MHOrogWanasoH-

HOI BEpTVKANEHOW aHTeHHoIt © 3arpagu- A
TEALHLIMK KOHTYPaMV AB/INETCH YETLIPEX-
AvanasoHHas  BepTukanbHas — aHTeHHa
K2GU, onwucaHve kotopoii 6bino npviee-

fieHo B nutepatype [11]. AHTenHa pabo- c
TocriocobHa B NIOBUTENLCKUX AManasoHax T
10, 15, 20, 40 meTpos. Cxema aHTeHHEI %
nokasaHa Ha pvc. 2.10. Jns nutanus aH- Koakcuansusii

TEHHbI MCronb3yercs 50-OMHbIA koakcy- 6 xadens ¢ BonqoBuim
anbHolli kabens. KCB, peankHo AoCTMXMU- congomubneruer 50 Om
Mble ¢ HuM, — 1,3:1 Ha 7,05 MIy; 1,1:1
Ha 14,1 MINy; 2,5:1 va 21,2 My, 1,1:1
Ha 28,5 MIu.

PaccmoTpyM  paboTy aHTeHHbl. Ha
ImanasoHe 20 METPOB 3arpaauvTensHbin
KOHTYP LC OTKIIOHAET BEPXHIOK CEKLVIo
aHTenHbl A. OctaBuasica cekupsa 5 ad-

32 m

L S57mdn

51m

Yempipe npomubobeca
Gnumod 10,5 M U pacnosoxessix
nod yenor L5 2padycob k anmenve

dekTvBHO paBoTaeT KaK 4EeTBEPTLBOHO- Pvic. 2.10. YeTbipaxavanasoHHan
Bblii Bibparop. Ha AvanasoHe 40 meTpos BEPTUKANEHAR aHTEeHHa
reoMeTpYHEcKan AVHA aHTEHHLI MEeHbLIE € OOHMM 3arpaaNTeNiHBIM KOHTYPOM

YETBEPTM BOMHLI, HO KOHTYP LC Ha 3atom
[vanasoHe VMEeeT MHAYKTVBHbIA XapakTep CONpoTUBAEHUA, KOTOPLIA KOMINEHCUPYET em-
KOCTHYIKO COCTaBNIAIOLIYI0 KOPOTKOrO wWhipA. KoHTyp 3aeck paBoraer kak yoavHsIiowan
KATYLUKa, KOTOpas YBeIVYMBAET ANeKTPUNECKYIO OVHY aHTEHHLI A0 PesOHaHCHOI Het-
BEPTLEBONHOBOI B AnanasoHe 40 MeTpos.

Ha mvanasone 10 meTpoB koHTYp LC vMeeT eMKOCTHO XapakTep CONpoTvBReHus,
KOTOpbIt NPUBOOMT OOLWYIO BNeKTPUYECKYI0 AMHY aHTeHHbl K BenvuuHe 3/4X. Ha
nvanasode 15 meTpos aHTeHHa vmeer KCB Gombwimit (2,5:1), HO B TO Xe Bpemsa mpu
VICTIONb30BaHUK COBMECTHO C TPAHCKYBEPOM BHELLHEr0 COMMACYIOLLEro YCTPOMCTBRE MO-
XeT Ha Hem addektvBHO paboTars.

PaccMoTpUM KOHCTPYKUMIO 3arpagutentHoro koHTypa. Katyuka, vicnonssyemas B
Hem, BeckapkacHan, coaspxuT 10 BUTKOB, AVaMeTp ee NPoBOLA PaBeH 2 MM, avameTp
HAaMOTKV KaTyLukK 6 CM, wwar HaMOTkn — 4 MM. 3arpaavTensHuiii KOHTYP LC ponxeH
6biTh HACTPOEH B PE3OHAHC Ha uacToTy 14,1 M. Ero npegsapurensHO HacTpavBaloT
¢ nomowkio MNP Bo Bpems HACTPOWKY NapasiNenbHo KOHTYPHOMY KOHOEHCATopY Tog-
KIoHAIT AOBABOYHBIA KOHASHCATOP eMKOCTHIO 2...3 Nd. 3TOT KOHOEHCATOP MUTHPYET
EMKOCTb MEXIy M3ONVPYIOLLei BCTABKOW BEPXHEro W HWWDKHErOo KOHLIA aHTeHHbl. KoH-
TYPHbIM KOHOEHCATOp HeOoBX0AVMO 3alMILeTs OT BO3AEHICTBMA Ha HEro atMOChEPHLIX
BO3AEVcTBUN. HAcTPOliKy STOM aHTEHHL NPOW3BOAAT MBMEHEHVEM L/VHbI CeKUUA A 1
B no HavmeHblleMy KCB aHTeHHbl Ha ee AwanasoHax paGoTol.

Ha nopoBHOM NPUHLWNE YKOPONEHVA-YA/MHEHVS NONOTHA aHTEHHBl A0 pe3cHaHC-
HOFO C NOMOLLLIO 3arpaaUTeNsHoro KOHTYPa MOXHO NOCTPOWTE @HTeHHb, paBoTaloLLve
v Ha Apyrvx niobuvrensckmx OuanasoHax. B oTedectseHHoi nwteparype [12] Gbina
OTMCaHa BepTUKanbHas aHTeHHa C OAHVM 3arpaxpnaloLyvM KOHTYpoM, paboTaowas B
Avanasonax 10, 15, 20, 40, 80 MerpoB. Cxema aToil aHTEHHLI nokasaHa Ha puc. 2.11.

3arpagurensHblil KOHTYP aHTEHHLI COCTABAEH M3 KaTYLUKY MHAYKTMBHOGTLIO 8,3 MKIH
v KoHOeHcaropa emkocTelo 60 nd. 310 0BbiuHbIA KOHTYP, MCMONbAYeMbl B aHTeHHe
W3DZZ, v ero KOHCTPYKTUBHbLIE AaHHLIE HEOAHOKPATHO MPYBOOWAVCL B PaAVOnobu-
TeNbCKOM nuTeparype, HanprmMep B [13]. NprBeaeM 30ech AaHHLIE 41 €r0 BLINONHEHNA.
DvameTp karylku paseH 50 MM, Yicno BuTkoB 19, oavHa HaMOTKY 80 MM, UCIONL30BaH
npoeon, puamerpoM 1,5 mm.
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PaccMoTpuM paboTy 310l aHTeHHb.
MNpv pabote Ha AvanasoHe 40 METPOB 3a-
TPaaUTenbHLIF KOHTYP OTKIION3eT Bepx-
HIOIO YacTb aHTEHHBI A, 11 3NEKTPUNECKan
AAVHA aHTeHHb pasHa A/4. Ha dvanasoHe
8.3 wkly 80 MeTPOB KaTyKa 3arpagurensHoro

KOHTYPa WMEET VHIOYKTVBHOE COMpOTWB-

NEHVE 1 YAIVHAET KOPOTKYIO aHTEHHY [0

BNEKTPUHECKOI ANIHBI A/4 B 3TOM avana-
Kookcua nbupit 3oHe. Ha pyanasone 20 MeTpoB 3arpagn-
kadess ¢ BonHobeir TENbHLI KOHTYP VIMEET eMKOCTHbIN Xa-
conpomubrenuer 50 01 payrep conpoTMBNEHTS W ANEKTPUHECKAR
L/VHA aHTeHHbl YKopasveaeTcs Ao 3/4A.
Mpy pabote Ha avanasonax 10 u 15 met-
POB 33 CHET eMKOCTHON cocTasnsiowei
fins xaxdozo duanazoHa 3arpaguTensHOr0 KOHTYpPa aHTeHHa yKo-
padome: QrHmesHs UCNOAL3YEMLs PauMBAETCH COOTBETCTBEHHO A0 ANEKTPU-
no vemepe sembepmsBontobuix npomubobeca YecKOW pvHbl 7/4M 1 5/4A.

s apdbexTvBHON paboTbl 3TOM aHTEH-
Hbt HEOBXOAMMA CHUCTEMA U3 PEIOHAHCHBIX
MPOTVBOBECOB KOMM4ECTBOM HE MeHee 4
BNA Kaxaoro AvanasoHa paboTbl aHTeHHb!.
AHTEHHY MOXHO NNTaTh Yepes KoakcuansHbil kabenb ¢ BONHOBLIM cOMpoTHBREHKEM 50
vt 75 OM 1 3NeKTPUYEcKoit BAVHOIN, KPaTHOW NONOBWHE LVHLI BONHLI B AvanasoHe
80 meTpoB. Mpu koadduumerTe ykopoueHus kabens 0,66 ero ¢uanueckan pavHa byder
paeHa 27,9 m. B atom cyuae KCB aHTeHHb! Ha ananasoHax paboTbl aHTeHHb! HE NPeBbiLaeT 2.
L9 U3roTOBNEHUS BEPTVKANEHOrO BUBPATOPA MOXHO MCMONL30BATE aNOMYHUEBBIE TRY-
661 puamerpom 40...50 MM. BoneLioid avamertp Tpy6 oOycnoBneH 3HauUTensHo BLICOTON
aHTEeHHb!, U, CNIe40BaTensHo, HEOBX0AVMMAa MEXaHWYECKaR TPOYHOCTE €€ KOHCTRYKLIMM.

Ha koHue KoakcuanbHoro kabens, nuralollero Nbyio U3 OnMCaHHLIX 3[eCh MHO-
FOAVANA30HHBLIX BEPTVKANBHLIX GHTEHH C 3arpaguvTeNbHblM KOHTYPOM, AOMKEH Obith
YCTEHOBNEH BLICOKONACTQTHLIN Apoccenk. KOHCTpykums atoro ppoccens mMoxer Buits
aHanorvyHoi Jpoccenio, kotopuiii 6bin onvcaH B arol rnase B naparpade O Tpex-
AVAna3oHHbIX aHTEHHaX.

b
637 m

le,)
10,16 m

Puc. 2.11. MaTmguanasoHHan BEpTUKafLHas
aHTeHHa € OfHUM 3arpagnTentHbIM KOHTYPOM

2.6. Open Sleeve

B KOHUge 3T0i MaBbi X04y OCTAHOBUTLCH HA OYEHb UHTEPECHOW MHOrOOManasoHHOM
aHTeHHe 13BeCTHON NOA, HaasaHweM «Dpen Sleeve». 3ra aHTeHHa 6uina paspaboraqa B
1946 rony npu Stanford Research Institute USA uasecTHbiM nccneposatenem Dr. J. T. Bol-
lijahn [14]. B nepeoe BpemA 3Ta aHTeHHa He MoYy4MNa LUMPOKOro pacrnpocTpaHeHus. Ho B
rocregHee DECATUNETHE K 3TON aHTEeHHE BO3POC MHTEPEC Kak cpeay pagvonotutenei,
Tak 1 cpeay NMPodeCcCoHanoB. 3TO BLI3BAHO TEM, YTO B HACTOSLLIEE BPeMs NPy NOMOLLK
LUMPOKO PacnpoCTPaHEHHbIX KOMILIOTEPHBIX MPOrpaMM pPacyeTa aHTeHH MOXHO CMOoae-
NMPOBaTh KOHCTPYKTUEHO NPOCTYI0 MHOMOAMANa30HHYI0 @HTeHHY.

Bagaiire pazbepem npuHUun paboTel anteHHbl Open Sleeve. MNpearonoxum, mel
YCTaHOBMMM YETBEPTLRONMHOBYID BEPTUKANLHYI0 aHTeHHY Ha OManasoH 20 meTtpos
(pvic. 2.12,a). Takan avteHHa pavHO 5,1 M NpY PacnoNoXeHu Hag, waeanbHo rnpo-
BOASLUE NOBEPXHOCTLIO VMEET BXOOHOE CORpoTVBAEHKE 36 OM. 3Ty aHTEHHY MOXHO
CpaBHWTENEHO MPOCTO COrMACOBAaTh C KOAKCKalbHbIM kabenem ¢ BONHOBLIM CONPOTUB-
nexnvieM 50 unm 75 OM. A Tenepb gaBaiiTe pacnonoXxvM PAAOM C 3T0it 4eTaePTEBONHOBOI
BEPTVKANLHOIM aHTEeHHOI AvanasoHa 20 METPOB MPOBOL LVHONM 2,5 M. 3T0T NpoBoL
MOAKIONEH K 3€mne (UAK K OMNeTKe KoakcuanbHoro kabens), v pacronoxeH He
pacctosHy npumepHo 10 M OT WTLIPS aHTeHHbl (puc 2.12,6)



6) Master (M)

10

51m

Stave (S5)

Puc. 2.12. Nepexod OT 4eTBePTLBONHOBOM aHTeHHb! k aHteHHe Open Sleeve

Y70 nsmeH1nock B paboTe aToi BepTMKanbHoi aHTeHHbl Ha auanasoqe 20 MeTpos?
JobaBoyHblii NPOBOJHMK, MOAKIIOYEHHBIA K 3EMRE U PacrlONOXEHHbI PALOM C BUD-
PaTOPOM @HTEHHEI, HEMHOTO MOHU3WT PE30HAHCHYI0 HACTOTY BEPTUKANLHOIN aHTEHHDI.
Ans Toro 4Tobbl gns avanasosa 20 mMeTpoB HAaCTOTY HacTPOWKK BMEpaTopa aHTeHHb
«BEPHYTH HA MECTO», €ro HeoBXOOVMO HEMHOIO YKOPOTHTb.

A 41O uameHunock B paboTe 3TOM aHTEHHL Ha [PYrvx avanasoHax, Hampumep
Ha 10 meTpax? BxOOHOE COMPOTUBNEHWE «4UCTOM» BEPTUKANbHON AHTEHHLI BHICOTON
5,1 M u anexTpvueckoit govHoid 0,50 nma auwanasoda 10 METPOB FEBNAETCH HPESs-
Bbi4altHO BbICOKMM. HO ¢ [06aBO4YHLIM MPOBOAHWMKOM, PacNONOXEeHHLIM pPAnoM C Bub-
paropoM aHTeHHbl, 3KBMBANEHTHAA CXEma aHTeHHOI cvcTeMul Byfer COOTBETCTBOBATL
NpYBEAEHHOI Ha pwc. 2.13.

25m ,
) L
Z5m
\ zz A ' -

zZ1

Puc. 2.13. 3KevBaneHTHas cxéMa anTenHbl Opan Sleeve

Ha pvanasode 10 MeTPOB MOXHO PacCMarpyBarh, HTO Y4aCTb BUOPaTOpa aHTeHHbI
L pnvHoit 2,5 M, kOTOpas vmMeeT BXOpHOe conpotveneHve Z1 B Touke A, 4epes
YeTBEPTEBONHOBYIO JIMHWIO, MMEIOLLYIO BONHOBOE COMPOTUBMEHVEM Z2, NOPKMIOuEHa K
NUTAIOLEMY KOAKCVaNEHOMY Kabenio ¢ BONMHOBbIM conpoTvenedvem Z3. CooTeercT-
BylowwM Bbibopom Z1, Z2, Z3 MOXHO ocyluecTanTe COrnacoBaHve Bubpatopa aHTeHHb!
Ha pguanasoHe 10 metpoB. BxOOHOE conpoTtvBieHve Z7 3aBWCWT OT GAMHBI Hacw
aHTeHHbl L, BXxOpHOE conpotvaneHve Z2 nuHvy, oBpa3oBaHHOl BYBPaTOPOM aHTEHHB!
¥ po6aBOYHLIM NMPOBOAHUKOM OKORO HEE, 38BMCMT OT (U3UNECKVX Pa3MEpPOB 3TOi
AvHvK, Z3 — 3To CTaH[APTHOE BOHOBOE COMPOTUBNEHWE KoakcuanbHoro kabensa (50
vnm 75 Om). CnepoBarensHO, TOMbKO MpY NoMowwy fobaeneHua opHoro nobarouHoOro
NPOBOAHVKA OKONO aHTEHHLI MOXHO CYHTE3VPOBATL ABYXAMANa30HHYI0 aHTeHHy! B 3Toit
aHTeHHe OCHOBHOI BUOPATOp NPWHATO Ha3biBaTts Master-embparop, a BcrnoMoraTenbHble
BMBPATORL), KOTOphIe 3actaensT pabotatb aHTeHHY Ha ee BEpXHUX AvanasocHax,
NPUHATO Ha3bIBaTh Slave-Brbpatopbl.
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M Pahee NpakTvyeckoe BOMAOLLEHWE TakX aHTEHH 6o
3arpyaHeHo. [ing co3gaHvs Takvx aHTerH 6bino ga nytu.
52 MepBbiit U3 HUX — MakeTPOoBaHWe aHTeHHul. s Toro
4T06bl CKOHCTPYVPOBATE aHTEHHY C YAOBNETBOPUTENbHbI-
s7 MU napameTpamy, HeoSxoauMmo 6biRo Npopenare MHO-
XECTBO 3KCNnepumeHToB. Bropoit nyts — pacwet napa-
MeTthoB aHTeHHbl Ha Gymare. OpHaKO Maremarvyeckas
ontvMuUsaLVa OHON OBYXOMana3oHHOIt aHTeHHbl Tpebo-
Bana nNpopganarb COTHY BuimMcneHuil! B 50—60 ropax atn
BLINVCNIEHUA MPOUSBOAVIMCE C NMOMOLLLI0 NOraprdMuse-
CKOI nuHeliky, 3atem ¢ rnomMowbilo 3BM Ha namnax u
TpaH3vcTopax. Tonbko BLICTPOE PasBMTUE KOMMBIOTEPOR
B 80—90-x ropax XX Beka YCTpaHWno CNOXHOCTs MHO-
Puc. 2.14. Tpexpvanasowras ~ TOHMCTIEHHBIX PACHETOR, HEODXOAMMBIX /1R OMTUMUaALIMY
aHtenHa Opan Slesve aToil aHTeHHbl. Tenepb coBpeMeHHas Heaoporas KOmb-
0TepHaA NporpaMMa 415 packeTta v MOJENVpPOBaHWA aH-
TeHH 1 faxe ee NEMOHCTpaUMOHHan GecnnarHan Bepcus
MOTYT paccynTars aHTeHHy Open Sleeve.

57 KoHeuHo, pagvoniobutens MOXeT cpasy
3anate BONPOC. TONLKO AW ABYXAMANA30HHbIE
71 11 aHTeHHb Opan Sleeve MOXHO NMOCTPOWTL MO

| 2 B\l,—_f‘ npviBeNeHHOM Bbilue MeToauke? KOHeYHo Het!
5 21 Ha TakoM TrpvHLWIe MOXHO NOCTPOUTL TPEX-,
22 73 YETBIPEX- W AaKe NATYAVANa3oHHLIE aHTEeHHLI!
PaccMoTpyM ans npyMepa NocTpoeHVe Tpex-
L L2 AVanasoHHO aHTeHHbl, PAacCHYUTaHHOI Ans
57 pa6otel B AvanasoHax 10, 15 u 20 merpos.
KOHCTpyKUMA Takoid aHTeHHbl ToKasaHB Ha
pvic. 2.14, 3KBMBaNeHTHas CXeMa aHTeHHL No-
KasaHa Ha puc. 2.15.
Puc 2.15. SxBMBaneHTHan Cxema aHTeHHbI PaboTaet aHTEHHA CleAyloLMM o6pasoM.
Ha pvanasoHe 20 MeTpOB B MECTE MOAKII0-
HEHVIs KOAKCHBNLHOrO kabensi NuTaHvsa (Touka A) BXORHOE cOonpoTveneHue Z1, koTopoe
vIMeeT BUBpaTop aHTeHHb!, PAaBHO BOSHOBOMY COMPOTUBNEHWIO KOAKCUANLHOro Kabens.
38710 paBeHCTBO BLINOMHAETCA C Y4ETOM BAMAHWA Ha NapameTps BUGpaTopa aHTeHHb!
6nM3Ko PAcnonoXeHHsIX NPoBOAHUKOB ST v S2. Ha avanaacqe 10 MeTpoB BXoAHOE
conpotveneHve Z2, KOTOpoe VMMEeeT wacTe BMBpaTopa aHTeHHb gavHoit L1 B Touke
B, npu noMowwm TpaHcgopmaropa T1 MPUBOAMTCA K BOAHOBOMY CONPOTUENEHWIO KO-
akcuansHoro kabens. Ha avanasoHe 15 METPOB BXOOHOE conpoTvenerme Z3, KOTOpoe
VMEET 4acTe BuOpaTopa aHTeHHbl AnvHOI L2 B TOYke B Touke C, Mpy noMowm
TpaHcopMaTopa T2 NpYBOOMTCA K BONHOBOMY COMPOTMBNEHVIO KOAKCHMANBHOMO Ka-
6ens.

MNpocuvTars pasMepsl TPEXAVanNa3oHHON aHTeHHbl C MOMOLLBIO ROrapydMUHECKON
NVHERKY BECBMA 3aTPYAHWTENEHO. Takoi pacdeT MOXeT 3aHATb, HABEPHOE, HEe OfuH
MecAL HanpsXeHHoW paboTel. BoT nokemy LUMPOKOE OCBOEHWE aHTteHH Tuna Open
Sleeve 1 0COBEHHO WX TPEX-, YETLIPEXAMAMNA30HHLIX BAPWAHTOB HAYANOCh TONBKO B
Hawe BpemsA. Bpems, korZla nporpaMmbl pacyera aHTeHH CTanu LUMPOKOAOCTYMHbL,
a CKOpOoCTs paboThl KOMMLIOTEPOB YBEAUHUNACH.

Ans paboTe aHTeHHbl Open Sleeve HEOOXOOMMA XOPOLIAA PaANOTEXHMYECKan 3eM-
ns. ONTUMBNLHLIN BApMaHT — PaCTONOXEHWE aHTEHHbI HaL MeTan Mueckoi npoBo-
nAwei kpeiweii. Ecny 370 yCNOBME BbLINOAHUTL HEBO3MOXHO, TO HEOBXOMMMO Mpu-
MeHUTe 3—5 MNPOTVBOBECA, PE3OHAHCHBIX A1 HYKHEro AvanasoHa paboTbl aHTeHHbI.
Mcnonb3oBats Pe3oHAHCHLIE TPOTUBOBECH A1 BEPXHVX AWANa3oHOB paboThl aHTEHHD!
HEXENATENLHO.
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MpY TOYHOM BBLITIORHEHWM BHTEHHBI TI0 PaCCHMTaHHBIM PasMepaM €€ Pe3CHaHCHLIe
HACTOThI YXE NOMKHbLI HAXOOUTLCA B MOBUTENLCKUX AranazoHax. OnHAKO n3-3a BIUAHUA
OKPYXa0LLWX NPEAMETOB, M3-33 NOrPeLIHOCTe NPY HETOYHOM BLINONHEHUN BHTEHHb
no pe3avepam aHteHHa Open Sleeve ofBbiiHO Tpebyet HebOMLWIOA NOACTPOIKM B
peankHbiX YCROBUAX ee ycTaHOBkM. Jlasaiite peabepeM NpoLecc HACTPOWMKW aHTEHHHI
Open Sleeve. HacTpoiika aHTEHHEI 38KMNOHAETCA B NORYYEHUM 3HAYEHWH ee BXOLHOro
CONPOTVBNEHUS Ha KNEMMBX NOBKMONEHUA KOAKCUAansHOro kabens NUTaHus, PasHoro
BOMIHOBOMY COMPOTUBNEHWIO 3TOMO KoakcuansHoro kabens. MavepsTs BxogHoe CONpo-
TUBNEHUE 3TON GHTEHHOI CUCTEMB! YAOBHO MPY NOMOLUM BEICOKOYACTOTHOFO MOCTA.

PacCMOTPMM  HACTPOIKY [OByX-

AVaNa3oHHON aHTEHHB), NMOKA3aHHOIA M
Ha puc. 2.16. NepBoHBYANBHO U3ME- S
PSIOT BXOAHOE COMPOTUBAIEHUE aH- w ~
TEHHOIA CUCTEMEI H& €8 HIKHeil pa-
Boqeii yactore. Ecnn pesoHaHc aH-
TEHHbI HE COBNBAAET C PACHETHLIM,
TO U3MEHEHMEM AfMHbI L BUGpaTopa C

M MPUBOAAT Ero Pe30HAHCHYIO Yac-

TOTY B HEOOXOBMMEI BUanB30H pa-

60Tbl. Ha 3TOM OMBMasoHe BXOQHOE

conpotuenerue subpatopa M Mo-

XET oTRMYaTLCA oT 50 OM. Tpu no- Bucokoqacmomhad
MOLLM W3MEHEHWA Yrha HakKnoHa Hocm
NpoTMBOBECOB F OTHOCHTENEHO BHB- I
patopa M poGusaiotcs, uToBel [ ewepamop 048

BXOAHOE CONPOTUBNEHME CUCTeMEl 1UManus
Haxoaunoce 8 Npefenax 50 OM. Ha ZZ’?;’;”"’M’W’"HDZD
3TOM nNepsslii 3TaN HBCTPOIKW 8H- — >
TEHHbl MOXHO CHMTATb 33KOHYEH-

HbIM. TepecTpansBemM reHeparop Ha Puc. 2.16. HacTpodika OByXananasoHHON SHTEHHb!
BEPXHUI INANA30H PABOTL! aHTEHHB) Open Sleeve

W NPOAOMKEEM HACTPOIKY 8HTEHHbI.

Onpeaensiem pe3cHaHCHYIO YaCTOTY M BXOAHOE CONPOTUBREHWE aHTEHHbI Ha BEPXHEM
nuyanaacHe. JonyctM, BEpXHAS PEe30HaHCHasi YBCTOTA AHTEHHbl NONy4MNach HUXe
HEOBXOAWMON, 8 BXOAHOE COMPOTWBNEHME BHILIE BOJHOBOTO COMPOTMBREHWA KOBKCU-
anpHoro kabend. 310 Haubonee GnaronpuATHLIA BApWaHT MPW HACTPOWKE AHTEHHbI.
Npubmmkaem anemeHT S k subparopy M. Tpyu ymeHbleHun paccTiosHua W mexay
sUBPATOPOM M 1 2NEMEHTOM S yMEHBLIZETCA BOJIHOBOE CONPOTUBNEHUE COrNacyioLero
TpaHcgopMaTopa, 0GPB3OBBHHOTO 3NEMEHTOM S U 4aCThbio subparopa M. BerepcTeve
3TOr0 YMEHLLIBETCA BXOAHOE CONPOTUBNEHME @HTEHHbI HA CTOPOHE NUTAHWA €€ Koak-
cuankHbIM kaBenem. Npy NpubnnkeHn anemerTa S k BUBpaTopy M BepxHAR YacToTa
paboThl aHTeHHb! yeenuuusseTcs [14]. Ecnv © NOMOLLbIO TONBKO OAHOMO NMpUBNKeHUs
anementa S k BUOpatopy M HE yOaeTcsi YCTAHOBMTH BEPXHWIE [uanasoH paborbl
SHTEHHB! B HYXHEI Y4ACTOK, TO TOrOa NPUAETCA W3MEHATHL ANWHY anemeHTa S.

Ecnv BXOOHOE CONPOTMBNEHWE CUCTEMBI HAa PE30HAHCE yxe cocTasnser 50 Om,
a pesoHaHcHas uyacToTa Hke TpebyeMmoil, To MOXHO NonpoBoBaTe YKOPOTUTL 3ne-
MeHT S. QueBMOHO, YTO B STOM C/y4ae COTNacylolMii TPaHCPOPMETOP aHTEeHHEL
HBCTPOEH HUXe HeoDXOAWMMOI HacTOThl. YMEHELUIEeHWE ONWHbI TpaHcgopMaropa (Mnu
ONUHEl @NeMeHTa S) MOBLICUT <acTory ero pabotbl. locne YMEHbLWEHWS ANUHbL
TpaHcdopmaropa (snemeHta S) npy noMoty NPUBRXKEHWA WRW yaaneHwWs 3Toro
anemeHTa OTHooUTENLHO BUBpaTopa M CHOBa ONOOMBAKOTCA BXOAHOTO COMPOTUBNEHUR,
pBEHOTO 50 OM Ha BepxHeil pabouell YaCcTOTe AHTEHHBI.

Ecnu, HBOBOPOT, OKAXETCH HTO NPW BXOOHOM CONPOTUBNEHMU 50 OM BEPXHAA HacTo-
1a paboTbl 8HTEHHE Open Sleeve Bbilue HeoBX0OUMON, YBENVNMBAIOT ANUHY 3neMeHTa S,

M
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WnK, HTO TO XE CAMOE, MIOHNXBIOT YACTOTY HACTPOIKM COrnacyioLero TPaHCQOpPMaTOpa.
Wcxops U3 BbILLE MBSIOKEHHOrD, MOHATHA CTPATErA HACTPOIKM BHTEHHBI.

1. Npubnuxenvie snemeHTa S k sMbpaTopy M MOHWKAET BXOOHOE COMPOTUBNEHUE
8HTEHHBE! U YBENWHMBAET ee Pe30CHAHCHYIO YacToTy.

2. Ynanenve anemeHta S ot svbpatopa M yBenvuMBEET BXOQHOE CONPOTUBNEHWE
8HTEHHBI U TICHKAET ee paboyyio YacToTy.

3. YeenmueHne AnuHEl SnemeHTa S (MnK, YTO TO Xe camMoe, yeemueHne paboyein om-
Hbi BOSIHbI YETBERTEEONHOBOMO TPAHCPOPMATOPa) NMOHWKAET YACTOTY HACTPOWKU @HTEHH).

4. YMeHbLUEHNe ANVHbI BNEMEHTA S (UMK, 4TO TO e CaMoe, yMEHbLLeHMe pabodeii Anv-
Hbl BOJHEI HETBEPTEBOHOBOMO TRAHCHOPMATOP?) MOBLILIEET Y2CTOTY HACTPOMKM 8HTEHHB).

Flocne okoHuYaTensHO HACTPOVKM 8HTEHHEI Ha BepxHeil paboueil yacToTe nonesHo
NPOBEPUTL NaPaMETPbLl aHTeHHEL Ha ee HYXXHell paboyel Yactote. Kak enaHo U3 3Toro
onvcaHuA, HacTpoiika aHTerHb Open Sleeve Ha OAWH AWENA30H OTHOCUTBNLHO HE-
cnoxHa. Ho HacTpoiika 3, 4 uRM 5-AMANa3oHHOI AHTEHHbE YXKE HE Takas MpocTas
3ana4a. 3neMeHThl S OKa3bIBAOT BIMAHWE APYr HAa gpyra u Ha swbpatop M, U npu
HaCcTPOMKE aHTEHHbI Ha OAHOM M3 Ee BEepXHWX [MAMNa30HOB PaGoThl pPe3oHaHCHan
4acToTa @HTEHHBI HA OpYrvX auana3oHax TOXe M3MEeHUTCH. W sce e, npu HaCcTomHm-
BOCTW, BrONHE BO3MOXHO MPOMBBECTW HACTPOiKy aHteHHel Open Sleeve pns pa6othi
Ha 3 1 paxe Ha 5 puanasonax!

M M
a) | Luamemp 6) 1 Juamemp
25 MM 25 M
52
St M St
o1 ﬂ 02 o1
Auamemp
10 mr1 ‘%J zr;emp
L] L

M M
B) fuaremp r) 1 Auamemp
T 25 mm 25 mm
st sz s1
o1 | 02 o1
Nuaremp
1.5 mr fuamemp
1.5 mm

Puc. 2.17. Cemeiceo anresH Open Sleeve

B 7abn. 2.3 npuseneHsl OaHHLIE ANA SHINONHEHWA aHTenHsl Open Sleeve ona 2
1 3 MOGUTENLCKUX OWanasoHoB. ITW aHTEHHbl Bbiny PACCYMTAaHEL paavoniobuTenem
UA3AVR [15]. Ha pmc. 2.17 noxa3daHbl KOHCTRYKUMW 8HTEHH, noscHAwme Tabn. 2.3.

JaneHeiillee pasentie antedH Open Sleeve MOXeT NPWBECTU K CO34AHUI0 MHO-
roAvanascHHOIN BePTUKANEHON aHTEeHHEL, paboTalollell Bo ecex MOBUTENLCKMX KOpOoT-
KOBO/THOEbIX OnanasoHax. TeopaTu4ecku 3TO BrONHE BOSMOXHO.
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Tabrwua 2.3
[axHbie Ons BEINOMHeHWs aHreHHsl Open Sleeve

JAvana3oxe! pa- PaccTonrme me- |PaccTosiHue me-| Bapuawt Bl-
©0TLI aHtenHsl, | JmwHa M, mv | Onvka $1, MM | xay anemewta- llnvluaszsm::neu- WY 2NeMeHTa- | NonHeHMs an-
Y m1 D1, mm Ta SL. MM M1 D2, mm TeHHB, PyC
20, 14; 10 5166 3407 220 2573 200 2172
14; 10 3630 2527 220 - - 2176
20, 14: 10 5149 3451 220 2601 200 2178
14: 10 3432 2567 210 — — 2175
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3. KOPOTKME BEPTUKAJIbHLIE AHTEHHI
HU3KOYACTOTHLIX KB IVMAMNA3OHOB

Mpu paboTe Ha HWU3KOHACTOTHbIX MOBUTEensCKUX amana3oHax 80 u 160 meTpoB
XenartensHO WUCMONE30BaTh AHTEHHB, M3MYHaIoWWE PaAMoBOHEN C BEPTUKANLHOW Mo-
nApuaauvei. PanuoBosHa, UMEIOLLAn FoPU3OHTANBHYIO NONAPUBALMIo, NPy ee pacnpo-
CTpaHeHUm B8 BWOE HA3EeMHON BOMHbI B NMpefenax npsMoid BUOMMOCTU MCMbITbiBaET
MOBLILEHHBIE MOTEPM N0 CPaBHEHUIO C PaAWOBONHON C BEPTUKANEHON NONSpU3aumeii.
Mpu MOHOCPEPHOM PECcTPOCTPaHEHMM (NPU OTPAXEHUW pPaAWMOBONH OT MpPOBOAALLMX
cnoes uoHocdepbl) 4acTp Haubonbiure NMoTEPU UCTBITLIBAIOT PaavoBONHLL, UMEtoLme
rOpU3OHTANEHYIO MOMAPU3aLMIO MO CPaBHEHWIO C PaavOBONHAMY, MMEIOLLMMU BEPTU-
KaneHylo nonapusaumio. Paguomobuteny Ha ceoell npaxTuke ybeawvcs, NTO Ha Auva-
nAazoHax 80 1 160 METPOE KOPOTRAA BERTUKASIbHAA AHTEHHA NPEANONTUTENLHEE A/IMHHON
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rOPU3OHTANBHON. B 8T0i rnase Mbl paccMOTPUM PaBoTy, YCTaHOBKY M HACTPOIKY KOPOTKOIA
BEPTUKANEHO aHTEHHbI AnA auanasoHos 80 u 160 MeTpos.

3.1. COnpoTMBNEHNE M3NYHEHWA KOPOTKOI BEPTUKAMBHOW aHTEHHBI

Kak n3BeCTHO, CONPOTUBNEHUE USRYMEHWS KOPOTKOM BEPTUKANBHOI GHTEHHEI COCTaB-
RAET MaNyio senuuuHy. Jlasaiite pacCMOTPUM, Kakoe CONPOTUBNEHUE U3SyMEHUs UMeeT
KOPOTKaRA BEPTUKaNLHAsA aHTeHHa. Ha puc. 3.1 npueesen rpadyk CONPOTUBAEHUA U3nyue-
HUA KOPOTKOIA BEPTUKANEHOM aHTEHHBI, Pa3MELLIEHHON Ha OAanbHOI 3eMReit, Ha mobu-
TenkCkux amanasoHax 80 u 160 MeTpos. Kak BMOHO M3 3TOro rpaduka, ConpoTVBNEHUE
U3NYYEHWUsi KOPOTKOIA BEPTUKANBHOR aHTEHHB) BEICOTOM A0 0, 1A coctaenser mexee 5 Om.
OnHaxo senvuuHa 0, 1A cocTaenaet 8 MeTpos Ans avanasoHa 80 M 1 16 METROB 4NS pua-
nazoHa 160 MeTPOoB. 3T0 YXe 3HaunTeNnsHble PasMephl AN PafuoIlOBUTENLCKO aHTeH-
Hbl, U NOAXOOWTL K KOHCTPYMPOBAHUIO Takoii aHTEHHb! HEOBXOAUMO OYEHb TILATENEHO.

Lonpomubnevive uanyserus, OM

Quon. ml o5y 15 2 25 3 35 4 45 5 55 6 65 7
80 |10

116 | 21 N
231 | 43
35 | a4t
463 | 855
579 |48

]

89 | 128
~

81 | 1496
P
926 | 191

1042 | 19.2

Bricoma
ORMENKL, M

Ie B uanguenus, Om

16012 14 16 18 20 22 24 26 28 30 32 34 36

Quon.. »
80 [160
1157 (2137
1273 |35
1360 | 256
151 | 277
182 299 K
1736 | 32 1]
185 | 3 -
197 |383
208 | 38¢

Beirnmn
aHmeHmb, M

Puc. 3.1. Mpatk CONPOTUMBNEHVS M3NYNEHMA KOPOTKOMO WTHIPS

3.2. HacTtpoiika B pe30HaHC KOPOTKMX BEPTMKANbHBIX aHTEHH
B paaunomobuTensekix yerosrax 3hdeKTMBHOE UCTIONL3I0BAHUE HA Nepeaaqy SneKTpuue-
CKI KOPOTKOI aHTeHHbl 6e3 ee HaCTPOIiku B Pe30HaHC HEBO3MOXHO. B pasvoniobutensekoii

NPaKTUKe HACTPOIKY B PE3OHAHC SMEKTPUHECKU KOPOTKOM AHTEHHEL, paBoTaowLeit Ha HAXHNX
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KB granasonax, 0BbMHO OCYLLECTENRAIOT KOMBUMHUPOBAHHO, C MOMOLLEIO YAAMHAIOWEI! KaTyLw-
KiA (HA3BaHa TaK MOTOMy, HTO Kak Bbl «yANMHAET>» KOPOTKYIO (PHUSVHECKYIO ANMHY BEPTVKANLHON
BHTEHHb [0 HEOBXOAVMOIA SNMEKTPUHECKON ANIMHBE, NPV KOTOPOI HACTYNaeT Pe3oHaHC) U em-
KOCTHOi Harpy3ku (Ha3BaHa Tak MOTOMY, YTO YBEIMHMBAET EMKOCTh HTEHHLI Ha 38MINI0).

Jng Toro, 4ToBhl SNEKTPHYECKY KO- c c
poTKas aHTeHHa 6blna HacTPoeHa 8 pe-
30HaHC, HeoBxopuMO, YToBbl KOHTYD,
006pazoBaHHbIi MHAYKTUBHOCTHIO YAIWN- L
HAIOLLE KaTyLKM W eMKOCTHIO aHTEH-
Hbl, KOTOpas CKNAALIBAETCA M3 EMKO-
CTU LITLIPR @HTEHHBI U EMKOCTH eM-
KOCTHOIA Harpyski OTHOCWUTENBHO 3a-
3EMNIRIOILIEI CUCTEMB) aHTeHHL!, Gbin
HACTPOEH 8 Pe30HAHC Ha 3TUX HacTo-
Tax. B npaktu4eckoit KOHCTPYKUMK _L _L
YKOPOUYEHHOI BEPTUKANEHON aHTEHHb = =
YOMHSIOLYIO  KaTyLLUKY [Pacronaraiot

~

KaK B OCHOBaHWW @HTEHHBI {pMC. 3.2), Puc. 3.2. YkopoveHHan  Puc. 3.3. YKOpoueHHaR
BEPTVKaNLHAS BEPTUKANLHER
Tak w8 Bep}uwHE 8HTEHHLI (puC. 3.3). @HTeHHa C YIUIMHRIOWEH aHTeHHA C YONMVHSAIOWER
HaCTpovu(a aHTeHHbl B PE30H3HC KaTyLKON KaTyLUKOM
OCYLLECTBNAETCH MpU NOMOLLN U3Me- B OCHOB3HW/ EHTEHHBI B BEPLMHE AHTEHHBI

HEHWSI WHOYKTUBHOCTW KaTywkw. Flo

LOCTIDKEHUN BHTEHHOI pe3oHaxca ee

BXOAHOE CONPOTUBIEHWE HE COOEPXWUT PEaKTUBHbIX COCTaBRAIOWIVX, 8 UMEET TONLKO
SKTUBHOE BXOOHOE COMPOTUBNEHWE. VIBMEPATL BXOOHOE COMPOTMBNEHNE KOPOTKOI Bep-
TUKaNLHO 8HTEHHBI YOOOHO C MOMOLUBIO BBICOKOYBCTOTHONO MoCTA.

3.3. EMKOCTHas Harpyska KOpOTKOW BepTUKaNsHON aHTEHHbI

19 yBENVHEHWUA EMKOCTM @HTEHHBI HA «3EMAID» B KOPOTKUX BEPTUKA/ILHBIX 8HTEHHAX
WUCMONbL3YIOT EMKOCTHYIO Harpysky. O6LMHO OHa npeacTasnaeT coboii OT TPex Ao Wectn
MpoBOAHMKOS ANKHOIA OT 0,1 fio 0,5 OT BLICOTHI BEPTUKANEHOI NacTH aHTeHHE!. MNposoa-
HWKN EMKOCTHOM HArpy3ky NOMKINONAIOTCA K BePLIMHE BEPTUKaNLHON aHTeHHbl. OHY Mo-
ryT 6biTh PACNONOXKEHB! NAPANESEHO K NOBEPXHOCTM 32MAM URW NMoL, HEBOMLLIMM YTNOM
K Heit (pyc. 3.4). OBLINHO ANA MPaKTUHECKO KOHCTPYKLMIK KOPOTKOIA BEPTUKANBHON aH-
TeHHbl 6onee yooBHO PaCcrONOXEHWE NPOBOOHUKOB EMKOCTHOIN HArpysku nof, HeGons-
WKMM YrROM K MOBEPXHOCTU 3eMNK. B 3TOM Cry4ae TOUKW KpenneHus oTTsxkek ByayT Ha-
XOQUTHCS Ha NOBEPXHOCTY 3EMAM, HTO YNPOLLAET KOHCTRYKLMIO 8HTEHHHI.

Erocmuan

Ha2py3IKa

Ommsxku

M3onamopei

4

e

Onopre uzosasmaop
-

BepmukoneHaa
awmerHa

Puc 3.4 KOHCTPYKUMA EMKOCTHOWM Harpyaku
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Ann Toro, 4Tobbl eMKOCTH YKOPOYEHHOI BEPTUKANLHOI aHTeHHbI HA 3eMMo Bbina
MOCTOAHHOI BENMYWMHOIA, HeoBxopMMO COBMOaATL HEKOTopLIE yonosns. HeoBxooumo,
4TOBbI KOHCTPYKLIMA YKOPOYEHHOV BEPTUKARBLHOW aHTEHHbI BbiNa MEXaHWHecKn cTa-
BunbHOIA 1 xecTkoii. Mop peiicTeMem seTpa, NPY Nepanane TeMMepaTyp He OOMKHO
NPONCXOOMTL CYLLECTBEHHOI nedopMaumi KOHCTPYKUMM 8HTEHHbI, BCNEACTBUE KO-
TOPOi MOXET MpOU3OITM W3MEHEHWE BENWMMHEI €€ EeMKOCTW Ha 3eMmo. Jpyroii
BaXHbIA HAKTOP 38KMOHAETCA B UCMONL3OBAHUM 333EMNSIOLIEH CUCTEMbI HTEHHBI C
NOCTORHHEIMU NaPaMeTPaMu.

KoHeuHo, UCMoNbL30BaTE NONBY B KAYeCTBe 3a33eMNAIOLLE CUCTEMBI YKOPOUEHHO
BEPTUKaNLHON 8HTEHHB! Henb3A. INA 3a3eMRAIOLLEi CUCTEME! YKOPOYEHHOI BepTU-
KanbHON @HTEHHBI MCMONL3YIOT MPOTUBOBECH!, PACMONCKEHHBIE MOS, aHTEHHOW. Yem
60nkLIEE YMCO NPOTUBOBECOB ANA CO3LAHUS 3a3EMNAIOLLIEH CUCTEMBI YKOPOYEHHON
BEPTUKANEHOW 8HTEHHBI ByZLeT MCNoNbL30BaHo U YeM 3TU NPOTUBOEECH ByayT ANUHHEE,
Tem GyneT nyqule KauecTBO 3eMIN W, CNESOBATENLHO, NyHlwe paboTa aHTEHHH Ha
nepepaty. 3T rPoTUBOBECHl MOryT REXaTs HA MIOBEPXHOGTU 3eMIM, MOryT BbiTh
3akonaHbl Ha HeBonwuyio rnybuHy 8 npepanax 10...50 cm.

AnA HopMansHoi pPaBoThl YKOPOYEHHOK BEPTUKANLHON AHTEHHLl Ha nepepavy
HeoBXoAUMO, HTOBEI YMGO MPOTUBOBECCE WUCMORL3YEMBIX ANA CO3AaHUA 3A3EMRSI0-
leii CUCTEMBI YKOPOYEHHOI BEPTUKAILHON @HTEHHbI, BbINO HE MEHeE YMCNa Mpo-
BOOHWKOB EMKOCTHOI Harpyaku, a O/uHa MpotMBOBecos Buina 8 1,5 pasa Gonklue
AMMHBI MPOBOAHWKOB €MKOCTHON Harpysku. Ofpaiialo BHUMaHue Ha TO, 4TO 3Ty
333eMRSIOLLYI0 CUCTEMY COCTABRAIOT HEPE30HaHCHLIE MPOTUBOBECH], NEXallve Ha
3emne. [ns pankHerwero ysenuuenus shgpekTMBHOCTY paBoThl YKOPOUEHHOI BEpP-
TUKAIBHOA SHTEHHB M [ANLHEILIEro CHUXEHVA MOTEPs B ee CMCTeMe 3a3eMReHUs
XenatensHo UCronk308ats XoTs 6bl 2—3 N06aBOYHLIX PE30HAHCHBLIX MPOTMBOBECA,
KOTOpbIe PacronoXeHbl Ha BLICOTE He MeHee 1 M OT 3eMnn.

3.4. VamepeHne napaMeTpoB €MKOCTHOW Harpy3ku U OnpeneneHue
VHOYKTUBHOCTU YONMHSIOWEN KaTyluku

£.515 pacyeTa NapameTpOoB YANMMHAIOWIEI KaTYLIKM AR HACTPOIKK aHTEHHBI B PE3OHAHC
HeoBXoAMMO 3HaTL EMKOCTE YKOPOHEHHOI BEPTUKANEHON aHTEHHL! OTHOCUTENLHO €€ 3a-
3eMNAoLLei CUCTEMBI. TIPU BLICOTE LITLIPA BEPTUKANLHOI 8HTEHHDI, paBHo 8—15 MeT-
POB, ¥ NPW BbINONIHEHUN EMKOCTHOI HArpy3KK COrMaCHO U3NOXEHHBIM BbILLE PAKOMEHAA-
LIMAM EMKOCTb YKOPOUEHHOI BEPTUKAIBHOIN BHTEHHBI OTHOCUTENBHO €€ CUCTEMBI «3EMAU»
MOXeT HaxoanTbCA B npeaenax 40...120 nd. 31a eMKOCTL 3aBUCHUT OT KORMYECTSA MPo-
BOAHWKOB EMKOCTHOIA HArpyskW, KayecTea BbINONHEHWR 3a3eMeHUs AR PeansHoii aH-
TeHHbI, MaTeprana, U3 KOTOPOro BLINO/HeHa aHTeHHa U e EMKOCTHAA Harpyaka.

TeopeT4eckvii pacyeT 3Toil eMKOCTU B pa-
[VORIOBUTENLCKUX YCNOBURX OOCTATOUHO GOXEH.
OpHako ee MOXHO W3MEpUTb NPaKTUMECKU G MO-
MOLLGIO 06biuHOro RLC-MeTpa. [ins 8TOro aHteHHy

Msmepumens
RLC U €€ CUCTEMY 3a3eMEHWH MOLAKNIOHAIOT Ha BXOf,
npubopa, NPeaHa3HaYeHHOro ANA UMEPEHUA EM-
c KoCcTM (puc. 3.5). O6paLan BHUMAaHWE Ha TO, YTO
3T0 monxeH 6bite Mpubop ¢ MUTaHWeM ot Gata-
1000 peir. Venonk3osanuve npubopa € nuTaHueM ot

CEeTU MPYBEAET K YBENMHEHUIO MOrPELLHOCTY Npu

ITUX MaMepeHusx. TlapannensHo aHTeHHe U ee
_L CUCTEME 3a3eMREHUA MOBKIOYAIoT BNOKMPOBON-
— Hblli KOHAEHcaTop emkocTbio ao 1000 nd. U3
PE3yNLTATOB USMEPEHWUs] EMKOCTW aHTEHHBI EM-
KOCTE BROKMPOBOYHOTO KOHAEHCATOPA BHIMUTAIOT,
KoHpeHcatop ocobeHHO HeoBXoauMm, ecnm psaoM

Pue. 3.5. Mpakruieckoe uamepeHne
©eMKOCTH @HTEHHbl Ha 3emnK
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C aHTeHHoli paboTaeT MowHana paguocTaHuus. B atom cnyuae MOFMYT BOSHUKHYTb
TPYRHOCTY MPM U3MEPEHWM EMKOCTM &HTEHHbI HENOCPEACTBEHHO npuGopoM W3-3a
BONLLION NOFPELIHOCTU Er0 NOKASAHWI NPW HANMYWUW BEICOKONACTOTHBIX HABOAOK (MPo-
ABNAETCH B XAOTWHMECKOM M3MEHEHMW MOKa3aHWA eMKOCTW aHTeHHbl). B sToM cryqae
[LNFl MPOBEAEHUN N3MEPEHUA BMKOCTW 8HTEHHBI Ha 3eMITI0 MOXET BbiTe Aaxe NpuaeTcs
noaoOXaaTs, KOrJa 3Ta paavocTaHuuA ByaeT BbiKIOYEeHa.

Ecnu 8 pacropsbkeHU panvontioBuTens HeT M3MEepUTERA EMKOCTH, TO ANA usme-
PEHWs EMKOCTM @HTEHHBI HAa 3eMII0 MOXHO BOCTO/b30BATECH METOAOM 3aMeLlaHus,
KOTOpbI orMcan Ha ©Tp.197—198 8 [11.

Tepen, N3MEPEHHEM EMKOCTV BHTEHHBI Ha 38MII0 HeoBXOAUMO CHATL 3aPA[, HAKOMNeH-
Hblil BEPTHYKANBHOI YECTHIO AHTEHHB). [LNA 3TOM0 aHTEHHY B TEYEHUM HECKOMBKNX CEKYHA, Ha-
[EXHO COBAMHSIOT C 8€ CUCTEMOIH 3a3eMNEHURA. M3MEPEHUA EMKOGTU aHTEHHb) HeODXOAUMO
NPOBOAMTH B Cyxylo, BE3BETPEHHYIO Morody. EMKOCTS aHTEHHb He06x0AMMO UBMEPRTE He-
MOCPEACTBEHHO Ha KNeMMax Camoii aHTEHHB! 1 ee 3a3emneqnd. HeobxoawMo UCTob3oBaTL
0 BO3MOXHOCTM KOPOTKHE COEAVHMTEREHBIE MPOBOAHUKM OT 8HTEHHE! M €€ 3a3eMiIeHUn 10
MaMepUTeRbLHOM MprBopa. ONPenen e BMKOCTb 8HTEHHB! HA 3eMIII0, € MOMOLLLIO rpadm-
KOB, NpUBEEHHLIX HA PUC. 3.6, OrpafenfioT NPUMEPHYIO BEnUuMHY MHIYKTVBHOCTU yANk-
HRAIOLLEI KaTYLLIKY 8HTEHHBL, HEOBXORUMOIA ANA HACTPOIKU 8HTEHHB! B PE30HAHC.

L pH LopeH
F21,9 MHz Fi3.6 MHz
300
280 v 70
260 *
240 Y 0
220
200 . 50
180 3
160 N 40
140 N\
120 30
100
50
m 20
51

— | — 10
w
I

n 30 50 70 g0 110 130 150 170 190 210 230 250[ F
2n 40 60 80 100 120 140 160 180 200 220 240 P

Puc. 3.6. Mpaduku Ans OrNpegensHus MHAYKTMBHOCTW YAJMHSIOLLeA KaTylwkn

NHOYKTUBHOCTE, OMPEneNeHHan C NOMOLLLID 3TUX rpadmkos, Gypet Hyxoatses B
YMEHLLIEHVM € BENWYUHLL MPUMEPHO Ha 10...20% K3-3a TOro, YTo PU3MNEcKas ANvHa
aHTEHHBl, KOTOpasl TOXE B KOHEYHOM WTOre BXOOMT B 3Ty WMHAYKTMBHOCTL, MpW Mo-
CTPOEHUM FPadUKOB HE YHUTHIBANACH.

3.5. MecTononoXeHne yanvHSIoWEen KaTylki Ha aHTeHHe

Ins oBecreveHns MakcumansHoro KINJ1 paBothi niooil aHTeHHb! Ha nepepeyy Heob-
XOAMMO 0BECNEUNTE Kak MOXHO GOMbLUMIA TOK MPOBOAVMOCTH, MPOTEKAIOLIMIA NO €8 no-
noTHy. B 4eTBepTLBONHOBOI BEPTUKANLHONM BHTEHHE. KOTOPAas RBRFETCH MOAANLIO YKO-
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POYEHHOI BEPTUKaNEHOI aHTEHHB! (pUC. 3.2 1 pyc. 3.3), NyMHOCThL TOKa HaxoawTCA B OC-
HOBaHUWN 8HTEHHBI. PaCTpeaeneHne Toka B YKOPOSEHHOI BEPTUKANILHOM aHTEHHE C Y-
HAIOLLEIA KaTylikoii Ha ee BEPLIMHE MOKA3aHO Ha puc. 3.7, pacnpeneneHue YOka 8
YKOPOUEHHOI BEPTUKNEHON aHTEHHE C KaTyLIKOI 8 €€ OCHOBaHMM NOKa3aHo Ha puc. 3.8.

Pacnpedeneriie

maka no

nanamiy
OHMEHHbI

Puc. 3.7. PacnpegeneHvie Toka B YKOPOYEHHON BEPTVKANBHONA @HTeHHe
C YOVMHSIOLISI KATYLIKOVM 8 €€.BeplunHe

Pacnpedernpriip

moka no

nonomiy
QHMEHHE

Puc. 3.8. Pacnpeaenesne Toka B YKOPOYEHHON BERTVKANBHOM anTeHHe
C YANUHSIOWE KaTylwkol B OCHOBAHM @HTEHHbI

Kak 81MOHO U3 3TUX PUCYHKOB, MAKCUMaNbHas rnowagb Toka Byaer TOMeko B
YKOPOYEHHOW BEPTUKANLHOW aHTEHHE C YANWHAIOLIEA KaTYLWKOiA, pPacrioNoXeHHOW B
BepumHe aHTenHkt. CnefoBaTentHo, 3Ta KOHCTPYKLVS YKOPOHEHHON BEpTUKansHOI
8HTEeHHbl 0BeCneunT HaMBORLILYIO SMMEKTUBHOCTS paboThl. OIHAKO B PeansHbIX Mio-
BUTENLCKMX YCNIOBUSX TAKYIO KOHCTPYKLMIO YKOPOHYEHHOI BEPTUKANLHOM AHTEHHBI UG-
NoJb3YIOT HEYacTo. 3TO CBA3AHO C TEeM, YTO B NMPOLECCE HACTPOKW BHTEHHBI MOXET
BO3HWUKHYTh HEOBXOAVMMOCTE B OCYLLECTBNEHWUM PETYRUPOBKU UHAYKTUBHOCTY YANUHAK-
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U)ol KBTYLWKM, & ATO TPYAHO NpY €8 Pa3melLeHVH B BepLIMHE aHTeHHL!. Opyroii gaxkTop
COCTOUT 8 TOM, YTO YAAMHSIOWLAA KATYLWKA ANg AvahasoHoe 80 n 160 metpos, ocobenso
€biNOMHEHHAA KAYECTBEHHD, T. €. U3 TONCTOrp MEAHONO NMPoBOAA AWaMeTpoM 1—3 MM,
umesT BonbMe rabapuThl U BEC. BTO 3ATPYOHAET pasmellesne ¢uauyecky GonbLioi
W TAXENON YOAVHAIOLLEA KaTylWKU Ha BEPUIMHE AHTEHHI.

OnTyManbHBIA BapUaHT NPpYU NOCTPOEHUM YKOPOHEHHOI BEPTUKANLHONM aHTEeHHbI 3a-
KJIQYEETCA B PasMELLeHVM B BEPLUIMHE aHTOHHbI YOMMHSIOWEN kaTywky L1, nMeoweii
WHOYKTUBHOCTb BeRWUUHOI npyMepHo 0,7 ot OBLUero pacueTHoro 3HaveHsus. Hactpoika
YKOPOHEHHOW BEPTWKANEHOW aHTEHHL! B STOM CNy4ae OCYLECTBNAETCA G NOMOLLLIO
KaTYLKU EPEMEHHOI MHAYKTUBHOCTY L2, nmerowein Hebonsluyio BeanynHy (He Gonee
0,3 0T pacyeTHOrc 3HaYeHVd) U PacrioNOXeHHON B OCHOBAHWM @HTEHHbl. KOHCTpYKuuWA
TaKoW AHTEHHb) MokasaHa Ha pwvc. 3.9. 3TOT BapuaHT MOCTPOEHUA BEPTUKANLHOW YKO-
POYEHHON BHTEHHbI AN HU3KOYACTOTHLIX AMANa30HOB MOXHO CuvTaTb OAHMM W3 Or-
TUMANEHBIX.

{12

s HEFE 03

Ni

MR

a4

Puc. 3.9. BeptukansHas YKOPOHEHHAS aHTeHHa Puc. 3.10. Hacvpoiixa ykoposeHHOR
© [IRYMS VATMHAIOLLMMI KaTYLKEMIA BEPTUKaNLHOM 8HTEHHBI MPW MOMOLLIM
KOH[IeHCaTopa NepaMeHHoN emKocTi

3.6. Hactpoiika aHTeHHbI C NOMOLULID TEPEMEHHOIO KOHAEHCaTopa

Mcnonb3oBaHne OnA HacTPOWKM YKOPOYEHHOR BEPTUKANBHON aHTEHHBI KaTyLiKu
NEPeMeHHON WHOYKTUBHOCTM HEeBOMLLLOIA BBIMNMHDBI, PaCrioNOXEHHON B OCHOBaHMM
8HTEHHB), KaK MOKa3aHo Ha puC. 3.9, He BCerpe ABNAETCH BOSMOXHLIM B Paauomobu-
TERLCKUX YCROBUAX. KaTyLlika nepemenHoi MHAYKTUEHOCTH 06bINHO npancTasnseT coboit
COXHYIO B MCMOJIHEHUW 1 TPOMO3AKYIO KOHCTPYKLUMIO. CTOMMOGTE KaTYLLIKY MEPEeMEeHHOI1
WHAYKTUBHOCTW MPOMBILIREHHOrO W3rOTOB/EHWA TAKKE OTHOCUTENLHO BEAWKa. 3Hauu-
TenbHO YAELWEBUTE U YNPOCTUTL KOHCTPYKUVIO BEPTUKANEHON YKOPOYEHHOW aHTEHHb
MOXHO WUCTONL3YA ANA ee HACTPOIKM B Pe30HAHC KOHOEHCATOP NEPEMEHHOI eMKOCTW,
PaCrONOXEHHbIA 8 OCHOBaHWM @HTEHHBI, KaK MOKa3aHo Ha puc. 3.10.

JnA 37O CxeMbl HACTPOKU YKOPOHEHHOI BEPTUKANEHOW aHTEHHbI BERMYMHA yO-
JIVHAIOWE KaTyLiKU BbIBUPaeTCA HEMHOFO BORbLLei pacieTHOIN BenuurHbL B niobom
Cfy43e BO BPEMA MEPBOHAYaNBHON HACTPOWMKM GHTEHHEI B PE30HAHC, BO3MOXHO, Npu-
[ETCA UCNO/LE30BaTk HACTPOIKY GHTEHHb) C MOMOLLGIO W3MEHEHUR WHOYKTMBHOCTYW Yi-
RVHAIOWER KaTytku. JInR OKOHY3TeNbHO HACTPOMKWM aHTEHHBI B pE30HaHC MOXHO
WCNONb30BaTE TPEXCEKLMOHHBI KOHOEHCATOR NepeMeHHol eMKOCTW OT CTaporo nRaM-
MOBOFO MPUEMHMKAE, B KOTOPOM BCE TPW CEKLMM BKJIOYEHbI NapannensHo
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MoCkonbKy O6bIMHO TPEXCEKLIMOHHBIE KOHOEHCATOPbI MMEIOT KOHCTPYKTUBHO BCTPO-
€HHbI BepHLEPR C 3amegneHremM 1:3, To HacTpoiika KOpOTKOA BEPTUKANLHON aHTEHHL!
C MOMOWLI0 NEPEeMEHHOTo KOHAEHCATOPa CYLLECTBEHHO ynpowaeTcs. B 3Toit cxeme
HACTPOMKWN KOHAEHCATOP HAXOAUTCH Nog HEBONLILMM BBICOKCHACTOTHBIM HENPSXEHNEM.
OnHaKo BBICOKOYaCTOTHLIN TOK, NPOTEKAIOWMIA YEPE3 KOHAEHCATOP, UMEET 3HaYUTENb-
Hyi0 BenuuvHy. JIo ypoBHA MOWHOCTU He 6onee 200 BT, noOBOAMMOIA K aHTEHHE,
MOXHO WCTIONL308aTh OBLIYHLIE TPEXCEKLMOHHBIE KOHAEHCATOPbl OT CTapbiX NaMMosbix
PaavONPUEMHUKOB. [INR CHUXEHWA MOTEPh B KOHOEHCATOPE XXENaTenbHo UCKMONUTH
TPYLLWIACA KOHTAKT MEX[y POTOPOM KOHAEHCATOPa M ero TOKOCHLEMHWKOM. [ns 3toro
HeoBXopyMOo MOANaATL NPOBOSHWK, WOYLLMA OT @HTEHHBbI K KOHOEHCATOpy, Herocpes-
CTBEHHO K POTOPY KOHOSHCATOPA, 8 HEe K TOKOCLEMHUKY.

3.7. Mopcrpoiika aHTeHHB! B npouecce paboTol

Ecrm B npouecce 3KkCrinyatauMy aHTEHHH €€ PEe30HAHCHas 4acToTa Suillna 33
rpeaens HoBUTENLCKOro AUANasoHa, TO a8HTEHHYIO CUCTEMY HEOGXOAMMO NMOACTPOWTE.
BuIX0A Pe30HAHCHOI HACTOThI BO3MOXEH 33 CHET U3MEHEHUS EMKOCTH MEXAY NONOTHOM
8HTEHHbl W ee 333eMNAIOLIEIA CUCTEMOIN. ITO UBMEHEHME eMKOCTH MOXeT OuiTe oby-
CfIOBNEHO YCTaHOBKOI HOBLIX AHTEHH HENOCPEACTBEHHO OKORO YKOPOHEHHOW BEpRTU-
KaRbLHOIM 8HTEHHB), YXYALEHVEM KauecTBa 3a3eMNSAIOILEN CUCTEMBI BHTEHHbI, KOTOpOE
MOXET BbiTe BbISBAHO KOPPO3WEl CUCTEMBI NMPOTUBOBECOS. BOSMOXHLL U Apyrue dak-
TOpbl, BAUFAIOIIVE H3 WBMEHEHWE EMKOCTH AHTEHHbl, B TOM HUCNE UMEIoLIVE Mepwo-
OVHeCKMiA Ce30HHBIA XapakTep.

B atom cny4ae HeuenecooBpasHo KaXOsIi pas noACTPanusaTs YaNVHSIOLLYIO KATYLLKY,
YCTEHOBNEHHYIO B BEPLIMHE 3HTEHHbl WRM B OCHOBAHWM 8HTEHHLI. BO-NepsbiX, 310
OTHOCUTENLHO CROXHO, 8 BO-BTOPbIX, BO3MOXHO, By0yT yCTpaHeHk! ¢pakTopsl, BAMKIOILUE
H3 @HTEHHY, U €e NapaMeTpbl BEPHYTCA K MPeXHWM. WCMORb30BaHWE KOHAEHCATOpAa
MNEPEMEHHOoI? eMKOCTH, PacroNOXeHHOTO B OCHOBAHWM YKOPOHEHHON BEepTUKanbHOI
@HTEHHbI, B 3TOM CAy4ae OMTUMAanbHO [N ONepaTUBHON MOACTPORKW TAKO AHTEHHOIA
CUCTEMbI.

3.8. CornacoBaHve YKOPOYEHHOIN BEPTVIKANIBHON aHTEHHbE
C KoaKkcuanbHbiM Kabenem

MNocne HACTPOIKKN YKOPOHEHHOW BEPTUKANLHOM 8HTEHHBE B PE30HAHC MPY NMoMOLLM
YANVHAIOLLIEIA KATYLIKK HeobX0QUMO MBMEpPUTL BXOOHOE COMPOTUBNEHWE aHTEHHOW CUC~
TEMBI. 3TO MOXHO CAERATh MPU MOMOLLW BBICOKOYECTOTHOrO MOCTOBOrO M3MepuTens
conpoTvBneHus. BxoaHoe CONPOTUBIIEHHUE YKOPOYEHHOW BEPTUKANLHOW 8HTEHHBLI CKRa-
JHIBAETCA:

— 13 COMPOTMBAEHUA M3Jly4eHUR e BepTUKANLHOW 4actT A, KOTOpoe MOXHO
onpeaents no rpadukam Ha puc. 3.1;

— W3 COMPOTUBNEHUR U3NYHEHWA ©€ TOPU3OHTANEHOM YacTu, KOTOPOE MOXHO Mpu-
HATH MPUMEPHO PABHLIM CONPOTUBNEHUIO U3JTY4EHUA BEPTUKANLHON YACTW aHTEeHHD) A,

~— Y3 COMPOTUBNEHUS NOTEPL, KOTOPOE BKIIIOYAET B CEBR aKTWBHOE COMPOTUBNEHUE
noTeps B MaTepuane aHTeHHbl, 8 YANMHAIOLIEN KaTyllke U B 3a3eMNAIOLIeR cUcTeMEe
HTEHHD.

Yem Gmxe npakTMueckyn U3MEpeHHOe BXOAHOE COMPOTUBAEHME KOPOTKON BEpTU-
KarnkHOW 8HTEHHbl K €8 PaCYeTHOMY 3HAYEHWIO, TeM MEHbLIE COMPOTUBNEHWE MOTEph
8 MaTepuane aHTeHHbl, B YANWHAIOLIE KaTylike W B ee 3aseMnsiolleli cucteMe u.
cneaosatensHo, Tem soille KM paboTel aHTEHHBI.

Kak rnokasbiBaeT OrbIT, NPaKTUYeck U3MEPEHHOE BXOOHOE COMPOTUMANEHUE YKOPO-
YEHHbIX BEPTUKANbHBIX 8HTEHH HU3KOYaCTOTHLIX OMAaNa30HOB C YANMHAIOLIEA KATYLUKOR
¥ eMKOCTHOIA Harpys3xoil MOXeT HaxoaMTses 8 npefenax 10...20 OM. 310 oTHOCUTENBHO
HU3KOE BXOAHOE COMPOTUBJIEHWE aHTEHHLI HEOOXOOWMO COFMACOBETE C OTHOCWTENLHO



BBLICOKVM BONHOBLIM COMPOTVBIBHVBM KOGKCHaNeHOro kabens, pasHbiv 50 vnuw 75 OM.
Caenarts 37O BNOMHE MOXHO, UCNONb3yA U3BECTHEIE METOALI COrNAacOBaHVA, HanpuMep
npveegeHHLIE B rnaee 7. COrnacyiolan LEMb B 3TOM CYY4aB Pacnonaraercs B OCHO-
BaHW aHTEHHHI.

B HEKOTOPLIX Ciy4asx, KOraa Ans MUTaHA BEPTUKANLHOW KOPOTKOM aHTeHHb! 1C-
NoNb3yeTCA KoakcvaneHelil kabenb, obnapalowmii HebonblLMK MoTepsmMi 1 BAVHOR
He 6oree YeTBEPTY AAMHBI BOSHbLI, MOXHO OBOITMCH 6E3 WCMONL30BAHWA HONONHU-
TeNbHBIX COMNACYIOLLMX YCTPOWCTB MEXOY aHTEHHO w Kabenem. HO B 3TOM chydvae
TPAHCVBER WM YCWWTENb MOLLHOCTY AO/XEH BHIGEPXWBATL PaboTy ¢ NOBBILEHHLIM
3HayeHveMm KCB.

3.9. BepvKansHan aHTeHHa C eMKOCTHOWM Harpyskoi ona paboTs
B HECKOMNBKVX Avana3oHax

MHorve paavoniobuTeny CunTaioT HelleneceoBpasHbIM KCNOML30BATE BEPTUKANLHYIO
aHTeHHY C eMKOCTHOW Harpy3koi pns paboThl TONBKO Ha OOHOM NIBUTENkCKOM Ana-
nasoHe. J1efCTRUTENLHO, AN YCTAHOBKW Takoil aHTeHHL 3aTPayMBAETCH MHOIC Mate-
puanoe, cpeacte u cwn. MoatoMy BRonKe OnpaBdaHo xenadve pagvonobutens 3a-
CTaBuTL ee paboTaTk Ha HECKONBKUX NOMTENkCKMX AuanasoHax. Hactpoute eeptu-
KanbHYl) @HTEHHY C eMKOCTHOM Harpyskoi nns paGoThl Ha HECKONbKUX MOBUTENbCKIUX
IAvanazoHax (06eisHo 310 40, B0 1 160 MeTpos) MOXHO C NOMOLLBKD NepekioyaeMoro
OKONO aHTeHHbl COrNacylLaro YCTPOMCTRa.

OB6bINHO YUCTLIA PE30HAHC BEPTUKANLHON aH-

TeHHb € EeMKOCTHOW Harpyskoii, npefna3HaqseHHon

ong paboTel Ha 160 wm BO MeTpoe, nexwT HUXe

niobutensckoro avanasoHa 40 wetpoe. Cnenoea- c “nm

TeNnsLHO, NS HACTPOMKY aHTeHHbl B pe3CHaHC Ha

AManasoH 40 MeTpoB VCNONL3YIOT YKOPauVBaIOLWMIA

KOHpeHcaTop. Jns HacTpOViKi aHTEHHb! B pe30HaHC ain

Ha fuanaszorsbl 80 u 160 meTpoB wCnone3yoT ya- ! 160 m
NWHAIOLLYIO KaTywky. Mepeknoyerre cornacyrowmx
uenelh NPoU3BOAUTCS B OCHOBaHUW aHTEHHBI UNW C
MOMOLLBIO BBICOKOMACTOTHEIX peng, WKW ranetHbIM
nepekmoyarenem. Cxema HacTpoiiku B pesocHaHC
aHTeHHb! gas paboTel Ha TPeX AvanasoHax NnokasaHa
Ha puc. 3.11.

Jins NTaHya aHTeHHsl, NOKa3aHHoi Ha puc. 3.11, —
MOXHO MCMNONL30BATE KOAKCUaNbHBIA Kabens, umeto-

Puc. 3.11. HacTtpoiikv 8 pe3oHanc

i BONHOBOE conpotuaneHve 50 wam 75 Om n BEPTUKANLHOR AHTEHHBI
ANEeKTPUYECKYIO JUVRY A/2 AR HWXHEro avanasoHa € eMKOCTHOW Harpyakoi
pPaboThl aHTEHHBI. ans paboTel Ha Tpex AManasoHax

Mpy VCNonb3oBaHWM KOPOTKWX BEPTUKANBHBIX
aHTeHH B TPeX AvanasoHax XenarensHO NPUMEHSTE HE MEHEE TPEX YETAepPTLBONHOBbLIX
pPEe30HAHCHBIX NPOTVBOBECOB OAR KaXZO0ro Awanasoha pabotbl aHTeHHb. Bceneacteuve
BLICOKOW [OBPOTHOCTY KaTyLLKu, BKNIGHAEMOl B aHTEHHY, NONoca NponyckaHus yKo-
PONEHHOI 8HTEHHbI MOXET ObiTh YXe moBUTENCKOrO Auana3oHa. B atom cnydae
aHTeHHy HacTpaviBalOT Ha TOT yyaCTOK BuvanasoHa, rie npeanonaraetca 6onee Yactas
pabota 8 adupe.

NUTEPATYPA

1. Tpuropos W. H. AHTeHHsl. Hactpoika u cornacosavve. — M.: WM PaguoCogrt, 2002 —
272 ¢. — ISBN 5-93037-087-7
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4. AHTEHHbI N3 KOAKCWANBHOIO KABESSA

KoakcvaneHeti Kabenb LIMPOKO WCMONL3YETos paavoniobuTensm Ons nuTaHus
aHTeHH. B peaynisrate aToro B Xx03aicTBE paguoniobutens co BpemMeHeM HakannvsaeTcs
MHOXECTEO OTPE3KOB KOAKCManbHOro Kkabens. Jna MUTaHua aHTeHH aTh KyoKu MoryT
ObiTh  C/MLLKOM KOPOTKM, @ MCMONb30BaTh Kabenk, WMEIOWWA HECKONLKO CKPYTOK.
HeuenecoobpasHo.

HO 13 OTPEsKOB KOAKCWANLHOFD Kabens BAvHON 2—5 M MOXHO NOCTPOUTE Paguo-
NBUTENECKWE aHTEeHHbI.

KoakcvanbHblih kabens MeeT NPeMMYLLECTBa nepas MeaHLIM NPOBOACM Takoi Xe
TOJUMHBI, KaK 11 KoakcUaneHeii Kabenk. Kabenb peluesne, nerve, Yem MeaHLii NpoBog,
obnanaeT pOCTATONHOW ANM MOCTPOEHWS AHTEHH MEXAHVNMECKOI NMPOYHOCTBIO, IKPaH
kabenss MOXHO NanTb NasNEHYUKOM HEGOMBLLON MOLWHOCTY, 0BoNoYKa Kabens NO3BONSET
COXpaHaTL kabenb, HaXOAsWMIACA noa, BO3AeicTeEMeM atMocgepHaiX YCOBMWi, pabo-
TOCNOCOBHLIM B TEYEHE MHOTVIX neT. KOPOTKME OTPeakyt KOAKCUANLHOTO Kabens MOXHO
Takxe Hefoporo npuobpecTy Ha «pasBanax» PaauopPLIHKOB.

4.1. AunoncHan KoakcuwanbHas aHTeHHa

Havbonee npoctas aHTeHHa, KOTOPYI0 MOXHO BbIFOAHWTE #3 KOAKCWaNbHOro
kabens, — 310 OBbNHBIA BEPTUKANLHBIA WM TOPUSOHTANLHEIA AVNONE (pyC. 4.1).
Jna nuTaHys aToi aHTeHHLI MOXHO MCITONB30BATE KOAKCHBNbHLIN Kabenb G BONHOBLIM
conpotveneHver 75 wm B kpaliHem cnysae 50 Om. B Tabn. 4.1 npvBeneHb!
3HAYEHVIR OMMH NJeY AVnona s moBUTenbCKux auanasoHoB 2—20 metpoB. Benep-
CTBVE OTHOCWTENBHO GONbWOKA TOMUWHLI KoakcuankHoro kabens, ¥3 KOTOPOro
BLINONHEHa 3Ta aHTexHa, oHa oBnajaeT ROCTATOYHO GORBLLUOH LUMPOKOMONOCTHOCTLIO
Kak Ha moburennckux KB-—YKB puarasoHax, Tak ¥ Ha rpaxgaHokom CB avanasoe.
MosToMy npy TOuHOM COBNIODEHMM PA3MepOB, ykasaHHLX B Tabn. 4.1, aHTeHHa He
Tpebyer HacTpOKN,

__% =

(N/4)e 0,66

(Nr4])+0,96
(N4)e 0.9

s

e:h?
|

20..50 mm

(N/L)e 0,96
{(N\4)*0.96

| i
|-

T

Puc. 4.1. MNpocTan AvnonsHas aHTeHHa Puc. 4.2, KOHCTpYKUMS MpoCTOro
W3 KOAKCMANBHOTO Kabens CUMMETPURYIOLLErQ YCTPOKCTBa



Tabnvua 4.1
Jnvtbl nney gunons
Ana NoBUTenboKux
Ivanasoxoe 2—20 merpos

Tabnvua 4 2

LmHE CUMMETPUPYIOIETO yCTpoiicTea
Ha pasHbie QMEnasoHbl

JnvHa CUMMETPURYIOLLBIO YCTRONCTBa C YYETOM
xoadpvLreHTa ykoposerus (K=0,66), cm

JInanazon, m | Anvea Babparopa, oM Luana3on. m

20 506 20
17 398 17
15 336 15
12 294 12
1" 260 1"
10 252 10
6 141 6

48 2

348
274
23
202
178
174
84
34

AHTEHHa, BbINONHEHHAR COFNacHO PYC.4.1, SBNsSeTcd CUMMETPWHHON aHTeHHOW
HE3asuCUMO OT ee NOABECA — BEPTUKAILHOrO WK ropu3oHTanbHOro. OnTumMansHeIM
BapViaHTOM NUTaHUS TAKOM aHTeHHb! ByAET NUTaHWE Yepes CUMMETPUPYIoLLee YCTPOI-
¢TBO. Ero MOXHO abiNONHYTE M3 TOFO XK€ KOaKcHanbHoro kabens, 1a koToporo BeINo-
HBHA aHTeHHa, KOHCTPYKUMA MPOCTOF0 CYMMETPUPYIOLLEro YCTPOMCTBA NOKasaHa Ha
puc. 4.2. B T1abn. 4.2 npvBeaeHbl gaviHbl CUMMETPURYIOLLErO YCTPORCTBa ana paboTsl
B pvanasonax 2—20 meTtpoe. BnvHbl OTPE3KOB Kabens CYMMETPMPYIOLLErD ycTpoicTea
yKaszaHbl fns KoakcWarbHOro Kabens ¢ NOMU3TWIBHOBLIM 3anonHeHeM 1 koadduumu-
EeHTOM YKOPOYeHWs, paBHbIM 0,66. 3To cyMMETPUPYIOLLEE YCTPOMCTEO MOXHO WCMONb-
30BaTb 11 BAS MUTAHUS BUMNONBHBIX @HTEHH, NMONOTHO KOTOPLIX BBINOIHEHO M3 OBBINHOFO

npoBoAa.

4.,2. Pe3oHaTOpHan AMNONbHas aHTeHHa

Eonee ag:¢$eKTVBHYIO PE30HATOPHYIO AVNOMLHYIO aH-
TEHHY Ha OCHOBE KOakCansHoro xabens MOXHO no-
CTPOUTE COTNAcHO puC. 4.3.

Pe3oHaTopHas AVNofbHas aHTeHHa npeacTaBnser
coBoii BapuaHT OOLIKHOBEHHOTO NETNEBOFO AVINONA,
BLINONHEHHOrO Ha OCHOBE KOaKcwanbHoro xabens.
Mepebie ynoMvHaHWs 06 3TON aKTeHHe HaliaeHsl MHOR
B nuTeparype MO aHTEHHaM, U3deHHOM B B0-x rogax.
Kak ¥ gns MHOTVX ApYrvx aHTeHH, AR 3TOW aHTEeHHb!
HEeBO3MOXHO TOYHO YKasaTh WMA Be n3obpetatens.
OHeBUOHO, € PacnpoCTpaHeHMeM KOaKCWanbHOTO Ka-
Gens oHa Obina v3oOpeTeHa NpPaKTWYECKW OOHOBpPEe-
MEHHO W HESEBKCMMO B pasHbIX CTpaHax. PesoHarop-
Has aHTeHHa WHOTAA WCMONb3YETCR Kak CocTasHas
4aCcTb HEKOTOPbLIX CNOXHeIX aHTehkH YKB n CBY awa-
nazoHa. B panuoniobuTensckoi NpakTvke pesoHaTop-
HLA AMNOnb NPYMEHSETCS PEOKO, HO BCE Xe MHOTOa
BCTpa4aloTcs NySavkaLwy, NOCBSLLERHLIE 3TON aHTEeH~
He, Hanpumep B [1] # [2]. OueHb nonHas 1 vHTepecHas
cTares, NOCBSLLEHHaR PE30HATOPHBIM aHTeHHaM, ony6-
nvkosaHa B [3]. Tenepb pasbepemM NpoCTeilLylo pe-
30HATOPHYIO AHTEHHY.

As(NA)* 0.66
B=C-A
C=(N/A)*0.95

Puc. 4.3 Pe3soHatopHas
IMNObHan aHTEHHa



PeaoHaTopHas avnonbHas aHTeHHa paboraeT Kak OBbMHBIN KNacCUHeCKWii NeTNEBo
ovnonb. LnvHa nned aHTenHsl C COCTaBnsieT 4YeTBEPTh [UIMHGI BOMHLI C Y4ETOM
koagduLveHTa ykopodenus 0,95, Lnvua Nney aHTeHHsl A coCTaBnseT YeTBeEPTb JAVHL!
BOSMHbI B KOaKcUaNbHOM kabene. OTpesky B, BbINONHEHHbIE 113 KOPOTKO3AMKHYTLIX
OTPE3KOB KOAKCWAUTLHOMO Kabens, yANMHAIOT AArHY NAeY aHTeHHE! A A0 HeTBepTLBON-
HOBOW. Ovpesakyt B moryT 6biTh BLINONHEHE U3 OTPE3KOB MEAHOro NpPoOBOAB.

Monoca NpoNycKaHs pe3OHATOPHOM aHTEHHE

Tabnuua 4.3 LMpe NoNockH NPONYCKaHVs KacCU4eckoro au-

Pasmepb PE30HATOPHOM [MUNONLHOMA nons nNpuMepHo B 2 pasa. BxopHoe conpoTue-
aHTEeHHbI NEeHe pe30HATOPHOTO AMMoNs NPUMEPHOD PaBHO

BONHOBOMY COMPOTUB/IEHNIO KOAKCUanbHOro Ka-
fverason. m| A ow | Biow | Coow 6ens, U3 KOTOPOrO OH BLINONHEH. 3T NO3BONSET

20 348 158 506 VCMONb30BaTh OAA ero NUTAHUS KOaKCUanbHbIN
17 274 124 308 Kabens, U3 KOTOpOro M3roTOBNEHA aHTEHHA, YTO
15 231 105 335 elue 6ONEe MOBLILIAET 88 YHVBEPCANLHOCTb.
12 202 o 201 Pe30HaTOpHas SYNoskHas aHTeHHa NpeacTas-
1 178 a1 250 nfeT cOBOI CUMMETPUNHYIO aHTEHHY, W fii8 ee
nUTaHYR LenecooBpasHo VCrOoNb30BaTL CUMMET-
10 74 s %2 pupyiolee YCTPOCTEO, NOKa3aHHOe Ha pue. 4.2.
6 a7 44 141 Pasmepel  pE30HATOPHOW OWNONEHOV  a8HTEHHBL
2 34 15 49 08 pabotkl B guanasoHax 2—20 MeTpoB Ang

KoakcuansHoro kabena ¢ koagpGUUNEHTOM YKO-

pouenvs 0,66 npveepeHsl B Tabn. 4.3. B peso-
HaTOPHOW &HTEHHB MOMOTHO aHTEeHHbl 3aMKHYTG Ha OMNeTKy KoakcwanbHoro kabens,
470 0BEcreqVBaeT CTOK CTATMUECKVX 3a8pAA0B C aHTEHHL Ha 3emmio 1 ofecneumsaer
6830MacHoCTL Npy paboTe aHTeHHbl B FPO30BOI W NPeOrpo3080it Nepuoa.

4.3. HecMMeTPUiHblE BEPTVKanbHLIE aHTEeHHbl Ha OCHOBE
KoakcvansHoro kabens

S Ha OCcHOBE KOaKCUankHOr o kabens MOXHO

FIOCTPOUTH HECUMMETPMUHLIE BEPTUKATBHBIE
aHTeHHbl. HecvMMerpiuuHas BepTuKanbHas
HTEHHA OTNYABTCH OT CUMMETDNHOI TeM,
4TO OZHO €€ MO (M1 86 YacTk) BLINOIHE-
HO OTNIHBIM OBPa3oM OT APYrow HacTv, U
TEM, YTO HA OfHY M3 Be HaCTBi NPOosENEHVe
B/WRHMS NOCTOPOHHVX NPeaMeTOoB ByneT Fo-
(\4)=0.96 Dpa3no Bbillle, YEM Ha APYryio. ECTECTBEHHOD,
HECCMBICIIEHHO  UCTMONB30BATE  CUMMETP-
PYIOLIEE YCTPOICTBO € HECUMMETDUNHLIMA

a) S

KanporoBas Bepebxa

(N/)=0.96

120-1.
20-140, 50 0m

He Meree
1

6) Iy >
BHTEHHAMK, HO BhICOKOHaCTOTHBI Apoccesb
Kanporicbas / (N/)+0.96 3 10—20 PeppuToBLIX KONel, HaneTuiX Ha
ommsxKa KOAKCUabHbI Kabems B TOYKE MUTaHWS
120-1407 AHTEHHBI, yNy4LumT paboTy 8HTEHHBI.
HavBonee nNpocTO BLINOMHUTE HECUM-
(\A)0.96 50 0 METPUYHYIO aHTEHHY 113 KOAKCUanbHOro Ka-

6ens, kak NokasaHo Ha puc. 4.4. BepTukans-
Hasi YaCTh AHTEHHBI C NOMOLLBIO KanpPOHOBOM
BEPEBKN MOXeT 6biTb MoABELIEHa BEpTY-
KasibHO MexXay eCTeCTBEHHLIMU onopamt —
OepeBLAMI, Ma4sTaMu, HB KOTOpPbIX MOryT
Puc. 4.4. HecumMerpusHas aHTenna 6bITb  YCTAHOBNEHBI  OPYMUE  @HTEHHLI

3 KOBKCHBNIHOTO KABens: (puC. 4.4,8), WM MOFEELLEHA HAKIOHHO €

He mewee
g
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NOMOLLLIO KaMPOHOBOMO LHypa K 04HoW 13 onop (puic. 4.4,6). HiokHwia Koney NPoTVBOBECa
LTLIPEBOW AHTEHHEI, BBINOMHBHHLIM 13 KOAKEVAILHOrO Kabens, MOXeT HaXUAUTLCA Ha
PaccToRHM He Mexee 1 M Hap 3emneit. BepTukanbHas aHTeHHa vs KOaroUansHoro kabensa
C OfHVIM NPOTVBOBECOM, PACNONOXEHHEIM NOA YFNOM 120...140° K WTLIPIO, MMEET Conpo-
TUBNeHVe, Hnmakoe k 50 OM. Bna NUTaKWA v BLINONHEHUA 3TOM aHTEeHHBI NOAOIAET KoakcH-
anbHbli Kabenb ¢ BONHOBLIM conpoTveieHvem 50 Om. [ns BBPTVKaNEHON aHTEHHb! NPOTK-
BOBEC 11eNeco06PasHo BEINOIHUTL, Kak NOKa3aHo Ha puc. 4.5. B AaHHOM ciyyae NpoTveo-
BEC BLINONHEH U3 HETBEPTHLBOMHOROIO M30NATOPA — PE30HATOPA A, KOTOPHIA YAJMHEH A0
Pe30HaHCHOM 4acToThl, HEOBXOaUMOM ANS PaboTel NPOTUBOBECA OTPE3KOM B. OTpesok B
MOXET BbITh BLINONHEH KaK M3 KOAKCHanbHOrO kabens, Tak 1 U3 MeaHOro NPoBoaa. JavHa
yacreii A 1 B pesoHaropHOro NpoTWBOBECA aHanorvdHa 4actasm A v B pesoHaTopHo#n
aHTeHHbl (puic. 4.3), 11 ASA HaxoXIeHVs KX PASMEPOR MOXHO BOCNONL30BaTLCA Tabn. 4.3.

1
s =1
3
<3| s
=
3
<
<
7 75 Om
—
8 S
= <
. Py
o A 90140 Py
X X
< <
e -
=
] N ¢ ; s
< 150
3 (NA)=0.96 75 Om
h
Y B
[8+]
| ]
Puvc. 4.5. MNpotmeoeec anst Pvc. 4.6. Muranne BEpTUKANLHONA aHTeHHLI
HECUMMETPUNHON KOAKCUanbHbIM Kabenem © BOSHOBHIM
aH1eHHbl U3 KOSKCUAnbHOro COnpoTUBNeHneM 75 OM
kabens

BepT¥kanbHas aHTeHHa 13 KoakcuankHoro kabens ¢ 4eTEePTHBONHOBBIM PE30Ha-
TOPOM B MPOTVBOBECE VMEET NPpevMylLeCTBa NeEPe] BEPTUKANEHON aHTEHHO C 0Bbiu-
HbIMY NpoTHacBecamy. MoNI0THO aHTeHHB! SNEKTPUHECKI 3aMKHYTO, HTO JENAET aHTEHHY
6esonacHoit Npu paboTe B rpo30BOM MEPUOA, HETBEPTLBONHOBLIA PEe30HaTop vMeeT
Manoe CONpoTUBreHWE AN HepesOHaHCHLIX YacToT, a 3To obecrneyusaeTt LAOMNONHW-
TeNbHYI0 HACTOTHYIO CENeKUMIO Npu Npueme U GUNETPRALMIO FBPMOHKK NEpeaaT4mka B
aHTEHHOI cucTteMe Npu paboTe aHTeHHbl Ha Nepenady.

Mpy vcrnonb3oaaHuy AN NMATAHWA aHTEHHB KOGKCUBNBHOMO KaBEns ¢ BONHOBLIM
conpotuenedvem 75 Om BUOPaToOp aHTEHHB! M NPOTMBOBEC LOMKHLI HAXOAUTECH Mof
yrnom 180°, Kak aTo nokasaHo Ha puc. 4.7. ECiM BO3MOXHO TOJBKO HEKNOHHOE pac-
NoNoXeHve NPOTYBOBECA OTHOCUTENLHO BEPTMKANEHOTO BUBPATOpa, TO MOXHO VCTOML-



30BaTh COrNAcoOBAHVE aHTEHHLI C NOMOLLBIO YKOPaUVBAIOLLEro KOHEeHcatopa. [na aToro
JJ/IVHA BEePTUKANBHON YacTW aHTeHHb! BLIGVpaeTcs paBHol NpuvepHo 0,27 fmHbI BONHLI
Y € NOMOLLBIO NepeMeHHOro KOHGEHCATOpa MaKCUMANBHOY emKkocThio 150 nd npovs-
BOAMTCA COrNEcOBaHNE BXOAHOTO COMPOTMBIEHWA aHTEHHLI C BONHOBLIM CONPOTMBIE-
HWEM koakcuansHoro kabens (puic. 4.6). MpotveoBec e 3TOM Cnyyae MOXeT pacrona-
raThCH HaKNoHHO OTHOCWUTENBHO WTHIPS nog yrnom 90...140°.

4.4. TNpocTas HECVMMETPUYHAA aHTeHHa

Ha OCHOBE KOaKCMaNbHOTO Kabens MOXHO BbINOMHUTE OYEHb MPOCTYIO HECUMMET-
PUNHYIO aHTeHHy. Briepeuie B paavonioByTensckol nuteparype oHa, OHeBUAHO, Obina
onvcana pagvonioburenem ¢ nosbBHEIM WBSAI B 1956 roay. 310 NokasbiBaer, yTo B
Te, yXE fanekve pnsi Hac BpemeHa, pagvontobuTen LWMPOKO 3KCMEPYMEHTUPOBaM C
aHTeHHaMi Ha OCHOBe KOaKCvanbHoro kabens. Cpeav paavomobuteneid ata aHTeHHa
noNyyvna XaproHHoe HassaHve Slim cobra.

PaznuHble MoaugmMKaL 3TON aHTeHHbl BpeMst OT BPeMEeHW NOSBASIOTCH B pa-
OVOTIBUTENCKOI NTepaType (oM., Hanpumep, [41). 310 wueTo paguonioBuTentckas
aHTeHHa, no KpaitHeih Mepe, MHE He MonajanCe yNomMuHaHus 06 ee UCMONL30BaHWK
B Npo¢ecchoHancHol pagnocBasi.

PaccMOTPUM KJIBCCUHECKYIO aHTeRHy WEBSAL, nokasaHHyio Ha
pvic. 4.7. 3Ta aHTeHHa BLINONHEHA MOJHOCTBIO M3 KOAKCHBIIEHOMO
kxabens. Ha prviHe kabens 0,242 oT BepLUVHL] aHTEHHBI CHATA 3Kpa-
HupyioLLas 0B0NoYKa KoakcuaneHoro kabens. 910 vanyualollas
yacTk aHTeHHbl. Ha paccTosHm 0,271 OT nanydatoliein YacTv Ha aK-
paHpyioWwei 0BonoYKe KOaKCHanbHOrO Kabens aHTeHHb! Bbinos-
HEH BbICOKOYACTOTHBIA ppoccens. OH cocTonT 13 10—20 ¢eppu-
ToBbIxX Koneu. KonbLa MOXHO 3aKpervTs Ha KoakcuiasibHoM kabene
C NOMOLLLIO M30NEHTEI. MPOHVLIBEMOCTE KONELL HEKPUTINHE.

TaKoiA BLICOKOHECTOTHBIM [poccens MOXeT obecneuTs pa-
60Ty aHTEHHBLI NPY NOABOAVMBIX K HEil MoLLHOCTSX a0 200 BT.
Mp¥ NpeBbIWeHMY YKa3aHHON 3Aeck MOWHOCTK (eppuToBbIe
KOJTbLia MOTYT NEPErPeTLCS 1 pacchiNarkes, OMNaBvB Mpy 3ToM
KoakcvanbHbih Kabens. B urtore aHTeHHa MOXeT BbITY U3
crpos. Ecnv npegnonaraetcs pabotarh G MCMOMb30BaHVEM
6ONbLIKX MOLLHOCTER, TO APOCCENL LeNnecoobpasHo BeINOIHNTEL
Puc. 4.7. Knaccuueckass OeckapkachbiM, HamoTae 20—30 BUTKOB 3TOM0 Xe Koaxkcuasib-

aHTeHHa WESA1 HOro kabens Ha onpaeky pametpom 30...60 MM, Ho, koHeuHo,

TaKOoi Apoccenb HONEE rPOMO3A0K, HeM BbINONHEHHLIN HA OCHO-
Be (pbeppPUTOBBIX KONEeU.
OnbITHRIM NyTEM HaMGEHD, NTO MUHW-

ManeHbIi KCB aHTeHHbl Npy MCNonb30BaHnn Ta6nuua 4.4
50-omMHOro kaGens 151 ee BLINOHEHUS Bo- PasMepsl KNaCCUYEcKol aHTeHbl WESAI
CTMraeTcst NPy PacnoNOXEHUM [POCCENs Ha
pacctosHi 0,27 v givbe  BuGpatopa Avanason. A om B. o
aHTeHHb 0,24M. 40 1014 1036
AHTEHHA MOXeT OblTb MCMONb30BaHa %0 707 764
nans paboThl B NONEBLIX YCNOBUAX, 86 NEFKO 2 506 547
YCTAHOBMTL B KAYECTBE BCTOMOraresbHoi :;’ 33?3 ;:E
AHTEHHLI, NPOCTO «BPOCHB» KOAKCUASBHBIM 2 20 224
Kabenb C OkHa BepxHero ataxa Ha JepeBo i Py 280
wnu ppyroil OOM. AHTEHHA HE HyXgaetcs 10 249 275
B HacTpolike. B 1abn. 4.4. npuseieHul pas- 6 138 157
Mepsl aHTeHH Ang paboTel B AManasoHax 5 29 a3

2—40 meTpoB.
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4.5. J-aHTeHHa u3 koakcuankHoro kabens

J-aHTeHHa, NOCTPOEHHAN Ha OCHOBE ABYXNPOBOAHON NUHWM Nepenaty, LUMPOKO 13-
BecTHa 1 nonynspHa cpeav paguoniobureneii. Ho Takylo aHTEHHY MOXHO BRINONHWTE Ha
OCHOBE koakcuankHOro kabensi. KoakcuanbHas J-aHTeHHa nokasaHa Ha puc. 4.8. B aToit
aHTeHHe nany-awwmii BUBpaTop UMEET paameps! A/2.

a)

KanporoBas ommsxxa A= 0227 «0.66

3

—F A

<
M [y P————————————
(N/2)+0.96 7

Kanporobas ommsixka
R T -

6)

KonpuroBus ommsixka

$
(\.2)+0,96

Ne0.227 <066 \e 0,058 0,66
7 ; I£1_T2

Kanporobas ommaxka

Puc. 4.8 KoakcvanbHan J-awTexHa

BxoaHOe CONpOTUBNEHWE MOMYEOSHOBONO BMBPATOpa Mpu erd KOHLIEBOM MTaHMm
MOXET COCTaBNATEL HA HU3KOYACTOTHBIX AMANasoHax HECKONBKO Thicay OM. MoaToMmy ans
FMTEHVA NONYEONHOBON aHTEHHE! UCMONB3YIOT YETBEPTHBONHOBLIM KOAKCUENLHLIN paso-
HATOP, BLINONHEHHBbIA 13 TOFO Xe KoaKcHankHOro Kabena, 13 KOTOPOro CAenaHa aHTeHHa.
Moapo6Ho © J-aHTERHaX HanWcaHo B Fnaee 1B.

Flpy ncnoNb3oBaHM KOAKCHaNEHOr0 KaBens 0AHOrO TUNA AR BEINONHEHVA J-BHTEHHB
© pPe3pHaTopoM U anst ee Gpugepa aTy aHTeHHy MOXHO BLIMNOJHUTL CPasy COMNACcHO pas-
MepaMm, NpuBefeHHBIM Ha pyic. 4.8. MOXHO WCMONB3OBATL KOaKCUanbHbI Kabenb ¢
BOMHOBLIM COMPOTUBNEHVEM 50 vunk 75 OM. B ToM cnyyae aHTeHHa TpaByer mu-
HUMENEHON HAcTpolki. B 1abn. 4.5 npueeneHb pasMephl KOaKCaNEHoM J-aHTeHHb! ANs
paboTsl Ha ananazoHax 2—160 MeTPOB, BLINONHEHHOMN 13 kabens ¢ Ko GULIMEHTOM YKO-
poyeHus, paBHbiM 0,66. Pasmepsl aHTeHHb PACccUMTaHbl Mpy MNOMOWM NPOrpamMMbl,
npeanoxerHoi 0. HukTuHbiM, RASLO, B [5]. Mpu pacueTe aHTeHHE! NpeanonaraeTtcs,
4YTO COMNPOTUBNEHWE MONYBONHOBOrO nanyyarens pasHo 1000 Om. XXenareneHo, HO He
06s3aTensHo, YT06k! HacTh B 6bina NepneravkynspHa MHAM MUTaHWUS, KaK 3TU MOKa3aHo
Ha pUC. 4.8. AHTEHHY PaCTSIMBAIOT B NPOCTPAHCTEE C MOMOLLGIO KANPOHOBEIX LLUHYPOB, YTO
TpebyerT, ro kpaiHeii Mepe, [IBe OTTSXKU AN YCTAHOBKY 8HTEHHBI. PV BLINONHEHU aH-
TeHHbl gng BY ouanaaoHoe 2—15 MeTpoB MOXHO NPOM3BECTI MEexaHWHeckOe 3akpenne-
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Hiie 4acTy B nepneHavKynspHO GTHOCUTENEHO aHTEHHDI, 4TO NO3BONUT UCTNONb30BATH AR
NoaBEca aHTeHHL! BCEro 04Hy OTTSIXKY. 3Ty aHTeHHY YAOBHO 1CN0N630BaTE B NONEBLIX YG-
NOBUSIX YN NPW OFPaHVNEHHBIX BO3MOXHOCTAX [Uis yCTAHOBKY [PYFUX TUMNOB aHTEHH.

Tabnuuya 4.5
Pasmepbl A, B, C KoakcwanbHoW J-aHTeHHs Ha fvanazoHax 2—160 metpos

A, M, (pW BeNO-{ B, M, NPU BLINOA- ﬁéxml%:;ggg_ ﬁ}r&ﬂzﬂ:ﬁﬁ g;‘h"’:b:‘:::s:::eﬁﬂ:-
Jvanaion, M | Hewwy w3 kaBenn | Hewk M3 Kabenn |aHTeHHbl 13 koak- | Hewnmn eubpatopa SnGpatops aTeNiL
(sacrora, MFu) 50 Om 50 Om, cuanbnort_) kabena BHTEHHB! T o PG
{3 xabens 75 Om) {13 kabenn 75 Om)|co cHmTO ORRET-| M3 NpOBOAA Ava-
KO meTpom 1.3 mm poM 1. 3 Mm
('1?3) ‘22'2'2"2’ (:43:33) 71,08 75 153,85
(g'%) aan v 37.49 30,583 81.250
(7‘.‘35) (Sigg) (};',’3, 19,16 20213 w1489
(1?11.]1) (:ft;) %7;': 13,36 14.100 28,960
(1?:(.]2) (:-BUB) (3:3111) 95 10,035 2050
(118?2) (::gg) (g:g) 7.39 283 w6om
(2‘1?2) (?:gl) (g'ig) 6,354 6722 13707
(215?0) (1|.g4) (g::zag) 54 57 7
T NN " AN INVRR BV [
(2131.]5) (::ﬁ) (glgg) 4725 50 0268
o) 081 018) 2648 2,704 s

Mpy 6onbwom KCB B ¢upepe nutanns aHTeHHb NoabmnpatoT anvHel YacTeil A v B.
MoeoileHHBH KCB e ¢uaepe nutanua aHTEHHBI MOXET ObITb NPy BINONHEHWY KOAKCH-
anLHO J-aHTEeHHB 13 HEKAYECTBEHHOMO kabens, Koag(hULIMEHT YKOPOHEHVA KOTOPOFO He
paseH 0,66, npi NoaBece aHTeHHbl B OKPYXEHWM NPOBOSALLMX NPASMETOB.

MocKOoNbKY YETBEPTLEONHOBLI PE30HATOP, Yepe3 KOTOpLI NUTAeTCa MOAYBONHOBOI
BMOPATOP, 3aMKHYT, 3Ta aHTeHHa He HakannvBaeT CTaTWHeckoro aneKTpuyecTsa. 3a
CHET YETBEPTEBRONHOBOrO pesoHaropa obecneuvBaeTcs AONCNHUTENEHas mabuparens-
HOCTb aHTeHHH! Npu paboTte Ha rpveM ¥ GUNETPauWs rAapMOHWK riepeaaryvka npu
pabore Ha nepedevy. BmwvHa Brbparopa KoakCcyankHoM J-aHTERHB MOXET ObiTe KpaTtHa
TIONOBVHE HiHLI BOMHBI PaboThl aHTEHHLL.

Ha koakcuaneHoM kabene NUTaHUs XenaTenkHO BLINONHUTE BEICOKOYACTOTHLIA ApOC-
cenb 13 10—20 (GBppPUTOBLIX KOMEL, Cpa3y B MECTE NoakioHeHs kabens K YeTBepTb-
BONHOBOMY pe30oHaTopy (pvic. 4.B). 310 yAyuiunT paboTy aHTEHHOI CUCTEMBI.

PesoHaTopHas KoakcuansHas J-aHTeHHa MHOrAa MCNONL3YeTCH Kak COCTaBHaR YacTk
cnoxHelx awteHH KB, YKB, CBY fuanasoroa npodeccmoHansHoro NpUMeHeRns — pa-
JLMOCBA3Y, paguonokauvu. B oreuecTeeHHOIt paivionioburensckoi nuteparype J-aH-
TEeHHa 13 KOaKcWanAkHOro kabens Hbina onvicaHa g [6].



4.6. [ipyxovanasoHHasi pe3oHaTopHas OWNOnbHas gHTeHHa
M3 KoakcuansHoro kabens

JlocTaTtouHo NPOCT B NOCTPOEH ABYXAMaNasoH-
HbllA PE3OHATOPHBLIA AVMNONE U3 KOAKCUaNEHOro Ka-
6ensa. Ero kOHCTpyKUMs rnoka3aka Ka pwc. 4.9.

Ofles gavHa nnesa gvnons pasHa NpUMEPHQ
HETBEPTV BONHBI HWKHEro Avana3oHa paboTbl aHTeH-
Hbl. Mpy paboTe aHTeHHbl HAa BEpXHEM AvanascHe
paboTaeT YacTe A. HeTBEPTHBOSHOBbIA peaoHarop B
B 3TOM CNy4ae OTK/IIONAET YAUMHSIOWIO yacTs C, pa-
60OTaIOLLYI0 HA HV3KOYACTOTHBIX AVAna3oHax.

HacTpoiika aHTeHHB [OCTAaToyHO TPYAOEeMKa.
MepBoHa4anbHO HAaCTPavBaloT aHTeHHY Npw pabote
ee B BEpPXHEM AuanasoHe. 3TOrO HOCTUralT nog-
6opoM pamHbl yacT A. NopBopom pyvHe C Ha-
CTPanBaloT aHTEHHY B PE30HAHC Ha HIWKHEM guvana-
30HE pabOoThl aHTEeHHb. LMHBl YacTei aHTeHHbl No-
KasaHbl Ha puc. 4.9. Pa3mepbl C MOryT oTivyarses
OT NpUBEAEHHLIX 30eCh B CTOPOHY yBEnuueHus. [ng
onpeaeneHns AnvH Yacteil A u B MOXHO BOCMONb-
3oBartben Tabn. 4.3.

XoTs TEOPETMHECKM Ha TaKOM NPUHLUNE MOXHO
€O3AaTe aHTEHHLl AnA Tpex W 6onee Auanas3oHoB,
Ha NPaKTUKE OHW NPUMEHSAIOTCS PEAKO 13-3a CNOX-
HoCTel Npu ux Hactpoitke. OBEINHO BCTPEHAIOTCH
ONMCaHA aHTeHH, NOCTPOEHHLIX N0 TakKoMy NpWH-
LNy, Ha KkparHble auanasoxbl 10/20, 20/40 meTpoe.

Cle=( Noth)- (A+B)

Na/h

N100.245 (N1 /4) 08,

N

A2027

®eppumobrie
KofMbya

75 Om

C=( N2/4)-(A+8)

(N1 /4)e 066

N2/

N1

75 Om

K maxory e
nrevwy
Puc. 4.9. JByxavanasoHHbIn

Pe30HaTOpPHbIF AUNofbL
U3 KOAKCUanbHOro kabens

250 cM

-
48 M

48 M

270 cm

75 Om

Puc. 4.10. OpyxamanazolHas pe3oHaTopHan Puc. 4.11. MpocTan BepTVKaNEHas aHTeHHa

BEPTUKANBHAEA @HTEHHa

M3 KoakcuansHoro kabens

U3 KoaKCvaneHoro kabens 4ng padoTul Ha 2 n 10 meTtpax



DLne nuTanma 3T @HTEHHBI UCTIONBb3YETCA 75-0MHbIN KOaKeuanbHbIN Kabenb. AHTeHHa
CUMMETPMYHAR, NO3TOMY XENaTenbHO COBMECTHO C HEi MCNOnb3oBaTh CUMMETPUPY-
0L1lee YCTRONCTBO (CM. puc. 4.9) vnn Xota 61 10—20 $eppuToBbIX KONEL, HEAETbIX
Ha KoakcvanbHblli kabens B MECTE NUTaHWA aHTaHHbl.

4.7. Opyxavana3olHas PesoHaTopHas BepTVIKalbHaa aHTeHHa
13 KoakcvansHoro Kabens

MOXHO MOCTPOWTE HECUMMETPUYHYIO ABYXAMENa3oHHYIO Pe30HaTOpHY BepTUKanb-
HYIO 8HTEHHY M3 KOaKCWankHOro KaBens, Menonb3ya ONUCAHHLIM BLILLE MPWHLIMM BKKO-
YEHUSI B MOJIOTHO @HTEeHHbl YETBEPTHBOSIHOBOrO Pa3oHaTopa. KOHCTPYKLWA Takoi aH-
TeHHbl NOKazaHa Ha puc. 4.10. BepxHAA YaCTb aHTEeHHbl BbINONHEHA MO pasMepam,
yKa3aHHBIMU Ha puic. 4.9, YeTBepTLEONHOBLIA NMPOTVBOBEC AN BEPXHEr0 AvanasoHa
BbINOAHEH OTAENbHO, a MPOTVBOBECOM Ans HUXHEro AvanasoHa sansetca ornjerka
KOAKCHanNeHoro kabens, Ha Kotopyio Ha paccrosHui 0,27h wagerst 10 ¢eppuTOBBIX
konew. MpeanodTUTENEHO UCMONL30BATE KOAKCUalbHbiA Kabens C BOMHOBbIM COMPO-
TuBneHvem 75 Om.

4.8. Npocran BepTvKanbhas Ha avana3onax 2/10 M aHTenHa
13 KoakcuanbHoro kabens

J0CTaToONHO NPOCTYI0 BEPTUKANBHYIO BHTEHHY W3 KOaKCWankHoro xabens ons pa-
60Tl Ha moBUTEenbCKUX auanazoHax 2 v 10 MEeTpos MOXHO BBINONHUTL COFNacHo
puc. 4.11.

AnTeHHa ans paboThbl Ha guanasoWe 2 MeTpa NpeacTasnseT cofoiM LUMPOKONo-
nocHbi BvbpaTop, obpasosadHbii YeTbPbMS MPOBOAHWKaMY. (Duavueckut OHW Bbl-
MONHEHB! 13 KoakewansHOro xabens, © KOTOPOro CHsTa onneTtka. Bubparopbl aHTeHHs!
¥ NPOTMBOBECH! CNasHbl Mexay coboit Ang pacLUMPEHVs LLIMPOKONONOCHOCTY aHTEHHBI.
Bubparop Ha AvanasoH 10 METPOB TakXe EbINOSHER W3 KoakcuansHoro kabens co
cHRATOW w3onsauveil. MpoTuBoBecoM npw pabote Ha 10 MeTpax CAyYXWT Onnetka
kafena, Ha KOTOpYlD Ha paccTosHWK 2,7 MBTPa OT BuGpatopa HageTh 5 ¢heppuTOBbIX
konew. Ona yBenuqeHus MexaHuNeckoW MpOYHOCTM aHTeHHB! BubpaTopsl W NpoTu-
BOBECHI AManasoHa £ MeTpa 3aMOTaHbl W30NEHTON COBMECTHO C KOAKCWaibHbIM
kabenem.

BoamoxHo, npugetca noaobpars gavky Bubparopa B AvanasoHe 10 merpoa pns
LOCTIDKEHUA MuHUMaTbHoro KCB. [na BoinonveHvs aHTeHH, NokasaHHbiX Ha puc. 4.9—
4,11, MOXHO WCMONL30BaTL KOAKCHMaTbHBIA Kabenb C BONHOBBIM conpoTvaneHwem 50
wm 75 Om.
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5. LUMPOKOMOSNOCHBIE
HECUMMETPWyHBIE AHTEHHb!

AHTEHHB!, KOTOpbIE GYAyT ONUCaHE B STOW rRaBe, FBNAIOTCS OAHUMU U3 CTaPerunX
TUMOB BEPTUKANLHBEIX HECUMMETPUYHBLIX aHTeHH. Bce 8TM aHTeHHbl Gbink paspaboTtaHi
euie A0 Bropoi MYPOBOH BOMHE!. BO Bpems Bropoi MMPOBO BOVHLI LUMPOKOMOSIOCHLIE
HECMMMETPWHHBIE BUGPATOPL! HALLAKM CBOE WCTIONL30BAHWE B BOEHHON PasUOCEsan —
3TV aHTEHHL! GbiAv YCTaHORNEHE! Ha KOPabNIsX, Ha Nepefawmvx ueHTpax. MnockocTHee
HECUMMETPYHHBIE BUOPATOPL!, KOTOpLIe GyayT ONUCaHE! HWKE, YCTAHaBAWBAUCE AaXe
Ha camoretax. BrnocREACTEBMW MpY OCBOEHWM AVBNE30HA YABTPAKOPOTKWX BONMH Ha
OCHOBE LIMPOKOMNONDCHBIX HECMMMETPUNHLIX BUOpaTOpoB Bbin CO30aHL! LUMPOKONO-
nocHete YKB aHTeHHbI.

V13 WHTEPECHOro MPUMEHEHWS LWMPOKOTONOCHEIX BUGPaTOPOB B aHTEHHOW Tex-
HUKE MOXHO OTMETUTL ciefyiowee. Bo BpeMeHa «xONOAHOW BOWHBI» HE HEKOTOPLIX
nepegaTyvkax pagvocTaHumii «fonoc Amepukm», «Pagwo CeoGoaa» MCNONL30BAIMCH
SHTEHHBIE CUCTEeMBb!, MOCTPOEHHBIE Ha LWMROKOMOROCHLIX BuOpaTopax. B 10 xe
BPEMSt MPAKTWHECKW BCE aHTEHHBIE CUCTEMB! HAWMUX «FAYLUWAOK» COAEPXann B
CBOEM COCTaBe 9Tv aHTeHHbl. Fopbba Mexay cucTeMamn nepewna B Gopuby
MEXAY aHTeHHamw!

MOCKOMLKY WMPOKONONOCHEE BWOPATOpL! BXOAWMW B COCTAB MHOTMX BOEHHBLIX aH-
TeHHBIX cucTeM, LeHaypa B CCCP ponroe Bpems He fonyckana ceefdenwit 06 aTmx
aHTeHHax B nOMNynspHYIO MOGUTENbCKYIO IUTEPATYPY ¥ OrpaHuavBana NpPOHWKHOBEHVE
TaKux CBeAeHWA B CneuvanbHyto mTeparypy. Ho BO BpemeHa XPYLUeBCKOW «OTTenenu»
YyacTe 3anpeToB Obina cHATA, v yxe B 1968 rogy B nonynspHOW paavomobUTenbckon
mvTepatype 8 CCCP ebwuna nepeas nybavkauus pagvionwoturens UWAHW, noces-
LEHHas WWPOKOMONOCHON HEeCUMMETPWHOW BepTuKanbHoW aHTeHwe [1]. HemHorum
paHbte B CLIA Takxe Bbna nybnukaums paguoniobutens W2EEY no wwpokoro-
FIOCHLIM BEPTUKAABLHLIM aHTEHHaM [2]. Mo MowM ceeleHusM, 3TO Toxe Gbina nepsas
nybnavkauws B NONyRspHON AMTepaTtype 3anafa, NOCBSILLEHHES LUWPOKONONOCHLIM He-
CUMMETPUHHBEIM aHTeHHaM. Nocne atvx Aeyx nybnukauwih B PaanoMOBUTENLCKON n-
TepaType BCcex CTpad Oblav onyBAVKOBaHB! COTHW CTaTel, MOCBSLIEHHLIX 3TUM &H-
TeHHaM. PeaKo kakoi pagvontobuTesnb Nocne NPOYTEHWS 3TUX CTATEN HE 3a/1yMbIBANCS
006 yCTaHoBKe YHVUBEpCA/bHOU WWPOKONOAOCHOM aHTeHH! Jymato, Mol unTartenb Toxe
HEe SBNSETCR WUCKMOYeHWEM U3 PagoB pazvomobuTeneid, KOTopbe pasienvnucb Ha
nBa nareps. B 04HOM — Te, KTO yXe ycTaHOBUA axnTeHHy UWAHW/W2EEY, a B opyrom —
Te, KOTOpbIE TONLKO XOTST ee YCTaHOBUTL. 3TuM paavonobutensiv GyneT nonesHs
npuBeaEHHas HUWKE MHGOPMaLUs O PaBoTe WMPOKOMOAOCHOTO HECUMMETPUNHOIO BUG-
paTopa.

Xouy o6paTtwTb BHUMaHWE, YTO GOMLLUMHCTEO CYWECTBYIOWWX NPOTPaMM Ans
MOOEANPOBaHUS aHTEHH WMEIOT HEeKOTOPLIE OrpeHWNEHWs TPV MOAEIMPOBAHUU
LUMPOKONOAOCHLX BUGPaTOPOB, OMUCAHHLIX B 3TOK FNaBe. XXenawowue ocywiecT-
BUTb MOREAUPOBAHWE STWX AHTEHH ZIONXHB! YYUTBIBATL 3TW MPOrPaMMHBLIE Orpa-
HUYEHUS.

5.1. HecMmmeTpuyyHEIE TIOCKOCTHBIE BUGPATOPLI

HauHeM Halue pacCMOTPeHwe € CaMOro NPOCTOro TWNE LUMPOKOMONOCHOW BepTH-
KanbHOW aHTeHHB — HECUMMETPUYHOIO NAOCKOCTHOMO BUOPATopa. ST1 GHTEHHA LIMPOKO
MCNoNbL3YeTCH ans NPodeccuoHanbHoM Paauocesan Ha PaaUuoNpPUEMHLIX Y NePeaRIoLLInX
ueHTpax. O6LIMHO 3Ta aHTeHHa uCnosnb3yeTcs Anst obecneueHwss prGOTHI B LUIMPOKOR
OAIOCE HaCTOT ORHOr0 YCTPOMCTBA (NMPWEMHUKA WM NEPeABTHUKA), NOAKNONEHHOIO K
OfiHOM BHTEHHE. KNBCCHMYECKUY HECUMMETDMYHBIA MAIOCKOCTHOW BUOPaTOp NokKazax Ha
puc. 5.1, )
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4 L HecummeTpysHbIl  MAIDCKOCTHOR
n1 \nZ nn BUGPaTOp NpefCTaBaseT cobon Tpe-
YroneHOE  MOMOTHO,  COCTABAEHHOE
OBbIYHO MUHUMYM U3 8, MaKCUMYM 13
16 GuMeTaIMYecKVX NPOBOAHVKOB R
AvaMetpoMm 4...6 MM 1 nogeeweHHoe
= R Mexay onopamw BoicoToi H. Bonep-
CTBME TOrO, 4TO MOAOTHO aHTeHHL! 06-
PasyloT NpOBOAHVKW C PasNVHHBIMU
JATMHEMW W BCIEACTBUE TOMO, 4TO OHW
3aMKHYTH! NPOACEHBIM MPOBOAHUKOM,

a2 NepambiKOl, aHTEHHa WMEET WMpo-
KY10 NOMOCY MPONycKaHus.

rlr Pexwm paboTbl 3TOM aHTEHHB! OT-

AWNAETCA OT pa3oHaHCHOro. 30echb

Puc. 5.1. Knaccnyeckmii HECUMMETPMYHBIR npuCyTCTBYET VKOWMHMpOBaHHbM pe-
TINOCKOCTHOM enbparop Xum: Geryuwied BOJHE! NpeVMyLIecT-
BEHHO B BepxHell 4aCTW aHTeHHL! ©
HEKOTOPOro pa3oHaHCHOrO pacrnpaae-
fIeHU  BLICOKOYACTOTHOO  Hamnpshke-
HWSI B HWKHEN 4acTW aHTEHHB!.

KCB omuocumensto ¢udepa 100 Onm BX0OQHOE COMPOTWBAEHNE 3TOWN &H-
25 TEHHb! OTAWNAETCA OT BXOAHOrO CO-
NPOTHENEHWR KNECCUNECKOro naearns-
HOMO YeTBepTLRONHOBOTO BUGpaTOpa,
pasHoro 36 Om. 3T10 npowcxoguT
BCNEACTBVE GONLLION EMKOCTH aHTEH-

/ HbY Ha 3EMAD W OTCYTCTBUA B aHTEHHEe
1.6 f o} - OCTPbIX peaoHaHCHeX fABneHwin. He-
\/_/ CUMMETPUMHBI NAIOCKOCTHOM BuGpa-
TOp MMEEeT BXOAHDE CONpOTWBNEeHWe
Ha cBowx paBoumx yactotax, CoCTaB-
nsouiee He meHee 80 OM ¢ emkocT-
Holt uacThio, paeHoit 30...50 Om. Ha
npaxKTyKe, B NnpogeccuoHansHoN ces-
31, AN NUTaHWA TakUX GHTEHH MHOTAG
T T — T T m UCNOSAL3YIOT CreUMankHbIe KOaKCuanb-
01 02 p3 04 05 06 — Hble KaGeim C BOMHOBLIM COMPOTUB-
A feHveM, paBHM 100 Om. OBBIHO Xe
e, 52. 3 N B AN nUTaHus Taknx NepepaToMHbIX
e aHTEH VCTONLRYOT _ASYXTROBOAHYI0
FUTOCKOCTHBIX BHTEHH SIMHWIO C BOSIHOBLIM COMNPOTUBNEHVEM

300...450 Om.
Ha pwc. 5.2 nokasaH akCnepumeH-
TaneHewi rpagwk KCB oaHOM U3 TWNOBLIX HECUMMETPMHHBIX MAOCKOCTHBIX @HTEeHH Npwu
NUTaHMW €€ NO KOAKCHAnbHoMy kabenio C BOSMHOBBLIM conpoTveneHnem 100 Om. Kak
BMAHO M3 rpacuka, 3Ta aHTeHHa MOXET 0GEeCcnesnTs OHeHb LUMPOKOMNONOCHYID paBoTy.
Hanpwmep, aHTeHHa BoicoTon H = 4 M GygeT pabotaTe B HENPepLBHOM AvanazoHe
ANvH BONH OT 6 A0 40 METPOB, YTO NO3BOANT NEPEKPbITh GONBLUMHCTEO Paavoniotn-
Tenbckux KB guanazoHos. [ns addhekmeHoN paboTel aHTeHHs Heobxoavuma xopowas
paauoTexHuieckan aemns. Ha nepeaatowwvx UeHTpax uenonb3yioT ve meHee 100 npo-
TMBOBECOB AnvHOIA {1,5...2) H, NPONOXeHHBIX N0, 8HTEHHOW Y COBAMHEHHEIX C ONNETKON
KOAKCUANLHOrO Kabenn NUTaHNA B MECTE NMWTaHWs GHTEHHL, T. €. AnA paboTbl aHTEHHb!
MCNOSb3YETCH BUPTYaNbHOE MEeTanMyeckoe aepkano. MPoTBOBECH! MOTYT GhiTh 3aK0-




fabel Ha ryBuHy He Gonee 10 oM, MOryT GbiTe NpONOXeHb! noeepx 3emmn. Mpw
MCIO/Ib30BAHWUW TaKOW @HTeHHB! Ha MPUEMHBIX UeHTpax nenonkayor 10—20 npoTueo-
BECOB aHANOrWHOMN ANMHEL.

AHTEHHa VMEEeT NPaKTUHeCKM KPYFroBYHO AUarpaMMy HanpaBfAEHHOCTW Kak B BEpTU-
KanbHOW, Tak W B rOPM3OHTASNLHON nnockocTv. Monspusauma UanyyeHus — npevmy-
LLECTBEHHO BEPTUKANLHas, HO HEKOTOPaN HaCTb W3/y4YeHUs WMEET FOPUIOHTANLHYIO
TonsPU3aULo, HTO NO3BONSET TAKOKN aHTEHHE YCNEeLUHO paboTaTh C ApYrvMU aHTeHHaMU,
VMEIOWMMW KaK BEPTUKANbHYIO, TaK W rOPUOHTAILHYIO MONSPUSALMIO.

Takylo aHTeHHY MOXHO WMCNoNb30BaTh W Ans paboTbl Ha NIDBUTENLCKUX AvanasoHax.
Ana apdekTeHON PaBoTbl BHTEHHLI Ha AIOBUTENLCKMX avanasoHax HEOBXOOVMMO UCTONb-
30BATL «3EMNI0», GHANOFMNHYIO TOW, YTO MPUMEHAIOT HE MEPELAIovK LeHTpax. Xyawmii
BapWaHT — WUCTNONbL30BAHVE HE MEHEEe TPEX PE30HAHCHBLIX NMPOTUROBECOB ANA KaKA0ro fo-
6UTENLCKOrO AWanaaoHa paboTbl aHTeHHB!.

B paguonobntenbckoli NpakTuke aHTeHHY MOXHO WCTOAL30BAT € KOAKCVANBHBIM
75-O0MHbIM kabenem. Tem He MeHee Ha MHOTVX Mepeaatolnx LeHTpax ewe oCTanvch
conmarbie 3anackl 100-omHoro kabens, 1 BriofHe BOSMOXHO €ro Tam Heacporo npu-
obpecTi.

5.2. KoMOVHVPOBaHHbLIE BEPTUKASIbHLIE TNIOCKVE LUMPOKOTMONOCHLIE
AHTEHHEI

Cnegyetr 3aMeTuTb, 4TO WHOrAa no- o
SBAFIOTCSH COOOLLEHWA O KOHCTPYKUMAX
PagVOMIOBUTENBCKNX  HECUMMETPUNHBIX
MJOCKOCTHBIX BubGpaTopax 6ea npogosib-
HOWM NepemMbKkU. AHTEHHa COCTOWUT U3 ps-
A3 4eTBepPTLEOAHOBLIX BUOpaTOpPOB, Ha-
CTPOEHHBLIX B PE3OHAHC Ha AGUTENbCKVe
AVENaaoHs U NOAKNMOYEHHLIX Mapaniesb-
HO. B 3TOM CNyyae Mbl UMEeM Jeno He
€ HECHMMETPWYHBEIM NAOCKOCTHBIM BUG-
paTopoM, a € KOMBUHMPOBAHHOW BEpTU-
KanbHOW aHTeHHoW. CxeMa TakoW aHTeH-
Hb! MOKasaHa Ha pwc. 5.3. KCB aToit ax-
TEHHB! VMEET MWHVUMYMb! TORBKO Ha fito-
6utensckux auanasoHax. Pacnpenenexue
TOKA W HANPFXEeHUs B GOCTABISIOLMX at- Puc. 5.3. KomBuHmpoBaHHas nnockas
TeHHy BuOpatopax GygeT HOCWTb Peso- HECUMMETDUNHAS aHTEHHa
HaHCHBI XxapakTep. CnefoeateneHo, pa-
6GoTa 3TOM aHTEeHHLI B KOpHE OTAWNEETCS
o7 paboThl LWMPOKOMONOCHOTO HECMMMETPUNHOrO NAOCKOro BUGPATOPa, B KOTOPOM
pacnpageneHne BLICOKOYaCTOTHBIX TOKOB 6/Mako K pexuMy Geryuiedt BontHet. BxogHoe
conpoTmeieHne koMBUHUPOoBaHHOW aHTeHHE! GyaeT 6amako k 50 Om, n As ee nuTaHus
MOXHO WCNOMb30BATL KOAKCUarbHbii Kabenb € cOOTBETCTBYIOLIMM BONHOBLIM CONPO-
TUBFIEHWEM.

Ans paboTel B y3KOW nonoce wactotr wiv ans paboThl B «OKHaX» YacTOT Takue
GHTEHHBI UHOTAZ NPUMEHSAIOTCS B NPOghEeCcCUoHanbHoM pagvocesan, HO WX MCTOAL30-
BaHWE OFpaHWYEHO CMCTEMaMU NOCTAHOBKM (CO3AAHUS) MOMEX W CUCTEMaMW paguvo-
CBA3W B OTPaHUYEHHOR NMOADCE HacTOT.

KoMBuHMpOBaKHHas aHTEHHa UMEeT MPaKTUYEeCKW KPYrOBYI0 AMarpaMMy Harpas-
NIEHHOCTW B BEPTMKAILHOW NIOCKOCTW € HEGOMBLUOH ropU3OHTENLHOM COCTABNSIOLLEN.
Ans paboTh 8TOM aHTeHHb HEOBXOQVIMa XOPOWan paavOTEXHUHECKAS «3eMAs», Ha-
NPUMEP aHANOrUYHaR «3eMne» NN ONMCAHHOTO BLILLUE NAOCKOCTHOMO HECUMMETPN-
Horo BuBpaTopa.




B paanoniobutenckoi npakTuke KOHCTPYVMPOBAHWE TaKuX HECTOTHO aBrpaTentHbIX
aHTEHH € LeAbi0 Ocnabnerna npuemMa BHe RIoBUTENLCKYX AUanasoHoB BRIOAHE OMpas-

AaHo.

5.3. HecrMMETPUYHLIA LIYHTOBOI MNOCKOCTHOM BUGPATOp

DanbHeiiluMM passutueM Mnocko-

20°

lleperivka Tlepermiika

CTHOro BuvOpaTOpa SABNAETCH HECUM-
METPUNHBIA  LUYHTOBOIN MAIOCKOCTHON
evbpaTop, nokasaHHe Ha pwuc. 5.4.
B 3TOM BUGpaTope Uanyd4arent anTex-
Hb! BREKTPUNECKW COAAVHEH C METaN-
SIMNECKUMW MauTaMK, MeXOy KOTOPbI-
MW YCTaHOB/IeHa aHTeHka. MeTtanavue-
CKWE MauTb! NS TAKOM GHTEHHb) Bbi-
NOAHAIOT U3 Xenesa, n MauTa urpaer
PONb aKTUBHOM HArpyaKy, NOAKIONEH-
HOW K aHTeHHe. B peaynsTare 4acroT-
HbI gvanason paboTbl aHTeHHL B 06-

i Ll

Puc. 5.4. HeCUMMETPUNHBIRA LIYHTOBOM NAOCKOCTHOMN

Bubparop

fIaCTW @8 HWXHWX 4YacTOT HEMHOro
cyxaetcs, HO rpacpmk KCB B nonoce
paboThli YACTOT AHTEeHHLI CTaHOBWUTCA
MpaKkTieckw Maockum. Monocy npo-
MyCcKaHUA aHTEHHb! MOXHO CMECTUTL B
CTOPOHY BLICOKMX HaCTOT € NOMOLLBIO

7

nepambiNek MeXy uanyyarenem aHTeHHL v MayTamMy, kak nokasaHo Ha puc. 5.4 Mpak-
Trueckui rpaduk KCB oaHOro s HECMMMETPUHHOTO LUYHTOROMO MAOCKOCTHOrO Bubpa-
TOpa NpU UCNOAL30BaHUKN ans ero nutaHua 100-omHoro Kabens NpweeseH Ha pye. 5.5.

KCB omHocumenstio ¢udepa 100 Or
25 ~

L
S

1.25

T T T T T T
01 02 030405 06 L)\

Pne 5.5, Tunmubbiin rpaduk KCB wyHTOBOro
swbparopa

B wyHToBOM BUGpATOPE B NONOCE €ro
pabouux HacTOT PacnpeneneHne BbICOKD-
HacTOTHOrO TOKa W HANPSKBHUA MpaKTU4e-
ckn Bramsko Kk pexumy Gerywedh BOofHbL.
Moaromy KO3PPULMEHT NONESHOMO AEKCT-
BUA LYHTOBOMO BUOPATOPB HKE, YeM Npo-
CTOrO  MAOCKOCTHOrG  HECUMMETRWYHOMO
Bubparopa v KOMBUHUPOBAHHOTO He-
CUMMETPWIHOrG BuGpaTopa. 3TO Npeano-
naraer, 4to npw paboTe aHTeHHB! Ha ne-
penawy K Heit HeoGX0AMMO NoABOAUTL MO~
BbItUEHHYI0 MOLHOCTL, HO, 4To nopena-
€L, 3T0 NjiaTa 3a XOpOolWe HacTOTHble
CBOMCTBA GHTEHHDI!

MpoBoA wany4aTenn LUYHTOEBOFO MAO-
CKOCTHOrO BUGpaTOpa 3a3emneH, No3ToMy
aHTeHHa  sBMRETCR  rpo306e30nacHoR.
CvcTema 3a3eMNeHvs WYHTOBOro BUGpa-
TOpa &HanorvyHa CUCTeMEe 3a3eMneHuvs
HECHMMETPUYHOTO NMOCKOCTHOrO Bwbpa-
Topa. Ha nepeaatowvx LeHTpax wyHToBLIe

NYIOCKOCTHLIE BUBPATOPL! TOXE HaXOOST NpUMeHexve. OnuCaHNs NIIGUTENECKAX LiyH-
TOBLIX BUGPATOPOR BCTREYAIOTCA O4YeHb PEAKO, TEM HE MeHee aTa GHTeHHA MPEKPACcHO
NOAXOAUT ANst NCNOABL30R3HNS €€ B PaAMOMOGUTENbCKUX Uessx. Juarpamma Harnpae-
FEHHOCTW LUYHTOBOrO HECMMMETPUYHOTO BMGpatopa GAvaka kK Anarpamme Hanpas-
AEHHOCTV OBLINHOTO HECUMMETPUMHOIO MACCKOCTHOrO BUBpAaTOpa.
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B fivanazoHax CBY nnockocTHOWM HECMMMETPUYHLIN BUBPATOP U LUYHTOBOM MoCKwWA
BUGPATOP MHOTAZ UCTIONb3YIOT B COCTaBE C/OXHBIX GHTEHH.

5.4. KoHndeckre BUGpaTOpb!

Konmndeckne enbpatoph! SBSOTCS AanbHEMUMM PasBUTUEM MOCKOCTHBIX HECWM-
METpUYHbIX BMGPaTOpOB. KOHCTPYKUMSt kOHWYeckoro BuGpaTopa nokasaHa Ha puc. 5.6.
BecneacTene 3aMeHbl MIOCKOCTHON KOHCTPYKLMW W3NYYSTeNsl aHTEHHB Ha OGLEMHYIO
LWMPOKOMNOAOCHOCTL KOHMYECKUX BUOPaTOpPOB B OGNACTY BEPXHUX HacTOT 3HAYUTENBLHO
BO3pacTaet. KoadduumeHT nepexpeitus no yactote npy KCB, pasHom 1,5, coctaenser
He meHee 6. flvarpaMma HarnpaBAEHHOCTH KOHUNECKUX BUOPaTOpPOB CTAHOBMTCA Npak-
TUHECKM KPYrOBO B FOPWUSCHTANBHOW NMROCKOCTWM. B BEpTVKanbHOR nnockocTh aua-
rpamMMa HanpaBneHHOCTU HANOMUHAET oBal, MPUXKATHIA K MOBEPXHOCTH 3EMIN.

il

Puc. 5.6. Konvseckuit Bubparop Puc. 5.7. OnTuMankeHbii KoHW4eCKul BUBpaTop

MaKcUManbHYO LWMPOKOMOIOCHOCTL Y ONTUMASb-
HO MPWXKATYI0 K 3emMne AuarpaMmy HanpasneHHocT
wmeloT BUBPaTOPE! C YIAIOM PackpuiBa KOHyCa, pas-
Hum 60° (cm. puc. 5.7). Beneacteve ysenveeHus gu-
3UMECKUX pa3MEpOB M3NYYaTeNN aHTEHHE! YBenmuu-
BAETCH EMKOCTb aHTEHHB! Ha 3eMAD. PEXVUM paBoTe!
aHTeHHb cTaHoBMTCA Bee Gonee GU3KUM K PEXUMY
Gerywe#i BonHL. BxOpHOE COMPOTUBNEHWE KOHWHEe-
CKVx BUGPATOPOB BCNENCTRME STOTO HWKE, YeM Mfo-
CKOCTHBIX, ¥ npubnawkaercs k 70 Om. Nostomy ans
NTaHUST KOHUYECKUX BUBPATOPOB ONTUMANBLHO NOA-
XOAUT KOGKCUBABHBIN Kabefib C BONHOBLIM COMPOTUB-
nenvem 75 Om.

Xora koHuueckve BuEGpaTopsl Gonee rPoOMO3aKv
N0 KOHCTPYKUMK, HEM NNOCKOCTHbIE, WX WHOrAE WC-
nonb3YIOT Npw paboTe Ha KOPOTKOBOAHOBLIX AWaNa30-
Hax. O6nacTb Mx UCNOAL30BaHWS BKMOYaeT B cebs
NPOdEeCCUCHANBHYIO PEAVOCES3b, CTaHLMW CO3RaHUS
NOMEX, CTaHUWM KOHTPONS 3dupa. B aTom cyyae no-
BEPXHOCTb KOHYCA aHTEeHHb! OBbMHO COCTARASHOT U3
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Puc. 5.8. KoHuueckuit embparop

Buana3oHa KOPOTKUX BOMH



AvHeNHBIX NPOBOAHUKOB, KaK MoKa3axo Ha puc. 5.8. Yem Bonbwee KonmyecTeo NpoBop-
HUKOB COCTaBNseT NOBEPXHOCTE KOHYCA, TeM addekTneHee paGoTtaer aHreHHa. OcHosa-
HYE KOHYCa He NPUHMMEET y4acTust B paboTe aHTEHHL, NO3TOMY [UTR KOHYCHOW aHTEHHL,
COCTaBfeHHOM N3 NPOBOAAE, €ro 06BYHO HE BLINOAHSIOT.

Puc. 5.9. BUKOHMYECKas
aHTeHHa

B pagnoniobuTensckoli npakTvke KoHwueckue subpa-
TOpk! NpW paboTe Ha KB npaKTUHECKW He NCTIONbLIYIOTCS.
370 OGYCAOBNEHO FPOMO3AKOCTHIO WX KOHCTPYKLWW A1
avanasoHa kopotkux BonH. Ho npw pabote Ha YKB pa-
AvonBUTEeN BrONHE MOMYT WCMOABL30BATE KOHUYECKUE
BuBpaTopLl. AHTEHHA, BLINOAHEHHAR Ha UX OCHOBE, MOXET
nepekpute avana3od 100...600 MMy, kyoa exogst Oaa
papvonobutensckvx YKB ananasoHa — 144 n 430 My,

B CBEPXWMPOKONONOCHOW cnyxebHolh YKB cesan wc-
NONL3YIOTCS OOLIMHO BUKOHUYECKUE aHTEHHB, NOKa3aHHLIe
Ha puc.5.9. [varpamma HanpaBReHHOCTU ux Gauaka K
KpPyroeoit, #aMeHeHVWeM PEcKPLIRA KOHYCa aHTeHHY nerko
COrNECoBATE KaK C 75-OMHBLIM, Tak ¥ 50-OMHbIM Kabenem.
Pa3paboraHa v BBINYCKaeTen Wpokan HOMeHknaTypa 6u-
KOHUYECKUX BUOPATOPOB, W BNIONHE BO3MOXHO, 4TO B PYKW
pagvomoGuTeNs NonaneTcs Takaa KOMMEPHECKas aHTEH-
Ha. Mpw coenageHvu ee pabouei NOAOCH HYacToT C Nio-
BUTENECKUM INaNa3oHOM ee BriosHEe MOXHO MCNONb30BaThL
ANst IoOWTEnLCKoi paboTs! B advpe.

5.5. KoHnyeckve wyHTOBbIE BUGPATOPLI

[Ons ymenblweHvsa HepaeHomepHocTv KCB B nonoce
paBo4mx HaCTOT KOHMHECKOHN aHTEeHHbI UCNOMbL3YIOT KOHU-
4EecKue LLyHTOoBbie BUGPATOPL!, NoKadaHHeie Ha puc. 5.10.
HECKONILKO MENT-LUYHTOB NOAAEPXMBAIOT METanAvHecKniA
o6pyy, COCTABNSHOWMIA PaMy KOHWYECKODM aHTeHHbl. Flo-

CKOJIbKY MNOCKaA CTOPOHa OCHOBaHUA KOHYCA NPEKTUHECKM HEe YHAacTBYET B USAyYyeHuU
@HTEHHBI, MPU W3TOTOBAEHWM KOHYCa M3 SIMHE!HbLIX NPOBOAHWKOB ee OBEIMHO HE Bbi-

NONHAT.

TeopeTtnueckoe onucaHue paGoTbl
KOHUHECKOW LUYHTOBON aHTeHHE: CNOX-
HEe, HeM NAOCKOCTHOM. B 310 aHTeHHe
YCTaHaBNMBAETCA MPAKTUHECKW PEXUM
GeryLeit BoNHL. 3TO BEOET K TOMY, 4TO
B nonoce paboTel aHTEHHB! 33BUCU-
mocte KCB OT 4acToThl CTAHOBUTCA
NPaKTU4ECKW NuHeitHol. K LwyHTOBOWN
KOHUYECKOM aHTEHHEe BCNEeACTBME
3TOr0 MOXHO NOABOAUTL 3HAYUTENb-
Hblli YPOBEHbL MOLUHOCTU. B 3aBUCU-
MOCTH OT KOJMHECTBA LUYHTOB W MEC-
Ta UX PacronoXeHVs YacTOTHLIE Xa-
PaKTEPUCTUKU aHTeHHE U ee awa-
rpamma HanpaBneHHOCTH MOTYT BoiTh

- -

Koadgpuument noneaHoro peicr-

7J7 W3MEHEHB! B HYXHYID CTOPOHY.
BUS LLYHTOBOTO BUOpaTOpa HUXE, YeMm

Puc. 5.10. LiyHroBom koHuHeckum BmbpaTop ANst KoHu4eckoro embpatopa. Ho ero

NPEUMYLLECTECQ COCTOUT B NpakTUye-



CKU AvHelHoM rpacdvke KCB » BO3MOXHOCTM €O3AaBaTh HEOGXOOUMYIO AMarpammy
HANPaB/IeHHOC TV aHTEeHHEL. MpakTMueckuih pacyeT LYHTOBOW KOHWMECKODH aHTEeHHL! fB-
NIAETCSt CNOXHBIM AanoM W BLIXOOWT 33 paMky paavuomobUTERLCKON TeMaTUKK.

B KOHWHECKOW LUYHTOBOIM aHTEHHE KOPOTKWUX BOMH WM3Ny4aTeNls — KOHYC aHTeHHb!
W3roTaeAMBAOT U3 GUMETANIMNECKUX TPOBOAHVKOB, & LUYHTH — MaYThl BbIMOMHAIOT
xeneaHbiMy. Ha pgranasoHax CBY MHOTZE NPUMEHSIOT KOHWHYECKWE LUYHTOBBIE BUGpa-
TOPbL B COCTABE CROXHBLIX LUMPOKOMONOCHLX aHTeHH. MHe He npUXOauNocL BCTpevars
ONMMCaHUA PAAUONIOBUTEAECKUX KOHWHECKWX LIYHTOBLIX 8HTEHH.

5.6. 3KkCNoOHeHUMANbHBIE aHTEHHBI

QOnHoih s pBIHOBUAHOCTEN OGLEMHBLIX CEBEPXLLMDOKONONOCHEIX
GHTEHH RBNSETCS SKCMOHEHLManbHbIA Manyyaress. Ero eua noka-
3aH Ha puc. 5.11. MoBEPXHOCTb HECUMMETPUYHOMD 3KCTOHeHLIM-
ansHoOro Uanyyatens 0BPa30BaHa SKCNOHEHTON. YAk, NPK KOTOPLIX
AOCTUraeTCs MaKCUMasbHas LUMPOKOMNONOCHOCTL MNONOCH! MPOryc-

KaHUA SKCMOHEHUMaNLHOW aHTeHHL!, coctasnsior 30° B BeplumHe

v 60° B OCHOBaHUM BKCMOHEHUMANLHOMO Bwbparopa. Mpevmyue-

CTBO SKCTMOHEHLMASbHOTO UaNyyaTens nepag KOHUHECKUM COCTOUT

B TOM, 4TO BCS NOBEPXHOCTE BKCMOHeHUvanEHoro Bubparopa npw-

HUMaET Yy4acTMe B M3NyYeHWU/Npweme paavoBornH. Beneacreve

STOro BO3pacTaeT ¥ KOahGhUUMEHT MOSE3HOrO NeNCTBWS 9KCMo-

HEHLWManLHOro BUGPaTopa. HanoMHUM, HTO B KOHWHECKOM LLMPO-

KOMONOCHOM BWEPaTOpa NNOCKast NMOBEPXHOCTL KOHYca (ero oc- g ¢
HOB3HWE) HE MPYHUMEET YYacTUa B paboTe aHTeHHb!.

MpaKkTUYecKn NpU COXpPaHEeHUW LUMPOKONONROCHOCTY SHTEHHbI
paavyc aKCroHeHUMansHo aHTeHHB! Moxer GbiTb B TPM pasa
MEHBLUE 110 CPEBHEHWIO C KOHUHECKok. BxoaHoe conpoTvBneHwe
AKCTOHeHUMaNLHOro BUBPAaTOPa ONPefEnsieTcs BEPXHUM W HIK-  Puc. 5.11. SKcnoHew-
HUM YriamMuv ero PACKPLIBA W NMPY YKa3aHHbIX 30ECk WX 3HA4YeHNsX  LUVasbHbii nanyyarent
6avako k 70 OM. B aKCNOHEHUManbHON aHTeHHe pacnpeneneHue
BLICOKOYECTOTHOrO HaNPsXxeHWA (TOKa) BAONE ero NOBEPXHOCTU
6a13K0 K pexmmy Geryuiei BonHb. Ho Ha BEPXHMX U HIDKHMX HacTOTax paboTl aHTEHHLI
370 pacnpefeneHe CTaHOBUTCA KOMOWHMPOBAHHEIM — CMELUaHHBIA Pe30HaHCHbI
pexuM n pexum Gerylielt BONHLI.

JnarpaMmMa  HanpaBneHHOCTY 9KCMOHEHLMARbHOMG LWWPOKOMNOAOCHOro BnbpaTtopa
npencTapaser coboil OKPYXHOCTb B BEPTUKANLHON MNockocTV M 6GAamaka K Osajly B
FOPUSOHTANEHOW NAOCKOCTY. MaTeMaTVYeCKMi aHaNU3 PaboTe! aKCNOHEHUMANLHON aH-
TEHHb! FOPa3A0 CNOXHEE, YeM KOHWHECKOW.

5.7. PapvionioBrrensckue 3KCnOHeHUMansHble aHteHHsr CCCP

3KCNOHeHUMabHLIE BUBPATOPL! LWUMPOKO WCTIONb3YIOTCH PaavonobUTenaMi GuisLumnx
crpaH CCCP B croeit paboTe. B pagvonioburtensckoi nuteparype CCCP nepeas nyGnm-
Kauwa 06 3TMX TUnax aHteHH Goina npueeieHa B [1]. 310 6w BPEMeHa HEKOTOROro
«NoTenneHUs» B o6LLeCTBeHHOM Xuatn CCCF, koraa Buiiv CHATLI OrpaHNHeHUst Ha MHO-
rve Temet ans nesatn. B 1963—19689 ropax Gbinv onybnrkoBaHb CTaTby Mo MHOTUM pa-
Hee «3aKpLITEIM» A5t paguontobuTeneit aHTeHHaM. Bbin usaaHb! KHWFK NO LWMPOKONO-
NOCHBIM U CBEPXLUMPOKONONOCHLIM aHTEeHHaM. M3naHa Bbina KHura no NoA3eMHbIM aH-
TeHHam. Mesaranvck KHUMY ¥ CTaTLU Mo AansHeMy NpUeMy TeeBnaeHus. K coxaneHuo,
6GyKBanLHO Yepes Heckonkko net cutyauma 8 CCCP uamennnacs. PaHee UsAaHHBIE KHUMn
MU3bIManUCh M3 BUBIMOTEK U YHWHTOXANWCh. B GMGnMoTekax Gbimn MabsThl XypHarnbl «Pa-
Avo» ¢ cotorpadusmm Xpyliesa. Lienaypa B TexHWYeckol nuTepaTtype crana ewe Gonee
XECTOKOW. Bnpoyem, 8 HeMHOIO OTBAEKCS OT 3KCMOHEHUMAABHBIX aHTEHH. ..
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Mo NO3LEHOMY GBTOPA 8Ta aHTeHHa
cTana U3BecTHoM cpaayn COBETCKUX pa-
nvonbuTenelh NoJ HaasaHUeM BEDTH-
KanbHas avtenna UW4HW. Papvonio-
6uTenn ee YacTo Ha3LIBAIOT «MOPKOB-
Ka» 3a BHELWHWA Bup, (CM. puc. 5.12).
NanyyatoLias cucTema aHTeHHE! COCTO-
WT 13 LIECTU NPOROAOB, PacrioNoXeH-
HbIX B BEPTUKANbHBLIX NAOCKOCTSX MOA
yrnom 60° apyr Kk Apyry.

B OCHOBaHUW W Ha BEPLLUMHE SHTEH-
Hbl 3TV NPOBOAE COAAVHEHBI MEXAY CO-
6oit. BbinonHeHHaa no npuBeaEHHbIM
pasmepam aHTeHHa paoTtocnocobHa B
AvanazoHe svactot 14...30 My, Bonb-
Wytl0 ponb B paboTe STOW GHTEeHHL!
Wrpaer ee «3eMna». MaeansHewi sBapn-
SHT — Pa3MeLLEeHVe aHTeHHbI Hap, Me-
TB/UMHECKOW NPOBOAALIEN KpbiUER.

Ecim 370 HEBO3MOXHO, TO HEOBXO-
AMMO UCTIONb30BATEL He MeHee 3 NPOTUBOBECOB A5 K&XA0ro AIBUTENLCKOrO AUanaacHa
paboThl aHTeHHbl. AHTEHHa MOXET paboTarb B AOBUTENLCKMX avana3oHax ot 3,5 o 28
Mru, ecnw, Kak pekoMeHayaT paavonioburens ¢ noaseHeM UA4PK B [3], oivny nonotHa
aHTEeHHb! B3sTb pasHOl 16,08 M, BEICOTY MauTb! paBHOi 14,8 M, BbICOTY [I0 Pacnopkv
5,84 M. [ina nutaHus aHTeHHB paavonotnTens UA4PK npyuMeHsN koakCuanbHbii kabens
C BONMHOBBIM conpoTvenesvwem 50 OM. MOXHO MCNONL30BaTL KoaKcwansHe kabens ¢
EO/IHOBLIM CONPOTUBNEHMEM 756 OM 1 2NeKTPHHECKON ANWHON, KPaTHOW NONOBUHE ANvHb!
BOJHLI Ha YacToTe Ha 3,65 MMy, B 3T0M cryyae aHTeHHa GyaeT onTUMansHO COrnacoBaHa
Ha OCHOBHBIX JIIOBUTENLCKUX ananazonax 3,9; 7; 14; 21; 28 M. s achdexTUBHOM pa-
60Tk aHTeHHB! paavoniotuTens UA4PK pekOMEHLYeT UCNOSIb30BaTh XOPOLLYID PAAVOTEX-
HUHECKYIO «3EMAI0» B KOHCTRYKUUM GHTEHHB!.

VHTepecHan KOHCTPYKUYS «3eMnm» SKCMOHEHLMANbHOW aHTeHHE Obina npeaioxena
B nuTepatype [4]. MpoTMEROBECH B KOMWNECTBE 4 LUTYK BLINOMHAIOTCA NO BuAy, aHa-
NOrUIHOMY CaMOMY 3KCNOHeHUManbHOMy BuGPaTopy, Kak MNokeaaHo Ha puc. 5.13 Mo
KOHCTPYKUMW NPOTVWEOBEC BHINONHEH M3 MERHOro NPOBoAB AvamMeTpoMm 1.2 mM. Lns
0AHOTO NPOTVIBOBECAa UCNONL3YETCA B NPOBOAHWKOB, KOTOPLIE 3aKPENAEHLI PaaMANLHO
N0 HAPYXHOMY AINAGMETPY CNOPTUBHOTO OBpyya INaMETPOM 1,2 M, KOHLIE! NPOTUBOBECOB
TWAaTeNsHO cnasHbl APYr ¢ Apyrom. Mpw TaKOM BLINOAHEHWW NPOTUBOBECOB 3KCNOHEH-
yuaneHok aHTeHHs! UWAHW v npy nUTAHUKM 31O aHTEHHB C NMOMOLLLIO KOGKCUBABHOMO
kabenn ¢ BOAHOBLIM COMpOTMBAEHMeM 75 OM, KCB aHTeHHs! B nonoce ee pabounx
vactot 14...30 My coctaemn He Gonee 1,2:1. HeaocTaTok Takux NpOTUBOBECOB TONLKO
B 0AHOM: B BOMBLIOM KOAMUECTBE MPOBOAS, MAYLISM Ha UX U3roToBAEHWe. HO korpa
HeobxoanMo 06GecneunTe RAiCTBUTENLHO LWWMPOKONONOCHY paboTy aTol aHTeHHb,
TAKYI0 KOHCTRYKLMIO NPOTUBOBECOB BMOAHE MOXHO MCMONL30BaTL. B NpoTUBOBECAX BO
BpemMa paboTbl aHTEHHBL) YCTAHABMBAETCA PeXuM Geryuielt BonHel. MOaToMy OHM MOryT
6biTb pasmelLeHs! 6IM3K0 K NOBEPXHOCTW 3eMAn.

Puc. 5.12. AutenHa UWAHW

5.8. 3kcnoHeHUManbHas aHtenHa tuna W2EEY

PaccmoTpuM  KOHCTPYKUMIO  LUMPOKOMNONOCHOW SKCMOHEHUMAnbHOW aHTeHHsr Thna
W2EEY, koTopan Ha 3anage paCnpoCTpaHeHa TaK Xe, Kak aHTeHHa tuna UW4AHW B
Gowem CCCP. OnHoM U3 kiacowueckux paboTt, CnoCoBCTRYIOWMX BHEAPEHUIO 3KCTO-
HeHLUManbHOW O0BLEMHON GHTEHHB! B PaavoniiobUTERbCKYI0 NMPaKTUKY B @HrMOSI3bINHOM
MUpEe SIBNAETCS CTaTbs paavonobutenn W2EEY, ony6nukosaHHas B [2].
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Puc. 5.13. TIPOTUBOBECH! SKCNOHEHLWASIBHOW a8HTEHHb!

KoHeTpykuma aHteHHer W2EEY nokazaHa Ha puc. 5.14. Nanyyatens aHTeHHb W ee
3azemMANoas CUCTeMa BbinonHeHs ua 6—10 MeaHbX NPOBOAHWKOB. MCNOnL30BaHa
KOHCTPYKLIMS LUIMPOKOMONOCHOO 3a3emiieHus, Kotopoe obecrneyneaer paboty aHTeHHb
BHYTPM €e MOMoCk NPOMYyCKaHus. 3TO OAHO U3 MPEeUMYLLECTB KOHCTPYKUUW 3TOM
@HTEHHBI Nepag, aKCMOHeHUWanbHoM anwTeHHol Twna UW4HW. Basemnsiowas cuctema
aHTEHHB! Tuna W2EEY MOXeT pacrnonaraTscs HENOCPEACTBEHHO Ha NOBEPXHOCTY 3eMnu.

AHTeHHa TUna W2EEY nvTaeTca KOakcuasibHbBIM
kabeneM, NMpPoxXOASLUM BHYTPY «3EMAU» GHTEHHB!.
Ans nUTaHwWs aHTEHHbl XeraTensHo UCNoNL30BaThL
KoaKcnanbHei Kabenb ¢ BOAHOBEIM COMPOTUBNEHU-
em 75 OM, HO B KpaliHEeM Clysae MOXHO WCNOJb-
30BaTh U KOaKcuanbHbih Kabefb ¢ BOSHOBHIM CO-
npotvieneHnem 50 Om. Jnuda L nonotHa aHTeHHb
W2EEY aHBriOrvwHa AnvHEe aHTeHHet UWAHW npu
paboTe ee Ha oTWx Xe AuanazoHax. Mockonbky
aHTenHa Tuna W2EEY pacnonoXeHa B HenocpeacT-
BEHHOM 6/U30CTU OT NOBEPXHOCTU 3eMAM W B He-
nocpeacTeeHHol GIU30CTU OT CUCTEMb! NPOTUBO-
BECOB, TO A% YMEHBWEHNS EMKOCTU aHTeHHbI Ha
3eMMI0 W Ha CUCTEMY MPOTUBOBECOBR GBTOP KOHCT-
pyKUMW @HTEHHBI MPUMEHWR NepeBepHyToe NoAo-
XKEHWE SKCTMOHEHTH! B KOHCTPYKUUW aHTEHHLI.

TeopeTwecky nepaBepHyTass SKCMOHeHLManb-
Hasn aHTeHHa W2EEY no CpaBHEHWIO € aHTeHHON
UW4HW vmeet Bonee pastomepHbih KCB B nonoce
4yacToT paboTel GHTEHHB!. 38 CHeT YMEHbLUEHWS: M-
KOCTHbIX TOKOB Ha 3EeMSI0 KO3MGhUUMEHT MnosiesHoTo
AeWCTBUS NEepeBepHYTON 8KCNOHEHUManbHOM aHTeH-
Hb! Bbilwe. JTo fAenseT Gonee NPesnouTUTENBHLIM
MCrnosnb30BaHWe aHTeHHB W2EEY B paguonioburent-
CKUX YCROBUSX.

Henoctatok aHTeHHbl W2EEY coctoutr B TOM,

R

D=15R

90°

, o

Puc. 5.14. 3kecnoxeHUMansHan
aHTeHHa Tina W2EEY

4TO PacnonoXeHWe KPecToBUHEI AN Pacriopok B BepxHell YacTW MauTel Befer K
NOHWKEHHOM BETPOYCTOMYMBOCTU KOHCTRYKLMW STOM GHTEeHHB! Mo cpaeHeHno ¢ UWAHW
v Tpebyer Gonee TWATENLHO NMOAXOAUTL K KOHCTPYKLMW MauTe! ¥ K MCNOAL30BEHWMIO

6onee MOLWHBIX OTTSHKEK.
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Tak 47O pagvonobutento NPUAeTCA BuIBUPaTL — MW XOpoLUan pabota LWMPOKONO-
FIOCHO BKCMOHEHLMANLHOW GHTEHHB! HA BCEX NOGUTENbCKMX AWanaaoHax, Ho HeoBxoau-
MOCTb YCAOXHEHHOU KOHCTPYKLMIW €€ MayTsl, Uni yNpOLLEHHas KOHCTPYKLWS MaqTh! aH-
TEHHbE, HO U HEKOTOpOE yXyaweHWe paBoThl aHTEHHB! Ha HEKOTOPLIX HacToTax ee paGoTe!.

5.9. KBasnakcnoHeHUMansHas aHTeHHa

Crepyer obpatwtk BHUMaHVE, 4TO
WHOrAa MosBRsIOTCS NMyGAvKauwi O Wwu-
POKONOACCHBIX aHTeHHaX Tuna UW4HW,
B KOTOPbIX U3NyyaTenb aHTeHHL COCTaB-
FSIOT HE BAMKHYTHIE HA KOHUE aHTEHHb
NPOBOSHVIKW, & PSifl NPOBOAHWUKOR, Kadk-
Abih Y3 KOTOPbIX HACTPOEH Ha mobu-
TenbCKUiM auanasoH, Kak noxkasaHo Ha
pve. 5.15. Ho ara KOHCTpyKUusi yxe He
MOXET CHUTATLCA 9KCMOHeHLManLHOM
aHTeHHOW. B kaxaoM w3 ee CoCTasnsio-
LWWUX PEBOHAHCHBIX NPOBOAHWKOB Ha CO-
OTBETCTRYIOLLIEM €r0 Pe30HaHCY AVana-
30Hy paboTe! GyAeT CylieCTBOBaTL pe-
uM cTosel BonHbl. Mpaduk KCB Takoin
aHTeHHbI GyAeT npaacTaBnsTb coboh He

’ paBHOMEPHYIO IO JavanazoHy pabore

Puc. 5.15. KBasuakcroHeHuManbHan aHTéHHa SHTEHHB! NUHUID, 8 MOMaHYD AWHWD C©

«AbIpKamu» MuHUMansHoro KCB Ha pua-
nasoHax Pe3oHaHCa MPOBOAHWKOB, CO-
CTABMSIOLLUVX ManyyaTenb aHTeHHL!.

KoHeuHo, Takoe NOCTPOEHWE SHTEHHLI B HEKOTOPLIX CAyyasx BrIOAHE BO3MOXHO,
a WHOrAa, MOXET BuiTb, Aaxe W NPeanoNTUTensHei NMOCTPOEHUs KNACOWYECKOW 3KC-
MOHEeHLWanbHoM 8HTEHHB. [MyTem TWaTensHOM HACTPOMKM B PE30HaHC KaXdoro BmG-
paropa MOXHO Ao6uThCS CHkeHua KCB Ha Kaxnom va RIBUTeNbCKuX JWana3oHoB
paboTel aHTEeHHE. CHUXAETCA YPOBEHb MOMEX, MPUHWMEEMbIA 3TON aHTEeHHOM.

Ana adpekTmBHON paboThl aHTEHHBI HEOGXOAMMO NCNOABL30BATE PE3DHAHCHLIE NPO-
TUBOBECH B KONMMYECTBE HE MeHee ABYX ANA KaxAoro avana3oHa ee paborw. Ha
4acTOTax pe3oHaHCa BXOAHOe CONPOTURNEHUE KBE3UBKCMOHEHLMANLHOM aHTEeHHL Bnua-
kO kK 50 Om. 310 NO3BONSET MCMONb3OBATL AN €€ NUTAHUA koakcUaneHui kabenb ¢
BOMHOBLIM conpoTuenedveM 50 Om. Mue He NpUxopwnocs BCTPeuyaTh UHGOpMauUu
06 UCNONBL30BAHUM KBE3WIKCTIOHEHLIMANLHOM SHTEHHBI AMNS KOMMEPYECKUX LIENe.

mmﬁxku

5.10. lWyHTOBBIE 3KCMOHEHUMANBHBLIE aHTEHHDBI

BKCMOHEHUMANBHBIE OGBEMHBIE GHTEHHB! MOTYT GbiTh BEINOAHEHL! LUYHTOBKIMW. CxeMa
aKCNoHeHUManbHoi o6LeMHOI LIyHTOBOM aHTeHHB! NokasaHa Ha puc. 5.16. B BepxHeit
TONKE WU3NYHETEN L GHTEHHB! 333EMINeH Ha XEeNneaHyto MauTy. LLyHT NpoXoauT BHYTPU Many-
yaTens SHTEHHB! U HE NPUHUMEET YYacTVa B WBRYYEHWU GHTEHHOW BREKTPOMArHUTHBIX
BonH. [Mpy TakoM BeINonHeHWn aHTeHHB rpadvk KCB B nonoce ee NpornyckaHus CTaHOBUT-
cs Gonee paeHOMEPHBEIM. CHUXaeTCs eMKOCTHas COCTABAAOLWAN BXOAHOMO CONpPOTUBAEe-
HU$t aHTEHHBY.

Pexum paboTbl LUYHTOBOMO SKCNOHEHLMANLHOrO BUGpatopa MakCUManeHo npubnn-
XeH K pexumy Geryuieir Bonubl. Panuomobutens UABHKH B nvTepatype [5] aHTeHHy
Tuna UW4HW pexomesayeT BbINONHSTE LWYHTOBOM KOHCTPYKUMSt €70 aHTeHHBLI NpakTy-
HEeCKu aHanorvyHa no pasmepam awTedHe UW4AHW, HO NMonoTHO aHTeHHbI 323eMAeHo
Ha MayTy B BEpPLWWHE GHTEHHDbI.
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Cpeov pagvonobuteneit Takolh BapuaHT WCNONHERUS
aHTEeHHbI HEOZHOKPATHO KpuTUKoBancA ByaTo 6kl u3-32 Bbl-
COKUX 3Haqenvit KCB Ha oTaensHLIX NobuTessekux avana-
30HaX U U3 32 HU3Koit APPeKTUBHOCTU PaBoTbl BHTEHHEI.
DeicTeuTensHo, 2 GhEKTVBHOCTE WYHTOBOMO 3KCNOHEHLU-
anbHOro BUBpaTopa HUXE, Yem 3(MGMEKTUBHOCTL HEWYHTO-
BOro. Ho 32 aTo Mbl NNatum Tem, 4TO rpacvik KCB anTerHb!
BHYTPMW €€ avanasoHa paboThl NPakTUHECKU PABHOMEPHLINA.
Jns adpdexTMBHO paBoThl Tako aHTeHHbl K Helt HeoBxo-
AYMO NOABOSUTH NOBLILUEHHYIO MOLLHOCTE WK UCTIONb30-
BaTb ee B rofbt NOBbLILUEHHO CONHEYHOA aKTUBHOCTU.

ECMM WYHT 2HTEeHHL! BEINONHUTL HEAOCTaTOHHO Kaue-
CTBEHHO, 4TO 42CTO GbIBAET NPU BLINOAHEHWUU LUYHTOBOMO
BUBPATOPE B PapuofloBUTENLCKUX YCNOBUSX, TO PExXuM
pabotbl aHTeHHbl GyaeT CylweCTBeHHO YXYAWEeH, Ha 410 7

ykasblaaeTcs B ymTeparype [6]. Beneactave conpoTtuene- i
HUR NEPEXOOOB TPYD, COCTABNRIOWUMX AHTEHHYI0 MauTy,
HEKaYeCTBEHHOTO 3a3EMIEHVsi CUCTEMBI NPOTUBOBECOB Ha Puc. 5.16. SKCrioHeHLM-

MauTy aHTEHHb!, LWYHT MOXET WUMETL CBOU COBCTREHHLIE @NbHAs LIYHTOBAR aHTEHHA
pPEe30HaHCHBIE YACTOTHI U MOXET BHOCUTH Ha 3TIX HactoTax

pesoHaHca B aHTeHHy AONOMHUTENLHOE CONPOTUBREHVIE

notepk. Beneacteue atoro rpacdvik KCB MoxeT MeTb BbIBPOCh! Ha HacToTax, ABNAI0-
LUMXCH PE30HAHCHBIMUA ANA LUYHTA, U HA HacToTax, rae LUyHT BHOCUT MaxkcumancHoe/
MUHUMANBHOE CONPOTUBNEHVE NOTEPL B aHTenHy. Ecnv onv nonaayT Ha niobutenbokuit
avanazoH, 70 paboTa aHTeHHbl HA HUX Bynet CylecTBEeHHO yxyalueHa.

Jis yCTpaHeHWs STOFO SIBREHVIS WYHT aHTEHHBI HEOBXOAMMO BLINONKATL U3 B xenes-
HbIX NPOBOAOE, MPOXOASLLMX MO MaUTE, KOTOPLIE UMEIOT HaAEXHBI KOHTaKT C BBPXYLUKOM
NONOTHA aHTEHHB! W C OMNNETKON KOAKCUB/BLHOTO Kaiens) B OCHOBEHUW aHTEHHbI. MEaRbIi
NPOBOA AN5 BLINOMHEHUA LYHTA aHTEHHB! NPUMEHATL TOXE MOXHO, XOTS NPy 3TOM BO3-
MOXHb! PE30HAHCHBIE SENEHUA B LUYHTE W, CNEHOBATENLHO, HEPABHOMEPHOCTY B rpadu-
ke KCB aHTeHHbI.

Cama MeTannuM4ecKkas MayTa MOXeT BbITb NPY 3TOM COBAMHBHE ¢ NOMOLLLIO XOMYTOB
TONLKO C ONNETKOM KOBKCUANbHOTO Kabens B OCHOBaHWM SKCNOHEHLMANEHOR aHTenHbI.
B BepLUVHE NPOBOAUTL ANEKTPUHECKOE COEAMHEHVE METBINVNECKOR MauTsl C BHTEHHOR
HeoBA3aTenbHo fa U HexenatensHO Beneacrsve Hanuuvs BLICOKOro noTeHumana Ha
KOHLE aHTeHHbt K MauTe GyneT nogsoamTees Gonblioe BY nanpshkenve. Mepexoast Me-
TannoB, COCTABNAOLLMX MAUTY, OKVICSb], NOKPLIBAIOLLNE MANTY, YACTO SBSIOTCA HENUHEN-
HEIMU SNIEMEHTAMU U MOTYT NMPOM3BOAVTE FEPMOHUKU NPY BO3AEACTBUM Ha HUX MOLLHBIM
cUrHanoM Nepeaaryvka. 3T0 MOXET NPUBECTU K NOSBREHVIO BONBLLOFO YPOBHS TVI.

HeobxoavumMo OTMETUTB, HTO HAAEXHLIN NPWXUMHON KOHTaKT Pa3HOpOAHbIX MeTain-
OB, TAKWUX KaK MEAb-amoMUHVI, MeaL-Xeneso, HexenarteneH U3-3a B3auMHON anex-
TPOXUMUYECKON KOPPO3UW AByX MeTannoB. Bereacteue atoro pasHopoaHbie Metansbt
HEOBXOAVMO COSAVHNTE MPU MOMOLUM IMEKTPOTEXHUYECKWX CoeauHUTeneit unn ¢ no-
MOLLBIO CReuvansHoi Namky.

5.11. TNOCKOCTHLIE BKCMOHEHUMANBHLIE BUOPaTOPL!

Jns paboTel HA KOPOTKUX BONHAEX, B OCHOBHOM HA NPUEMHEIX LieHTpax, UHoraa 1c-
NONML3YIOTCH HECUMMETPVYHBIE MIOCKOCTHBIE 3KCNOHEHUmankbHbIe BUGpaTopkl. s ynpo-
LYEHUR VX KOHCTPYKUMW BUBPATOPL! OBLIYHO BEINONHERB! B ABYX NPSMBIX JIMHUSX, HO NO-
nysaemasn npy aTom GbuUrypa npubnuKkaeTcs K akcnoHenTe (puc. 5.17). Bxoaroe conpo-
TuBReHve Takoro BubpaTopa 6amMs3ko Kk 70 OM, YTO NO3BONNET UCNONB3VBATL ANS Ero
NUTAHUST KOBKCUanNbHLIN kaBenb © BONHOBLIM COMPOTMERNEHueM 75 Om. [lvarpamma Ha-
NPaBNEHHOCTU ¥ ILVPOKOMONOCHOCTE NMPUMEPHO aHanoruuHa OBbEMHOMY SKCNOHEHLM-
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ansHomy Bubpartopy. Mpu pabote Ha Nepenavy KMJL Takoi aHTeHHs! NpyuMepHo B 3 pasa
Hwxe KINJ 06bemMHOro uanysarens, noSTOMy B NPOGECCUCHaNbHO CER3W NNOCKOCTHOM
3KCNOHeHLMaNbHBI BUBPaTop Ha Nepeaayy NPakTUIECKU HE UCMONbIYIOT.

JOCTOMHCTEO HECUMMBTPHHONO MJI0-
CKOCTHOTO 3KCMOHEHLMAanbHOro Bubpa-
TOpa Nepes NIoCKoCTHLEIM BUBpaTtopom,
NOKa3aHHbIM Ha puc. 5.1, B TOM, 4TO CH
TpebyeT [ CBOE YCTAHOBKV BCETO
NUWb 0gHy MauTy. Mpaeaa, 4To6bl obec-
NEYUTE TaKYI0 Xe LMPOKONONOCHYO Pa-
Gory, Kakylo mMoxer obecnewvTb He-
CYMMETPUYHBIN NNOCKOCTHOIA BUBPAaTOp,
NOKa3aHHbIN HAa pUC. 5.1, NNOCKOCTHOR
3KCNoHeHUManbHbIiA BUBpaTop ACMKeH
WMETb M24TY BbiCOTON MNO4TW BABOE
Bbiwe. Pexum paBoTel MNOCKOCTHOrO
3KCNOHEHLManbHOro BUGparopa oTnu-
YAETCH OT pexuma paboTei 06beMHOT0

Puvic. 5.17. HecuMMeTpUHHE!E NNOCKOCTHLIE Bubparopa. B nnockom akcrnoneHuw-

BKCNOHEHUMANLHEE BnBpaTOpE! anbHoM BUBparTope NPUCYTCTBYIOT aHa-

HUTENBHLIE PE3OHAHCHBIE ABJIEHURA U CY-

WecTBYeT KOMOBUHUPOBaHHBIW  PeXum

Geryuieit v ctosueli BONHbL. HeparHOMEpHOCTE XxapakTepucTuvkv KCB gns nnockoro axc-
NOHEHLWANBLHOro BUBPaToPa FOPa3/o BLILLE MO CPABHEHWIO C €T0 OBLEMHBIM aHANIOTOM.

Ans ynpouieHus KOHCTRYKUMK BUbpaTopa 1 yMeHbLUEHUS HEp2BHOMEPHOCTU B Nono-
Ce NPONYCKaHusi aHTEHHBI H2CTO UCTIONB3YIOT LUYHTOBLIE HECUMMETPUNHBIE 3KCTIOHEHLIU-
anbHble BUGpaTopkl (pyc. 5.18). Mcnonb3oBaHue WyHTa-MauThl JAET Takoit Xe addekT,
KaK U B OGbEMHOM 3KCMOHEHLMANBHOM BUGpaTope. iR NOCTUXeHVR el GonbLIei Wwi-
POKONONOCHOCTU UHOMAA MCNONL3YIOT AONOAHUTENBHOE LUYHTUPOBAHWE NOAOTHA aHTeH-
Hb! (pyc. 5.19). Takas aHTeHHa O4eHb LWWPoKONoocHas, npy KCB mexble 1,5 ee wupo-
KONONOCHOCTE MOXET COCTaBUTh 1:8. MOCKONLKY BHTEHHA 333EMINEHA NO NOCTOAHHOMY
TOKY, TO annaparypa, MoAKMoYeHHas K Helt, 3aumLieHa OT CTAaTUHECKONO 2/IeKTPUHECTEA.
Pexum paBoTbl 3TOM a8HTEHHb! yxe 6nu3ok K pesxumy Beryuiein sonHel. Kosdduuvent
NOME3HORO NARCTBUS 2HTEHHBI 3HAYMTENBEHO Hke KIMLL 06bemMHOro WyHTOBOrO BUBparo-
pa. B npodeccroHanbHOM NPaKTUKE MNOCKUE LYHTOBBIE 8HTEHHL! UCTIONB3YIOTCH NCKNIo-
YUTENBHO B MPUEMHBIX LIENSIX.

A A

il > ik

Puc. 5.18. LLyHTOBOV HECUMMETDUYHLIV Puc. 5.19. LLyHTOBOW HECUMMETPUNHKI
BKCMOHEHUManbHL BUpaTtop 3KCroHeHUMarneHe BrnpaTop
€ LONOAHUTENEHBIM LLYHTUDOBAHUEM



5.12. PaavonioButensckue 3KCNOHEHUMANBHBIE MNOCKOCTHbIE
BUBpAaTopL!

B pagvonio6utensckoit UTEpaTrype WHORAA BCTPEYAOTCA OMUCAHUS NNOCKOCTHLIX
3KCNOHEHLMANbHEX anbBpaTopoB KaK WYHTOBLIX, T8K U HELUYHTOBbIX, MPEAHA3HANEHHBIX
ns pebotsl Ha NOBUTENbCKUX avanazoHax. TPy BbINOSHEHVW TakvX 8HTEHH B paguo-
NIOGVTENLCKUX YCNOBUAX Cneflyer obparuTe BHYUMaHWE Ha Cheflyiouiee.

Ann addexTMBHOA paboTbl aHTEHHbI
HEOBXOAVMO XOPOLIee 3a3eMNeHVe OKOAo
KaXA0ro U3 LYHTOB aHTeHHbl. Hanbonb-
WyIo LLMPOKONOAOCHOCTL MOXeT obecne-
YUTb TOMBKO aHTeHHa, (OPMa NONOTHA KO-
TOpoiA NpubnuxeHa k akcnoxnenre. B pa-
AunomoBUTENbCKUX YCNOBUSX 3TO TpeGoBa-
HVe CTPOro MOXHO He Cobmopate. Lns
YNPOLLEHVS KOHCTRYKUMW 8HTEHHbI XOpO-
Liee 3a3eMNIEHVIE BO3NE LUYHTVPYIOLLWX NO-
NOTHO NPOBOAHVIKOB MOXHO HE CTaauTb, a
COEAMHUTD LUIYHTHI C MaYTOA OfVHOYHKIM
nposoAom (puc. 5.20). Takas KOHCTpyKUus
paguoniobUTeNbCKOIA NNOCKOCTHOM 3KCNOo-
HEeHLMaNbHOM aHTeHHb! Bbina NpeanoXeHB
B nutepatype [7]. Mpy BBINONHEHUM aH-
TEHHbI NO YKa3aHHLIM pasmepam (OHv npu-
Befiebl Ha puc. 5.20) autenHa paboTeeT  pu. 20, PasvonkBUTEALCKAR KOHCTPYKUMS
B HENpepbIBHOM avianasone yactoT 1,5— HECUMMETPVYHOTO FNOCKOCTHOrO
10 My ¢ KCB He Gonee 2 npu nvuraniv aH- LyHTOBOrO BUBpaTopa
TEHHBI N0 KOaKCUakHOMY K26enio ¢ BONHO-

BbIM CONpOTUBNeHveM 50 Om. Xapakrepu-

CTVIKa aHTeHHK! B NONOCE ee pabioulx 4acToT NPakTUYecku pasHomepHas. [ns obecneve-
HURA PaOVOTEXHUHECKOA 38MAU UCNONL3OBAMCE 20 NPOTVBOBECOB NO 20 M U 2 NPOTHUERO-
Beca No 40 m. MNpoBeoaa, 06pasytoLUVB NOAOTHO aRTEHHbI, COBMPaIOTCS BMECTE Ha BhICOTE
1 M OT 3eM/K, 2 3aTeM NPy NOMOLUM MPOBOAA AVAMETPOM 4 MM, PaCMOAOXKBHHOTO Ha
paccToAnMn 10 M OT MauTHl, NOAKMIONAOTCS K KOBKCUaNLHOMY KaBento.

MNOCKOCTHBIE HECUMMETPUYHBIE aHTEHHB! eLle Mano UCNOAL3YIOTCH B paavoniobin-
TENLCKOI npakTuke. HO BbineneHve HOBLIX NIOBUTENBCKUX AVaNa3oHOB U DaCLLMPeHVe
paHee VCNOMbL3YeMbIX 3acTasnseT paavonobuteneid obpallaTLes K KOHCTPYKLVAM K-
POKONOAOCHBIX 8HTEHH. W 310 MOryT 6biTb WMPOKONOAOCHBIE HECUMMETPUHHBIE BUG-
paropbl, ONMCaHHLIe B 3TOM rnaee.
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6. BEPTUKAINBHBIE AHTEHHB! «BOBTAIL CURTAIN»

O™ aHTeHHbt Bbiny paspabotaqbl B cepevie 20-x ronos XX eeka. B To Bpems Ha-
Hana GeiICTPLIMU TeMNamMu Pa3BUBATLCH KOPOTKOBONHOBAR PAAMOCERSk, KOTOPas UCTONkL-
30BaNack NPaKTUYECKu 45 BCEX HYXA — LNS paavoBeLianvs, Ans cnyxeBHoi u sBoeH-
HOW CBsi3n. OX, AN\ 8HTEHHOM TEXHUKW 3TO GBINC Bpems BesyMHbIX Uaeit, LIMPpOKUX 3KC-
NEPUMEHTOB U BENVKUX OTKPBITUIA! [lo GX Nop Mbl MCHOJIb3YEM aHTEHHLI, paspaboTan-
Hble B T€ BpeMeHa, U NOKa MHOMMM U3 3TUX aHTEHH NPOCTO HET 3aMEHBI.

Sta aHTenHa noflysuna CBoe Hal3BaHWEe U3-32 ee BHeWHero Buaa. B nepeeope c
aHrNNACKOro e Ha3BaHVe 3BYYUT Kak «BUCSLUMIA 0BpesaHHbIii XBOCT». 3T0 Ha3BaHvie
2HTEHHBI NPOYHO BOLUNO B NPakTUKy HE TONMBKO Cpeav pagvonobutengit, HO U Npo-
¢eccvoHanoe, xors, NO BCEV BUAUMOCTM, 3TO HE3BAHVE OHA NONyYvna oT npodec-
cvoHanoe. AHtenHe <Bobtail» sBRsieTes ynpowweHHo Bepeuelt KOMNMHEaPHOIA aHTEHHL!
E. J. Sterba, kotopan 6eina um aanareqtosana & CLUA B konue 30-x ropos.

B koHue 40-x ropoB XX Bexa B paavonobutesibekoit nuteparype CLUA nayanu nose-
NATLCA NepBbie NySnVKaLMv, NOCBALEHHBIE UCMONLI0BAHVIO 3TUX aHTEHH PAAVONIBUTe-
nsmu [1]. AvrenHel Tuna <Bobtail» Mano pacnpocTpanensl cheav pagnoniobuteneit us-za
WX FPOMO3BKOCTU U U3-3a TOr0, 4TO OHV PaBOoTaIOT MLl B OIHOM AMANas3oHe H4acToT. Ho
NPV HanVHMM JOCTATONHOMO MECTA 3TV AHTEHHBI MOXHO C YCNEXOM UCMOJIb30BaTh HE
TONBKO HA BEPXHUX JIDBUTENBCKYIX AMANA30HAX, HO U HA HKHUX.

6.1. PaBota aHteHHbl

Paz6epam paboty aHTeHHbt. Knaccuueckas aHtenHe Tvna «Bobtail curtain» nokazana
Ha puc. 6.1. Ha puc. 6.2 npuBeeH NpoToTUN aHTexnHbl «Bobtail», NpeacTaBasIOLMIA GoBOI
CBEPHYTEIA BOMHOBOIt BBPTWKaNbHbIA U3nydatess, UMeIoLVit nae BepTikanbHbIe COCTaB-
naowme 7v 3¢ onvbamv A/4, unu A, v OAHY ropUsOHTaNbHYIO 2 ANMHON A/2, unun B. Naxe
B Te flanekve BpemMeHa OLLYLIA/CH HeJoCTaToK MECTA NPU PaSMELLIEHUN 8HTEHH, HTO U
NPUBENO K 3KCNEPUMEHTAM NO CO3AHUI0 KOMNAKTHLIX U 3MDEKTUBHBIX BHTEHH.

A2 (B)
[
A2 )74
K
X < X X
< P < <
Puc. 6.1. Knaccuueckasi aHTerHa Pur. 6.2, MNpototun anTenHsl «Bobtail»

Tna «Bobtail éuftaln»
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KaK U3BeCTHO, BOSHOBOIH N3fyyaTenb UMEET Bbl-
CcoKoe BXOOHOE CONpPOTMBREHVE, KOTOpoe onpene-
neETCH  GONblUMM - BXOAHBIM - COMPOTVIBREHVEM
camoro uanysarens (Bu6paropa) v B HEKOTOpOW
CTENEHN 33BUCUT OT KA4eCTBA «36MM» AHTEHHbI,
OTHOLIEHUS AVaMEeTpa NPOBOAA K ANVHE aHTEHHb,
martepuaia, U3 KOTOPOrO BBINONHEHA aHTEHHA
BLICOTO/A NOABeca aHTenHbl. Ha noturenbokux
AvanasoHax npy uarotoenenn Bubparopa s npo-
BOZ2 AvamMeTpom 1...4 MM BXOAHOE conpoTHaneHhe
BOMHOBOIA aHTeHHbl mMoxeT GbiTb B npepenax
8000M ... 5 KOM. 370 NOIBONRET NOAXOANTH K Bbl+
NONHEHVIO «3EMNM>» BOJIHOBOM aHTEHHL! MEHEE TLLa-
TenbHo; Yem AN\ YeTBEPTLBONHOBOrO LUTLIPA, KOTO-

Pvic. 6.3. Pacnpesenenve Toka
B 3neMeHTapHoli antenHe «Bobtaih»

PLI UMEET HUSKOE BXOJHOE CONPOTUBREHNE.

0 dB= -157 dB 21

-50 -40-30 -20-10 dB
Elevation

Puc. 6.4. [ivarpaMma HanpasneHHOCTU @HTEHHD!
B BEPTUKASILHON MNOCKOCTU Cpeaa

Pacnpenenenve 1 yCnoeHoe Hanpae-
NEHVE  BLICOKOYACTOTHOIO TOka BACNL
ANeMEeHTapHOM aHTeHHb! «Bobtail» noka-
3aHOo Ha puc. 6.3. 3 atoro pacnpeneneHns
BUWHO, 4TO B BEPTUKATBLHBIX BUGPATOpax To-
kv i3 1 14 B aHTeHHe HaxoamTes B ¢ase, Bro-
PU30HTANBHOM BuGpaTope /1 v 12 npoTexa-
10T BA MPOTUBOGAE3HLIX TOKA, U U3NyHeHVe
OT rOPUBOHTANBHOW <ACTM OTGYTCTBYET.
AviarpaMma  HanPaBREHHOCTY  2HTEHHL!
noAy42eTCs TONbKO 338 CHBT CROXEHWUs
AVErpaMm HanpaBREHHOCTV AeyX BEpTU-
Ka/bHbIX YETEBPTHBONHORLIX BUGPATOPOE,
pPa3HECEHHBLIX B MPOCTPAHCTBE Ha pac-
CTORHVE B NOMOBUHY BOMHBI.

B BEPTUKAEHOIA NAOCKOCTY ivarpaMMa HanparneHHOGTU aHTeHHb! GyneT Nnoxoxa Ha OBan
C MaKCVIMYMOM, NEPNEHOVKYNSIPHOM MJI0CKOCTV 8HTEHHDI, KaK 3TO MOKa3aHo Ha pyic. 6.4.

Cpe3 puarpamMvbl Hanpas-
NEHHOCTN 3ABMEHTAPHOA aHTeH-
Hbl «Bobtail> B ropysoHTansHoin
MIOCKOCTM NOKasaH Ha puc. 6.5.

Duarpamma HanpaBieHHo-
CTW 2HTEHHb! NOKA3aHa YCNOB-
HO NPV Pa3MBLLEHUV 8HTEHHBI
Hag, No4Boit «cpegHeit» NnpoBo-
AvMocTH. KOHEYHO e, noyea,

5.0° Elevation
~. over ground

A Azimuth

HaxOAALLAACH NOJ, aHTEHHOIA,
BHOCUT CBOI BKNaj B CO30a-
HUE Ovarpammbl HanpaeieH-
HOCTU 2HTeHHbI. B obwiem cny-
Hae, NPY yBenU4eEHUM NPOBO-
AWMOCTM NO4Bbl, 310 Byaer
NPOSBIATECH B yBENMHeHUU
U3NYYEeHVS] aHTEHHB! B OTKPbI-
TOE NPOCTPaHCTBO 3a CHET OT-
PaXEHUs1  BNEKTROMArHUTHON
RONHBI OT 38MAN.

Puc. 6.
B rOPM3OHTANEHON NMADCKOCTM CRe3a

5. JuarpaMma HaripaBReHHOCTY aHTEHHD!

AnTenHy «Bobtail», iMeloLLyio aBa BepTUkankHbIX 3NEMEHTA (PUC. 6.2), NPUMEHFIOT PEAKO
K&K B PaavonoBUTensckoi, Tak v B NPoheCcCHoHaEHON CBR3M. 3T0 NPOUCXOOUT BCNeaCTBLE
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TOro, 4TO OHA OGECNEYMBAET YCUNEHUE BCErO JMWb HA 2 A GONblLE NO CPaBHEHMIO C HeT-
BEPTLBO/IHOBLIM 333EMSIEHHBIM BEPTUKETEHBIM M3NlyuaTenieM. B TOKE BPEMs KOHCTPYKLIMA aH-
TeHHbI 3HAYUTENEHO CNOXHEE, 6O/LLLE U 33HUMBEMOE eli MECTO NOJ YCTaHORKY.
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Puc. 6.6. Pacnpenenexne Tokos B aHTeHHe
«Bobtail», uMeloWeN TPY BepTUKANbHBIX
uanyuarerns

B pesynLraTe 3T0ro uanyseHus pa-
FVOBONMHEI C FOPU3OHTANLHON NofspUsa-
uMeid y aToit aHTEHHbI NPaKTUNECKV OTCYT-
cTByeT. MNpovcxooMT usnyueHve paamo-
BONH B OCHOEHOM C BEPTUKANLHOW NOAs-
pusauveit. lnarpamMma HanpasneHHocTV B
BEPTUKANBHON NNOCKOCTU cpasa Tunwy-
HOW aHTenHb «Bobtails, coaepxaluen Tpn
BEPTVKANbHBIX 3NEMEHTA U PacnofioXeH-
HOM Hapn 3emneit «CpeaHe» NpPOBOAUMO-
CTW, nokaszaHa Ha puc. 6.7. Ouarpamma
HaNPaBeHHOCTU UMeeT DOPMY LIMPOKOI
BOCbMEPKY, Nexalleil nepnesavkynspHo
NNOCKOCTN BEPTUKALHBIX U3nysaTeneil.

b
¥

el

Cvctema U3 Tpex BEPTUKANBHBLIX U3Ay-
uareneit (puc.6.1) umeer ycvnenve we
vexee yem Ha 5 16 6onblue No cpaBHEHUIO
C OAVHO4HBLIM YETBEPTLEONHOBLIM BEpTU-
KanbHbIM nanyyatenem. Kpome toro, us-za
pobapnenvss [ONOMHUTENBHONM BETKV aH-
TeHHbI NOHWX2ETCH €€ BXOAHOE CONPOTVIB-
NeHve, 4To oBneryaer cornacoBaHve ad-
TEHHB C AVHVEet Nepefasy U BLIXOOHLIM
KACcKaaoM NepBasTuvka. Pacnpepenexvie
W YCrOBHOE HanpaaneHWe ToKa B aHTeHHe
«Bobtail» nokazaHbl Ha puc. 6.6.

Kak BUAHO U3 3TOr0 pacnpegeneHys, To-
kv {15, 16, I7) B BEpTUKabHBLIX YACTSX @HTEHHBI
Hanpaenexk! B hase, TOKWU B TOpU3oHTaNb-
HOM NPOBoAHVKe (13-11, 12-14) HanpasneHb!
B NpoTvBodase U B3aUMHO YHUNTOXIOTCS.

— i
-50 -40 -30 -20 -10 dB
0 dB-2.37 dBd Elevation

Puc. 6.7. QuarpaMma HanpaBneHHoCTH
@HTEeHHb! B BEPTUKA/bHON TTAOCKOCTH Cpesa

JAvarpamMma HanpaeneHHOCTM 3TON
AHTEHHBI B FOPU30HTANBLHON NNOCKO-
CTu cpe3a nokasasa Ha pvc. 6.8.

Kak cnepyer w3 BbLUEU3NOXeH-
HOrO, aHTeHHa oBecnesvBaeT uany-
YeHVe PaAMOBONH  BEPTUKANLHON
nonspU3auvv Nof, HeGOLLIVMU yr-
NaMu K ropusoHTy. Braroaaps Tomy,

Puc. 6.8 [varpamMa HanpaBReHHOCTW AHTEHHL!
B rOPM3OHTaNLHOM NANOCKOCTY Cpesa

4TO MO4YBa, HAXOAsLLAnCs NOA ad-
TEHHOI1, UMEET KOHEYHYIO NPOBOAW-
MOCTh, aHTEHHA NO3BOMSET NPUHU-
MaTk PaAVOBOSHLL, UMEICLUWE ropuv-
30HTaNbHYIO NONAPU3ELMA OTHOCK-
TeNbHO NOBEPXHOCTWM 3eMMU. 310
NpOVCXOAUT BCREACTBUE U3MEHE-
HUR yrna HaknoHa BekTopa nons-
pysauMK NpU NageHun paavioBONHbI
Ha NOYBY KOHEYHOWM NPOBOAVMOCTY.
310 6raroNpUATHO ON5 NPOBEAEHUS



DX-canzeit, Korna BO3MOXHO U3MEHEHVE HAKNOHA BEKTOpa aNEeKTPUYECKOi nonspusa-
UMM peamoBONH MPU MHOTOKPATHOM OTR2XEHUM KX OT MOHOChEpPL!. AHTEeHK2 He TpebyeT
KaUECTEEHHOIO BLINOMHEHWUs «3eMNuv» MO HEW fyin CBoel paboTtel. 3T0 NOCnyxuno oc-
HOBaHVEM L7151 €€ VCTMONb30BaHWUA Ha nepeaalomnx ueHtpax Kpaitnero Ceeepa, roe Bbi-
NOMHEHVE KAaHECTBEHHOM «3EMAW» NOA, aHTEHHaMU HE Bcerna BO3MOXHO.

Ho, KOHEYHO, NoYBa C XOpOLUel NPOBOAUMOCTEIO, PaCNONOXeHHas NOL, aHTEHHOH,
3HaUUTENLHO YNydliaet ee pabory. Boneocteue atoro NPUMEHSETCA 3Ta aHTEeHHa Ha
MOPCKUX GEeperoBbiX NEPEAalowMX LIeHTpax C BbICOKOW NPOBOAWMOCTLIO NOuBH!, rAe
ee pabota poctatonHo addekTrBHa. UTak, 310 NOUCTUHE yHUBEPCAnbHan aHTeHHa ons
NPOBEAEHVR AanbHKX CBRZel, U ee NPUMEeHeHUE NUMUTUPYETCS Wb MECTOM NOJ, ee
YCTAHOBKY W CPEACTBAMU LNsi €€ U3roToaneHvs.

MpenmMyLLECTBO BEPTUKANBHBIX 2HTEHH «Bobtail» no CPEBHEHVIO € OAMHOHHEIM HETBERTLE0T-
HOBGIM BEPTUKANBHBIM M3NYHaTENEM Ha4MHAET NPCSIBNATLECA HA Tpaccax cabille 4000 kv. Mven-
HO HA Taknx PaccTosHKsX QSO NPOXOAUT Ha MANLIX YIAX UANY-EHUR, KOTOpLIE M 0GecneurBasT
9Ta aHTEHHA, 8 TAKKE HAYMHAET CKasLIBaTLCA PaBoTa aHTeHHE! C NI0GLIM TUNOM NONAPK3aLIMA.

6.2. MutaHre aHTenH «BOBTAIL»

B paguoniobutensckoi npakivke obbHHO UCNOML3YIOT NUTaHWe aHTeHHb! «Bobtail»
C© NOMOWBIO NapannenbHoro KoHtypa (puvic. 6.9). KoHTyp HacTpoeH Ha yactoTy paborbt
anTenHbl. B Ta6n. 6.1 NpuUBEAEHb! KOHCTPYKTMBHBIE AaHHBIE L5 BEINOAHEHWUS 3TON Lienv
peavioniobutensmi. Karylwka CBA3v MOXeT copepxate of 1/5 Ao 1/4 Hactn BUTKOB
OT OCHOBHOI KaTyikv. CornacyroLias Lenb JomkHa BbiTe BEINOAHEHa Kak MOXHO Bonee
KauecTBeHHO. Ha KOHTYPHOM kOHzeHcaTopa AeMCTBYeT GOnbLIOE BLICOKOYACTOTHOE
Hanpskenve. MoatoMy Npu NoaeoaMMON K aHTeHHe MotyHocTn, pasHo 100 Br, Ha
3TOM KOHAeHcaTope Moxer ObiTe Hanpsbkenve Beiwe 1000 B. Cnepyer Ucnonb3oBath
BbICOKORONBTHBIN KOHAEHCATOP, KOTOPLIA Takxe JOMKEH WUMETb Masble MoTepu Ha
BbICOKMX HACTOTax. MOXHO MCNONb3OBaTh CAMOAESbHLIM KOHAESHCATOP, BLINONHEHHDIA
U3 KO2KCVamnkHoro kaGens vl 13 ¢oNbrUPOBaHHOIO CTEKNOTEKCTONUTA.
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Puc. 6.9. MuTanne aHieHHL «Bobtail» Puc. 6.10. KoHgeHcaTop, BbINONHEHHbIR
© NOMOLBI0 NAPBANENBHOMO KOHTYPa Ha OCHOBE KoaKcwanoHoro katens,
B aHTeHHe «Bobtaiby

CTanpapTHbIit Ko2KeuaneHblit kabenk meeT emkocte 60...100 N Ha 1 M NOroHHON
AnvHbL. EMKOCTE KoakeuanbHoro kaensi MOXHO y3HaTb U3 TEXHUNECKWUX JaHHbIX kabens
wnv nameputo NpaktTuueckv. Ha pvic. 6.10 nokasaHo BIIMIOYEHVE B NapannenbHbiil KOHTYP
aHTeHHbI «Bobtail» kKOHAEHCaTOpa, BLINOMHEHHOrO Ha OCHORE KOakcuanbHoro kabens.
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Ta6nuua 6.1
LanHble MapannenbHOro KOHTYpa ANR NUTaHWA axreHHbl «Bobtail»

EmkocTs
Lvanaack, m WHAYKTUBHOCTL | KOHTYPHOIO Aunametp BOrvsa Bvametp Kaenvuecrsa
Karywky, M H Konne:;a'mpa. KaFylKkv, MM | HEMOTKV, MM | DPOBOAA, MM BUTKOB

160 6.8 1000 40 50 20 18
80 6 330 30 60 20 20
40 24 220 40 50 2.0 10
30 20 130 30 30 06 10
20 1.4 100 30 50 1.0 10

17 125 85 25 40 2,0 10

15 1,05 75 25 50 2,0 10
12 0.85 65 50 50 20 5

" 08 50 18 25 15 9

10 07 50 50 60 20 5

6 0.3 35 18 20 1.5 5

MCNONb30BaTL Liefbli 0TPe30K KOAKCUANEHOro kabens HepauvoHanbHo, Tak Kak OH
VMEET TNOBBILUEHHYIO WHOYKTVBHYIO COCTaBAsioLLyl0. Heobxoanmelit pna nocTpoeHvs
KOHAEHCaTopa OTpe3ok koakcuansHoro kabens paspesact Ha 3—6 uacted, 3areMm B
HUX COEIMHAIOT MNapanienbHO OMNETKU W LEHTPanbHLIE XWMbl, K3K NOKa3aHo Ha
puc. 6.11. HacTpoitky kongeHcaropa MpOM3BOAAT MyTEM YKOPOYeHWs OfHOro w3 OT-
PESKOB KOBKCUAnbHOrO Kabens, COCTEBRSIOWErO KOHASHCATOP KOHTYpa, vaW, ecnu
MCMNONL3YETCH Lenbiii OTPE30K, ero YKOPONEHNEM.

B KaueCTEE KOHIOEHCATOPA PEXEKTOPHOro KOHTYPa MOXHO MCNONb3oBaTh ABYXCTO-
POHHIT GONBIMPOBAHHEIA MATepUan — CTEKNOTEKCTOAUT TonuwHoi 1...3 Mm. B 3ToMm
cnyyae KoHaeHcatop nonyyaetcs 6onee rpoMO3AKVM, HYeM BBINOMHEHHBIM Ha OCHOBE
KoakeuaneHoro kabens. HacrpaveaTb KOHOEHCATOP Ha HEOBXOAMMYIO €MKOCTb MOXHO
nyTem paspesanvs Gbonbri Ha OfHOA W3 AByx OGKNEfoK aToro koHpeHcaropa. Heob-
XOOAWMO MPYHATE MEPbI MO BRArOM30NsALMKM BICOKOBONBTHOTO kOHAEHCATopa, BbINON-
HEHHOMO KaK Ha OCHOBE KOAkCWarkbHOro kabens, Tak U Ha OGHOBE CTEKNOTEKCTORWUTA.

Mpy 6ONbLMX NOABOAMMBIX MOLUHOCTSX K 8HTEHHEe BMECTO KOHTYp2 MCronb3yior
HACTPOEHHYIO 32MKHYTYIO YETBEPTHBONHORYIO OTKPLITYIO AMHUIO (puvic. 6.12). Takoe nu-
TaHve 4YacTO UCTIONb3YIT B CUCTEMaX NPOgeCCUOHaNbHOR CesAam.

i
L Cri )~
0.2 -
L2
JIEEAC
Puc. 6.11. KongeHcaTop, BbiNONHEHHEB!R Puc. B.12. NutaHue aHTeHHbr «Bobtail»
HA OCHOBE OTPE3KOB KOaKCWankHoro kabens © NOMOLLLIO YETESPTLEONHOBOTO PE3OHATOPA
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Mpy UCNonb3OBaHMM MUTAHUA aHTeHHbl «Bobtail» uepea napanmenbHblil KOHTYD
BbICOKOYACTOTHBIN ApOCCent Ha kOHLUE kabeni MOXHO HE WCTMONb3oBaTb, OCOBEHHO
©CNU KoaKCUankHLI kabenk NEXuT Ha 3emne. HO ero ycTaHoBka ve NoMewaet patoTe
aHTeHHol. MpY NCNONL30BaKUK ANS NUTAHUS aHTEHHBI HETEePTLEONHOBOMO PE3CHATOPa
KenarenbHO UCNOSB30RaTL HA BLIXOAE KOaKCUANBHOTO KaGens BRICOKOHBCTOTHLIM apoc-
cenb N CUMMETpUPRYIOLLEe YOTPOMCTBO. BhiCOKOHaCTOTHLIN Apoccent MOXET GbiTh
BbINONHEH B Buge 10—20 ¢heppuTOBLIX KOMEL, TYFO HafeThiX Ha onneTky Kabens.

B 1261. 6.2 nprBefeHL! pa3Mepbl aHTEH-

Hbl «Bobtail» pas ee pabotel Ha MoBuTeNb- Tabavuyae 6.2
CKuX Avana3oHax 160—6 meTpos. Pasmept! Paamepb! aHTeHHbI «Bobtaily
BHTEHHbI PACCUUTaHbl NPU MOMOLM  Mpo- Ans ee paGoTbl HA MKBUTENLCKMX
rpamme Ariel V3.01, paspaboranHoit Scott pvanasokax 160—6 meTpos

Headspeth, WB4YZA. Hacrtpoiika aHTeHHbl

3BKNIOYAETCH B HeBGONBLUOM yKOpauVBaHvy — fvanasos, m. | Lwma A m | Lwwa 8, m

KpaiiHMX BepTVKanbHblX BuBpaTopos 1 w 3 Macwora M) | (puc.62) touc. 62)

(pvic. 6.9) oo nonyyeHws pe30HaHCA 2HTEH- 160

Hbl B CepeaviHe NIBUTENLCKOro AvanasoHa. (1,900 M) 36,1 759
Kak OTMeuanoch Bbllue, aHTenHa «Bob- 80

tail» ve TpeGyeT ons croel paboTel NPOTVBO- (3,600 MIy) 19,05 40,06

Becog. Ee peasibHas AnarpamMma HanpaeneH- 40

HOCTU 33BUCUT KaK OT KONWYECTBA «MNeuy» B (7,050 Mru) 8.15 19.23

BHTEHHOI CUCTEME, TAK U OT NapamMeTpoB 30

NouBL! (Ha KOTOPLIe pagromoburens noanu- (10,100 M) 6.79 14,28

STb HE B CUMax) nog aHTeHHoR. Tonsko Me- 20

TANM3ALMA 3EMAN NOJ BHTEHHOR MOXeT Mo- (14,150 ML) 4.85 10.19

BIVATL Ha ee pabory. Ho, no coobuieHnsm 17

HEKOTOPLIX Paavonobuteneit, ucnonbsoea-  (18.150 Mruy 3.78 7.95

H/E HECKONLKUX MPOTUBOBECOR HEMHOrO 15

ynyywaetr pabory auTenHbl «Bobtail». Ha (21,150 ML) 3.29 6.82

npaxTyke O6bINHO MCNONL3YIOT UK OAWH YET- 12

BEPTHLEONHOBLIN NPOTUBOBEC, UNK HECKOMbKO (25000 Mru) 274 577

3NEKTPUHECKU KOPOTKUX NPOTUROBECOB Lnn- n

HOA B OfIHY IECATYIO OF ANVHLI BOMHL paBory  (27.300 MM 2851 S.28

aHTeHHb), PACMONOXEHHBIX MOO LeHTPaib- 10

HbIM BEPTHKasbHbIM BUBPaTOPOM, OT KOTOPO- (28,500 MIru) 2,41 5,06

ro NPOVCXOOMT MUTaHVE OCTanbHbIX HacTeit 6

AHTEHHL. {51,000 ML) 134 2,62

6.3. CnoxHele aHTeHHb «BOBTAIL»

Kak yxe OTmMenanock BbIWE, NapaMeTpbl 2HTEHHOW CUCTEMBI, BLINONHEHHON Ha
OCHOBE aHTEHHbI «Bobtail», 3aBUCAT OT KOAVMYECTBA NNEY (ANEMEHTAPHPE FINEYO aHTEHHBI
nokKazaxo Ha puc. 6.2).

HavBonee uMpOKO pacnpocTpaHeHa Ha Nepeaalouwx LeHTpax NpodeccupHansHas
anTenHa «Bobtail», BLINONHEHHas HAa OCHOBE AByx B3aWMHO NEPNEHSVMKYRRPHO pacne-
NOXEeHHLIX NonoTex (puc. 6.13). B aTom cnyyae ee BxoaHOe CONPOTVBREHUE COCTaBAAET
npymepHo 500—800 Om B 32B1CUMOCTU OT BbINONHEHVS 2HTEHHBI U N2paMETPOB MNOYBLI
nog Hei.

B BepTUKankHOA NNOCKOCTY AvarpaMma HanpaBReHHOCTW CNOXHOK aHTeHHb! ByoeT
npeacTaBnATe COBOM BOCBMEPKM, NEXatme B HanpaBReHuv OCel antensbl. B ropu-
30HTASLHOI NIOCKOCTY AvarpamMMa HanPaBNeHHOCTU aHTeHHsl Bynet 6amaKa K Kpyrogoii.

Jna ycTpanesus npoBasios Mexay CTOPOHEMM U3NYYeHWs aHTEHHOM CUCTEME! U [as
YMEHBLIEHUS €8 BXOOHOIO CONPOTMBIEHVS UCNONL3VIOT BKAIOYEHWE Tpex 1 Bonee nono-
TeH (puc. 6.14). B 3aBUCMMOCTU OT BLINONHEHUA AHTEHHE! U NapaMETPOB NOYBL NOA HEel
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ee BXxoAHOe conpotusnerue pocturaet 300...600 OM. 310 NO3BONsET MCNONL30BATL L7
£e NUTaHVs OByXNPOBOAHBIE MKWV NEPEefayy COOTRETCTRYIOLEro BONHOBOTO COMPOTUB-
NEHUs, 4TO YNPOLLEeT NOCTPOeHWE hMAEPHOro TpakTa. MHe He BCTpedanuce OnvcaHns
BLINONHEHHBLIX NPAKTUNECKM aHTEHH, CoAepkatmx Gonee Tpex NONoTeH.

Takylo aHTEHHY MNPV HanWuUY MECTA MOXHO BHINOMHUTE U B PaavonioBUTENbCKx
ycnoeusix. [nA ee nuTanvs Ha nebonbluvx MolHocTsx (0o 100 BT) uenecoobpasHo
VCNONBL3IORATL NAPannentHbIA KOHTYP C KaTylKOW CBA3W, BO36YX/IaeMblii C NOMOWLIO
KO2KCUaNnbHOro kabens.

Papvomoburenu MOryT UCNONB30BATL A8 NMUTEHVUA CNOXHOA aHTEHHBI, MMEeKuleit
NOHVXEHHOE BXOOHOE COMPOTUBREHWE, NMOAKNIONEHME K Y2aCTW BUTKOB KOHTYPHOW Ka-
TYWKU. ABTOTpaHChOpPMaToOpHas CXeMa NMUTaHVs aHTEHHBI NOKa3aHa Ha puc. 6.15. Takoe
NUTaHVe aHTeHHbl Tpebyer noatopa BUTKOB KaTywWwky NPY HACTPOMKE aHTEHHE!, YTO He
Bcerna yao6Ho. Bo-NepebIX, NpY YCNOL30BaHUU BLICOKOAOBPOTHBIX KATYLLEK, BbINOA-
HeHHbIX NocepebpeHHbIM NPOBOAOM, NOACOEAMHEHVE K YacTV BUTKOR KaTyLUKU MOXET
NOHU3UTL ee NOBPOTHOCTB, 8 RO-BTOPbIX, KOHCTPYKTUEHO HE BCEFrAAa YAO0GHO BbiNOMAHATH
3TOT OTBOA.

90
&
l T 1
Puc. 6.13. MpodeccuoHanbHan Puc. B.14. CnoxHan anTeHHan
anTeHHa «Bobtail» cucrema «Bobtai»

Mpu MCNONBE3OBaHWUKN CROXHOMN aHTeHHb! fns paboTel Ha AvanazoHax 160—40 MeTpor
PEKOMEHAYETCS UCNONL30BATE KOHAEHCATOPHYI0 CXEMY COrnacoBaHus, KOTopas Noka-
3aHa Ha puc. 6.16. KongencaropHas cxema cornacosanuvs Gyner paBotarte ¢ Gonswein
3 bexTMBHOCTLIO, YeM aBToTpaHchopmaropHan. Ha auanazonax 30—6 METPOR MOXHO
MCNoMb3oaaTe NIBYI0 U3 CXeM LNs NUTaHWA aHTEeHHbl NPW COBMIOAEHUM TLLATENLHOCTI
ee HacTpolku. Ho, No MOemy OnbITy, KOHAEHCATOPHAA CXeMa COFNacoBaHWn HacTpav-
BAETCA NErye aeTOTPaHChOPMAaTOPHON.

O6LLas eMKOCTE NOCNER0BATENBHO BKAIOYEHHLIX KOHAEHCATOPOEB C1 v C2 Gyper pas-
Ha EMKOCTW KOHAEHCATopa, YKa3aHHOTOo B Tabn. 1. OTHOLWEHME EMKOCTU KOHAEHCATOPOR
C,/Cy Npy BXOOHOM CONPOTMBAEHUU aHTEeHHBI, paeHom 300...450 OmM, MOXET COCTaRnNsITe
1/(2...5). 310 OTHOWEHUE ONPERENSETCH IKCNEPUMEHTANBHO NPV HACTPOWMKE aHTEHHDI.

Nocne HacTpoiikn cornacyiouleit Lenu koHaeHcarop C7 MOXHO 3aMeHUTb NOCTO-
$iHHBIM, BbINOAHEHHBIM U3 KoakcuanbHoTo kaberns. B kauecTee koHpeHcaropa C2 MOXHO
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C2/C1=(2..5)

Paspadrux
[
22
Fq
747' 747’
Puc. 6.15. AetorpaHcdopmaropHoe Puc. 6.16. KoHosHcaTtophas
MUTaHNE aHTEHHb cxeMa COrTIacoBaHun

WCMONb30BATE MEPEMEHHDbI KOHAEHCATOP € BO3ZYWHBIM AUBNEKTPYKOM W GONbLLIMM
3330pOM Mex[y nnacTHamu. TakMe KOHAEHCATOPbl MCMONL30BaNMCh B CTApPbIX MPU-
emHukax. TlaTensHas sawmTa aToli CornacytoLlell Lem oT BO3AERCTEMA aTMOCPEpPHbIX
BO3aeiicTaniA oba3arerneHa.

6.4. NpakTnueckoe BbINOMHEHVE aHTeHH «BOBTAIL»

BbinonHeHne anTeHHbl «Bob- 7 4 5 3 5 2
tail» MOXHO OCYLLECTBUTL COrnac- 7//_ /‘ _\_\
HO pue.6.17. Mexay gByx ofiop
1 v 2 pacTArvBaeTCcs NnosoTHO aH-
TEHHbI 3 € MOMOLUBIO OTTSXEK 4, 7
V30AMPOBAHHBIX OT @HTEHHDb! C Mo~ L o T

MOIL|bIO UBOARTOPOB 5. MOCKOABKY
B 3THUX TOYKaX MUHVUMYM Hanpea-

XEHUSI, TO 3TM W3ONATOPL MOryT Ay ~
6bITb HEBLICOKOFO KauecTsa. Bub- 8 w 8
paropel aHTeHHE! 5 1 6 pacTaru- / AN

BAIOTCA B MpPOCTPAHCTEB € MO-
MOLLBIO TUPNSIHABLI N3ONATOPOE 8
WM OfIHOTO KaueCTBEHHOFO M30-
natopa. Cornacyloee yeTpoiicT- Puc. 6.17. Buinonrenve axteHHb «Bobtail»

BO 9 pasMeluaercs B KOpobke, roe

obecrieyera ero 3aumrta OT BO3-

AelicTBrs atMocepHbix YCroBuid. MpoTueoBeck 10 UMEIOT oKy A/4 v pacnonaraloTcs
nog, HEGONLLIMM YrROM K NMOBEPXHOCTM 3eMnn. Kabenb nuranma naeT NepneHankynspHo
NOBEPXHOCTM 3eMN1, 3aTem BLONb Hee. B kpaitiem caydae kabenb TOXe MOXHO MyCTUTb
rnoA, HeGonbLLIKMM YrNOM K MOBEPXHOCTW SEMIN.
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Ha koHLax anbparopoB aHTeHHb! MPUCYTCTBYET BLICOKOE HanpAxenue. B cBsian ¢
3TUM KOHUbI ClieflyeT pacfionararb Ha BO3MOXHO GONbLuei BBICOTE Haf, 3emnelt, YTobk!
VCK/HONMTE CNY4alHOe KacaHne YeNoBeKa KOHLOB aHTEHHDB!. B NPOTMBHOM Cny4ae KOHLb!
aHTEeHHbl HEOBXOAMMO TLUATEeNbHO 3an30NMpoBaTh. MB0NSITOPbl HA KOHL@X 8HTEHHbI
A0MKHb! BbITh BLICOKOMO KayecTea.

Ons paborbl Ha BepxHux niobutenccknx KB avanasoHax 6—15 meTpos nonoTtHO
@HTEHHbI MOXHO BBINOIHUTL M3 MeTannmueckmx Tpybok amamerpom 10...20 MM, He
336bIE O KA4YECTEBEHHbIX M30NATOPAaX HA8 KOHLAX BMOParopoB aHTeHHbl. B 3toM cmyuae
HaCTPOMKY aHTeHHbl «Bobtail» B pe3oHaHC MOXHO BBLINONHWTL € WCMNONL3OBAHMEM
3aKOpaYMBAIOLLMX Mepembiiek f1, kak nokazamo Ha puc.6.18. MNocne HacTpoiikn
aHTEHHbI HEOGX0AMMO OBEeCreunTh HAAEKHBI KOHTAKT MEPEMbNEK O MONOTHOM aH-
TEHHbI.

W B SaK/Ho4eHMe HeOBX0AMMO OTMETWTL, NTO NpK OTCYTCTBAM [OCTATOYHOIO MecTa
LNs ycTaHoBku Gonblumx aHTeHH «Bobtail» (puc. 6.1, puc. 6.9) MOXHO MCMoONL30BaTL
YMPOLLEHHYIO aHTEHHY Tuna «Bobtail», nokasanvylo Ha puc. 6.2. Cornacyetcs oHa €
KxoaKcuanbHbiM KabeneM Tak Xe, Kak U aHTeHHa, NoKasaHHas Ha puc. 6.9.

AxTenna «Bobtail» umeer Gonbluve dusmme-
ckue pasmepsl. A BONbLLIAS aHTEHHA CRYXWUT XO-
poLLeit Lenbio ANns nonaaadus B Hee MoOJHUW, 1
Mepemsiaxa nMeeT GONMbLIYI0 eMKOCTb OTHOCHTENBHO 36MIN.
Bcrneactere 3TOrp 3apAfl, HAaKOMUIEHHbI aHTEH-
HOW, MOXET [LOCTUFaTb 3HAYUTENILHOW BENVNUHBI.
Be3 3neKkTPOTEeXHUYECKOr0 333eMJIEHUS! HAKOM-
NEHHBbI @HTEHHOI CTaTWNMECKWIA 3apaa vnu Ha-
BEJEHHbI Ha aHTeHHy 6mmakuii paspag MORHUA
MOTYT MPMBECTU K PA3PYLUEHWIO nepeaarivka,
MOAKAIHEHHOTO K aHTenHe. Hambonee npocTo
OCYWIECTBUTD 3aUMTY @HTEHHBI OT aTMOC(EPHOro
BNEKTPMHECTBA MOXHO NMPY NOMOLUM 3a3EMIEHNs
Ha BAEKTPOTEXHUYECKYIO 3€MIHO XONOAHOTO KOHLIA KaTYLLUKK MK BHA Y€ FTBePTLEONHOBOMO
peaoHaropa.

Puc. 6.18. HacTpoiika eHTeHHbI
«Bobtail» B peaoHanc

NUTEPATYPA

1. Woodrow Smith, W6BCX. «Bet My Money on a Bobtail Beam». — CQ, March. — 1948.
2. Aonyxenor M. M. Pagnpocipatesve panvosond. — M.: Censb, 1965,

7. COrNACOBAHUE BEPTUKANBHBIX AHTEHH

BepTukankHble aHTeHHb SBNAIOTCA OOHWMK 13 HamboneB 4HaCTO NPUMEHAEMBIX
paavoniobuTensMn aHTeHH ans paborel B adwmpe. Orciona MoHATEH TOT WHTEpec,
KOTOpbIi MPORBASETCR K COMNACOBaHMIO BEPTUKANBHBIX aHTeHH. Jlna cornacosanmst
BOJIHOBOTO COMPOTMBNEHWA KOBKCMANbHOrO KaBGens ¢ BXOAHEIM COMPOTUBNEHNEM LUTbI-
PEBOt aHTEHHbI HEOBX0AVMMO MPUMEHATE KOMIMNEKC CrieuManbHEX Mep, KOTopbie onv-
CaHbi HUXKE,

OT CTenexn CornacoBaHvsl BEPTUKANbHOW aHTEHHbI ¢ GUOEPOM 3aBUCHT 3ddek-
TMBHOCTL PaBoThl anTenHsl. OCOGEHHO 3TO KACAETCA TEX @HTEeHH, BXOOHOE COofpOTvE-
JEHWE KOTOPLIX SHAHUTENbHO OTNMYAETCR OT BONHOBOrO COMPOTUBIEHUA UCMONb3YEMOro
COBMECTHO C HUMM dUpepa. 3T0 OCOGEHHO DTHOCUTCA K YKOPONEHHBbIM BEpPTUKabHBIM
aHTEHHaM HM3KOYACTOTHbIX AVanaszoHoB Huxke GyayT OnMcaHbl OCHOBHbIE METOAbI
COrnacoBBHUA BEPTUKA/IBHLIX HECUMMETPUYHLIX 8HTEHH paaanHoﬁ AMHbl U pacnono-
XEHHbIX B pa3nu4HbiX yCnoBuaX.



[na AUTaHKS 383EMNEHHLIX YETBEPTREDSIHOBLIX @HTEHH YaCTO WCNOML3YIOT ramma-
COrNacoBaHue, C NOMOLLLIO KOTOROIO MOXHO MUTATL AHTEHHY, CMONb3YA KOAKCHaNbHbIA
kafenb ¢ BONHOBLIM conpoTuenedvem 50 wnn 75 OM. B cryxebHoli n paguoniotu-
TENLCKON PAaVoCERaM HacTo MCMOMb3YIOT COTNAacoBaHUE BEPTUKANbHLIX @HTEHH € KO-
aKcManbHbIM KabBNeM MMTAHKA € NOMOLLBIO ONPEAENeHHOro KOAVMECTBa NPOTMEOBECOB
1 YINOM MX HaKIOHa OTHOCUTENLHO LUTBLIPA @HTEHHBL). B KaYBCTBE NPUMEpa NPUBEAEHO
OMUCAHVE HECKOIbKUX @HTEHH CNYXe6HLIX CTanLwi,

Onucanbl MeToAb COTNACOBAHUA YKOPOYEHHBIX M YAMHEHHLIX (OTHOCUTENBHO HeT~
BepTbEONHOBOTO BUOPATOPA) LUTHIPEBLIX AHTEHH, MCMONb3YEMbIX B PAAMOMOBUTENbCKOR
n cnyxebHoi cBaan. MHOrve u3 3TuX METOAOB WCMONe3YioTCH AABHO M LUMPOKO
W3BECTHbI papvoniobutensm. Jpyrve MeETofw, paspaboTamHble Takke OABHO, B Ha-
CTORLAE BpeMA 6narononyyHo 3a6bithl. HO MOMHS, 4TO HOBOE — 2TO XOpPOLO 3abbiToe
CTapoe, OHM BOCMPOU3BEAEHb! 3/18Ch U MOTYT NoMOYb PaaMoNobuTenaM B nx aKcne-
PUMEHTaxX C BepPTUKaNbHbBIMU aHTEHHAMMW.

Bce 310 nossonnT papuoniotutenio Buibpate TOT cnocob cornacoBaHvs BepTu-
Ka/IbHO HECUMMETPU4HO HTEHHBI, KGTOPLIA ONTUMAIBEHO NOOXOAMT EMY B KOHKDETHBIX
YCNOBUAX YCTAHOBKM @HTEHHbI.

7.1. CornacoBaHie 4eTBEPTLBOMHOBLIX WTbipEBbIX aHTEHH C NOMOLLLIO
HaKnoH2 NpOTUBOBECOB

Kak n3BecTHO, upeanbHas YeTBEepTLBONHOBAS aHTeHHa, pasMelleHHas Herocpea-
CTAEHHO Haf WASANbHOW NpOBOASLLA 3emilell, UMeeT BXOQHOE CONPOTVENEHVE PaB-
Hoe 36 OM. AHTEHHY C TakMM BXOOHbIM COMPOTMENEHUEM MOXHO MUTaTb MO KOaK-
cvanbHoMy kaBeno BONHOBBIM COMPOTVBNEHMEM 75 OM NPy NOMOLWM YETBEPTLEON-
HOBOro TpaHc(opMaropa, BeINOJIHEHHOTO M3 KOAKCUanbHOro KabBns ¢ BOSIHOBLIM CO-
npoTvenedrem 50 OM. Cxema Takoro NUTaHUs 4YeTBEPTbBONHOBOM @HTEHHBI MOKasaHa
Ha puc.7.1. K coxanenmio, nogobHblin Cryyai pasMelleHns HECUMMETPUNHONM YeT-
BEPTLBOAHOBOM aHTeHHbl Hah, WOeanbHOW MpOBOASLLEH MOBEPXHOCTHI0 B paguonio-
butensCknx yenoBusx ObIBaeT [OCTATONHO PEAOK. 3TO MOXET BbiTe TONLKO B CRyyae
pasMellleHns YeTaepTbBOIHOBbIX aHTeHH YKB auanaszoHa Haf KopnycoM asromMobuns,
KOTOpbIii MOXHO CHWTATbL MAEANbHO NMPOBOASLIER MOBEPXHOCTHIO.

A4

(C y<emorm
KO3¢QPLI LeHma
yKOpOYEHUS)

fodas dauHa
do_nepedamyyka

Puc. 7.1. lNuranne Pvc. 7.2. BeptikaneHan aHTeHHa HAL, 3emnei
YETBEPTEBOIHOBOW aHTEHHHI,
P33MELLEHHDH HENOCPEACTBEHHO
Han NPOBOARALLEN 3eMRei
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B auanasone KB pasMelileHne aHTeHHbl Ha AOCTaTOYHO NPOTSXEHHOM NPoBOasLLei
MNOBEPXHOCTLIO, KOTOPYI0 MOXHO CYATATE «MASaNbHOM 3emnei», NPoucxoauT ToXe pe-
AKo. Hambonee pacnpocTpaner chysaii, Korfia aHTeHHa YCTaHOBNEHa HenoCcpeACTBEHHO
Haz, NNoxo NpoBogsLiei NOBEPXHOCTLIN. JTO MOXET GbiTb, HANPUMEP, BETOHHas Kpbiua
3fanus. Npaktuyeckn niobes nouBa MOXeT pacCMaTrpUBarbcA nNpy pabore Ha Avanaso-
HaX KOPOTKMX BOMH Kak MIIOX0 NPOBOASLIAA NOBEPXHOCTL. 3Ta NNoOX0 NPOBOAALLAS Mo~
BEPXHOCTL HE MOXET CRYXUTS «3eMNei» BEPTUKANbHOM HECUMMETPUHHON aHTEHHbI MPY
ee pabote Ha nepenavy. B atom cnyvae pna obecneyeHra paaMoTeXHUNECKON seMnum,
HeobxoauMoi Ans paboTbl BEPTUKANLHON HECMMMETPUNHON AHTEHHB!, UCTIOAL3YIOTCA
NMpoTVBOBECH!. [PU PACMONOXEHNN LITLIPA AHTEHHBI HEMOCPEACTBEHHO HAf, «TOXOM»
3emnein HeobxoaMMO MCTNOAL30BATL MHOFO, MO KpaiiHel mepe 10, NPoTUBOBECOB ANA
YOOBNETBOPUTENLHOM paboThl aHTEeHHL). ONTUMANbHBIA BEADMAHT — AHTEHHA NOAHATA Ha
BBICOTY HE MEHEe HeTBEpPTM [UWMHB! 80/ Hbl U C Heli MCTONb3YITCA YETBEPTLRONHOBLIE
PE30HAHCHbIE NMPOTUBOBECKH!. B 3TOM Ccny4ae npy BapbUpoBaHnM KOAMYECTEOM MPOTHED-
BECOB M YINOM WX HaK/IOHa OTHOCUTENBHO LUTHIPS BEPTUKANbHOM HECUMMETPUYHOM aH-
TEeHHb! MOXHO OCYLLIECTBUTE ONTUMANbHOE COrNAacoBaHne aHTEHHOI CUCTEMBI G KOaKCH-
ankHbIM kabenem.

PaccMoTpuM, Kak 3TO MOXHO OCYLIECTBUTL. HeTBEPTLEONHOBAS LUTHIPEBAA AHTEHHA,
YCTAHOBIEHHAS Ha BLICOTE HE MEHEE [/IMHb! BONHBI OTHOCUTENBHO NMOBEPXHOCTU 3EMIN 1
CHaBXEHHasA YeTbIPbMA HETEEPTLEOHOBLEIMM MPOTMEOBECAMY, UMEET BXOAHOE COMNpo-
TMBneHMe okono 20 OM npy pacroNoXeHnn NPOTUBOBECOR Moy, yriiom 90° K aHTEHHE, Co-
npotuenedne 40 OM Npy pacnonoXeHnn NPOTUBOBECOB nog yrnoM 120° K anTenxe, co-
npoTvenesne 50 OM Npu pacrnonoxesnn NPOTMBOBECOE NoA yrnoM 135° k aHTeHHe (oM.
pvc. 7.2).

HanbHeiillee YBENMNEHWE KOJMHECTBa MPOTMBOBECOE HE3HAYWTENBHO YMEHBLLMT
BXOAHOE COMPOTUBNEHE HECMMMETPUNHOM BEPTUKENLHOM SHTEHHDI.

208 TOro, 4ToGH! CONPOTVBNEHKE
aHTeHHb! Obinio G6rnmako k 50 Om,
HEoBX0AUMO KOHLL! NPOTUBOBECOB
pacrnonoXvite OTHOCUTENBHO NpPO-
BOAsLLE NMOBEPXHOCTU HA BLICOTE
HE MEHEe YeTBEpPTU AJIHBI BONHbI.
370 YCNOBUE NErKO BLINCNHWTE NpK
pasMelleHn gHTeHHbl Ha MeTan-
MNECKON MauTe, Kak rnokasaHo Ha
puc. 7.3. Takoe mnocTpoeHne He-
CUMMETPUYHOWM BEPTUKANBHON aH-
TEHHb! MOXET ObITb BbINOAHEHO MNPy
ee pabote Ha YKB u Bepxtux KB
Ovanasonax. C yeBennuyeHnem pnm-
KOQKCUA NbHBIL Hbl BONHbI, HA KoTopoit ByaeT pa-
AHMeHHas xadens Borars aHTeHHa W, cReaoBarerLHo,
mayuma C YBENMYEHVEM Pa3MEPOB aHTEH-
Hbl, 3TO YCNOBME CTaHOBUTCA BCE
Gonee v Goree TPYAHO BLINONHU-
mbiM. NoaToMy B pagvomoburenb-
CKWX YC/IOBUAX NPpY NOCTpoeHnn KB
AHTEHH HU3KOYACTOTHBIX AManaso-
HOB 3TO YCNOBME 4aCTo He BbINON-
HAETCA U KOHL|bt MPOTUBOBECOB aH-
TEHHbl HAXOASTCA Ha HeBonbLo BLICOTE HAA 3emriei. TorAa BXOOHOE CONMPOTUBNEHWE
@HTEHHOM CUCTEMBbI CKOpeili Bcero He Gyaer ToyHo pasHo 50 OM v BO MHOroM GypeT
3aBMCETE OT NPOBOASILLWX CEBOMCTE 3EMNM 11 OT BBICOTHI PACTIONOXEHUS! LUTHIPS GHTEHHbI
W NpOTWBOBECOB OTHOCMTENEHO €B. [lpW XOpOLwwel NpoBOAVMOCTM 3EMIM BXOAHOE
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CONPOTMBNEHNE @HTEHHBLI MOXeT BbTe Menee 50 Om. Mpu Nnoxo NpoBogsaulein seMne
BEXOAHOE COMPOTME/IEHVE AHTEHHbI MOXeT OuiTe paxe Gonee 50 Om. 310 cBAsaHo ©
TEM, W4TO B 3emne GyAeT paccevBarbCA BHICOKOYACTOTHARA SHEPrvs, NOSBOAMMAas K
aHrenHe. B peantHbX yCroBUSX 33 MioxX0 MPOBOASWUYIO 3EMNI0 MOXHO NpuHsTh Ge-
TOHHYIO KPbiLLY 1in €260 NPOBOAALLYI0 CYXYI0 NoYBy.

CnapyeT o6parvte BHMMaHME Ha TO, YTO ANA NPaBunbHOM paboTbl LITbIpaBoOi
HECUMMETPIYHO BHTEHHE! NPUHATO UCTMONb30BATh YETHOE KOMMMECTBO NpoTWBOBECOR,
AVaMETpanbHO PacronoXeHHblX OTHOCUTENbHO APYF APYTB. B 3TOM Cnyyae BbICOKO-
4acTOTHbIE TOKM, NMPOTEKaloUMe B NPOTMBOMONOXHBIX MPOTUBOBECAX, KOMMEHCUPYIOT
opyr opyra (pvc. 7.4) 310 NPUBOAMT K SHAYWTENLHOMY CHIDKEHWIO YPOBHS! M3NyHeHus,
MMEOLLEr0 FOPU3OHTANbHYI0 MOASPUSALVIO B OBLUEM WU3MYHEHUM LUTHIPEBOM AHTEHHDI,
a TaKXe CHMXaeT M3NyYeHne BHELLHel OnneTkn KoakcranbHoro Kabena. Mpu HeseTHOM
KONM4ECTBE MPOTMBOBECOB TaKOW KOMMEHCALMM BLICOKOYACTOTHBIX TOKOB He ByneT, B
pe3ynLrare 3T0ro rOpWSOHTANEHaA COCTABNAIOWANS B M3MyYEHUM 8HTEHHLI YBENMHMBA-
€TCA 1 BO3MOXEH aHTeHHbin ahgekT duaepa.

Jvarpamma HarnpaBneHHOCTY HECMMMETDUNHON BepTV-
KafibHOM @aHTeHHbl C MPOTMBOBECAMU WMEET NEnecTku, pac-
MONOXEHHLIE BAONL MPOTMBOBECOB. KomMepueckue Bepru-
KanbHbIE HECUMMETPUYHBIE AHTEHHLI B OCHOBHOM UMEIOT HET-
HOE KONM4ecTBO MNPOTUROBECOB. B pagvomobuTenbCKux ye-
NOBMAX BO3MOXHA YCTAHOBKE BEPTUKANLHOWM aHTEHHB! Kak ©
YETHBIM, TaK U C HEYETHLIM KO/IMYECTBOM NMPOTMBOBECOE.

11+(~11)=0
12+(-12)=0
Puc. 7.4. Komnencauuwa

Ans Toro, 4TO6L MCMONL30BaTh ANA MUTAHWA BEPTVKANb- TOKOB B ETHLIX
HOW HECUMMETDIHHON BHTEHHBI KOAKCUANbHBIR KaBenb ¢ BOA- npoTMBOBECaX
HOBbIM conpoTuBrnesnem 75 OM, HeobXOOUMO NPOTVMBOBECH!
pacniosarars nof yrmom 180° kK WTbIPIO 8HTEHHH!, Kak Mokasawo Ha pwc. 7.5. Mpak-
TUYECKU TAKOE pacnoNoOXeHue MpPOTMBOBECOB TPEGYET SKCMEpUMEHTANLHOI KOoppek-
TUMPOBKU [JIMH NPOTMBOBECOB, TaK KaK BCREACTBME ux GNU3KOFO PacrnionoXeHus K
METANNMYECKO MAYTE BHTEeHHbI NMPOVUCXOAMT MX HemaGexHan pacCTpoinka. Takan Bep-
TUKANBEHAR 8HTEHHa € BEpPTUKANLHO PaCMONOXEHHBIMA MPOTMBOBECAMW M3Ny4aeT nog
ManbiM YrIOM K FOpUSOHTY (NpumepHo 24°). Takoli yron uanyyeHrMs O4eHb XOPOLIO
nopxoauT Ans obecrieveHns cryxebHoi HW3oBO YKB cBssM u One nposefeHus
banbHux cBrzeir Ha KB.

B xoMmepueckux YKB aHTeHHaX BMECTO BEpPTUKANLHO PACrONOXeHHbIX MPOTMBO-
BECOE MCrOfb3YIOT 4eTBEPTLBOHOBLIM CTakad, Kak rnokasaHo Ha puc. 7.6. B paguo-
NIOBUTENLCKMX  YCNOBUAX BLINONHEHWE YETBEPTLBONHOBOFO CTakawa XOTA u  3a-
TPYOHWTENBHO, HO BCE Xe BO3MOXHO. Ha nna patotol Ha KB Takue aHTeHHbl uc-
NOnb3YIT PEaKo. 3TO CBA3AHO C NPOMO3AKOCTHIO KOHCTPYKLMIA BBICOKMX MaudT, Tak
KaK AnA KOppekTHOW paboThl aHTeHHOU cucTeMbl TpeByetcs, 4ToBbl KOHUbL! MpoTW-
BOBECOB HaXOAW/MCh HA PACCTOSHAM HE MEHEe YETBEePTV [UMHbI BOMHbl HAag no-
BEPXHOCTLIO 3eMnM B Chy4ae Xopolleir ee npoBogumocTn. Ecrm Ha YKB 310 ycnoeue
BLINO/HAGTCA OTHOCUTENEHO Nerko, To Ana patorel Ha KB aTo ycnoeue Macto Tpya-
HOBBLINMONHUMO.

7.2. BepTvkanbHbie HECUMMETPUYHLIE @HTEHHbI C
BEPTUKAILHBIM PacnONOXEHNEM NPOTUBOBECOB

7.3. KoaddpuumeHT yKkopoYeHUs: BEPTUKANBHON 2HTEHHb)

MNPy KOHCTPYMPOBaHMKM aMBpaTopa YeTBEPTLEONHOBON HECUMMETPUNHOM aHTEHHDI
1 4eTeepTbBOHOBbIX NPOTUBOBECOB HEOGXOAVMO YYUTLIBATE KOSMGMWULIMEHT YKOPOUEHMS,
KOTOpbI 33BMCUT OT AVAMETPa LITHIPS U MPOTMEOBECOB aHTEHHBI.
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Puc. 7.5. BepTiKanbHan HECUMMETDHYHAS Puc. 7.6. BepTukanbHas HECUMMETPUHHuS
@aHTeHHa C BXOAHLIM COTIPOTHBNEHUEM 75 Om @HTEHHA C YEeTBEPTLBONMHOBLIM CTaK3HOM

Fip1 KOHCTPYMPOBAHMM KOMMEPHECKMX HECUMMETDYHBIX AHTEHH KO3GPULIMEHT YKO-
poYeHns yuMTbiBaeTcs. Mpy ycTaHoBKe papvoNloBUTENECKUX aHTEHH KO3GMULMEHT
YKOPOYEHVS LR WTbIPA @HTEHHbl U €€ MNPOTWMBOBECOB 4HacTo HE pacCuMTLIBAETCH
AOMKHBIM 06Pa30M M BECbMa PEAKO NPOM3BOAUTCA HACTPOVKA NPOTMBOBECOB @HTEHHBI
B PesoHaHC. o3ToMy BXOfHOE CONPOTMEIIGHWE PaiMomObUTENBCKMX BEPTUKATbHBIX
@HTEHH MOXET SHAaYWTENbHO OTNUYATBLCH OT KX TEOPETUHECKOro 3Haqenns. Bonepcreve
Takoro HEKOPPEKTHOrO BLINONHEHNS! @HTEHHas cucTemMa GyAeT HyXOaTeCH B A0MOnHW-
TBMLHOM COrNacoBaHuM C KOakcuanbHbIM KabeneM nutavus. [lns onpepenesnst koad-
GULMEHTa YKOPOYEHUS! LUITHIPS aHTEHHbl WU MPOTVBOBECOE MOMXHG BOCTONb30BaTLCs
rpachrKoM, NMPYBBAEHHLIM Ha pue. 7.7.
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Kak B1aHO 13 rpadurka, KoahhOUUMEHT YKOPOYEHUA SBUCHT OT OTHOLLEHWS AMaMeTpa
LITHPA UM NPOTUBOBECOE K AiMMHE BONHbL. HO B peanbHOi KOHCTPYKUUM BePTUKANbHOM
KB vnn YKB aHTeHHbl CBOI BKNaL B YBENMHMEHWE KO3(GMULUVEHTa YKOPOMEHWA BHOCUT
KOHCTPYKLMS @HTEHHBbI. 3a CHET MpPOTEKaHWs! eMKOCTHBIX TOKOB MEeXZy 3neMeHramu
@HTEHHBI, 38 CYET B/IMAHMA MOCTOPOHHWX NPEAMETOB M 3eMNK HA paboTy aHTEHHb 1
33 CYeT MHOXEeCTBa ApYrvx (bakTopoB, KOTOPLIE WHOTAA TPYAHO MOAJAINTCA yuyeTy,
3HaueHne peanbHoro Ko3hGOULMEHT yKopoueHus BUBpaTopa aHTeHHb! 06bHO Gonblue
€ero TeopeTn4ecKoro 3HaYeHus.

7.4. FaMma-cornacoeaHe LUTbIPEBbIX 2HTEHH

TaMma-cornacosaHve SBNRBTCA YHUBEPCabHbIM BUAOM COrNAcoBaHuns, npyu noMoLLm
KOTOPOF0 MOXHO OGECNeqnTs MWUTaHUe 3a3eMNEHHOrO WTLIPS, MPUNeM 3TOT LWTbipb
MOXET ObiTb Kak pe30HaHCHLIM, T8k WM HEPAsOHaHCHLIM. Hanaraetcst TONLKO OAHO
YCnoBYe: [JIMHA 3TONO WTHIPA A0MKHA ObiTb XOTA Bbl CPABHWMOI C AMHON CamMOro
TamMma-cornacosaHus!

PasbepemM yrpolieHHyio paboTy ramma-COrNacoBaHus C PESOHAHCHON YETBEpTb-
BONHOBOI1 HECMMMETPUYHOM aHTeHHo. Jlna noscHenns paboTtel ramMMa-cornacoBaHns
paccMOTPKM, Kak MOXHO OBeCcneuvTe NuTanme NS YeTBEPTLEONHOBONO LWTHIPS, YCTa-
HOBIEHHOFO HaJ WaeankHo NpoBoasiuel semneir. Mbl 3HaeM, HTO BXOAHOE CONpPOTHB-
NeHve Takoro Wrbips paBHo 36 OM 1 onst ero NUTaHWs MOXHO MCMONB3OBATL COrna-
CyIoLLEE YCTPOMCTBO COBMECTHO C (PMAEPOM (KOAKCHalbHbIN kabenb unm ABYXMPOROAHAA
NUHKA), NOAKIHOYEHHBEIM HEMOCPEACTBEHHO K HUXHEMY KOHLY LWTHIpR. B 3ToM crnysae
npu Nojase B KOAKCHanbHLbih KaGeNb BbICOKOYACTOTHOM MOLLHOCTM B 3TOM LITHIpE
YCTaHOBUTCA COOTBETCTBYIOLLEE pacrpeieneHne BLICOKOYACTOTHORO TOKa, KOTOpoe no-
Ka3aHo Ha puc. 7.8.,a. Takoe e caMOe pacnpejeneHWe BLICOKOUYACTOTHOMO Toka B
LWITHIPE MOXHO YCTAHOBMTE M NPU MOMOLW FamMMa-CornacoBaHva. [INA 3TOF0 WIThIpb
3336MNSIBTCA M CO CTOPOHBI 36MIM K LUTHIDIO MOAKMIONAETCA 3aMKHYTHI OTPE30oK
AEYXMpPOBOAHOM NUHWK, MPU4EM DOAHA CTOpOHA STOW JvHuM — O6LUas ¢ @HTEHHOIA.
B 3tOM CcRyyae npu MpoXOXOEHUM BBICOKOHACTOTHOFO TOKA YEpe3 3Ty NVHUI0 TOK,
NpoTeKaLWMii B 4aCTK ABYXNPOBOAHOM NWHWKM, OOWEeli C aHTEHHO, CIYXWT AN BO3-
ByxXoeHus aWTeHHb. CxeMa ramma-CoOrnacoBaHWA W pacnpeAeneHre Toka B HEM K
@HTEHHE NOKa3aHo Ha puc. 7.8,6.

[
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W3BeCTHO, HTC 3aMKHyTasi NMHWS, KOTOpPas BXOAUT B COCTAaB raMma-CornacoBaHus
M K KOTOpoi nNopkniouaetcA ¢Guaep, B 33BUCUMOCTM OT €8 JJIMHbl MOXET WMETH
aKTMBHOE COMPOTMBREHWe OT HyNA ([/MHA 3aMKHYTOV NMHMKM paBHa HyMio) oo Gecko-
HENHOCTU (AIMHA 3aMKHYTOl MHWK paBHa A/4). 3TO 3HAuMT, YTO ramMmma-cornacosaHve
MOXeT ObiTb NCMONBL30BAHO C GUAEPOM, MMEIoLWM NoCoe BOTHOBOE COMpOTUBAEHME.
370 MOXeT ObITb KoakcuanbHbid kabenb, 06naaalwmi BONHOBLIM CONPOTUBAEHKUEM 50
wim 75 Om, n AeyxnpoBOAHaNA NiMHWA, Mmelowwan conpotmenedue 300...600 Om. Um-
nefadc 3aMKHYTOW ABYXMPOBOAHOM NWHWM [AMHOI Mewblue, 4em A/4, cocTouT u3
aKTUBHOI W peaKTUBHOI HacTeil. PeakTMBHan 4acTb B 3TOM MMMEAaHCe WMMeeT Mono-
XKUTETBHYIO, UIM MHAYKTUBHYIO, COCTaBNAIOLLYI0 COnpoTVBNeHus. Paavoniobrurenn ska-
10T, KaK «BopOThCS» € MHAYKTUBHOW COCTABNAIOLIEN BO BXOLHOM COMPOTUMBIEHUM aH-
TeHHbL JINA 3TOF0 MCNONb3yiOT MOCNEeA0BaTEeNbHO BKIKOYEHHDbIM KOHAEHCATOP, KOTOpPLIA
KOMIMEHCUPYeT 3TY NULLHIOI PEaKTMBHOCTb. CxemMa raMma-cornacoBaHua € KOMMEHCK-
PYIOLLMM KOHAEHCATOpOM MokasaHa Ha puc. 7.9.

U3 310oro onucanns paboTbl raMmMa-CoOrnacoBaHWA MOHATHA €ro CTPaTerns HacTpoii-
ku. JINHa raMmMa-cornacoBaHns ONpefenser sHaueHe ero BXOAHOIO COMNpOTUBIEHUS.
YeM AnvHHee NuHuR, o6pasyiollas ramMmMa-cornacoBaHue, TeM Bhille BXOAHOE COoMpo-
TUBNEHWE 3TOFO raMMa-CoOMMacoBaHNA, YeM KOPOYe [/MHA raMMa-CorNacoBaHus, Tem
€ero BxOAHOE CcoMnpoTVBNeHne Huxe. STO OTHOCUTCA Kak On8 aKTWBHOW, Tak U JNA
VHAYKTVBHOWM COCTaBNAIoULE BXOOHOFO COMPOTVBAEHUS ramMmma-cornacoBanus. Mogo6-
pas ASWHY JIMHUM ANA FamMMa-CornacoBaHvA, aKTMBHAA YaCTb KOTOPOFO MMEET BXOAHOE
CONPOTVBAEHWE, PaBHOE BOJIHOBOMY COMPOTWMBAEHWIO GMAepa NMUTaHWA, NPy NoMoLm
KOMMEHCHPYIOLWWEro KOHAeHCaTopa Youpalor MHAYKTMBHYIO COCTASNSIoWYl0 BO BXOAHOM
COMPOTUBNIEHNA AHTEHHBI.

MNOCKOALKY NUHUA, COCTaBNAIOLLAA FAMMa-COrNaCOBaHNE, TECHO CBR38HA C aHTEHHOM,
peakTMBHOCTL U3 @HTEHHbI BHOCUTCA BO BXOAHOE COMPOTMBNEHUE M aMMA-COrNacoBaHms,
¥ Hao6opoT. CneaoBarenbHO, €CMM HE CKOMMEHCUPOBAaTh PeakTUBHOCTL BO BXOLHOM
COMNPOTUBAEHNW FaMMa-COrnacoBaHns, TO 37a PEaKTUBHOCTb By[ET BHECEHA B @HTEHHY,
HTO MPMBEAET K CABWUFY PE30CHAHCA AHTEHHbI BHWU3, WK, H9TO TO Xe CaMoe, BHECeHue
WHAYKTUBHOW COCTaBRAIILEN B COMPOTUBAEHWE @HTEHHbl. B HEKOTOPLIX CRy4Yasx 3ToT
ahdeKT MCRONb3YIOT U NPUMEHSIIOT AN fIOCTPOBHUA HECUMMETPWUYHOM aHTEHHbI C
AnvHo BUBGparopa HEMHOrO MeHELLE Pe30HaHCHO. Takoi BUBGPaTOp MMEET EMKOCTHYIO
COCTaEBnNAIoWYI0 CONPOTUBNEHNA, KOTOPas NMpU BHECEHWW B COMPOTUBIEHWE ramMma-
COFNacoBaHnsl, UMEIOLLETO MHAYKTUBHYIO COCTAaBASIOLLYI0, KOMMEHCUPYET 3Ty COCTaa-
TAOLWYI0. 3TO NO3BONRET CTPOMTL raMMa-cornacoBaHne 6e3 MCroAL30BAHWUSA KOMMEH-
CUPYIOLLIErO KOHAEHCATOPa, YTO B HEKOTOpbIX Chydasx GbBaeT HEOBGX0aMMO.

Koneuno, Ha camom paene pabora ramMMa-cornacoBaHWA FOPa3f0 CROXHEEe, YeM
fipuBeaexHan saeck. Npu pabote raMma-cornacoBaHus MPOSBARIOTCH eLe TPaHChOop-
MUpYIOLWE CBOMCTEA NWHWK, COCTABNAIOLIEI raMma-cornacosaHue, NpuCyTCTaylor v
HEKOTOpbIE APYre MOMEHTHI.

ECrm ramma-cornacoBaHue MenosbayeTes fis pabothl COBMECTHO C HECUMMETPUY-
HOl 4ETBepTbBONHOBOM @HTEHHOW, PacroNOXeHHOW Haf uAceanbHoN NpOBOLSLIER no-
BEPXHOCTbIO, TO MPUMEPHO NPUKMHY T paamMepbl FaMMa-COrnacoBaHA MOXHO UCTIONL3ysa
Tabn. 7.1. BbinonHeHne raMma-cornacoBaHWA Ha PEaTbHON @aHTeHHE, PACrONOXEHHOM
B pEasbHLiX YCNOBMRX, NO3BOMMT YTOMHMTL OJMHY NMHWK, MCMONL3YEMO B FamMma-
COrnacoBaHUM.

JaneHeuuM  pasBuTeM raMMa-CornacoBaHWA SBRSETCA OMEra-cornacosavuve.
Cxema omera-cornacosasus npueepeHa Ha pye. 7.10. OMera- cornacoBasve Npeaioxun
UCNONL30BaTk U3BECTHLIV amepuKanckuii pagvonobutens William Orr (aeTop MHOFMX
KHWM MO 8HTEeHHaM, KoTopble Ha 3anage cramm GecTcennepamu), UMelOLWMiA NMO3LIBHOM
W6SAI, B 1955 rogy. OMera-cornacoBaH1e OTINYaeTCs OT CXeMbl FaMMa-CoTnacoBaHma
Hannuem kowaeHcaropa C2. Ponb 3TOr0 KOHOEHCATOpa aHanorvyHa QyHkummn nepe-
MbIHKKW, WCTIONb3yeMO B NWMHWMKW raMmma-cornacosaHusl. To €CTb, M3MEHsis eMKOCTb
Kongencaropa C2, Mbl BUPTyanbHO YMEHBLLIAEM MK YASMHEEM NUHKWIO, UCTIONL3YeMyio



B aMMa-COrnacoBaHnWK, UNK, YTO TO Xe CaMOE, U3MEHSEM aKTUBHYIO COCTaBRAIoWYIO
BXOAHOrO CONPOTMBEHUS FTaMMa-CorNacoBaHnA. 3TO MO3BONSET Cpady BLINONHUTE
CXEeMy FamMmMa-CoriacoBaHUa M Npy ero HacTpoOlKe He AeUraTk Nepembiuky, 4TO 4acTo
ObIBAaET HE O4EHb YAoGHO. Konaencatop C1 B cxeMe oMera-cornacoBaHvs Nponssoaut
KOMMEHCALWI0 PEAKTVBHOM COCTABNAIOLLEN B €r0 BXOAHOM CONPOTUBNIEHNK, aHanorMyHo
TOMY, KaK OH 3TO LEenaer B CxeMB ramma-cornacobanma. Kowpencarop C2 noseonser
WMCMONb30BaTL NIMHWIO B rAMMa-COrnacoBaHn AJIMHOM NMPUMEPHO a8A30e MeHbLuen, Yem
B CXeMe TPaAVLMOHHOTO raMma-cornacoBaHus. paafa, MHe Npuxoavnock BCTpedars
3amevannsi No noeody TOFO, YTO OMera-cornacosaHve npumepHo Ha 20% Mewee
3¢(EKTMBHO, HEM TPAIMLYVOHHOE FaMma-CornacoBaqme. [JaHHble NepemMeHtbiX KOHAEH-
caropoB ramma- 1 OMBra- cornacosanusi npueefieHtl B Tabn. 7.2.
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Puc. 7.8. FamMMa-corsiacoBaHvie aHTEeHHb Puc. 7.10. OMera-cornacosaHvie
€ VICNONBE30BAHVEM YKOPEUVBAIOLLErO BEPTVKANLHOW AHTEHHBI
KOH[EHCaTopa
Tabrnuuya 7.1 Ta6nuua 7.2
DaHHbIE 008 BHINONIHEHNS 3HaYEHVA NEPEMEHHBIX KOHABHCATOPOB
FaMMa-COrnacoBaHust ramMma- ¥ OMera-cornacoBaHva
BonHosoe Avanason, M
COIPOTUBNEHUE
KOAKCHANBHOr O 10-17 | 20-30 40 80 160
kabens, OM
[ C1r | 100 | 150 | 280 | 560 | 1200
50 75 KOHAEHCATOPOE,
nd P c2 50 100 150 200 350
R | 0,03H | 0,04H
Paameprl | d 0,5D 0.2D
h | 0,154 | 0.,18H

HacTpaveaTb ramMma(oMera)-cornacoBaHVe XenaTensHo Npu MoMoLUn BbICOKONaC-
TOTHOro MocTa. OnpepensioT aKTUBHYIO HacTk BXOAHOTO COMPOTUBNEHWE aHTEHHB! CO
CTOpPOHBI ramma(oMera)-cornacosatna. Ecnv oHa Bbille BOAHOBOFO COMPOTUBAEHVIS
MCMONbIYEMOrn ANA MATAHWA aHTeHHL! ¢naepa. Anvky h (em puc. 7 9) yMeHblwaloT.



ecnu Gonelle, fnvky h yaenuuvBalor. B cxeme OMEra-corNacoBaHvs! 3Ty YacTb Ha-
CTPOMKW NPOUSBOANRT TONEKO M3MEHEHNEM EMKOCTH KoHAeHcaTopa C2. Mocne noproHku
AKTVMBHOFO COMPOTUBNEHNA NP NOMOLLM KOHAeHcaTopa C7 KOMMEHCUPYIOT PEaKTUBHYIO
4aCTh COMPOTUBAEHWA. [MOCKONbKY 3TU HACTPOMKKM — MOATOHKA aKTWBHOFO COMpPOTMB-
neHna Npy NoMoLW NepemMbldKKU UM KoHOeHcaTopa C2n KOMMEHCALUMA NHOYKTUBHOFO
CONPOTUBAEHUS] B3AUMHO 3aBUCHMbI, O6LIYHO TPeByeTes Mpoaenare HECKONBKO MoChe-
AOBATENEHBIX HACTPOEK BXORHOTO COMPOTHMBNEHUS WM KOMMEHCALUWM WHAYKTUBHOFO ANA
MONY4EHMA HAWMYHLLIErO BapMaHTa HaCcTPOWKM FaMMa-COrnacoBaHus.

Konpencatopb! C1 1 C2 ponxHb! GbiTh 3aKMI0YeHB! BO BRArOHEMPOHULIAEMYIO KO-
pobKy. OHM MOryT BbiTh paCCHMTaHBI Ha HEBLICOKOE paboyee HanpsxeHve. XenatensHo
WCMONb30BaTb NEPEMEHHBIE KOHAESHCATOPH! C BO3AYLWHLIM AUIEKTPMKOM. YBpes KOH-
AeHcarop CT1 NpoTekaeT 3HAYWTENbHbIA TOK, MOITOMY XBRaTenbHo, 4robu OH umen
XOPOLUME KOHTaKTHt B POTOPE. O4eHb XOPOLLMiA BAPMAHT — WCTIONbL30BATL KOHAEHCATOp
TMNa «6abouka». BO3MOXHO BMBCTO OOHOMO KOHAEHCATOPa WCMONb3OBaTh CABOEHHDIN,
B KOTOPOM MEPEMEHHbIE KOHAEHCATOPbLI CBR3aHHb! OBLUM poTopoM. B 31oM cryvae
MOAKRIOHAIOTCA K CTATOPHBIM NIACTMHAM AEYX KOHAEHCATOPOB.

Ceivac B ceTy MIHTEPHET HA pa3/MHHbIX PaaMOMOONTENbCKMX CaliTax eCTb MHOXE-
CTBO pas/M4HbIX NPOrpaMM, MO3BONSHOLUMX PACCYUTATEL NMapaMeTphl FaMMa-CcornacoBa-
HUS KaK [11f PE30HAHCHBIX, Tak U ANS HEPE3OHAHCHBIX LWTHIPEN 1 BUBpPaToOpoB, Heo6-
XOAUMO TONBKO 3HATb UX BXOOHOE COMPOTMBAEHME, HTO W ABNAETCH TEM MNABHLIM
HaKTOPOM, KOTOPbIi OrpaHMYMBAET NPaKTMYECKOE NPUMEHEHUE 3TUX NporpamMM, Fpak-
TUHECKOB CONPOTUBNEHUE aHTEHHB!, TEM 60N6€ YCTAHOBIEHHO B OKPYXEHNN PasNnyHbIX
METANMYECKNX NPEAMETOB, MOXET SHAYMTENLHO OTNMHAaTbCs OT €ro TEOPETUYECKOro
SHAYEHUR, @ 3TO MPUBOAUT K TOMY, HTO B PEafbHbIX YCNOBWAX YCTAHOBKM @HTEHHbI
pasMepbl FaMMa-CornacoBaHns, PacCYWTaHHBIE TeopeTudeckn, GyayT TpebosaTe WX
NPaKTMHECKOW KOPPEKTUPEBKM....

MHolo Gbil NPoAEnaH pacyeT ANs raMmma-cornacoBaHuA WTLIPS AuameTpom 16 MM
{(ANA MakeTa KMCNoNb30BAaNACh AHTEHHa W3 NbIKHBLIX MANoK) U AnmHoir oT 3 go 10 m
Ans pabote! Ha Avanasode 20 meTtpos. ToAWMHA NPOBOAE raMMa-cornacosaqus Goina
BbiGpaHa paBHOW 4 MM, PaccTosHUE MEXOy MPOBOAHMKOM FamMa-CornacoBaHvs n
BUBPaTOPOM aHTEHHEI 80 MM. aMMa-cornacosaHve pPacCYvTbLIBANOCL ANS paboTbl ¢
KOBKCWaMbHbIM KabeneM € BOMHOBBIM conpoTuBneHneM S0 OM. Peaynbratel pacyerta
nNpeacTasieHbl Ha rpadukax, NpMBegeHHbIX Ha puc. 7.11. Kak BuaHO 13 aToro pucyHKa,
AJWMHB @HTEHHb), KOTOPYI0 MOXET COFNacoBarb raMma-cornacoBaHue € BuiGpaHHbIMU
MHOW MapameTpaMy (TONMWMHA fPOBOAHMKA 4 MM W PacCTosHWE MEXOY aHTeHHOW u
«rammoii» 80 mm), cocTasnseT 3 M. 3areM LvHA raMMa-GOrNacoBaHvs HauMHaeT
npesbILaTh [IMHY aHTEHHD!.

Ha rpadgmiax BUOHO, YTO MaKCMMASIbHas ©MKOCTb KOHAEHCATopa, BKIIOYEHHOro
NOCNEAOBATENEHOO € NPOBOAOM FaMMa-COrnacoBaHna, 1, CA8A0BATENEHO, MUHUMENL-
HOE pBaKTMBHOE COMPOTVIBNEeHue GyayT Npu [MHE WTLIPSA, PaBHOM A/4, TO €CTb Korpa
B WTbIPe OTCYTCTBYET peaKTMBHas COCTaBNsiowas. MNpy yBennyeHun ANvHbl LITHIPS
CBbILLE YETBEPTW ANMHBI BOMHBI, TO €CTb NPW MOSBASHAW B COMPOTUBAEHUW LUTHIPS
WHAYKTMBHOW COCTaBNalollei, ANA ee KOMMNEHCAUMKW CREflyeT yBENUuMBATL EMKOCTHOE
CONPOTUBNEHUE KOHOEHCATOPa, WAW, 4TO TO XE& CamMoe, yMeHblialb ero eMKOCTb.
MpakTyeckas NpoBepka Pe3ynsTaToB TEOPETWHECKOro pacueTa Mokassna, uwTo npu
WCMOnb30BaHUM FaMMa-COrNAcoBaHWA € PacCYWTAHHON AJIMHOM TONBKO NPy MOMOLLW
nocnenosarebHOr0 KOHAEHCATOPa MOXHO 6bIN0 AO0CTMHL XOPOLUEro COornacoBaHus
aHTeHHbl € KoakcuansHbiM kabeneM. KCB avTenHb He npesbiuan 1,2:1

7.5. Cornacoearve BEpPTUKASBHBIX @HTEHH A/IMHOM,
OTAMMHOW OT YeTBEPTU BONHbI

He BCeraa ao3moXHa yGTaHOBKA BERTUKAIbHO @HTEHHB! J/WMHON RABHOI TOHYHO YBT-
BEPTU BONHBL. MHOMAE [ns BLINONHEHNS aubparopa BePTUKANBHON aHTEHHBI UGMONL3YIOT



Linuna

2amMa- {1 n@
coenacobomus.
M EEIEE Bt sk o 160
LT
it Anuna L1 20
eamma /
coznacobonus
7 80
{1
/\ ™~
1 40
\\

n 1 2 3 4 5 6 7 & 9 m

finura BepmukabHOZ0 WmLIps. M

Puc. 7.11. Mpadwk napaMeTpos raMma-cornacosaHva

YXE MMEIOLLVECS B HAlMYMUM CTIMCaHHbIE REPTUKANLHBIE apPMEICKUE aHTEHHBI NN ASMHY
BnGPaTopa BEPTUKAALHOI BHTEHHBI BLIGMPAIOT C YHETOM KOMINPOMUCGOE paboThl Ha He-
CKONLKMX NIOBUTENLCKIMX AManasoHax. B 3TOM cnyyae BxOA4HOE COMpoTvBNeHue enBpa-
TOpa aHTeHHEl GyneT paaniuHbiM Ha pasHbIX AvanascHax PaBovhl aHTeHHs!. B nmoGoM
cnyvae HeoBxoovMO OGECTeNMTb COrNEcOBaHWE BXOOHOrO COMPOTUBIEHNR AHTEHHOW
CUCTEMBI C BONHOBLIM COMPOTUBNEHUEM KOBKCUanLHOro kabens. B npefbioyulem napa-
rpade Mbl PACCMOTPENN COrNacoBaHWE BEPTUKANEHON aHTeHHbI Npyu MOMOLLM ramma-
CcornacoBaHus. 34ech Mbl paCCMOTPUM, KaK 060TUCh Gea Hero. [lns Toro, 4To6bl NOHATH
TEOPETMYECKUE NPUHLMIBI COFNAcoBaHUs BEPTUKANEHOIN aHTEHHBI NPOMSBONEHON ANWHBI,
PacCMOTPUM pacripefeneHmne ToKa 1 HaMpsXKeHust 1 BXOAHOE COMPOTHBNEHUE B LThIpe
BbICOTOIA A, KOTOPOE MOKa3aHO Ha puc. 7.12.

Kak BURHO 13 3700 puCYHKA, Mpn ANMHE LUTbIpA BEPTUKANBHOM 8HTEHHDI, PaBHOWN CO-
OTBETCTBEHHO A/4; 3/4 ), €r0 BXOAHOE CONPOTUBNEHUE MPU PACTIONOXEHUM BEPTUKANEHOM
aHTeHHbI Haa, uaeanbHO NMPOBOAALLENA NOBEPXHOCTHIO cocTaeuT 36 OM. Ecnm AnuHa sep-
TUKANLHOI aHTEHHE! BYAET KOpoye (B Npeaenax AnvHel A/8), yem anuHa A/4 win 3/4 A, To
BXO[HOE COMNPOTUB/IEHNE 3TOi aHTeHHDbI ByAEeT Nexars 8 npefenax 15...36 Om. Ecom gnu-
Ha LWTblps GyneT Gonbiue, yem A/4 unm 3/4 ) (8 rpeaenax A/8), TO aKTMBHOE COMPOTUBNE-
HWe 3TOi BEPTUKANLHON aHTeHHB! ByreT HBXOAUTLCR B npeaerax 36...100 Om. B npome-
XYTOUHBIX 3HAYEHUSIX M3MEHEHUR A/MHbI LUTBIPR €F0 COMPOTMBNEHME nany-eHus Gyner
umm 8 npegenax 100...1000 Om, mnn mexee 10 Om.

MpK UCTIONL30BaHM AR MUTaHUA BEPTMKANLHON HTEHHLI KOAKomarnbHoro katens
€ BONHOBLIM COMpPOTMBIEHMeM 50 mm 75 OM HavBonslWWiA MHTEpeC npencrasnser
Y4acTOK AJIMHBI, FIe@ BXOLHOE COrNPOTME/EHME LTI MeHReTCR B rpepenax or 36 fo
100 OM. VIMEHHO B 3TOM Y4acTKe MOXHO OMTUMANbHO COrNacoBaTe BEPTUKAILHYIO
aHTeHHy C KoakcuanbHbiM kaBenem. Ha puCyHKE MOKasaH Takxe 3HaK PeaKTMBHON
COCTaBMAOWEIA BXOAHOrO COMPOTUBNEHUS LUTHIDR MPY U3MEHEHUM €ro ANuHbI.

Mpu paBoTe aHTEHHbI HA BTOM Y4ACTKE ANA KOMEHCALMA PEeaKTUBHOIO BXOAHOIO
COMPOTMBAEHUS PAAVONIOBUTENN OBLINHO UCTIONLIYIOT BKIIIONEHME PeaKTUBHOMO COMpo-
TUBNEHVS MPOTUBOMNONOXHOFO 3Haka. Hanpumep, NOCNENOBATENLHO C 3NEKTPUNECKN
KOPOTKMM LUTHIDEM BIIOHAIOT TaK Ha3biBAEMYIO YANMMHSIOLYIO MHOYKTUBHOCTh, KOMIEH-
CYPYIOLLYI0 EMKOCTHYIO COCTABNSIOLYIO BO BXOPHOM COMPOTMBNEHUM LWTkIPR. Mocne-
LOBATENEHO € 3NEKTPUNECKW AJIMHHON BEPTUKANLHON @HTEHHOIN BKIIONAIOT Tak Hasbi-
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Puc. 7.12. PacnipefereHue Toka, HanpsiKeHUs! M BXOAHOE CONPOTMBIEHUE
BEPTVKANBHON aHTEHHLI OMHON A



BaGMYI0 YKOPAYMBAOLLYIO €MKOCTb, CNy>XaLlylo ANs KoMMeHcauMn MHRYKTUEHO CoCTas-
NAOWEH BXOAHONO CONPOTUBIEHUS LUTBLIPS.

ECTb ewe v ppyrve METoAr COFNAacoBaHUR BXOPHOTO COMPOTUBNEHNS BEPTUKBLHBIX
aHTeHH C BONHOBLIM COMPOTUBIEHUEM KOAKCUBIBHOTO kabens. Hke mbt nx pasbepem
GoneB NOAPOBHO.

7.6. CornacoBaHVe 3MIEKTPUHECKU ONMHHON BEPTUKANBbHON aHTEHHBI
C BXOAHLIM conpoTueneHvem 36—100 Om

PaccMOTpUM pacfipeseneHne aKTUBHONO BXOOHOrO COMPOTUBIEHUS BEPTUKANbHOR
aHTeHHbl ro AnvHe enbpatopa. Kak nokazaHo Ha puc. 7.12, akTMBHOe Bx0pHOE COMpo-
TUBNEHWE LUTHIPR AMMHOIA YyTb Gonblueil A/4 Haxoawtcs B nMpegenax 36...100 Om ¢
HeGONbLION PEaKTUBHOW UHOYKTMBHON COCTABNAoWEN, 06ECNBUEHHOA «MLIHER» Anu-
HOn WITBIPA.

W3 3T0ro pacnpepeneHus CNeayer, 4TO €Civ BbHONHWTE WTHPb BEPTUKANLHOMA
aHTeHHbl AnvHO# GonbLueit, Yem A/4, MOXHO A06UTLCA, YTOGE! aKTMBHaR COCTaBNRIOULan
ero BXOAHOro umneaaHca 6eina pasHa 50 wnn 75 Om. CnefoBaTenbHo, AN MUTaHKUS
@HTEeHHBl MOXHO MCMONb30BATE KOAKCUANBHDIN Kabenb ¢ COOTBETCTBYIOWMM BONHOBLIM
conpoTueneHeM. PeakTMBHYIO COCT3aNfIOLYI0 BXOAHOTO MMMEAaHca KOMMEHCMPYIOT
KOHAEHCATOPOM flepeMeHHoi emkocTu C7, MocnefoBaTenbHO BKIIOMEHHBIM G BUBpa-
TOPOM @HTEHHBI, KaK f0Ka3aHo Ha puc. 7.13.

Ana BbINONHEHWS LUTLIDEBOM BEPTUKASBHOIN
@HTEHHbl C aKTMEHLIM COMPOTUBIEHMEM €€ BXOS-

HOrO VMreaHca, TOYHO PasHbiM BONHOBOMY CO-
MPOTUBAEHMIO KOAKCHanbHOro kabens, Heobxoau-
MO TOYHO 3HaTb KO3¢PULIMEHT yKOpOuYeHus Ans
aTOro Wrblps. OnHAKO Npy fMpakTUYECKOM BEITION=-
HEHVM LUTLIPEBbIX BHTEHH TPYAHO TOYHO onpege- 1
NuTb 3HaveHue KoabduLIMEHTa YKOpOYEHUR BUG-
paTopa, NOCKONEKY peanbHblii KO3 PULIMEHT yKo-
PO4EHUs 3aBUCUT HE TOMBKO OF OTHOLEHUs fua- D

lnuma L HewmrHozo
~=|  Bomuwe vembepmu
Gruri Banvs

METpa LUTLIPR K M0 ASMHE, HO 1 OF PACTIONOXEHUR

@HTEHHbl OTHOCWUTENBHO TMOCTOPOHHWUX MPOBOfS-

WWX NMPegMeToB, B HEKOTOPOIA CTefleHn OF Mpo- Puc. 7.13. MuTanve 3NeKTPUHECcKN
TABOBECOE M OT KAYECTRA BbINONHEHUS CaMux VOTMHEHHON BEPTUKENbHOM aHTeHHL!
MPOTMBOBBCOB, OF MX PACTIONOXEHU] OTHOCUTENb-

HO @HTEHHbl. MO3TOMY 4acTO rpu BbifIONHEHUN

BEPTUKANEHON aHTEHHL TOYHO M0 TEOPETUNECKMM

pasmepam ee AnvHa Bce pasHo GyaeT TpefoBarh HeGONbLLON NOACTPORKK AN TONHOTO
COrnacoBaHUs BXOLHOMO COMPOTVBIEHUS aHTERHOW CUCTEMbl C BONHOBbIM COMPOTUB-
NEHMEM MMTAOLWIErO KOaKeuansHoro kabens.

MHOrMe paguontoBUTENECKME MPOrPaMMEl ANR PAcYeTa U MOAENMPOBaHNA aHTEHH,
KOTOpble Ceitac MOXHO GecrinarHo «ckavyate» ¢ WHTepHeTa, MO3BONSIOT [0CTAaTOHHO
TOYHO ONPEENUTE ANVHY LUTBIPR BEPTUKA/ILHOM aHTEHHDBI A/ COrNacoBaHus ero Bxoa-
HOFO aKTMBHOrO COMPOTUBNEHUR C KOAKCWANkHBIM KaBenem no6oro BOSHOBOIO CONPO-
TUBNEHWS. 3TM MPOrpPaMMbl 4acTo fO3BOMNIOT Y4EeCTe MHOTUE WS BhILLEYKA3aHHLIX
YCNOBUIA.

KongeHcaTop, ucronbayeMmblii ANs KOMAEHCALWMM PEAKTUBHOM COCTaBnsaIowen esnb-
paTopa, MOXeT OhiTh paccuuTaH Ha HeGoMmbLIOe HarpsKeHVe, HO Ha GONbLUOKA TOK.
Kak rokaswBaeT OfbiT, NPy NOABOAMMBIX K aHTeHHe MowHocTtsx o 100 BT ypos-
NETBOPUTENEHO PBOOTAIOT Kepamuyeckre FMOACTpoeyHble KoHpeHcatopbl Tuna KK,
KMK-1. Mpu ncnons3osaHnm B KAYECTBE «YKOPAYUBAIOLLMX>» KOHGEHCATOPOB BOIOYLUHBIX
repemMeHHLIX KOHAEHCATOPOB., UCMONL3YEMbIX B CTAPbIX JIAMMOBbIX MPUEMHUKEX, MOXHO
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MIOABOANTL K aHTEHHE MowHocTs A0 200 Br. XXBnatensHO MCNONbL30Bark MEPeMeHHbIR
KoHpeHcarop 6e3 Tpylumxcs KOHTaKTOB poTope, Hanpumep tuna «Gabouka». Ecom
3T0 HEBO3MOXHO, TO ANR UCKIKOHEHUR MOTEpb BhICOKOYACTOTHLIX TOKOB H@ TPYLLMXCR
KOHTaKTax poTopa nyuwe NpunasTb NPOBOAHVK, UAYLMIA K KOHAEHCATOpY, Herocpes:-
CTBEHHO K €ro poTopy. Takxe ANA MCKNIOYEHUR MOTEPL Ha TPYLLMXCR KOHTaKTax poTopa
MOXHO MCONL30BaTh OBOMHOIA KOHAEHCATOP MEepEeMEHHOI EMKOCTHM, B KOTOPOM Ans
MOAK/IONEHNS K @HTEHHE M K KoakcuaNbHOMY Kafeno MCrionbaylorcs OTBOABI TONLKO
OT CTarOpHbIX NNACTYH.

«YKopaymeaolme» KOHAEHCATOPbl HEOOX0AMMO TLIATENbHO 3almlaTe OF BO3AEei-
CTBMA arMocdepHbIX YCNOBUIA, Tak Kak rpuM BO3AEACTBMM HAa HWMX TymaHa, Bnaru
KOHEHCATOpbl MOTYT BbIT M3 CTPOS.

7.7. CornacoBaHWe YKOPOUYEHHbLIX WITbIpEl
C BXOOHbIM conpoTuBneHem 15—36 Om

He Bceraa ynaeTcs ncnob3oaaTk MONHOPE3MEPHbIi YeTBePTEBONHOBLIA LITEIPE AR
BLINONHEHUR BepTUKanbHO aHTeHHoit cuctembl. Mpu paspaGoTtke wWTePBH, AWHA
KoTOpLIX BYReT NoaxooMTL AR KOMIPOMUCCHON paboThbl HAa HECKONBKMX AUAMNA30HaX,
4aCTO OKAsbLIBagTCs, Y0 B KAKOM-TO [WArnasoHe LUThbIpb MMEST L/WHY 3HEYMTENBMO
MeHBLLYIO, Yem A/4.

Knaccuyeckoe COrfBCOBaHAE YKOPOYEHHON BBPTUKALHON aHTEeHHB! B 3TOM Cnydae
3aKMO4AEeTCR B UCTIONL30BaHME YANMMHRAIOWEH KaTylKu, BKMOYEHHON 10CN8R0BATENbHO
C aHTEeHHOIA, KaK 37O fOKasaHO Ha puC. 7.14. Karyiika ¢uamteckn kak Gbl «yanmHaeT»
flyTb BLICOKOYACTOTHLIX TOKOB MPOTEKALMX NO aHTEHHE.

1

Emrocmuas
HozpyIKa

Lrung L
Menbuie vembepmu
~|  dnurl Boaus

Yarnunswwan
Kamyuwa

Puc. 7.14. NUTaHne anexTpuyecku Puc. 7.18. WcnonbaoBaHme HArpy3oqHON Kavyun
YKOPO4EHHON BERPTUKANLHON aHTEHHL! B 3JEKTPMHECKM KOPOTKOM aHTEeHHe

MocneaoBarentHO BKRIOYEHHER CO LWTHIPEM WHAYKTUBHOCTE KOMIMEHCUPYET €MKOCT-
HYI0 COCTaBNRIOLLYIO B UMINEASHCE LUTLIPR. AKTUBHAR 4acTb BXOOHONO COMPOTURNEHUR
BNEKTPUYECKM KOPOTKOTO WITLIPS MOXET GbiTe COrNacoBaHa ¢ BONHOBLIM COMPOTUENE-
HUEM KOAKCMBINEHOrO KaBens ryTeM MCrONb30BaHWA HECNOXHLIX COTnacytoule-TpaHe-
$HOPMUPYIOLLMX YCTPORCTB.

B 1a6n. 7.3 npusegeH npumepHbiti KM WwTkipeii BLICOTOI Kopoye, Yem A/4, UCTOUHMK
MUTAHUA KOTOPbIX HAXOAWTCR B OCHOBBHMM LITHIPR. KoHeuHo, peankhblit KM, npaktm-
4ECKM BbINONHEHHBIX KOPOTKUX aHTeHH Gynet Huxke. Yeenmunte KML anekrpuyecku
KOPOTKIMX @HTEHH MOXHO, PACTIONOXMB COrNAcYHoLLyO KaTyLuKy HE B OCHOBEHUM a8HTEHHBI.
a Ha ee BepLUMHE U UCTIOL30BAB MPY 3TOM BMKOCTHYIO Harpy3sKy Ha BepLIMHE aHTeHHbI,
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KaK nokazaHo Ha puc. 7.15. Tpn TakoM pacrioNOXeHM Ha aHTeHHE aTa KaTylika HOCHUT
HasBaHWE «HarpysodHas» karywwka. Pacuer ee NapameTpoB HECKONbKO CrokHee, YeM
pacyer NapaMeTpoB YANUHSAIOWEN KaTywKu.

Mpy UCMONL30BaHMN BMECTO

YOMHSIOWE HarpysoyHOi Ka- Ta6nuua 7.3

TylWKKM TOK, NPOTEKAIOLUMIA B OC- KM wrsipei BLCOTOR Kopoue, Yem M4

HOBaHUM @HTEHHBI, ByReT UMeTh

Goneluylo BenuuuHy. Bonenct- KN, % 3nexTpveckast | OTHOCWTERbHAR LUIVHA WTLIPA.

BYE 3TOr0 U3NYHEHWE aHTEeHHb KA Wrbips. % ot auaénun M4

€ HArpy304HOi KaTywkon Gymer 100 0,25 100

Toxe Gonblue, Yem C YAMHA- 60 0175 70

roleii. 30 0.125 50
Teoperuieckoe orpenene- 10 0,075 a0

HUE 3HAYEHUA WHOYKTUBHOCTY
YOAVHRIOWEA W Harpyso4Hoit
Karylwkm — HEeMpocToe geno.
WX MHOYKTUBHOCTL 33BMCMUT OF
(PUMBMNECKO ANHBI BUBPaTOPa, OF KO3ddMUMEHTa ykopoueHus Bubparopa, OT 3nek-
TPMUECKOI MPOBOAUMOCTU TIOBEPXHOCTU LUTHIPR Ha BbICOKOYACTOTHOM TOKB, OT €M-
KOCTW @HTEeHHbl Ha «3eMIIo», OT HBM4UR BIM3KOPacTIoNOXeHHbIX MPOBOAAWMX Mpea-
MBTOB.

B cet¥ VHTEpHET MOXHO HaiiTi MporpaMMbl IR PacyeTa BENMYMHBI YAMHSIOWEN
W Harpy304HOIA KaTywek. HO [axe BbiNOAHEHHaR MO 3TUM pacveTam Katyuwka Ha
MpaKTUKe CKOpe#t BCEro GymerT HYXOATbCs B HEKOTOPOil KOPPEKTMPOBKE CBOEHA MHAYK-
TMBHOCTW. MO3TOMy B PEAVONOBUTENBCKOMN NPaKTUKe 3T KaTylukn OBbIMHO BbINONHRAIOT
riepeMeHHoil MHEOYKTMBHOCTM, 4TO MO3BOARET MPOMSBECTM HACTPOiKYy aHTeHHbl fpu
moBoM BapuaHTe €€ BbINOAHeHWs. BemuuHy WHAYKTMBHOCTM 3TUX KaTyluleK MOXHO
MEHSITE MepeKkIioYeHNeM OTBOAOB OT MX BUTKOB. MOXHO BK/IOYMTE MOCNEA0BaTensHO
C yamHsoweh KaTylwukoil BapuoMerp HeBonbWoin MHAYKTUBHOCTI.

B Tabn. 7.4 rnpuBeseHbl 3Ha4eHWUs MHOYKTMBHOCTU M KOHCTPYKTMBHbIE AaHHble yAa-
NAHRIOLWMX M HarpysouHbIX KATYWeK A8 PasfiMyHbIX AvanasoHoB rpu AnuHe LITbips
He meHee 0,1A. MMpU MeHbLIe fMHE LITBIPS 3HaYeHUe MHIYKTMBHOCTM HeoBxoamMMo
ysenuuuThb. Mpu Gonblueit AaMHE LWTHIPA 3HAYEHUR WHAYKTVBHOCTM YAIMHSIOWEH Ka-
Tywkun 6ynyT MeHbLue.

5 0.05 20

Ta6nuua 7.4
3HayeHUR UHAOYKTABHOCTU U KOHCTPYKTUBHLIE [BHHLIE YATUHAIOWWX U HarpyaoyHbiX Karyllek

L Avamerp. ArvHa HaMoTKN, Konm4atTeo BuTKOB,

M MKkl H ~MM MM n
160 100 50 50 . 60

80 60 40 50 65

40, 30, 20 50 40 50 45
17,15 12 20 30 40 40
1n—io o 30 50 30
[ 5 20 25 20

Ha npakTuKe 3T KaTYLIKM XENATeNsHO BBINOAHUTL Kak MOXHO G0Nee KayecTBEHHO
BTU KaTYLIKM MOXHO HE FepMETUIUPOBATE, HO HEOGXOAUMO OfecreumTL 33Ty BUTKOB
KATyWeK NakoM, CTOPKWUM K arMOc(hepHbiM BO3AEHCTBUAM, M OBecrieunTs HaAexH.I!
NIEKTPUHECKMIA KOHTAKT (KenaTenbHo MasHblin) KaTyWkn ¢ KOakCuankbHeiM kabenem n
RUGPATOPOM AHTEHHBI
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7.8. MNUTaHVe YKOPOYEHHBIX BEPTUKANBHBIX aHTEHH C BXOAHBIM
ConpoTMBNEHNEM MeHee 15 Om

YKOPOYEHHBIE BEPTUKANIEHBIB @HTEHHBI, KOTOPLIE LUMPOKO MCMNOALBYIOTCR HA HWU3KO-
YBCTOTHBIX NIDBUTENLCKUX Anana3cHax 160—80 mMeTpos, MMEIOT Manoe COMPOTUBNEHUE
uanyseHusi. B 33BMCUMOCTM OT CTENEeHW MX YKOPOYEHUS COMPOTVBIEHWE W3NYYeHus
aHTEHHbI MOXET COCTaBNsTL 5—15 OM. JINs MUTaHMA Takyx aHTEHH Yepes KoaKcUanbHbIii
kabenb ¢ pacnpoCTpaHeHHbIM BOJIHOBbIM CompoTmeneHwem 50..75 OM Heobxopumo
UCMONL30BATL CrieuMankHble COrNacyroLVe YCTpoiicTBa.

O6bIYHO 3TK YCTPOIACTBA PACroNaralTcs HENOCPEACTEEHHO OKOMO LWTHIPS SHTEHHbI.
Mockonbky cornacyiolume ycrpoicTBa OObINHO COAEPXaT KaTylku MHOYKTMBHOCTM 1
riepeMeHHbLIE KOHAEHCATOPbl, TO MX HEoBXOAUMO TWarensHo repMetuanpoears. KNJ,
Takmx COrnacyloLnx yCcTpoMCTe OBbINHO HELOCTATONHO BennK.

B paavonoBUTeNsCKUX YCNOBMAX ropasno fpowe ucronb3oeaTs nNUTaHue yKopo-
YEHHOM BEPTUKANLHOI aHTEHHB! C MOMOLLGIC HBTBEPTLEONHOBOr0 TPaHCGOopMaropa, Kak
nokasaHo Ha puc. 7.16. YeTeepTbBONHOBON TpaHCHhOpMaTop MOXET GbiTh BbiflONHEH
U3 peyx M Tpex coefiHEHHbIX MapannenbHO YeTBePTLBOSHOBLIX OTPE3KOB TOro Xe
KOaKCHaneHoro katens, ua KOTOpOoro BbiMoAHBH GUAEP aHTEHHbl, KOHEHHO C Y4eTOM
nx KO3pPULEHTA YKOPOUEHUR.

Yembepms
Anurst Banvw
8 xookcuanuHoM
xadene
Qudep [ —>
z
z [ N K atmerHe

K nepedamyuky

Pvc. 7.16. YeTBepTuBONHOBLIA TPaHChOPMAaTop B COrMacoBaHuM KOPOTKUX aHTEeHH

B Tabn.7.5 nokasaHo 3HayeHne COMPOTMBIEHUR Ha KOHUE YETBepThBONHOBOrO
TpaHc¢opMaTopa B 3aBUCMMOCTW OT BORHOBOrO COMPOTUBIEHUS xabens u OT konuye-
cTBa OTPEe3koB kafens, ucronbayeMbix ANs (POPMUPOBaHNR YETBEPTLECNHOBOMO TPAHC-
¢opmaropa. McronbaosaHue GoNEB TPBX OTPE3KOB koakcuansHoro kabens ans cos-
NaHUR YETBEPTLBONHOBOrO TpaHchopMaTopa HeadpekTneHo. MpUMeHss KoMBUHaLMIO
nuTaoLmi KoakcuansHblii kabene 75 OM — TpaHcdopmaTop 13 S0-OMHbIX rapannenbHo
BKJIOYEHHBIX OTPE3KOB, MOXHO ele Gonee MoHM3UTL CONPOTUBNEHME HA BbixOae ¢u-
[BPHOIN cucTembl. B Tabn. 7.6 rpuBeaeHO 3HaueHue 3TOro CONPOTMBNEHUS MpW UC-
fONL30BaHMN BbILLEYKA3aHHOW CXeMbl NOCTPOEHUR.

7.9. CornacosaHne BEPTUKasIbHBIX aHTEHH C BXOAHBIM CONPOTUBNIEHVEM
100—1000 Om

Hanbonee HerpusTHbIiA BApUaHT, BOSHUKAOWMA MPW MUTAHUM BEPTUKANLHON aH-
TEHHbI KOAKCMabHbIM KaBenem, Korpa BXOQHOE COMPOTUENEHUEe LITbIPA NEXWT B Npe-
nensx 100...1000 Om. B 3ToM cnyyae cOrnacoBaHMe BXOQHOTO COMpPOTHBNEHUR LUTLIPS
C BOSHOBbIM COMPOTUBIEHVWBM KOAKCUANEHOro Kabens € MOMOLULIO TOMbKO OAHOTO
3NeMeHTa, KOHOEHCATOpa UMM UHEAYKTMBHOCTMW, 3aTpYHEHO.



Ta6bnuua 7.5
YeTeepTbBONHOBLIM TPAHCHOPMATOP Ha NapannenbHoM kabene

B N
BonuoBoe conpoTUangHue ]

KOBKCHABHOIO KaBenn nuTawms, Om 2 3

ConpoTveneHue Harpysku Z Ha KoHLE TpaHcdopMaropa, Om
50 125 512
7B 185 B3

Ta6nuua 7.6
YeTteepTbeonHoBLI TpaHchopMaTop Ha napannencHom kabere
B ueru ¢uaepa APYroro BOAHOBOFO CONPOTUANeHus

0 kalens & Tpa N 2 3

Conporuenesue Harpyskv Z npu dupepe (75 Om)
" ¥ S0-omuoro 8.33 35
kabens, Om - g

WHorpa BeINONHAIOT cornacylowee ycTpoiicTBO Ha OCHOBE L-uenu, Kak NOKA3aHo Ha
puc. 7.17, HO, KaK NOKa3LIBAET OrbIT, TAKOE NPOCTOE COrNACYIOLIEE YCTPOMCTBO YACTO He
obecrieumBaeT yOOBNETBOPUTENEHEIX PE3YNLTATOB. B 3TOM Ciyyae cornacyiolee ycr-
POIACTBO aHTeHHEl BBINONHAIOT Mo Bonee cnoxHoit cxeMe. Havbonee pacnpocTpaHeHs:
cpeay paavonofutenedl cornacytoume YCTPOICTBA, BHINONHEHHbIE B Buae [M-KoWTypa
(puc. 7.18). MeHulue cpegu paaviomobureneil pacnpocTpaHeHo cornacylowee YCTpOii-
CTBO Ha NapannensHOM KOHTYPE U eMKOCTU, BKIKOYEHHOIA NOCNEA0BaTENbHO C aHTEHHON
(puc. 7.19).

L1
11 o
(w3
2 12
Puc. 7.17. NpocToe Puc. 7.18. Cornacywowjee Puc. 7.19. Cornacyiouiee
corpacyiulee VCT]')OHC’TBO YCYPOWCTBO, BLINONHEHHOE ycrpoﬁcmo HE napanfensHOM
8 suae MN-kowTypa KONTYpe

Pa36epem pafioTy kaxAoro M3 3TMX COMNAcyloLMx ycTpONCTB 6onee roppobHO.
Cornacytowme ycTpoiicTea, nokasaHHble Ha puc. 7.17 1 7.18, MoryT obecriesmTs TpaHc-
hopmaumio conpormeneruii 1:10. CneaoBarensHo, rMpu MCnoNb30BaHUM KOAKCUANBHOTO
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kabens C BONHOBbIM cOrpoTueneHweM 50 OM, BHICOKOE BXOOHOE COMpOTUBNEHME
aHTeHHbl, ponycTum 500 OM, BO3MOXHO YACBNETBOPUTENEHO COFNACOBatTh C 3TUM
kabenem. Ho Npu fansHeiiwem yeenmyeHum koaddumunenta TpaHchopmauum KNp, srux
YCTPOMCTB Naaaer. 3T cornacylome yCTPoicTBa XOpowo TpaHChHOPMUPYIOT akTUBHbIe
YacTU HarpysoK, C PEakTMBHBIMM OHW CTIPABNRETCH Xyxe.

EMKOCTHas COCTaBNRIOLLasA aHTEHHBI BXOAUT B COCTaB KOHAEHcaTopa C2, BX0ASWEro
B COCTaB COrnacylowero ycTpoicTea, NoKasaHHOro Ha puc. 7.18.

B pesynstare 3Toro [-KOHTYP 4aCTO MCTIONL3YIOT ARR COrNacoBaHUs KOpPOTKUX
WITbIpeit, KOTOpble WMMEKT Manoe COMPOTUBNEHWE wuanydeHus (meHee 10 Om) n
3HAYMTENEHYIO EMKOCTHYI0 COCTaBNSIOLLYIO UMMleasHca. B 3ToM Cilydae fpovcxoaut
cornacoBaHue «HaoGopoT» GONBLLOrO 3HAYBHWUR COMPOTMBNEHVR KOAKCUANLHOMO Ka-
Gens (50 um 75 OM) B Manoe CONPOTMENEHME YKOPOHEHHOi aHTeHHbl (5...10 Om).
B npodeccroHancHoM aHTeHHDI TexHWKe OBbIMHO CTapatTcs N0 BO3MOXHOCTU He
MIPUMEHSTL SNEKTPMNECKM KOPOTKME LITHIPK, @ €CAM WX UCTIONL3YIOT, TO MPUMEHSIIOT
3¢pdeKTVBHBIE CXeMbl AR KOMIMEHCAUMM PEaKTMBHON COCTABNAIOWEeidl UX BXOJHOMO
conpoTueneHus 1 3¢pGEKTUBHORO CornacoBaHus ¢ $uaepom.

Bonee yHuBepcantHOii ABAAETCA cxema, MoKa3aHHas Ha puc. 7.19, koTopas «cripas-
NRETCA» KaK C UHAYKTUBHO, TaK M C eMKOCTHOW COCTaBNRIOWER HArPY3KU 1 MOXeT
obecneunTi Ko3dduumeHT TpaHogopmauum Bonee 10. 3ta Cxema XOpOoLUO CPaBRSBTCa
C COrnacoBaHWeM KaK HU3KOOMHBIX, Tak M BLICOKOOMHBbIX Harpy3oK. Cornacytouiee
YCTPOICTBO Ha NapannentHoM KOHTYpe He 6OMTCR HanuumMs peakTBHO COCTaBNsIoLLei
NMoBOro 3Haka BO BXOAHOM COMPOTUBIEHUM BHTEHHbI.

Mpy Hanuuun MHOYKTUBHOI COCTaBNsIowleil B MMNEaaHCe WThIPR, Cornacyioiiee
YCTpOiCT80 Ha ocHoBBe L n M-koHTypa GyneT paborare Xyxe o cpaBHEHUIO ¢ corna-
CYIOLUMM YCTPOMCTBOM, CXeMa KOTOPOro rpuBeneHa Ha puc. 7.19. UHaykmeHylo co-
CTaBNAIOLLYI0 B CBOAM BXOAHOM COMPOTUBIEHUN MOYT UMETL YASIMHEHHbIE BEPTUKANL-
Hbleé aHTEHHBI.

PecveT rofoBHeix TUNOB COFNACYIOLWX YCTPOMCTB AOCTATONHO foapoBHo npu-
BeaeH B [1].

7.10. CornacosaHve TpaHChOPMUPYIOLLEN LEnbio

OO6bIYHO BEPTUKA/LHAR AHTEHHA, BLINONHEHHBR P2AUOMIOBUTENEM MO KaKOMY-HUBYAL
OrUCaHUIO, UMEET BXOAHOB COMPOTUBNEHME, HEMHOFO OTAIMYHOB OT BOAHOBOrO COMpO-
TUBNEHUR KOaKCUANBbHOro Kabens, KOTOpblii PaccymTaH AR MCTONb30BaHWUR C Heid.
OThuuMe PEBNEHOMO M TEOPETUHECKOTO COMPOTUBIEHWUS BEPTUKANBHON aHTEeHHbI Npo-
WUCXOAWT M3-3a MHOXeCTBa $akTopoB, BAMSIOLUMX HA aHTeHHy MpU €e YCTaHOBKE B
peankHbIX yCnoBusx. Kak npaeuno, y4ecTe BCE 3TM (akTopbl B paguontofUTesibekux
YCNOBUSIX HEBO3MOXHO.

ECnn 3aTpyAHUTENbHO OCYLLECTBUTL KOPPEKLMIO BXOAHOrO COMPOTMBNEHUS aHTEH-
Hbl YKa3aHHBIMMA Bbllle CrocobaMy — u3MeHeHVeM M3MYECKOiA AMMHBI LUTLIPS,
MOACTPOIKOA ero 3/1eKTPUYECKOl AnMHbl B PE30HaHC € MOMOLULIO KOHOEHCaTopa,
WM KaTYLUKM, WM U3MEHEHMEM yrha HakfOHa MpOTMBOBECOB, TO BO3MOXHO OCY-
LIECTBUTE COTNAcOBaHUe BXOAHOrO COMPOTMBIEHUA aHTEHHb! C KOakcuanbHbiM Kafe-
Nem ee NUTaH1s € NOMOLULIO TpaHCchopmupyioweit LC-uerm. CxemMa Leny NokasaHa
Ha pwmc. 7.20.

BT1a uene TpaHchOPMUPYET BHICOKOE COMNpoTMBneHue R! B Gonee HU3Koe no
BENMNMHE COMPOTMBRErne F2. OnucaHWs npuHUMNoB paGotbl 37oil TpaHchopMu-
pyloweit uerm 6bINM HEOAHOKPAaTHO MpMBeaeHbl B pPasfUHLIX CHPaBOYHUKAX MO
37eKTPO- U paguorexhuke. PaHeblwe, xorna 8 paskbix yactax CCCP (uHorpa paxe
B pasHuiX paitOHax OAHOro ropoaal) MCMONL3I0BANOCE ABA HAMPSHKEHWS B 3NeK-
TpuHBCKOit cetm — 220 n 127 B, paxe BHNYCKANMCE MEpPexOnHWKW Ans 3MeK-
TPUNECKMX NamfioNeK, NOSBONRAIOLIME MMTaTk NamMnoyky Ha 127 B (Manoe conpo-
TMBNEHUe R2) OF HanpsxkeHus 220 B. 3ra TpaHCcdOopMMPYIOWas Uens MOXET Guith
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Pyvic. 7.20. Tpaxctopmmpylowan LC-Lems

paccuMTaHa HB COTrNAcoBaHWE HarpysoK, UMEIOLLMX Kak KOMINeKCHOe, TaK W YMCTO
aKTUBHOE CofpoTMBneHWe. HO pacyeT Lernu ANs COrNacoBaHUR KOMIMNEKCHLIX CO-
fPOTMBNEHWIt BONee CNOXEH, Yem Ans COrNacoBaHWMR TONLKO aKTWBHBIX COMPOTMB-
neHnit. Noatomy oBpaTMMCR K Lery, NpeaHa3HaYeHHoN Ans COrnacoBaHUR TONLKO
aKTUBHBIX HArpY30K.

Pacuer TpaHcdopmupyiowei LC-uenu,
KOTOpan COrnacyeT aKTvBHbIE COMpPOTUEB/e- X
HUS, OMTUMENEHO NPUMEHUMBIN B pagvonio- 70+
BUTENbCKUX YCROBUSX, NpuBeaeH B [2]). Oco- 4, L XxC
GEHHOCTLIO 3TOrO pacteTa FABNSETCR UC- ]
NONBb30BaHMe rpadUHEcKOro METOAE, € o= U]
MOLUBIO  KOTOPOrO  MOXHO  Bhictpo 1 4p |
LOCTATOMHO TOWHO ONpepjenuTs NapaMerpbl
aron LC-uerm. 304 xt

PaccMOTPUM, KaK 370 MOXHO OCYLUECT- 2
BUTb. JJONYCTUM, TPY N3MEPEHUSX BXOOHOIO 20
COMPOTURNEHUS @HTEHHb! C MOMOLUBIO BbICO- 70~
KOYACTOTHOTO MOCTa GbIND MONYHEHO 3Haqe-

HME BXOZHOrO COMPOTUBNEHWR aHTEHHOW 1 T T TI1Th

cucrembl, pagHoe 30 OM. B Henmydun pa- 0 20 30 40 50 60 707580

puoniobuTens MMeEeTCA KoakcuanbHbli Ka- Puc. 7.21. MNprMep cornacoeaHns

6eJ'|b C BONHOBLIM COMPOTUANEHUEM 75 OM. € KoakcuanbHeiv kabenem ¢ BONHDBLIM
conpoTueneHuem 75 Om

Ans onpegpeneHvs MapamMeTpoB COrNacylo-

weit LC-uenn gns aToro cny4as oBpatmmcs

K rpagwmky Ha puc. 7.21.

Ha 3TOM puCyHKe B OAMHAKOBbIX MaclTabax ro ropu3OHTANLHOM OCKU pacrio-
noxeHbl 3HAYEHUS AKTMBHOTO COMPOTMBNEHWA, a MO BBPTUKAJILHOM OCM — peak-
TUBHOro. JlMaMetp OKPYXHOCTU aKTUBHOTO COMPOTMBNEHUA paBeH B macwrabe,
OTNOXEHHOMY 10 TOPMU3OHTaNM, 3HAYEHUIO BONHOBOIO COMPOTUBNEHWUR KOaKCUalh-
Horo kabens.

JAns pacyeTa napaMeTpoB cOrNacylolwedl Lermm BOCCTaHOBMM mu3 Toukm 30 Om
NEPNEHAVKYNNP [0 €ro fIePeceyeHrns C OKPYXHOCTHIO BOAHOBOrO COMPOTUBIEHUS
KoakcuanbHoro kabens. Yepes a3ty Touky u Touky 75 OM, nexaulyio Ha ocn X.
rpoBeaeM MpRMYIe IuHuio. lMNepeceveHne 37O NMPAMOIl ¢ BEPTWKANEHOW OCHID OaeT
3sHaueHWe PeakTMBHOrO COMPOTUBNEHMR KOHAeHcaTopa corhacytowedt uermn. Tenepb
MPOBEAEM HEPEe3 TONKY MEPEceqeHUs MPSMOW, MeprieHaVKYNRpHO ocu X B TOHKE
300M, C OKPYXHOCTEIO BONHOBOrO COMPOTMBAEHWS NMHUIO fapaniensHo ocu X Ao
€€ nepeceveHus C OCulo Y HB 3TOI OCK MONYYMM 2HAYEHUB MHOYKTMBHOrO COMpo-
TUBNEHUA KATYILKN




X Ecnu paguonoturens Gyner ucnonbaoBarb

o KOaKCUaNkHbIM Kabens ¢ BONHORBIM COMpOTMB-

7 neHvem 50 Om, TO aHanorwyHbie NOCTPOEHUS

60-\ XC HeoBX0 VMO IPOBECTU OTHOCUTENLHO OKPYXHO-

CT1 BONHOBOro cornpotmeneHus 50 Om. Mpumep

507 nofoBHOro NOCTpOeHUS NoKasaH Ha puc. 7.22.

40 Ana onpefeneHvss 3HayYeHVA peaKTVBHOCTEM

ANR pazHblX [Vana3oHOoB ¥ KOHCTPYKTUBHBIX fla-

30 x PaMeTNOB KATYIIKN MOXHO floNb30Barkcs 06-
L THbIMU OPMY A

20 KoHpeHcarop ¢ katywky Heobxopumo noa-

KMOMATE K LUTBIDIO @HTEHHBI BbLIBOAAMMW MU-

107 HUMANEHON A/mHbL. HeOBX0AUMO € MOMOLLBIC

. BbLICOKOYACTOTHOFO MOCTa M3MEpHTL BXOAHOE

T ! ' 1R  COMpPOTMBNEHWE CUCTEMbl LUTbipb @HTEHHbl —

020 30 40 50 60 LC-uenk u onpefenuts ee CTeMeHb COrNacosa-

Puc. 7.22. MNpumep Cornacoeanus HUR C KOAKCHANLHBIM KaBenem NUTaHWs aHTeH-

G KoaKCHAnbHbIM KaGenem C BOMHOBLIM Hbl. B HEOBXOAVMBIX CY4aaX, MOXET GbiTb, Npu-

conpoTusneHrem 50 Om o o
PO DETcA fPpoM3BECTU TOACTPOIKY Ccornacylowedn

uemm. Karywiky WHOYKTMBHOCTM MOXHO f0Of-
CTPOUTE CXaTMeM UM PacTSKEHUEM BUTKOB, WM UBMEHEHWEM KOAMYECTBA €8 BUTKOB.
B HEeKOTOpbIx Ciy+asx MOXeT norpebosathes HeGonbLuas MOACTPOKA €MKOCTU KOH-~
peHcaropa. TpaHchOPMUPYIOWas Liers, pacroNOXEeHHAas Ha aHTeHHe, JOMKHa ObiTe
3ameHa OT BO3AECTBUR Ha Hee arMOCOBPHbLIX BO3AENCTEMA. KaTywuka U KOHBEH-
©aTop, UcroNLE3yBMble AN MOCTPOEHNS COrnacylowei uenu, AomkHbl Beirb MCnonL3o-
BaHbl C MaKCUMANBEHO BOZMOXHO# ACGPOTHOCTLO.

7.11. BepTvkankHbie aHTEHHH BO3UMBIX Cyxebhbix YKB papgvoctaHumi

ABmOMOBUALHOS B peanbHblX KOHCTPYKUMAX aHTeHH
QHMEHHD cnyxefHblx YKB pagmocTaHumii mc-
-~ MONL3YIOT 04T BCE PACCMOTPEHHble
Aumerupii BbllUEe METOfbI COTNacoBaHMR BXOOHOIO
OnOpHBIL COMPOTUBNEHNS aHTEHHOW CUCTEMBbI C

U30/8mop BONHOBLIM  COMPOTUBNEHWEM KOAKCU-
ansHoro kabens. OpHoOid u2 HauBonee
PacrpoCTPaHeHHbIX KOHCTPYKUWIA aH-
TEHH NepedBwkHbIX aBTOMOGUNLHBIX
paguocTaHUMii IBNRETCR aHTEHHa C He-
MOCPEACTBEHHBIM TIOAKIOYEHNEM KO-
akcuanbHoro Kabens ¢ BONHOBbIM CO-
npommeneHvem 50 OM k yeTsepTbBON-
HOBOMY IUTBIPIO, K38K rOKasaHo Ha
puc. 7.23.

B 3TOM Cny4ae ueHTpanbHas Xuna
KOAKCUanbHOro Kabens MoAKMoHaeTcs
Puc. 7.23. YeTBepTLBEONHOBAS aHTEHHA CryXebHOR K WTLIPIO @HTEHHbl, @ ornetka kate-

YKB pagmocTanumm NI — K METANNMYECKOMY KONbLLYY, KOTO-

poe 06ecredmBaET XOpOLUMIA KOHTaKT

OMNeTKMU KOAKCUBNEHOrO kabens ¢ KOprycoM aBTOMOBKNS. XOTS TEOPETUHECKW BXOAHOE
conpoTwalieHne Takoil aHTeHHbl OTmyaeTcs oT 50 OM n 6:msko k 36 OM, HO Ha
MpakTUkKe NOJYH3eTCR OTHOCUTENEHO XOPOLWEee COrNacoBaHue aHTeHHON CUCTeMBl ¢
KoaKcuasibHbiM KabeneM rraHua U C BbIXOOHBIM KackadOM repejaryuka. Takue aH-
TeHHbl UCTIONL3YIOTCA, HarpuMep, B BoauMbix YKB paauoctaumsx Tuna «Mask», «Can-
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¢up». B YKB paavoctaHuusx Tuna «Buona» UCMONE3YETCA YAMMHEHHbI LThiPb CO-
BMECTHO C YKOPauMBalOLUM KOHOEHCATOPOM MOCTOSIHHOW emkocTu. K coxanewuio,
HEBBLICOKOE Ka4YecTBO 3TOTO KOHAEHCATOpA M HENpPOOyMaHHOe erc pasmelileHue 4acTo
NPUBOOST K MOBPEXAEHWIO W OOpLIBY KOHAEHCAaTopa U Kak CnepcTsue 3Toro — K
BLIXOfly U3 CTPOS BHTEHHOW CUCTEMBL MpU OBRMXEHUM BBTOMOBUNA WTHIPL 8HTEHHbI
HakanMBaeT CTATMYECKOE 3NEXTPULECTBO, KOTOpoe ofpasyetcsl Mpu ero Tperun O
g030yx. B peaynktate 3TOr0 4acto NpoucxoaMT npoBoit 3TOr0 KoHAeHCAaTopa unu
HEMNPeACKasyeMoe UBMEHEHVE er0 eMKOCTU. M3MBHEHWE EMKOCTU MPOMCXOAUT BCNEA-
cTBue BAYKTYALMUU YPOBHS NOCTOAHHONO HAMPAXEHUA Ha ero NNacTuHax Npu SEWKEHUN
asTOMOGMNA. 10 HEMOHATHLIM MPUYVMHAM aHTEHHLI C TakuM GPakoM BbiMyckanuchb B
TEYEHUU MHOMUX NET.

CornacoBaHme BXOJHOro CONpoTUBIE-
HUS YETBEPTLRONHOBOWM WTbIpEBO BepTU-
KAnbHOW BHTEHHLI € MOMOLLLIO YETBEPTL-
BOJHOBOTO TpaHcdopMaTopa M3 KOakcu-
anbHoro kabens UCMNoNb3yeTCA B BO3UMBIX
YKB paguocTanuysx Tvna «Nansmas. Hano
NpU3HaTk, YTO 3Ta KOHCTPYKUMA YKB aHTeHH , I

N

NEPERBUXHEIX PanUOCTaHLMIA 33peKOMEH-
nosana ceba opHO U3 nyuwunx 8 pabore.
B HEKOTOPLIX TUNax aBTOMOBUMNBbHBLIX BEPTU-
KaneHblXx anteHH CB puwanasoda, Bbinon-
HEHHbIX H2 MarHMTHON OCHOBE, A BCTpEYan
COrNacoBaHWE WTHIPA AHTEHHbLI C MOMOLLLIO
TpaHcdopmupytowein  LC-uenmn, kotopas  / l /4
6bna onMcaHa B NpeasiylueM naparpade.

B HEKOTOPbLIX KOHCTPYKLMAX 3TUX AHTEHH
Gbina BO3MOXHA ONEPATWBHAS NOACTPOIKa
VHAYKTVBHOCTY C LIENbI0 ONTUMANBHOTO CO- L

rnacoBaHus KOAKCUANLHOro kabens C aH-

TEHHOM CHCTEMON NPU PEabHOM pasMetLie- SR
HVU @HTEHHBI HA KOPNYyce aBTOMOGUNS.

Onn  soaumbix  YKB  papviocTtaHuuii MpomuBoBece
FT2011 (¢dupma YAESU) wucnonssyetcs vy paduomexHu+ECKas
aHTeHHa PUBULECKOIA LUMHOI YyTb MEHbLLE eMna
3/4). CornacoBaHue BXOAHOrC COMpPOTUB- PUC. 7.24. AHTEHHA BOUMON
JIEHUA AHTEHHBI C BONHOBLIM CONPOTUBNE- VKB panvocTaruus anvHon 3/4 A
HWEM KOBKCUarnbHOro Kabenn npousBopuT-

CS YAWMHAIOLLLEA KaTYLLKOI, NOMELLLEHHOI B

OCHOBaHWW aHTeHHH. HeobxonuMo npu-

3HaTb, YTO Takoii METOL, NOCTPOEHUN aHTeHHbl BO3UMOi YKB pasvocTaHuun aBnseTca
oueHb addeKTMeHbIM. Ha puc. 7.24 Nokasaso pacnpeaenieHre Toka W HanpsxeHun B
aHTeHHE Y YCNOBHOE HamnpaBNeHUe TOKa B HacTAX aHTEHH.

Kak 8ngHO 13 pyc. 7.24, HaCTk aHTEHHDI L, B KOTOPOIA NPOTEKAET TOK, HAXOAALLMIACS B
npoTUBOGha3e TOKY, NPOTEKAOLLEMY B YACTU @HTEHHL OMMHON A, SBIRETCA KaTYLWKOMA.
N3nyyeHUE KATYLIKW HEBENWKO, M OHA HE MOXeT 3hGdEeKTVBHO B3aUMOAeiCTBOBATE
{BEepHEeE NPOTMBOAEIMCTBOBATE) C U3NyHEHUEM OT NONYBONHOBOIN YaCTW aHTEHHbI. Kak pe-
BYNLTAT: Takan aHTeHHa paBoTaeT BecbMa 3adgdexTvBHO, 06ECNeInBaeT GOMbILYIO Aalb-
HOCTb CBA3U AAXE NPU NCMONb30BAHUM €6 Ha8 MarHUTHOI OCHOBE.

COrnacoBaHne BXOAHONO COMPOTWBNEHUS aHTEHHbl YINOM HaKNoHa NPOTUBOBECOR
YCMNONL3YETCA B HEKOTOPbIX BOEHHBIX BO3UMBIX YKB craHLusx. MHe npuxoaunock BuaeTe
TaKWE SHTEHHBI C MPOTUBOBECAMY, PACNONOXEHHLIMUA NOA, yrnom kak 1357, Tak u 1807,
KOTOpbIE GbinK YCTEHOBNEHBI HA HEGONLLLIOI MaYTE Ha BLICOTE OKONMO 1T M OTHOCWTENLHO
KpbILM 3BTOMOGMNA CBS3U. VcnonbayloTen Takve aHTeHHb! Ha kopabrax
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NPy NOCTPOEHUM aWTeHH CTaumorapHbix YKB cTaHuuii MPUMBHRIOT BCE YKa3aHHble
BhILIE METOMbl cornacoBanun. OCOBEHHOCTEIO 3TUX AHTEHH ABRRETCA 06A3aTEeNLHOE
333EMNIEHWE WTHIPS AHTEHHBI MO MOCTOSHHOMY TOKY Ha MauTy. Ecnn sbl roe-nubo
BCTPETUTE CTALMOHAPHYIO BEPTUKANBHYI0 KOMMEPYECKYIO 8HTEHHY, B KOTOROIA HE Npo-
U3BENEHO 333EMNEHUE LITHIPA HA MaNTY, CPasy Xe OTKasbleaiiTeCk OT ee WCMONL3o-
BaHun. Takan aHTeHHa MOXET He TONbKO NOBPEAUTL annapartypy, NOAKMONEHHYIO K
Heil, HO ¥ BbI3BaTk MOPaxXeHue oneparopa Npw paboTe C aHTeHHOM B FPO30BOY W
Npearpo3esoi NEPUCA.

Haubonee npoCTo 3a3eMneHue no MOCTOAHHOMY TOKY OCYLLeCTBUMO ANA CTa-
LUuoHapHbix YKB aHTenH mpu nomoLuy HeTBepThBONHOBOTO M3onATopa. 3TOT METOS,
333EMNEHUA BHTEHH MO NOCTOSHHOMY TOKY WCMONb3YeTC BO MHOMUX KOMMEPYECKMX
VKB aHTeHHax. YnpolieHHas KOHCTPYKLMA aHTEHWbl cTauuoHapHoit YKB craHuum
«Mank» nokasaHa Ha puc.7.25. BHewHWil 4eTBEPTHBONHOBLIA WTbiph AHTEHHb!
333eMNIEH Ha MauTy € NOMOLLLIO YEeTBEPTLBONHOBOIO W30NATOPa, ANA NUTaHUS
aHTEHHb!I UCMNonb3yeTca 50-oMHbif kabesb. BxoaHoe cOMpOTMBNEHWE AHTEHHBI CO-
TNAcyevena € BONHOBLIM COMNPOTUBNEHMEM KOBKCUANLHOrO kabens yrnoMm HaknoHB
NPOTUBOBECOB.
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Puvc. 7.25. CtauvonapHas aHtenna YKB Puc. 7.26. CTtauvoHapHas aHTeHHa
cTaHumm «Masik» YKB cranuum «Buona»

YNpoLUeHHan KOHCTPYKLUMS aHTEHHbI CTaumonapHoin YKB pagvoctaHumn ¢ npotu-
BOBECAMU, PACNONOKEHHEIMM NOA YTNOM 180°, cnonbayemas B CTAUMOHAPHBIX CTAHLUSX
Tvna «Mansma», «Buona», nokasaHa Ha puc. 7.26. HeTBEPTLEONHOBLIA U3ONATOP, Ha-
XOOSLUMIACH BHYTPW BUBPETOPOB aHTEHHEI, UMEET ANMHY, HEMHOrO 6OMbLIYI0 NO CPas-
HEHUMIO € aHTEHHOI. DTO MPOMCXOAUT U3-3a pasHbiX 3HaYeHWit Ko3dPpuLMeHTa yKopo-
YeHun Aana TpybBoK pas/MYHOSO BHELUHErO auamMeTpa.

JNUTEPATYPA

1. BywuH C. I, Siinerxo J1. N. CnpasoHHUK paguomobUTensi-kOpOTKOBONHOBUKA. — KueR
TexHika. — 1984. — 264 c.
2. Nonsiko B. {RA3AAE) Cornacyiowas LC-uens // Pagno. — N2 10. -- 1999. - C. 62

102



Yactb 2 N
AHTEHHb! BEMYLWEW BOJHBI

AHTEHHDBI GerylLeit BONHBI BKIIONAIT B Ce6st BOMbLLOIN KNACC aHTeHH. STO aHTEHHbI
Besepeaxa, POMOUYECKUE BHTEHHBI, 8HTEHHBI TUNA T2FD U HEKOTOPLIE APYFWe TUMbl aH-
TekH. AHTEHHDBI GeryuIeii BONHL — 3TO LIMPOKOMNOIOCHBIE 8HTEHHDI, KOTOPLIE MOryT obec-
neunTh paBoTy HA HECKONBKMX UNKU [axe Ha Beex NMoBuTensckix avanazodax. B ropoa-
CKWUX YCNOBUAX OrPaHUYEHHOTO MECTa AR PaaUONoBUTENA YaCTO BO3MOXHA YCTaHOBKa
TONBKO OfHON AHTEHHbI, Y1 3Ta @HTEHHA MOXET BbiTh aHTEHHOI Gerylueil BONHbI.

B 310i1 YacTM paccMOTpeHa aHteHHa T2FD. 3rva aHTeHHa sBNAETCA OJHOM 13
MOMYNAPHLIX AHTEHH Gerylueid BONHBI cpeu paavomobtuteneii. MpueeaeHo BCECTOPOH-
HEE OMMCaHWE BTOM 8HTEHHbl, AaHbl Teopua e pabotbl, ycnosua 3IhhEKTUBHOTO
WUCNONb30BaHWA, MPUBEAEHbl NPAKTUHECKWE PEKOMEHOALWA MO M3FOTOBNEHUIO W Ha-
. CTpoiike. JTO NO3BONMT pagMoNBUTENIo yeTaHaewmearb aHTenHy T2FD B COOTBETCTBIM
C €ro peanbHeMU BOZMOXHOCTSMU.

Ina Tex paproniobureneii, KT0 UCNbITbIBAET AabULIMT MECTA ANA YCTAHOBKW 8HTEHHbI
T2FD, npyeeneHo oNUcaHne MpaKTUHEeCKUX KOHCTPYKLWIA aHTeHH BeBepenxa, npeaHa-
3BHAYEHHBIX AN YCTAHOBKU B OMPaHUYEHHBIX YCROBUAX ropoaa. MpueensHa KOHCTPYKLmMA
npocToin ¢asupoeaHHoin aHTeHHbl Besepemxa, NO3BONAIOLLSH OCYLUECTEUTL HanpaB-
nennyto pabory.

B 3TOi 4aCTU [aHO OnvcaHve NOAEMHLIX aHTeHH. MoA3eMHbIE aHTEHHBI ABNAIOTCA
aHTenHaMu Geryileli BoNHb. HecMOTps Ha vX HUakylo 3h@PEeKTUBHOGTL 3TU AHTEHHbI
paHee Haxopw NpUMeHeHue B FnobGanbHoit paanocessyu U Hasuraumn. OpHako ©
pasBUTUEM CNYTHUKOBOI CBF3Y WX B HACTORLLEE BPEMA NPaKTUHECKU HE UCMONL3YIOT,
1 NOA3EMHBIE NEPENAIOLIME LEHTPL Kak B POCCUM, Tak U B APYTMX CTPaHax B OCHOBHOM
3aKkpbiTel. HO paguoniobureny BronHe MOryT MCrnonb3oBaTh NOA3EMHbIE @HTEHHbI B
CBOMX 3KCNEPUMEHTAX.

8. AHTEHHA BEMYLIEW BOMHbl T2FD

fMpy peduLyte MECTAa B FOPOACKMX YCROBUAX TPYAHO PAsMECTUThb «Napk» BHTEHH,
kaxaan ua kotopbix Gyper paBorath Ha cBoeM [uanasoHe eonH. Moatomy cpepu
paamoniobuTeneii ABAAIOTCH MOMYNAPHBIMY LMPOKONONOCHBIE BUGPATOPHLIE AHTEHHBI
Geryweir sonkbl. OHu He TpebyloT MHOro Mecta AN CBOEi YCTaHOBKW, U B TO X€
BPEMA OfiHA aHTEHHa MOXeT 00eCneYnTs BECbMa YAOBNETBOPUTENBHYIO paboTy B adupe
Ha BCEX NIBUTENBCKUX AYANasoHax.

8.1. LUMpOKONONOCHLI HarpyXeHHbili BUBpaTop

LLIMpOKONONOCHKIY HArpYXeHHb BubpaTop Ouin M306peTeH B Te, yXe aanekue ang
wac, 30-e roppl XX Beka. Ha pwc. 8.1 nokasaH BWA KNACCUHECKOTO HarpyXeHHOro
BubpaTtopa. Takyld aHTEHHY MCcnonb3oeany AnA OBEecneyeHws Paguocessu Ha pasuo-
ueHTpax BO Bpemst BTopoit MUPOBOGIA BOIHLL. Bbina yCTaHOBNEHA HA HEKOTOPBIX MOPCKUX
kopabnsx.

AN yMEHbLLEHVS 3aHVUMaEMOrO aHTEHHOI1 MECTa 3Ty aHTEHHY 4acTo pacrnonarani
HAKNOHHO, NOA, YrnoM okono 30° K NoBepxHOCTH 3emnu wnu nanybe kopabna. Takoi
BAPWAHT BHTEHHbLI CTAan MSBECTEH KaKk «3aMKHYTHIl HakNOHHBIA NeTnesoit Bubparop»,
wmm cokpawento TTFD (Tilted Terminated Folded Dipole). O6bNHO 8HTEHHY Ha3bIBaloT
Heckoneko npouwle: T2FD. Tog 3TMM MMeHeM OHa M3BECTHA CPEan EeBPOMEVICKMX
papmonobuTteneit. Ha pvc. 8.2 nokasaHa KNaccuHeckan YCTaHoBka aHTeHHs T2FD.

HaknoHHas yCTaHOBKa aHTEHHBl UMEET NPenMyLLEecTBa nepas ropusCHTansHoW yc-
TaHOBKOI. BO-NepebiX, YMEHLLLZETCH MECTo, HeobxoauMoe Ans YCTAHOBKU Takoh aH-
TEHHB!, 8 BO-BTOPbIX, MNP W3NYYEHWMA aHTEHHDbI MO A CYLLBCTE! 5t COC 0-
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Puc. 8.1. Knaccuieckui wimpokononocHsii Puc. 8.2. Knaccuseckan axreHra T2FD

HarpyxeHHbiii Bubparop

1135 BNEeKTPOMArHUTHO BONHLI, UMEIOLLAA BEPTUKANBHYIO Nonspusaumio. Bee aro npu-
BENO K TOMy, 4TO BO BCEM MWpe CTana Gosee pacnpoCTpaHeHa HakNOHHAs YCTaHOBKa
WMPOKOMNONOCHOIO HarpyxeHHoro subparopa, wnm 6onee menonbayema aHTeHHa T2FD
NO CPaBHEHUIO C FOPUSOHTANBHLIM LWPOKONONOCHBIM HArPYXEHHLIM BUBPATOPOM.

MNocne okoHYaHns Bropoid MMpOBOIA BOHL) PaaVONICBUTENU NPOAOIKAI CBOW IKC-
NEePUMENTLI C aHTeHHaMW. He MOrna OCTaThCA B CTOPOHE OT 3TVX 3KCMNEPUMEHTOB U 8H-
Terra T2FD. B paroniobuTentckoi JIMTepaType aTa aHTeHHa 6Lina Bnepebie onvcaHa B
CLUA pagvoniotutenem W3HH B 1949 rogy e nuteparype [1]. C Tex nop nossunocs
COTHU NYGNVKALWIA, NOCBSLLEHHBIX 3TON YAYBUTENEHOI HTEHHE, B PaaMONICBUTENECKIX
XypHanax Bcex cTpaH. Ha CesepoamMepikaHCKOM KOHTUHBHTE 3Ta aHTEHHA UBBECTHA Nog,
HasBaHveM «anrenHa W3HH». HaaBaHne aHTeHHbl f1aHO 110 No3LIBHOMY paavoniobuTens.
MHOTO CAeNaBLIEro Ans ee BHEAPEHUA B paau onioGuTenbekylo NpakTvky. Jasaiite pas-
6epemM OCHOBHBIE OCOBEHHOCTN aHTeHHs! T2FD.

8.2. Paamepbl aHTeHHbl T2FD

Pa3mepbl aHTeHHb T2FD, nokasaHo Ha puc. 8.2, MOXHO onpafenyTs No NpueRe-
AEHHBEIM HUXE Dopmynam:

L = 100/F
W = 3/F

rpe:

L — pnvHa aHTeHHbl, M;

F — HvxHAs YactoTa paboTtel aHTeHHbl, MIy;

W — paccrosHve Mexay NpOBOSHVKAMU SHTEHHb), M.

bopMynbl 3TU ONPELENEHbl SKCNEpUMEHTanbHo. CuMTaeTcs, YTo aHTeHHa T2FD,
paccunTanHas No aTvm GopMynam, Gynar yAOBNETBOPMTENLHO paBoTaTh B NATVKPATHOM
VHTEepBane 4acTor. [lasaiite ans NpUMepa paccyuTaem antenHy T2FD gns HUXHEro
AvanasoHa paborbl 20 METPOB:

L =100/14= 7,14 m;
W = 3/14= 0,21 m.
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WTak, invHa aHTeHHE! cocTaBnser 7,14 M, PacCToNHUE MEeXAY NPOBOAHVUKAMU aHTEH-
Hbl cocTaBnser 21 cM. AHrenHa ByneT yaOBNeTBOPUTENEHO paboTarb B AuanasoHe YacToT
ot 14 My po 70 My (14 - 5 = 70). D70 He aHauwT, 4TO aHTeHHa ByneT HepaboTtocnocobHa
Ha yacToTax Hnke 14 My # Buiwe 70 My, KoHeyHo Het, anTteHHa BnonHe 6ynar ram pa-
6oTarth! HO Ha wacToTax Huxe 14 MMy 3ddexkTBHOCTL ee paboTbl HAYHET PESKO YMEHb-
waTken, AvarpamMmma HanpasneHHoCTY NpuBnuxaeTcs K WapooBpasHoil. Ha wacToTax ehi-
we 70 My 3¢peKkTBHOCTL pabGoTbl aHTEHHE HE ByflaT NesaTh CTONb CUNEHO, HO BO3MOX-
HO peskoe ysenuerme KCB Ha HeKOTOpbIX y4acTkax 4acToT. JvarpamMma HanpasneHHoCTU
aHTeHHbI NpeAcTaBIneT coboin BECHMA CROXHYIO U HEONPEAENEHHYIO GUrypy.

Antenna T2FD ou4eHb HEMPYXOTIMBA K

ceoeMy marotoeneHuio. Bnaropaps ee 6omb- Tabnuua 8.1
WO LWWPOKOMONOCHOCTY, Pa3MEpLI BHTEHHb! Pasmepbl aHTeHHbl T2FD syin paaHiix
MOrYT OTAMHETECS OT PaCCHUTAHHBIX N0 Npu- VENa3oHos

BeAaHHBIM 3aeck GopMynam. LMpuHa aHTeH-

Hbl MOXEeT OTNUHETLCA B MEHLLLYIO CTOPOHY Ha Avanazon paba-mx RArvua L, | Linpka W,
30% ¥ o 40% B GOrbLYIO CTOPOHY. JmHa uacror, My M M
AHTEHHBI MOXET OTNMHATLCA B MEHLLIYIO CTO- 19.85 52,63 1,57
poHy Ha 10% u no 40% B GONbLLYIC CTOPOHY. 35.175 28.57 085
3T0 NO3BONNET YNPOCTUTL TREBGOBAHUS K TOY- 70 .35 1428 0.43

HOCTM U3rOTOBNIEHNA aHTeHHbl T2FD.

10.50 10 03
B 1abn. 8.1 npuBeaeHL AeHHbIE Ana us-

FOTOBAEHUS aHTenHbl T2FD ana paborsl Ha 14..70 714 o021
NIOBUTENLCKUX AManasoHax, KOTopble Gbinv 18..90 55 0.16
pacciMTaHbl Ha OCHOBAHUM NPUBEAEHHLIX 21..105 476 0.14
Bbiwe ¢opmyn. AHTeHHa BronHe 6ynar pa- 25..125 4 0,12
6oTocnocobHa Takxe Ha NacToTax Bbile 28 ..130 384 0,11
pacueTHbX. HanpuMep, aHTeWHa, paccum- 28...140 3.56 0.1
TaHHaA ANA oNTUManbHoin paboTsl B Avana- 50. 250 2 0.06

3oHe 1,9...9,5 My, BnonHe npunuuHo 6yner
paboTark Ha BepXHuX yacToTax 9,5...30 My,

8.3. YcuneHne aHteHHbl T2FD

Ycunenne niofoit aHTEHHbI MOXHO ONPEefennTs COMMAacHO NPUBEAEHHON Huxe $op-
MynUpoBKe.

Yevinenye aHTeHHs! — STO OTHOLUIEHUE FIOTHOCTY NMOTOKA MOLLUHOCTY, CO383BIEMO
DaHHON 8HTEHHO! B OanbHei 30He B AaHHOM HanpasieHw, K rAOTHOCTY rOToKa
MOLUHOCTY, CO3A3BAEMO MAEANLHON M30TDOMHON aHTEHHOR, NPy YCAOBUM, HTO MOLY-
HOCTY, NOABOANMBIE K 8HTEHHaM, OAVHaKOSb. WHOTAa BMECTO WU3OTPOMHOIN aHTEHHLI
NPUMEHSAIDT APYIYIo, OWNOS UMM YETBEPTHBONHOBLI BepTHKankHLIA BUBPaTop, ycra-
HOB/IEHHLI B UIBECTHBIX YCAOBUAX.

Kak BWaHO 113 3T0ro, TpyaHO AOCTOBEPHO ONpefenuTb YeuneHwe aHTeHHbl T2FD. Sto
NPOUCXOAUT BCREACTBUE TOrO, HTO €€ AvarpaMma HanpaaneHHOCTU O4EHb CUNBHO U3pe-
3aHa, TPYQHO OMpefennTs, roa B Heil rMaBHblid, a rpe No6oYHbliA NenecTok. Ho onbiT
paauoniobuTeneil NoKasbiBaeT, YTO Ha HKHEI YacTOTe aHTeHHa 0BecrneunBaeT ypoBeHb
NpUHUMAEMOro (M NepeaaBaemoro) Ha 5...7 AB HUXEe OTHOCUTENBHO NONYBONHOBOrO
avinons. CnesoBarenbHO, «yCUNEHNE» BTOI aHTeHHb) Bynar Munyc 5...7 aB. Ha BepxHux
yacTorax paboTkl @HTEHHE! €€ YCUNEHWE, ONPEAENEHHOE COMMACHO BLILLEN3NOXEHHOI
METOAMKE, MOXET COCTaBNATh -3 ... ~1 AB OTHOCUTENBHO MONYBONHOBOIO Avnonsa. Ko-
HEYHO, NpaBunbHee 6bine 6Bkl rosopuTL 06 ocnabneHwy, a He o6 yCunenuu sToi ad-
TEHHbI.

HO MHOMWe Apyrue CypporarHble aHTEHHb), MCNonb3yeMble paauonioburenamu, obec-
NENVBAIOT ELUe MeHbLuee yeunenue (unu ele Gonbluee ocnabneHve), Tak YTo aHTeHHa
T2FD Ha vx ¢OoHE BbIMAOUT BECHMA HEMNOXO.
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8.4. BxoaHoe CONpOTVBNEHWE W Harpy3ka aHTeHHbl T2FD

Jonroe BPEMA CHATANW, HTO COMPOTUBNEHVE HAMPY3KU aHTeHHb T2FD AonxHo BbiTh
paBHO BONHOBOMY COMPOTVBNIEHMIO $UAapa aHTeHHbl. Ha npaktuke e nonyvaercs,
YTO ONTUMANLHOE COMPOTUBNEHWE HArpy3KW [OMXHO 6bITh HEMHOFO GOnble, Yem
BONHOBOE COMPOTHBAEGHUE NUHUM MUTAHUA aHTeHHbl. B 1abn. 8.2 npuseaeHsbl 3HaveHus
BXOAHOrO CONPOTMBNEHWA aHTEHHH!, NOKA3aHHON Ha pUC. 8.2, B 3aBMCUMOCTH OT CO-
NPOTUBNEHUA €€ Harpysku [2].

B pagvoniobuteneckoil nuTeparype He PEKOMEHAYETCH UCNONL30BATL aHTeHHy T2FD,
VMEIOLLYIO BXOJHOE conpoTvBnenve 300 OM. CuuTaercs, «4TO ONTUMAneHO patoraer
AHTEHHA, UMEeIoLan BXOOHOE conpoTueneHve 600 Om.

Ta6nuya 8.2
BXOAHOS COMNPOTUBNEHUA AHTeHHb) T2FD B 38BYCMMOCTH OT CONPOTUBNEHNA 66 HArPya3ku

OnTumansHoe
R nmag:n BHTEHHb, HArpPy3KN aHTeHHb!, mauvm asis pugepa 50 Om | Mauvm ana dupepa 75 Om
Om
600 650 12:1 8:1
450 500 o1 6:1
300 390 6.1 4.1

Ho B [aBHO YCTOSBLUWECS OCHOBbI paboTst aHTenHbl T2FD BHEC HOBbIE flaHHble
L. B. Cebik. B ero pa6oTe [3] 6bin onpageneH ¢ NOMOLLbIC MOAENYPOBLLMKA aHTeHH KCB
Anf anterHbl T2FD, vmerowleit Harpy3sky 390 OM 1 duaep NUTaHMA C BONHOBLIM COMNpPO-
TUBneHvem 300 OmM. Okazanock, 4To KCB TaKoii aHTEHHbI Ha HEKOTOPBIX YHacTkax ayana-
30HA ee paboTst COCTaBNAET BenvuuHy 9:1! BenegeTere 3Toro cranc NoHATHO, NOHEMY He
PEKOMEHAOBANOCE UCMONbL30BaTh aHTEHHY € ¢praepom 300 OM U Harpy3o4YHbIM PESUCTO-
pom 390 OMm. B paboTe [3] 66N onpeaeneHo onTUMarieHOE CONPOTUMBNEHUE HAFPY3KN U
onTUManbHOe BONHOBOE CONpoTUBNeHue ¢uraapa ansl aHTeHHbl T2FD, pacCHMTaHHOI no
npuBeaeHHbIM B paagene 8.2 ¢dopmynam. Okasanock, 470 ONTUMankHOE CONpoTUBAEHUE
Harpysky aHTeHHbl T2FD cocraanser 850 OM, OnTMMAanbHOE BONHOBOE COMpOTUBNEHUE
[ayxNPOBOAHON NMHUM NPY TaKOM CONPOTUBNEHUW HArpy3ku cocraenaeT 900 Om. Taxan
aHTeHHa o6ecneyusaer KCB B gvianasoHe ee pabounx yactor He 6onee 2:1.

Ha nyt npakKtMyeckoii peasmsanum 3710 aHTEHHbI Cpasy BOSHUKAET OfHa rnasHast
TPYAHOCTe. 3TO ORYXNPOBOAHAA NVHVIA C BONHOBLIM COMPOTMBNEHVEM 900 Om. Ecm
Mbl paCCuUTaeM Pasmepbl ABYXNPOBOAHON NMHWW C BO3LYWHOI UsonaLmeit, obnanaso-
el TaKM BONHOBBIM CONPOTMBNEHUEM, TO NONYHUM, YTO OTHOLIEHUE MEXIY PaANYyCOM
NPOBOAHWKA, U3 KOTOPOFO CAEnaHa NuMHWA, W PacCTONHUEM MExXay NpOBOAHWKaMU
nomkHo npesbiwarte 1000! fa, Ha npaktvke 310 GyneT O4YeHb TPYQHO peanvayemas
[ayxNpoBoaHas NuHUA... [laxe ecnu ans ee usroToBNEHVA MCNONL30BaTE AMINEKTPUK,
pasaMepbl TakoW NMHWA BCE pasHO ByayT OrPOMHLIMU.

B paguoTexHUYeckoil npakTuke Hambornbluee pacrnpocTpaHeHue VMeeT AByXnpo-
BOAHAS NUHUSI C BONHOBLIM conpoTvBneHvem 300 wim 450 Om. MosToMmy, ucxops w3
peantHo AOCTYNHLIX MaTepUBNOB, PaguONoBUTENN KOHCTPYUPYIOT TaKWE AHTEHHDI,

8.5. Harpy3ouHblii peanctop aHTeHnHsl T2FD

"He BCA BLICOKOHACTOTHAA MOLLHOCTb, KOTOP@A NOABOAMTCH K ABHTEHHE, WOET Ha
U3NydeHne paguoBonH. HEKoTopas 4yacTk 37O MOLLHOCTV MOMNOLAETCA B Harpyake
aHTenHbl U 6ecnonesHo pacCevBaeTcn B Tenno. B MHOrOHMCIEHHBIX NyBAUKaLUAX,
NOCBSALLEHHBbIX aHTeHHe T2FD, ykaablBaeTcs, 4T0 Anst HEAEXHON paboThl aHTEHHbLI BNONHE
FOCTaToONHO, HTOObI MOLIHOCTE paccesHus GannacTHOO pe3vcTopa COCTaBnana He

106



menee 30 % OT NOABOOMMON K @HTeHHWEe MOLHOCTU. MCNONb3YeMbId Harpy30uHbIHA
PE3NCTOP ZOMKEH BbiTh GE3bIHAYKHNOHHBIM.

BbINONHATE 3TOT HarpysOYHbIA PE3UCTOP LenecooBpasHo HaBopoM BbICOKOOMHDBIX
NAEHONHLIX PE3UCTOPOB MOLUHOCTBIO 2...5 BT, BKIICYEHHbIX MapannentHo MW nochie-
A0BaTeNbHO 0 HEOOXOAMMOFO COMPOTUBAEHMS Harpyaku. Mpy 8TOM HeoBXOAUMO Che-
ATk 33 TeM, uyTobbl Bbina ofecnedeHa HeoBXoOuMan CyMMapHas MOLHOCTb pac-
cenHvn. HanpuMep, echn nnaHupyeTes, YTo B Harpyske Gyner paccevsarsca 50 Br
MOLLHOCTH, HEOBXOaMMO UCNONL30BaTh 25 ORYXBATTHLIX PEIUCTOPOB. MHOrve coBpe-
MEHHLIE PE3INCTOPL! AONYCKAIDT KPaTKOBPEMEHHYIO paboTy ¢ pacCevBaeMoil MOLIHO-
CThiO, B ABa-TPU pa3sa NPesbILUAOLLEH X HOMUHANBEHYIO MOLUHOCTE paccesHun. OfHako
HE CTOWUT 3N0YNnOTpebnsTe 3TMM NPU KOHCTPYMPOBaHUW aHTerHbl T2FD. 3amena cro-
peBweit Harpy3ku npeacTasnseT coboit HENPUATHYIC NPOLEAYPY, CBASBHHYIO C ONyc-
KaHMEeM aHTEeHHb. BCneacteue 3akoHa MepdM aHTeHHa OOBMHO BbIXOAWT M3 CTPOS
WAU B TOT MOMEHT, KOTOR OHa OCOBEHHO HYXHE, HanpuMmep B Nepuo MpPOXCXASHUA
pasuomobUTENLCKUX COPEBHOBaHUIA, WM B TOT MOMEHT, KOFQa Moroaa He Gnaro-
NPUATCTBYET PEMOHTY aHTeHHbl. MO3TOMYy nyuwe Cpasy YCTaHOBWUTL Harpysky Heob-
XOAWMOI MOLLHOCTM U NPy paBoTe aHTeHHbl Ha NEpPenayy He NpesbiaTh AoNYCTUMYIO
MOLLHOCTE, PacCEMBAEMyI0 B Harpyake.

MNapannensHoe BKICHEHUE Pe3UCTOPOB, COCTABNRAIOLLVX Harpy3ky aHTenHbl, Gonee
NPennoYTATENBHO, YeM NoCreaoBaTensHOoe. MOCKONBKY Kaxablii pesucTop UmMeeT Cob-
CTBEHHYIO BENUYUHY MHAYKTUBHOCTH, TO NpU MOCNEOBareNbHOM BKIIOHEHUW 3Ta UH-
LYKTMBHOCTE MOXET COCTaauThk CYLLECTBEHHYIO BEMUYUHY. MpY NapafnensHOM BKO-
HEHUM PEe3UCTOPOB, COCTABNAIOLLVX HArPYaKy, UX CyMMapHan UHOYKTUBHOCTE YXe Byner
HECYLLIECTBEHHOIN. Mpaana, BO3PACTET CyMMapHasa eMKOCTb Harpyak. Ho B GombLuvH-
CTBE CNYy4aes pesnCTopbl UMEIOT HEGOMBLYIO COBCTBEHHYIO EMKOCTh, KOTOpas NeXuT
B npeaenax 2 nd. CneposarensHO, CYMMapHasi EMKOCTb Harpyaku, COCTaBNeHHan U3
napannenbHo BKICHEHHBIX PE3VCTOPOB, Gynar Hebonbiuan.

Jpyroe, 4TO He MNO3BONAET PEKOMEHAOBATE NOCNELOBATENEHOE BKICHEHME pesu-
CTOPOB ANA BHINOMHEHUA Harpy3ku aHTeHHbl T2FD, 310 TO, 4TO NOC/egoBarensHoe
coapuHeHve umeeT Goslee HUSKYID HEZEXHOCTb MO CPaBHEHWIO C NapannensHbiM Co-
eavHenveM. JeicTeuTenbHo, Haubonee pacnpoCTpPaHEHHbIE HEUCTIPEBHOCTU PE3UCTO-
POB — 3T0 UNM OB6pbIB TOKOMPOBOAALUETO CROA BCNEACTBUE MPEBBILEHUA MOLLHOGCTY
PacCenHUn, UMM HapYLLIEHUE KOHTaKTa MEXay TOKOMPOBOASALUMM CAOEM W METannuue-
CKUMW KOHTaKTaMM pesncTopa. Mpu Bbixofe W3 CTPOS TONBKO OAHOr0 PE3NCTOpa B
Harpyske, COCTABNEHHOM U3 NOCNENoBaTenbHO BKIIIOYEHHLIX PE3UCTOPOB, BCA Harpyaka
BLIXOOWT 13 CTPOR.

Flpy BBIXOAE U3 CTPORA OLHOFO PE3VCTOpPa B HAFPY3KE, COCTABNEHHOI 13 NapannensHo
BKJIOHEHHBIX PE3UCTOPOB, BannacTHan Harpyaka aHTeHHbl OCTaeTcs paboTocnocoBHOA,
XOTA €€ COMPOTUBNEHUE HEMHOrO M3MEeHAETCH. MOHATHO, YTO Mpu paBoTe peankHoi
aHTeHHbl BMNONHE BEPOATHO NPEBBILLEHWE MOLUHOCTU PACCESHUS B Harpy3ke aHTeHHb
U BO3MOXEH BbIXOL U3 CTPOA ONHOrO UNM HECKONBKUX PEIVUCTOPOB, COCTaBAAICLUMX
Harpyaky. Boneacrene armocgepHbiX Bo3AeicTBMiA Unu Npy yAape MONHUA B @HTEHHy
BNONHE BO3MOXEH BLIXOZ W3 CTPOA PE3NUCTOPOB, COCTABNSIOLUMX Harpyaky. Moaromy
UCNoNbL30Barb NOCNEA0BATENLHOE BKICHEHWE Pa3UCTOPOB Harpy3Ku MOXHO TOSBKO B
KpaiiHeM cnyyae.

Mpakm+ecky Harpyaka aHteHHbl T2FD MoxeT ObiTb BHINONHEHA Tak, Kak OrmMcaHo
B rnase 9, B Naparpade «[opoackas aHTeHHa Geryllein BONHbI».

8.6. MowHoCTb, paccevBaeMas B Harpyake

B npenblaylemM naparpage Gbin0 yka3aHo, YTO MOLLHOCTh, PacCevBaeMan B Ha-
rpyake aHTenHb T2FD, coctaenser 30% OT noasoouMoll K Heir MolyHocTu. Ho, oka-
3bIBAETCH, 3TO He coBcem Tak. B paborte [3] L. B. Cebik TOMHO Onpeaenn MOWHOCT
paccesHun Harpyaku aHTenHbl T2FD. Okaszanock, 4To Npy paboTe aHTeHHbl Ha HVDKHUX
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4aCTOTax B HarpysouyHOM PE3UCTOpEe MOXET paccemsaTscs Gonee 80% noOAsOAMMON K
aHTeHHe molnocTul Mcxopa ws 3Toro, nepsas TPeTh paCyeTHOro AvanasoHa paboTb
anTenHbl T2FD, npveenenHoii B Tabn. 8.1, Ha caMoM siene abconioTHO HeadhdheKTBHA
A paboTbl @HTEHHbl, Tak KaK OCHOBHas MOLWHOCTh NEPENaT{vka MAET Ha Harpes
6annacTHoro pesuctopa. CneposarentbHo, HeagheKTUBHa paboTa 3TOI @HTEHHB! TaKKEe
Ha NpyeM, NOCKONLKY JHEPrUs MPUHATBIX BHTEHHON PaAUOBONH PacCensaerca B Ha-
rpy3ke.

MHOI TOXE BBbIN0 3aMEYEHO, 4T aHTeHHa T2FD B cBOEM HavyanbHOM AManasoHe Yac-
TOT paboTaeT TMXO Ha nprieM. MPyU UCNONL30BaHWUM €e B KAYECTBE NPUEMHOR npyxoau-
NOCh YBENMUMBATE YCUNEHWE NPUEMHUKA. N3 paBoThl [3] NOHATHO, HTO 3HEPrvA NPUHATEIX
panvoBONH NPocTo GecnonesHo paccenBanach Ha Harpy304HOM PE3NCTOPE aHTEHHDI. ..

JaHHble NO YpoBHIO PaCCEeMBaEMOd MOLLHOCTY Ha Harpyske aHTeHHbl T2FD, npu-
BeAeHHble B [3], CUNBEHO yavBMMM MEHS. Bbino pelleHo 3KCNEPVIMEHTANBHO ONPEENUTL
MOLLHOCTb, PAcCEMBAEMYIC B Harpy3ke aHTeHHbl. flna 3T0ro MHOI Obina nogaeweHa
3KCnepVMeEHTankHan avredHa T2FD mmHO NATe MeTpoe. Bug ycraHoeku 3kcnepu-
MEHTAIILHON aWTEHHEI NOKa3aH Wa puc. 8.3
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doma
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# Tparcubep
Coa5] < [
=]

e
= Moool!

KCB-memp Coznacynuee
ycmpotcmbo

—1 Ef

o

BY Bonemrmemp

fiByxnpobodnas
AUBUS

Puc. B.3 YCTaHOBKA 3KCMIBPUMEHTANBHOM @HTeHHbl T2FD

Ana nuTaHua aHTEHHL! MCTIONB30BANCA TpaHcusep f, xoTopblin Wepea KCB-merp 2
6LIn NOAKNIOYEH K COrnacyiolemMy yeTpoiictay 4. Mpyu onbiiax © aHTeHHOoi 6bin Aoc-
TuriyT KCB mexay TpaHCMBEPOM ¥ COrmacyioluvM ycTpoiicreoM, Grvakuii k 1:1. Ha
BXOfle COTNacyloLlero YCTPOICTBa Gkl BKIOYEH BLICOKOYACTOTHBIR BOMETMETD 3,
C NOMOLLLIC KOTOPOFO MOXHO GBI ONPEAENUTL HAMPAXEHWE HA BXOAE COrMACYIoLLero
ycTpovicTea 4. 3Han HanpsXeHWe, MOXHO Obino onpefenite MOLUHOCTB, KOTOpan no-
CcTynana OT TpaWCvBepa B COrnacylulee ycTpONCTBO. B kayecTse cOrnacyiollero
YCTPOICTBA MHOM BNk UCNONBE30BaHLI CaMOAENBHEIE COFNacyIoLLMe YCTpOHCTsa, Onm-
CaHwe KOTOpbIX npueeneHo B [4], €. 194.

Flepen nposeneHvieM skcrnepumeHTos Ben npaxkTuieckn onpedenex KMJ moero co-
rRacyloLLero yCTPOMCTBA Ha BCEX YacToTax naMepenust. K cornacyiowemy ycTpolicrey 4
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6bina NoaKioHeHa ABYXNpoBoAHan MMHUA 5. Bbina UCNonsE30BaHa CTaHAapTHAA ABYXNpPO-
BOJHAA NUHUA C BONHOBLIM CONPOTHMBAEHUEM 450 OM. dta ApyXnposoaHan MMHUA NOL-
KNKo4aNacb HENOCPEACTBEHHO K aHTeHHe 6. PasmMepw aHTeHHbl ykasaHbl Ha puc. 8.3.
lNocnenosaTensHO C Harpy3koid aHTeHHb! 7 bl YCTAHOBNEH BbICOKOYACTOTHBIA aMnep-
MeTp 8, KOTOpLIli NO3BONAN ONPEAENUTL TOK, NPOTEKAIOLUVIA Yepes Hee. Harpyska u am-
TIEPMETP pacnonaranvce HaNpoTVE OKHA Tak, 4To Wwkana npubopa 6eina MHe BraHa. 310
NO3BONANO BUAETH, KaKOI1 TOK NPOTEKAET Yepes Harpysky. B kauecTBe BICOKOHaCTOTHORO
aMrnepmeTpa UCNonb30BaNCA CaMOAenkHbIA NPRGoR, Cxema KoToporo npueeaeHa & [4],
C. 77. Harpy3ka aHTeHHbl 7 6bina camogensHoi. OHa cocTonna Us YEThIPEX BKMOUEHHBIX
NapannentHo peaucTopoB CONPOTUBNEHNEM 2 KOM U MowHOCTRIC 2 B. CymmapHoe co-
NROTUBNEHWE 3TVX PE3VCTOPOB Gbino paBHo 500 Om.

flocne npoBeaeHun 3KCrEepUMEHTOB MHOM 6bin MOCTPOEH rpadMK 33BUCMMOCTU
paccenBaemMol MOLLHOCTU B Harpy3ke aHTEHHBI OT HacToThbl paBoThl, KOTOPbIA NOKasaH
Ha puc. 8.4. Mpaduk crpouncs ¢ ysetom KN cornacyiowero ycrpoiictea. fpu ero
MNOCTPOBHUM HE Y4MTBIBANOCH 3aTyxaHue ORYXMPOBOAHOW NUHWM, KOTOPOE WMEET Ha
aTUX YaCTOTaxX HEGONLLIYIO BEMMHUHY. KOHEYHO, CYLECTBYIOT U Apyrue ¢bakTopk, yBe-
NVHUBAICLLME NOTPELLHOCTE NPOBOAVMDBIX MHOWM USMEPEHWIA, HO UX BKNEL, B YBENUYEHUE
MOrPELLHOCTH U3MEPEHWIA, OYEBUNHO, HEBENUK.

— (R, /By )x100. %
90—
Y Py ~mowrocme. paccevbaemas
80— 5\ 8 conpomudnenuy rozpysky
s aHmerins
70 Py -Mownacms Ha
Bxode armeribi
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Puc. B.4. Npadk paCcCEMBAEMON MOLLHOCTU B Harpy3Ke aHTEeHHb

AntenHa T2FD pruHoiA NaTh MeTpOB paccHuTaHa anA paboThl Ha HWKHER HacTore
20 Mry. Kak suoHo us rpaduka, Ha auanasone 21 MMy B Harpy3ke pacCeqBaerca
65% MOLHOCTH, NOJBOPWMOIAN K aHTeHHe. Henb3s OXWAaTh BLICOKON 3hheKTBHOCTU
OT @HTeHHbl NpW TakuX YpPOBHEX MOTEpb. HauwHas oOr yacTtotel 27 MPLY ypOBeEHb
MOLLHOCTH, paCCEVBAEMOIA B HArpy3ke aHTEHHbl, He NMpesblluaeT 25% oT NopBOaVMOit
K aHTEHHE MOLHOCTV. CnafoBaTenkHo, ANA Toro 4Tobbl YPOBEHL MOLHOCTW, pPacceu-
BAEMOIN B Harpyake aHTenHsl T2FD, we npesbiluan 25%, ee AnvHa [oMKHa COCTaBisATh
HE OfHY TPETh OT HWXHEI ANMHbI BONHLI paboThl @HTEeHHb), @ OfHY BTOpyl. Cneposa-
TENBHO, OAVHY aWTerHb T2FD (oM. pyc. 8.2) ¢ MWHUMANEHBIMW NOTEPSMY B HArpyske
cnefyev onpefenaTe U3 creaylowmx Ghopmyn:
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L = 150/F Ta6nuya 8.3

W= 3/F Pa3Mepbl @HTeHHb T2FD C HU3KUM YPOBHEM
noTepb B8 GaNNAcTHOM COMPOTUBNEHN R

rae:
s L — nnvHa aHTeHHsb!, M; DyanazoH pabounx Onwda L, |[Lupuna W,
wagTor, Mfu M [
F — WIKHAA 43CTOTa paboTbl aHTeHHsbl, 10,55 735 157
Mru 35..17.5 43 085
W — paCcTosHue MeXsiy NPOBOAHUKAMN 7.0..35 24 0.43
@HTEHHDBI, M. 10..50 15 03
14..70 107 0,21
Pasmepbl aHTeHHbl T2FD, paccunranHble 18...90 83 0.16
cornacHo aTvM ¢GopMynaM, NpUBafeHbl B 21...105 7.14 0,14
Tabn. 8.3. B Harpy3ke aHTEHHbI, cAenaHHon 25..125 8 0,12
no pasmepam U3 aTtoir Tabnuuel, 6yaeT pac- 26...130 576 0.1
ceusatbca He Gonee 25% MowHOCTH, NOA- 28...140 5,35 01
BOOMMOMA K HEeld. 50...250 3 0,06

8.7. Mutanue anternbl T2FD

Ona nuTanva adTeHHs T2FD ontumMankHO UCMNONL30BaTk AaYXNPOBOAHYIO NMHWIC
COOTBETCTBYIOLLEr0 BONHOBOFO COnpoTvBiaeHun (cMm. Tabn. 8.2). lNpu ucnonb3osakwun
[BYXNPOBOAHON AMHUWA ONA MUTaHUA aHTeHHb T2FD Mexay TpaHCUBEPOM, MMEIOLLM
BbIXOAHOE CONpoTHENEHMe 50 OM, U Mexay ABYXNPOBOAHOW NuHMei HeoBxomumo
BKNIOHATE COrNacytoLee YCTPOICTBO. OHO MOXET ObiTb BLINONHEHO MO OfHON U3 CXEM,
NPUBEOEHHBIX B nuTepatype [4].

B HaCTOSLLEEe BPEMA KoakCUantHbii kabenb pacrpocTparen ropasao 6onbwe, yem
[ayXnpPoBOAHLIE NUHUK. O3TOMy BMONHE BO3MOXHO MCMONb30BaTh KOAKCUaNkHbIA Ka-
6enb oA NUTAHUA aHTeHHbt T2FD. COFNacoBaHWE aHTEHHbI C KOakcUankHbiM kabenem
MOXHO OCYLLIECTBUTE C NOMOLLIO LLMPOKONONOGHONO TpaHcdopmaropa. B 1abn. 8.2 npu-
BEAEHBI 3HAYEHUA KoadOULMEHTA TpaHChOPMaLVM AN KOAKCUANLHOro Kabens ¢ BonHO-
BbIM CONpoTUBNeHWEM S0 1 75 OM Ana anTenH T2FD € pasHbiM BXOAHbLIM COMPOTUBNSHUEM.

K LMPOKONONocHOMY TpanchopMaTopy NPEAbABNAIcTCA chagyowme rpebosanus.
Bo-nepsbiX, TpaHchOpMaTop [OMKeH BEIASPXVBATE paboTy Ha BLICOKONACTOTHON MOLL-
HOCTM, KOTOpaA NOABOSMTCSH K aHTeHHe. Bo-BTOpbIX, TpaHChopmarop nosmked obecne-
uMBaTh paboTy B AWana3oHe 4acToT paBoThl aHTEHHbL. BOSMOXHO UCMONb30BaHUE Kak
CaMOAENBHBIX LWMPOKOMONOCHBIX TPaHC(POPMATOPOB, KOHCTPYKLMA KOTOPLIX Bhina Heod-
HOKpPaTHO NpUBEAEHa B Pa3NUyHOI panvoniobuTensCckoil NMTepaType, Tak U LWUpoKono-
NOCHBIX TPaHCHOPMaTOPOE KOMMEPHECKOTD U3roTOBNEHUA. CnaayeT Npe3Bbuaiiio Cepb-
©3HO NOAXOAUTE K KOHCTPYMPOBAHMIO CAMOLENBHBIX WMPOKONONOCHBIX TpaHcgopMarTo-
POB, NpeaHasHaYeHHbIX ANA NUTaHUs aHTeHHbl T2FD. 3Ta aHTeHHa UMEeT 3HauNTeNbHYIO
pEaKTMBHYIO COCTAANAIOLLYIO B CBOEM BXOAHOM CONPOTUBNEHUW. B 3a8UCUMOCTU OT Ava-
nasoHa paboThl aHTEHHbI 3Ta PEaKTUBHAA COCTABMAIOLLAA MOXET UMETh KAK EMKOCTHYIO,
TaK ¥ UHAYKTYBHYIO COCTaBMAIOLLYIO. laneko He Kaxablii camopenkHbii TpaHchopmarop
CNpasuTCs C TaKoM HarpyaKoi.

Xouy NpUBECTU NPUMEP U3 CBOETD AWYHOTQ Onbita paboTbl C @HTeHHaMU Tvuna
T2FD. Ha cBoio NepByro aHTeHHy T2FD A NOCTaBW CaMOAENbHDIA LWPOKONONOCHGIA
TpancgopMaTop OT CTapoit aHTeHHbl Besepeaxa, uMetoLLeit anvHy 80 m U pasMeLLeH-
HOP Ha BbicoTE 1,5 M OT 3eMM. OTOT WWPOKONONOCHLIA TPaHGhOopMaTop € Koahdhu-
LMEHTOM TpaHchopMaumn 6:1 UCNoNL30BANCA ANIA NUTAHWA Yepesa xOaKCUanbHbIA ka-
6enb ¢ BONHOBLIM conpoTveneHuem 75 OmM aHTeHHb BeBepexa, MMEIoLLen HarpysKky
400 Om. Ona anTenubl Besepeaxa KCB we npesbiwan 2,5:1 Npy pabore aHTeHH Ha
nwanasoHax oT 160 no 10 MeTpos. MpK YCTAHOBKE 3TOr0 TPaHc(OPMAETOpa B a8HTEHHY
T2FD, paccuutaHHylo ana paboTel Ha avanadoHax 40—10 metpos, KCB Ha HEKOTOPbIX

110



mobutensckux avanasoHax aocturan 5:1. TpanchopmaTop npu paboTe aHTexHs T2FD
Ha nepepavy CUnbHO HarpeBancs, Hero ¢ HUM Kukorgpa He Gbino npu ero pabote ¢
aHTeHHo! BeBepenxa. ToNbko TIuaTentbHeIi NOAGOP BbICOKOHACTOTHOrO (eppUTOROro
KOFbLIa £N19 LUMPOKONONOCHOTO TpaHChOPMaTOpa, SKCNEPUMEHTLI C 8ro HaMOTKO No-
aBonni noHnanTb KCB atTterHbl T2FD po ypoBHa 2,5:1.

Mput MCnonb3cEaHUM ANA NUTaHVA aHTeHHb T2FD ABYXNPOBOAHON MM NPOBREMB!
NO COFNACOBAHMIO aHTEHHB! C TPAHCVBEPOM MPY NOMOLLY COFNACYIOLLEro YCTPOHCTRA pe-
LWATCH ropas3no npoule. MosToMy MOry pekoMeHOoBaTs NS NUTaHWA aHTerHsl T2FD
WCMNOMb30BaTh TOMBKO ABYXNPOBOAHYIO AnHMIO. [PUMEHEHUE LIMPOKONONOCHOrO TpaHC-
$popMaTOpa MOXHO PACCMATPUBATD KakK KOMNPOMMCCHBIA BapMaHT NUTAHUS aHTEHHbI
T2FD. CrieayeT cpasy e 06paTnTs BHUMaHWUE, 4TO CO34aHNE LIMPOKONONOCHOTO TPaHC-
¢opmaTopa © koadpdrureHToM TpaHchopMaLmMn 18:1, NPERHAIHAYEHHONO ANA NUTaHWUS
ontuManbHol aHTeHHbl T2FD (paccuvranHoli B [3]) © NOMOLLEIO KOAKCUAanbHOo Kabesns
BOMHOBLIM COnpoTMBNeHneM 50 Om, SBNAeTCa BECbMA HENErkuM LENOM. ..

8.8. Hactpoiika aHTeHHs T2FD

Hacrpoitka aHTeHHel T2FD coctout
B cneayiouleM. Bo Bcem puanasoHe
yacToT paboThl aHTEHHBI amepaioT KCB
B KOGKCManbHOM Kabene aHTeHHbl npu
NUTaHUA €8 NO KoakcuankHoMy Kabenio
4Yepes WMPOKONONOCHLIA NOBLILLAILMIA
TparHchopmatop. Mpy nuTaHMM aHTeH-
Hbl Hepe3 [BYXNPOBOAHYIO SMHVIO MNph
MNOMOLWM  COrnacyloLlero  yCTpoiicTsa
PYKOBOACTBYIOTCH AOCTUXEHUEM ONTU-
MansHoli paboThl 3TOro  yCTROMCTEA.
Kaxawlit pagmoniobutens, MCNonbayio-
Wi KOHKPETHOE Cornacylolllee yCTpoii-
CTBO, MOXET CKa3aTh O HEM, COrnacyer
UNU HET 3TO YCTPOVCTBO KOHKPAaTHYIO
Harpyaky.

Bo BpemA HACTPOVKN aHTeHHL! [0~

6aBnAoT UM BbIKYCLIBAIOT PESUCTOPBI,
COCT3BNAIOLME  HArPy3ky aHTeHHbI.
Kp#Tepuem HacTpoiikit aHTeHHbl Gyper o
MuHMMantHelit KCB Ha niobutenbekux
AvanasoHax pacoTst. Mpu aTom wHa co- Puc. B.5. PacnonoxeHue nepembivex
CeAHNX 4acToTaX, HaXOAALMXCH EBHe
mobutensckux Auanas3oHoB, KCB aH-
TEHHBI MOXET GbiTb AOCTATONHO BLICOKUM. BO Bpema HacTpoiikn ana caeura KCB B Hyx-
HYIO CTOPOHY, BOZMOXHO, NPUAETCS HEMHOTO YKOPOTUTL GHTEHHY C NOMOLLEID CUMMMET-
PUYRO PACMOSIOXEHHBIX NEPEMBIYEK, KaK NOKa3aHo Ha puc. B.5. XKenatenbHo nepembitkm
PBCNOnarare Ha OAVHAKOBOM PaCcCTORHWM OT KPaeB aHTeHHbl. HO 3TO ycroBue He 9Bns-
eTca oBAzarensibiM. Ecnv AOCTYNEH TONBKO HWKHWA KPali aHTEHHBI, TO MOXHO YCTaHBB-
NUBaTh NEPEMBIYKY TOMBKO Ha HeM. FNaBHOB B TOM, 4TOGHl 3Ta NEPEMbMKA COBUHYNA
MUHUMYMBI KCB aHTeHHbI Ha yHacTKU NoGUTENbCKMX AMANa3oHOB YaCToT.

flByxnpobodras
NUHUS

8.9. Teopwsa paborbi aHTeHHsl T2FD

Beiwe 6bin NpuBesier GONLLLOM NpakTUNECKMiA MaTepuan o paBoTe aHTeHHs T2FD.
Jasaiite, OCHOBLIBAACL Ha HeM, pa3Bepem TeopPaTVMECKWE OCHOBLI PaboThl AHTEHH
T2FD. Mpu 3TOM NpakTvka GYAET XOPOLWWM NOATEERXAEHUEM Teopui.
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Wrak, uTo e npencTasnaeT Co6oi aHTenHa T2FD € TeopaTWHeCkoil CTOPOHLI?
WHorpe aHTeHHy T2FD HasbiBBIOT «CypporaTHo pombuyeckoli BHTeHHOV». W ato peii-
CTBATENLHO Tak. ECAM Mbl MOCTENEHHO HaYHEM CXUMATh POMBUHECKYIO aHTeHHY
(puc. 8.6,a), TO Mbl NEpeRaemM OT BUAA, KOTOPLI WMEET POMEBMYECKan aHTeHHa, K
aHTeHne T2FD (puc. 8.6,6, 8.6,B).

R

R
e fiByxnpobodras
nuHUS

AByxnpobodras
AUHUS

AByxnpobodras
NUHUS

~

Puc. B.6. MNepexoA o POMBMHECKON EHTSHHLI K aHTeMHe T2FD

Ho pB6oTa aHTeHHbl T2FD B kopHEe OTAMYaeTcs 0T PaboTsl POMBUYECKON aHTEHHbI.
MpoBoA pPOMEBUHECKO aHTEHHBI Pa3BEPHYT B NPOCTPaHCTBE, W, ClefoBarenkHo, OH ag-
¢beKTVBHO ManyyaeT. MakCymansHoe nanyueHe pombuyeckoli BHTEHHBI OCYLLECTBNRETCA
oT Hawbonee WMpoKoit ee Yactu. BcnencTBME aHAUMTENBEHOMO USNYHEHWS IneKTpoMar-
HUTHOI 3HEPTN NPOBOAHNKAMM POMOMYECKO aHTeHHB! KCB B NIMHUM NUTaHNA aHTeHHbI
6yner 6mmMaok Kk 3HaueHnio 1:1. [eiiCTBMTENbHO, T8 YBCTh BbICOKOYACTOTHOM 3HEPrW,
KOTOpas He ByneT MU3nyueHa aHTeHHol, nornotutca B 6aniacTHoM conpoTueneHw R.
Jlaxe ecnn Kakan-To HaCTk HE UBNYHEHHOW 3HEPTUN N HE NOTNOTUTCR B GannacTHOM pe-
3ncTope A, a 0TPa3uTCA OT HEro HB3a/, TO PV NPOXOAE K IMHUW NUTaHNs YEPEe3 aHTEeHHY
GonblUan HaCcTh 3TOM 3HEPrM BCE PaBHO ByaeT uanyueHa. B pesynktate Mbl NONY4UM
yBenmMueHne 3aaHero U GOKOBbIX NENECTKOB B AuarpaMme HanpaBfieHHOCTY aHTEHHbI.

Nz paboTbl poMOULECKOM aHTEHHBI NOHATHO, YTO 4YeM BhILLE YacTOTa, KoTopas noga-
€TCH HA BXOL aHTEHHb], TEM CWMFBbHES M3NyueHWe aHTEeHHb ¥, B OOLUEM Cny4ae, HuKe
YPOBEHb €€ 2334HEro neNBCTKa 1 6niwke KCB B AMHWA NUTaHWS K 3HaqeHmio 1:1. JeiicT-
BUTENBHO, HeM BONLLWLKA NYTh NPOMAET BbICOKOHBCTOTHINA TOK BROSMb NPOBOAHMKOB, CO~
CTaBNAIOLMX aHTEHHY, TeM Bonslue BysieT any4enme OT 3Toro NPoBoAHMKa. Mpu npoxo-
XOEHUN OTPAKEHHOW OT HArpy3KN BOAHBLI K NVHW NUTaHUS GoNbLIas YacTb BbICOKOYACc-
TOTHOW 3Heprm ByneT wany4eHa » HUKOFAE HE AOCTUMHET TOHYEK NUTaHUA aHTEHHbL.

Pabora BHTEHHbI T2FD kOpeHHLIM 06pasoMm oTnvHaeTes OT pPaboTh POMBUHECKON
aHTeHHbl. PexviM paboTel aHTeHHbl T2FD ofycnoaneH Tem, 4TO €€ NPOBOL CBEPHYT.
PaccmoTpum Knaccuyeckyio aHvTenHy T2FD, koTopas nokazada Ha puc. 8.2, OT knac-
cudeCKoi BHTeHHbI T2FD, nokasaHHo#h Ha puc. 8.2, MOXHO NEPEeiTV K 3KBUBANEHTHOM
cxeme aHredHel T2FD. Mpeun antennbl T2FD npeacTaBnsior coboli 3amkHyThie Ha
KOHL{aX OTPE2KW ABYXNPOBOAHOM NHuK. BONHOBOE CONPOTUBAEHVE JTOM NHIAA 3BBUCUT
OT PECCTOSHYN MEXIY €€ NPOBOAHWKaMK. CRnefoBaTensHo, Ha SKBMBANEHTHON cxeme
antenHy T2FD MOXHO MpeAcTaBvTh [EeyMA 3aMKHYTHIMW OTPEskamit [BYXNPOBOAHON
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JIMHAM W CONPOTUBNEHWMEM Harpy3kM, NOAKMNONEHHBIM K HWM. SKBMBANEHTHAA Cxema
aHTeHHbl T2FD nokasava Ha puc. 8.7.

W2 Teopum oeyxnNpOBOAHLIX NUHUIA Nepeaq
MB! 3H3EM, YTO 3aMKHYTas Ha KoHLA ABYXNpo-
BOAHAA MMHUS 06NeaeT GOMLLIMM CONpPOTHUE- AbyxrpoBodras

o 7
NEHVIEM, ECTIN B HEl YKNappiBaeTcs HeueTHoe A
KONM4YECTED YeTBepTel ANMH BornH. M HaoBoporT,
3AMKHYTAS Ha KOHLIE YETBEPTLEONHOBAA NUHA Hazpyaxa

o6nanaeT o4eHb ManbiM  COMNPOTUBIEHWEM,
NPaKTUYECKM PABHOMY CONPOTUBIIBHUIO NOTEPH
B 3TOW NMHUW, ECNIN Ha €€ ANIMHE YKAEALIBAETCH R
LENOe KOMMECTE20 Nonysond. CreaosarentHo,
TPV N3MEHEHUW YaCTOTHI, NOAAIOLLENCS B aH-
TenHy T2FD, Ha Tex uacTorax, roe yknapwea- /enepamop
eTCA HEeYETHOE KONWYECTBO ueTBepTel ANMH [Byxnpobodros
BOMH, 3aMKHYTas NMHMA GYeT OTKNIoYaTb Ha- URHUA
TPY3KY, & Ha HacToTaX, rie YKNaALBaeTes Lenoe
KOMVYECTBO NONYBONH, NOAKNIOYATH.

Wcxogs M3 3Toro, MOXHO NOCTPOWTHL TEO-
peTtudeckuii rpadmk KCB aHTenHbl. OH nokasad Puc. 8.7. SkauBanenTHas cxema
Ha puc. 8.8. OH COCTOUT U3 MUHUMYMOB 1 MaK- aHTeHHel T2FD
cumMymoB. MepBeili Makcumym KCB GypeT Ha
yacTote F, pasHOl nepBoi YacToTe HaCTROIKY B PE3OHAHC YETBEPTHBOSHOBOrO PEe3o-
Hatopa. Janee c nepuoaom F GyayT cnegoBaTh mMuHuMymbl KCB, rae nsyxnpoBoaHas
3aMKHYTan MHUA 3KBMBAIEHTHA NONYBONHOBOMY NOBTOPUTENIO, ¥ MaxCumymbl KCB,
rHe 3amkHyTas JMHWS BeAeT cebn Kak HETBApPTLBONHOBOW W3ONATOP.

0.8 m

R 500
KB —1

L e ! Sy Sy S ey SO S E E R B
F ZF 3F 4F 5F F 7F &
(3.5) (7) (10.5) (14) (17.5) 21) (24,5) (28)
N (Mry)

Pvc. B.8. Ipacwk KCB antemHsl T2FD

HeM BbILIE V3NyHeHNE N, TEM MEHbLUE By1eT OTHOLLEHVB MEXAY MUHUMYMaMN
MakcuMyMamy arauenna KCB. O4eBWAHO, 4eM Bbllle 4acToTa paboTel @aHTeHHbl, TEM
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6ofiblue NARYYEHNS TIBOVEXOAUT OT ABYXNPOBOAHON NMHWK, COCTABNAIOLLEHA aHTeHHY. Cne-
[0BATENBHO, C BO3PACTAHWEM YaCTOTH NEpeAardnka yMEHBLIABTCH COOTHOLIEHUE MEXAY
MaKCUMyMaMU U MisHMyMamm KCB aHTeHHb T2FD. Takke O4eBugHO, 4TO MaKCuMyM pac-
CEMBAEMO MOLLHOCTY B Harpyake 6yAeT Ha Mitimymax KCB B aHTEeHHE, @ MUHUMYM —
Ha Makcumymax KCB. Ha YacToTtax, FRe Anvka pe3oHaropa Hinke NMepsoro YETBepTHEoN-
HOBOro pesoHaHca GBKprTOﬁ DVHUW, U3ny4YeHne 3TOM NUHUK B obLLeM cny4ae HeBenuko
W B Harpyske patcemnsaeTcn 3HauUTENbHan MOLLHOCTL. TeOpeTUHecKuil rpagmk MOLLHO-
CTV, PACCEMBAEMOI B Harpy3ake aHTenHbl T2FD, nokaaaH Ha puc. 8.9.

Py -mowmocms, poccevbaemas 08m
(Py /Py )X100, % & conpomubneruu Hagpysku R 500
anmeHms! -
80 — Fyg ~MowrHoCms HA
Exode grmerms!
20m j) ? 20
- Z=450 On
60— = "
40—
20 -
[/ U B R B R Y R R T E I S R R |
F ZF 3F 4F 5F BF 7F 8F
(35) 7) (10.5) (14) (17.5) (21) (24.5) (28)
NF, (Mry)
Puc. 8.9. Ipadmk MowWHoCTY, pacc i B Harpyake T2FD

PaccMoTpuM BnvsiHUE PACCTOSHUA MEXJY NPOBOAHWKAMW aHTEHHBI HAa ée paboTy.
KoHeuyHo, yem Gonblle paccTosHue mMexay NpoBOoAHVKamM, COCTaBNAIOLUMMMN aHTeHHY
T2FD, Tem Beile ee uanyuseHne. CreaosarensHo, Tem MeHsble aHaveHue KCB B ero
MAKCUMYMaX, MEHBLUE OTHOLLEHVE MEXAY MUHUMANBHLIM 1 MAKCUMabHbIM 3HaUeHWeM
KCB. Ha pwc. 8.10 noka3anbl rpadwkn KCB ans yaxoil, ¢ HeGonbluyiM pacCToOAHNEM
MEXAY NPOBOLHWKAMM, M LUMPOKOI, C GONLLLVM PECCTOAHUEM MEXAY NPOBOAHUKAMM,
aHTeHHb T2FD.

WHTEpecHo, a NOATBEPX.JAeT NN 3T TeopeTuueckie OObACHEHUs NpaKTUYecKan
pabota aHtexHsl T2FD? Ecnm Mbl nOCMOTPUM Ha rpadmk KCB peanbHbliii aHTEHHbI
T2FD, Mbl 0683aTENbHO YBUAMM 3TN MakKCUMyMbl 4 MuHWMYyMBI KCB. PaccTosHmne mexay
MaxcyMyMam-MUHYIMYMamit 1eiCTBUTENBHO COOTBETCTBYET 4acToTeé MepBOoro peso-
HaHCa nneva aHTeHHbl. MHol Geinv NPOBHBNMANPOBaHLI Gonee necsTka rpadwmkos KCB
N3 TEXHWYECKMX ONNCaHWA «(PUPMEHHBIX» aHTeHH Tvna T2FD. JelcTBATENLHO, 3T
rpagukn KCB npexkpacHO NoaTEEpOVnY NPMBEAEHHLIV BhILLE TEOPETMHECKWIA aHann3
paboTbl aHterHs T2FD.

Kakue BbIBOObLI CrnepyeT chenarb M3 3T0r0 ANs  yBe/wmMeHus adipekTMBHOCTH
pabotsl aHreHHsl T2FD? MnaeHbiil BLIBOA: HEOOXOAMMO BCemy cnocoBamut ysenuun-
BBTb 3(PQEKTVBHOCTL U3NYHEHUS NfeYa aHTedHbl. [ns 3Toro HeoBXoovMO yBenuuun-
BaTb PaccTosHWE MEXJY NPOBOAHWKAMM aHTEHHbI W AMMHY CaMOil aHTEHHbI. BbiBopom
LUViHBI BHTEHHBI MOXHO A0BUTLCA TOro, Y4TOBbI MUHUMYMBI KCB aHTeHHbl Haxoounuchs
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(3.5) (7) (10.5) (14} (17.5) (21) (24.5) (28)

NF. (Mu)
Puc B.10. Mpagwk KCB y4Koii 1 WMPOKOH aHTeHHb!

B Xenaembix MoBuTensckux AvanazoHax. MoabopoM aHaueHus CONpPOTMBNEHUS Ha-
py3ky aHTeHHbl T2FD MOXHO NpOW3BECTU fanbHeillee cHimkene KCB aHTeHHbI.

Ana M3roToBNeHUs aHTenHbl T2FD cnenyeT MCNONb3ORATE TONCTHIA MPOBOA, TaK
KaK Yem Tofule npoBog, Tem Bonblle addekTMBHOCTL PaboThl aHTeHHbl. Kak crepyet
V2 BLILEN3NOXEHHOTO, A/WMHA 8HTBHHBI T2FD ana 3 ¢dekTyBHON paboTel LoMKHa ObiTh
He Mexee A/2. MNpy MeHbLIER A/WHE aHTEHHBI 3HAYUTENBHO YBEVHMBAETCS MOLUHOCTb,
PacCenBaEMan Ha Harpy3ke, 1 YMEHbLLISETCS U3NyyeHWe aHTEHHbI.

8.10. HecumMeTpuyHaa aHTeHHa T2FD

B ropoaCKUx YCNOBWAX HaCTO HE XBaTaeT MecTa A9 Pa3MELLEHUA NONHOPESMEPHO
aHTeHHbl T2FD. B 3TOM CAy4ae MOXHO WCMONbL30BaTe €8 HEeCUMMETDWUHBLIA BapuaHt
aHTeHHbl Gerylieid BONHbLI, KOTOPWIA BABOE KOPOYB NONHOPAa3MEepPHO aHTeHHbl T2FD.
KOHCTRYKUMA HECUMMETPUYHOK aHTeHHbl Geryllieid BONHe Moka3aHa Ha puc. 8.11.
AvanasoH paboumx HacToT HECUMMETPWMUHON aHTeHHbI Gerywieil BonHbl Npakiuuecku
aHanorvyeH avanasoHy HacToT CUMMETPMYHOR aHTeHHbl T2FD, nokasaHHo Ha puc. 8.2.
KCB HEeCMMMETPWHHOM aHTeHHbl Gerywieid BonHs faxe nyywe KCB nonHopasmepHon
aHTeHHs T2FD. MNo 2¢hexTBHOCTN PaboThl HECUMMETPWYHAS aHTeHHa Gerylleli BONHL
MOXET NPOUrPLHIBATL Kaccuyeckon aHteHHe T2FD po 4 pB. M3 3toro BuAHO, 4TO
WCMONL30BaTh HECUMMETPUYHYIO aHTeHHy Gerylieli BONHbI XenaTtentHO TONbKO B GO-
BEPLUEHHO GE3BLIXOAHBIX CUTYaLMAX.

3ra BHTEHHA He TpebyeT pagvoTEXHWHECKOV «3emMnu» AN CBoeld paboTel. Marno
BAVAET HANWYME NPOBORALUEN 3EMMM NOA GHTEHHOW Ha CTEMNEeHb e COrNacoBaHWs C
LBYXNPOBOAHOM NHWEIA. 3TO AANAETCH HECOMHEHHBIM AOCTOMHCTBOM aHTEHHbI, KOTOPYIO
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Puc. 8.11. HecuMMETpMYHaR aHTeHHa Puc. B.12 HecvmmeTpyaHas anTeHHa Geryiuen

Gerylueil BonHb! BOMHb C 333€MNEMHON HArpy3koi

MOXHO pasMecTUTb NMPaKTUHeckn B MoBbiXx ropoACKUX YCROBUSX — Han GEeToHHON
KpbILLER A0Ma, HA KMPpNUYHOI cTeHe. Ho Hanvue XOpolLei Nposoasilell NOBEpXHOCTH
non, aHTEHHOW 33 CHET OTPAXEHVN PajWOBOH OT 3TOM NOBEPXHOCTU NOBLIWAET 3g-
$EeKTMBHOCTL PaboTel HECUMMETPUYHON aHTeHHbl Geryieit BonHel. Crenyer ¢ ocTo-
POXHOCTHIO OTHOCUTLCA K KOHCTPRYKLMM HECUMMETDHOM aHTEHHB Berylueli BONHbI C©
HENOCPEACTBEHHBIM COSAMHEHWEM C 3eMneli OKONO ee Harpyski, KBK NokasaHo Ha
puc. 8.12. Takve KOHCTPYKLMM MHOFLE BCTPAAIOTCH B PaANONIIOBUTENLCKOA NMTEpaType.
KoHE4HO, Npy COOTBETCTBYIOLEM CBOEM BHINOMHEHWMM OHW MOTYT OBecneuuTs 6oNbLLYI0
apdexTMBHOCTE paloThl, HeM HE3a3eMNeHHaa aHTeHHA.

OpHako npu paboTe Taknx aHTeHH MOTYT BOSHUKHYTh COXHOCTW B MX COFNACOBaHNN.
MNpousoifeT Bo3pacTaHue NoMex TENEBUOEHWIO W pa3NuyHoi BLITOBOK paavoannapa-
Type. JIyuWmid BapyaHT NWUTaHWA 3a3EeMNEHHON aHTEHHbI — WCMONbL3OBAHUE KOAKCU-
anLHOro kabens ¢ LWMPOKONONOCHLIM TPAHCHOPMATOPOM Ha BLIXOAE, KaK NOKA3AHO Ha
pvc. 8.13. TpaHcdopMaTop FAONXEH HAXOAUTHCH HEMOCPEACTEEHHO OKONO &HTEHHLI.
OpHako MOi OMbIT MCNONLIOBAHWA HECUMMETPUYHBIX GHTEHH C 3a3EeMNEHHON HArpysKoi
He MO3BONAET PEKOMEHAOBATL UX AnS MOBTOREHWA paauontoburensmn.

flepebsnras mavma
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=
[] — Tpancgop- 0.5-1m
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= NUHUS
e
I 000 <
==
Puc. 8.13. MWTaHue HeCUMMETPUYHON Puc. 8.14. AHTeHHa Ha OEPEBFHHON Mauyle

aHTeHHsl Geryiiei BonHb!

Mpy NPakTWHECKOM KOHCTPYWMPOBaHWM HECUMMETPUNHON BEPTUKANBHON aHTEHHbI
Oerywieit BOSHBI B PaavOnIOBUTENBCKMX YCNIOBUAX OHa MOXET BbiTb BbINOJHEHA U3
Tpybok pvameTpoM 10...40 mM. CypporaTHbIil BAPUaHT BbINONHEHWS TAKOW aHTeHHb!
3aKMOYAETCA B WCMONbL3OBAHWM AN €e U3FOTOBJIEHNS MEQHOTO NPOBOAa AMEAMETPOM
1...4 MM. Takan aHTeHHa MOXET ObITb YCTAHOBNEHA Ha JEPEBAHHON MauTe, KaK NOKa3aHo
Ha puc. 8.14. AxTenHa MOXET ObiTb PacTaAHyTa Mexay MOAXOASLIMMI Onopamu, Kak
nokasaHo Ha pvc. 8.15.
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MHe npuxogmrock BUAETH BeEpTU- OmmsxKu
KanbHbIE HECUMMETPUYHBIE aHTEHHBI G-
ryweil BOAHbl, YCTAHOBAEHHbIE Ha ap-
MEeCKNX aBToMOGUNAX cBAaun. Metna
pasmepamut 350x50 cMm, BLINONHEHHasn
w3 anioMVHWEBOl TPYOKU AnameTpom
40 MM, Haxoannack B nexayeMm nono-
XEHUM HB Kpbile BBTOMOGWUNA. Mpw pa-
60Te NeTna nopHuManack. B kauecTee
nornowaioulero pesvctopa 6bina vec-
Nonb3oBaHa CTaHARPTHaS akTUBHas Ha-
rpyaka C pPacCevBAEMOl MOLLHOCTBIO
1 xBT1. CornacosaHyie aHTeHHH! C BLIXOA-
HbIM KAaCKeoM Nepenarsvka npowaBo-
AWNOCh € NOMOLLBIO ABTOMATMHECKOrD
COFNacyloLIero ycTpoicTsa XoTsa sTa
aHTeHHa NpeaHasHavanack ana Grnmx-
Heli CBA3W, Ha Hee ObiNa BO3MOXHa N
pafoTa B CETU C PaANOCTaHLUMAMM, Yaa-
neHHbIMW Ha paccToanme 500... 1000 kM.

Puc. 8.15. AnTeHHa, noaselleHHan
B NPOCTPaHCTBE

JINTEPATYPA

1. Countryman G. L.. An Experimental All- Band Nondirectional Transmitting Antenna. QST,
June 1949. P. 54—55.

2. Rothammels ANTENNENBUCH (edited by Alois Knischke), 11 Edition. Franckh-Kosmos.
Verlag — GmbH@Co., Stuttgart, 1995.

3. Cebik L. B. Madeling the T2FD : Antennas : Tales and Technicals // CD Version 1.0,
Produced by antenneX.

4. Mpuropoe U. H. Antennel. HacTpoiika u cornacoBanve. — M.: UM PaauoCodt, 2002. —
272¢. — ISBN 5-93037-087-7.

9. FOPOLOCKUE AHTEHHbI BEBEPEOKA

MpeumMylecTBO aHTeHHbl BeBepenxa nepen LpPYyrvMu aHTeHHaMNn — 3TO €€ k-
POKONONOCHOCTL. YCTAHOBUMB TONBKO OAHY @HTEHHY, papvoniobutens cMoxeTr paboTath
Ha BCEX KOPOTKOBONHOBLIX AnanasoHax. HepocTarok aHTeHHsl BeBepenxa 3akniouaeTcs
B €e HebOMbWOM OTHOCUTENbHO PE30HAHCHBIX aHTenH KMA. Ho, wecMotpst Ha 370,
aHTeHHa Besepenxa MoxeT ObiTk MCMONL3OBaHa B KAYECTBE 3aNacHOM UMW B KaueCTBe
BCNOMOraTenbHOM aHTEeHHbI.

B a3Toll rnaee onucaHs peanbHbie KOHCTPYKUMM NPOCTLIX aHTeHH Besepegxa, ko-
TOpLIE PAAMONIOBUTENE CMOXET Pa3sMecTMTh NPaKTUHEckW Ha NioBOoi Kpbilwe MHOMO-
3TaXHOro ropojickoro noMa. Nepsan aHTeHHa BeBepeXa — 310 CypporaTHas CorHyTas
aHTeHHa. Tem He MEHee, MCNONL3Ys 3Ty aHTEHHY, MOXHO ycneluHo paboTats B agupe.
Bropast BHTeHHa BeBepenxa npeacTasnsaer coboit ¢hasanpoBaHHylo aHTEHHYIO CUCTEMY
n3 pByx aHTenH Beepegxa. 8Ta cuCTeMa MO3BONAET aNEeKTPMHECKM «KPYTUTh» B
HeGonbLLMX Npeaenax AvarpaMMy HanpaeBNeHHOCTU aHTeHHol cUcTeMbl. B ropoge, roe
4aCTo HEBO3MOXHO MCNOML30BaTL BPALLAIOLLYIOCH GHTEHHYIO CUCTEMY, MCNONL3oBaHWe
TAKOW aHTEHHbI MOXET OKa3aThCA E€JMHCTEEHHO BO3MOXHbIM BapWMaHTOM YCTAHOBKU
aHTeHHb C W3MEHAEMOI AVarpaMmoli HanPaBeHHOCTU. TPETEA aHTeHHa, onucaHHast
3pech, Hambonee abdekTvBHa B pabore, HO 3ato TpelyeT NOBLILLEHHOrO 3aTpara
MaTepuanos.
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Vicxopa n3 peanbHeiX ycnoBui, pagvomoBuTenb CMOXET caM BbiBpatb, Kakas us
3TUX AHTEHH ONTUMANEHO €My MOOXOAUT.

9.1. CorHyran anteHHa Besepenxa

fepebsman Llepebsnras JAna apdextnBroin paboTs
rMayma naqma aHTeHHbl BeBepenxa weoOxo-
~ AHmEHHU BVMO, 4TOBkI [NWHa €€ NONoTHa

Obina kaKk MOXHO Gonsiueid. Ho

3TO YCNOBUE HE BCEFfia BbINON-

HUMO M3-3a geduumTa MecTa

S X 7 X HA KPLILLE UM B APYrOM MecTe
YCTAHOBKM aHTEHHEI B FOPOZE.

@ Mpy ycTaHOBKE aHTEHHBI BeBe-
penxa npn pedpuumta MecTa B

PAAVIONIOGUTENLCKX YCTIOBUSX,

Ha KpLILUE AOMa NN B JIPYFUX

Ommsxxy CTECHEHHLIX OBCTOATENLCTBaX
BROSHE YAOBNETBOPUTENLHO Pa-
6oTaeT corHyTan Z-aHTeHHB He-
Bepeaxa. Buewnunin Bug aTOl

Puc. 8.1. Cornytan antenHa Geeepenxa @HTEeHHbI NOKa3aH Ha puc. 9.1.
Ha metamnuyeckom orpax-
LBHWA KpBILLW CTABATCS Aepe-

BAHHBIE Ma4THl BLICOTO 1,5—2,5 M. MONOTHO aHTEHHLI HATANMBAETCA MEXY HUMW, & ce-

PenVHE NOJNOTHA AHTEHHBI MEXY JTUMK MaYTaMUN PACTSTVBAETCSH OTTXKAMM MO KpLILLE.

MNpy YCTAHOBKE aHTeHHb! HA KPbILLE NONOTHO MOXET PACMONArBTHCH HAKNOHHO OTHOCW-

TENbHO MayT 1 KPBIWW, KaK NoKa3aHo Ha puc. 8.2. Ecnv aHTeHHa BeiNoNHEHa Ha faye, To

NONOTHO MOXET BbITb PACTAHYTO NapanNenbHo NOBEPXHOCTU SEMIIN C UCNONL3OBaHNEM

©CTECTBEHHBIX ONOP — AEPABLEB.

Harpyaka aHTeHHbI v INTaHE BHTEHHBI MOTYT  flepebstmas
GbITh BLINONHEHLI O6LUHBIMK cnocobamW, Mc-  mauma
nonb3yeMeiMit N9 NOCTPOeHs aHTeHH Bese-
penxa. Z-obpasHas aHTeHHa HeBepenxa UMeeT
3HAUUTENBHO BONEe BbICOKMIA YPOBEHL GOKOBbIX
FEeneCcTKOB NO CPaBHEHWNIO C NINHENHON aHTeHHOK
Besepenxa. YBE/MHMBAETCS YPOBEHb 3agHEr0
nenectka. HecMOTps Ha 3TO, Takas aHTeHHa
BNONHE MOXET BbITk NCNONBb3OBaHa NP CTECHEH- ¥
HbX ODCTOATENLCTBAX B Ka4ECTBE CyPPOFaTHOI
aHTeHHbI, NPeAHa3HaYEHHON AnA paboThl Ha BCex
FHOBUTENLCKMX KOPOTKOBOMHOBLIX [Wana3oHax.

Ozpaxoderie \L\
doma

Axmerra

Ozpaxdenue
dormg

Puc. 9.2, HaknOHHas YCTaHOBKA COIHYrom °
aHTeHMbl Besepeaxa

9.2. AHTEHHas cucTeMa C V3MEeHAEeMON OvarpaMmMbil HanpasneHHOCTY

MpOCTYIo LIMPOKONONOCHYIO AHTEHHYIO CUCTEMY C WBMEHSIEMOU AWarpaMMoll Ha-
NPBBIEHHOCTN MOXHO NOCTPOMTL Ha OCHOBE ABYX aHTeHH Besepegxa. 3TM aHTeHibl,
WAEHTUYHO BLIMONHEHHBIE, CTABATCH NBPANNBEHO Ha AayX NPOTUBONONOXHLIX CTOROHaX
KPbILLM MHOMO3TAXHOrO AoMa. JIMHWM NUTaHMA, WAYLIME OT aHTEeHH K NEPELETHUKY,
FOMKHbI BbITe OQMHAKOBOM ANMHEL Ha MECTe pacrionoXeHus NEpesaTuvka oaHa wim
Apyras aHTeHHa NOAKNIOYAETCH Yepe3 $hasocaBUraloLLEe YCTPOICTBO, KOTOPOE BhINON-
HEHO Ha OCHOBE KOaKCwanbHOro Kabens PasHoil AMHBLL. AHTEHHbI COEAWMHEHbl napan-
NENLHO Y NOAKAIONEHH K nepeaartymky. Cxema LUIMPOKONONOCHON aHTEHHOW CUCTEMbI
C M3MEHAEMOW AnarpaMMoii HanpaBeHHOCTM NokasaHa HB puc. 9.3.
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Jina BINONHEHWst MUTaHUA 1 Ga30COBUraloLLerc ycTpoMcTBa aHTEHH MOXHO WC-
noONb3oBaTh KoakcuansHblli kabens © NobbivM BOHOBEIM CONPOTVENEHMEM. JnMHY ne-
peknioyaemMbix OTRE3KOB KOakcuansHOro kabens B (pa3ocasuralolleM YCTpOACTBE Bbl-
BUPAIOT NCXORA M3 KONMHECTBE KOHTAKTOB MEPEKIIONATENS 1 NPeanoniaraeMbiX Auana-

30HOB PBOOTHI BHTEHHDI.

Ecnit Heobxoavmo obecneunTs addek-
TUBHYID PaboTy aHTEHHBI UMEHHO Ha KOH-
KPETHOM [Vara3oHe, TO OTPEaKMU KOAKCH-
anbHbix kabenelt (HB30CABMATAOLLENO YCT-
POYICTBA AOMKHE UMETL AMHY, OTAVHEI-
wytoca Ha A/8. focTatouHo obecneunts
neperiovBeMbIli pan, (asmposaHHbIX OT-
PE3KOB A/8, A/4, (A/B+)/4), A/2, (A/B+)/2),
(A/4+4/2), . Npw LWNPOKONONOCHOM pabo-
T& MOXHO MCNONb30BaTE OTPE3KUN KOAKCH-
anbHOTO Kabens, ANVHa KOTOpbIX paccyw-
TaHHa no cneayioulei MeToavke. fonyc-
TUM, 4TO aHTEHHa Byper paboTtaTts B Ava-
nasore 10—80 mempos. CpepHss omvHa
BOAHbI PaBOThl aHTeHHbl — 30 M. 3Ta gv-
Ha BOJIHbI PabOThHl 8HTEHHEI AEANTCA HA KO-
NVHECTBO KOHTAKTOB MEpekAioNarens, Ha-
npumvep 10, — nonyyaem 3. 3nauumt, cra-
BWM OTPE3KM C LWwarom 3 m. MNepeoe nono-
XeHVe nepekniouyarens — Hyneeoe, T. e.
6ea oTpeska kabens. MogobHan MeToguka
pacyeTa no3BonsET obecnewmTs yRoBE-
TBOPUTENBbHYIO paboty aHTenHbl. [Mepe-
KrioueHeM  (asnpoBaHHLIX — OTPE3KOB
capwraem nenecrok fIH aHreHHol cucre-
Mbl B FOPU30HTaNBHOM NNOCKOCTW. B 3aBu-
CUMOCTH OT pasHWLibl Habera ¢as ¢ B hu-
nepax, AH aHTenHe wuamenseTca. Ha
puc. 8.4,6,B,r NOKasaHs AvarpamMmel Ha-
NPABIEHHOCTY GHTEHHK! NPY PA3HLIX CABM-
rax ¢as NUTaHWA BNIEMEHTAPHBIX BHTEHH.
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Puc 9.3. WnpokononocHan aHTeHHas cuctema
€ M3MeHSIEMO# AVarpaMMON HanPagneHHoCTH
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[ 274
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Puc. 8.4. 3nemMeHTapHbie aHlenHbl (8) v gvarpaMmel HanpasnesHocTy (6, &, r)
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Mpy TakoM CKaHVpOBarWN AvarpamMMbl HANPABNEHHOCTN TEOPETUHECKU [OCTUXUMO
UaMeHeHne Makchmyma Ckanupyemoro nenectka [H He Gonee yem 6 b (1 6ann no
wkane S). fina yeennierun ahhEKTMBHOCTU paboThl GHTEHHOM CUCTEMBI Y YBENMNEHUS
PasHULE MEXAY MUHUMYMEMU U Makcumymammn J1H anemeHTapHbLIE aHTEHHE! XenaTeNb-
HO NOAKIIoNaTL K NepesaTuvky Yepes CyMMUpYIOLLUE TpaHChOpMaTOop, Kak NoKAa3aHo Ha
puc. 9.5. TpaHcgopmarop MOoxeT ObiTe HamMoTaH TPUGUNAPHO Ha CEPLAEYHVKE OT OTKIO-
HsIOLLel CUCTEME UBETHOMO Teneéusopa. KonniecTso BUTKOB pasHo 10...20. Menbluee
KONWYECTED BUTKOB TpaHcgopMaTop MOXET COAERXaThb NP NMpesnoyTUTEnsHOM paboTte
HTEHHOW CHCTEMEI Ha BBICOKOYACTOTHLIX AManas3oHax, & 6onbluee KONMMHECTBO BUTKOB —
NPVt NpeanCYTUTENEHOI paboTe BHTEHHOM CUCTEMBI Ha HIKHUX nloButenscknx KB gua-
rnasoHax. Jina BeINnonHeHws TpaHcdopMaTopa MOXHO MCNONb30BaTh NPOBOA Tna MA
0,5—0,8 ww TMna MITd Takoro xe avametpa. KomvuectBo ckpytok — 1 Ha 0.5 cm.
OBMOTKM A0MKHBLI BbITb PABHOMEPHO pacnpeaeneHbl No GeppUTOBOMY KOSbLLY.

JaHHas aHTeHHan cuCTEMA SIBNSETCH CYp-
pOraTHO HaNPaBNEHHON AaHTeHHOW CucTe- K anmerire 1

moil. OHa He no3BONMT B MONHOM MEpe Ha- (Towa A
CNaauTLCA HanpaeneHHol paboTol, KOTopyIo wa puc. 9.3)
MOTYT ofecneunTb CrneuunansHblie HanpaeneH- K armetre 2
Hble @HTEHHbl, KaK, HanpuMep, BONHOBOW Ka- (Touka b

Ha puc. 9.3)

Han WNM 3KPAHNPOBAHHAR MArHMTHAS PamKa
(KOHEYHO MCMONb3yeMast B KAuecTee npueM-
HOIA), HO TMO3BOAUT NOHATL MpawmyLlecTBa
HANPABNIEHHBIX AHTEHHBIX CACTEM M B faNb-
WEMLUEM NPOLOIKWTL SKCTEDUMEHTBI C Wa-  — K nepedamsuky

MpaBnEeHHbIMKU aHTEHHaMWN Ha GOnee BbICOKOM Puc. 9.5. TloaknoueHve
BNEMEHTAPHLIX a8HTEeHH

YPOBHE. yepes cornacyloumii TpaHcdopMaTop
9.3. lNopoackan aHTeHHa Geryweit BOMHbI
a) B ropoackux ycnoBuUsiX Tpya-

O HECKONbKUX. 4acTo BOSHUKAOT
CNOXHOCTW € YCTAHOBKOW MauTbl
Ha Kpblle (Ha xOTOPYD vHOrhe
TpabyeTcs paspewenve), © Npo-
KNankoit koakcuanbHOro kabens
nUTaHUA No CTeHe aoMa. Ho Bbl-
XOA W3 CO3/J3BLUErocs NOnoXe-
HUA ecTb. Ecnm papmoniobutens
XVBET B MHOMOSTAXHOM ROME,
HarNpPoOTMB KOTOPOro pacnonara-
€TCA  [pYyroil  MHOrO3TaXHbIiA
Puc. 9.6. Nopoackan anTeHHsl Gerywieil BonHb! [OM, TO MOXHO YCTaHOBUTL NpO-
CTYI0, HO 3PHEKTVBHYIO aHTEHHY
Gerywieit sontbl (ABB). Cxema avTenHbl NpwBeaewa Ha puc. 9.6,a, @ KOHCTPYKLUS
nokasaHa Ha pvc. 9.6,6.

AEB HaTdarnpaeTcs mexay AByMa A0MamMK 1 U 2, HaXOASLMMNCA Ha PACCTOSHUW apyr
oT Apyra ot 20 M 1 6onee. AHTeHHa 3 npeactaBnaeT coboii [OCTATONHO NPONHLIA Npo-
BO[l, XeNnatensHo BUMeTanNnHecKuii, HO MOXHO 1 MeaHbIN, ToNWUWHOK Gonee 1 mm. Mpo-
BO[, NOpeelleH Ha uaonstopax 4. AHTEHHa 3anNVUTHIBAETCA C OAHOMD KOHLA YEepes OTKpPbI-
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TYIO NIMHAIO NEpeaayu 5, KoTopas NOACOSAMHNETCS OOHWM NPOBOOHUKOM K @HTEHHE, a
APYrMM — K METArNUYECKOit O0TTaxKe 6, KoTopas 3a3eMNaeTcs Ha METANNNYECKOE Orpa-
XAEHUE Ha Kpblle 7, urpaltlee pofie pasuoTexHMHeckoit 3emnn. B ToM cnyyae, ecnu
Ha KpbILLE OTCYTCTBYET METANNMHECKOE OTpaxaeHne, HeoBX0AVMO NOACOEANHUTLER UMK
K apMaType 303aHVS, eCiv AOM MaHenbHbii, UK K TpyGam 8oA0NposoAa, KOTOPsIe 06kIN-
HO WMBIOT BLIXOZ, Ha Yepdake fomMa. ECIM 1 370 HEBO3MOXHO, TO HEOBXOAMMO NporNo-
KUTb «MCKYCCTBEHHYIO 3EMMIO» B BUAE MEIHOTO U aNlOMUKWEBOrD NPOBOAA B/IVHON HE
MEHbLUE, HEM OCHOBHBA aHTEHHa. [POBOMA MOXET NEXATE Ha MOBEPXHOCTU KPhILUW wau
HaXOOUTLCA BHYTPY YEPAAKA, KERATEABHD, YTOBH! OH BbiN BLITAHYT B OOHY JIMHUIO, HO C
HEKOTOPLIM YXYAWEHWEM paBoThl aHTEHHBI NPOTUBOREC MOXET BbITh PACTIONOXEH B BUARE
6yks M, I, M. MpoBog 323EMNEHWA MOXET BbITe ONYWeH B NNacTUKOBLIE TPYBs! BOOO-
cTOKa.

Ha Opyrom KOHLLEe aHTeHHbI pacnonaraet-
cn Harpyska 8. ABEB, HaxOZswaacs sbie 4 S 2
MeTpOB, WMEET BONHOBOE CONPOTUBNEHNE
okono 600 OmM, KOTOPOE NPaKTUHECKY HE ME-
HSETCA € AANbHENLUM YBEIMUEHNEM BLICOTEE
noAaeca aHTeHRsl. CRefoBatensHo, U conpo-
TUBNEHWE HArPY3KW [O/MKHO HaxOOWTLCH B
aTnX npeaenax. MpakTMHecKoe BLINOTHEHVE
Harpy3ku noke3aHo Ha puvc. 9.7.

AHTEHHA Ha KOHLe Harpy3ku «paztutar»
[BYMA U30NSTOPBMY, K OOHOMY M3 HUX NOJ-
COEAWHAETCH MONOTHO @HTEHHL!, @ K APYrOMy KOHLUY — MPOBOL, WAyLmit K MeTannu-
YECKOMY OFpaXAeHU0 MPOTUBOMONOXHOTO Aoma. Harpyska wabpana U3 pesucTopos
Tna MS1T-2, BKRIOHEHHLIX NapannentHo. CyMMapHOE CONPOTUBAEHWE 3TUX PE3NCTOPOB
pasHO 600 Om. Mpy BLINOAHEHUW HATPy3KW CREAYeT YYUTLIBATE, YTO OHAa JIOMKHE BuiTh
paccuMTada Ha MOLHOCTE HE MeHee 30% OT MOLLHOCTW, OTAABAEMON BbIXO4HbIM
KackaooM nepegarivka. HanpuMmep, Mpy BLINOMHEHUW HArpysku U3 32 BKAIOYEHHBLIX
napannenkHo peavcTopos Tune MIT-2 conpotusnexnem 18 kOm, cymMMapHas MOLL-
HOCTb, paCCEWBAEMaR HA 3TUX pa3ucTopax, pasHa 64 Br, yto nossonser 6e3 noepa-
MOEHUA HArpY3KW NOABOAMTE MOLLHOCTE 200 BT K aHTeHHe.

Pe3ncTopbl HAarpyaky pacrofioXeHs!
- .
N FAVAWANCY

Puc. 9.7. BeinonHeHwe Harpysku aHTEHHb!
Geryweih eosHk!

BEPTUKaNbLHO, MX BbIBOALI APUMBSHbLI K S
MEAHLIM NpOBOAAM TOMWWHON 1 MM.

Mocne STOro Harpyska MOMELLEeTcs B ‘-
NNacTMKOBYI0O  BOLOMPOBOLHYIO  TpyBy o o ooco

(pUC. 9.8). B nuxHei wacty TpyGs! Bunu ccocoso
NPOCBEPNEHS! OTBEPCTHS, & KOHLbI TRYOb! Puc. 9.8. 3auTa Harpyakv aHTeHHb!
«3ArNYWEHb» MONNSTUNEHOBLIMU  KDYX- Geryweli BonHb!

KaMy, BbIPE3EHHBIMWA 13  NABCTUKOBbIX

Kpbilek Ong CTeknsaHHbIX 6aHOK, 3areM 3Tol ke nnacTMaccoi aannaeneHbl. Cneayet
oBpaTtuTe BHUMaHNE Ha TO, HTO HEenkb3A «3srylaTk» TPYOy NpoBkamn u3 nepesa, Tak
Kak, pacwmpaact nog AefcTBMEM Bnary, OHW MOTYT ee pg3opBaTth. MONHOCTHIO rep-
METU3UPOBATL HArPY3Ky HEXenartensHo, Aa W CNOXHO B PaAVONIOBUTENLCKNX YCNOBUSX,
a B KOHEYHOM utore 6ecnone3Ho. Pe3ncTopsl, HArpeBasck BO BPBMA PaboTel BHTEHHDb!
Ha nepegavy, ByayT HarpeBaTb BO3AyX, YTO MPUBEAET K 3MGEKTY «abXanus», T. €.
4EepPe3 MUKPOCKONWYECKME OTBEPCTVA B Harpyaky Oyner 3ararmearbcs BO3AyX, coaep-
Xalwii Bnary. 3TO NPOU3CHAET NOTOMY, HTO, HAarpEBanCh, BO3AYX BLIXOOWUT U3 «3Brep-
METU3VPOBBHHOV» HArpy3kKW, 8 MPW €ro OCTLIBAHMW AABNEHNE B HArpy3Ke NOHWXaeTcs,
4TO APYBOAUT K 33CACHLIBAHVIO B HEE ENaXHOro BO3AYyXa U3 atMocdeps!. Ecnv Harpyaka
Bynet 3arepMEeTM3VPOBaHa, TO BNara, NOCTOAHHO KOHAEHCUMPYRCh B Harpyske, Yepes
HEKOTOPOE BPEMA BLIBEAET €€ U3 cTpoA. Ecnv B kopnyce warpysxm GyayT oTBEpcTVa,
10 HEPEe3 HUX BYOET NPOUCKOSMTE KOHBEKLWA BO3AYXB, W, HArpEBasiCh, Harpyaka Bhl-
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cywut cebs 1 oKpyXaiouiee ee npocTpaHeTso. MoCKoNbLKY CBEPXY OHa 3akpuita, TO
armocgepHsie ocafku He ByayT rnonanate BHYTPL KOpnyCca Harpyskw.

AHTeHHa [ponmkHa pacnonararecs

MeXay [OoMaMN Tak, 4ToBbl OTKpbiTas

D D D D D D NIVHUS NUTaHWS 3ax0ZWNa B KOMHETY,

rae yCTaHOBNEHB pPanvocTaHuws, NOL4

D D D. D |:| D HEBONLLWWM YriioM. AHTEHHY MOXHO 33-
oon a04d BECTW NPSIMO B KOMHATY 6€3 MCToNb3o-

BaHUS NMHUW Nepefaqy, Kak NOKA3aHo
Ha puc. 9.9, B 3TOM Cnyyae ypoBeHb
Puc. 9.9. AnTenHa Geryuieli BOIHb nomez( 8 paguonpueMHoli n Tenesjmsm-
C O[HONPOBOAHBIM MIUTAHUEM OHHOW annapatype, cO30aBaeMbIN BH~

TEHHOIA, YBENUUTCS.
He creayer 6oaTecs MCNone3osath
MNUTAHWE aHTEeHHL! MO OTKPRITOM NWHAKW, OHO WMEET CBOM MpevMyllecTea no cpas-
HEHUIO € KabernbHsM NUTaHueM. Mpy UCMONB30BEHWW OTKPHITGA NUHWKM BO3MOXHO
FOCTPOEHNE MPOCTHIX MHOFOAWANB30HHLIX AHTBHH. JIMHWMS C BONHOBHIM COMPOTMBRE-
HeM 300...600 OM O4EHb XOPOWO COFNacyeTeA NpU roMolwy M-KOWTypa, WUCMonb-
3yeMoro 8 NaMmmnoBbiX yCWIUTensx MolHoCTW. Ecnv paavomobutent pabotaet wa
TpeHCVBER Ge3 namnosoro PA, To, vMcrnone3ysa cornacyiowwe ycrpoictea (oM. [1]),
MOXHO FMPOBECTW COrnacosaHWe TpaHcuMBepa € aWTenHoil. B HacTosiuee BpeMs B
MarasuHax 3NEeKTPOTOBAPOB B MPoAaxXe €CTh INEKTPUHECKWI CUNOBOIN ABYXKWNEHKIA
MPOBOA 8 NNACTUKOBOW U30NSUUWU C GOMBLUMM PaCCTOSHWEM MEXAY WM, BONHOBOE
conpoTMBNEHNE KoToporo 6mmako k 300 OM. 3ToT nposop, waeankHo NOAXOIUT AN
nutanma ABB. K coxanenuio, OH He paccHutaH Ha paboTy Ha OTKPLITOM BO3AYXE

W B TEYEHUE HECKOJEKUX NET MPUXOAUT 8 HErOOHOCTH.

Havbonee ontumansHO MCNonb3osaTk CAaMOAENBHYIC OTKPEITYIO AMuuie. Bapuawt
OOHOI N3 KOHCTPYKUVIA cCamMoAEenbHo nuHuM Nokasad Ha puc. 9.10. Pacnopku 6binn
BLINONHEHL! M3 PONLIMPOBEHHONO CTEKNOTEKCTONMUTA, HA KOHIEX PaCnopoK Ha TOYUNb-
HOM kamHe Brin caenad na3 (puc. 9.10,a). MpoBOAHVKY VUM Bbiny BLINOAHEHL! U3
MEZHOro NpoBope TonwwHoi 1 MM. Mo MECTY YCTaHOBKM WIDMATOPOB NPOBOL, Gbin
3a4MLLaH Y NPUNasH K (onbre cTeknoTekcTonuta, no Gokam 3onaTopos Gbin NpUNasiHe
U-06pa3mbie Ckobbl 13 MegHO NPOBONOKW TONLWHOR 1 MM 008 NyYWerc KpernneHus
nmHuM K pacropkam (pvc. 9.10,6). CTeknoTexcTonuTOBLIE M30AATOPL! Bbink YCTAHOB-
nensl yepe3 50 oM. Ana nuHnM Heo6XOOMMO MCTNIONL30BATEL XBCTKUIA MEOHLIN NPOBOA,
MAKWA MHOTOXWIBHBIT U MSITKWIA OOHOXUNbHEIA (HANPUMEP, OTOXXEHHEIN CRBLMansHo
wnu CHETBIA CO Ccropeswero TpaHcdopMaTopa) He NofoipeT M3-3a BOSMOXHOIO ne-
PEKPYYMBAHVS NIUHUKM W 3aMblKanna €e NPOBOAHVKOB. MpWU MCNONG30BAHWM MAMKOFO
MEAHOro MPOBOAE HEoOXOAUMO YCTaHaBNMBATL M3ONATOPH Bonee €acTo, YeMm uepes
50 cM, U NOCnE AoAEEca BHTEHHL! MPOBECTVM HEBOMBLUYIO HATSXKY NWMHAKW, KOTOpas
06ecneynT HEBO3MOXHOCTE €€ NEPEKPYYVBBHIS.

N A
a) Camodenswas Gorwaa 6) Camodensras
pacnopka dbyxrpoBodHos
o : NUHUS
¥
1cm Tem U LJ
5.7¢m N N

Prc. 9.10. CaMpAenbHas OTKRLITAR AVHUA
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“ CH Al

Puc. 9.11. [luarpamMma HanpasReHHoCTH Puc. 9.12. ABB mexgy Tpems aomami
aHTerHbl Geryiueii BONHb!

AHTEHHa XOpOWO paboraer B guarnalowe uacrtotr 1,9..50 MMy. Ee npumepHas
AvarpaMMa HanpaBneHHOCTW Nokasana Ha puc. 8.11. Oxa 3BBMCUT OT AnvHb! NMONOTHA
AHTEHHB, OT KAYECTBA 333EMNEHNA HA CTOPOHE HATPY3KN U CTOPOHE NNTaHUS 8HTEHHS!,
HeM nyyLwe KAYECTBO 3a3EMNEHNA Ha 06EVX CTOPOHEX U IIMHHEE aHTEHHE, TEM MEHBLIE
YPOBEHL 33[HETO NENECTKA U GONble MaNydeHne B CTOPOHY Harpyski.

MpY NNOXOM K24eCTBE 3a36MNEHWA HA GTOPOHE Harpysku yBenuumBaeTcs 3afHuit
nenectoK 1 YMEHbLLAETCA nepeaHuit. Mpy NNIOXOM KaYECTBE 333EMNeHVs Ha CTOpOHE
nuTaHua ymeHswaeTtcs KMJ, aHTeHHb Y yBeAUYMBAETCH YPOBEHL 3afHEro fenectka.
37a aHTeHHa MOXET ObiTh YHVUBEPCANbHOW, MCTObayemoid And paboTsl Ha BCex Nio-
putensckx KB ananasoxax. Mpu ee ycTaHOBKE Heo6GXxoAuMo MpYMeHUTb NPOBOA U
W30NSATOPS!, CNOCOGHLIE BhIAEPXATb BEC BHTEHHBI W MPOTMBOCTONTHL MNOPLIBAM BETPA.
Mpy NPaKTUYECKOM BbIMONHEHUN 3HTEHHB! ONA YOMHEHVS €€ NONOTHA MOXHO Mpous-
BOAWTL pacTskky ABEB Mexay Tpemsa u 6onee pomamy (puc. 8.12).

JINTEPATYPA

1. Mpuropos U. H. AxTenHbl. HacTpoiika u cornacosanve. — M. MM PagwoCodr, 2002. ~
272c¢. - ISBN 5-93037-087-7.

10. MOA3EMHBLIE U CTENIOLUUECA AHTEHHbDI

3T TUNBL aHTEHH COACEM HEAABHO RPAKTUMECKN HE KCMOJIb30BAIMCE Paavonotn-
TBnAaMU. OBLMHO BCErAa HBXOMMNOCH CBOBOAHOE MPOCTPaHCTRO, B KOTOPOM MOXHO
6bIN0 NOABECUTL MONHOLIEHHYIO aHTeHHY. HO C BO3pacTaHvem MEeranonvcos, YXBCTO-
HEHVIEM BPXMTEKTYPHBIX TPEBOBaHUA K BHEWHEMY BUAY [OMOB, CTEMOLLANACH BHTEHHA
MOXET OKa3aTbCsl eAVHCTBEHHOMW, KOTOPYIO paavoniobutenb CMOXET YCTaHOBUTL,

PaHee NOA3EMHBIE U CTESIOLLMECH aHTEHHBI UCNONE30BANNCH HA BOEHHBIX CEKPETHBIX
LeHTpax ceA3n. B HacTosLLee BPEMS B CBA3W C Pa3BUTWEM CNYTHUKOBLIX CUCTEM CBA3N
3TV GHTEHHLIE CUCTEMbI NPYMEHAIOTCA BCE PEXE U pexe. PaHee CBeieHns O NOAIEMHbIX
W CTENMIOWMXCS AHTEHHAX NPBKTUYECKW HE MPONYCKanch B OTKPLITYIO NUTEPATYPY He
TOMLKO CCCP, HO 1 BPYrx CTPBH MUPA, Tak KaK 3TN TUMbl aHTEHH CYUTANMCH CEKPEeT-
HEMU. B HAacTOSLLEE BPEMS 3aMpersl C 3TUX CUCTEM CHATbE U CBEAEHWS O NOA3EMHBIX U
CTeSIOLLNXCA aHTEHHAX CTany AOCTYNHBIMU 415 paavontobureneil.

10.1. Kak aTo HauMHaRochb

Bo epems Mepeoit MMPOBOM BOWMHBLI MauThl MONEBLIX PaAVOCTaHLUUN, UMEeBne
3HauUTe bHylo BHICOTY — 15...30 MeTpoB, NpeacTaBnany COBOIt XOPOLUYIO MULLEHL ANS
apTwninepun. Ho aaxe koraa MasTsl Beinv COWTEI, CTEMIOWMECS NO 3EMNE EHTEHHbI
NO3BONANM BECTV CEA3b, MPUHEM, KAk ObiN0 3aMeYeHo, MBKCMMYM OVBrpaMMbl Ha-
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NPaBNEHHOCTY MEXalleit Ha 3emsie aHTeHHE Gbin B HaNPaBneHUM pacnpoCTPaHEeHUs
NPOBOAA BHTEHHBI.

B Te e roibl Hayan passusatbcs NOABOAHLI (ot [Una paamocesan Ha NOLBOAHBIX
NoAKax UCNonL30BAIACKE aHTEHHA B BUAE NPOBOAB, PaCnoNOXEHHOMO Ha HEBOMBLLIONA Bbi-
COTE OKONO 1—2 M HaJ KOPnYCOM MOABOAHOM Nogku. C NOMOLLBID 3TUX aHTeHH Dkasa-
NOCk BO3MOXHBIM BECTW CBASE U3 NMOABOAHDBIX JIOAO0K, HAXORAWMXCH B HaABOAHOM NONO-
XEHWW, C yaaneHHEIMK GeperosbiMy 6a3amu. MHOrAa AAXKE MpY NONOXEHUW NOABOAHOM
NOOKY € NOABOAHOM MONOXEHUU YAABANOCE NPOBOAUTE PAAMOCEBA3N.

10.2. VicTopust CTENIOLLMXCA Y AOA3EMHbLIX aHTEHH

Ecnu pasBuTWE CTeMoluXcs HaseMHbIX aHTeHH npueeno yxe B 1923 rogy k
OTKPLITUIO aHTeHHbl Besepenka, 8 3aTeM U POMOBUYECKON BHTEHHLI, TO MEPEXon OT
HW3KO PBCRONOXEHHON aHTeHHB! NOABOAHOW NOAKW K BO3HUKHOBEHMIO BHTEHH TUMB
DDRR 3aman noutn 50 ner (aHTenna DDRR 6Gkina onucana snepebie 8 1963 rogy
Jx. M. Boitepom).

Mo3pHee NOAIEMHLIE U CTENIOWMBCS aHTEHHS! LWMPOKO WCMONE308aAMCh NS cexpat-
HbIX MOA3EMHBIX BOEHHbLIX 6a3. Brina OTHOCUTENLHD XOpOoWwo paspaboTaHa Teopus Kak
NOA3EMHBIX BEPTUKANLHBIX, TAK U NOA3EMHBIX FOPU30HTANBHBIX aHTEHH. CTenomecs aH-
TEHHL! MCONBL30BAIN ANA CBOMX LIENei U LUNWOHLI-Pa3eaiqnky BNnoTe 10 50-X rofos
XX Beka, KOTOpLie AnA Nepena4y CBOAOK NPOCTO NPOKNALIBANMM @HTEHHY MO NOBEPXHO-
CTW 3€MNU 33 ropoaOM, KyAa OHW Bbleaxanu ans paboTel 8 LensaxX CO3AAHMA MACKUPOBKU
W HEKOTOPOrO 3aTPYAHEHUS MX NeneHratyi. VHorna scTpeqarnTen ceeneHns o UCnonk-
30BAHWIO LUMMOHAMW-PA3BaAHMKAMA CTALMOHAPHLIX NOA3EMHBIX aHTeHH. Ha NoaBOIHLIX
fofKax oo CUX Nop UCNoMb3yIOTCsi MOABOAHLIE aHTEHHEI, NO3BONAIOLWME BECTU PAAMO-
CBA3b, HE BLINYCKAR Haz MOBEPXHOCTLIO BOJLI @HTEHHY-30H.

JOCTOBEPHLIE AOKYMEHTASIBHBIE CBEAEHWS 06 UCNONL30BAHUM MOAIEMHLX U CTeso-
LMXCH aHTeHH 8 rofdbl BTopoid MUPOBOIA BOHLI MOXHO HAUTU B BOGHHBIX MEMyapax. He-
OAHOKPBTHO ONUCHIBANIMCE B COBETCKOR MEMYapHOit NTepaType Tak Ha3biBaeMbie CXO-
POHKM, KOTOPSLIE HEMLIB! MOCNE CBOErO YX0Aa CO3AaM Ha TepPUTOpUM 3anaaHoi Ykpau-
Hbl A8 IMBEPCUOHHON paBoTel. MHE NpUXOauNoCk IMHHO BCTPEYBTLCS U Pa3roeapuBsTb
€ NI0ALMY, KOTOPLIE OBHAPYXUBAAM 3TH «CXOPOHKU». BO MHOM#X N3 HUX UCNONL30BACH
NOA3EMHBIE KOPOTKOBOSHOBLIE BHTEHHB!, KOHCTPYKLIMS KOTOPLIX 8HANTOrMHHE ONMCaHHbIM
B 3TOM rnase aHTeHHaM. <CXOPOHKW», MMEIOUME NOAIEMHBIE aHTEHHB! Y 3aMackUpOBaH-
HblA epHOM BXOZA, BEINO NPaKTUHECKN HEBO3MOXHO HaATU Aaxe NPY HAXOXIEHN & He-
NOCPEACTBEHHOM 6NM30CTU OT HUX. TONMBKO MO MPOWECTEUW MHOTUX NIET MOCNE OKOHYa-
HUR BOIHLI — 20—30, KOraa WK NPOU30LWeN Pa3Mble aepHa AOXAAMY, MU KOrAa Npo-
THUNW AepeBaHHEIE Banky, «CXOPOHKW» Havany 0GHBPYXMBaTL. O6 0BHAPYXEHUN «CX0-
pOHOK», 06 NCNONb30BaHWW PaaVONICONTENAMM annapaTypbl, HARAEHHOR B HUX, MOXHO
HaNMcaTk UeNYo KHUry... MHOI 10 c1X NOp YCNONb3YIOTCH HEMELIKME HAaYLIHUKW (Markue
ambpawiopbl, NpekpacHoe 3By4awve, Mapiposka 1944 rofa ¢ OpPnoM), HaldeHHbie
KUTENAMU OHOM YKPaUHCKOM NEPEBHW 8 OOHOM U3 TakUX «CXOPOHOK» U BEIMEHEHHBIE
MHOW M0 CRYYBIO...

Mozxe 13 BoeHHOI MeMyapHoi nuTepartypsl B CCCP weHaypa ybvpana noboe ynomm-
HaHWE O NOAIEMHbIX aHTeHHaX BEPMaxTa. HO BCE Xe OnWCaHWa 3TUX «CXOPOHOK», MPVBEAEH-
HblE B CTAPOI MeMyapHOH NuTeparype, NO380ANAN MHE CAENATE AOCTOBEpHOE NPEeAnono-
XEHUE O TOM, HTO B «CXOPOHKEX» UCNONL30BArMCH AN PALUOCER3W NOAEMHBIE BHTEHHDI.

10.3. PassuTre nNoas3eMHbIX aHTeHH

OnbiThl N0 Pa3paboTke MOA3EMHBLIX U CTEMIOWMUXCA EHTEHH LWPOKO NPOBOAWMCH
HaumHaa ¢ 20-x ropos XX eeka. Ho oo BTopoli MupOBOi BOMHLI OCHOBHON ynop B
vccnaaoeaiuax paboThl NOA3EMHEIX @HTEHH [enanca Ha paspaboTky LUMMOHCKUX, He-
BUAUMBIX @8HTEHH. 3TN aHTEHHB! OMKHE BBIIW BbiTe TBTKMMK B YCTAHOBKE W HECTPOMKE.
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UMETb OTHOCWTENBHO BLICOKUIA KO3DOUUMEHT AONE3HOrC AEMCTBUS 1 OBBCMEUUTL Pa-
60Ty B AManasoHax KOpoTKMX BonH 2...5 unm 8...12 MIu, KOTOpLIE aKTUBHO MCMOoMb-
30BAMMUCH LIMMOHAMA BCEFO MUPa ANA HEReranbHoit pabotsl. B To spems Gbin0 npak-
TMYecku OBHApYXEHOD, YTO Havbonee ahGhEKTUBHO PaBoTaloT CTBMIOWWECH aHTEHHbI,
KoTopbie NpeacTasnaloT coBoit NPosoa BUAMETPOM OKOMO 1 MM, OKPYXEHHbI QV3nek-
TPVMKOM TONLUMHON npyMepHo 10 MM C AMBNEKTPUNECKON MPOHUUAEMOCTBIO, pasHOM
2—3. IMeHHD B Te BpeMeHa Obina MpakTiHeckw onpeaeneHa addEeKTUBHAA anvHa
(kOTOpas NOTOM Bbina TEOPETUHECKV OBOCHOBaHA) CTEMIOLENCH aHTeHHs! AnA paboTs
Ha «WAMOHCKMX» KB auanasomHax (2...5 wim 8...12 MIu). 31a anvHa oKasansCh pasHON
npumepHo 30—45 mMeTpos.

Bo spemsa Bropoit MMpOBO# BOitHLI M B NOCNaAyoWwme rofbl aKTMBHO NPOBOAUIUCE
WCCNEAOBAHUA NOAZEMHBIX W CTEMOWMUXCH aHTeHH and paboTel B AWana3oHe pasvo-
yacToT oT 9 Ky 10 50 My, Buinv pa3patoTaHbl aHTEHHB! AN CTALWOHBPHLIX MNOA3EMHBIX
paproLeHTpoB. Takxke GbiNn pa3paboTaHsl NEPEHOCHHIE, NErko yCTaHaBMBaeMbIe LWNW-
OHCKME @HTeHHb! Ans paBoThl 8 AMana3oHax KOPOTKMX BOMH, TPaAMLMOHHO UCTONL3ye-
MbIX A8 HeneranbHoi paGoThi. PesdynbraTel, MONYYEHHLIE B PasHbX CTpaHax npu
paspaboTke 3TUX aHTEHH, TLUATEbHO 33CeXPeHMBanCh, HO BCE Xe HEKOTOpLIE HacTu
3TUX UCCAaN0BaHWit B TOI UM MHOW CTENEHW NONagany B LMPOKO AOCTYNHYID nuTe-
patypy, 4TO MO3BO/ANO CAENaTk BHIBOALI O TOM, YTO pa3paborTka 3TWX TUMOB aHTEHH
akTMBHO ocyllecTensanack 8 CCCP 1 B HEKOTOPLIX APYrUX CTpaHax.

Ebinv Npoaenaxs! paboTtsl N0 pa3paBoTke NOAIEMHBLIX U CTENIOLMXCA aHTEeHH ana-
NasoHa KOpOTKUX BOJH, MPU NENEHrOBaHMM KOTOPLIX, KOrAa Oxv paboTtanu Ha nepenasy,
BO3HMKaNa 3HauMTeNLHan owubka. B peaynsrare 3TorO, Npu paboTe WNMOHOB Ha Takve
SHTEHHLI € MECTHOCTEM, YAAREHHLIX OT MENEHralMOHHBIX UEHTPOB Ha PacCTosHWe
cBbitlie 20 Km, HEBO3MOXHO 6LINO ONPEAENUTE C ROCTATONHO TOUHOCTBIO KOOPAWHATL
MecTa paboThl WNVMOHOB U, CrefoBaTeskbHO, MPOBECTU MX DNepaTvBHOe 3eepXaHve.
MoN3eMHbIE HTEHHLl C HEOOCTOBEPHLIM OBGHAPYXEHWEM WCMONb3OBAMCE Kak ans
MONEBOI WANOHCKOWA paboThl M3 MPUIrOpOAOE KPYNHEIX FOPOAOB, TaK W Ang CTaumo-
HAPHOIR PaboThl U3 MECT, YAAREHHHX OT KPYMHLIX FOPOAOE W MNBIEHMALMOHHBIX LIEHTPOB.
Mockonbky HANPAXEHHOCTL nons, obecneyvBaemMan NOA3EMHON U CTeNIOLENCa aHTeH-
HOi%, HEBENVKA AAXE HEJANEKO OT Hee, a XAPBKTEPUCTUKM €e USNYHEHUA OaXe B
HENoCPeACTBEHHO GAMA0CTU OT Hee, B3k K XapakTepy Uany4eHns AanbHen CTaHumm,
nputieaweit ¢ OTPaXeHWEM HepPE3 MOHOCHERY, TO OBHAPYXEHUE LUNWOHCKMX CTaHLVIA,
VCMONb3YIOWUX NOA3EMHBIE aHTEHHbI, BBINO JOCTATONHO 3aTPyAHEHO.

B HEKOTOPOI AETEKTUBHON NUTEPATYPE, NOCBALLAHHOM WNMOHaM pelixa, AeiCTBO-
BaBWWM B AHMVWW, BCTPEYAIOTCH YNOMWHAHWS O NOA3EMHbIX aHTeHHaXx. BO BCAKOM
Chyyae MOXHO € YBEPEHHOCTHIO CKasaThk, YTo & FepManumn Bo Bpema BTopolh MUpoBoit
BOliHbL! NOASEMHLIE W CTEMOWMWECS BHTEHHL! BbINM AOCTATONHO pa3paboTaHs! ¥ LWMPOKD
MeNonL30BaNMCL. MHe NpUXOAWAOCh AMHHO BCTPENATHCR C MI0AbMU, KOTOPLIM NpUXO-
AMNOChb BbIBaTh B TAKMX NOA3EMHbIX PaAVOLEHTPAX BEPMAXTa...

HeCOMHEHHD, Marepuansl O MOA3EMHBLIX aHTEeHHAaX BepMaxra, Nnonaswuve B Pyku
CLLUA v CCCP, no3soniny B CBOE BPEMSA 3TVMM CTPaHaM 3HaYMTENbHO nPOABUHYTECH
8 31O 06NaCTU aHTEHHOIN TEXHUKW. [nA MCTOpWUKM CKOpBI BCEro HaBCeraa OCTaHyTcs
HEU3BECTHLIMM VMEHA YYEHLIX — aHTEHLLMKOB, Brepsbie paspaboTaBlumx Y UCMOML30-
BaBLWKX MOA3EMHEIE U CTENIOLLMECH AHTEHHH...

MoCnEBoEHHOE WCMONAL30BEHWE W PA3BUTUE MOASEMHbIX W CTEMIOWLMXCA aHTeHH
WO B OCHOBHOM IO ABYM HaNpPaBfeHwsM. Bo-mepesiX, CO30aBaNMCh aHTEHHBI ANA
CTaUMOHAPHLIX MOASEMHBIX  P3AVOLEHTPOB, PaboTaloluMx B LMPOKOM  avanasoHe
yactor — oT 9 kly go 50 MIy, v, BO-BTOPLIX, CO34ABaMCh CTEMOWMECH AHTEHHBI
ana apMenckoil nepeapuxHoil ceasn Ha KB. LUNMOHCKME NOASEMHBIE 8HTEHHbI Hauanm
MocTENeHHo YXOOUTL B Mpownoe WHauwwHas ¢ 60-x ropos XX Beka, KCCneaoea-
Tensokve pabBoThl N0 HUM MPaKTUHeCKU He MPOBOAATCH, MOCKONbKY AN CKPBITOW
nepepasy MHGOpMaLMy. 0cobeHHn Honelumx ee OBbemos, Beinv HaiipeHbl Apyrue
cnocobsl.
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10.4. PaboTa nea3eMHo M CTENIOWENCH aHTEHHbI

Kak fiCHO 13 Ha3BaHusl, MOAIEMHAs @HTEHHA — 3T AHTEHHA, YCTAHGANEeHHas Ha
HEKOTOPON rnyGMHE NMoA 3emnei.

CTeAollancs aHTEHHa — 3T0 aHTeHHa, JIEXallan B MIOCKOCTW PA3fena «BO3pyX-
3EMNA» C TON CTENEHBI0 NPUBIMKEHUA, KOTOPanA [OMYCKAETCs HEPOBHOCTAMU 3EMHOI
NOBEPXHOCTU 1 PacTUTENEHLIM NOKPOBOM. L1ns paavoniobureneil HauBONLWNA UHTEPEC
NPeAcTaBNAT CTEMOWMUECH AHTEHHbI.

CyLLeCTBYIOT Kak BEPTUKanbHbIe, TBK M MOPUBDHTANLHLIE NOASEMHBIE AHTEHHBI. Ha
MOiN Barfisg, ManoBeposTHO, YTO paavoniobuteny BYoyT NCNONb30BATE BEPTUKANBHLIE
NOA3EMHbIE aHTeHHbl. HauBonee BEPOATHEE MCNONb30BAHNE OPUSOHTANLHLIX NOA3EM-
HBIX 1 CTENIOWUXCA 8HTEHH. Teopus STUX TUMOB aHTEHH n ByAeT PacCMOTPBHA HUXKE.

Kak 18BeCTHO u3 Teopum aHTeHH

T T T T T T [1], HU3KO pacroROXeHHAR HAA NPAEG-
BAllaii MOBEPXHOCTHIO FEPU3OHTaAL-

Han aHTeHHa Mpu ee BO3OYyXgeHuU
CO3naeT B 36MNE CBOE 38pKaRLHOE
oTobpaxeHue, n TokKU, APeTEKaWE B
/  BHTEHHE W ee OTOBPAXEHWN, B3AUMHO
/ KOMAGHCUPYIOTES, HT0 APU HU3KIX Bbl-
1 Terom coTax NEABECB WEKNIOYAET BOBMOX-
= N HECTb AHTEeHHbl UANYYATh BOMHbI G -

L S
N>

/

" fuazpamma
P wanpaBnenHocmy

-

PU3OHTanNELHOW RonApu3auvein. Mo-
CKONbKY 3A6Ck PeYb MAET 06 aHTeHHaX,
UMEIOLLMX BECEMA MANYIO BLICOTY Nea-
BECa, No KpaiiHel Mepe He Bonee 1 m,
TO MOXHO CKa3aTh, 4TO CTEMIOWUEES 1 NOAIEMHBLIB AHTEHHLI BECHMA Clabo UaysaloT
BOAHbI C rTOPUBOHTaNkLHOM Ronspuaauueii (puc. 10.1). Kak n3sectHo ua [2], BonHk: ¢ Bep-
TVKanbHOW Nonspuaaumnei He ocnabnAloTca B ROYBE B TAKDIA CTEMEHU, KaK BOJHL! G FO-
PU30OHTaNLHON NOAAPU3BLMET, MNO3TOMY C MOMOLLBI0 STOM BHTEHHLI BO3MOXHO HEGONb-
WOe 13Ny4eHVe BEPTUKANbHO MONAPU30BaHHbIX BONH. CTOMT €wwa o6patiTe BHUMaHWE
Ha To, 4TO Yem Gosee NPOBOASALLAN NOYB2 PACMONOXEHa N0, HUAKOBMCALLEN AHFEHHON,
TeM Bonee cUNbHLIE ToKK B HEt ByayT HABOAUTECS U TEM GONBLLAR KOMMEeHcawUms TOKOB
B 8HTEHHE U, CNaaoBaTesbHO, TEM MEHBLIE U3YYEHWUE AHTEHHBI.

Mpy pacronoxeH axTeHHs! Haz, CNeGo NPOBOASLLEHA MDBEPXHOGTHIO TOKW, BO3-
6yxAaeMbIe B €€ 3€PKaNbHOM 3EMHOM orobpaxernn, GyayT HeGonbMKW. Ha npakTuke
aTo O3HaYBeT, YTO HWBKOBUCHLLAA FOPU3OHTANEHEA BHTEHHA HaL CNeBONPOBOASLAN
MOBEPXHOCTLIO MOXET U3NY4aTh 3MIEKTPOMArHUTHbIE BONHEI, MPUYEM HE TONBKO C BEp-
TUKANLHOW, HO U C FrOPU3OHTANLHOW NoNgpUsaLmneis.

MOXHO € HEKOTOPLIMM [ONYLUEHMSMU CKa3BTh, 4TO NPV NAAEHUNA HA NOBEPXHOCTH
3eMM BEPTUKANBHO NONSPU3OBAHHOW MOHOCHEPHOI BOMHLI WV BEPTUKAABHO NONS-
PY30BAHHOM 3BMHOM BOMHBI NPOMCXOOMT HBKIIOH BEKTOPA 3NEKTPMNECKON NONApU3aLium
OTHOCUTENLHO 3eMW [2], B pesynsTare HYEro BO3MOXKEH MpUeM BEPTUKANLHO NONspu-
30BaHHbIX BOJIH HA HU3KOBMCALLYIO FOPU3OHTASIbHYIO BHTEHHY B MAOCKOCTH, NAPannenb-
HO? MONOTHY 8HTEHHbI. AHTEHHA MPUHYMAET W rOpUSOHTANBHO NONSPUI0BAHHLIE BOSIH!
B NJIOCKOCTY, NEPNEHAVKYNAPHON NONOTHY @HTEHHbI, HO ropasao cnabee, YeM BOMHE
C BEPTUKANEHOW nongpusauveil. MHOrAa Ha NMPUEMHLIX LIGHTPAX TBKWE CTeRoLMBCH
SHTEHHB! UCMOMB3YIOT CNeUVaNbHO KaK aHTULLYMOBBIE, Tak K2K BCNEACTBIE UX HEKOTOPLIX
0COBEHHOCTEN OHW 3HAMMTENEHO Criabee BOCIPUHWMALIOT OBLMHLIE TMRLI aTMOGEPHBIX
Y NPOMBILUNEHHBIX MOMEX, KOTOPbIE UMEIOT 3HAYUTESIEHYIO BEPTUKANLHYIO COCTABNSIOLLYIO
3NEKTPUHECKOI MORApU3aunm.

B 310l CBA3N nHTEPECEH AnA PasmMonoBVTEREN TMN TaK HA3bIBAEMBIX BapXaHHbIX
BHTEHH, WCMbLITAHUA KOTOPLIX MPOXOAUMM Ha GapxaHax MEEcYBHbIX MyCTbiHb CpaawWeit
Azun Boiewero CCCP. Mpy pacnonoXeHWd CTENIOWUXCH aHTEHH Ha CKIOHE HapxaHa
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npyY COOTBETCTRYIOLIEM BLIGOPE (GU3UHECKOI ANUHB! BHTEHHLI APUHE BONHLI PaBOTHI
nepepaTuvka, pasmepos U ¢Gopmel Bapxana BoaMoxHa pabota Gapxaka kak cBoeob-
pasHoit AVANEKTPUHECKDI NMH3LI, BCNEACTBUE YEro NPONCXOAUT 3HaUUTENbHOEe YBENU-
yenve apeKTMBHOCTU PaboThl CTENOWENCH aHTeHHE.

MpyMepHas AvarpaMMa  HaNpPaenEHHOCTY CTEMIOWENCH aHTEHHBI NOKa3aHa Ha
puc. 10.1. OHa MMeeT MEKCUMYM B HBNPBBEHUW PACNPOCTPAHEHNS NONOTHE BHTEHHE!. B
33BMCUMOCTM OT CBOEI KOHCTPYKLMW aHTEHHA MOXET BbiTh PACCUUTARA KaK Ana paboTel
NPEVMYLIECTBEHHO G 3€MHbIMW TUMNAMW BOSH, TaK W AnA paboTbl NPavMyLIECTBEHHO C
MPOCTPAHCTEEHHBIMW TUMamMK BoNH. [ing paavoniobutenell HeT CMLICNA MPUBOVTL BECh
NONHLIA PacyeT KOHCTPYKUMM MOA3EMHOI U CTentoLeics aHreHHnl, Tam Gonee, 4To cko-
peii Boero &8 pacnopaXeHnyt paguonioturenedt GyayT 0TCYTCTBOBATL MHOrME Heobxoau-
MbI€ 40191 €r0 NPOBEAEHUA AEHHBIE, AN MONYYEHNS KOTOPBIX YXE HERPUeMneMb Paavosio-
BUTENECKME METOALI. YKENAIOUWMB OCYLIECTEUTL 3TO MOryT O3HaKOMWUTLCA C Hawbornee
LOCTYNHOM OTKPLITOM nuTtepaTtypoii [3], NOEBALLEHHON HEKOTOPLIM 8CNEKTaM NOCTPOeHVS
NOA3EMHBIX M CTEAIOLLVIXCA BHTEHH, @ M NEpaiieM K AanbHERIEMY U3YHEeHUIO.

10.5. BxopHoe CONPOTUBNEHVE CTENIOLLEHCH aHTEHHb

OnpeneneHye BXOOHOrO COMPOTUBNEHVS CTENIOLLECS aHTEHHB! Kak TESPeTUNeEKM,
Tak U npakuueckn [3] npeacrasnseT cobolt HENpPoCTyio anA paavoniebutens 3agavy,
MO3TOMY NPYBEAEM JWLUL CBEAEHUR, Heobxoaumsie paguonobutento AN ero Npaktv-
YeCKOit AeRTeNbHOCTY.

Ang a1oro paccMOTPUM YNPOLLEHHYIO MOAERb lloBepxHocms 3eMnu
MOA3EMHON aHTEHHRI. UTaK, NPOBOA, 3aK/MOYEHHLIA - -
8 MNAcTUKOBYID WNN BO3OYLWHYIO WU30NALMUIO TON- I lNowba ’
LWMHOIt H, NexvT BHYTPU wMaeansHO nposogsiuaii —
nouss! (puc. 10.2). B 3TOM Cny43€ aHTEHHY MOXHO x R

PAcCMaTPMBAaTE KaK IVHUIO MEPEAAayn BLICOKO4AC-
TOTHOI 3HEpruKM, 0Bpa3oBaHHOi UAeanLHOW npo-
BOASALEN NO4BOI € OAHOM CTOPOHBLI Y 3BKAIOHEHHO
BHYTPb €€ MPOBOAHUKOM C apyroit. Bonvoeoe co- L TovBa -
MPOTVBAEHWE 3TOI NMHWM 33aBUCUT OT TOMLLUHE! h I -
BHYTPEHHETO NPOBOAHUKA, BHICOTH! H W Auanek-
TPUNECKO NPOHULAEMOCTU auanekTpuka. Ecan
MPOBOAUMOCTE BHELIHEro NPOBOAHMKA BECKOHEeN-
Ha, @ COMPOTUBNEHME HArpy3ky COrnNacoBaHO C BONHOBLIM COMPOTUBAEGHWUBM NWMHAW,
TO BCA 3HEPrUA, NOABOSYMAEN K NWHWA-EHTEHHE, MOTMOLLAETCH B HEM, U W3NY-4eHua
PafnoBOIH HE NPOUCXOAUT.

B peanbHOCTU CTENDLWANACH/MOA3EMHAN BHTEHHA NEXUT Ha WM B NONyNPoBoAsALLeh
nouse, B KOTOPO/ MPOWUCXOZAT MOTEPW BLICOKOHACTOTHOW 3HEpPrn MpW pacnpocTpa-
HEHUN BLICOKOYECTOTHO 3HEPIMU BAOSMb NONOTHB aHTEHHL!. MPoNCXoaaT Takxe rnorepu
HA U3NYYEeHVE PaoMOBONH, B AAHHOM CyYyae 3TO CaMbIe XKEeNaHHble noTepu.

Mpy NpakTM4eckvx WUccnenosa-
HUSX CTEMIOLMXCH/NOAIEMHBLIX  aH-
TEHH BbINO BLKCHEHD, HTO MPW UG-
MONb30BEHUM B KaJyecTee MonoTHa
CTeMOWENCA aHTeHHLl Koakcwanb-
HOro xabena CoO cHATOW BHEWHEN
onNeTkoit (MNV TOHKOro NpoBOAa B
TONCTON MAACTUKOBON M30NALUMM) 1 Puc. 10.3. AREPUOLVNECKAS NPU3EMHES aHTEHHA
MpY PACHONOXEHAW BHTEHHBI Ha No-

BEPXHOCTW 3EMIM B 3aBUCUMOCTW
OT NPOBOAVMOCTA W AA3NEKTPUHECKOW NPOHULISEMOCTY pPEankHOM NOHBbl BOJHOBOE
CONPOTUBNEHVE NMHUW, OBPA30BAHHON NPOBOAHWKOM BHTEHHB! 11 NOBEPXHOCTHID 3EMIN,
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6yper nexars &8 npepenax 100...500 Om Ha vactorax 2...30 MIMNy. HBCMOTRA Ha Takoh
60MbIWoIA Pasbpoc 3HAYEHWI BONHOBOMO COMPOTUBAEHWSA, OBLINHO YAAETCA ero onpe-
DENUTE NPAKTUHECKK UNW TEOPETMHECKM U COrnacosark aHTeHHy (€CnM oHa anepuo-
JMHECKan) C €€ HArpy3oqHbIM comnpoTvenexmem (puc. 10.3).

10.6. [nuHa cTenoleincs aHTeHHbI

JnavHa cTenoLLeiics N NOA3EMHOI aHTEHHB! BAVSET Ha 3P dEKTUBHOCTL €€ paboTbi.
Mockoneky TEOPETUMECKMIT aHANMA PacyETa ONTUMANBLHOR LANHBI CTAMOLWERCS 8HTEHHD!
J[IOCTATOMHO CNOXeH, 0BpaTuMcs K rOTOBLIM Pe3ynbraram, np Heim 8 [3].

MpY pPaCnpPOCTPEHEHUW BLICOKOYACTOTHOI 3HEPrUW B peanbHOi CTenloLieiics awH-
TEHHE N0 NYTW ee pPacnpOCTPaHEHUs NPOUCXOAST MOTEPW, CBS3aHHLIE, BO-MEPBbLIX, C
W3NYYEHWEM aHTEHHEI 1, BO-BTOPbLIX, C MOTEPSMU BbICOKONACTOTHOW 3HEPIUM B 3eMne
Kax C TEMnOBLIMW, TaK U C AVBNEKTPUYECKVMW. MOXHO ckasaTb, 4TO B ManyyeHun
CTENMOWERCA (NOA3EMHOM) aHTeHHL! OCHOBHYIO POSib UFPaET TOT OTPE30K €€ MonoTHa,
Ha NPOTAXBHAM KOTOPOro aMANWUTYAA TOKA (UnW Hanpsxewvs) ymeneblwaetcs 8 10 pas
M0 CPABHEHWO C €ro 3HAYEHVEM B TOYKAX MUTAHUA aHTeHHbl. MOHATHO, YTO nocne
AECATVKPATHOMO YMEHBLUEHNS aMMNMTYAbL TOKA Ta Y3CTh aHTEHHR!, B KOTOPOit NpoTeKaeT
ero ocnabneHHBs vacTh, ByoeT uanyyars cnabo. B [3] npueeneH pacyeT ONTUMATbHBIX
OAVHH CTEMIOWUXCS U NOA3EMHbBIX aHTEHH.

Ana paavontioBUTENECKUX Lenell MOXHO MPUHATL, YTO CTEAWAACS aHTeHHa, pa-
foraiowan 8 Avanazosax 1,8..30 MIU, npy €€ paCnofioXeHWM MOBEPX OCHOBHBIX
TUNOB WWPOKO pacnpoCTPaHEHHLIX Mous Esponsl Ans addextmeHod paboTsl AomkHA
6LITe AAMHOIR HE meHee 30 M. YBEAVUEHWE ANWMHBLI aHTEHHE! cBbiwe 60 M, 6e3 nopHATR
€€ NpY 3TOM Hag, NOBEPXHOCTBIO 3EMAN HE UMEET CMBICHA. AHTEHHD!, PACMONOXEHHLIE
Ha CYXOii, MecuaHoit nouse, mosepx rnyGokoro CHera, MOryT UMETL anuHy Gosnbwe
60 m.

10.7. Tynbl CTENIOLUMXCH aHTEHH

O6bINHO  UCMOAL3YIOT ANEPUOAVNECKUE CTENIIOLMECS aHTEHHLI Geryuieil BonHbi
(puc. 10.3), HarpyXeHHbIE Ha CBOEM KOHUE Ha COMpOTUBNEHWE, MPUMEPHO PasHoe
BOJIHOBOMY COMNPOTUBNEHAIO ANVHHOIR NWHUKM, obpasylollieit 3Ty aWreHHy. B peaxux
CNy4asix UCMNOMb3YIOT KBa3WPE3OHAHCHLIE aHTeHHbl. 3T 3HTEHHBLI HA CBOEM KOHLe
HE HArPYXBHbl Ha COMPOTWBAEHWE Harpy3kW, PacrpeneneHne TOKB U Hanpsxkewus
B 3TUX @HTEHHEX MPYMEPHO aHANIOMMYHO UX PacnpefeneHuio B8 PasOHaHCHLIX BHTEH-
Hax.

Mo cpasHeHNio C BNEPUOLVMECKMMA 8HTEHHBMW KBA3UPE30OHAHCHLIE aHTeHHb! 06-
napaot Gonblumm KO, HO MX napameTpsl BecbMa HecTabwibHbl, KoahduumeHT yko-
POHYEHUS @HTEHHb), & CNEAOBATENBHO, W ee 3NeKTPUYECKas. nnvHa, U BXOAHOE COo-
NPOTUBAEHWE 3aBUCAT OT NAPAMETPOB MOYBLI, HA MW B KOTOPGHA pacnonoxeHa Takan
avTenHa. Kak v3eecThHo, 3T NapeMETpbl BO BPaMEHW BecbMa HecTabuneHsl. Ho WHO-
F4e, Npy CTabunbHLIX NapaMeTpax Nnous, HaNPUMBP NECcOK NYCThIHL, BEYHBA MEP3NoTa,
1 BO3MOXHOCTW NPOU3BOAVITE ONEPATUBHYIO NOACTPONKY BHTEHHLI B PE30HaHC, Takve
aHTEHHB! MCNONB3YIOT. TIOCKONEKY ONpPEACnEHne Pe3oHaHCHON AMHEL NOA3EMHON U
CTemoLaiics aHTEHHB! U BXOOHOTO COMPOTMBIEHWS pa3OHaHCHOW MOA3EMHON W CTe-
FIOLLECA HTEHHBI — HEMPOCTan 3eaaka, Henk3a PEKOMEHAOBETE WX K UCTONL30BAHUIO
pagvonobutensMy. Ho sxenaiouwme moryT obpatntecs K [3] ans nosyyeHus cooT-
BETCTBYIOLLEI TEOpeTuHeckol 6asel N0 UX KOHCTPYMPOBEHWIO.

Hauw6onee LenecoobpasHo UCronL30BaTh B PaaMonobUTensCkUxX yenosusx anepuo-
AVNECKYIO @HTEHHY, HArpYXEHHYIO Ha CBOEM KOHLle Ha BONHOBOE COMpOTVBREHuE 06-
pasyiolueit aHteHHy nuHwA. ipyn gavbe awTerHs! 30—60 M 1 PBCMONOXEHWA HEMo-
CPEepCTBEHHO Ha NOBEPXHOCTU OBbINHOW MOYBH €8 BOJIHOBOE compoTvaneHve 6ynet B
npegenax 200...400 OM, H4TO NO3BOARET MCMONL30BATE ANS €€ KOHCTPYKUWW COrnaco-
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BaHHyI0 Harpy3ky U NUTaTbh AHTEHHY 4ePes LMPOKO pacnpaCTPaHEHHLIE CPean paavo-
nobuTteneit cornacylowme tenu. MNockonbky aMnnmTyaa Toka U HanpPAXEeHUs Ha KOHLe
CTeNOLEcd aHTEHHL 3HAYUTENLHO CHUXaETCs, TO MOXHO Ans YBENUHeHus Toka B
AHTEHHE W, CNeaDBATENbHO, BAA YBeNVHEHUS 3G GhEKTUBHOCTY aHTEHHL! CONPOTUBNEHNE
Harpyski ymeHbwnTe 1o 100—150 Om.

10.8. KNA, KB, creniowmxcs aHTeHH

C [OCTarouHbIM NPUGAMXKEHMEM MOXHO CunTaTe, uTo KMZ cTentowaincs aHTeHHs!
(a cnegosatensHo, U KO3dGGUUMEHT YCUNEHWS) cocTaBnseT He Gonee 10% of KN4
aHTeHHb! Besepexa, UMeIOLWeit Ty Xe ANHY U pacrionoXeHHyio Ha BbicoTe 2 M Haj
TOI Xe MOYBOoM 1 paboTaloleit Ha Tl Xe Yactore. Ho Takoil KO, DoCTUKUM TONMBKO
MPY BLINONHEHUM MHOrUX 3apaHee ONpefeneHHLIX ycnosuwid. PeansHo KMZ, moxer
nexarb mexay aHeueHuamy 1...10%. Xora 310 n HeBonewoe avasenve KM, HO npu
MCMONb30BaHAM NOABCAMMbIX K CTENIOLecs aHfeHHe mowHocTeld 100 Br u Gonee
3TN aHTEHHbI MOryT 06ecneywTe YOOBNETROpUTENbHYIO paboTy 8 adupe.

KHJ, CTEIOWMXCA aHTEHH NONTY aHanorvueH KHA, COOTBETCTBYIOWMX MM YKa3aHHbIX
BLILLE aHTeHH BeBepeiXE C MONOTHOM, PACTIONOXEHHBIM HAA, 38mMneft Ha BLICOTE 2 M, HO
Makcmym JIH CTenoleiics aHTeHHs! HanpaBneH B 3eHnT noA yrnom Ha 10...20% 6onb-
WM, YEM Ons aHTeHHs! BeBepenxa. 3To No3BONSET NPEeAnonOXMTb, HTO, MCNONL3Ys
CTeNoLMECs aHTeHHb! Ha nobuTenkckux AranadoHax 80 u 160 MeTpos, BO3MOXHO NPo-
BeLEHME MeCTHLIX (B0 500 kM) CBR3EN, a Ha NMoBUTENLCKUX uanasoHax esiwe 40 mer-
POB BO3MOXHbI KaK MECTHBIE, TK M [iafibHWE CBA3U.

10.9. BepTtukanebHbie noaseMHbIe aHTeHHb!

YICNLITaHUA KOPOTKOBOMHOBLIX BEPTUKAALHBIX MOA3EMHbLIX aHTEHH MPOBOAVAMCE MO
BCEMY MUpy. ONMCaHWe paBoThl 3TUX TUMOB AHTEHH, BCTPEYAEMbIe B Pasd/uYHON Mu-
Tepatype, BecbMa MpoTUEOpauMes! Mexay coboll, HO BCe € MO3IBONAIT Caenatk
HEKOTOpLIE 3aKAoHEHNA O PaboTe NOA3EMHbIX PAAVOLAHTPOB, HB KOTOPLIX 3TV 8HTEHHD
NCRONL3YIOTCH.

BEpPTUKaNbHHE NOA3EMHBLIE @HTEHHB! PacroNaraloTCA B WTONLHAX MOpHLIX MOPOA.
371 ropHLie Nopoabl AOMKHBI GbiTh BLIGPaHLI TakuM OGpa3oM, H4TOBLI UMETh HU3KMe
MoTEPU Ha KOPOTKUX BONHAaX. JuaneKkTpuyeckas NpOHUUAEMOCTb 3TUX NOpOoAR A0MKHA
6uTh He Bonee 4, conpotueneHne — He MeHee 20 kOm Ha MeTp. B 3Ttom cnyyae
HAKIOH BEKTOPA 3NEKTPUHECKO MONSpU3aumi SnexTpomMarHUTHOR BOSIHL! Mpr ee Npo-
XOXOEHUM Yepa3 FOPHLIE NOPO/Ibl HALOCTATONHO BEMMK W MOXHO FOBOPWTHE O TOM, YTO
3TV _AHTEHHBI U3My4aloT SMEKTPOMArHUTHLIE BOMHLI C BEPTUKANLHOW nonapuaauviell.
BEpTVKASbHLIE NOASEMHLIE @HTEeHHBI BHINOAHAIOTCS OBbLNHO HECUMMETPUNHEIMA. 3TO
CBSI3aHO € TEM, YTO MPaKTUHECKW HEBO3MOXHO BbLINOMHUTL CUMMETPUHHYIO BEPTUKaNbL-
HYI0 MOA3EMHYID AHTEHHY W3-3a PazAUYHOTO BIMAHWS MOYBH! HA COCTaBHbIE 4aCTU
BHTEHHON CUCTEMBI. BLICOT2 NOA3EMHBIX HTEHH 3aBUCUT OT TOTO, Kak ryBoko Bo3-
MOXHO NpOAenaTh LWTOMLHIO B rOpHOI Nopofe U Kak Gn3ko 3aneraeT BOAOHOCHHIN
CNoiA, KOTOPLIV OBLIMHO WIPaET PONb «3EMIK» — BKPaHA HECUMMETPUHHON NOL3EMHON
BEPTVKANEHOM BHTEHHBI {puyc. 10.4).

3azeMneHve onf NOL3EMHBIX BEPTUKAALHEIX BHTEHH BLINONHAGTCH W3 HECKONBKUX
HEPE30HAHCHBIX, KOPOTKUX OTHOCUTENEHO AJMHBI WTLIPA 8HTBHHEI NPOTWBOBBCOB, KO-
TOPLIE PaCcnoNaranMck OKONO OCHOBAHWA aHTEHHS!. LUTbIpb BEPTUKaNbHBIX NOA3BMHBLIX
AHTEHH HACTPAMBANCH B PE30HAHC C MOMOLLEIO CIELMANBHEIX COMNACYIoWmMX YCTPORCTE
npy paboTe aHTeHHb! HAa nepeaavy.

B ropHbiX NOpOAaX APW MNOCTPOEHUMM @HTEHH COMMAcHO puc. 10.4 aAnd KOHKPEeTHEIX
YCNoBWiA MX Pa3MELLEHUs CYLLECTBYIOT TaK Ha3hiBEEMble HACTOThl MPO3PaqHoCTH, B
npenenax KOTOPLIX HAK/IOH BEKTOpA 3NEKTPUHECKO! NOnSpu3aumn MuHUManex u, cne-
NOBATENLHO, MBKCVMALHO U3NYYEHVE PaavoBONH C BEPTUKaNkHOl nonspusaumei
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Pue 10.4. Ber Jan no,

YacToTel NPO3payHoCTX OBLINHO MCNONL3YIOT NPU paboTe € Takux NEPesalouX LeH-
TpoB. CreayeT HaNOMHWTL, HTO AN MOAIEMHLIX U CTEIOLUXCH FOPU3OHTANBHLIX aH-
TEHH TakWX YACTOT HET, U aHTEHHb B OBGLWEM Cnyyae 06ecneymBaloT WMPOKOMONOCHYIO
pabory.

MogsemMHan BepTyKanbHan aHTeHHa, MokasawHas Wa puc. 10.4, ucnons3osanack Ha
CEKPETHOM FeépPMaHCKOM MNOA3EMHOM PaaMoLLeHTPE BpemeH BTopoli MMPOBOI BOHLI,
pacnonoxeHHoMm 8 Kapnarax, Onvcasue koTOporo MHE BCTPETUOCh B CTAPbIX MEMY-
apHbiX BOCNOMUHaHUAX. OYEBMAHO, BO3MOXHO W CO343HVE MOA3EMHBIX LIEHTPQB ©
UCMONL30BaHWEM asnpyeMelX BEPTUKASNbHEIX aHTEHH, HO JOCTOBEPHas WMHpOpMaLma
O TakuX LEeHTpax MHE He Mnonasanace.

10.10. MewepHble aHTEHHLI

OcobbIM KNaCcoM NOA3EMHBLIX aH-
TEHH SBAAIOTCA POMBUYECKUE BEpTW-
KanbHbIE NOASEMHLIE AWTEHHLI, KOTO-
poie srepsbie G UCNLITaHL! B NE-
tiepax. CXemMa Takoi aHTEHHb! NoKa-
3amKa Ha puc. 10.5.

YacTb aHTteHHsl AB pacnonaraerca
HENOCPEACTEEHHD HA  NOBEPXHOCTU
3BMM 1AW HA HeBonuWwoi rnybuxe
nog wei. Yactu AC, BD, CD pacrno-
NaratTCs 8 WTOMBHAX, UCKYCCTBEHHBIX
W eCTECTBEHHEIX. MEpBLIE UCNbLITa-
HAA 3TWX anTeHH B CCCP nmpoBoavnuCb Ha ropHbix nnato KpbiMa v Kaekasa, Ha
KOTOpbIX ObinM €CTECTBEHHLIE MeLlepsl. POMBUHECKaR NOA3EMHas BEpTVKanbHan aH-
TEHHA, TaK XE€ U KaK €€ aHasor, HaxoAswmics B CBQBOAHOM npocTpaHcTee, obnafaer
HaNPaBNEHHOCTLIO B CTOPOHY HArpysku.

PoMBUUECKas HarpyXE€HHaA SHTEHHA SBNSETCH aHTeHHol Geryiuait sonwbl. Benan-
CTBME BTOr0 B/MSHUE EiM3KopacronoXeHHoW Npyesl Ha ee paboTy NPOSBNRETCH HE B
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TaKO 3HAYUTENBHQI CTENeHW, KaK Ang BEpTUKAALHOWN NOAIBMHEN Pe3OHaHCHOP aH-
TeHHbl. TEPEKNICYEHNEM HArpy3K1 U3 TONKM B B TOUKY A U COOTBETCTBEHHO MEpekito-
HEHUEM TOMEK NUTaHVA 13 Touku C B TOuKy D puarpamMmy HanpaBneHHOCTU @HTEHHb!
MOXHO U3MEHUTb Ha 180°. B NOA3EMHEIX EPEfALUX LIEHTRAX Takue aHTEHHbLt WC-
NOMb3OBANMCh MO HECKOMBKO Nap A pabothl MO HECKOABLKUM Hanpagnsuusm. Mo
HEKOTOPbIM CBEAEHVAM, B CKanbHOM BOEHHOM ykpenneHuy nof CesacTopanem (B
HACTOALLEE EpEeMA 3TO YKPEMANEHVE 38KPLITO), CNPOEKTUROBAHHOM FEHBRANoM JlmMur-
puem Kapbbilesbim (NOrvb B HEMELIKOM KOHLIEHTPALMOHHOM farepe MayTxayseH B
1945 reay), YCNOAL3IOBANMCE POMBUYECKME BEPTUKANBHBIE MOAIEMHEIE BHTEHHKHI.

TpYMEHEHNE NOA3EMHBIX PAAUOLIEHTPOB C UCTIONL30BAHUEM BEPTHKAbHbIX pOMOU-
HECKVX HArpYXEHHBIX 8HTEHH OrpaHIHVBAETCA MBCTHOCTAMM, B KOTORbIX NeHBa eBAanaet
BbICOKMM COMPOTUBREHMEM 11 WMEET MANYIO JUINBKTPIUHECKYIO NOCTOAHHYIO K CNeAoRa-
TenLHO, HEBLICOKMIA YROBEHD NOTEPL BHICOKOHACTATHOMO CHrHaNa. STQ MOFYT BbITh FopHBEIe
paiioHbl C BGTECTBEHHBIMU MELLEPAMH, CKansHBIE MOPO/L!, Gblelue MecTa paspabaTkn
KaKUX-AMBO NORE3HBIX MCKOMAEMBIX C OCTABLLMMUCH NOGNE HUX LIAXTHBIMW CTBONAMU.

Ha moi1 Barnsn, NPUMEHEHKWE paauonioBuTenimMy PoMBUHECKUX NOA3EMHBIX AHTEHH
ManoBEPOATHO.

10.11. Margpuan ons NnocTpoeHnA CTENOLLUXCA U NMOA3EMHLIX aHTEHH

B kauecTee martepuana ANA NOCTROEHWA FONOTHA CTEAIOWMKER/ROA3EMHBIX 8HTEHH
MCMONB30BANCA NPOBOA, AMBMETAOM 1 MM B MAACTUKOA0H U30NALMY AuameTpoM 10 mm.
370 NPaKTUECKY 8HANor TONGTOrg KOAKCHasbHOTO kabens co CHATOM enneTkoi. He mory
CKazaTb TOHHO, KOTOa U B KaKO| CTpaHe BFIEPBbIE MCMONb30Ban AJJA NOROTHA NOA3EM-
HbIX 1 CTEAOLIUXCE 8HTEHH 3TOT MaTepuUan, HO OH CTan OCHOBHLIM B NPOM3BOACTaE Noa-
3EMHbIX @HTEHH.

B CCCP aona noCTpOeHUA NOA3EMHBIX
wnaonAuvel 6e3 BHELLHEN METanIM4eckon
onneTku. EcnM Kakomy-To paavoniobute-

IO NON3AETCA B PYKW Takoi kabenb, TG OH Medusii Breuree
MOXeT BbiTb YBEPEH B TOM, HTO 3T0T MaTB~  poBod "~ % 7 m \ noKpbImUe
npo4HAsA NNacTukoeas oborouka Ceepxy

NABCTUKOBOrO MOKPLITUR XWibl U OTCYTCT-

BME METANMNECKOR ONNETKA. BHEWHUEA BUS, Takoro kabena nokasad Ha puc. 10.6. Breww-
HAR 0BonovKa kabesnst MOXET GbiTb BLINOMHEHA M3 OTHEYNOPHOMD Matepuana.

AHTEHH BbINYCKANCH CrieLVakbHEi aHanor 10 . 12 MM

«KOAKCUANLHOTC Kabensi» — Kabenb TONBKG  fiapcmukcbas &

C BHYTPEHHEI XWNO 1 TORCTON TeMHOW  ysoasyus

PWaN ApeaHA3HaYEH AnA NOCTPOEHWA NOS-

3emHbIX aHTeHH. OT 0BbIYHOTo KoakcHanb- Puc. 10.6. KoakcuaneHsii kaberb

HOro Kabens ero oTnuyaeT Tonbko Gonee AN MONOTHA MOAIEMHBR SHTEHH
10.12. Nop3eMHblE PaANOLEHTPHI

Non3emMHbIE PEANOLIEHTPL! CO3AABAMACH BRR PAsAUNHLIX Lienei. Bbink AOCTROEHb!
MOLLHBIE HABUraLIMOHHBIE NOB3EMHBIE PAAUOLIEHTRL, PAGOTAIGLUVE € AMANAZOHE C4YEHb
HU3KIIX 4aCTOT, NOA3EMHBIE pagvoLieHTpbl rnobanbHoii CBaAay, paboTaloLue B AManasoHe
OUEHb HU3KMX YBCTOT, CBEPXAMMHHBIX, AMMHHEIX M CPEeAHUX BOAH. Bbin paapabotaHb
1 NOCTPOEHbI NOA3EMHBIE PALVOLIEHTPDI, PaBoTaloLvie TORbKO B AMANAa30Hax KOPOTKMX
BONMH. B 3aBUCHUMOCTU OT HASHAYEHUA KaXOOro paauoleHTpa 1 Obina co3naHa ero
nopsemMHas aHTenHas cuctema. MockonbKy Ans paavonobuTenei Hanbenblinii WHTEpeC
npeacTasnfeT paboTa Ha KOPOTKMX BOMHAX, TO CHasana paccMoTpum pabtoTy nepe-
JI3I0LWBro NOA3IEMHOrO LEHTPA KOPOTKMX BOMH.
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10.13. KoHCTpyKuust NoA3eMHOro pagvioleHTpa KOPOoTKUX BOSIH

Ha puc. 10.7 nokasaHa KOHCTPYKUWA MOA3EMHOTO PaavOLEHTPa@ KOPOTKUX BOJH.
Noa3eMHbIN PAAVOLIEHTP COCTOUT U3 annapaTHoro 3ana 7, HaxoaALWerocs Ha rmybuHe
15...30 M nog 3emneit. C nomoLusio ¢raepos 2 nepajaolyan annaparypa coeavHaeTca
C 3aN0M COrnacylowyx YCTpOCTE 3. OH HBXOAUTCA HB FNyGuHE 2...3 M OT NOBEPXHOCTH
3emnu. K COrnacyiollnm yCTpoicTeaM MOAKMOHEHB! ANEPVOANYECKAE HarpyXeHHbIe
aHTEHHb! 4, NMPOTMBOBECH! KOTOPLIX 38KOMaHbl GAM3KO K MoBepxHocTH 3emnm. Camu
@HTEHHb! Anf YBENVHEHVA UX 3GMMEKTVBHOCT HAxOAATCA B BOPOHKE, MaKCUManbHOM
rayGrHoi 2...3 M. BOPOHKa 3anonHeHa AUSNEKTPUKOM M 3aMBCKUMPOBEHa CBEPXY He-
Gonbumm cnoem gepHa. Coctae auanextpvka nopobpaH Takum obpal3om, 4To aTa
BOPOHK@ HE MOXeT ObiTb OBHapyxeHa C BO3ZyXa METOAAaMU NOA3EMHON Paauo- W
3RyKOACKALMK. B 3ane cornacyiowuvx yCTpOMCTe aHTEHHbI MOTYT 06beAVHATECA B rpynnkl
OnA cO30aHUS NPESNnOYTUTENBHON AUBrpaMMbl HENPaBAEHHOCTH NPy Ux patote.

Anrmertibi TloBepxrocme 3emnu
/
AN 1 —
R=300 On ‘()\ ( R=300 On
7 =
TpomuBobecs : lpomubobecer
@\ ! Coznacipuve
ycmpooemba
s U pazoBpayameny
o
N
0
fa—— Qudep
byHkep
Tlepedam<ux

Puc. 10.7. KOHCTPYKUMS NOAIEMHOTO PAAMOLEHTPE KOROTKUX BONH

MonoTHa aHTeHH Ha 3TUX NepefaloLUx LeHTpax Bbiny BbiINOAHEHb U3 BUMETANIN-
4eckux TPyBoK (Kene3o ¢ meaHbiM NOKPbITUEM) AvameTpom 20 mm. Ans cosnaHus
Avarpammbl HANPaBEHHOCT UCNONBb30BANCA ha30BbIA METOL, KOTAA HECKOABKO 8HTEHH
U3 CYLIECTBYIOUIEH aHTEHHOI rpynMbi NMUTAIOTCS C HEKOTOPLIM CABUFOM a3 OTHOCH-
TenbHO Apyr ppyra [py 3TOM NPOTVBOMONOXHLIE 3NEMEHTAPHBIE BHTEHHEI MOTAN
YICMONb3OBATLCA B KAYECTBE «3EMAV» OCHOBHBIX AHTEHH.

Takoe NOCTPOEHNE AHTEHHOM CUCTEMBI MO3BOARNO CUHTE3VPOBATL NPEKTUHECKN A0~
6yl0 AnarpamMy HanpaeneHHOCTU NOA3EMHON AHTEHHOM CUCTEMbl, HaNpUMEP Hanpas-
NEHHYIO B 36HUT NN HANPABIEHHYIO B KAKOM-TO — NPaANOHTUTESNBHOM A3UMYTANBHOM —
HanpBBREHUN. UHOrAa NOACGHLIE paivioLEHTPbI 0B0PYACBANICE BbLABIDKHBIMA MauTamMu
C YCTaHOaNeHHbIMIU Ha HX YKB aHTEHHBMY, NPeaHA3HA4EHHBIMU 4% OCYLLECTBEHUS Pa-
AVOpeneinHon unn cneuvansHoi YKB 1 CBY cesiay. Takue noA3EMHBIE PaINOLIEHTPEI 1C-
NoNb3oBaMMCh AnA CNeLVansHoi CBs3Y [0 cepaauHbl 80-x — Hauana 90-x roaor XX Beka.
C pasBuTieM CMyTHUKOBO CBA3M NOA3EMHbIE PaaVOLIEHTPb, OHEBUAHO, TOXE NpeTepne-
N CYLLECTBEHHBIE UBMEHEHyH. Ha puc. 10.8 NokaaaH BuUb, CBEPXY HA @HTEHHbI NOAIEMHO-
o pafvoLEHTPa KOPOTKUX BOSH.
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JnuHa anemeHTapHbIX aHTEHH
Ha pas3HbiX MOA3EMHEIX paguo-
LeHTpax KOpPOTKUX BOMH COCTaB-
nser oT 20 go 50 M. NocTpoeHve
nonoBHbIX  MOA3IEMHBIX  PAAVO-
LEHTPOA BbINC BO3MOXHO Ha NOY-
Bax NpaKTUHeckK ABLIX TUNOB U,
CNeSoBaTeNbHO, B Mobbix MecT-
HoCTaX. Nopenkka NOYBLI, U3MeE-
HEHWE NapameTPos NO4BELl B 06-
uieM cny4ae Mano eavsna Ha na-
pPaMETPbl  KOPOTKOBONHOBbLIX &H-
TEHH, U YAaBanoch COXpaHUTL UX
HeobxoavmMylo  puarpaMMy  Ha-
npaeneHHoCT.
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Puc. 10.8. Bup ceepxy Ha aHTeHHb MNOL3EMHOI0
PanMOLIEHTPA KOPOTKUX BOMH

10.14. MNop3eMHBIE PAOVOLEHTPLI CBEPXANMNHHLIX BONH

CTenomeca aHTEHHD!, UCMOMNb3yeMmble ANA PaaVOCEA3N Ha CBEPXEIVHHBIX U ANUH-
HbIX BOfHAxX, WMEIOT CBOM OCOBEHHOCTU. Ha KOpOTKVX BOAHAX OBLINHO MCMONb3yloT
NOA3EMHBIE 1 CTEMOLUMECS FOPV3OHTANEHBLIE 8HTEHHBI BEryLLel BONHbLI UNK BEPTUKASL-
HblE fIOZ38MHbIE HTEHHLI. B AManasoHe CBepxaiuHHbIX 1 ANUHHbIX BOnH pabora
CTERIOWMXCA AHTEHH Berylieit BoaHbl HeaddeKkTVeHa. [mHa CTEAILVXCA 8HTEHH B
3TVX AMana3oHax He MOXET Bbitk Gonee 150...250 M, 13-38 HaK/IAOLIBAEMbIX HE HUX
OrpaHYHEHIIA NO YMEHBLLEHWIO aMNAUTYAL! BLICOKOHACTOTHONO HaNPSXXEHUA Ha MX KOHLIE
NO CPaBHEHWIO C HANPSXEHVEM Ha KX BXOAE (YTO Bbino pacCMOTPEHO BHILLE). Mo3TOMY
ONA YBESUMNEHUA KO3 GBULIVEHTA NONE3HOTO AECTENA CTENOLUMXCA 8HTEHH CBEPXENVH-
HbIX M OAUHHBIX BOfIH MCMONb3YIOT TONBKO HAaCTPavBaEMble @ PE3OHEHC aHTeHHbI.

CxeMa CTBMOLENCA 8HTEHHbI CBEPXAMMHHBIX W AMMHHLIX BOfIH NOKa3aHa Ha
puc. 10.9. AHTeHHa COCTOMT M3 AByx nne4 7 1 4, KOTOpblE C MOMOLLBID CBOEro
COOTBETCTBYIOLIEro COrNacyIOLLEro yeTpoiicTea 2 1 3 HaCTPavBaloTcs B Pe3oHaHc. Kak
BUWAHO U3 DUCYHK3, MAEYM EHTEHH COrHyTel B ¢opme BymepaHra, noatoMy Takue
AHTeHHbl HOCAT YCNOBHOE Ha3BaHWE 8HTEHHbI TUNa «BymepaHr». BuinonHeHue nonotHa
aHTeHHbl B dopme BymepaHra Ha Avana3oHe CBEPXAIMHHbIX BOAH UMEeT CBoe Ofb-
fIcCHEHVE. BO-NEPBLIX, ANA PA3MELLEHUS CTEAIOLWWXCA 8HTEHH HeobBxoavMa MECTHOCTb
C onpageneHHbIMKU 1 NOCTOSHHBIMU NapameTpamy nous. Mpy pasmelieHuy NoAoTHa
aHTEHHbI ByMEPAHrOM @HTEeHHa 3aHUMAET MEHBLUYIO NAoLAaab. CNEAOBATENLHO, Nerye
HalTK MECTO ANA PasMELLEHUS aHTEHH.

Ha peanbHbix NOA3EMHbIX PAAMOLIEHTPaX UHOTAB MCNOAb3YIOT OTKAUKY NOAIEMHbIX BOA
11 3aMOPO3KY IpyHTa NoA, aHTeHHaMI. B 8TOM Cry4ae BOIMOXHO NOny4MTh NOYBY CO CTa-
BUNBLHLIMI BO 8pEMEHU NaPAMETPAMU 1 HU3KOW NPOBOAVMOCTHIO W, CNEA0BATENLHO, 3Ha-
YUTEALHO YMEHBLUMTL NOTEPU BHICOKOYACTOTHOM SHEPTUK B NO4BE. KOHCTPYKLUA Noa3em-
HbIX PAAVOLIEHTPOR B 3TOM CAy4Ee OCIOXHSAETCA CNELUanbHBIMY BOROOTKa4YMBAIOLMMYN 1
KPMOrEHHBIMY CTAHLMAMY, Pa3MeLLeHHbIMY B HENOCPERCTBEHHOM BNM30CTI OKOAD HUX.

Kak pmaHO 13 puc. 10.9, CTenioLancs aHTeHHa CREPXAIUHHbIX BONH NpeacTaBnsier
coBOi CUMMETPUSHYIO AHTEHHY C TEMM JOMYLUEHMAMU Ha PacCUMMETPMPOBAHUE, KO-
TOpLIE MOTYT GbiTh OBYCROBAEHL! BAMBHUEM NOYBLI.

CONpOTUBIIEHVE M3NYHEHUA CTENMIOWENCA aHTEHHbl CRECXONMHHBIX BOSIH Mano u
COCTaRNAET aAVHMLIG OM. BCNeacTRUe 3T0ro CYLECTBYIOT TEXHUHECKWUE TPYQHOCTH NpU
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150-200 m

150-200 m

Puc. 10.9. Cremowanca aHTEHHA CBEPXIMWHHBIX BONH

COrAACOBaHUI TaKUX aHTEHH. KOahMLUUEHT NONE3HOr0 AEMCTBUA CTERIOLLIEVICA 8HTEHHBI
CBEPXANMHHEIX BOMH cocTaBnser —40...~60 pb oTHOCMTENLHO MORYBONHOBOrO BUBPA-
Topa. CnagyeT 3aMETUTL, NTO B AVANA30HE CBEPXOMHHBIX BOSH AAXE CTaLMOHapHbLie
BEPTUKANbHDBIE 8HTEHHbI MMEIOT KO3dPULMEHT nonesHoro aeictens —10...—20 aB.
[ina NoCTPOBHWA NIOA3EMHBIX PAaMOLEHTPOR, pa-
60TaoWMX B OMana3oHe CBEPXAMHHBIX BOMH, WUC-
NOAB3YIOT PAA 8HTEHH TUNa «ByMepaHr», KOTopble
@aupyouwe BNF CO3MAHNA HBOBXOAMMOM AAAPAMME HANPaB-
yempoticmba NEHHOCTA MUTAIOTCA € MOMOLULIO HasnpyIoWX yCT-
poiicTe. Ha puec. 10.10 nokasaH Bup, CBEPXY CTenio-
LEACH aHTEHHOM CUCTEMbI MOA3EMHOMC PanmnoLIEH-
Tpa. 3a pyGexomM NoA3EMHBIE PaAVOLIEHTPbI C TaKNM
PaCNONOXEHUEM aHTEHH 4ACTO HA3bIBAIOT «Panmo-
LEHTD TUNa Nayk» u3-3a ¢GopMbl UX aHTeHH. Jns
MOJIOTHE @HTEHH MCMONBL3YIOT OMUCAHHDBIN BHILLE Ma-
Tepuan — koakcrankeHblii kabens 6e3 BHELIHEN NPo-
BopsLLeit onneTku. MOCKONLKY Takve aHTeHHbl OXBa-
THIRAIOT BonbLIME NACWAZN, TO HA UX paboTty Bonb-

Puc. ;3-1:- Bupn QE:%W LUOE BMUSIHME OKa3blBAET MOABINKKA MO4BLI, B pE-
CTenLWeNcs aHTeHHON CUCTEMBI

TIOAIEMHOTO PanOLLeHTDA BYNETATE HEro NPOMCXOANT M3MEHEHWE AWarpamMmil

LVHHBEIX BOAH HaNpaBNEHHOCTW @HTeHHbI. TaKKE Oka3blBaloT 6onb-

woe BAVAHVE MOrOAHbIE YCNOBUA (CHET, [OXAb),

KOTOPbIE MEHAIDT XapakTep NPOBOAWMOCTM MAoHab!
Y, CnefoBaTenbHo, BHOCAT MOTEPW B PaboTy aHTEHH. JlUanasoH CBEpXLAMHHBIX U
ANMVHHBIX BOMIH UCMOAL3YETCA ARl HABWraLmMy, raobanbHoi pagmocesay, ynpasneHus
apmuedi Npy HPeaBLINaiHbiX OBCTOATEsLCTBAX, NOITOMY ST PEAVOLIEHTPLI [O CUX NOP
HaxopaTca B paboTe B Pa3nuuHbiX CTpaHax.

Ha puc. 10.11 nokazaHa cxema NoA3EMHOTO PaaVOLEHTPa CBEPXIIMHHBIX BOMH. AH-
TeHHb! STOr0 paavoLeHTpa 3akonaHbl Ha HeGonkLyio raybuHy, 06biHO 0,5...1 M. B ka-
6enbHON LUITOALHE NPOXOAST CHKEHUA 3TUX 8HTEHH, KOTOpbIE 3aX0ANAT B 3an $as3vpyo-
LUMX 11 COTNECYIOLLIMX YCTPOMCTB. C NOMOLLLIO COTNACcYInLMX YCTPOICTE NPOVUCXOAMT CO-
rMacosaHNe 8HTEHH, C NOMOLLEID (asUPYIoLMX YCTPONCTE NPOMCXOAUT CUHTES HEOBXO-
AMMON AvarpamMMbl HaNpasneHHoCTK. 3an ¢aavpYILLMX 1 COrMacYIoLMX YCTPOVCTE
HEXOAMTCA & 3ABMCMMOCTI OT TUNa Nouabl Ha rybuke 10...15 M. 3To NpeaenbHas ray-
6vHa OBHaPYXEHA NOAOBHLIX OBLEKTOB METOAAMY BBMALWOHHON PaaMo- 1 3BYKONOKA-
uun. Hke 3ana $pasvpyiowmx U Cornacylomx YCTPOIACTE, Ha FaybuHe 15...20 M, Haxo-
JAVTCH 3an 3REKTPONUTaHWA 11 NEPEAIOLLVX YCTPOMCTB.

Ansi paBoTbl B MUPHOE BPEMS UCMONL3YETCS BHELUHA NOABOL, SAEKTPOSHEPTVK, ANs
PaboTbl NPpK YPE3RbINEVHBIX OBCTONTENLCTEAX MCMONL3YIOTCA AMSENLHAS BNEKTPOCTAHLUS
YAY MANOMOLLHKIA B10K aTOMHOM a1eKTpoCTaHUMK. Ha 3HaunTentHyo rnyBuHy nog 3em-
JI0 3an 3REKTRONMUTAHNA 1 NEPEAAIOLLMX YCTPOHGTE NOMELLEH [nfl TOro, YToBbl OH He Bbin
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Puc. 10.11. Cxema NofA3eMHOr0 PagvoLEHTPa CBEPXAMHHBLIX BOSH

0BHapyXeH No MOLLHOMY TEMAOBOMY U3AYHEHMIO CO CMYTHUKOB M TPONOCHEPHBIX pa3se-
ObBaTeNbHbIX NeTarensHblX annapatos. OxnaxieHue Tennosbigensiowmx nprbopos
NpeACTaBNsET CepbeaHylo Npobnemy. BopooTKauMRaIOUIME U 3aMODEXMBAIOLIUE CTaHLUK
HaxXOAATCA HACTUYHO B 3a/1e SNEKTPONUTAHUS, 8 TAKXE Ha YAANeHNM OT HEro, HO TOXE Ha
rAYBUHE WX HEOBHapyxEHns. TyHKT ynpaBneHua 1 YCTPOMCTRE ero XuaHeobecneueHus
PACMONOXEH HWKE 3ana SREKTPONUTAHUA 1 NEPeaAloLLUX YCTPONCTB — NPUMEPHO Ha riy-
Bune 15...25 M nog, 3emneit. Kak suaHo 13 puc. 10.11 v onvcaHus, paayoLeHTp CBEpX-
LNVHHBIX BOAH HANMOMWHEET 110 CBOEMY NOCTPOEHUIO PEANOLEHTD KOPOTKUX BOJH.

Ana paavionobuteneit CTenOLMeCs aHTEHHL! CBEPXANMMHHBIX BOSIH TaKxe NpaacTas-
NAIOT UHTEPEC. MOCKONbKY AN paauonobuTenbckoi CBA3M BLIAENEH y4acTOK CREpX-
DAVHHOFO AManasoHa B paioHe 136 kM, TO BMOMHEe BOZMOXHO NOCTPOEHVE panvo-
NIOBUTENBLCKUX CTEMNIOLUMXCS aHTeHH Ans paboTbl B AUaNasoHe OMVHHbIX BOAH. B Ha-
CTOsILLEE BPEMA OnA 3TUX Lenelt pagmonobutent OBbINHO UCMONBbaYIOT BEPTUKANLHLIE
YKOPOUYEHHbIE HACTPEVBAEMBIE @8 PE3OHAHC @HTEHHbI, KOTOPLIE CNOXHbLI B YCTAHOEKE U
HACTpoiiKe. CTENIOLLMECH NPU3EMHEIE aHTEHHbI Ans paboTbl Ha ANMHHBIX BOAHAX ByoyT
XOpOLUel ansTepHaTVBOA.

MNoA3EMHBIE ANMHHOBONHOBLIE PaAUOLEHTPL! Bonee pacnpocTpaHeHbl MO CPaBHEHWIO
€ KOPOTKOBONHOBBIMU. YaCTO MCNONL3YETCSH KOMBUHALVA: AMMHHOBONHOBOW PaanOLEHTD
¥ Ha HeBONLLIOM YOANEHUN OT HEro KOPOTKOBONHOBBIA. AHTEHHBI, PACNOACKEHHLIE Ha
LANVHHOBOAHOBLIX LIEHTPAX, OBLINHO HE UCTMONL3YIOTCA MM CBRaN HA KOPOTKUX BOMHAX,
XOTS MHOTA@ BCTpevaeTcA UHdopmauvs 06 MX OBOMHOM MPUMEHEHWN.

10.15. PaguoniobutensCkue CTentoLMecs aHTeHHbI

AHTEHHBI BTOTO TNa MoryT BHITb MCMONL3OBaHEI B paamonioBuTensckol pabore.
OHKY MOryT BhiTb YCTAHOBAEHE HA KPLILLE MHOTO3TaXHOro AOMa HA CaloBOM YYacTKe,
Byayun NPAKTUNECKM HE3AMETHEIMU L8 NOCTOPOHHEro Habrioaatens. B To xe Bpems
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3T¥ @HTEeHHBI MOTYT ofiecnewnTh yOOBAETBOPUTENLHYIO palboTy B stwvpe. MNocKonbKy
cTenolMecs aHTeHHbl vmetoT Huakuii KN4, 10 ana pabotkt ¢ HUMKU HeoBxoaumo
MCMONb30BaTE MOBbILIEHHHIE MOLLHOCTW NEPENATYMKA U NYBCTBUTESILHLIE MPUEMHUKU.
XKenaresbHo AnA NOAOCTHA aHTEHHbI MCMOAbL3OBATL KOAKCUaNbHLIN Kabenb CO CHATON
ONNEeTKoN. MpK PacroNnOKeHU aHTeHHHl HA 3BMAE, €€ MOXHO ABKE NpUKOMaTh Ha
HeBonbylo rayBuHy, YT XoTA U yxymuuT KME aHTeHHbl, HO coenaer ee abCoMOTHO
HE3ameTHOM. Ha MOW B3rnsp, CTeNoWmMec aHTEHHbI TPEBYIOT Bonee LWnPOoKMX aKcne-
PYMEHTOB panvonobuTteneil ¢ HUMKU. HXe NPUBEAEHbI HEKOTOPLIE MPAKTUHECKUE
PEKOMEHABUMM MO UX BLINOMHEHWIC 1 OMUCAHBLI MOW SKCAEPUMEHTBI C STUMI AHTEHHAaMM.

10.16. SkCNEPUMEHTHI CO CTEMOLLEICS aHTEHHO

Memannuseckoe ozpaxdenve kpsiuy MHO#1 6bina BeINONHEHA paamomobuTens-
= CKan CTENIOLLAACS aHTEHHA Ha KPbILLe AERs-
25 mempod TUaTaXHOro foma. [ind 37oro A UCNOMb30-

BaNn CTapblii KOAKCUanbHbIN kabens anuHon

R 25 M C NOBPEXAEHHON THWAOIN OMNETKOM.

BHewHsa obonoqka v onnetka ¢ kabenst Hui-
300 oM na cHATa, kabenb Aexan HEMOCPEACTBEHHO
Ha GeTOHHOI KpbLLE, KOTOPYID MOXHO pac-
CMaTpyBaTb Kak CypporatHylo aemnio. Pac-
noNoXeHa aHTeHHa Bblna NPUMEPHO B reo-
Puc. 10.12. Cremowascs METPUUYECKOM LIEHTPE MOCEPBAVHE KpbiLM
PanUONICOUTENLCKas BHTEHHA noma. Harpyska 300 Om 6bina coepvHena ¢
HTEHHOM 11 C METANIMHECKVIM OrPaXIEHVEM
KpblLUK, KOTOPaA COEAVHRETCA C apMaTypoi 3naHuA. ST0 NO3BONWIO OCYLLECTBUTL Kaue-
CTBEHHYIO «38MAII0» NSl 8HTEHHDI. TMTaNack aHTEHHA YEPES LUIMPOKOMNONOCHBIA TpaHehop-
Marop 4:1 ¢ NOMOLLBIO KOAKCUaIbHOTO Kabensi ¢ BONHOBbIM CONPOTVBNEHMEM 75 OM. Ha
KOHLIE MUTHVS! BHTEHHDI B KAHECTBE «3EMMU» TOXE MCMOSB30BANIOCh METAINMHECKOE Orpa-
XaeHve Kpbiln. Ha niobutensckux auanasoHax 6—160 mMetpos KCB aHTeHHbl He Npesbl-
wan 2. Bup, CTENIOLLENCA aHTeHHb NoKasaH Ha puc. 10.12.

Ans BoiACHEHUA 3BHEKTUBHOCTI CTEMOWIEICA @HTEHHD! HAS METANANYECKM OrpaX-
AeHvem Ha BbicoTe 1,5 m Bbina ycTaHOBNEHa aHTeHHa Besepenxa, UMEIoLLen Harpyaky 1
NUTaHVE, 8HANOMUYHBIE CTEAIDLLECS aHTEHHE. Kak BbISICHUIIOCK, HA CTENIOLLYIOCS 8HTEH-
HY BMOSHE yaasanoch NporoAvTs QS0O, NPUYEM CpaBHWUTESNBLHEA OLIEHKE COBMECTHO C aH-
TeHHoI BBBEpeXa B CALILLUMOCTK Bbina OT 1 80 5 Gennos. HEKOTOPOE BPEMSA MHOI 3KC-
nJyaTpoBanach CTE/MOWEACA aHTEHHE, NEXALLUEeN Ha HEPAAKE AEBHTUSTAXHOrO KMPM4-
HO-6ETOHHOrO 3aaHUR. Ha 3Ty aHTEeHHy BNOAHE YAaBaANMCh MECTHBIE U [ANLHUE CRA3N.

10.17. lNpakTuyecKoe BHINONMHEHVE PasVONIOBUTENLCKOR CTENOLLIEACS
aHTEHHbI

Ana nonoTHa CTEMIOLENCS AHTEHHBI XENATeNsHO MCMOAb30RETL TONCTLIA KOAKCU-
anbHbli kabenb AMAMETPOM HE MEHEE S MM CO CHATOW OMNETKON. BHYTpeHHss xuna
kabens, cnyxalian MsAy4aTeneM aHTeHHbl, 3aluviieHa OT AaTMOCHEPHBIX BO3LEACTBUIA.
MNnacTvkoBas nzonsuna kabens obecnedveaeT NPUEMAEMOE PACMPEAENEHNE AHTEHHD
10 HEPOBHOCTAM 3EMHOM MOBEPXHOCTU.

Bofblioe 3HaqeHVe OnR BbiNOAHEHUSt CTENOLLENCs AHTEHHbI UMEET €€ «3EMIIs».
EcTb fiBa cnocoba ee BLINONHEHWS: 3TO «UCKYCCTBEHHas 3eMns» 1 xopollee 3a3em-
neHve. 3a3eMNeHne OCYLLECTBRAETCS TPEAVLMOHHLIM CNOCOBOM HA CTOROHE NUTaHVS
W Harpysky aHTEHHb,

B Ka4ecTBE UCKYCCTBEHHOW 3eMyu MOTYT BbiTe MCNOnb3oBaHbl 5—10 ronbix Npo-
BOJHUKOR, Kaxbii anvHoW 0,1 OT AnUHB! aHTEHHBI, KOTOPbIE 3aKOMaHbL Ha HEBOMbLUYID
raybuHy B saemnio. ECnv 3akonatb NPOBORHVIKA 333EMNEHUs HE YOACTCH, TO KX MOXHO
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MPOCTO NPONOXMUTH MO 3EMnE, HO 3(PEKTUBHOCTb BHTEHHO CUCTEMB! B BTOM Cryuae
ynaget. CrnepyeT oBpatuTe BHUMBHUE HA TO, YTO AyNK 3a3eMAEHUS OOMXKHLI ATV B
NPOTUBOMONOXHLIE OT fIONOTHA AHTEHHbI CTOPOHbI.

10.18. Harpyska CTEMOLWEACH aHTeHHb!

Harpyaka CTenioweica aHTEHHbI MOXET ObiTh BbLIMOAHEH@ @HANOrMNHO Harpyake
paanoniobuTensckoit aHTeHHb BeBepenxa. Harpyaka MOXET COCTOATL 13 BKIIGHEHHBIX
napannesibHo Unn NocneaosarensHo peavctopos tuna MNT-2. OBliee conpoTuBEHVE
BTON Leny ROMKHO HaxoauTbes B npeaenax 250...400 Om, 6onee TOUHO conpoTUBREHUE
HArpysk1 oNpepenseTcs B0 BPEMA HACTPOMKM aHTEHHD!. Harpyaka CTentoLencs aHTeHHb!
AnvHOM 6onee 30 M MOXeT BbiTh PAcCHUTAHA HA MOLLHOCTb, PABHYIO MpUMEPHO 10%
OT NOABOANMON K aHTEHHE. HeoBxoanmMo obecreunTs 3auuTy Harpyaku OT aTMOChEpHBIX
BO3ASHCTBUA NIOBLIMA M3BECTHBIMI CNOCOBaMI.

BXonHOE CONPOTVBNEHVE CTERIOLBNCA aHTEHHbI Ha pPasHbiX ABUTERLCKMX ava-
nasoHax PasHoe: DonblUee Ha BHICOKOHACTOTHLIX U MEHbLUEE HA HU3KOHACTOTHBLIX AMa-
nagoHax. 9TO 3acTaBNSET WCMONL30BaTE KOMMPGMUCCHBIV BApMAHT CONPOTURMEHUS
Harpyaku, obecresmsaiolwii npuemnemoe 3HaueHre KCB Ha Bcex avanasoHax paboTsl
8HTEHHBI. XOPOLMA PE3yALTaT paeT MCMONB3DBEHWE CONPOTUBNEHWA HAIpYakKM, pas-
Horo 250 Om. B aTom cny4ae BHTEHHa ByfeT yOOBRETBOpUTENbHO paboraTk HA Alo-
Burenbckux avanasoHax 6—160 MeTPOB, €€ axofHOE CONPOTMBNEHVE GYAET nexaTs
B npegenax 250—400 Om B 3aBYOMMOCTM OT AvanasoHa paboTbl.

BxonHOE CONpOTUBNEHVE CTENMIOLLENCH aHTEHHBI HEOBXOAUMO U3MEPSTL HENOCPBA-
CTBEHHO Ha €€ KIEMMax, XefaTensHo 370 OenaTb, UCMONb3ys MOCTOBOH MaMEpUTENb
COMPOTUBNEHYSA, NUTAEMBIV BLICOKO4YACTOTHbIM reHeparTopom oT Gartapeil. Viameperve
BXOAHOrO COMPOTUBNEHUS 8HTEHHLI B Paauopybke HENoCpeacTREHHO Ha ee kabene
nuTaHKs ByAaT BHOCUTH NOFPELUHOCTB B XApakTep BXOAHOrO CONPOTUBIEHMS, NOCKOMNLKY
3TOM CNY4EE BHELLHAS OMneTka kabenn BxOpUT B CUCTEMy 3A3EMNEHUN AHTEHHBI.
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Yacms 3
AHTEHHBI 3EHUTHOFO N3NYYEHUA

AHTBHHbI 3EHUTHOTO WU3NYYEHUA SBASIOTCA CAMbIM MHOMOMUCNIEHHBIM KNBCCOM aH-
TEHH, KOTOPbIF CyLLEcTBYeT B MMpE. B HACTOsLLEE BpaMsA HACHWUTHIBAKOTCS, HABEPHOE,
COTHM PE3AMYHBLIX TUMOB 3EHWUTHBLIX 8HTEHH. 3TOT TWN AHTEHH FABNAETCA OfHUM M3
CTapeilumx, KOTOPbIA YEnoBEK HA4Yan MCMOAL3OBATL L5 CBOMX HYX[...

Ceiivac Mbi faxe He 330yMbIRAEMCSH, HTO XVBEM B MAOTHOM OKPYXEHUM 3TUX
aHTeHH. Bea coMHeHus, NpakTUYeckn B KaXA0M COBpeMeHHOM AOME ECTb annaparypa,
B KOTOPOA MCMOAL3YETCH aHTEHHA 3BHUTHOrO u3AydeHvs. OT COBEPLUEHCTBE 3TWX
@HTEHH, OT KX KauecTsa paboTbl CBAYAC 3arvcuT, NO rayBokoMy yGexaeHuio aeTopa,
Gynyliee HenoBevyecTsa WAK, NO KpalHEN MEPE, KA4ECTBO XWU3HA MHOTUX Nioaei Ha
npaHere 3emns.

Ho 41O %€ 370 32 Takve YAMBUTEnbHbIE @HTeHHbI? Fae OHWM? B Kakux yCTPONCTBaXx
OHU paboTaT? 310 Mbl C BaMK Pa3bepeEM HIDKE.

11. HAYANO AHTEHH 3EHWUTHOFO U3JTYHEHUA

QYO Takoe 8HTEeHHA 3eHUTHOrCe K3Ay4eHua? Ecnyv Bbl Mbl 3apany cneuuanucTam-
paguoTexHYkam 3TOT BOMPOC B Hauane XX Beka, B cepeauHe XX BEKA, B KOHLE
XX geka 1 B Hauane XX Beka, TO nony4unu 6bl COBEPLUEHHO pa3HbIE OTBETHI
Npvuem, Bce 31 OTBETHI BbiAK Bbl NpaBUALHBIMU. MMPOCTO OHW OTHOCUNKChL 6Bt K
TOMY KNaccy 3€HUTHbIX BHTEHH, KOTOPLIV B TO BPEMA Bbli HAMBONEE MHOTOYUCAEHHLIM
B MVpe. 3T pasHble aHTEHHbl NOKA3LIBAOT HaM NyTb Pa3BUTUS 8HTEHH 3EHUTHOrD
vanyqeHus. BmMeCTe ¢ 3TUM OHM NOKA3bIBAIOT PA3BUTME NPOFPECCA HENOBEHECTRa,
ONg TEKYLLMX HYXK/ KOTOPROTO ST aHTEHHb MCMOAL30BaNMCL B paaHoe BpemA. Ceiuac
HaMm ABXe TPYmHO NpeACcKa3atb, 4T0 GyayT NOHWMAaTb MNOA, aHTEHHAMMW 3EHWUTHOTO
uanydeHus, korpa Gynyt roBoputh O Hux B cepeauHe XXI eeka u Tem Gonee a
KOHue XXl Bexa.

11.1. 470 Takoe aHTeHHa 3EHWUTHOrO n3anyueHust?

Ho papaiite HauHem ¢ Toro oO6Liero, 4T0 BO BCe BpEMEHa OBbLaAUHSNO KAacc
@HTEHH, OTHOCALLMXCA K @HTEHHAM 3EHUTHOTO UanyyeHrs. 31o obluee — KX Avarpamma
HANPaBAEHHOCTK.

WTak, aHTeHHA 3eHUTHOrO U3NYHEHWA — 3TO aHTeHHA, WMEIoWas MakCUMyM aua-
rpammbl HaNPaBNEHHOCTM, HAND: iHO# B 3eHWT. Ha puc. 11.1 noka3aHa guarpamma
HaNPaBAEHHOCTN 3EHUTHOMN AHTEHHbI, HO, KOHEYHO, CPasy BO3IHWKAET BOAPOC, NONEMy
@HTeHHbl UMEHHO C Tako¥ AuarpammMolt HanpPaBNeHHOCTM Tak LIMPOKO pacnpoCTpaHeHb!
BO BCEM MMPE, YTO LEHHO B Takoil aHTeHHe? Moyemy € cepepavHbl XX Beka OHU cTanuv
TOCMOACTBYIOLIAM KNIACCOM aHTEHH Ha nnanete 3emns? lNoveMy OT pas3BuUTUA 3TVX
aHTeHH 3aBucuT Byayliee YenoseuecTBa? W 41O NpencTaBRsiioT cebe pasfvyHble pa-
aMocneLUanicTsl, Koraa um roeopAt ob aHTeHHax 3eHuTHoro wanyqenus? [ns oTeeTa
Ha BCE 3T BONPOCHI HEOBXOAWMO HAYBTL C CaMOro Hauang, T. €. C UCTOPUM Pa3BUTUA
@HTEHH 3EHVTHOTO U3AYHEHUS.

11.2. MNepBble aHTEHHBI 3EHUTHOFO N3NY4eHNa

JagaiiTe BMECTE C BaMU NepeHeceMcs B fanekuin 1898 rop, B rog, korna Mapkonu
oduLManbHo 3anareHTosan paano. 3KCNEPUMEHTbI NO UCMOAL3OBAHUIO PaAUORONH AnA
paavocessn Ao 3TOTO BPEMEHW MPOBOAMAM YYEHHIE MHOrmX CTpad mupa. Havbonee
BblOAIOWMECA U3 HUX — MapKOHK, paboTapwuii cHAvBna B UTanuu, a aatem B AHrAKK,
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Tecna, pabotaswwit B CLLIA, v Nonok, paboTaswwii B8 Poccuu. U3 aTnx Tpex yueHbix
peanbHble Pe3yALTaTbl NO NOCTPOEHUIO MPUEMHbIX MEPEABIOWMX YCTPONCTE M @HTEHH
Bbinyt DOCTUrHYTHI MapkoHu. B ckopom GyaylieM pamvoCTaHUMU U @HTEHHbI €ro KOH-
CTPYKUMIA 3anonoHUnv Becb MMp. Ho oBpatumces K aHTeHHam Tex net. B Te epemeHa
aHTeHHan cucTema Beina Hanbonee rPOMO3AKOM 1 JOPOroi YaCTHID PALYONEPEAAIOLLErD
¥ pamvMonpyBMHOIO YCTPOWCTEA.

OcHobroe
Auazpamma U3YHERUE
Hanpabrenrocmu T Auazpamma

. HanpaBrenHocmu

& BepmukaneHom

\nnave \, 8 Bepmuxansroo
3 \PAOCKOCMY
OcroBroe, \
UZAYHEHUE)

o |

Tepedamytix
Jemns
Jemns
Puc. 11.1. [uarpamMma HanpaBneHHOCTH Puc. 11.2. AuTeHHa pagvioCTaHLmK
ar o] y Havana XX eexa

B koHUe XIX — Hauane XX Beka pagvo-
cTaHuMM paboTany B AMENa30HE CBEPXAINH-
HbIX 1 AUHHBIX BOAH. [nHA BONHLI NEPBbIX
pPaavoCTaHLMIA HAXOAWASCh B AMEna3oHe
2000...20 000 meTpo.. [ns 3TUX ANWH BONH
O4EHb TPYAHO MOCTPOUTL AONHOPa3MEPHYIO
HTEHHY faxe B Halle Bpems. JleicTenTens-
HO, BbICOTa aHTEHH PaaVOCTaHUMIA TEX AET,
Bcero 50, makcumym 100 M anA BOAH onu-
Hoi 2000...20 000 M Bbina HUHTOXHO Ma-
A0, MO3TOMY 8HTEHHDI, UCMONLI0BABLUMECS
B TO BPEMA NEPBBIMY  PEaAVOCTAHLIVAMIA
(puc. 11.2), 6binK SNEKTPUHECKU KOROTKUMM
aHTeHHaMy. OCOBeHHO 370 OTHOCUAOCHL K
@HTEHHaM, YCTaHOANEHHbIX HA8 MOPCKIMX KO-
pabnsx (puc. 11.3), rae vx pasmepbl HacTo
6o MeHee 50 M. BCnaaCTBuE TOro, §TO 3TM aHTEHHbl WMEny 3HayUTenbHbIe
rOPU3OHTaNBHBIE YECTH, 8 TAKKE 4acTO Pacnonaraavmch Hag, NIoXo NPOBOLALLEN NOYBO,
MPEKTUHECKY BCE NEPRBLIE aHTEHHbI PAAMOCTaHLWIA UMeny Avarpammy HanpaaneHHoCTH,
VIMEIOLLYIO CUNBHOE 3EHUTHOB M3AYHEHVE, T. €. MOXHO CKa3aTb, 4TO BCE OHU Bbiny 3eHUT-
HEIMW @aHTEHHaMK!

Puc. 11.3. KopabensHasi aHTenHa
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11.3. 3eHUTHbIE aHTeHHEI MOMOTaldT OTKPLITE Cnoit Xesucainpa

Mpy NpoBefeHU CBOUX OMbITOB MO pPaarocBsan MapkoHu obpaTun BHUMaHKE YTo
B BEuepHee 1 OCOBEHHO B HOYHOE BPEMA AANLHOCTL CEA3W 3HAYUTEALHO BO3PACTAET.
Dns obbACHEHUA STOrO ABNEHVA HEOBLMHOIO PAcNPOCTPaHEHUA PaaVoOBONH Xesucans,
¥ Hesaencumo ot Hero Kerensw B 1902 roay BbloBUHYNM rUACTE3Y O HanMuYMKY MOHU-
3UPOBAHHOIO CNIOA B BEPXHUX 4aCTaXx artMocheps 3emau, OT KOTOPOTro MOTYT
OTPAXATLHCA PAAMOBONHBL JEVCTBUTENLHO, BEPXHUE CAOM aTMOCdepbl NOABEPraloTCA
BOBAEMCTBUIO XECTKOFO COAHEYHOTO 1 KOCMUNECKOrO 13AydeHus. CnepoearensHo, nog,
€ro BO3AEHCTEVEM MONEKYNE ra3a, M3 KOTOPOFro COCTOUT BO3AYX, ONXHbI NOABEPTATLCA
VOHM3aLMK, T. €. OT 3TUX MOAEKYs flof BO3OANCTBUEM 3TOrO U3nydqeHvs 6yoyr ¢
BEPXHUX OPBUT aTOMOB COpBAHbLI SABKTPOHLI. BCABACTBUE BTOrO BEPXHUE CAOW ATMO-
cdepbl [OMKHEI COCTOATL U3 MPOBOOSLLEr0 WOHU3MPOBAHHOrO rasa i CROBOAHBLIX
3NEKTPOHOB, PACNPaAEReHHbIX B MOHU3VPOBaHHOM Taze. A Takas CMECb CrnocobHa
NPOBOAUTL 3NEKTPUHECKUI Tok! CRepoBaTensHo, OT BEPXHUX CAIOEB atMOChEPHI BO3-
MOXHO OTpaxeHve pagvosonH! (puc. 11.4).

W\

Puc. 11.4. Otpaxenue BOSH Puc. 11.5. BonHoeogHOE pacnpoCcTpaHeHve
OT BEPXHEro cnos armocdeps AMHHBIX BONH

BrocneacTeuy BepxHUe cnov atMocgepsbl CTany HasblBaTh «MOHOCGHEPON» MMEHHO
13-38 Hanuuve TaM MOHOB rasa v caoBopgHbIX 3REKTPOHOB. [Nn addekTusHoro otpa-
XEHVA PaavOBOMH CBEPXANVHHOBOAHOBOIO AWanasoHa Yron M3Ay4eHWs pPaavoBONH
AOMKEH HaxoauThesl B NMpepanax 50...70° OoTHOOMTENbHO ropuaoHTa. B 8ToM cnydvae
Halla nnaHeTa 3emns 1 BEpXHUIA OTpaxaloLmii cnoit noHocgepbl 06palyT MMraHTCKuia
BONHOBOA, Kak MoKasaHo Ha puc. 11.5. PacnpocTpaHasick agonb STOr0 BOAHOBOAA,
PapMoBONHBI CBEPXANVHHOBONHOBOIO U AMMHHOBONHOBOMO AWENa30Ha BOAH MOTYT NnB-
PEKPbITL BECH 3EMHOI Liap.

Tak, AHTeHHbl 3EHUTHOTO U3My4EHWA NEPBLIX PanVoCTaHLMIA NOMOrnK OBHaPYXuTh
Cnoi Xesvcaipa, UCNOAb3OBaHME KOTOPOro BMOCNEACTEMM ChIrPano PEBOAIOLVIOHHYIO
pOfb B PAasBUTMM TeXHUKM CeA3N. Cneayer OTMETUTL, YTO HanvMUe CNos Xesvcanaa
AONroe BpeMs He NPU3HEBANM JaXe BTOPUTETHBIE YYEHBIE TOrO BPEMEHW. VNSBECTHbIN
B TO BPEMA 8BTOPUTETHbIN Hay4HbII XypHan «The Electrician», vaparaslumiics B AHravm,
[axe OTKasasnCA NpPUHATL CTATLI0 Ha 3Ty Temy K nyBnukauuy, obLseviB caMy MOEK O
BO3MOXHOCTY CYLLECTBOBAHUA B BEpPXHUX CAOSX aTMOCGEPL! NPOBOGALLErO CRos aH-
TUHAYYHOW.
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Cefyac-T0 Mbl 3HaeM, 4TO B UO-
Hocdepe 3emMnn CywiecTeyeT He-
CKOfbKO TakvX NPOBOASILLVX CIIOEs.
JHem cywecTByeT HecTabunbHbli
cnoit D, HaxopslWiics Ha BbiCOoTE
npumepHo 60...70 xM OT FOBEPXHO-
cT1 3emnu. CeoiiCTBa 3TOrO CNOA Ta-
KOBE), Y4TO OH CUMBHO NOTAOLLEET BOA-
Hbl  [UIVHHOBO/IHOBOFO [VanasoHa,
XOTA W YaCTUYHO OTpaxaer ux. B pe-
3ynLTare 3TOr0 DA OCYLUECTBNEWVS  Paduocmaryus
AankHei cBAsV Ha CBEPXAJVHHLX U
DJ/IMHHBIX BONHax 8 AHEBHOE BpEMS C
vicnonek3osaHviem cnos D npuxoamT-
€S VICRDAb30BaTh NEpeaaTvkv 6ont-
LIOM MOLHOCTW. PaavosonHel, 4Yac-
TOTa KOTOPBIX IEXUT HUXE NPUMEPHD
100 ky, cnoir D addekTnsHO oTpa-
xaet. B peaynkrare 3TOro Ha CBEPXAIVHHDBIX BOMHBIX BO3MOXHA FOBanbHan paguoceasb
8 noboe BpemMs CYTOK, Tak Kak Apyrvie Ciov MoHoChEpE: ToxE 3¢hMeKTVBHO OTpaxaloT
BOMNHb! CBEPXAIVHHOBOJIHOBOMO AVANa30Ha.

B BeuyepHee M HOYHOE BpemA cnolt D vcye3aeT U OTpaxeHwe PaAvOBONH CBEPX
O/MHHOBONHOBOrO U [/MHHOBO/HOBOrO AvanasoHa BOMH Ocywuectsnserca or cnos E.
370t cnoi obnanaeT XopowWwel NPOBOAMMOCTBLIO, OCOBEHHD HOMBIO, KOrAa KOHLEHTPALWA
BNEKTPOHOS 8 HeM BO3pacTaet. MoaToMy CBEPXDVHHBIE U IIMHHDBIE BOMHL! OTPAXAIOTCA
OT 3TOFO CNOA C MBNBMU NOTEPAMU W AANkHOCTL CBA3V HA CBEPXIMHHBIX U [J/IVHHBIX
BONMHAX 8 HOMHOE BPEMS NPU TOM e MOLLIHOCTY REpeaaTkos 3HAUWUTENLHO BO3pacTaeT
{cM. pvc. 11.6). Hanwave cnos Xesucaina cuMTanoCh TEOPETVMECKM CROPHBIM BO-
npocom. Toneko B 1924 rogy 6BING NPAKTUHECKW [OKA3aHO CYULIECTBOBAHUE cnos Xe-
svicanpa.

Morocgepa

Hownas
Bonwa

Jemnsa

Puc. 11.6. [lHeBHOE W HO4HOE
PacnpoCTRaHeHWe PaiMoBONTH

11.4. 3eHUTHbIE aHTEeHHBLI OOKa3LIBAIOT
CyleCTBOBaH1e Ciosi Xesucanga

B 19241925 ropax aMepukaHokve wvHxeHept I Bpeiixt v M. Tyse nposenv
3oHavpoBahve armochepbl. C NOMOLWBIO 3EHUTHLIX aHTeHH Bbll NocnaH KOpOTKWiA
30HAVIDYIOLUMIA CUrHan BEPTVIKANLHD BBepX. 3arem Gbin NPUHAT OTPaXEHHLIA cvrHan
OT cnos Xesucalpa. Goilo OTKPLITO, 4TO CnoWt Xesucainpga — 310 HecTabunbHbIA
CNOW, HaxOAsLLMICA HA ONPENEencHHOW BbICOTE, Kak npearonaran Ao atoro. Oka-
3an0Ch, HTO 8 BEPXHWX CNOSX arMOC(epb! HaxoQATCA HECKONbKO CNOEs, CRoCOBHLIX
OTpaxartb PaguoBONHLL. 3TV CNOWM HECTABUNLHLI MO NPOBOAMMOCTM, VX BbICOTA MOXET
MeHATLCA. OT CBOVWCTE 3TUX CNOEB 3aBUCWT NPOXOXAQEHWE PAAVOBOSIH HA RnaHere
3emns.

Dpyroi nokasaTtenshbilt akcnepvmeHT 8 1925 rogy nposena rpynna aHrambickvx
PasvouHXEHEPOB U3 KEMBPWAXCKOrO yHUBEPCWTETA. BhiuM CKOHCTPYMPOBAHL! aH-
TEHHb!, VMEBLLVE OCTPYI0 HanpPaeneHHOCTL W, CNafoBaTesbHO, MOSBORSBLLME ORpe-
AEMMTL HafpaBNeHvie npuxoaa cvrHanoB. C NOMOLWLI0 STVX aHTeHH npuHVManu
Curhanel NepeaaTivka CPenHWX BOMH, HaxOOVBLUErocs Ha ypaneHum okono 400 km
OT APVEMHEIX AHTEHH. AHTEHHbI FICHO FOKa3biBanW HanpaBfeHve npuxoaa CUrHanos —
OH FApvxoaun ceepxy. Tak ewe pa3 GbN0 NOATBEPXAEHD Hanuuue RPOBOASLLETrO
CNOsi B BEPXHUX CROSX aTMOChEepb! Y BO3MOXKHOCTL PAfMOCBSSN C UCAONL30BAHUEM
3EHUTHBIX @HTEHH.
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11.5. VoHocdepHbie cTaHumn

Horocpepa - - 2 HauvHas ¢ 1925 ropa nosce-
MECTHO 8 MMpE Ha4Yanuch CTPO-
WUTLCH CTaHUMM 30HAVPOBAHVA MO-
o Fi1 Hocthepbl. MoHOCGEepPHLIE CTad-
uuh paboTanv oHeHb NPOCTa. Via-
Ay4ancs KOPOTKVR UMAYAILC C©
H 3 ~apToToI, M3MEHsIOLWercs oT 0,5

no 25 My, 3arem npuHUMancs
GTRaXenHbIt OT CAOEB VoHOChe-

D
’ N Pl 3TOT %6 uMNynic. Mo Bpemenn
Horocpeprasn 3aMa3aLeanss APVUHUMBEMOrO
cmanyus ourHana OTHOCMTeNbHD nepena-

BAEMOr0  ONPEAensNU  BbicoTy
pasnMuHblX NPOBOAALMX CNoeB
VoKoChEepsl. HaumHaa OT Kakoro-
TO 3HAYEHVIA HACTOTh! NEpesaBae-
Puc. 11.7. 3oHanpoBatve voHocdepb 3emmm MOro cvrHana, otTpaxeHus pagno-
BOMH OT MOHOChEPL YXE HE Bbino,
PAAMOBONHBl YXOBWIU 8 KOCMOQC.
3ra rpaHvYHan 4actoTa, HaumHas C KoTopoW oTcyTcTeyet ee OTpaxeHve NPy NangHuv
80NHL! C BTOW HACTOTOR NEPRNEHAMKYNAPHO Ha MOHoCGEpY, HA3KLIBAETCH MaKCHUManbHO
FPUMEHVIMOI HECTOTOMN.
nasHOit HacThl0 3TUX cTaHuMit Geina 3eHMTHAA aHTeMHan cuctema. 3Ta aHTeHHas
cuctema obeMHO patotana B puenasore 0,5..256 My v umvena vanyyeHue, Hanpas-
FIEHHOE BEPTUKAMLHO BBEPX, KAK NOKA3aHO Ha puc. 11.7. B korue 30-x roaocs XX sexa
yX€ COTHW MOHOCGEPHBIX CTaHUUI, PacroNOXEHHbIX BO MHOTMX CTpaWax Mupa, 30H«
nvpoBanv atMocpepy 3emin. Ha skpaHax MHAWMKATOPO8 NPO4EpHVBanoCh NONDKEeHue
cnoes MoHoCeps!, Kak NoKasaHo Ha pwc. 11.8. Ha puc. 11.9 nokasaH rpaduk pacno-
noxenvs cnoes, E, F1, F2, NOCTPOEHHHI N0 AaHHEIM voHoChepHOW CTaHumy. JlaHHeie
O BLICOTE 3TUX CNOEB, O 3HAYEHVN MaKCUMAnbHD APUMEHVMbIX YacToT (T. e. 4acToT,
KOTOPbIE OTPaXaloTcs OT UOHOCKhEPH: NPV €8 30HAMPOBAHVM BEPTVKANBHD M3NYNaeMbiM
curnanom) obpabarteiBanice. Ha 3TOM OCHOBAHUM BbMUCTSNIUCE ONTUMANBHD NPUME-
HUMBIE SACTOTHI, CTPOMAUCE ONTUMASIbHBIE TPacChl Paavocsaay. HanomHio, 4To B8 Te
BPEMEHA TONBKD PASMDCEN3L COEIWHSNE BMECTE MHOMME yronkv 3emnv U no3sofsna
yaHaTh O cyaLbe akeneavuvMK, KOTOpLEIE MCCnetioany «Genble MATHa» NnaHeTsl 3emns.

Bricoma.
Kt
500
400
300
200 p
100 — —
T T T
172 3 5
F(£) FF1) FiF2)
Puc. 11.8. Bun uHavkaTopa cTaHumm Puc 11.8. Mpadwk pacnoioXexus
WOHOCGEPHOID 30HANPOBaHUA WOHOCGHEPHBIX CROEB
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3eHUTHBIE BHTEHHB UCNPaB- Horocgpepa
HO ChyXwiv yenoseuecTsy. Ha
OCHOBE PaHHBIX, NOMYYEHHLIX OT
paboThl MOHOCGEPHBIX CTAHLVIA,
B Te BpemeHa 6 vay4eHb
OCHOBHbI® CBOiCTBA HOHOCHE-
pbt 3emnv. OnpepensmmMce on-
TVMaNbHLIE YECTOTH! OJA Paavio- OMPaXenHas
ceaau. lNocTeneHHo HauwmHas © bonna
KOHL{a 40-X rO/108 CTaHLMV BEp- /
TUKANBHOrO 30HAWPOBAHUA WO-

Hocepel  CMEeHWnu  cTaHumuu

BO3BPETHO-HAKNIOHHOFO  30HAW-

posaHuA. It CTaHUMV NO3BO- Pre. 1140, 1 5 g
namu ONPERenaTh ONTVMaNLHD aoaapa‘mor;énnv;pybLuggﬂv:*:r:'og;egmﬁ CraHuvMmn
FIPUMEHNMBIE YECTOTHI C YHOTOM

peanbHOn MecTHoCTU. M B aTux

CTaHLMAX ToXe paboTany 3eHUTHLIE aHTeHHb!

Cranumy Bo3BPaTHO-HAKNDHHOTO 30HAVPOBAHUA C NOMOLLBIO 38HUTHLIX BHTEHH NO-
cbinan VMNyNbCHu curdan nog yrnom 60..70° k ropuaowty. Mpu oTpaxenun pa-
OVOBONH CHayana o7 UOHOCGEPH! & 3areM OT TONYKWM B, fexauiein Ha NOBEPXHOCTM
3eM/IM, HECTb BHEPIYU NOCTYNaeT OGPaTHO 8 TOUKY A, rOe HaxoAWTCA Nepemaryvk
803BpaTHO-30HAVPYIOWEN MOHOCPepPHON CTakumu. MpuHUMN paboTe! BO3BPATHO-30H-
AVPYIOWER MOHOChEPHOM CTaHumMM nokazaH va puc. 11.10. Onpepensin napaMeTphl
OTPKEHHOFO OT TOYKM B curHana MOXHO ONpPeAenuTe DNTUMRBHLIE YacTOTHl ONR
CBA3M C MECTOM, TAe paCronoXesa aTa Touka. fIpM MHOroCKaukosOM OTPaXeHUM
MOXHO ONPeAEnnTb ONTUMANTBHO MPUMEHUMbIE YaCTOThL M AN 3TVx Tovek. Ha addekre
06paTHOro OTPAXEHUA OT 3emn YacTy PeAMDBOAH OCHOBAMa 3arOpU3OHTHAA Paauo-
nokaums.

lpsras
cmakryus !

U ¥ ompaxeHHas
bonva

12. AHTEHHbBI 3EHUTHOTO U3JTYHEHUA HACTYNAIOT

WTaK, 3EHUTHLIE aHTEHHL! WCAPaBHO CAYXWIM 015 ONPeaeneHus OnTUMasbHBIX
HACTOT PAAMOCBA3U. A 3TD CBA3b C KOPaBnaMY, HaXOAALUMMKUCA [aneko 8 MOPE, CBA3bL
€ PasMMYHBIMK SKCNAANLIMAMM, VICCIENYIOLIMMU Das3fiiiHBIE TEPPUTOPUN MUpa. UMEHHD
8 Te BpemeHa, 8 30-x rogax XX seka, 6bina pa3paboTaHa TeopUA NOCTPOSHUA 3EHUTHBIX
aHTeHH, paboTalowmx B AvanasoHe KOPOTKUX BOSH. MOXHO CKasarh, YTO HauvmHas ¢
30-x ropos XX Beka Ha4MHaeTcsl 3pa GYPHOTO PasBUTUS KOPOTKOBOJSIHOBBLIX aHTEHH u,
KOHEYHO, KOPOTKOBONHOBLIX @HTEHH 3EHUTHOIO M3NYYeHus].

PazsvTve asTOMOGUNeCTpDEHVA Aan0 rPOMaaHLEA PLIHOK aBTOMOGUABHBIX NPUEM-~
HVkoB. CneumanbHoe BBLIAHWE ANA aBTOMOGMAMCTOR OCYWECTBASNOCE NPU NOMOLLA
BEHUTHLIX BHTEHH. KOpOTKVe aBTOMOBUIbHBE AMTEHHbE TOXE MOXHO YCIOBHO OTHECTU
K KAaCCy 3eHMTHBIX aHTEHH.

MNepan BTopoit MUPOBOW BOWHDI PasBUTUE PaAVOCBS3WM B BOOPYXEHHBLIX CUAIAxX
OCYLACTBNANOCh CTPEMUTENBHLIMY TeMNaMW. BOSbLOE 3HAYEHVUE VIMERa HAanEexHas
6AVKHAR paauocenab — Ha paccroayum o 200...300 kM, KoTopan gomkHa GbiTk OcyLie-
crBneHa 8 nmoboe spems CyTok. Jns 06ECneyYeHNA TakoW CBA3W ONTUMANEHO NOAXOAWIN
pagMocTaHLmMK, paGoTaloLIME Ha @HTEHHb! 3EHUTHOro V3nyd4eHns. C NOMOWLI0 aHTEHH
3EHUTHOFO W3Ny4eHvA paboTalwmx 8 AvanasoHe KOPOTKWX BOsH 90—60 MeTpos B TO
BpemMA GbY10 BO3MOXHO NOCTATOYHO APOCTO OCYLECTeWTh Takylo pagvocBsab. Mpue-
MonepeaaloLan annaparypa o paboTel 8 AvanasoHe BoAH 90—60 METPOB 8 TO Bpems
6bina AOCTaTOYHO XOpOoLIo paspaboTana. HauvHaolwancs Bropas Muposas aoiHa nog:
TankuBana K VCRonb30BaHUIo 3TOr0 BUAA CBA3M B apMuu.
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B 3T0i1 rNaBE Mbi PACCMOTDVIM YNPOLUEHHYIO TEOPHIO PabOoThl BHTEHH 3@HVTHOIO
vanyvenrs. 310 MOMOXET HaM NOHSTL, B Kakux OON&cTsX paguo moryT Obitb wc-
NOML30BAHLI 3T BHTEHHBI, W MOHATL KAKME OrPaHMYEHMS HaKNafubBatoTcs npy wx
pabore.

Ho pacckad o0 UCTOPMY 3EHUTHBIX aHTeHH GyAET HEenomHLIM, €CM Mbi HE ocra-
HOBUMCH Ha eLie OHOM UHTEPECHOH OBAacTV uX WCIIONb30BaHMs B TO BPEMS, Ha TOM,
470 cepvac Hasbiaaiot SETI (Search ExTerritorial Inteliect).

12.1. SETI

[a, Havano novicka BHE3EMHOro pasyma ¢ NMOMOLLLI0 Paavo OTHOCUTCA K 20—30-M
roAaM NPOLLNOro BeKa. Sidopys YCNEXOs 8 0CBOEHUM PAAVIO BCKDYXUNZ FONIOBY MHOFMM
PaAVDVHXEHEPaM. UMEHHO 8 TE BPEeMEHa C NOMOLLbIO 3EHUTHLIX 8HTEHH Hasanv nocs!-
FaTb PeanvuHbIE CUrHANLI BEPTUKANEHO BBEPK, 8 KOCMOC, 8 HAAEXAE YCTaHOBUTEL CBA3b. ..
C kem? C Mapcom, ¢ JlyHoi, ¢ Apyrvivm nnarietamu. B Te spemena yenosewecTeo 6uno
YBEPEHD, 4TO OHO HE OAMHOKD B Hallei ConHEeYHON cvcTeme, 4TO APYrve niaHeTsl oba-
3aTensHO o6MTaeMbl. HenoBEYECTBD NepeXuBasno NOBaNLHOE YBNEYEHNE aCTPOHOMUET,
MunnvioHs: nioaen Habmopanv kaHank Ha Mapce, yxe coobluanv 06 «oTKpbIu» pex Ha
Mapce, «Braenv» UCKYCCTBEHHBIE CTPoEHUA Ha Mapce v Jlybe. Bepunw, 4To euje HeMHO-
ro — Vv 3eMIAHE YCTaHOBAT KOHTaKT C APYFYMK RNaHeTamu. B To Bpems glaxe He ComHe-
8a/VCh, HTO YCTAHOBNEHVE KOHTaKTa NPOV3DMAET 8 CKOPOM ByAyLLEM, BO3MOXHO, 8 6mu-
XKanLve rogel.

Teneps, yxe 8 XX sexe, 06012427 OrPOMHBIM COBPEMEHHBIM HaYHHBIM U TEXHUYECKUM
FOTEHLMANoM, Mbl FIOHVIMAaem, 4TO, HasepHoe, ceiMac Mbl ewe Gonee paneku OT
YCTaHOBMEHUS] TAKOro KOKTaKTa, yem B Te Bpemena XX Beka. IpaHaMo3Hble U Jopo-
rOCTOALLVIE NPOFPaMMbI, HANPaBIEHHBIE Ha NOMCK BHE3EMHOO pasyma, Ha MOHUTOPUHT
KOCMMHECKOTO U3NYHEHWA C LIENbI0 HAlT CUFHAMbI UCKYCCTBEHHOTO NPOMCXOXOEHUSA,
Ha FOCLYIKY CBOMX PaMOTPaMM B KOCMOC HUYErO HE fanu... Mbt [0 cux nOp He
MOXEM NOKa CKasaTh, OAMHOKV NV Mb! 80 BCenenHon vnu Her..

Ho a Te panekve 20—30-e rogbl NPOLWIOro Bexa NEPBLIE aHTeHHb! 3EHUTHOTD
Vany4eHus, HanpaBfeHHBIe 8 KOCMOC, NepenaBany nepeble coobuieHva yYenoBeyecTsa
o cebe.

12.2. ABTOMOBUNLHLIE 3EHUTHBIE aHTEHHb

Ho rpe eie, kpoME VIDHOCGEPHBIX CTaHuwin, B 20—40-x roflax npowwnoro sexa
NPUMEHANVCE 3EHUTHBLIE AHTEHHLA?

[AR Hyxn, nanbHelt paavocenav B T@ BPEMEHA CTAPanuCb UCNONb30BaTh aHTEHHL
C puarpamMmon HanpasieHHOCTH, RPWXATOM K FOPWBOHTY. AHTEHHbI C FPWXaTon K
FOPV30HTY AVArpaMMoil HanpaBsneHHOCTU N0 CPaBHEHVI0 € 3EHWUTHBIMY aHTEHHaMU
£aBaNV BO3MOXHOCTE NPV TOW Xe NOJBOAMMON K &HTEHHEM MOLYHOCTU YBENW4UTH
[anbHOCTh €BA3W. HUKTO HE XOTen ManyuaTb BEPTMKANBHO BBEPX MOLLHOCTb, KOTOPER
66! He vicnonb3osanack LA NONE3HbIX ueneir. B peaynbrare aT0r0 OSR PajgmMocensmn
Hayafm CroMb30BaTh KOPOTKOBONHOBLIE GHTEHHDI, KOTOPHIE NPaKTUYECKU HE U3NY4anu
88EPX. AHTEHHLl [ IVHHOBONHOBLIX 1 CPEOHEBO/HOBLIX BELLATENBHBIX PaAUOCTaHUMIA
NPOEKTUMPOBANVCE U CTPOMAIMCE C MUHMMAABHBIM 3EHUTHBIM U3nyyeHuem. Kasanoch,
4TO MEepepaloLve 3eHUTHLIE aHTEHHB! OCTAHYTCA TONMLKD 8 CTAHLMAX WOHOCOHEpHOro
30HAVIPOBaKUA.

Ho cepagvha 20-X rogoa — 3TO €Le U Ha4anD MaCCOBOrC VICTONbL30BaHUS asTo-
MoBwneit, YTo NoBnekno 3a coGoi WWMPOKOe APOVBBOACTBD ABTOMOGWNBHBIX PaavVo-
npyemMHVkoB. A Hyxg astomobwvneii 8 30-e rogs 6ev paspaboTaHbt cneuvanbHbie
avBpoycToMuvBbIE NaMMbl B METANIMHECKOM KOPNYCe, C HanpsXeHvem Hakana 6,3 B,
KOTOpbiE BANDTL [0 70-X ropos XX aeka MCMONL30BANUCh 8 pa3/VNHON NaMrosoi
annaparype. VIMEHHO Takoe Hanps)XeHuWe TOrAd VCMOML30Banoch B aBTOMOOMLHBLIX
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aKKyMynaTOpax. B aTolt CBsiav MOXHD HaNDMHWTL, 4TO MHOMME aBTOMOGW/bHBIC KOM-
NaHuM 8 HACTOSILLEE BPEMA FOTOBATCA K MEPEXOAy Ha HanpsXeHue asToMOBWMBHbLIX
akkymynsiTopos 24 u naxe 48 B. Ho BepHemcs Ha3ag 8 XX sek.

Moxanyii, HEBO3MOXHO RepeavcInTL Bce wu3pBpeTenvn, koTopele Gev caenas!
TONbKO Pagn AOCTWXEHVA OFHOM Lenv: yToObt YenoBek MOr Chywartbh APUEMHVK 8
aeToMobune!

LiToipesble aHTeHHb! NPVEMHMKOB TEX APEBHUX asTomobunel mano Yem oTm-
4AaIVCh OT LUTHLIPEBLIX AHTEHH COBPEMEHHBIX asToMoGwnel. MpvemHylo asTomobwib-
HYI0 aHTEeHHy TOr4a pe3MeLlani Ha 3agHem GaMnepe WAM Ha kpbllile asTomoBuns.
Liltbips asTOMOGUABHON aHTeHHb! Gbin BeiCOTOM 1—1,5 M. YacTo KOHew WTHPA Gbin
npvessaH K Kopnycy astomobuns. Takas aHTeHHa umMeeT NPaKTUNECKU Kpyroayio
avarpammMy 8 T[OPWBOHTanbHOM FAIOCKOCTU u  ofecneuvsaeT npvem CurHanos,
OTpaxeHHbIX OT voHocdeps!, nos Gonblummv yrnamu. CnafosarensHo, Takylo asTo-
MOBUNBLHYIO NPUEMHYI0 GHTEHHY BrMOJIHE MOXHO YCNOBHO OTHECTU K KNACCy 3EHWTHBIX
aHTeHH.

PapuocTaHUumMv Tex Bpemed paGoTamm 8 avanas3oHax [UIMHHBIX, CpafHVX BOMH U Ha
yNECTKaxX KOPOTKOBORHOBOTO AvanasoHa 80H. KomvyecTeo asToMobunel 8 mype cTpe-
MUTE/IEHO YBENUNVBANOCh, YBENVIVMBANOCH U YVICTID PaaVONPUEMHVIKOB, YCTaHOBIIEHHBIX
a Hux. CnafosarenbHo, B MYPE BO3PACTAN0 KOMUYECTBO 3EHUTHBIX aHTEHH. 3TO NPVBBNO
K TOMYy, 4TO HauvHasi € 30-X ronos XX BeKa 3eHUTHLE aHTeHHbi CTamu CambiM MHOro-
YYICNEHHBIM KNACCOM @HTEHH 8 MUpe.

Ho uuTaTenk MOXET ROJYMaTh, YTO TO Gbi CaMbiil MHOMOYMCTEHHBINA KNACC aHTEHH
no APUMEMHBIM aHTeHHaM. [leicTeuTenbHD, cHavana a1o Gbio Tak. OpHako HauuHan
C cepafivibl 30-X roaoe 8 MVpe HauWMHaeT LUMpOKO passusaTbcA MECTHOe paavio-
BewaHve. B TO spemMs pnn MECTHOro paiuOBelLaHWA He WCNONL30BA/MChL YALTPa-
KOPOTKWE BOMHBY, Kak 8 Hawe spems. MeCTHOe paavoBeLaHe Benock B auanasoHax
LJVHHBEX, CPEAHWX W KOPOTKMX BOMH. VIMEHHD NS CTaHuWiA MECTHOrO BEluaHus, pa-
GoTallvx 8 AMaNa3oHe KOPOTKVX BOMH, a 3To 6bin avanazoH 90—60 meTtpos, ctanu
WCRONb30BATLCA NEPEfAOVE 3EHUTHBLIE aHTeHHb!. BOfHLI KOPOTKOBONHOAOTO Avia-
NasoHa NPAMOi BOSIHOM PACNPOCTPAHAIOTCA HA Manoe pacCTOAHME BAONL NOBEPXHOCTM
zemnn. Jho6oe NpensTCTane Ha UX NyTW, COM3MEPUMOE C ASMHOW BOSHbYL, MOXET
€03p8aTh paguoTedb, B 00nacTy KOTopoi Npuem GyAeT 3HAYMTENLHO YXYAWEH wnu
AaXEe HEBO3MOXEH.

Mpv UCROsb30BaHNW NEPEAAIOILMX 3EHUTHLIX GHTEHH KOPOTKUX BOfH, W3NyHalowmx
pagnoBOnHLl BBPTVKANBHO 88epX, 06nacTM paguoTeHn He Gyper. STO NPOVICXOAMT
NOTOMY, 4TO P3AV0BOSHA NPUXOAUT H& aHTEHHY NPUEMHMKA HE NPRMLIM FYTEM, BAONb
MOBEPXHOCTY 3eMAM, a NPV OTPaXeHVM OT RPOBOASLUMX CA0EB UOHOChEPH!, Kak
noKazaHo Ha puc. 12.1. Pa3bepem paboTy KOPOTKOBOSHOBOW BeLUaTeibHOW CTaHLMU C
VCROMNb30BAHVEM @HTEHH BEHUTHOFO U3NYYEeHUA.

BonHa avanasoHa 90—60 MeTpoB, U3ny4eHHan BepPTVKANbHO BBEPX, MPOXOMT Yeoes
cnoin D. Cnoit D, CYLLECTBYIOLWIA 8 BHEBHOE Bpemsl, ByaeT He3HaUMTENBHO NOrNOLLETH
807Hb! ATOTO AManasova. CTabuntHbin cnolt E, CyLLECTBYIOLLVIA IKEM W HOYBIO, OTPa3UT
aTU BOSHL: 06PATHO Ha 3emnl. B pesynkTare aToro pHem 8 O6NacTv, orpaHuyeHHON
pammycoM npyMepHo 200 kM ByAeT BO3MOXEH cTabU/BHBIA APUEM 3TOl PaguoCTaHLVV.
Houblo cnoin D ucyezaer, a cnoit E HemHOro nogHvmMaeTcs seepx. B peaynbrarte atoro
8 HOYHOE BpEMs Paavyc NeicTBus 3ToM paguoCTaHUMV, VICRIONB3YIoWEN 3EHUTHYIO
aHTeHHy, BoapacTaeT oo 300 km u Gonse.

Mepable 3anapHbie KB paguocTaHumMy MecTHOro selluaius Geinv OpUEeHTVPOBaHL
Ha aBTOMOOMAVICTOB, VMEBLLIUX 3HAYMTENLHBIA NEaPK paguonpuemHukos. Mostomy nep-
B80HAYANBHO MECTHBLIE BELLaTesNbHHE KOPOTKOBONHOBLIE PaavocTaHUMK naxe Hasbisa-
VCh «@BTOMODMIILHBIMY PBAVOCTEHLIMAMK>,

JDanee mMbl PACCMOTPUM YNPOLLEHHYIO TEOPUWIO PaBoTbl 3EHUTHLIX AHTEHH W HEKO-
TOPLIE OFPEHVYEHUR, BO3HUKAOLME FIPV VX MCRONBLIDBaHUW.
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Puc. 12.1. PaGoTa KOPOTKOBOMHOBOM GTaHUMK 3EHMTHORO M3Ny4eHna

12.3. Kpyrosas nonsipusaumsi npu pabote 3eHUTHbIX aHTEeHH

Mpv VICRIONB30BAHVM @HTEHH 3EHWUTHOTO W3NYHeHUA L8 Lenei Pagvocessu u Pa-
VIOBELLZHVIA XENaTenbHO VCMONb30BaTE aHTEHHDI, obecneunsaioLume paboTy € Kpyroson
nonspuaauved.

Mpn VCNONL30BaHVA KPYFOBOM NONAPV3aLMY ApV paboTe C OTPaxeHvem OT Crnoes
vioHocgepsl ByneT ofecreseH Haubonee KayecTBEHHBIA NPVEM Ha MasorabapyTHbe
NPVEMHBIE 3EHUTHLIE AHTEHHBI ABTOMOBUNBHLIX FPYeMHVKOB. PaccmoTtpum Heobxoam-
MOCTh VICNOMNL30BAHWA KPYFOBOV NONApW3aLMM Npu paboTte KOPOTKOBOAHOBLIX AHTEHH
3EHVTHOrO V3nyveHvs.

Mpv nafieHvy Ha voHocdEePHBIM NPOBOAALLMA CNOM PAaVoNYY pacliennaeTcs Ha
nBe COCTABNAIOLLVE, OAHY M3 KOTOPbIX HA3HBAIOT «OBbIKHOBEHHLIM» NYHOM, a8 BTOpYIO —
«HEOBHIKHOBEHHEIM» NYHOM. DTO NPOVICXOANT FIOTOMY, YTO NOA AECTBVEM MArHVUTHOFO
nons 3emnn vioHochepa npvoGpetaeT CBOMCTBO ABOSKONPEnomMisiouien cpebl (CM.
noapobHee (1]). Mpu npoxoxaeHvn yepes woHocdepy noa AeRCTBUEM MArHUTHOFO
nons 3emMny 3TV COCTABASIOLUME OTPAXAIOTCH Ha PasHbiX BLICOTaX, VCTbITLIBAn pasHoe
nornoweHue. BCneacTBue 3Toro DHY NPUXOAAT B TOWKY Apvema, VMen pasHble cny-
YaiHBIE aMARVITYAL W (askl. C TEYEHVEM BPEMEHN NPOVICXOAUT CRYHainHDe UsMeHeHvie
3TUX aMnAnTya U Gas, OTpaXeHHEIX PaJOBOAH. 3T0 NPUBOAUT K rNybokvM wHTEpdhE-
PEHUMOHHEIM 3aMUpatviaM. OTpakeHve «OBLIKHOBEHHOM» ¥ «HEDBBIKHOBEHHOM» BONH
fokasaHo Ha pvc. 12.2.
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B 10 *e spemn 6uio o6Ha-
PYXEHD, 4TO €CAK Nagalowan Ha
vioHOCdepyY Nop, GoNbLVYMK yrna-
M — 60...90° paguoBonHa vime-
€T KPYrogylo NoARpV3aLvio, TO 8
3aBUCVYMOCTM  OT  HafnpasneHvs
spauieHvs sekTopa E nagaowein
BOMHL! OTPaxeHHas BonHa Gyner
VIMETb MPenMYLLECTBEHHYIO CO-
CTaBASIoLLYIO, Padup-

JIHem, Korna NOFoWEeHVE pa- cmanyus
LVOBONH KOPOTKOBDAIHOBONO Ava-
na3oHa B8 WOHOCO)EpPe cpaBHu-
TENbHO BEAVKD — RpwVCYTCTBYET
cnoi D, uenecoobpasHe UCNOAb-
30BaTo OTPAKEHHYIO «OOLIKHO- Puc. 12.2. OvpaxeHne «00LIKHOBEHHO»
BEHHYIO» BONHy. HOuBIO Ha ToW W «HEODbIKHOBEHHOM» BOMH
xe wactote Gonee adhEKTUBHO
OTPaXaeTcs «HEeOObKHOBEHHasi» 8onHa. [03TOMY a KOPOTKOBOAHOBLIX AHTEHHAX
3EHUTHOTO M3AYMEHUA CTapaloTC VICMONb30BaTh KPYroBYIO MONSPU3ALMIO € ORe-
paTVBHLIM NEPaKIIONEHNEM HanpasneHva spalleHvs BekTopa E usnyyeHHoOro anekTpo-
MarHMTHOro NONA.

Jpyroe orpaHvdeHve 8 KOPOTKOBONHOAOM CBA3W € UCNOMb30BAHUEM 3EHUTHBIX
8HTEHH — @TO HacToThl PaboThl. ONTMMANBHEIE NACTOTHI 1N VICNOSb30BaHWsI 8 CBA3U
€ VICNOJb308AHUEM aHTEHH 3EHWTHOFO vaNy4eHVs COCTaBnsioT OT 3 1o 5 MIu.

Mpy vCnoML30BaHUM  HacToT
Hxe 3 MINL, yBeAUYMBAETCA VX ND- AAT T
froweHwe 8 cnoe voHochepbl D.
Ana puanasoxa dactoT 4.5 MMy
HauYMHaeT NPOFBNATLECA APYFOi
apGEeKT, orpasMuMBaLLMA Npu-
MEHEHVE aHTEHH 3EHUTHOTO U3-
nyseHun. HaunHaeTen orpaxeque
He ToNbkD OT cnos E, Ho v o1 ppy-
TUX BEpXHUX NPOBOARLUMX CNoes
voHocdepul — F1, F2, kak ato
nokasaHo Ha puc. 12.3. B arom
cnyyae pacujenneHne paguoson-
Hbl Ha «DOLIKHOEEHHYIO» W «HE-
OBbIKHOBEHHYI0» MOXET NPOVUCXO-
AWTb He TOALKO B cnoe E, Ho u
scnoe Ft.

B pesynkrare atoro 8 mecre
npuema NPVIXOaaT He MeHee 4 ny-
Yei, uMelomx paskyio dasy u Paduo-
aminuryay. lMockonbky ¢asa v cmaHyus
aMANMTYAA 3TUX BOMH NOCTORHHO
MEHAETEA, TO CUrHan 8 mecTe
npviema 6yneT NOABEPXEH CWJib-
HbiM 3amMvpaduaM. Xors paboTta ¢
KPYroaoii NonApU3aLmnen ymeHb- Puc. 12.3. OTpaxeHue paavoBOfHbI
waeT rakve SBMMpﬁHMH CUrHa- OT HEeCKONeKUX Cnoes MOHOC(DEDbl
108, HO BMECTE € TEM HE YCTpaHs-
€T VX NDAIHOCTHIO.
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YacToTh! sbiie 5 MIy He uec- Honocpepa

MONB3YIOTCA 1A OpraHvaaLvin 7
cBsan B paguyce 200...300 km
OT 3EHWTHOIN aHTEHHbI, NOCKOMb-

Ky OTpaxeHWe 4acToT 3JTOFo
AvianasoHa NpPOVICXOAUT OT Cnost
F2, nexawero Ha ssicoTe 6o-
nee 400 kM. B peaynsrare aTto-
ro 6yper cywecTeoBaTk «MepT-
Baf 30Ha» B paguyce OKono
100...500 M OT aHTeHHbl. O6-
nacTe cBA3w, obecrneuvisacmas
3TON AHTEHHOW, MOXET Haxo-
OUTECH Ha paccTosHum Gonee
400...500 kv 8 pagvyce OT Hee.
3oHa «DcBeweHuA» U «MepT-
8af» 30HA 3EHWTHON AHTEHHL,
paboTawel Ha 4acToTax 8bl-

we 5 Mru, nokasana Ha Puc. 12.4. 3oHa «OCEBLUEHUS» N «MEPTBas» 30Ha
. 12.4. « LeHUS» U « >
puc. 12.4. Ha vacTotax swiwe 3EHUTHOM AHTEHHB), PABOTAIOLLEN

SMIy HauvHaeT yXe CKa3bl- Ha YacTorax swiwe 5 My

BATLCH  U3MEHEHWe CBOWCTEa

cnoeg Fi, F2 8 3asucvmocTv

OT BpeMeHu CYTOK, OT BpeMeHu roja, oT cocTosnua Comhua. B peaynkrate aToro
yCTOMuMBan CBA3b Ha 3TUX YaCTOTax C VICAIONL308aHVEM 3EHUTHBLIX aHTEHH CTAaHOBUTCS
npo6aemMaTyUNHON.

Ha wactotax sbiue 14 MMy 8ePTUKANLHO ROCNEHHBIA RYY YyXOAWT 8 KOCMOC W
PAAVOCEA3b C 3EMHLIMM OBLEKTAMU C VICRIONB30BAHVEM 3EHUTHBIX GHTEHH CTaHOBWTCA
HEBO3MOXHOM.

WUTaK, 4751 YNyHLWEeHVst KauecTsa Npvema ClieayeT Cnonb308aTh PasMOBONHL], UMEKO-
Ve KPYroeyio nonspuvsauvio. [ns co3AaHVA KPYrOBOM NOMspVaatmv 066INHO VICHONb-
3YIOTCA aHTEHHb!, UMEIOLIVE 3HEYWUTENBHBIE (UaVYeckvie MUHelHble pasmepsl. YacTo
AHTEHHLIE CVICTEMBY, CUHTE3VPYIOLME BOfIHY C KPYrOBOW NONAPM3aLMen, vMelT sep-
TUKANbHBIE U FOPU3DHTANLHBIE 3NEMEHTL! 8 CBOEM coCTase. B HEKOTOpbIX Cryvasx
Takvie aHTEHHE! SOMKHB! BbITb MNK YCTAHOBNEHL! Ha ONPENeACHHON BLICOTE HAA, 3eMnen,
VNV VICFIONb30BATh rPOMO3KYI0 CYCTEMY VICKYCCTBEHHOM 3EMNV, BLINONHEHHOW B BUIE
METANNIVNECKON CETKU.

Bce 310 BafieT K TOMy, 4TO O4eHb TPYAHO CO34aTk KOMMEKTHYIO KOHCTRYKLMIO
3EHUTHOM @HTEHHb!, YCTAHOBNEHHOM Ha aBromobune v paboTalowien © Kpyroaoi no-
napvaauveir. MosToMy UCTIONL3YIOT a8TOMOBUNEHEIE 3EHUTHEIE HTEHHL, paboralowve
VMK € CVIBHO BLITSHYTON SANMNTUNECKON NONSPUSALMER, uin C IVHERHON Nnonapusa-
Hven.

™ Ry N
M
n

250 km
400 kM

Paduo-
7 cmanyus Jora

ocbewenus

Jora
ocbeuenu:

3

2 10«

MepmbBas 30Ha
R |
R=100...500 k1 .

7\

12.4. Bupgh! CBFI3W C UCMONbL30OBaHUEM
3EHUTHO aHTEHHB!

Bo spema BTOpOi MUpOBOW BOWHL W HEKOTOPOE BPEMA MOciie Hee 4nA CBAzu
VICRONb30BAMVCE 8 OCHOBHOM PEXMMES amIiNUTynHOW Tenerpadvv Npy nepeaadu pas-
NVYHBIX COOBLUEHUI M DPEXVM aMANVTYOHOV MOAyNSuvM Npy nepefadye peuv. Stm
pexvimbl paboTbl € VCRONb30BaHVeM OTPaxeHUs OT cnos E aeHWTHan aHTeHHa BRonHe
obecreumsana. Ho panbHeiee passmTe COBPEMEHHBIX BHCOKOCKOPOCTHBIX LGhPOBBIX
BUAOB CBA3N, TAKVX KAK TENETairN, $akc, YCNOXHUIO MPUMEHEHUE 3EHUTHOV GHTEHHBI
AJ% VX UCMONb30BaHWs. Pasbepem nouemy.
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Mpu paBoTe 3eHUTHOM aHTEHHY,  yonocgepa
KaK Mbl YXe 3Haem, BOBHUKAIOT WH-

TepdhePEHUNOHHBIE UCKEKEHWS CUr- 7

H&/I08 8 MECTE UX NPUEMA, KOTOpLIE p 3
3aTPYOHSIIOT UCNONb3oBaHne Lvd- %
POBLIX BUNOB c8A3U. Camoe Henpu- N/

SITHOE  VICK&XEeHVe, BO3HVKaloLlee 0, {5)

APV  paChpoCTpaHeHWW CurHasnos Jemns

APV 3EHUTHOM OTPaXEHWV, — aTo

6nmxHee pafvoaxo. BoanukHose- ‘
Hue BrvkHErD paavoaxa nokasaHo Puc. 12 5. Bo3HuvkHOBEHME BAMXHErD DaaMoaxa

Ha puc. 12.5. PagvosonHa ot nepe-

[aTuyviKa, pPachONOXEHHOIO 8 TOYKe

A K APUEMHVIKY, DaChONOXEHHOMY B TOUKE B, MOXET FOMactb HECKONLKMMW NyTsmn
{ny4amv). lMepskin NYTe (Nyd 7) — 3TO Tpaca pagvioCBsiav 3€HUTHLIM uanyueHnem. Ho
8 TO4KY B ROCTYNaloT ewie nyw 2, 3, 4, ABMAIOLWMECH OTPAKEHHLIMY BOMHaMK. 3Ty
OTPaXEHHLIE BONHLY, WM BAnMXHEE PaMO3X0, MOFYT CYLLECTBEHHD YXYALMTL KAYECTBO
npyemMa LUMGpPOBkIX BUROE V3NYHEHUS.

Dpyroit ana vickaxeHuid, KoTo-
PhIA CYLLECTBEHHO YXYALLBET NPVEM
UMGPOBLIX BUAOE V3NyyeHvs, Bo3-  Vorocgepa
HvkaeT npy Avddy3HOM paccesHvn
PaAMOBONH. [leno R TOM, YTO MOHO-
cdepa He ABNAETCA MajkvM oTpa-
XawwyM  aKkpaHoMm. HewsbexHble
HEOAHOPOAHOCTY, APUCYTCTBYIOLVE
8 VioHoChepe, NPUBOAAT K TOMY, HTO
B8MECTO 3ePKa/LHOND OTPaXeHua ny-
Yeil OT UOHOGCEPHLI BO3HWKAET wx
yacTuuHoe puddy3VOHHOE  OTpa-
XeHve, Kak NokasaHo Ha puc. 12.6.
B peasyntrate 3TOF0 OTPRAXEHHBLIM AYY PaCLennaeTCA Ha MHOXECTBO 3NEMEHTAPHLIX
nyueil. CnenosarenbHo, 8 MECTO NPuemMa NOCTYRaeT Ny4oK Nyvel, VIMeIOWMX pasHyio
dazy v amnnutyny. HenpepeisHoe naMeHeHve a3 v amMiauTys, aNEeMEHTaPHBIX Nyvei
8 fy4Ke APVBOOUT K CUABHEIM 3aMUPBHVAM W VICKEXEHUSM CUrHana, 4TO 3aTpyaHser
VICNONL30BaHVIE LIMGPOBLIX BUADB CBA3U.

TMpwu pansHem pacnpocTpaHeHuy
PajuoBONH 3aMupaHve 3a cuer
nbgy3HOro paccesHvn pagrosony  Horocpepa
HE WrpaloT Takod poaM, Kak npu
paboTe 3eHNTHLIX aHTeHH, NOCKOMb-
KY NYYOK ny4ein 8 MEeCTe ux Npuxoda
3HAYUTENBHD PECLUMPAETCA U CyLLe-
CTBEHHON VIHTEP®hEPEHUMM pagvo-
BONH B8 MECTe VX Npuema 3a cueT
A dy3HOr0 paccesHus He npovc-
xopvT. Ha puc. 12.7 nokasaHo nanb-
Hee paCnpocTpaHeHve paavosonH
Apy vx anudOhy3HOM OTpakeHUV OT
UOHOC(hepH.

CnapyeT elie yNnoMaHYTh NONAPU3ALIMOHHBIE UCKAXEHUA PN 3EHVUTHOM OTPaXEHUU
PaavoBONH, KOTOPHE BHOCAT CBOW JOMI0 OWMBKU NP cBR3V LMBPOBLIMK BUaaMU
vanyyeHvs. OHv 0BycnoBneHb: Tem, WTO BOMHA C NUHEHHON Nonfpusauven, neaaloLLas
B8EpPTUKANBLHO Ha VoHOChEPyY, NpY OTPaXEHUM OT woHOCGEPH! MEHSIET MONSPVI3ALVIO.
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Mpvyem 3TO vaMeEHEHWE yrNa HakNoHAa BEKTOPA anekTpMYeckol nonspusaumm oTpa-
XEHHOW BONHBI NPOVICXOAWT 8 TeYeHVE HEKOTOPOrD BPeMEHW.

Bce nepevMcneHHbie BbILE VICKAKEHUR CUTHANOB NPU 3EHUTHOM OTpaXeHwuv 3a-
CT2BMSIOT YBENVYVBATE MOLUHOCTE NEPEAATYMKA U MCROIL308aTE CNELMANBHBIE METO R
06paboTkn unMdposkix curHanos. Bee aTo yenoXxHAET npuemMonepeaaloLlylo annaparypy.
MCROMNbL3YEMYIO A8 LIMBPOBLIX BUAOE CBA3U C NOMOLILIO @HTEHH 3BHUTHOTD W3RYYeHUsA
8 AVanasoHe KOPOTKVX BOJH.

Ha pa3BopuveocTe peun v Ha NPUEM aMANUTYAHOR Tenerpapum 3t Tvnb! UCKa-
KEHWIM HE BAVAIOT CTOAL cUntHO. MOSTOMY aHTEeHHbE 38HUTHOFO U3/lyHEHVA 8 OCHOBHOM
VICNONL3YIOTCA 8 cucTemax TenedOoHHOM U TenerpagpHoil CBAR3V W PEAKD DA CUCTEM
undpoBLIX BUG0B CBA3V.

12.5. PaboTa 3€HUTHBLIX aHTEHH BO3UMbIX CTaHUWii

Mpakmmyecky: mobas 3NEKTPVNECKV YKOPOUEKHan aHTeHHa, yCTaHOBNeHHan Ha asTo-
mobune, Moxer obecrneNveTh paboTy 3EHWTHOM BOMHOM, T. €. SHAUMTENEHAn BERVYUHA
MOLLYHOCTY U3NYHAETCA 3TOM aHTEHHOM NoJ, GOMBWMMA Yriamv K TopyaoHTy. Boie 6bino
FlOKa3aHo, 4TOo Moban 3eHMTHAA aHTeHHa © IVHenHoN Nonapvaauvel obecneyvsaer cvr-
Han Ha 06CNYXVBAEMOI E10 TEPPUTOPUM, NOABEPXKEHHBI MNYBOKVM 3aMUPaHVAM M3-33
CROXeHVA DBLIKHOBEHHOMO Y HEOBLIKHOBEHHORO flyya 8 MECTE ero npvema. CyliacTeyior
€116 V NONAPU3ALIMOHHEIE 3aMUPaHVA, KOTopEIE ewle 6onee yXyaAwWaloT KauecTso Npuema.
B peaynsrare uamMeHeHVA NoRApV3aLvy NPy OTpaxeHvy OT MoHOCgepb! Ha MECTO npve-
Ma NPUXOAUT CUIHAN C HENPEPLIBHO MEHAILLIMMCA HanmpasieHYeM BeKTopa nosnpuaa-
uvv. 370 euje Bonee 3aATPYOHAET VICNONb30BaHWE 3EHUTHBLIX 8HTEHH, UMEILLWX TONBKD
OOVH BUA, IHEMHOW NONSIPV3aLIMN — FOPUBOHTANBHON UM BEPTUKANBHOM.

Ho HyXabl paguocsnav 3aCTasnsioT UCNoNL30BaTk LA HBYXCTOPOHHEH CBR3u Ha
KOPOTKMX BORHAax Aaxe HeBonblve aBTOMOBWIBHBIE BHTEHHL C NVHEHDR NoNApU3a-
uuein. Takve aHTeHHbt MOTYT ObiTb VICRONb3DBAHL! 8 KAYECTBE NPUMEMHBIX &HTEHH,
KOTOPbIE YCTaHOBNEHL Ha aBTOMOOGMNAX M NpegHasHayeHbl [N NPUemMa Curkanos oT
CTALMOHapHBIX 3EHWTHLIX AHTEHH, UCMOAB3YIOLWMX Kpyroeylo nonspuaauvio. Ecov ne-
PaasmxHOE CPEACTEO, Ha KOTOPOM YCTAHOBMNEHA 3eHUTHASI 8HTEHHA, JOCTATOYHO BEAVIKO
No pa3mepaM, TO Ha HEM WHOrAa YCTaHaB/MBAIOT 3EHWUTHYIO @HTEHHYIo cucTemy, no-
asonawLyo paboTaTe C KPYFoBOiA (BepHee B aTOM clydae € 3NAVNTMHECKDR) nons-
puzauvied. Ho 8 DCHOBHOM VICNONL3YIOTCA aHTBHHb! TOAILKC C NUHERHOI Nonspv3aumen,
NOCKOABKY 3TU aHTEHHbI 3HAYVTENBHO NPOLLE NO KOHCTPYKLUWMW W HaCTPOWKE aHTeHH,
obecneyvisalolyx paboTy C KpYroson NonspusaLmven.

B FpvHUMNE NPaKTWHEeCKW HET PasHulibl, Kakon BUA, NUHEHON Fonsipusauvn vc-
FONL30BaTh B 38HWTHBIX @HTEHHAX KOPOTKUX BOSIH — FOPUICHTATLHOM WiV BEPTUKANb-
HO. JIioboi 8ua NMMHEMHOM NOARPUVBALMKA NPU 3EHUTHOM OTPaXeHWW OT UOHOCKePL!
MOABERXEH NONAPVISALVOHHOMY U3MeHeHvio. Bonha ¢ mobebim 8KAOM RvHeliHoi no-
NRAPU3ALMK, FOPUBDHTAIRHON WAV BepTVKasbHOW, pacuiernAaeron 8 wvoHOohEepe Ha
«OBBIKHOBEHHYIO» W «HEOBBIKHOBEHHYIO», B pe3yikTaTe Yerg Npu ROCTVXKEHUU 3TUX B0NH
3EMIV NPOVCXOAUT NX WHTEpheperLVS.

Ho 3nekTpruyecky KopoTKan aHTeHHa, PAcNoNoXeHHan 6M3Ko OT NOBEPXHOCTY 3eMNK,
KaKkoBOM ABNAETCA NGan aHTeHHa 3EHUTHOIO N3JTyueHVs], YCTaHOBNEHHan 8 asToMobBune,
VIMEET OIHY VHTEPECHYIO ocoBeHHoCTh. Bnaronaps ee 61v3komy paCrNoONOXEHWI0 OTHOCU-
TENLHO NOBEPXHOCTY 3EMIN, OHa DAVHEKOEOTO XOPOLLD MOXET NPUHUMATE 80NHE, MEIO-
LUVE KaK BEPTUKANLHYIO, TAK U FTOPM3OHTANLHYIO NONAPU3ALMIO. 3TO 3HAUMT, 4TO Hebonb-
WBS BEPTVKANBLHENA aHTeHHa, YCTaHOBMEeHHas Ha aeToMepbune, Byner NpUHVUMaTL Paavo-
BONHL U C FOPU3OHTANBHON NONAPUSALIMENA, 8 FOPUIDHTANLHAS 8HTEHHA, YCTAHOBNEHHERA
Ha asTomobvne, GyaeT MPUHVUMETE BOMHE W C BEPTUKANbHOM NONApM3auveit.

Ho cpasy e cpenal pasbAoHeHve 3TorQ (GEHOMEHa. 3T0 NPOVICXOAWT TONBKO
FOTOMy, 4TO Ha FPaHVLE palaena Bo3Ayx/cnaGonpoBoOasLLas NOYBa USMEHAETCA HaKIoH
BEKTOPA 3MEKTPUNECKON NOMApU3aLmn najauielr v paCnpocTPaHAoWencs anonb
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MOBEPXHOCTY 3EMI PBAVMOBONHLI. DTO NPOVIGXOAUT B PE3YNLTATE NMOTEPY YacT MOL-
HOCTY PamMOBOJIHE! B MOYBE, 1, KOHENHO, M3MEHEHHAs BONHA GyAET WMETb MEHLLLIYIO
HEMPSXKEHHOCTL MONS, YEM TAa Xe BONHa, najanwas v noHocheps!.

Yem BbILE MPOBOAMMOCTL MOYBLI, TEM MEHbLUE WM3MEHeHVe BEeKTopa HaknoHa.
BnekTpUNecKY KOpOTKas aHTeHHa, paboTaloilas ¢ OAHUM BMAOM NOASpU3aLvK U pac-
MONOXEHHAs HAL WAEBRLHOW NPOBOASLUEN MOBEPXHOCTLIO, HANPMMEpP Haf CONEHbIM
MOpEM, YXE MOXeT CTaTb HecrocobGHoW pBGOTaTE C APYrvM BWAOM MONspU3aLmu.
TO Xe CaMOe OTHOCUTCS K 3AEKTPUMECKU KOPOTKOW aHTeHHe, pacroNOXEHHON Hag
HenposoAsLLel NOuBOH, HanpuMep Haf neckamu nycToHu. M3 3Toro cnepyert, uto
BNEKTPMHMECKY KOPOTKEA @HTEHHa C 3eHWTHHIM wanyvenvem Gyner a@dekTvBHO pa-
6oTaTk B Tex paiioHax, FAe NO4YBa MBAAETOA MNOXMM NPOBOAHVKOM AR 3AEKTPO-
MBIHUTHEIX BOSH.

12.6. SddektmBHOCTE PaboThl aHTEHH 3EHUTHOrO U3Ny4eHus
KOPOTKMX BONH

JNeiicTeuTeneHo, 3¢GGEKTMBHOCTb IMHUIA CBA3K C UCMONb30BAHEM @HTEHH 3EHUT-
HOTO M3NYYEHS! KOPOTKMX BOJIH HEBEMKA MO CPaBHEHMIO CO MHOTVMIA PYr MM JIAHSIMUN
CBA3V. 370 MPOWUCXOAWUT MO TON MPUYKMHE, HTO 3BHUTHOB OTPBXEHME PazvoBONH OT
roHocdepbl HeaddekTreHo. Beneactene muddysHoro paccesHiin pagvosonH BO3pac-
TEET MNoWaab «OCRELLEHUs», KOTOPYIo OOECTIBUMBAET aHTeHHa 3EHUTHOTO U3Ny4eHUs.
YacTb PafVOBONH HE OTpakaeTcs Mpr 3eHUTHOM MadeHuK nyksa, a yxoauT B BepxHue
cnov roHOCdEPHI, rAe PAAVOBONHEI HACTHHHO MOTTOLWAIOTCS, YACTUYHO YXOAST B KOCMOC,
4aCTVHHO OTpaxarTes Ha 3emnto. Flpy uCnonb30BaHUK 3EHUTHOW 8HTEeHHEI NPOUCXOAST
6onblLUME MCKaXEHUs) CurHana 3a cyeT uHTepdepeHunn pagvioBONH.

3EeHUTHBIE aHTEHHL! MOGWIIBHLIX CTaHLMIn SBASIOTCA YKOPOYEHHLIMI 8HTEHHaMIA,
roaToMy 3¢ HEKTUBHOCTL MX ASHCTBIUR HEBLICOKa. COBpEMEHHbIE CPEACTBE paguoanex-
TPOHHOI 6opEBEl MOryT 3¢¢EKTUBHO NOAABUTE JIMHUM CBA3W C MCMONL30BaHVEM aHTEHH
IEHWTHOTO M3Ny4eHVs. STO RPUBCAUT K TOMY, YTO B 8PMISX MIPa @HTEHHL! 3BHTHOrO
V3NYyYEHVs) ANS MPOBEAEHIS) CBA3W WUCMONb3YIOTCH BCE pexe 1 pexe. Ho B 10 xe
BpEMA pagvoniobutenyt MCnons3yIT 3TOT TWN aHTeHH BCe walle U Halue, Tak Kak
paboTa 13 aBToMOBUNIA CTana yxe MpUBbLMHEIM A8 paavoniobutenew nenom.

Ho paxe obnanan HeBoNbLLOW 3PDEKTUBHOCTLIO, YKOPOUEHHNIE aHTEHHE! 3EHUTHOMO
U3MYYEHVA YCMELLHO MCMONL3yIoTCs Ans paboTe Ha NepeaerkHbX obvekTax. MotHOCTE,
NOABOAUMESR K BHTEHHAM, YCTAHOBMEHHLIM Ha NepefiBKHEIX 0BLEKTaxX, B 3aBUCMMOCTI
OT MOLWHOCTV Nepegatuvka cocrasnset or 40 Br 1 no 1...2 kBT

Jns paboThl CTAMOHEPHBIX BELLATENEHEX @HTEHH 3EHUTHORO M3NY4eHs UCTIONL3YIOT
MOLLHOCTb OT HECKOMLKUX COTEH BaTT B0 AECRTI KUAOBATT. Takoi MOLHOCTY BOCTATOYHO
o5 06ECNeYeHrs) YBEPEHHOW CBASK Wi YBEPEHHOrO PaaV OBELLAHMS Ha TEPPUTOPMN,
MNEPEKPLIBAEMON 30HaMI AEUCTBUA 3THUX BHTEHH.

JUTEPATYPA

1. Donyxanoe M I Pacrnpocrpasiedve pagvoBond. — M.: Ceazb, 1965.

13. CTALUMOHAPHBIE 3EHUTHBLIE AHTEHHbI

Takxe Mbl PACCMOTPUM KOPOTKOBONIHOBLIE SHTEHHBI 3EHWTHOIO U3NY4eHUs CTauuo-
HapHbIX PAMOCTaHUMiA. 3TN aHTeHHbl MCMONE30BANMCE WM UCTIONL3YIOTCS Kak Ha
BELlaTeNbLHBIX KOPOTKOBOMHOBLIX paguoCTaHUMSX, Tak 1 Ans cnyXebHoi 1 BOEHHOI
cBA3u. Bo3MOXHO NpyMeHeHe 3TVX aHTERH 1 NS paavoniobunTensckux uenein. byoyt
OMNMCaHbl KaK CROXHbIE, TaK W MPOCTHIE CTALMOHBPHLIE 3EHUTHEIE EHTEHHDI.
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13.1. TypHuKETHAn 3eHUTHas aHTeHHa

Havbonee npocTol aHTeHHOR 3EHWUTHOID m3nyqenus, obecnewvsaoLieii paboTy ¢
KPYTOBOW MOnsipusanven, sSBNReTcH TYPHUKETHaRA aHTeHHa [1]. Cxema 3eHUTHOM TypHU-
KETHOV: 8HTEHHbI YIPOLLEHHO nokasaka Ha puc. 13.1. TypHUKeTHas aHTeHHa BbINOSIHEHa
13 [BYX B3aMMHO NEPNEHAVKYISPHLIX BubGparopoB. Fpu nuraHum aTx BubpaTopoR co
casvrom da3 90° nanyveHHas 3NeKTpoOMarH1THas BoTHa MMEET KDYTOBYIO MONMSPU3ALVIIe
B HanpasfeHn, NepneHavKynspHoM K ocsm srbpaTtopos. Flpu casvre ¢as, oTmuHOM
or 90°, paavosonHa 6yper MMETb IJUTMNTAYECKYIC nonsipuaauvio. pr nepekmoueHm
nutaxrs BUGPATOPOB 13 TOnek A B TO4KM B Byer MeHSTLCH HaripaBNeHre BpaLeHus
BEKTOpA NONSpU3aLmi. st rnonyueHrs prarpamMel HarnpasneHHoCTH, GIM3KON K KPyro-
BOW B BEPTUKANLHOM MAOCKOCTY 1 HaNpaBneHHas BBepX (3eHUTHas AWBrpaMMa HBMpas-
JNIEHHOCTK), ANVHa NJien BUOPETOPOB A0NMXHa nexars B npeaenax (0,2...0,3)A.

Bepmukaneras
axmerHa Hanpabrenue
Al U3AYHEHUS
lopusoHmansHas
asmerna !
A2 \ r—.l
fiByxnpobodras
JuHUs BAUHOU LByxnpobodras
L1 v ¢ Bosnrobeim AUKUS CAuHoG
conpomubreruem L2 u ¢ Bormobeim
600 Om conpomubnenuer
600 Or
Li=l2
AuB-
MBCIMA NODK/IOHeHUN
numarts aHMEeRHoG
AByxnpobodras cucmems!
AURUS M0B00
dnumsl U € Brmabka u3
Bonrober dbyxnpobodrod
conpomubresuem AUHUY BUHOG
300 Om L3, pabroi
3/IEKMPUHECKOU
dnure 90°,
u ¢ BomvoBem
Nepedam conpomubrenuem
lepedamyux prt gl
B
a
(=)=} =]

Puc. 13.1. Cxema 36HUTHOM TYPHUKETHOWM @HTEHHHI
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Jlns xopowero cornacosanus C ¢GpUASpOM, UMBIOLLVM BOMHOBOE COMPOTUBNEHVE,
nexaiee B npepenax 300 Om, anvHa mney Bubparopos Buibvpaercs B npeaenax
{0,4...0,5)A. Fpy wCroNL30BaHNM COOTBETCTBYIOLUMX COMNAacyIoLMX YCTPONCTS 3Ta aH-
TeHHa rpK CBOMX HEM3MEHHLIX pa3Mepax Moxer paboTars kak pa3 B yuscTke KB
AvanasoHa, pasHoM 90—60 MEeTpOB, KOTOPLIN MCMONL3YeTes Ansl pEOOTHI 3EHUTHEIMU
BHTeHHaMK. B xavecTtee dasvpyrowei nuany Ha 90° 4yacTo NPUMEHSIIOT KCKYCCTBEHHYIO
Lenb, 06ecnenmBaloLLye HeoBxoaumMyIc (DasoByIo 33JEPXKY. Takie aHTeHHb! MCrosk-
30Ban1Cb Ha MEPBLIX KOPOTKOBOHOBLIX CTaHUvAX, paboTaBlnx B PEXUME 3EHUTHOrO
r3nydeHus. MHOrpa Takve aHTeHHB! MCroNb3oBanCh B BOEHHLIX NEPEeaBIKHLIX paamo-
LeHTPpax, paboTaBlWX C 3EHUTHEIM U3YdEHIEM.

13.2. CraumoHapHas 3eHUTHas aHTeHHa C OCTPOW awarpammon
HanpaeneHHoCTn

Bullie Mbl paccMarpuBanit MpoCTYIC CTaUMOHapHVIC SEHWTHYIC aHTeHHy (cm.
puc. 13.1), obecneuvsarculyto paboTy KPYrosoi nonspmaauveid. Hke Mel paccMOTpUM
[BE OTHOCUTENEHO CNOXHLIE aHTEHHL!, MMEoLME 3EHUTHYIC AvarpaMMy HanpaBneHHo-
cTu 1 obecreurBalcLire PaboTy KPYroBOW MonspusauMen. 3T aHTEeHHLI UCTIDNIL30Ba-
JMCb Kak B BetaTensHbix KB pagvoCTaHumMsX, MCTIONb3YIOWMX 3EHUTHOE M3NyuYeHVe,
TaKk v B pagmMoCTaHLmsiX CnyxeBHON CBA3K 1 B BOEHHLIX PaaMocTaHLmsx, paboTatolmx
3EHUTHO BONHOW. MOCKONLKY AMana3oH PaboThl aHTEHH 3EHWTHOTrO W3NYNEHUS) NEXWUT
B obnac 90—60 METPOR, TO K 3T aHTEHHbLI PEGOTAICT B 3TOM AManasoHe BOJH.

al 6) Bepxrue
5u6pumupb: 3

A o x
Bl 15 =~ X
4
(. = Huxrue
~ budpamaps!

Puc. 13.2. KoHCTPYKUMA CTAUMOHAPHON 3EHUTHOW @HTEHHB!

TuniHan cTauMoHapHas aHTeHHa 3EHMTHONO K3NMYYEHWs), LWWPOKO WCMonb3yeman
B CCCP HaunHan € xoHua 40-x ropoB, nokassHa Ha puc. 13.2 [1]. 3Ta aHTeHHa
COCTOMT 13 HETHIPEX LUMPOKOMONOCHEX LIANMHAPUNECKMX BUOPaTopOB, koTOpbIe pac-
MONOXEHB TakM 06pasoMm, HTO B nnaHe oBpasyioT HEThIPE KPECTOOOPA3HLIE rpyrikl.
LIeHTPbI HUXHIX BUGPATOPOB HAXOARTCH Ha BLICOTE 14 M Haf 3eMNEN, UESHTPL! BEPXHWX
BOPATOPOB HaxopsTcs Ha Bbicote 17 M Hag 3emneil. Flop aHTeHHoM pacnonoXeHo
3asemieHre B BUAA CETKM K3 B3aUMHO MEpreHaVKYNAPHBIX MPOBOAOCE AMaMETPOM
2 mM. Pasmepel 3a3emnediiss 100<100 m, war cetkn Ix1 M.

JDnuvHa nneya subpatopa pasHe 30 M, avamerp 1,2 M. Brubparop obpasosaH u3
WeCTH GUMETANIIMHECKMX NPOBOAOB AVaMeTpOM 4 MM. Cxema NTaHus 8HTEHHSI NoKa-
3aHa Ha prc. 13.3. OT nepegartuvika naaT ¢maep ¢ BONHOBLIM conpoTuBeHrem 300 Om.
K KOHLy 3TOr0 chuaepa napasuiesHo NoAKIIYeHb! ABE MUTAIOLWMX Napbl BUOpa OpoB ¢m-
[epa C BOSHOBLIM COMPOTUBNEHWEM rio 600 Om. B Tom cnyvae, ecnvt LiHbl (bmp,epoa
L1 v L2 GynyT pasHel Mexxay coboii 1 BCTaeka L3 OTCyTCTBYET, 8HTEHHE U3NYHaeT JIMHEN-
HO MONSPU30BaHHYto BonHy. Ecnv B ogvin 13 ¢uroepos L7 wnv L2 BKNIOHAETCA RCTARKA,
npepcTasnsiotlas cobok ABYXINPOBOAHYIC NIMHWIO C BOIHOBbIM COMPOTUBNEHNEM 500 Om
v onvHoli 15 M, To aHTenHa paboTtaer © Kpyroeovi nonspusauvei. B sasucrmoctn ot

183



TOrO, B Kaxol ¢ugep — LT wim L2 BrrioYeHa BCTaBKa, MEHSIETCA U HanpasneHue Bpa-
LleHV BEKTOPa KPYroBO NONAPM3aLIMIA Ha NpaBoe UMn Ha Nesoe.

AxtenHa obecriewvsaer KEB B
llumonue movex A Li=l2 flumanve movex B OBYXMNPOBOLHOW NVWHMK HE MeHee

0,6 Ha kpasix gMarB3oHOB PabOTE!
I-I-—L| Lyxnpobodias aHTeHHI:Ip90 u 50 merpos, B ava-
AUHUS OMUHOG

110 c BommoBur nasoWe anvd sonn 65—70 merpos
conpomubreruem KBEB He xyxe 0,8. B avoii aHTeHHe
600 Om OTCYTCTBYIOT BEPTUKA/ILHEIE YacTit
] BonHa c kpyrosow nonspuaauven
ofpasyeTcs 3a CYeT OTpaxeHus
R GAUHOL BOJIH, WBNYYEHHBIX LIMPOKOMOAOC-
12 0 ¢ BosoBar HbiMu  BuBpaTopaMu OT WCKYyCCT-
conpomubrervem BeHHOI 3emnu, W 3arem COOTBET-
600 Om CTBYIOLLIAID CHOXEHWUsI 3TUX BOMH B
- _— npocTpaHcTee. JlaWHas aWTenHa
oueHb 3cddekTerHB B paboTe. OHa
06ecneyrBaeT yeepeHHLIn Nprem B
3o0He paguycom 200...300 km aHem

AByxnpoBodnas

ANByxnpoBodras

nunus andod 15 M v 00 400 KM HOMYBIG OT @HTEHHbI.
Onumsl U © Buibop Hanpaenewus BpauleHus
Bonrobeim BEKTOpa& NONspu3aumn rossonsieT
conpomubrenuen B 3HAYUTENBHOW CTEreHU YMEHb-
300 Om

WiTb  3aMUPEHKS, BOBHVKBIOLIYE
BemaBa u3 13-3a PaciienieHis BOJHL! B 1O-
dByxrpoBoduos  HOCHEPE Ha OOLIKHOBEHHYIO 1 He-

lepedamyuk _
MuRUG OnuHod OBLIKHOBEHHYIC.
= [ g
o u ¢ Bosmmobm
conpomubreruem
ooo 600 Om

Puc. 13.3. CxeMa NUTaHMA GHTEHHLI
3EHUTHORO U3MNY4eHUR

13.3. CraumoHapHasn 3eHUTHas aHTEeHHa C KBaApaTHBIMU U3Ny4aTeENsMu

KB PaccMOTpyM €Lie OaHy KOHCT-
2.5 — PYKUVIO  MpOCTO  CTAUMOHEPHOM
2.0 % 3EHUTHOI aHTennsl [1]. S1a aHTex-
S \ L Ha BLINONHEHa M3 KBAAPaTHLIX W3-
ot \ P 1 nyvarenei. KOHCTPYKUMS) aHTeHHb
142 7 /" nokasaHa Ha puc. 13.5. Kaxabiii
1.25 P — - KBaApBTHLI M3NMY4aTenb BhNOHEH
71 = 13 GuMeTanIMYeckoro  npoeoaa
10 avametpoM 6 MM, Onvda awaro-
. 09 10 11 1.2 A Hanu KBagpBTHOrO V3nydarensi co-
1 H=0.15¢ N, %, CreBnAeT 0,385%, [utBHre rop-
2 1022 Xﬂ BOAWTCH K TOYKaM A 1 B. CrcTema

: ) 0 NATaHKA 3TON aHTEeHHL aHanoryHa

PuC. 13.4. KBB 3EHUTHOIN AHTEHHLI C KBAAPATHBIMU CHCTeME MUTaHUR, MOKA3aHHON Ha
m3nyyarenamy puc. 13.3. Takum xe ofpa3om ocy-

wecTenserca paboTa C NUHERHOM
Wit KPYroBoW nonspusaumeit.
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AHTeHHa 13 KB3ApaTHLHIX uanyyateneli noaaellv-
BaeTcs Ha Bbicote (0,15...0,25)A, Han 3emneii. Moa a) (0.395) Ny
SHTEHHOW YKNaOLIBAETCH 3a3eMNEHVE B BULE CeTK
13 B3aUMHO NEPNEHAMKYISPHLIX NPOBOAOBE. CrcTema
3a3eMIIEHNs IR @HTeHHb!, UCTIONbIYHIOLLIEN KeaapaT-
HBIE M3NYNaTeNV, aHanorvyHa crucreme s
AN aHTeHHb!, NokasaHHow Ha puc. 13.2. Fpaduk KBEB
aHTeHHbI NoKasaH Ha prc. 13.4. Flpu HeoBxoanMoCT A
nony41Te ewe GONee oCTpyld AvarpamMMy Hanpas- B B
NEHHOCTV 0BLeanHSIIOT B (DB3MPOBAHHYIO aHTEHHYIo
CHCTEMY HECKONBKO TaKWX aHTEHH.

Kak BMOHO M3 BbILLEONMCAHHOMO, CTaLMOHapHas
3eHnTHas aHTeHHa NpeacTaBnseT coboil CnoXHylo
CUCTEMY, KOTOPBR 38HMMaET MHOFO MECTa 1 Tpebyer
MHOFO MarepuBioB A/ CBOEro marotoeneHvs. Flo-
CKOJIbKY 3TV @HTEeMHbI [OCTETONHO LMPOKOMOAOCHSI, 6
OHV MpaKkTUueckn He TPeGYIoT HACTPOMKM npu KX
W3rOTOBNEHMM. STO SBNRETCA TOXE OAHMM U3 ROC-
TOWHCTB @HTEHH 3EHWTHOFO U3Ny4eHls.

Crenyer oBpeTUTL BHUMaHVE uuTaresis Ha To,
4TO CBEAEHVS O CTaLMOHapHBIX BHTEHHAX 3EHUTHOrO
ManydeHus, nokasaHHeix Ha pumc. 13.1, 13.2, 13.5,
KOMMNaKTHO MpuBafeHsl B nuteparype [1].

035-0.25)
)

N

Puc. 13.5. Mpocran
CTALMOHAPHAN 3EHUTHAR aHTEeHHa

13.4. MpocCThIE aHTeHHbI 3EHUTHOTO U3JNTyHeHUs

Bbiue Mbl PaCCMOTPENU CAOXHLIE BHTEHHEI 3EHNTHOrO U3NyueHus, obecneureanoLLe
paboTy C KpyroBOW rosispusauven. Ho MHorga MCoNE3yoTes nPOCTHIE BHTEHHL! 3€-
HUTHOrO M3NYYEHVS), KOTOPLIE OHecreurBatoT paboTy TONBKO C MHEHOW nonspusaumen.
Takue aHTeHHbL MOryT GbITh MCMIONB30BaHEN PRAMONIEUTENEM AN NPOBEAEHIS MECTHBIX
paavoces3eli Ha Avanasoxax 160, 80 v 40 metpos. Hanbonee npocTan aHTeHHB TBKOID
THNa nokasada Ha prc. 13.6. 310 BapmaHT rHBEpTE V aHTEHHL! C PednexTtopomM.

370 caman NpPocTas aHTeHHa AN5 PaboThl 3EHUTHEIM U3MYHEHUEM, KOTOpas MOXET
6bITb BLINONHEHA B JIOOUTENLCKUX YCOBUSX, NOCKOMLKY COLSPXUT TONEKO OfHY MauTy.
Ecnu pagrontobuTtens CMOXET YCTaHOBUTE AIBE MaYTEl MO, 8HTEHHY, OH MOXET BhINo.-
HUTE OAVTNONBHYI0 3EHUTHYIO 8HTEHHY C pedriexTopom. Cxema TakoW aHTeHHbl NoKasaHa
Ha puc. 13.7. Ons 3TOW aHTeHHb yx€ TpebyeTcs ropasno Gonewe mecra, Yem Ans
mHBepTen V aHTeHHbl C PEdSIEKTOPOM.

ECit 3eHUTHLIE 8HTEHHDbI, MOKasaHHbie Ha puc. 13.6 1 13.7, GyaoyT yCTBHOBNEHb!
Haf 3emneli C BLICOKOW MPOBOAVMOCTHIO, PEGNEKTOR MOXHO He yCraHaBiveaTs. B
3TOM Cflyd@€ O4eHb XOPOLWIVE PESYIETaTbl MOXHO MOMYyYnTh, MCTIONb3YH PaMONHYIO
aHTEHHY, PECMONOXeHHYIo HB BbiCoTe (0,15...0.2)A Haa NOBEPXHOCTHIO 3EMIIK, Kak 310
rNoKB3BHO Ha puc. 13.8.

Jins nuTanus aHTenH, nokasanHbix Ha puc. 13.6, 13.7, 13.8, MoXHO MCMONL30BATH
KOaKCUaNbHbIN Kabefb C BONHOBEIM COrnpoTreneHreM 50 Om. ST1oT xabenb AomkeH UATH
MNEPNEHAMKYNIAPHO MOBEPXHOCTH 3eMin. XKenatensHo UCroNb3osars CUMMETpUpYIoLLee
YCTPOWMCTEO WK BbICOKOHECTOTHEIM APOCCESI B TOYKaX NMUTAHUS BHTEHHBI.

JINTEPATYPA

I Anaenfiepr I. 3. 1 ap. KOPOTKOBONHOBLIE aHTeHHbl. — M.. Paauo v cenab, 1985. — 536 c.
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Touku pumanus
aumesHb!

Puc. 13.6 Whsepren V aHredHa © pethnekTopom

Touku numarusi
aHMeHHL!

Budpamop

Pegnexmop
(dnura pegrexmopa Ha 5 npouermob
Sonmwe dnurs Bubpamopa)

015

Towku numawust ‘Lf
aHmeHHs! =
5
/ 7/ : :

Puc. 13.7. AUnonbHan 3eHMTHaR aHTeHHa Puc. 13.8. 3eHuTHAN pPaMOYHas aHTEHH3
€ pedrexTopom

14. NPAKTUHECKUE KOHCTPYKUIMU
MOBUJTbHLIX 3EHUTHBLIX KB AHTEHH

OBpaTMes K PEASTEHBIM KOHCTRYKLIMSIM @HTEHH 38HUTHOTO MBAYYeHNs KOPOTKOBOJ-
HOBOIO finanasoHB, YCTEHOBNEHHLIX Ha NepenamkHbix cpeacteax. O6patla BHuMaHve
H& TO, HTO MHOTME M3 OMNMCEHHLIX 3[1eChb @HTEHH HasBaHbl «3EHUTHBIMU» MOTOMY, 4TO
GOMBLIYI0 HACTb MOBOAYMON K HVM BICOKONACTOTHOM MOLLHOCTY OHU W3NYNMaioT Mof,
GOMLLUVMY YrNaMU K FOPU3OHTY, WK «B 3EHUT». KOHCTRYKLIMIA MHOMVX 13 3TUX EHTEHH
661 paspaborarbl ewe BO BTopyld MUPOBYIO BOWHY U LUMPOKO MCMONB30BAMCE B TO
BpEMS B BOEHHOW NepafBwkHOl CBRan. Pagmoniobureny B HACTOALLEE BPEMS TOXe
LWMPOKO UCTIONBb3YIOT 3EHUTHLIE aHTEeHHb! OJIM NePefBMXKHON aBTOMODUIBHON CBS3u.

Mbl PACCMOTPYM TEHKOBLIE BHTEHHBI 3EHUTHOTO M3NySeHIsi, FOPUSOHTBILHLIE CUM-
METPUNHEIE BHTEHHB 3EHUTHOTO W3NY4eHUs), YCTAHOBMEHHBIE Ha MatlnHax cesian. Ho
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BCE 3T0 MHOXECTBO KOHCTPYKLMI MOXHO CBECTV K HECKOMEKMM THMAM @HTenH. Dt
aHTeHHbl Bt paapaboTaxbl elle Ao Wi Bo Bpemst BTopoid MypOBO# BOHE! 1 AONTOe
BPEMS MCMONMB30BAMMCHL B BOEHHON CBRaW. MHore us Hiix A0 Cux NOp MCMONL3YKTCs
Ha BOEHHBIX WM CNyXEOHEIX aBTOMOBMIAX CBASK.

B rOCNEBOEHHOE BPEMSI TOXE BE/IMCH UCCIEIOBBHIS HOBbIX KOHCTPYKLIMA 3EHUTHBIX
aHTeHH, NPefHa3sHaqeHHEBIX ANA YOTAHOBKWM HB NepesavxHbX CpeAcTEax. Mul pac-
CMOTPVM fIB2 HOBHIX TWMA@ 3EHWTHBIX @HTEHH, MOSBMBLLUXCS B apMuu rocne BTopoii
MVUPOBOI BOMHLI 1 KCTIONB3YEMBEIX HA MAWMHAX CEBASW: 3T0 MarHWTHas aHTeHHa u
anterHa DDRR.

WTak, B 9TOIA rNaBe OXBayeHb! MNPaKTUHECK BCE THMbl 3EHUTHBIX AHTEHH, OT Pas-
paboTaHHeIx nepen BTopoit MUpOBOIA BOWHOW 0 Pa3paboTaHHbiX B KOHLE XX Beka.

14.1. TaHKOBbIE @HTEHHBI 3EHUTHOrO U3NTYYEeHVS

WcTopust pasdBuTVst TAHKOBLIX a@HTEHH W CPEACTB PaauvoCBs3K C TaHKamu o4eHb
vHTEpeCHan. Ho HBM NPUAETCH OrpaHnuNTECH TOMEKO OMMCAHMEM HEXOTOPLIX KOHCTPRYK-
LM @HTEHH, MCMOML3YEMbIX B TAHKOBOW CBA3N.

O6palae BHMaHME YMTATENER Ha TO, 4TO B NEPBOE BPEMS YCTAHOBNEHNIO fankbHen
CBA3U C TaHKOBLIMM KOJMOHHBMY HE YOansuv BOMXHOrO0 BHuMaHus.. B Hauane Bropoii
MWPOBOI BOWHEI MHOrve TaHki CCCP BooBwe He umenr paguoctadqumi. Hemelkne
TaHky Bbiny 06oPYAoBaHEI MBNOMOLLHEIMY PaauoCTaHLUAIMY, NO3BOASIOLIUMIA NOLAER-
XurBarb CBA3kL B 6010 Mexay CoBov. CBASb Ha AanbHWe PacCTosHMS M3 TaHKOB HEBO3-
MOXHO BbINO OCYLLECTEUTL. HeyaauHeiM GbINo 1 NepBOHaYansHOe PacnoNoXeHre aH-
TeHHE Ha BpOHe TaHKoB, cAenaHHbix kak B CCCPE, Tak w B Fepmaniin.

B Hayane BTOpPOi MUPOBOW BOWHE! HA CBMOM PACMPOCTPAHEHHOM HEMELIKOM TaHKe
T-IV arerna pacrionaranack Ha HeBGonbLIoW NioLagke, npykperneHHon k Gawne. B
6osx 3ra NNoLLazxa BMECTE C @HTEHHOW 4acTO PaspyLIBNECE. Takke B Haqane BOWHLb
ObINO HEYAauHbBIM PACIONOXEHME aHTEeHHB! Ha LUMPOKO PacnpoCTpaHeHHOM COBETCKOM
Tanke T-34. AWTeHHa pBecrionarenack criepeayt GawwHw Tavka. Bo Bpemst 6oes ava
aHTEHHa OYEHb CKOPO BbIXQAWNA U3 CTROS.

He Tsxenbix TaHkax Fepmadum 1 Poccun anteHHa pacrionaranaCb CBEpXy wnn
caagy Gawnr. PajvoCTaHumy, KCMOMb3yemble Ha TSXENbX TaHKax, Takxe Obum
ManoMOWHEIMY 1 HE obBecneumsanyt GOMLLIOW AanbHOCTK CBsan. HO MocTeneHHo
B8O BpeMs BTOpoW MUPOBOW BOWHLI CTamt MCMONL308aTe BCe Gonee MOWHLIE TaH-
KOBLIE PagvOCTaHUMM, KOMaHAWPCKWE Tankk Gk OcHalleHs asyms u 6onee ps-
avocraHuvsivy, HekoTopbie HEMELKVE TaHKU CTan MCMoNb30BaTh AN NpOBEReHus
NansHel pagvocBR3y aHTeHHbI 3EHUTHOTO U3NYHEHUS) C SNNMMTUHECKOW Nonspuaa-
ven.

VYxe k 1943 rogy pagvoobopypoBaHie, YCTAHOBNEHHOE Ha OOMLLIMHCTBE TaHKOB,
NO3BOMISNG AEPKATH YEEPEHHYIO PAAUOCEA3b Ha paccTosHne caete 100 KM, 4TO paBano
BO3MOXHOCTb TAHKOBLIM MPYNNaM AevCTBOBETL @BTOHOMHO. Pa3pabarkisanicl MolHbe
TAHKOBLIE PAAVOCTaHLMK, COBEPLUEHCTBOBANMCHL KOHCTPYKLMM TAHKOBLIX @HTEHH. Ha
puc. 14.1 NOKA3aHO MECTONONOXEHUE aHTEHH Ha PasMyHbIX TWNax COBPEMEHHBLIX 1
CTapbiX TaHKOB.

FocTeneHHo onpepenvnocs Haubonee ynobHoe MEeCTOPacnoioXeHVe aHTeHHbI Ha
KOpnyce Taxka. 370 Mecto 6bin0 c60Ky Ha GaluHe UK No3aau Hee Ha Kopriyce Tadka.
K KOHLy BTopoii MipOBOI BOVHEI OTHOCUTCH 1 HEHBNO UCTIONL30BaHYS YKB paaviocsnan
B TaHKOBLIX BOPCkax. TaHku 060pynOBaNMCh OBYMS @HTEHHaMU: OfH& KOPOTKan, Me-.
xaHuyeckn npouras YKB aWTeHHa, 06ecneuvBaloilas CBs3b MeXJy TaHkamu B 600 1
Ha Maple, v Jpyras aHredHa, O6ecriewvBaiollas) CBRsb 3EHUTHBIM U3Ny4eHueMm C
VOANEHHBIM KOMaHAHEIM NYHKTOM. 3eHUTHas aHTeHHa MOTNa CHUMATECH C 6POHM TaHKa
BO Bpems 60§, NOCKONBKY M3-38 CBOMX GONbLIMX PAa3MEPOB OHa Morna GuiTh Nerko
roBpexaeHa
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- r-w
&f,‘,_(""" 19ise) Tepraras, 1939-1944 = (1940-1983)
Ha empzux cobperienmsx B cobpevennsix mamkax Ha cobpemennx makax
MaHKax LCnons3yemcs He UCnoALIYemen urnons3yemes pedko
maKoR ycmonoBrg aHmenns
A,
r) )
Muoaue mawku Fepmanuy u CCCP Pacnonowenve awnmesru s
Bperen Bmopol mupoBod Boiuw BonswuncmBe maxensx monkbh
utnoaesobany maxye yemanolky CCCP Bpemen Bmopod mupaBot Bodnw.
anmenny. Pacnpocmpanena sa B Hacmauee Bpems moKae nonoxesue
cobiperenmaix masxkax GRMENNN UTADALIYEMCS KO NHOZUX MANKEX

Pue. 14.1. MectononoxeHme aHTeHH HA PasnuuHeX TUNax TAHKOR

14.2. NpocTas BEpTMKANEHAR TaHKOBER aHTEHHA 3EHUTHOTO WM3NY4eHUs

TaHKkn MCNonb3osank Ans PAAMOCEAaN LTHIPEBYIC aH-

TEHHY, COrHYTYIO NONYAYTron AnMHON NpuMepHo 1,5—3 m.

Takan anTerHa obranaeT 3eHUTHOM avarpaMmoit Hanpes-

neHHocT. CornacoBaHe 3TON BHTEHHE! C BEIXOAHEIM Kac-

Ka/IOM repearumka OCYLUECTBISNI C NOMOLLLIO YAAMHSIO-

LUEM KaTyLKK, KaK MokasaHo Ha puc. 14.2. Metanimeckuii

KOpMyc TaHka rpeacTasisn co6oi npekpacHyo pagmoTex-

Puc. 14.2. Cornacosauve HIHECKYIO 3EMIKO, U IANbHSAA CBASK C MCTMONL30BAHNEM Ta-

TaHKOBOM GHTEHHbI KUX BHTEHH ObiNa ypoBNeTBOpUTENbHON. LUthipesan an-

TEHHB Ha COBPEMEHHbIX TaHKax OBbINHO YCTaHaBAMBaeTCs

CBOKy GawHu TaHKa. B HEKOTOPLIX COBPEMEHHLIX TAHKaX LUTHIDEBAS aHTEHHa YCTaHaBM-
B2ETCA C3aAV HB KOPMYCE TaHKa.

Takire aHTeHHb! XOpOLWO paboTaioT Ha MPYeM 1 TONBKO YOOBNETBOPHTENBHO — Ha
nepegaqy. 310 NPOMCXOAWT BCNEACTBIE TOro, NTO OHU USNYMAIOT PAaaVIoOBONHY C Jiv-
HEHOM Monspusauven. Kak Mul yke 3Haem, v3-3a PaclleryieHns panuoBOSHb B
MOHOChEpPE Ha «OOLIKHOBEHHYIO» U «HEOBLIKHOBEHHYIO» NP paBoTe Takux BHTEHH Ha
nepejaiy B MECTe npuema CUrHBIOB, U3NYYBEMbIX 3TOW @HTEHHO. HBGMIAAcTCR
CwikHbEe 3amipaHis curHanos. Beilbopom peBounx 4BCTOT pobuBanucs HexoToporo
YMEHBLIEHNS 3aMUPaHUA CUTHANE, HO OCYLUECTBUTL HANEXHYIO PAaVOCER3b BCE PRBHO
6LI10 3ATPYAHVTENBHO.

B roaki Bropoih MUPOEOT BOiiHEI 11 NO3Xe He BCE TaHKy UMenit panuooBopynoBaHie,
M03BOJIAOLIEE BECTN CBH3b C KOMAHOHLIM MYHKTOM C MOMOLUBIO 3EHUTHOTO U3nydeHis.
OBbHo Takoe 06OPyAOBaHME yCTaHaBIMBANOCh Ha KOMBHAWPCKOM TaHke. Ha Takom
TaHKe ycTaHaBvBarnacs 60/1ee MOLUHES PaAMOCTaHLUS, MO3BONSICLLAN BECTY YBEPEHHYIO
CBfizb C YAaneHHbIM KOMBHOHBIM MyHKTOM. PagvocTaHumi MOBhILEHHOM MOWIHOCTH
vmeny bonsive rafapuTel, BCIEACTBYE 3TOM0 YMEHBLIANCH NONE3HLIM 0BLeM BHYTPV
TaHKa.
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14.3. TaHkoBbiE 3EHWTHLIE aHTeHHbI ANS paboTh
C 3NMVINTUHECKON rnonspuaaumeit

K cepegune Bropoii MMpOBOH
BOWHbI H& HEKOTOPLIX HEMELIKUX T5-
XenbiX TaHkax OGN yCTaHOBNEHb!
IKCMEPUMEHTANBHLIE 3EHUTHBIE aH-
TEeHHL!, obecrneunBaoume pabory ¢
BNAUNTUYECKOR nonsipraauvein. Fpn
paboTe 3EHUTHLIX @HTEHH C 3TUM
BUMOOM MONSPK3aLMKt  3aMupaHve
curtanos GeU10 CyLLIECTBERHO HIXE,
yem npw paboTe © NrMHeHon nons-
praaLven. AHTEHHa C SANUITHYE-
CKOIW nosspu3auveli, ycTaHoBneH-
Han Ha Tanke, roOkasaHa Ha
pvc. 14.3.

Peatepem paboTy TaHKOBOW aH-
TeHHbl 36HWUTHOMO M3ny4eHus C an-
JVMNTHECKON nonsipusaLmet. Ax-
TeHHa COCTOMT COBCTBEHHO U3 ABYX
V3NYYBIOWMX AHTEHH AT 1 A2. An-
TeHHa A1 npeacraenser cobon Bep-
TVKANEHBIA WTEIPE BLICOTO OKOMO
2,5 M. Ha pabodyio 4acToty wThIpb
HacTpavsaeTcs € NOMOLILID yANu-
HeoLan karywku LTV, AHrenna A2
npeacTaenser cobol CorHyTuIiA no- S A
JIYKONBUOM HECUMMETPWYHBIN BUO-
parop. He pabouyto HacToTy T8 aH-
TEHHA HECTPaviBAETCS1 € MOMOLLBID
KOHLEBOW Harpy3o4HON KaTywiku LL,
EeMKOCTHOM Harpyaku C, KOTOpas MpefcTasnser coboi KOHCTPYKTUBHLIA BNEMEHT TaHKa,
¥ yANUHsIoLEn KaTywiki LTH. Yanuusiolwe katywku LTV v LTH ponyckaioT oneparieHyto
MOACTPOVKY NPM CMEHE UYBCTOTHI PABoThl NEpeaaTuMka, HEOBXOAUMYIO ANS HaCTPONKM
aHTEHHbI B PE3OHAHC. MeX/y aHTerHOt AT 1 A2 BKNIIOYEHO ha3ocaBuratoliiee yCTpOw-
¢TB0 FS, NpeacTrasnsiowlee COBON UCKYCCTBEHHYIO ANVHHYIC InHuIo. Pasocasurraiollee
YCTPONCTBO OBECreumnBaeT HEoBXoAUMBIFA (ha30BbIA CABI MEX/Y 8HTEHHEMI B NuTaio-
LLIEM 1iX BLICOKOUBCTOTHOM HaripspkeHun. Pasocapuramiuee yCTpoCTBO Takxe Aonyc-
KAeT ONepaTvBHYIO MOACTPOMKY, HEOBXOAMMYIO WM NPt CMEHE HacTOThl PabOThl aH-
TeHHb!, UK AR riepexoaa padoTht Ha NONAPU3aLUIo C NNEBEIM UMK C MPaBbIM BPALLEHNEM,
MCNOMNb3yeMOW MY AHEBHON 1At HOYHOW PaavioCBH3N.

LLrbipesas aHTeHHB PaCcroNarBNacs TRAOVILIMOHHO Ha GatuHe TaHks. FlonykonsLesan
aHTEeHHB PacnoNaranack HB 3a0HEN YacTV TaHKB. Kak BUIHO 13 3TOro, TaHkoBas aHTeHHa
3EHVTHOIO M3NY4eHWs MPEACTABNSET COBO CNOXHOE PAaMOTEXHNECKOE YCTPOMCTBO.
Kak BCskoe Nnio6oe BOEHHOE YGTPOMCTBO, MPakTUYeCK HaCTpoiika ST0i aHTeHHbl npe-
[IENLHO YNpOoLIeHa. BHBEAEHb! TOMEKO TP PYUKM HACTROMKY. STO HACTPOIKa VHAYKTVB-
WocTy LTV, LTH v HacTpoiika ¢hasocABMratoLlero yeTpoitcTea FS. Ha py4kax ykasaHo ux
NPVMEPHOE MOJIOXEHVE NPV PasHbIX BAPUAHTAX HECTPOWKM aHTeHHbl. Flpn Beixone 13
CTPOS OOHOW U3 HacTei aHTenHbl — AT unin AZ aHTeHHas cucTemMa OCiBETCR BCE PaBHO
paboTocriocobHOM 3a cHeT paboTsl NUHenHoK nonspusaumeid. KOHeYHo, B 3TOM Cny4se
KauecTBo CBSau yxyawaercs. [ins paboTel Ha paavocTaHuUmt C UCTIONBE30BaHEM 3eHNT-
HOW @HTEHHKI C SNMUMTVHECKON NONspU3aLvel Tpebosancs KeanMhuUMpoBaHHLIA nep-
coian,

Al

.54

rL | lepedamyuk
ZEm_1(7)
@

Puc. 14.3. TaHKOBaR 3EHWUTHAN BHYTEHHA,
paboTaan ¢ aNNMNTUHECKOV MONAPUIAUMENR
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MocTenenrHo nocne BTopolh MMPOBOIA BOMHEI 3EHUTHBIE AHTEHHL, oBecneYrsaBLLve
paboTy C ANMNTUYECKOI NONAPKBaLVMEN, NPEKPaTMAL MCNONL30RaTEL Ha TaHKaX. A B HA-
CTOSILLER BREMSt APYIME COBPEMEHHBIE BUfIbI CBA3M NOCTENEHHO BLITECHAIOT KOPOTKOBOS-
HOBYIO DaVOCBS3E C 3EHUTHLIM OTPAXEHWEM OT MOHOCHEPH! M3 UCTIONL30BaHNS B TaH-
KOBLIX BOVCKaX.

14.4. TopyaoHTANbHBIE 3€HUTHLIE aHTEHHBI
Ha MalMHax cssi3n

Ha MHOrvix BOEHHbIX MalwmHax CBR3WU MCMONL3YIOTCS FOpUBOHTANLHLIE aHTEeHHB!
3EHWTHOFO M3nydeHus. 3TO chenaHdo no cragylowmM npuuvHaM. BeprukansHele w
TOPU3OHTANLHLIE @HTEHHEl YaCTO He OBnesaloT BOCTATONHOW MPOYHOCTLIO. FlOCKONLKY
MELLMHBI CBA3M UMEIOT [OCTATONHO BOMLIIYI0 BLICOTY, 3 1 Bonee METpa Haga 3emnei,
TO BLICOKaH BEpPTUKAILHEA aHTEHHA CYLLECTBEHHO yBENMYMT rabapuTHBIe pasMEpbl
MaLVHE CBRaK. 3T0 NprBeseT Kk ee Aemackmposke. Fpy nepensyxenmn asTomobuns
C BbICOKOW @HTEHHOW Moj HUSKMMKY MOCTamMu, B JIeCy BO3MOXHA MOSIOMKA BLICOKOWM
BLICTYNALLEA aHTEHHb.

Huxe Mbl pasfepem KOHCTPYKUMIO 1 MPMHLUN paboThl FOPUSOHTANEHBIX SHTEHH
3EHUTHOID M3nyYeHKs.

FOpK30HTaNEHEIE 8HTEHHE! 3EHWTHONO U3NYYEHUS, YC-

TaHOB/MEHHLIE HA BOEHHBLIX aBTOMOOMIAX, OBLINHO CYM-

TMJ,,W.H,_,E METPMYHBIE. 3TO NPOUCXOANT M0 CREAYIOWM MPUHItHAM.

A BO-nepsbiX, CUMMETPUYHLIE FOPVBOHTANEHEIE BHTEHHK!,
YCTaHOBREHHBIE Ha asToMobune, mvelor Gonee Bbipa-

= KEHHOE 3EHUTHOE WM3NYYEHWEe MO CPaBHEHWIO C ropu-
X 3OHTANBHLIMIY HECUMMETPUYHEIMYK aHTeHHaMu. Bo-eTo-
& pbiX, ANt CUMMETPUYHBIX @HTEHH JIer4e OCyLWEeCTBUTE WX
W\ nvradiie ¢ Boicokim K[, B-tpetoux, npu ucrions3o-
\‘;: BaHWM CUMMETPULHBLIX @HTEHH Ner4e GopoTbCs C BLICO-
2 KOUY2CTOTHBEIMM HaBOAKaMM Ha PaAVO3NEKTPOHHYKO ari-
B NBPATYPY, KOTOPLIE MPOM3BOAAT FOPU30HTaNbHLIE NEpe-
JALWME aHTEHH!,
fpu paborte CMMMETPUNHBLIX [OPV3OHTAMBHLIX aH-
P”C-n;:;:‘-o I‘;L%Zaa’;“b"a“ TEHH Ha Mepeadyy 4acTb HABOAOK, UHAYLMPYEMbIX UMK
rOpUBOHTANLHAR GHTEHNE B MPOBOAALLMX 4aCTSX aBTOMOBUNS, B3aWMHO YHUNTO-
3EHUTHOMO M3Ny4eHus satorcs. lMpu pabote HeCMMMETPUYHBIX BHTEHH, BEp-

TVKaNbHLIX 1 rOpr3OHTaNbHBEX, HaBOOKKM Ha pacrono-
XKEHHYKO BHYTPM astoMobuns annapartypy GynyT cyiue-
CTBEHHO BbiLUE.

PaccMmoTpuM paBoTy MASaNbHON CUMMETPUNHOW MOpUSOHTANLHON aHTEHHL! 3eHWT-
HOro M3nyvenrs. VeantHan ronysoiHOBas rOpPKU3OHTANbHAS aHTEHHB 3EHUTHOro na-
Jly4eHus rokasaHa Ha pric. 14.4. Takan aHreHHB MPEACTaBNsET CoBOI NOMYRONHOBON
AWnosb, PacroNoXeHHe Ha eoicore (0,15...0,25)A or noeepxHocTu 3emnu. Benea-
CTBUE OTPEXKEHVS PaMOBONH OT 3EMM aHTEHHa WMEeT 3EHWTHYIo AviarpamMMy Ha-
NpasneHHocT. KOHeHHO, Takas waeantHas) BHTEHHE He MoxeT ObiTb MCMoNb3oBaHa
B MEPEABUXHbIX CPEACTBax CBA3W. BO-MEpBLIX, KOHEYHO, HEBO3MOXHO YCTAHOBMTL
HB @BTOMOOWNIE aHTeHHy, MMEIoWYI0 B auarasoqe 90—60 meTtpos aauky A/2, no-
CKONLKY ANvHa 3T0W aHTeHHs Gyner pasHa 45...30 metpos. Bo-BTopuiX, OnTuMansHas
BbICOT@ YCTAHOBKW @HTEHHbl Hafd 3emnew, kotopas coctaenser (0,15...0,25)A, Oyper
pasHa 22...13 M Ans anve BonH 90 metpoB 1 9...15 M ana pavn Born 60 METpOB.
KoHeuHo, 3Ti BLICOTEI HE MOryT GbiTb 0GECredeHbl MpY YCTAHOBKE @HTEHHbI Ha re-
PEOBXHEIE CPEACTBA.
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PeanbHasi MaluHa CBA3M, UCNOML3Y B

apmMuy, MMEET BhICOTY 3...4 M. AHTEHHE YCTaHaB-
nveseTcs Ha ebicote t...1,5 M Hap kpeieit atoit
aBTOMalLvHbl. B pesynkrate 3Toro aHTeHHa 3e-
HUTHOrO V3Ny4YeHVA PacronarasTcs Ha BbiCOTe
4,..5 m Hag 3emnell, Kak nokasaHo Ha puic. 14.5.
Mexay aHTEHHOM 11 NOBEPXHOCTEIO 3eMIY Haxo-
LWUTCA MalLyHa CBA3Y, KOTOPaA NoFnoLIaeT YacTb
BHEprvK, V3Ny4aeMoil aHTEHHOW 3EHUTHOMO W3-
nyseHvs. 370 ewe Gonee yxyAwaer paboty ae-
HUTHO¥ AHTEHHBI W YBENWYVBAET YPOBEHb €6 13-
FIYYEHUS MOA, FOPU3OHT.

Ho cnepyet 3aMeTuThb, YTO MOBLILLEHHOB 13-
NYYEHME AHTEHH, YCTAHOBNEHHBIX HA MepeasX-
HblXx CPEACTBaXx, Nop, FopU3OHT CHUTAETCH VX Mo~

Puc. 14.5. 3eHUTHan OvnonbHas
aHTEHHA Ha KpbILLE asTomobuna

Ne3HbIM Ka4eCTBOM, TaK Kak 3TO SAET BO3MOXHOCTE OCYWECTBATL CBA3b 3emMHoW BOA-

Hoit Ha HeBonbiuve paccTonHvA — Ro 40...80 km

14.5. PamoyHan avnonbHas

B apmuy LLIMPOKO UCTIONL3YETCA
[UMONbHas 3eHWTHAA aHTeHHa pa-
MOYHOI  KOHCTPYKUMY, TNOKa3aHHasa
Ha pvic. 14.6. Ota aHTeHHa npea-
crasnReT coBoit npoyHylo Tpybky
npametpom 15...30 MM, ycTaHoB-
NEHHYI0 Haj KphbitLel asTomoBuns
TaK, 4TO @HTEHHA BO3BLILAETCH HA
ypoere 1...1,5 M Haa KpeiLei U Bei-

a)

B pagvyce OT aBTomobuns.

3€HUTHas aHTeHHa

fByxnpoBodras
7UHUS Nepedasy

XooMT npvMepHo Ha 1 M 3a raba-

L

pWThl aBTOMOBUNA, Kak NnokasaHo Ha
pyvic. 14.6,a. Takoe NocTpoeHVe aH-
TeHHbl noaBonaeT pabotate el ©
CUNBHBIM  3EHUTHBIM  USNYYEHVEM.
Takxe 3Ta aHTEeHHa VIMeeT 11 3Haqu-
TenNbHbIE GOKOBBIE NENECTKY. NPUXa-
Thie K FOPV3CHTY, KOTOPHIE MOXHO
VCMONb30BaTh ANA NPOBEAEHVA CBA-
31 HasemMHOW BOMHOM.

JnvHa L aHtenHsl {(puc. 14.6,6) on-
peOenieTcR TONbKO pasMepamy as-
TomMoBMN#, Ha KOTOPOM OHa yCTaHOB-
nena, MUTaeTcA 3Ta @HTEHHA MO KO-
pOTKOW pBYXNPOBOAHOV AVHUN AnK-
Hoii oOkono 4 MEeTpoB, KOTOPas
NOAKNIoHEHa K cornacyiouiemy ycT-
poiicTBY nepenatuvka. Hactpaviea-
€TCsi B PE30HAHC aHTEeHHa C nomo-
L0 CYIMMETPUYHOTO BapyomMeTpa
LT, Tpy ero NEPecTpoke UHOYKTVIB-

Puc.

14.6. QvnonLHas 3eHUTHAA aHTeHHa
PaMO~HOR KOHCTRYKLIUK

HOCTb KaTyLLEK aHTeHHE LT MEHAETCA OOVHAKOBO. AHTEHHA XOPOLLO COrNAacyeTcsi C Bhbi-
XOAHbIM KacKaiom nepesaryvka v paboTaeT B fyanasoHe 2...25 M. AHTeHHy HacTpau-
BAIOT MO MAKCVIMYMY TOKa, NoCTynaloLemy B TOYKM NTaHUA aHTeRHbl (A Ha pvc. 14.6,a).
B TaKom CAyuae aHTeHHa oBecneuvBaeT makcymanbHo 3dbexTreryio paboTy. Ho B MHET-
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pykuvv No paboTe aHTeHHbl YKA3aHO, YTO OHa MOXET BbiTb HBCTPOBHA W MO MaKCHMyMy
BbICOKOHBCTOTHOro HAaNPMXEHVsi Ha €6 BXOAE (T. . N0 MUHVIMYMY TOKA B TouKax A). Takas
HACTPOMKa BHTEHHb BO3MOXHA, ECNY aBTOMOBIEL CBR31 HaxoAWTCA Ha XOPOLUO NPoROaS-
uieit noBepxHOCTH (270 MOryT BbiTh BNaXHBIE CONEHBIE NOHBLI) YAV NpY paboTe 13 ecTe-
CTBEHHbIX YKPBITVA — 5, OBparoB. MHOYKTVBHOCTh BAPVIOMETPA COCTABARET OT HECKONb-
Kux mMykporeHpy Bo 500 mklH.

Takasl aHTeHHa BNonHE MOXET BbiTh MCMONb3OBaHA B PagMOMOBUTENLCKVX YCno-
eunAx. OcHOBHan npobnema npy ee USroTOBNEHWM 3aKMIOYAETCS! B U3rOTOBNEHUN
KaueCTBEHHOMC BapuwomeTpa LT XKenarenbHo, 4ToBbl givHa L Kakaoro nneva aHTeHHH
Gbina He meHee 6 MeTPoB. Takas aHTeHHa MOXET CbiTh YCTAHOE/IEHA B YKOPOHYEHHOM
BapyaHTe Ha kpeilwe Hebonbluvx aeTomobunei gna pabotst B BuanasoHax 40—10
METPOB.

Mpy UCNOMBL30BBHUM 3TOM aHTEHHBI B BOEHHBIX aBTOMOBMNSX CBR3y OHa HaeT To
NpevMyLLecTBO, YTO Kpbllla aBTomMobuns ocTaetch ceoboaHON. 3TO NoO3BONAET yCTa-
HOBMTb Ha KPhILLE EBTOMOGWNS aHTEHHbI Opyrvx TWNoB. OCOBEHHO 3TO aKkTyanbHo B
COBPEMEHHbIX YC/OBUAX, KOr4a OBECNEYeHVE CBA3Y C MCNONb3OBAHWEM 3EHMTHBLIX
aHTEeHH He WrpaeT Takolt Bonbllo ponu, Kak paHbiLe.

14.6. CBepHyThili 3€HUTHBIA OUNONL

B ropet Bropoi MypoBoiA BoiHEI 1 80O 80-x rogos
Ha MawKWHax CBA3W MCMOMb30BANCH CBEPHYTHI Oy~
nonb 3eHUTHOro uanysenwsa. OH npepcTasnsn coboit
CBEPHYTBIM MeaHAPOM AWMOAb, YCTAHOBNEHHBIA Ha
Kpuitlie mMaluvHel cBaAsn. B 3aevcUMocTi OT BeNMNVHL
aBTOMOBVNA BNMHA NMNEN CBEPHYTOrD AWMONA mMorna
pocturate 10—15 M. Ha KOHUaX AUNONR Haxoowivck
Harpy3ouHble KaTYLLKN C eMKOCTHOWM Harpyskoi. Mu-
Tancs Ovrnonk C NOMOLBIO OBYXNPOBOOHON AVHUA
BavHoM okono 3 M. Pacnonoxedve gunons Ha ma-
LWivHE CBA3W NOKasaHo Ha puC. 14.7. CxeMB aHTeHHH!
nokasaxa Ha puc. 14.8. HarpyaouHble katyiukv LT co-
BMECTHO C KOHCTPYKTVMBHOM emKOCThIO obecneuvBaioT
pesoHaHc paboThl @8HTEHHB B BEPXHEM [OVana3cHe
\/ paboTtbl aHTeHHbl — 60 MeTpos. C nomollbio corna-

cyloutero ycTpoiicTea 3Ty aHTEHHY MOXHO HacTpovTh

Puc. 14.7. CeepwyToiit gunans A% PaboTbl Ha ee HUXHem avanagone paboTbi

Ha MallmHe CBR3U 90 mMeTPOB. AHTEHHA HAXOOUTCS Ha BLICOTE NPYIMEPHO

1...1.5 M Hap KkpblLelt aBTOMOBUNA. AHTEHHa VMeeT

CUIbHO BBIPaXEHHOE 3eHUTHOE M3nyueHve. HacTpau-

BEETCA @HTEHHa MO MakcUManbHOMY TOKY, MOCTYNnalolemMy B HEe, NpeaHasHaveHa

ans 1crnonk3oBaHws B ovenasoHe BonH 60—90 metpoB. OGBINHO 3Ty aHTEHHY HE
npyMeHsloT ans paboTd B ApYrvx OvanascHax BOMH.

14.7. LLMpokOnonocHLA 3EHUTHLIV AMNOND

Ha HEeKkoTOpbix BOGHHBIX ZBTOMOGUNAX CBA3W MHONGA WCMONe30BaMy LUMPOKONOo-
FIOCHYIO TOPV3OHTANLHYIO @HTEHHY, NMokasaHHyld Ha puc. 14.9. 3ra advteHHa npej-
crasnseT coboi WMPOKONONOCHLIM CUMMETPUYHLIN BUBPaTop pasmepamu 0,5...1.5 m
B Wypyhy v 1,5..2 m B annHy. BuBpatop BUNOMHEH B BUOE CETKW, KaK nOKAa3aHo
Ha puvc. 14.9. PacnonoxeHa aHTBHHA OCbINHO HA BLICOTE OKONO 1 M OT KphitUW aR-
TOMOGUAS.
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Coznymas
QHMEHHE

Haozpyzownas
KOMYWKa

Hazpyzo=nas
KOmyuKa

EmxoctHan

Emkocmuas

HO2pY3KA HaepyaKa
fiByxnpabodhas
AuHUR
Nepedamyux
Loznacypuiee
yempoicmbo

Puc 14.8 Cxema CBEPHYTOrO OUNOne

Ha pvc. 14.10 nokazaHa cxema
nMTaHVA OOHOI 13 aHTENH, VCNONb-

x
a) "
A 1.5-2m 15-2m
6) Coznacyvuee
ycmpoicmto AByxnpobodnas
M 1y ALHUA
ﬂepeﬁumwuxl

1]

PEE

-
s

©

Puc. 14.9. LinpokornonocHan ropusoHTanbHas

3EHNTHAY aHTEeHH2

ayembDiA B BOEHHOM asTomobune
cBsizv BpemeH Bropoit mupoBoi
BOWMHLI. AHTEHH3 MODKNIOWEHa ue-
paad OBYXNPOBOARYIO IMHUAIC LNMHON
OKONO 2 M K cornacyiolemy ycT-
poficTBY. 3TO COFNacyioluee ycr-
poitcTec npeacTaensieT coboit na-
pannenbHbliA KOHTYP, KOTOphIM ¢ No-
MOLLbIO KaTylwky ceaan LC cBaAzaH
C nepenaryukomM. Mpy nomowm ka-
Tywky LF v koHpeHcatopa CR atoT
KOHTYP MOXeT GblTb NepecTpoeH B
obnacTy HacTort 2...20 MIu. B atoit
xe ofnactv 4acTor n paboraer ze-
HUTHas aHTeHHa. C nomMowLID ne-
PEMEHHOTO  CHIMMETPUNHOIO  KOH-
peHcaTopa CA aHTeHHa HacTpaviBa-
eTCA N0 MaxkCUmymy Toka, MOCTy-
namLiero 8 Hee,

AHTeHHa obecneynBaeT yBepeH-
HyIO CBA3b npy paboTe C 3eHUTHLIM
vanyyeHvem. 3a cHer Hanvuma 6o-
KOBbIX NenecTkoe obecreuvBaeTcs
NansHsAs CBA3b B BICOKOYACTOTHBIX
nvianasoHax eornH 5...20 Mu. Mor-
na aHTeHHa obecnesvBate nafb-

AByxnpabodras

AUHUR BAUHOL
-3 mempa

BY arnepmemp 1 ( AY(A) BY amnepremp 2

£t e
77 VLT - cBase ¢ anmerrog
. LR.LF - Hocmpouxa
<OCMOMmb
R
W
Al

K nepedam+uxy

Puc. 14.10. Cxema NUTaHuA LUMPOKONOMNOCHOR

CMMMETDM"IHOV' aHTeHHbI

HIOIO CBA3b 1 NPy PaboTe B HWUBKO4ACTOTHOM Y4YacTke KOpoTkux BorH 2.5 MMy 3a
CHET HEOOHOKPATHOTO OTPaXEHWs PamuWoBONH OT voHocdepsl 1 3a cyer paboTul C

VCNONL30BaHVEM BOKOBLIX NENECTKOB.

163



Hepoctatin aT0l aHTeHHbI 3aKMONAIOTCH, BO-NEPBLIX, B OTHOCUTENEHO CROXHOM
COrnacyiowiem YCTPOMCTBE, a BO-BTOPbIX, OHA 3aHUMEET 3HAYMTENbHyIo 4acTb nno-
Laan Kpbilly aBTOMOBUNS MOA CBOIO YCTGHOBKY. [0 3TMM npyuMHaM HadsvHas c
koHUa 50-x ropgoB 3Ta aHTeHHa Ha BOEHHHIX ABTOMOBWIRX CBA3W MPaKTVNECKU He
vicnoneayercs. Ee cmenvna Gonee yRobHan B HAacTPOMKE v addekTvBHas B AEACTBMN
BHTEHHA, NokasaHHas He puvic. 14.6.

14.8. MarnutHble aBTOMOBUNBLHLIE aHTEHHBI

a) MaruutHele aHTeHHbl CTany MCNONL30-

BaTbCs AnA 3eHUTHOM CBA3K (N0 MOVM cee-

AEHWRIM) CPABHUTENBEHO HEOABHO, C Cepsav-

3 Hbl 70-x ropgoe XX Beka. MardUTHes aHTeHHa,

] e YCTaHOBNEHHaRA Ha MatLVHe CBA3Y, NoKasaHa
\\“ Ha pvc. 14.11.

=1 MarH1THas aHTeHHa B NOXOAHOM COCTOS-

@ @ H @ HUM  YCTAHOBREHA MAapPaMienbHo — KpbllLe

(pvic. 14.11,a) 1 He melLaeT NepagBYKEHUIO

MaLMHLL NOA, HU3KUMM MOCTamMy, B necy.

6) 25 2 Ans npvBeaeHWs MarHUTHOW aHTEHHbl B pa-
GouniA pexuM OHa C NOMOLLBIO BNEKTPOMO-

07 i Pasmeps: B TopoB noaHvimaercA. Ha puc. 14.11,6 noka-
A mempax 3aHa MarHVTHas aHTeHHa B paboYem noso-

~ EI 3 XeHUN. MarHuTHas aHTenHa 1 HacTpavieaer-
N Cs B Pe30HaHc Ha pabouylo 4actoty ¢

# L2 NOMOLBIO MEPEMEHHOTD KoHpeHcaropa 2,

1 KOTOPLIA 3alpuieHd oT arMochepHbIX BO3-

LevcTavin repmeTvuHol kopobxoi 4. Nepe-
CTpavBaem NO Avana3cHy KOHOeHcatop C
(- NOMOLLBIO 3neKTpoMoTopa. NvTaeTcs aHTeH-
W H2 C NOMOWBLI0 NeTAM CBssk 3, KoTopas
YCTEHOBNEHA B Yrily aHTeHHb. Pasmepbl an-
“E*I @ TeHHbl, NpeAHasHaqeHHoit ons pabotel B
@ vanasoHax 150—80 meTpoB, nokasaHbl Ha
puc, 14.11,6. AHTeHHe oBecneuveaeTt yBe-
Puo. 14.11. ABTOMOBUNbHAR PEeHHYI0 CBA3L NPY NOMOLLY 3EHUTHOTO 13-
MarHUTHas aHTeHHa nydeHvst B 3oHe paguycom 200 km gHem u
10 400 kM HOuBIO. K nepenatyvky anTeHHa
NoAKMOYEHa NP NOMOWW CREPXFYBKOro Ko-

aKcuanbHoro kabenn c BONMHOBbIM conpoTvianeHvenm 100 Om.

VIcronsaytoTcs MarHuTHble aHTEHHB! ¥ s paboTel B ovanasoHax 90—60 meTpos.
B 310M CnyYae Takve MarHUTHLIE aHTeHHE, KOHEYHO, MMEeIOT Fropas/io MEHBLLME PasMeps
N0 CPaBHEHWIO C MarH1THOM aHTEeHHON, npeAHazHayeHHoi ana paboTel Ha guanazoHe
150—90 meTpos. MarHuTHele aHTeHHb! anA vanasoHos 90—60 MEeTPOB ycTaHasw-
BaAIOTCA VNV HaA kabuHoi asTomobuns (cm. puc. 14.12), umm Ka KpalK 33aHeN H4acTun
MalvHel (CM. pyc. 14.13). B 3T0M CAy43€ Ha KPbILLE MallyHbl OCTAETCS MHOTO CBO-
GonHOro MECTa MOA YCTAHOBKY @HTEHH [APYrvX TWMOE MM ANs YCTAHOBKM [pYroi
PeaVoaneKTPORHON annaparyphl.,

MarHvTHble aHTeHHb!, NokasaHHbie Ha puc. 14.11, 14.12, 14.13, obbMHO W3roTas-
JTIMBAIOT VN V3 aNIOMVUHWEBOL COrRYTOM TPYOKK, 1Y 113 anioMVHUEBOM NONOCH. AHTEHHE
nunanazoHa 150—90 METPoB He NpeaHa3HaYeHa ans paboTs vz aBTOMOBUNS BO BPEMS
ABUXEHVA. Ho aHTeHHb ovanazoHos S0—60 METPOB MOXHO WCMONb30BaTh BO BpEmMs
DBUXEHUs: aBTOMOBKNS.
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1
Tepureertp T 1 lepuremp 5 M

6)

Puc. 14.12. MarnuiHas anTeHHa Hag KabuvHoit asTomMoBuna

lepumemp 1 m

a)
o

Puc. 14.13. BapuanT yCTaHOBKI MarHvTHOR aHTeHHb! Haj 3afHelt HYacTbio aeToMobuna

MHe He BCTpeyauCb OOCTOBEPHBIE CBEOEHVA O BOEHHbIX MarHWTHBIX @HTEHHaXx,
npeaHasHayuBHHBIX Ansi paboThl 3EHUTHLIM M3NyYeHWeM Ha [uanazoHax 4actoT Bblitie
5 Mlu,

14.9. AntenHbi DDRR B BOEHHOW CBSidu

B BOEHHON TEXHUKE MHOFVIX . L )
CTPaH VCNONL3YIOTCA 3EHUTHLIE -
aHTeHHs DDRR, kotopole Toxe W
moryT ofecneunte pabory ze- \é—

HATHBIM ~ M3nyseHvem.  Cxema Jauummeiy

3TOi  @HTeHHbl nNOKasaHa Ha Y Tpyéa KORYX

pvc. 14.14. AHTeHHa npefcTae- -~ zawuu‘:amwau 3AEKMpOMOMopa  —
naeT coboit uznyyatens OIVHOMA 3 ¢udep u KUHdEHfD'"Upﬂ,7
L 3Ha4MTENLHO MEHBLLE [ANVHB -——— M S
HeTBEepPTU BOAHLI HXHEro pabo- nexmpa-

4ero puanazoHa aHTeqHbl. B pe- romop O
30HEHC aHTeHHa HacTpavBaeTCh

C MOMOLLBI0 KOHAEHcaTopa ne- 2 Kpewa o Bmavaduns S
PEMEHHO# EMKOCTY, NEpecTpan-

BAEMOI0 3IEKTPOMOTOPOM. AH- @

TenHa addektvero pabotaer fepedomux

npv pwHe L He mBHee O,1A. ==

KOHCTPYKTVBHO @HTEHHA BLINON-
HEHA U3 TOACTOW Tpybku pua-
meTpom 20...40 mm.

AntenrHa DDRR Ha BOBHHOI TEXHUKE OBLIMHO PacnonaraeTca Mo Kpawo MatuvHbl CBs-
31, KaK NnokasaHo Ha pyic. 14.15. 310 aaeT BO3MOXHOCTE YCTAHOAUTL Ha KPEILIE MalHL
CBSI3V @HTERHB! 4015 APYrvx AnanasoHoR. AnTenHa DDRR wacTo ewle cryxuT orpaxoeHu-
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emM Kphituy MatLvHL cesan. AHTeHHa DDRR vcnonbsyetcs Ha Tarkax, Ha BMM (Goesas
matlvHa nexotbl). Ha a3toit BoerHoi TexHvke anteHna DDRR MOXET BuinoNHATL pone
nopyyHeit. Mockorbky aHtenHa DDRR mexanvuecky NpodHas, ee TPYAHO NoBpaauTs B
6010. OHa Gonee X13HECTOMKaA, YeM BLICOKaRA LITHIPEBAR aHTEeHHA.

Ans cozfaaHvs Bpallalotencs nonspraumvy, Heot-
XOAMMOA Anst Ka4ECTBEHHOM PaboThl 3EHUTHOM aHTEH-
Hbl, MCNOMbL3YIOT AiBe aHTeHHbl DDRR, pacnonoxeHuble
O o NEepUMETPY KpPbILY, Kak nokalsaHo Ha pvc. 14.16.

rl n B aTom cryyae npy vx NUTaHWM C HEKOTOPbIM CABUIOM
\ a3 BO3MOXHO MONyYeHVe KPyroBoii (sepHee annun-

TUHECKON) NOARPU3aLIUK.
@ @ @ AnxteHHa DDRR siBnsieTcet OOHON M3 HOBEMUMX aH-
TeHH, UCNONb3yeMbiX Ha BOBHHOW TEXHVIKE, B TOM Y1Ce
Puc. 14.15. Pacnonoxerue WV ang CBA3W 3eHWTHBbIM M3NyYeHWem. ITa aHTeHHa
H:"Ig:ﬂ:;eneggu 0becneyvBaeT BHICOKVI YPOBEHb 3EHUTHOMO ManyYeHIs
Y umeer ko3bdruveHT nonesHoro Aeiictevs Gonee
BBIGOKVI? NO CPaBHEeHWIO CO LITHIPEBol aHTeHHol. Ho
anTerHa DDRR npovrpbiBaeT no abgexTMBHoCTH paboTsl MarHUTHON aHTEHHE 1 CpaB-
HYMa 1o 3¢gPexTVBHOCTY paboTet CO CBEPHYTRIM AUNOneM. ORHAKO MarHWTHas aHTeHHa
CcnoxHee B BbinonHeHuy anTeHHsl DDRR U Tpebyer ons ee npveegeHws B padouvii
PeXVM VCNOMb30BaHVs 3NEKTPOMOTOPOB W ee NoabeMB BPyuyHylo. AHTeHHa DDRR
Gonee npovHas 1 NO3BOMFET BECTV CBSI3b BO Bpemst [BVXEHVS, HE ONacanch noBpe-
XOSHVA BHTEHHBI.

CBepHyTLI AUNOfe, KOTOPhIA paHee MCMoNb-
30BA/ICA B KAYECTBE 3EHTHOW aHTEHHE!, 3aHVMaeT
BCIO KphILLY ¥ HE BAET MEeCTa ANA YCTaHOBKW Ha
He apyrvx awteHH. B HacToswuee spems ons
BeJeHVA CBR3U VICNOJb3YIOTCA HE TOMBKO 8HTEHHEI
3EHUTHOFO U3nydeHus avanazona 90—60 mMeTpos,
HO ¥ @HTeHHbl Opyrvix TWUNOB W 4acToT. Moatomy
BONPOC O MECTE 019 Pa3MEeLieHWsi STWX aHTEHH
Ha Kpblle asToMobune CBR3U CTOUT AOCTATONHO Puc. 14.18. Cuctema «3BHUTHBIX®
ocTpo. anTeH DDRR, oGecneunsaroiux

Pagvoniobuteny BronHe MOryT vCronb30BarTh KPYroByi0 MonsipusaLuio
anTeHHy DDRR pns ceoedt pabotel B advipe npu
€€ YCTAHOBKE Ha Kphllie asTomMobuns,

WTek, ecnv Bbl rAe-To BCTPETUTE OMMCaHWE Kakoil-imBo BHTEHHL!, paboralolied
3EHUTHBIM UBNYYEHVIEM, TO, CKOpae BCEro, CMOXETE OTHECTW €€ K OOHOMY M3 TUMOB
OMVCAHHLIX 3[ECh BHTEHH. A Mbl PaCCMOTDUM Cefivac paavonioBUTENLCKUE AHTEHHS
AN5 YyCTaHOBKU Ha aBTOMOGWIX.

15. AHTEHHEI BO3UMbLIX PAOVIOCTAHLINA

PaboTa ¢ TpaHcviBEpa, YCTAHOBNEHHOrC B aBTOMOBWNE, CTAHOBUTCH OBbMHBIM Ons
paavionobutenei penom. Jlopora He paBoTy U O6PATHO 3aHVIMAET 3HBUUTENLHOE BPEMS,
KOTOPOE BMOMHE MOXHO VCNONb30BaTL Ans paboTel B agupe. Bpems noeankv B oTnyck
Ha aBTOMOGVNE TOXE MOXHO MPEKPacHO COBMECTUTL ¢ paBoTol B advpe.

Ceif4ac MHOTVE COBPEMEHHLIE TPAHCMBEPH! UMEIOT NUTaHVe oT HarpsixeHvss 12 B
v rabapuTel, NO3BONAIOLE YCTAHOBUTL X B BBTOMOGMNE. BOMBLIMHCTED TPAHCUBEPOS
VMEIOT HacTpavBaeMblil C FIOMOLLLIO @BTOMATWUKK BCTPOEHHHIR TIOHED, YTO MO3BONSET
WCNonb30BaTe TPAHCUBEPLEL CO CnydaliHbiMM aHTenHamy. Huxe GyoyT paccmoTpeHb
OCHOBHEI@ TUMbl aHTEHH NEPaABYXXHLIX PAAVOCTaHUMI Y1 OCOBEHHOCTY X YCTAHORKM
Ha eBTOMODUIE.
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15.1. OcoberrocTv paboTtel Ha TpaHCouBEpe U3 aBToMDGUNA

Pabora Ha TpaHcvBepe 13 aBTOMOOUNA WMEET MHOrO CBOUX OCoBeHHocTel no
cpasHeHvio ¢ paboToi co craumMoHapHOro Mecta. TpaHcueep nomkeH GbiTb CoOTBET-
CTBEHHO YyCTaHoBNEH B aeTomobwne. Heobxoowmo npaaycMOTpETs €rc 3aiuTty o1
Bybpaumu. TpaHCUBEP MOXeT npopaloTaTk MHOTD NET Be30TKazHO, Byoy' pacnonoXeH
CTauMoHapHO B OOME, HO BhIARET W3 CTPOR 4Yepe3 napy 4acoB nocne paboTel B
aBToMOOMIE U3-3a BMOpauMy. MMEHHO K3-32 Bvbpauvy HEOBXOAWMO MCMOAL30BATH
TPaHCVBEPh C UMPOBbIMU CYHTE3ATOPamMW HACTOTHI, KpalHe XenaTeneH pexmm duk-
cauny yactotel. TemnepaTtypa B aBTOMOOUNE B MECTE YCTAHOBKY TPAHCVBERA MOXET
MEHATECA B LUMPOKUX MPpeaenax, noa3ToMy TPAHCVBED ROMKEH BLILEPXVBETL paboty
npy nepenage Temnepatype or —10°C (npw fiepBoHa4aNEHOM BENIOHEHVY TpaHCUBepa
3vivoit B xonogHom aeromobune) po +50°C (B pwvrensHo paboTteioutem aBTomoBUnE).
KoHeuHo, B HEKOTOPBIX TUNAx aBTOMOGVNA TeMNEpPaTypPHLIE YCNOBMA MoryT BbiTh FOpasao
MAME YKazaHHbIX 30eCch.

TpaHCcvBEp ROMKEH ObiTe YCTAHOBSIEH TaK, 4ToDbl OH HE MELLAn YnpaeneHuIo
apToMOBune 11 B TO Xe BPemMA YNPaeleHve TpaHCveepom {nepekniouenrne npuen/
nepenaya), MUKpodOoH, TenerpadHuil Knod Oblv NErko BOCTYNHbIMK ans paboThl.
Ouerb ypobHbl B 3TOM CAYYAE€ TPAHCUBEPHI C MYrbTOM VIPABNEHVS W TpaHCVBepsl,
Lonyckalowve pasaensHylo yCTaHOBKY OCHOBHOFO OroKa ¥ MaHeny ynpaeieHva TpaH-
cvieepa.

Ecnv B aBTOMOBWNE CUNBHBIA LLYMOBOM GOH, TO XENATenbHO WCMONL30BaTh Npu
pafioTe Ha TpaHCVBEPE HaylLhvki. BuecTo mykpodoHa B aTom ciyyae LenecoobpasHo
YCnonb3oeaTte NaprHrodOHbl. MIMERHO NO NPVHVHE LIYMa VICNONBb30BaTh PEXuM «VOX»
npu pabote va SSB npu pevkeHvy aBroMobuna 4acTo HEBO3MOXHO. Ipu pabore Ha
CW pexum «VOX» BnorHe moxer BuiTe 1CNonbL30BaH.

MNMpy aBvXeHn asTOMOOUIR yPOBEHb NPUHVIMAEMOTO CYrHANa MOXET 3HauUTensHo
MEHATLCS, YTO NOAPasyMEBaeT vIcnonb3oBaHve adhekTuBHoN cuctemsl APY, Bo Bpemna
AEVXEHVS N0 TYHHENAM, Mo, METaNAUYECK MM MOCTamMY Npyem MoXeT BooGile non-
HOCTLIO NpeKPaTuTLCA, @ NPV ABWKEHVN B aBTOMOBVNE o ropogy noa TponneiBycHbimm
DVHVISMY, OKOAO TPaMBAMHLIX IMHWA M NIVHWIA 3NeKTPONepenayy mMoryT BO3HUKHYTbL
CUNLHBIE NMOMEXY NPUENY, OBYCNOBNEHHEIE HABOAKAaMM OT YCTONHWKA MOMEX Ha aHTEHHY
TpaHcVIBERA.

15.2. YcraHoexa TpaHcueepa 8 aBToMobune

XenatenbHo YCTaHOBUTL TpaHcVBeP Tak, 4ToObi OH NErko BBIHVMANCS U3 aBTo-
mMoBUns, Tak Kak B HEKOTOPbIX MECTAax OCTaBNsAThb AOPOroCTOAWMIA annapar Ha HOYb
B aBToMOBUNE NPOCTO HEPE3YMHO. TPAHCMBER RBOMXEH ObiTb YCTAHOBNEH B TakOM
MecTe, 4Tobbl Ha HEro He Kanano macno, He nonafanc aBTOMOBWNLHOE TOnMWEBo,
He netena neib. Mpy HeAOCTAaTOHHON 3alUMTE 3MEKTPOHHOM CXembl TPaHCVBEPa OT
3TVX BOZNENCTBUI annapat mMoxeT ObiCTPO BbIATK K3 CTPos. [laxe ecny fbink U
Macno He GynyT nonanate BHYTPL TPaHCVIBEPa, VX BO3AEMCTBME Ha BHELLHVE Pasb-
€mbl TPaHCWMBEPA, KakK BbICOKOHYaCTOTHbIE, TaK W HU3KOYacTOTHbE, GymeT karacTpo-
UIECKUM.

MHOro XnofoT MOXET ROCTABUTE NORKMIOYSHWE NUTaHVS K TpaHCVBEPY B @BTOMO-
6ure. HenpaBUrbHO BLINONHEHHOE, OHO GYIET «NpoCaxviBaTbCs» Ha TPaHCUBEpPE BO
BpEMS NEepeaaqyn, NPUHUMATE NOMEXW OT CUCTEMDBI ANeKTPoOBOPYAOBaHVS aBTOMOEUNS
npy paboTe TpaHcvieepa Ha npuem. Kak nokasbiBaer onblY, Haubonee paumoRanbHelin
BapUaHT — STO HENOCPELNCTBEHHOE MOAKNIOHEHVE NPOBOMOR MUTAHWA TPaHCUBEPa K
kneMmMam akkymynatopa. Heobxopumo obpatiTe BHUMAHVE, HTO FORKAIONEH DOMKEH
GbiTh HE TONLKO «NAIIOCOBOW» MPOBOL, HO W «MUHYCOBOA». MpoBoaa MoryT GuiTh 13
MeoV avameTpom 2.4 MM U OHW DOMKHbI MATW 1o Kopnycy asromobuns mavBonee
KOPOTKVM nyTem OT TPaHCVBEpa [0 akKyMynaTopa.
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B 70 xe Bpemsi NPOBOAa NUTaRUA [OMKHBI «OBX0AUTE» MCTOYHUKM MOMEX, KOTopLIe
MOMyT BCTPETUTbCR Ha wx nyTv. HesonycTumo, ytobel npoBoAa cBoBoaHo npoBricany
B NYCTOM NPOCTPaHCTBE aBToMOBUNA. 3T0 HEMBGEXHO NPVBESET K NOMEXaM CO CTOPOHDI
anexTpooBopyRoBaHus. Mpoxoasiuve ceBoBOOHO Nposoda MoryT BbiTe CRyYailHo no-
BPEXAEHLI NPV PEMOHTE aBTOMODBUNS. JKernarenbHO UCNoAb30BaTh NPOBOJA NUTaHV,
VayLve B MEeTaNMHeckom 3KpaHe. 3KpaH BONXKeH ObiTb BLINONHEH 13 PEPPOMarHATHOFO
NPOBOAA, 3TOT npoBop, fonxeH BbiTe obnyxeH vy apyrim cnocobom NpesoxpaHeH
OT OKMCNEHUA, 3KpaH OOMKeH BhbiTh NNOTHOIO CEYEHWA. B TSXErbIX clyyanx noasneHvs
MOMEX MOXHO MCTONL30BaTk NPOBOSA B ABOMHOM 3KPaHE: NEPBLI aKpaw vz ¢eppo-
MarHVTHOTO maTtepyviana, BTOPOW 3KpaH MeHbil.

BneKTPOXO3ANCTBO aBTOMOBUNSA, B KOTOPOM OyIET YCTAHOBNEH TPAHCVIBEP, BOMKHO
6LITE B MAEANbHOM COCTOSHWY, VHA4YE MOMEX MPYeMy HE mMYHOBAaTb. K COXaneHuio,
MHOrVe OTEYeCTBEHHLIE aBTOMOBVNY HE YROBNETBOPAIOT 3TUM TPEGOBaHUAM ¥ NPUXO-
[UTCS RONFO BO3WTLCH, HTOOBI HalTV npuunHy nomex. B kapBioparopHom pevrarene
MOLLHEIE MOMEXW CO3[AeT cucTema 3axuradvs, MeHeparop Takke MOXET Co34asaTbh
fomexy Npriemy. MoCKoALKY B OCHOBHOM BCE UEMY MUTaHVA SBTOMODMILHOIO 3nek-
TpooBOopyLoBaHA CUNBHOTONHEIE (CTAPTEP, OCBEILEHVe, YKE3ATEeny NOBOPOTOB, 3reK-
TPOABUraTenk CTEKNOOHUCTUTENA U T. [.), TO VX BKAKOHEHUE CONPOBOXOAETCS MOLLHBIMU
MCKPOBLIMUY paspanamyl, CO3A0LMMM NOMEXV B AUANa3oHe OT COTEH KUNorepu Lo
COTEH mMerarepu. Kpome Toro, npu OBIKEHVM BBTOMOGUNA HEKOTOPHIE YacTy ero Ky30Ba
MOrYT HaaNEeKTPU3OBLIBATLCS, NTO TAKKE CO3AAET NOMEXV NpUEMY Npy CTEKAHUM Ha-
KOMMEHHOTO 3apsiaa Ha 3emri0 Man Npy NPo6oe CTaTMyecKoro 3EKTPUHECTBA yepes
NPOBOAALUVIA Y4ACTOK.

15.3. LUTbipeBbie aHTeHHbi BO3UMBIX CTaHLMN

AHTEHHBI NEPEABKHBIX CTaHUM DOMKHEl VMETH KPYroBYIO AVArPamMMy HanpasieH-
HOCTV, MOCKOJbKY MPU [IEMKEHNM 3BTOMOGWNS ero MECTONOSOKEHUE OTHOCUTENEHO
CTOPOH CBETa MOXET MEHSITHCA.

Havibonee ontumankHbIM BapyaHToM aBTo-
MOBUNBEHON aHTEHHEI SBNRETCA WTHIPEBARA as-
TOMOBMNEHAR aHTEHHE, YCTAHOBNERHAR B LEH-
Tpe kpeim asromobuns (pvc, 15.1). Ova-
rpamMma  HanpasBnNeHHOCTV  TEKOM BHTEHHb
GyneT npakTUHeCKy Kpyroeas. Xyowwe pe-
3yneTatel GyoyT NPy yCTAHOBKE aHTEHHLI Ha

Puc. 15.1. 1lTbipesas Kpblie win Ha 3apHem Gamnepe aBToMobuns.

ABTOMOGUIEHAS BHTEHHA BcneacTBrE HECVIMMETPUNHOCTW YCTAHOBKW B

auarpamMmMe HanpasneHHOCTY Takoi aHTeHHoMn

cvicTembt BGyoyT MVHMMYMbl 11 MBKCUMYMEL, HTO MOXET MPYBECTV K NMOTEPY CBS3W npy
V3MEHEHVM HaNpaBneHns GawxeHus aBToMOGMNA.

Uzryualolim SfEMeHTOM 3TOIM BBTOMOBWITBHON aHTEHHHI ABNAETCA WTHIPL. Yem
BHILIE €r0 mnvHa, Tem 3ddekTuerelt byner paboTtaTk aHTEHHAs cUCTEME, 0COGERHO
H@ HM3KOYAcTOTHEIX KB auanazoHax. BoaMOXHOCTWM MO YBEAWUEHWIO BLICOTHI 3TOrO
LITKIPS OrpaHvyensl. OrpaHyyeHns 06YCNoBREHE Kak NPOHHOCTHBIMU XapPaKTEPUCTVIKAMMN
1UTHIPS, KOTOPbIA NpY OBKEHNY aBTOMOBUIA € YCKOPaHWEM VCTbITEIBAET 3HAYNTENBHBLIE
HEArpy3skKW, Tak 1 rabaputHbiMK pazMepamy TPaHCNIopTHOTO CpegcTea, o6YCroRNeHHOIo
ero gBYXeHVEM B ropoae nof NpoBojamy TpONneibycos, TPAMBaEB, NMHUY 3NeKTpo-
nepepay, B TYHHENSX W nNop mocTtamy.

PeanbHo ans noCTPOEHUA BBTOMOBUIbHLIX BEPTUKANEHbIX 8HTEHH UCTIONbL3YIOT WTHIDL
anviHoit ot 1 po 3 M. CoNpOoTVBREHVE M3NTYYEHVR TaKoro LUTHIPA HA HU3KOYACTOTHEIX Avia-
nasoxax 6yger mano v, crefoBaTernbHO, APGEKTUBHOCTL paloThs Takoii aHTeHHE Byper
Huzka. Maneii koadULVEHT NOAE3HOro AEMCTBYS aHTEHHOI CUCTEMDbI ByneT obycnosnex
TPYAHOCTSMU COrNacoBaHUs HU3KOTO COMPOTUBNEHVN VBNYHEHVS WITHIDS U CAOXHOCTHIO
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obecreyeHysi COOTBETCTRYIOLLEN 3(DHEKTUBHOM 333EMNAIOLLIENA CYCTEMBI AR STOM aHTeH-
Hbl. Ho HauvHas OT avanasoHa 20 meTpoB BepTUKaskbHaR aHTEHHA BLICOTOM 2 m ByneT pa-
60TaTh € BRICOKVIM KO3hMVUVEHTOM NonesHoro neicTevA. Ha rpatdvikax, NpUBEaERHLIX Ha

pvic. 15.2, nokasaHo cor

POTUBNEHUE U3NYYeHA BEPTUKANLEHOW YacT¥l @HTERHL B NIOGU-

Tenbckvx KB guanasoHax 30— 160 meTpos, a Ha rpadivkax, npyiseieHHsIx Ha puc. 15.3, —
CONPOTUBIEHVIE M3MYYEHMs LWTLIDS B NI0BMTenbckux KB puanasorax 6—20 meTpos.

Conpomubnevue
uanyvenus, Om
I ‘;Z'Z 52 Mre] [ | [—27 g
onpomubnerue X
usnyserus. On 320 l’ 285 Mh'_—" Il
4 290
T
3s 1012 Mru—/ 260 [I ,l / / ‘1‘/"55-
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20 o N 71
9 / i / I/ 7 /—;?11[-15
18 7.05 My ——]| il NIV [ ] j
17 7 ol [/ 7
16 Vi i N7 7
15 i vi o /7 7 7
14 F— o 11777
13 P /7 [/
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10 71/ o 17 77
op 7 a0 1/ /162 My
) /7 ; V// A \ /1
o7 o R/ /A4 )
0.6 60 // / /
o5 76 s sy
0.4 - 40
03 30
02 1.9 My —] 20
L S ——— 10
T T T T T
10 14 18 22 26 30
12716 a5 24556 Lo 17 14 16 182022 2.4262.8}'”
Llnura anmersp. M Afruvia avmenrs, M
Puc. 15.2. Conporuenexne uanyuexus Puc. 15.3. CornpotuvBneHue usnyyeHus
WTbIPS B NIIOBUTERLCKUX WTLIPS B MIOGUTENLCKUX
KB awanazonax 30160 metpos KB puanasoHax 6—20 meTpos

15.4. CornacoBaHve LUTHIPEBLIX a8TOMOBUALHBIX AHTEHH

oo
Puc. 15.4. BepTukaneHas

aHTEHHa C yANMHsIoWen
KaTyLukoh

Corrnacoeartb ¢ KOaKCHanbHbIM kabenem NUTaHuA Unv ¢ Bhbi-
xofom TpaHoviBepa 50 OM 3neKTPYHECKY KOPOTKYIO BEPTUKANL-
HYIO 8BTOMOBMIBHYIO @HTEHHY, MOXHO C MOMOLWLIO YanWHsIo-
wei karyiiky. CucTema «UTbiph — YAIMHAIOLLEs KaTyilka —
€MKOCTb aHTEHHbI Ha KOPryC asTOMOBUIA — KOpnyC asToMobu-
1§ KaK npoTuBoBEC> (pUC. 15.4) HacTpavBaeTCs B PE30HaHC Ha
pabounii oVanasoH aHTEHHEI.

EMKOCTb WITHIPA @8HTEHHBI AMHOIA 1...2 M Ha Kopnyc as-
Tomobuna coctasnser or 10 go 15 n®, YBEnMuMTL EMKOCTL
WTelpA @HTEHHBI HA KOPNYC aBTOMOBMNA MOXHO C NOMOLLLIO
EMKOCTHOM Harpysku (puc. 15.5) B BMAE apkka (puc. 15.5,a)
Unn KPECTOBUHLI (prc. 15.5,6), pacnonoXeHHON Ha KOHLE aH-
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TenHbl. EMKOCTHaRA Harpy3ka yBenMNMBaET BETPOBOE CONPOTURNEHVE aHTEHHE! 1 Tpebyer
YCUNEHUS €8 MEXaHUYECKOM KOHCTPYKUMM,

a) 6)

Puc 15.5. EmxocTHas

B 1a6n. 15. 1 npvBEneHkE 3HAYEHUA VHOYKTUMABHOCTH yA-
NUHSIOLLVX KBTYLLEK MpY eMKOCTAX aHTEHHbl Ha Kopryc
aeTomobuna 10, 20, 30, 40 n®d. Kak BUAHO U3 3TON
TabnuLbl, Ha HU3KO4acTOTHRIX NpBuTeNbckux KB pvans-
30HAX 3HAYEHUR MHOYKTVBHOCTY YANMHSIOWMX KaTyluek
OyoyT BEnvKK. Ucxops w3 3Toro, cnagyer oxwaatb, NTO
nornoca paboTel aHTEHRHBI Talke ByneT y3koh. Ommyeckoe
CONPOTMBNEHVE KaTylLEeK Ha aTvx pvanasoHax GyneT Ha
NOPRACK BbILLE, YEM CONPOTVBIEHVE M3NYYEHUR aHTEHHDI,
crenoBaTenbHo, KOahGhULVEHT NONe3Horo AeCTBUS an-

HErPy3Ka Ha KOHLE aHTeHtbl TeHHo# cucTembl Byner man. Ha nobutenscknx puana-

3oHax 6—20 metpoe KM aHTeHwoir cvictemb! Gyper
BrONHE YROBNETBOPUTENEH,

Tabnuua t5.1

3HaueHus WHOYKTUBHOCTU YOJMRAIOLWX KaTYLUEK

VHAYKTUBHOCTS XaTYLIKY, MUKDOreHpy,
Yacrora, MNpn emMKOCTM anTenHbl Ha KOpNyc, nukodapan
M 10 pF 20 pF 30 pF 40 pF
19 701 350 233 175
36 195 98 85 49
7.05 52 26 17 13
10,12 25 12 8.4 6.3
14.2 12,58 63 4.19 314
18,1 773 3.86 2,58 19
212 56 2,8 1,88 14
249 40 2,0 1.36 1.02
27 347 173 1,16 0,86
29 30 1.5 1.0 0,75

Puc 15.6. Hactpoitka
YKOPOUEHHOR
BepTVKankHON
BBTOMOBUALHOR

BHTEHHDI
C NOMOLLLID NEPEMEHHOR
WHAYKTUBHOCTA
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JINA HacTpoikM YKOPOYEHHOW BEpTUKankHOM aBTomMobUNEL-
HON aHTEHHbl B pe3cHaHC HeobxooMMO VCMNONbL3I0EATb Me-
pemMeHHyl0 VHOYKTUBHOCTE (pyc 15.6). 310 ©BR3aHO C Tem,
HTO €MKOCTe 8HTEHHEI Ha KOpnyc asTomobuns 4acTo He siB-
FAETCA NOCTOSHHOW BENVYWHOW, @ 3aBUCUT OT MHOTVX hak-
TopoB. BcrnepcTeue atoro wacto HeoGxoovma onepaTuBHas
NOACTPOMKa 8HTEHHOW CUCTEBMEl. 310 OCOBEHHO OTHOCWUTCH
K BEKTPUYBCKN KOPOTKMM aHTeHHam. Ho 4Yem Bbllle OTHO-
LWEHWe «OIVHa LITHIPA aHTeHHb/nnvHa paboyelt BonHbl», Tem
MEHBLUE MPOSBNSIOTCA necTabunuaupyiolve ¢hakTops Ha pa-
60Ty aHTEHHbl. MOXHO CKa3aTh, HTO NPW 3HA4YeHW OTHO-
WEeHVA «OJiMHA WTHPA aHTeHHbI/anuHa paboveld BonHel» Go-
nee 0,15 (Npy 3TOM 3HaYEHWE BEMVNMHLE OTHOLWEHUS Hau-
Gonbluas oavHa Kopnyca asromobuns/anvka paboyei BonHb
FOMKHO ObiTb HE MEHbLLE 3TOM BENMHYMHBI) MHOTUMMW Aec-
TE6UIM3VPYIOLLMMY aHTEHHY (DaKTOpBMM MOXHO npeHebpeyb
W cuuTaTh EMKOCTb aHTeHHbl Ha KOpPINyC aeTomobuns nocro-
fiHHOUI BENVHUHON.



KOHCTRYKLMA KEHECTBEHHOM KATYLLIKW NEPEMEHHOM WH-
AYKTUBHOCTW CIOXHE, MOATOMY PaavoniobuTeny yacto
NPUMEHSIIOT YNPOLLIEHHYIO CXeMy CornacoBaHus. OHa co-
CTOWUT 13 BLICOKOKAYECTBEHHOW KATYLUKWM NOCTOSHHOM WH-
LYKTWBHOCTY W BKAIOYEHHOTO C HEll NOCeSoBaTenbHo ne-
peMeHHOTo KoHpeHcaTopa (pue. 15.7). B aToMm cayyae ge-
AINHKHA MHAYKTUBHOCTHA YANVHAIOLLEN KaTyLLIKW ANR paBoTel
CO WTLIPEROM aHTEHHOW BRIBUpASTCH HyTb GONbLIGH HEOh-
XOAMMOM, @ HaCTPOMKA @HTEHHB! B PB30HAHC OCYLLECTRIA-
£TCS © NOMOLLbIO KOHAEHCATOpa NEPEeMEHHON EMKOCT.

HacTpoitka aBTOMOGUNEHOW aHTEHHB! C NOMOLLLIO Me-  Puc. 15.7. YNpolLeHHan cxema
PEMEHHOro KOHAEHCATOPa XOPOLLA TeM, HTO, UCNONL3YA HBCTPOIKN YKOPONEHHOA
NEepPEeKNIoYaBMBIA (BUKCUPOBAHO 650K YAMMHAIOLLMX KATY- awo“%%‘g#::g;";ﬁ S
weK (X NepPeKNioHEHNe C MOMOWbLIO BbICOKOYACTOTHBIX
pene MOXHO caienaTb aBTOMaTUHECKV NPW CMEHe auana-
30HOB PaboThI), C NOMOLLBIO KOHAEHCATOPa NEPEMEHHON BMKOCTM MOXHO TOHHO NOACTPO-
WTb @HTeHHy B PE30HaHEC. BONbuIyI0 NOMOLL NPV MOLENVPOBAHAW aBTOMOBUTEHLIX aH-
TEHH MOXET okasaTk NporpamMma Mobile Antenna Analysis paguoniobutens AAGGL [1].

15.5. BxoaHoe conpoTueieHne aBTOMODBMNBLHON LITLIPEROI AaHTEHHbI

Bx0AHOe CONPOTURIEHUE BTOM aHTEHHON CUCTEMD) BYET COCTONTE U3 CyMMBbI COMPOTHR-
NEHUA V3MYHEHUR LUTEIPS U COMPOTHREHKA NOTEPL, B KOTOPOES BXOAUT OMU4ECKOE CONPOTUR-
fleHve YAIMHRAIOLIEN KaTYLLKK, CONPOTUBNEHUA NOTEPEL B KOHOEHCATOPE NBPEMEHHON EMKO-
CTW ¥ COMPOTUBNEHIE NMOTEPE B «3EMAB» 8HTEHHBI, B IAHHOM CNy4ae, B KOPNyce aBToMOGUNA.

3-3a GONLLLON BEAMNMHE] 3HAYEHUA CONPOTYIBNIEHUA NEPEYUCAEHHBbIX BbILLE NOTEPL
Ha pmanasoHax 40, 80 1 160 MeTpoB BXOAHOE CONPOTUBNEHME aBTOMOBWIIEHOM aHT@HHOM
cUCTeMbI, COOBPXaLLEN KOPOTKYIO LUTLIDEBYIO aHTEHHY, MOXET HaxoaMTLCA B Mpeaenax
10...30 OM. Takoe OTHOCWUTENBHO BLICOKOE BXOAHOE COMNPOTUBIEHWB BNOJHE MOXET
6LITb COrNMacoBaHO C YCUIUTENEM MOLLHOCTU TPaHCWBEpa Npu NMOMOoLLUM aBToMaTHde-
CKOTO TIOHEPa TPaHCoWBepa WM CaMOAeNtHOTo NPOCTORO TIOHEPa.

Ha pvanasoHax 6—20 METPOB COMPOTUBNEHWE NOTEPL @ «3EMNE» U B YANMHAIOLLMX
KATYLWKAX 8HTEeHHbI 3HAYWTENEHO YMEHBLLIAETCA, HO B TO XB BPEMA YBENWHMBAETCA
COMPOTUB/IEHWE M3NY4EHWUR LUTLIPS aHTeHHBl (pue. 15.2), W BxogHOE CONPOTWBNEHWE
ABTOMOGUIIBHBIX @HTEHH B 3TUX AvianaaoHax 6mmako k 50 OmM. Takan aHTeHHa NpekpacHo
COrnacyeTeA C BbIXOAHBLIM KACKAZOM TpaHcueepa. KoadgpUUVEHT noneaHoro AencTaus
paboTel aBTOMOBWAILHBIX @HTEHH B 3TVX AvanasoHax JOCTATONHO BBAWK.

15.6. YcraHoBka aHTeHHH B aBTOMOBUne

YcTaHoBKa aHTeHHel B asTOMO-
6une nokaaaHa Ha pvic. 15.8. Litbipe A
aHTEHHbI A KOPOTKWM MPOBOAHW-

KoM B coepyHeH © 6510koM cornaco- E_y
BaHus C 1 KOPOTKUM OTPB3KOM KO-

akcvankHoro kabena D coeuHen ©
TpaHcveepoM. B aToil cxeme aHTeH-
HOI CUCTEMBI BbICOTA WIThIPA A
[omxkHa OGbiTk MaKCUMarbHO BO3-
MOXHOM, TaK Kak MMEHHO OH obec-
neynBaeT UanyYeHue aHTeHHu!. Npo-
BOOHUK B HEXOAUTCH BHYTPW aBTo-
MOGuna U B U3NY4EHMM PAAMOBONH Puc. 15 8. YCTaHoBKa @HTEHHE! B aBTOMOBUNE
BO BHELLHEE NPOCTPAHCTEO HE Npu-
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HUMEET y4acTus. Erc eMKOCTL Ha Kopnyc aBTOMOBWAS BXOAMT B OBLLYIO EMKOCTE LUTHIPS
aHTeHHbl Ha «3emMno». CnenoBarensHo, yem Gosblle BENMuMHA eMKOCTW yuacTka B Ha
«3EMNI0» MO OTHOLLEHWIO K BENIWYWHE EMKOCTU LUTLIPA 8HTEHHBI A Ha «3EMMI0», TEM MEHb-
we K/l aHTeHHo CUCTeMBI.

HeponycTuMo mMcnore30BaTb B Ka4ecTBe NPoBofa B KOAKCUBNBHLIA Kabenk ©
NOAKNIOYEHHOM K Kopnycy aBTomMobuns onnetkoi. Otpeaok B pomxeH ObMb XeCTko
3aduKkcUpOBaH B NPOCTPaHCTBE, Tak KaK MPpU M3MEHEHUW €ro MONOXEHWs OTHOCK-
TENLHO KOpnyca aeToMobuns GYAeT MEHSTbCH €r0 EMKOCTh Ha «3EM7I0», W, CNefo-
BaTENLHO, PE30HAHCHAs 4acTOTa aHTeHHb.. J3TOT YYaCTOK MOXHO BhINOMHWTL W3
KOaKCUBNBbHOrO Kabens BHEWHUM AVaMBTPOM 9—14 MM cO cHATOW onneTkoil. 3a-
dVKCUpORATL YHacToK B OTHOCWUTENEHO KOopryca asTOMOBMNA B 3TOM Cryyae MOXHO
C nomowplo ckob. MonesHo onpeaenvTk EMKOCTE aHTeHHBl A Ha KOPMYC aBTOMOGUNA,
a 3aTeM COBMECTHYIO EMKOCTb Yacteil A v B Ha Kopnyc, uyTobel cyauTh O MnoTepsx
B COEOMHWTENLHON YacTy B. EMKOCTL Ha «3emMnio» Hacteil A u B HeoBxoaumo 3HaTe
A5 PacyeTa 3HAHeHWR UHAOYKTUBHOCTY YAMUHSIOLMX KaTyllek. JnA OpveHTUPOBOYHOrO
pacueTa MOXHO MONb30BaTbCs Tabn. 15.1. B aToh TabnMLE HE y4UTLIBAETCH WHAYK-
TUBHOCTL 4acTeil A U B, koTopasi Ha gwanasoHax 6—20 M GyneT yMeHblwaTte obuiee
3HAYEHUE WHOYKTVBHOCTY YAMWHSIOWEH KATYLWKY. MapasuTHee eMKOCTH YAAMHSIHOLLMX
KaTywiek, COrfacylolliero KOHOeHcatopa W nepakniouatenss 6noka C Ha «3emno»
AOMKHBl BbITE MUHUMASLHB!, 4TO HEOGXOAMMO Y4MTLIBATE KOHCTPYMPYA 3TOT 67O0K.

Ha BbIXOZe COrnacyiollero yCTpoicTea, OCOGeHHO nNpu paBoTe aHTeHHet Ha
HU3KouacToTHLIX KB auvanasoHax, GyneT BHICOKOE BLICOKOYACTOTHOE HaMpAXEHWEe BO
BPEMA Nepeaaqn, 470 HeoBXOAMMO YUUTLIBATE B KOHCTRYKLMM 8HTEHHOTO ONOPHOFO M30-
nsitopa. HeobxoaUMO CTPEMUTBECA K TOMY, YTOGEI AnkHa oTpeaka D Geina MUHUManeHO
BO3MOXHOW. HO 370 TpeboeaHue He CTONk KPUTWYHO, Kak K yuacTky B. PeaneHo gnvHa
KOakcuaneHoro kabena OT TpaHcwBeepa A0 COFNAacyiollerc YCTponcTea MOXET BbiTb B
npenenax 2...4 M. KpaitHe BaxHO obecneqnTt XOpoLmii SrBKTPUHECKuUi KOHTAKT C Kop-
Nycom asTOMOGUIS OMNETKU KOAKCHASIbHOrO KaGens B AByX TOUKaX: B MEeCTE NOAKIIioHE-
HUA Kabens x cornacylowemy 6noky C ¥ B MeCTe NOAKIIOHEHUS K TPAHCHBERY.

15.7. CypporatHbie aBTOMOBUNLHLIE BEPTUKASBHBIE aHTEHHB

Haubonee adgdexkTuBHan paboTa LWTLIPEBOH aHTEHHLI BO3UMOI PaauoCTaHLMK BO3-
MOXHa 7MLk MPW YCTAHOBKE AHTEHHRl HA ONOPHOM W3ONSTOPE B FEOMETPWHECKOM
LEeHTPE Kpbiwy asTomobuns. OaHako MHOMOA Takas YCTAHOBKA @HTEHHE!I HEBO3MOXHA.
B 370M cnysae MOXHO WCMOfb30BaTk CYPPOFaTHYi0 aBTOMOGUNEHYIO @HTEHHY.

JAns KOHCTPYKUWM CyppOraTHON aBTOMOGWUNBEHON BEPTUKANLHOM aHTEHHBI BO3VMMOIA
penvocTaHLmvK Havbonee NPOCTO MOXHO UCMONL308aTk aHTEHHY AR PaRVONPUEMHIKA,
HaXOASLWYIOCS Ha Kpbie aBTOMOBUNA. B 3ToM cnydae koakCuasibHiblil kabens, uayllimia
K Heil, OTCOEOVHAETCA W COSQVHEHWE aHTEHHE!I C TPAHCWBEPOM OCYLLECTBNAETCA CO-
OTBETCTBEHHO € ONMUCaHHOW paHee cxeMoi. KOHEHHO, PacnonoXeHWe aHTeHHL! Ha
KpbINe aBTOMOOMNA HE camblii yaeqHeit BapyaHT, Hnm3ocTe CUMBHOTOMHBIX Lienel
ABTOMOBUTEHOIN BNEKTPWKU K aHTEHHE U HacTy B MOXET CAYXUTE NPUIWHOW NOSBNEHUR
nomMex NMpueMy, W, BO3MOXHO, NPUOEBTCS 3KCNEPWUMEHTUPOBATb C NONOXEHWEM HacTu
B B NpOCTPaHCTEE M0 MUHUMYMY MOMEX.

MOXHO WCMOfL30BaTE BOSHHYIO BEPTUKASBbHYI0 aBTOMOOUNBHYIO 8HTEHHY TWUMa «Ky-
7IUKOBKA» WY aHTEHHY ApYroro TMna OT BOEHHOW WU CryxebHoi paauocTaHumy.
Takylo aHTeHHy YOo6HO pacnonoxuTe Ha 3agHeM Gamnepe asTomMobuns. Cornacyiolliee
YCTPOMCTBO MOXET pacnonaratbCA B GaraxHyke aBTomobuns.

Ecnu npeanonaraeTcs paboTaTk TOMBKO Ha OAHOM BhICOKOHACTOTHOM FII0BUTENECKOM
[vanasoHe, HaXopsALWBMCS B Npepenax 6—12 METPOB, TO MOXHO MCMONb30BBTE @HTEHHY
Ha MarHuTe, PacnofoXWB YAMMHRAIOLYIO KaTyLiky B OCHOBAHUM aHTEHHEL. BeinonHenve
aHTeHHL! Ge3 NOOKMNIOYEHUA KOpMyca aBTOMOOWNS B KayecTBe «3eMnv» B MeCTe ycTa-
HOBKMW LUTLIDS @HTEHHBI CHUXAET oBlumii KMNA, paboTel aHTeHHoW cucTemel. Ha mobu-
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TEenbCkUX avanasoHax Hwke 15 MeTpoB paBota TakoW aHTEHHON CUCTEMBI GypeTt
HEYAOBNETBOPUTENEHON 1 €€ UCMO/b30BaH1E HEpPaLMOHANLHO.

15.8. Cornacyiollee yCTPOCTBO aBTOMOBUNBHON BEPTUKASIBHON
aHTeHHbl C 6a30BON KaTyLIKON

CnepnyeT OTMETUTB, 4TO AR yeenuieHus KM aBToMoBuneHON aHTeHHLI ONTUMANLEHOe
pPacnoioXeHre YAIVHSAIOLIEH KaTyLWKN — B LIEHTPE LUTLIPA aHTEHHbI. HO Takoe pacnonoxe-
HUE LgHTPANEHON KaTYLIKK BONBLLION WHAYKTUBHOCTY YCIIOXHAET MBXaHUHECKYIO KOHCTRYK-
LMIO @HTEHHBI. B 3TOM Cnyyae WHAYKTMBHOCTbL LLEHTPABHOM KaTYLWK BhiBUPaeTCA BENWUU-
HOW, BLINOSIHMMOIN NPaKTUNECKW, 8 HTEHHARA CHCTEMA HACTPAMBAETCH B PE30HAHC AOMONHU-
TEMbHON YAMUHAIOLLEH KaTYLLKOMN, PaCMONOXEHHON B OCHOBAHWM LUTKIDS aHTEHHBI, KOTOPas
HOCWT Ha3eaHve 63308aR KaTyLLKa.

KOHCTPYKTVBHO 6a30BbIE KaTYWKW MOXHO BIMNOMHWTE (DUKCUPOBAHHON WHAYKTUE-
HOCTW, @ KOHCTPYKLMIO @HTEHHOW CUCTEMB! BhINOMHWTL TakuM 06pas3oM, 4ToOkbl Obina
BO3MOXHOCTE CMEHEI KaTyWeK B OCHOBAHWW aHTEHHBI (8 MOXET, Y CMEHLI LigHTpankHOM
YOAVHRAIOWMX KaTyLIEK) NPY U3MEHEHWW pvanasoHa paboTbl.

Ana penbHenLLero cornacoBaHWs aHTEHHOM
CUCTEMBI, KOTOPaA NpWBeaaHa K Pe3cHaHCy C

NOMOLULIO LIEHTPaneHOW W Ge30BOI KaTyLuexk, LlenmpaneHasn
C KOAKCHaSbHBLIM KaBeneM MOXHO MCrons3o- Komyuka
BaTk Nepexnoyaemeie LC-uenu ans Kaxnoro Ba30Bas
AvanasoHa pabotsl (pyc. 15.9). Pacuet napa- KamywKa

METPOB Takux ueneid npueedeH B rnage 7
HacTosiuen kHvrv. BxogHoe conpoTueneHue
HTEHHOM CUCTEMBI HA BLIXOAE NPaBUMLHO Bbi-
6paHHOi Leny cornacosaHyA GyaeT 6nmako K
50 Om. B 3TOM cnyyae Npu SneKTPOHHON KOM-
MyTaLuK COTfIacyioLMX YCTPOMCTE W pacnono-
XEHUM WX HernocpencTeeHHo B 6Gnoke C
{pvc. 15.8) pgnuna xabena D po TpaHcuBepa
MOXeT BtiTk M0BoiN.

HacTpoliKy aHTeHHsl, WIThPL KOTOPOM co- 640K 7‘7[7'_
[ACOBaH C NOMOLLbIO TPAHCDOPMUPYIOIUMX L §£02acobarus
nei, NoKaaaHHeIX Ha puc. 15.9, ynobHo npona- Puc. 15.9. FUTaHYE LUTEIDN aHTeHHS!
BOAWTE C NOMOLLEI0 BY MocTa. € MOMOWEIO NepeknoyaemMeix LC-wenen

160 M

15.9. CnvpansHasn BepTukanbHaa aBTOMOOGUNLHAA aHTeHHa

Ha H4Y gmvanazcHax B asTOMOGWNE GyayT addexKTVBHO
paBoTaTh BUTbIE BEPTUKANEHLIE YKOPOYEHHLIB aHTEHHbI. OHu \
NPeacTasnsioT coGoi NPOBOAHUK, HABUTLIN BOKDYE AVANeK-
TpUHeckoro ocHoeanus (pwvc. 15.10). B paspere 1.4 HacTo-
ALEN KHAMY BUTBIE aHTEHHBI ONMCaHbl AOCTATONHO NOAPOGHO.
HaNOMHUM, NTO COMPOTVBAEHWE U3NYYEHWS BUTON aHTEHHbI
MOXET GbiTb B 3—5 pa3 Bbille CONPOTUBRNIEHWA U3nyueHUs

Takoih Xe MO0 BHICOTE, HO HE BUTOM aHTEeHHbI. //— _\\

KMNA evToi aHTeHHel MOXET BbiTh AOCTATOYHO BLICO- 3 0
KWUM. BUTHIE @HTEHHBI WUCMONBL3YIOTCH HA BOEHHBIX ABTOMO- @ @
Bunsx.

OCHOBHaA TPYAHOCTL, KOTOPasA BO3HVKHET Npw CaMOCTOR- Puc. 15.10. Buran

BEpTVKAnsEHan

TEALHOM M3rOTOBMIEHMM PAAUOTIIDBUTENEM Takoi aHTeHHeI, ABTOMOBMSIbHAS) GHTEHHA

3aKN04AETCA B BLIBOpE AMANEKTPUNECKONO LUTHIPS aHTEHHLI.
3TOT WTkIPb, KOTOPLIM AomkeH BbiTe AOCTATOMHO TOHKWM,
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[omameTpom 8—40 MM B 3aBMCMMOCTM OT avanascHa paboTel aHTeHHB, W B TO Xe
Bpems 06naaaTh HEOBXOAUMON MEXAHUHECKOM MPOMHOCTLIO U MBKOCTLIO. Mpy Hauun
TaKON OVSNEKTPUHECKON OCHOBbI BWUTYIO @HTEHHY ANS CUCTEM NEpeaBInkHON CBA3U
MOXHO BHINONHUTE B PaAUONIOBUTENLCKUX YCNOBUSX.

HacTpoiiky BUTO BERTMKANLHOM aBTOMOGWIILHOM @HTEHHBI OCYLUECTBIAIT NyTEM OT-
MOTKW SaCTH BUTKOB OT BepxHel 4acTi aHTeHHB W 0AHOAPEMEHHO M3MEPRAA €€ Pe3oHaHC
G NOMOLLLIO BLICOKQHACTOTHOrG mocTa unv KCB-meTpa. Butan aHteHHa Gynet paborate
Ha 4aGToTe, rOe ee INEKTRUHECKan ANMKA KpaTHa A/4. [1ns COrNacoBaHusi BUTON aHTeHHbI
C KOaKCHanbHBIM KaDenem MOXHO MCNoNb3osaTh LC-yent, Gxema kOTOpOi NpUBEASHa Ha
puc. 15.9.

15.10. AntedHHa DDRR B BO3UMbIX CTaHLusX

NepeoHayankHE anreHHa DRRR ucnofnb3geanace Ha BOEHHRIX KOPaBnax, katepax, Ko-
e MauThl WK Gbiiv 3aHATHE YXKE CYLIECTBYIOLMMYN aHTeHHaMY, nm Bbino HeoBxoaumo
YCTaHOBWTH @HTEHHY, KoTopas Morna Bel abecne4wTL PagvMOCBA3b NPY BbIXOAE M3 CTPOA
MaNTOBhIX COOPYXXEHWIA. UCNONb30BaMCE 3TW @8HTEHHRI B CUCTEMBX CBA3U Ha OYeHb HU3-
KX wactoTax. Ha HekoTopeix Tunax BTP (6poHeTpatcnopTep) u EMIN (boesas MallvHa
nexotsl) apmuin CLUA v Pocoum UCnonbayoTes asToMobunbHele aHTerHs DDRR. Ha He-
KOTOPbIX apMENCKWX MaLLMHAX CBSI3U Take Ucnonkayetch aHTenHa DDRR.

Papavoniobuteny ToXe BNONHE MOrYT MCNOML30BaTL aHTenHy DDRR 4ns nepeasmx-
Holt cenian. Pabora 3Toi aHTeHHw Gonee agdexTuBHA, YeM KOPOTKOWA BEpPTMKanbHoN
anTeHHbl. Mpasaa, aHTeHHa DDRR umeeT ceow HeaccTatku. OHa Moxer o6BcrnesuTs
paBoTy TOMLKO B Aeyk COCEeAHMX KpatHbIX AwarnasoHax. Hanpumep, aHTeHHa, agdek-
TueHO pabotatowas Ha 14 ML, cMOXeT ewe padoTaTk Ha 7 M (ovanagoH, KpaTHbIA
14 MIu) v 10 ML (NPOMEXYTONHBIN pvana3oH mexay 14 v 7 M), 3¢dekTMeHacTb
ee paboTbl Ha yacToTax HWke 7 ML Gymet KpaiiHe HW3Ka, Ha YacToTax Beilue 14 MIy
3Ta aHTenHa paboTath He Gyper. Avarpamma HanpaeneHHoct DDRR — kpyroBas,
NONAPW3aLMA WSNYYEHWA — BEPTHKANEHAS, T. €. 3Ta aHTeHHa ONTUMANEHA AnA PaBoTel
BO3UMEIX PafVOCTaHLUIA.

AntenHa DDRR gnA gvanasoHa
LENA 10 My B paavonoBUTENboKIX Yo~
noBuAX BbuUla CKOHCTPyWpOBaHa u
vcnbitada G3LDO  [2].  ArTeHHa
DDRR koHCTpykuuv G3LDO Ha
Kpuille asTomobunsi nokasaHa Ha
pvc. 15.11. AnuHa nonoTHa aHTeH-
Hbl HEMHOTC MEHBLLE, YeM A/4 Ha
10 Mru. NoacTpaveaeTcA aHTeHHa
BHYTPW AWana3oHa NpubnvxeHvem
1 yaeneHUeM Hactu A OTHOCUTE N Ib-
HO 4acTu B ¢ NOMOLWLIO BUHTA, Ye-
pe3 OTKPLITOE OKHO aBToMOGWNA
pykoii oneparopa. B «a0eHHBIX»
aHTeHHax DDRR aTa HacTpovika
OCYLLECTBNAETCA NEPEMEHHBIM KOH-
A8HCATOPOM, NepecTpavBaeMbiM C
NOMOLLBLIO 3nexTpoasurarens. Cno-
co6 nUTaHus aHTeHHB! 50-0MHBIM KaBenem nokasaH Ha puc. 15.11. Anst nyywero corna-
COBaHWA ¢ KOAKCHaNbHBIM Kabenem nuraHus pacctosiHue C MOXET BbiTe M3BMEHEHO NPy
nomoLv xoMyTa. INpy NOAKNIOHEHNM K BHTEHHE NEPEMEHHOro KoHpeHcaTopa (nokasaHo
NYHKTUPOM Ha pyic. 15.11) awteHHa Morna paboTare Ha 7 My, G3LDO nerko yaasa/mch
cesian ¢ EBponoi, caman fansHsA cBA3b Obina UM NpoBBaaHa ¢ ABCTpanuei Ha 7 Mry
SSB. MollHocTe NepeaTyuka Geina pasHa ecero 10 Br.
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Auterna DDRR QueHb kpUTWuHa B HACTPoke, kak coobwaer G3LDO, oTxpoiTan
neepe asTomobunA yeenyuveaeT KCB aHTeHHbl 0T 1:1 po 3:1, npubrvxeHve pyky K
aHTeHHe Ha paccrosHuve 30 cM paccTpavBano aHreHHy. Ha koHue aHTeHHs DDRR
NPYCYTCTBYET BLICOKOB HaNPSHXXEHWE Aaxe NPu HEGOALLUMX MOLLHOCTSX, MNOABOAVMBIX
¥ Hei. MNoatoMy npu 3kCNEPUMEHTaxX C 3ToW aHTeHHOW cneayeT cobniaaTe OCTOPOX-
HOCThL. 583 COMHEHWS, AenbHeNLLIME 3KCNEPUMEHTLI C aBTOMOBUNLHOM aHTeHHo DDRR
MOryT MPUHECTU MHOTG WHTEPECHOrD B NIOBUTENBECKYIO NOJAUKHYIO CBS3b.

15.11. LeneBbie aBTOMOOWALHLIE AHTEHHDbI

BcTpeyaloTes B CHeuvanvanupoBaHHOR iMTepaTtype no aHTeHHam CBEAeHWA 06 wc-
MONBE30BAHUM ABTOMOBMIILHBIX LENEBLIX @HTeHH, PaboTatollX B METPOBBIX QUanaaoHax
BO/IH AN paboTel BOSWMMBIX PagvOCTaHUMMA PasnuuHbIX cheucnyxG. B atom cayvae
Ky308 @BTOMOOW/S M3roTARIMBAETCS B COOTBETCTBUM C TPEGOBaHWSIMK OGecneyeHvs
paboTel 3TOM aHTEHHb. LleneBnie ABTOMOGMNLHBIE AHTEHHBI WCMONLAYIOTCA B CAy-
*eBHOM CBA3M OGLIMHO B TOM CAyuyae, KOrpe YCTAHOBKA MHbIX TWUMOB AHTEHH HEBO3-
MOXHa WM HeuenecoobpaaHa. B obiuem cnyyae wieneeas aHTeHHa obecneuveaeTr
NOYTU KPYrOBYI0 AMarpamMy HanpasAEHHOCTH, YTO MakKCUMankbHO MOAXOAWT ANA ne-
PEABWKHOIN CBRA3W.

Knaccuueckan wenesas aHTeHHa nokadaHa Ha puc. 15.12. Ona npegcrasnseT cobon
ek B 3KpaHe BECKOHEYHBIX Pa3MEPOR C LIMPWHOM npopeau, pasHoii (0,01...0,02)A. Pe-
3o0HaHCHAA AMvHE WEeM cocTaenseT 0,26 wunu kpaTtHas 3Toi gnvHe. CyiLeCTBYIOT HEKO-
TOpLIE OCOBEHHOCTY ANS NPaBUIEHOrO BO3BYX/IEHVA LENEBON aHTEHHbI, HEBLINONIHEHWE
KOTOpbIX CBEAET HA HET NPENMYLLECTBA UCTNONL30BAHUA LUENEBLIX aHTEHH.

(0.01..0.05) ) Jxpan Seckoreshbix paivepob

o

e

L |
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Puc. 15.12. Knaccuieckan LieneBas aHTeHHa

PaavoniobuTeNbCkUe LeNeBkie aHTEHHbI BLUE XJYT CBOUX 3KCNEPUMEHTATOPOB. JKkc~
NEPUMEHTBI C HUMY OCNOXHAET eLUe 1 TO OBCTOATENLCTBO, NTO AAWHA AOCTYMHBIX Wenen
a paaHbIX TMNax aBTOMOGMNEN pasHas, CejoBaTentHO, U PasnuyHbl PE30HAHCHLIE Hac-
TOTel PaBOoThl 3TUX GHTEHH. A Npope3aTk B CBOEM aBTOMOGWNE Lk ANA SKCNEPUMEHTOB
C LeNero aHTEHHOM PELIMTCS HB KaXXAbI asTonioburens.

WHTepecHas CTaThba, PacckasbiBaiollas 06 3KCNepuMEHTax C PaavoniobUTENLCKU-
M1 8BTOMOBUIIEHEIMK LENERBEIMM aHTeHHaMK, NpuveeaeHa B {2]. B kayecTee wenesoi
@HTeHHbH UCMOML30BANAECE LWENE MEXAY KOPMYCOM aBTOMOGWNS W BaraxHukom. AH-
TeHHa BO36YXzenack Npy NOMOLLM KOAKcHankHOro Kabens COBMECTHO € cornacyio-
MM YCTPOWCTBOM B CBOEM FEOMETPMNECKOM LEHTpe, GuanHecku 310 Bbifo B MBCTE
YCTaHOBKYM 3aMka GaraxHuka. Beino oGHapyxeHo, 4To B 3TOM ciyyae aHTeHHa UMeeT
PSLA PE30HAHCHEIX YacTOT, HEKOTOPbIE U3 KOTOPLIX MOrYT MOMNacTt Ha MoBUTENLCKVB
pvanasonsl. Ecim HeoGxoAMMO MCMONb3oRaTh Takylo LUENEBYI0 aHTeHHy B €€ Hepe-
30HAaHCHOM [Wana3oHe HacToT, TO ANA NUTAHUS aHTEHHbI HEOBXOOMMO MCMONL30BaTh
cornacylolliee ycTpolicTeo. LLUEneBble aHTEHHbI XAYT LUMPOKUX 3KCMEPUMEHTOB C
HAMK!

176



15.12. PamoyHble 2BTOMOBUNBHBLIE aHTEHHb!

PaMOuHLIE @HTEHHLI, PACMONOXEHHLIE HA CTEKNe aeTOMOoBWNSs, MoryT ofbecrnenuts
paboTy aHTeHHHl MWk @ OSHOM HanpaeneHWW W co3AaloT BonelLol YpoBeHs Hanps-
¥EHHOCTW 3NeKTPOMBrHUTHOTG NONs BHYTPW @BTOMOBUIA, YTO MOXET OuiTh Hebeso-
NacHo ans ONEepatopa PaauocTaHuMM. VCTIoNb3oBaHWe Takux aHTEHH LienecoobpasHo
OrpaHVuUTL TONLKO CHCTEMaMK OXPaHHOW curHaauaauvn asToMobuns. MpUmeHeHne
Onf NOBUTenNbCKoV CBA3M PAMONHBIX @HTEHH, PacronoXeHHwIX Ha CTeKNne asToMobuns,
HeuenecoobpasHo.

Mo NPUHLMNY CBOEro AEHCTBUS MHOMME OKOHHBIE PAMONHBIE aBTOMOBUILHBIE aHTeH-
Hbl ABNSIOTCA NPOBONONMHBIM AHANOTOM LUENEBON aHTeHHbI. CneposarensHo, paboTa Ta-
KUX @HTEeHH MeHee 3ddEKTMBHA, YEM LLENEBOR aHTEHHLI, SBNRIOLLENCH X NPOTOTUMOM.

JINTEPATYPA

1. Peter Dodd {G3LDO). The Mobile Roof-Rack Antenna. — QST, November 1998. — P. 20—32.
2. Fowqaperko M. Ky3os asToMOGMAN B KayecTae aHveHHbl. www.gsl.net/d2kg

16. PaseuTve aHTEHH 3@HUTHOIO K3ny4yeHus

Hauurasi ¢ 60-x rogos XX BeKa, KOPOTKOBOHOBLIE AHTEHHB! 3EHUTHOMO U3/yYeHust
MOCTENEHHO CTa/ BLITECHATLCS YKB vt CBY anTeHHaMy 3eHUTHOTO uanyqeHus. Takosa
HeyMOMuMas NOCTYMe nporpecca!

IMpn nepexcge ot KB awanazona x YKB v CBY KOHCTPYKUWYM 3EHUTHBIX 8HTEHH
cTaHOBUAMCE BCe Gonee v Gonee ppexTvBHbIMY B paboTe.

Virak, XXI sex [aer aHTeHHAM B3EHUTHOrO U3NYYEHWs HOBOE Ka4eCTBO ¥ HOBOE
passuTve. VIHTEPECHD, KakuMy ByoyT aHTeHHbI 3eHUTHOrO manyyenmnst XXI sexa?

16.1. NocneBoeHHoe Pa3BUTUE KOPOTKOBONHOAbLIX AHTEHH 3EHUTHOTO
n3nyyeHns

MNMepeoe Bpema nocne BTopoih MUPOBOI BOIHBI ¥CMONB30BaHWE @HTEHH 3EHUTHOTO
M3NYHEHWA Pa3euBanock GONbWWMK TeMnamy. 3T aHTeHH! NPUMEHANINCE B MECTHOM
KOPOTKOBOTIHOBOM EBELLaHWW. B BOEHHON panwocsaau. OpHako ¢ cepeanHel 50-x ronos
061aCTe  MCNONBL30BaHUA KOPOTKOBOJIHOBLIX @HTEHH 3EHUTHOTO Wany4eHws crana
3aMETHO YyMEHLLIATLCA. 3TO GO CBA3AHO © TEM, NTO AR MECTHOrO peayoBeLuaHun
Havam npumMeHaTe YKB pvanasodel v FM mogynauuio. MoaToMy KOPOTKOBONIHO@KIE
MECTHLIE BELLATENbHbIE CTAHUMKM MOCTENEHHO 3akpeiivck. Ceivac OCTanock O4EHb
HEMHOrO TaKUX CTaHLMIA, KOTOPLIE B OCHOBHOM VCMONE3YIOTCA AR BELLEHWUS B TOPHBLIX
paiioHax, rge npoxoxgeHue YKB B 30He NpAMOiA BUOVMMOCTU 3aTPYAHEHO, 1 B HEKOTOPbIX
CEBBPHLIX PaioHax. B aTux paiioHax HaceneHue MBNOYUCNIEHHOE U YCTAHOBKA HECKOT b~
kux YKB BelatentHbiX paguocTaHuuii, NepekpoiBaolivx Gorbliyio 30HY BELLaHVS,
HeuenecoobpasHa. B BOSHHOM OENE Hauanu UCNONL30BaTE TAKUE BWOLI CBA3Y, Kak
TponocdepHyio YKB CeA3b, paavopBneiHylo cBAsb, a No3xe — CryTHUKOBYIO CBA3b.

KOpOTKOBONHOBaA CBA3L B BOGHHOM JieNe C WCMonb30BAHWEM @HTEHH 3eHWUTHOro
W3Ny4EHUA NMOCTENEHHO YKORWMT B Mpotusnioe. Mockonkky Npy SAEpHOM B3PLIBE KOPOT-
KOBO/HOBAA CBA3b Kak B MECTE B3pbiEa, Tak W B OTAENMEHHbIX OT 3TOW TeppuTopum
MECTBX HapyLLAeTCA, TO KOPOTKOBOMHOBOW CEA3W HE YABNNIOT TAKOTo BHUMAHWA. Kak
yOenanu Bo BpeMA BTopoit MUPOBOW BOMHLI W HEKOTOPOE BPEMSI NOCre Hee.

MocTeneHHo 3akpbisaloTesi MoHoThepHele cTaHuuv. CocTosHre noHocdhepsl okaza-
NOCh OELLEBNE Y TONHEE NCCNEAOBATH C MOMOLIBLIO 3aMYCKAEMBIX C 3EMII MOHOCHEPHEIX
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30HAOB, @ MOIKE C MOMOLLBIO MCCNEe0BATENBCKUX KOCMUNECKUX CyTHUKOB, NETaIOWMX
BOKPYr 3eMnn. Tak 47O Xe, HEYXen aHTEHHhl 3EHUTHOrO W3NYYEeHWA Havann yxoouTb
B8 npotusioe? Het! B cepegmHe XX seka Havanoce GypHoe passuTUE aHTEHH 3EHWUTHOrO
vanyyeHus, npepHasHaseHHelx ana pabotel Ha YKB m CBY, koTopoe 3atem npopos-
xunocs U B XXI Beke.

16.2. CoBpemeHHble 3eHUTHBIE aHTeHHbI

[ins yero xe MCnonb3YIOTCA B COBPEMEHHOM MMPE SEHUTHEIE aHT8HHE YKB 1 CBY?
KoHeuHo, B OCHOBHOM 3TO CBA3b CO CHYTHUKAMW M KOCMUNECKWMU CTAHLMAMU,

CnyTHUKOBEIE @HTEHHBI EHUTHOTC wanyueHus YKB 1 CBY upessbiyaiiHo pesHoos-
PasHel M0 KOHCTPYKuuM., Pasmepbl W napaMeTpbl aHTeHH 3aBUCAT OT WX 4YaCTOTHOrO
AvanasoHa W HasHaveHws. CTauvoHapHeie NPUEMONEPBAIOILME AHTEeHHEI 3BHUTHOrO
vanyuenua YKB v CBY, npeatasHaqueHHbe AnA CBA3M C 0TAENEHHBIMU MEXMAAHETHBIMM
CTaHLUAMY, MOryT 3aHUMaThL MNOLWAAL B AECHTKY KBAAPATHLIX METPOR, TaKMe aHTEHHB!
MOryT CTalWoOHapHO pacnonaraTbCA Ha 3eMHOW NOBEPXHOCTY. CTaunoHapHble 3eHNTHLIE
CNYTHWKOBBIE @HTEHHbI MOTYT GbiTb BLIMONHEHB!I C BO3MOXHOCTHIO HaBEAEHWA B Onpe-
AeneHHbiih cekTop Heba. [InA OCYLLECTBNEHWR ATOM (YHKLMW 3GHUTHBIE aHTEeHHBI MMEIOT
FPOMO3AKUA MEXaHu3M, NpepHasHadeHHuld AN ux NoBOpOTa.

ECr @HTEHHbI 3eHUTHOTO M3NYYEHWA KOPOTKUX BOAH B OCHOBHOM MCMOMNL30BEMCE
BOEHHBIMU 1 CNYXEOHBIMU CTAHLWAMY, TO 36HUTHBIE BHTEHHBI YKB 1 CBY wcnonsayet
GONBIIMHCTBO FPAXAOAHCKOrO Haceneduwa 3emmi, OCHOBHAs GyHKUUA paboTel «rpax-
LAHCKWX» 36HUTHBIX aHTEHH — 3To CNYTHWKOBOE TenesupsHwe. JoMmalHee CryTHW-
KOBOE TeneeugeHue, pnA Npuema KOTOpPOro MCrnonba3yioT CBY aHTeHHbI 3eHUTHOMo
W3Ny4eHVs, YCTAHOBNIEHHbIE Ha CTeHax OOMOB, Terepb CTan0 MPUBLMHLIM ASNOM.
MoxeT 6biTb, NpOAET elle HEMHOrO BPEMEHM W CNYTHMKOBOB TEAEBMAEHWE Nof-
HOCTBIO BBITECHMT TPAAWLMOHHOE TENEBeLAHVe C €ro MUraHTCKUMMW BHTEHHBIMW Mau-
Tamu, H3 KOTOPhIX BbICOKO Han 3eMneil MoaHATbl Nepesaoluve TENEBWM3NOHHLIE aH-
TEHHb!,

CnyTHuku obecneuwnv CBA3b CO BCEM MWPOM. TeMepb NIOAW, NpOXvBalLwVe B
OTAANeHHBIX U FOPHLIX palioHax, Kyfia TPYAHO win OOPOro NPOBECTH TPaAMLMOHHBIE
JMHUM CBASY, MOryT 4epe3 CNYTHUK MpuHUMaTL TeneBOeHWE, BECTU TenepOHHbie
NeperoBopwl, pabotate B WHTepHETe. Bee aT0 CTano BO3MOXHO 61aroaaps PassuTHio
@HTEHH 3GHUTHOTO U3NY4YEHUA.

Jpyroe HasHa4eHWe aHTeHH 3EHUTHOMO M3NYYEHWA — BTO MCNOSL30BAHUE MX B MO-
GUNBbHBIX CNYTHUKOBBIX TenedoHax. C noseneHueM CUCTEM MOGWUNBHOW CMYTHWKOBOA
CBA3y, Takux kak Iridium, Orbcomm, Globastar, CCC Thuraya, ucnonsayioumx HU3KOQP-
GuTanbHE!e CNYTHUKW, CTana OCTPOM NPOBReMa WCMIOAL30BAHUA ANF HUX HOBLIX TUMOB
@HTBHH 3EHUTHOTO MaNyweHVs. STV aHTeHHLI JOMKHLI UMETh GONbLIOH YPOBEHL 3EHUT-
HOro uanyyeHus AnA 0GECNIEYEHNN HAAGXHON CBA3W CO ChyTHUKaMW. B TO Xe Bpems sTH
@HTEHHE! BOMKHB! Gbi BuITh [OCTATOHHO KOMMAKTHEIMY, 4TOBL! MOMELUATECH Ha Nepe-
HOCHOM papwotenedore. Ana pabotsl B MOBUIbHBIX TenedoHax 3TUX CUCTEM Bbinin pas-
paboTaHbl pacnpeaeneHHee Mo AMMHE CNVPanbHLIE aHTEHHbI, TaKWe aHTEeHHbI UMEIOT
CULHOB OCeB0e U3NYYeHWe 1 MoryT paboTaTe ¢ KPYroBOW NonApuaauveii. Boinv paapa-
60TaHel aHTEHHbI, UCTIONB3YIOILME KaK BBYX3aX0IHbIe (ans cuctem Thuraya), Tak u paxe
HeTLINEeX3axoaHbIe crnvpam. Takve ABYX3ax0fHLIe aHTeHHs! paboTaloT ¢ NMHeNHON no-
nApusauven — BePTUKBNLHOR. PaspaboTaikl KOMGUHUPOBAHHLIE aHTEHHbI, oGecneun-
BaKOWVE PaBOTy Kak C 38HUTHLIM U3NY4eHeM ANA CMYTHUKORON CBA3M, Tak W uMeloLme
MPWXATOE K rOPU3OHTY U3NYYBHWE, HeoBxoauMoe AnA PaBoThl C HA3EMHBIMU CUCTEMaMU
COTOBOIA CBA3W.

Wcnone3yloTes aHTEHHBI 36HUTHOTO W3NyueHus (Ha Npyem) W B CUcTEMax onpepe-
nenun koopawHat GSM. MoxHo ckazats, uto 6e3 YKB M CBY aHTeHH 3eHUTHOrO
U3NY4EHUA TPYAHO CeGe NPeACTaBuTL CORPEMEHHYIO Xu3Hb. MHOrooGpasue KoHCTPy«-
Lwin coepemeHHbix YKB u CBY aHTEHH 3eHWMTHOTO W3fy4eHvst NPOCTO OrpoMHO!
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B aToi rnase GbiMM ONMCaHb! TONEKO OCHOBHBLIE TUMbI COBPEMEHHBIX aHTeHH 3e-
HWUTHOTO M3NY4EHWA, KOTOPLIE CPa3y BMAHLI HAM WM KOTOPLIE OKPYXaloT Hac moBce-
MECTHO. A MHOTME TuMbl @HTEHH BEHWTHOrO U3NyueHws, paboTalwme B AvanasoHax
YKB u CBY, OT KOTOpbIX 3@BMCUT Halla COBPEMEHHAs XW3Hb, CKpbITbl OT Hallero
B30PA.

B HacTosilllee BpPEMS MPOWCXOOWT YCWIEHHOE PasBUTWE aHTEHH 3EHWUTHOMO W3-
nyyeHuss CBY. OcsaueaioTcn Bce Gonee v Gosiee BepxHWe pwanasoHel wactoT CBM.
PaspabetbigaloTcs ManorabapurHele 3eHUTHBIE aHTeHHLI CBY AnA vcnonb3osaHust B
panuotenedoHax, B cucTemax UWgposoi ceRauv, B TeneemaeHvM. CoBpEMEHHblE
aHTeHHbl 3BHUTHOrO Many4enws pvanazoHa CBY paGotaior ¢ pasiuyHeIMU BUOEMU
nonApu3aLu — NUHEAHOW, KPyroeoll © MNPaeBbiM W NEBLIM BPALEHWEM BEKTOpa
BNEKTPUHECKOR NONAPK3aLUM.

HO ® BOMKEH 3aKOHWWTb pacckad 06 3TUX YAUBUTESLHBIX aHTEHHax W 06 ux
3amevaresnbHOi UCTopuu. Yurartens ceiNac mMoXeT cam Habnopetk 3a COBPEMEHHBIM
Pa3BUTUEM BHTEHH 3EHWTHOTO n3nyyeHws pwanazona CBY. Onucanve Xe BCex Mc-
nonb3yeMblx B HACTOSLLEE BpeMA 3eHWUTHbIX aHTEHH avanasoHa CBY zaiiMeT He oaHy
COTHIO CTPaHWL...



Yacts 4
AHTEHHBI YKB

3Ta 4acTb NOCBALLAHA ONMCaHWIO NPOCTHIX YKB @HTeHH, NPy BeiNONHEHUY KOTOPbIX
TONHO MO yKa3aHHbIM Pa3MepaM He TpebyeTca Hanaaka WiKu WX Hanagka HaCTOMbKO
npocTa, Y4T0 MoA CWIY faxe HawvHaoleMy peavonioburento.

3ta 4acTb KHUMM COAEPXWUT TPW [NaBbl, KaXOaA u3 KOTOPMX NOCBAUleHa
otnensHoMy cemevictey YKB anTenH. B rnase 17 npuBedeHO omuCaHve npocTbix
VKB aHTeHH, KOTOphle NOMOryT yaenmuMTh BankHOCTE CBASU MEREHOCHOW papwocTaH-~
LK. 3TN AHTEHHBI MOXHO MCNOAL30BAaTh COBMECTHO Kak € MEPEHOCHHIMM, Tak M CO
cTayuoHapHeiMu YKB peguocTadyuamu. Janee, 8 rnase 18, paHo onwcaHue NpocTbix
KONMAUHEAPHBIX J-AHTEHH, KOTOpLIe 06MBAAI0T GONMBLIMM YCUNEHMEM W B TO e BPEMA
HEC/IOXHLI B HACTPOMKe, 3Tn aHTEeHHbI cevac nNpuobperalnT GoNbLLyIo NONYIAPHOCTL
cpean pagvonioburenei. OCBOMB KOHCTPYMPOBAHUE NPOCTLIX J-aHTeHH, peauoniotv-
TeAb CMOXET MEpPeiT K W3TrOTORIEHWIO CAOXHBIX KONNMMHEAPHLIX J-aHTeHH, KOTopbie
onucaHel 8 rrnase 19. 3Tv aHTeHHbl cMOryT obecneunTb atdekTueHylo paboTy nobon
YKB peguoctaHuum.

Ona noGoih VKB pagvocTaHuvu, onAa moGoro MEcTa Be YCTAHOBKW MOXHO HaiTtu
B 3TOW 4aCTW KHUMM CEOK0 ONTUMANEHYIO BHTEHHY.

17. NPOCTBIE AHTEHHBI AVWANA3OHA 145 My

Fule HepaeHO ana paboto Ha gwanasoHe 145 MU ucnons3oBanace B OCHOBHOM
camonentHan annapartypa. Cpeau pagvoniobutenelt 6ev nonynapHel YKB TpaHceep-
Tepb!, MHOMUE 13 KOTOPBIX CROMMU pasmMepamm Gbimv CpaBHUMB! C CaMUM UCMOAL3YEMBIM
€ HYM TpaHcvBepoM. Pagnonoburteny nepefencieanv cnucaHHele NPoMeILINEHHbIE YKB
pagvocTaHuuv Tuna «fManema» Ha mobuteneckuin YKB pwanazoH 145 MIu, nonyyas
PaAanNoCTaHLMIO, PABOTAIOWYIO Ha HECKONBKMX Kahanax. MoTtom peguonoburensM cTanu
BOCTyNHbl «Buwosnel», @ no3xe m «Marku», paboTalowMB Ha cOpoka kaHanax. 3Tn
pPaguoCTaHLMK TOrNa BeIFMSAENN NPOCTO HaHTaCTUYECKN MO CBOWM BO3MOXHOCTAM!

B HacToALee BPEMA MOXHO CPasHUTE/IEHO HEZOPOro NPUOBPECTY MHOTOKaHANLHEIE
nepeHocHeie YKB TpaHCUBEPE BCEMUPHO M3BECTHLIX GupM — «YAESU», «KENWOOD»,
«ALINCO», KOTOpBIE MO CBOMM MapameTpam v ynobctey paboTel 3HaUMTENRHO Npesot-
XOAAT Kak CamMogeneHyl0 annapatypy AvanasoHa 145 MU, Tak u nepejenaHHyio
NPOMBILNEHHYIO — «[lanbMer, «Masku», «BuoAby:.

Ho pns paBotet yepes penuTep U3 Boma, oduca, BO BpeMA AswxeHun npy pabore
13 aBTOMOGUNA Heobxoauma aHTeHHa Gosiee ahdexTHan, 4eM UCMob3yeMan COBMECTHO
C NepaHocHok paguocTaHumen «peauHka». MNpu uenonbL3oeaHuM CTauuoHapPHON «up-
meHHo» YKB cTaHumm yacTo GeiBaet uenecoobpasHo uenons3oears C Hell CaMoaenb-
Hylo YKB aHTeHHY, Tak Kak MpWIMYHAA «bMpMEeHHas» HapyXHast aHTeHHa Avanas3oHa
145 Mru CcToMT HBZALLEBO.

W3roToBNEHWIO MPOCTHIX CaMORENBHLIX aHTEHH, MPUIOAHBIX K WCNONB30BAHWID CO
CTauMoHapHeIMK 1 NepeHocHeMM YKB paaviocTaHLvAMKU, W NOCBALLAH 3TOT maTtepuan.

17.1. OcobenHocti aHTenH guanasoHa 145 My

Beway TOro, 4TO AN1A M3rOTOBAEHWA aHTeHH avanasoHa 145 Mruy 06eMHO UCMONL3YIOT
TONCTHI? NPOBOA, UK TPybBky avametpom oT 1 go 10 MM (MHorga mpumeHsioT U Gonee
TONCTuie BUBpaTOPLl, 0COGEHHO B KOMMEPUECKWX aHTeHHax), TO aHTeHHbl gvanasoHa
145 Mru OTHOCWTENEHO LUMPOKOMONOCHEL. BTO 4YacTo MO3BOARET NPW BbINOSHEHUW
aHTeHHbl TOYHO N0 YKaaaHHbIM paaMepam o6orTUCkL Gea ee BoNOIHUTENEHON HACTPOMKY.

Lina HACTPOMKW aHTeHH gwanasoHa 145 Mruy neobxoavmo umete KCB-meTtp. 310
MOXeT GbiTb kak camogentHbii Mpwbop, Tak W NMPOMBILLAGHHONO W3roTOBNEHWA. Ha
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nvanasode 145 MMy pagvonobuTeny MPeKTUNECKU HE WCMOAb3YIOT MOCTOBLIE W3-
MEpUTENM COMPOTUBNEHWA aHTEHH U3-3a KKYLLENCA CNOXHOCTW MX KOPPEKTHOrO W3-
FOTOBNEHWA. XOTA Mpu aKKypaTHOM W3rOTOBNEHMW MOCTOBOFC W3MEPUTENA W, cne-
[OBaTENbHO, KOPPEKTHOM ero paboTbl Ha 3TOM AvanascHe, MOXHO TONHO ONpejenvTh
Bx0AHOE conpoTuBneHve YKB aHTenH. HO maxe wcrnonbays Toneko oavH KCB-metp
MPOXOAHOrO TMMa, BMOMHE BO3MOXHO HacTpamsaTb camofeneHbie YKB aHTeHHbl, Mou-
Hoctu 0,5 BT, x0Topyio OGECneymealoT WMMOPTHEIE NMEPEHOCHBIE PaAuOCTaHLMM B
pexume «LOW» W oTedyecTeeHHblE HOCUMbie papuocraHuuv YKB guanasoHa tuna
«Henp», «Buona», «B3EP», BnosnHe goctatouHo AnA pabotkt MHorMx Tunos YKB
KCB metpoe. Pexum «LOW» No3sofseT npOM3BOANTb HACTPOIKY aHTeHH, He onacasch
8bIXOAA U3 CTPOA BLIXOOHOrO Kackaga peavoCTaHuuMM, mpu NoBGOM BXOAHOM COMpo-
TUB/IEHUU @HTEHH!,

MNepep, Hawanom HacTpolik YKB aHTeHHb! XenatensHo YOeauTers B NPasufbHOCTU
nokazaHuin KCB-meTpa. Hennoxo wumeTb gsa KCB-MeTpa, paccuuradHeix anA pa6ovot
B nepsaaniumx Tpaktax 50 n 75 Om. Mpu HacTpoitke YKB aHTeHH XenarensHo WMEeTb
KOHTPOJBHYIO @HTEHHY, B Ka4ECTBE KOTOPOW MOXET GbiTh UNW «DE3VHKE» OT NepeHOCHO
papvocTaHUMK, UNK CaMOAEeNbHEI HYeTBEPTEBONHOBLIN LUTHIPh, MNPy HACTPORKE AaHTEHH!
W3MEPRIOT YPOBEHb HaMPSXEHHOCTU MONf, CO3A3BaEMblii HACTPAUBAEMOI AHTEHHO
OTHOCUTENLHO KOHTPOMLHON. 3TO ASET BO3MOXHOCTh CyAUTE G CPaBHUTENbHON 3cd-
dbexTBHOCTU PaBoTbl HacTPauBaeMON aHTeHHbI. KOHe4HO, eCv NPy UBMEPEHUAX MC-
nonb30BaTh CTAHBEPTHLIN KANMBPOBAHHEIN U3MERUTENb HAaNPAXEHHOCTY NONA, TO MOXHO
NONY4UTL TOUHYIO OLieHKY 2BMEKTUBHOCTW paBoTat aHTeHHE!. Py MCMONL30BaHUN Ka~
NMBPOBAHHOTO U3MEPUTENA MONA HECNOXKHO CHATL M AuMarpaMMy HanpaesneHHOCTW
aHTeHHBI. HO Aaxe vcnonb3ys npy MaMepeHMsx CamoaenbHee 3MEPUTENN HanpaxeH-
HOCTI MONA W NMONY4YUB TOJIBKO KaueCTBEHHYIO KApTWHY pacnpeneneHus HanpaXeHHOCTH
BNEKTPOMATrHUTHOMO MONA, BNOSHE MOXHO CAEnaTk 3aknioyeHue o6 addekTUBHOCTU
paboThl HAaCTPAUBEEMOI AHTEHHH W MPUBAKEHHO OUEHUTL ee AuarpaMMy Hanmpas-
NEHHOCTN.

PaccMoTpUM NpakTUueckne KOHCTPYKLUM YKB aHTeHH.

17.2. MNMpocTble aHTeHHbl

Haubonee npocTyio HapyxHyld YKB aHTeHHY (puC. 17.1) MOXHO BbINOMHUTE C UC-
NOML30BaHWEM aHTeHHbI, PABOTaIOWEN COBMECTHO C NEPeHOCHOW pagvocTaHuvei. Ha
paMe OkHa ¢ HapyxHoi (puc. 17.2) wnm © BHYTPEHHE CTOPOHbI Ha YAJMHSIOLLEM
AepeBsiHHOM BPYCKE KpenuTcA METanMHECKWA YTomnoK, B LLEHTPE KOTOPOFO YCTaHOBNEHO
rHE300 ANA NOAKMUONEHWA 3TON aHTeHHbl. HEeoBXOaMMO CTpeMMTLCA K ToMy, 47006l
KOSKCVankHbIA Kabenb, UpyWwmii B0 aHTeHH.!, Oblfl MUHUMANEHO HEOGX0ZVMOM ANuHBbI.
Mo kpanAM yronka kpenstes 4 NpOTMBORECA ANUHOM Mo 50 cM. HEOGXoAUMO 06eCcnBYUTL
XOPOLLMIA BNEKTPUHECKUIA KOHTAKT NPOTUBOBECOR, aHTEHHOTO Pasbema C METANNMYECKUM
YronkoM. YKOPOYEHHAA BWTan aHTeHHa pagvoCTaHLVU UMEET BXOAHOE CONpOTUB/EHUE
B npegenax 30...40 OM, Tak 4To ANA €e NUTaHWA MOXHO UCMO/L30BaTL KOaKcuabHeIR
kaberib ¢ BOMHOBLIM ConpotveneHuemM S0 OM. C NOMOILEIO Yria HakNoHa NPOTUBORECOR
MOXHO B HEKOTOPLIX Mpefenax MEHSTe BXOAHOE COMPOTUBAEHWE aHTEHHbI W, Cheao-
BaTENLHO, NPORECTY COMNAcOBaHWE aHTEHHBI C KOaKcuanbHLM Kaberem, BMBCTO dup-
MEHHOM «PE3WHKW» BPEMEHHO MOXHO MCMONBb3OBaTk @HTEHHY W3 MEAHOrc MPOBOLA
avaMeTpom 1...2 MM anuHoit 48 cM, KOTOpLIi BCTABNAETCS! B @HTEHHOE rHE300 oCTpo
3aTOYEHHBIM KOHUOM.

HapexHo paboTaer YKB aHTeHHa, BbIMOMHEHHAA M3 KOaKcWaneHOTo kabens co
CHATON BHELWHeW ornetkoi. Kabenk 3aaenvieaeTca B BY pasbeM, aHanoruuHelil pasb-
emMy dupMeHHoN aHTeHHu (puc, 17.3). AnvHa kKoakcuansHoro Kabens, NpuMeHAEMOro
ONS U3rOTOBNEHUA aHTEHHBLI, PasHa 48 cM. Takyld aHTEHHY MOXHO WCMofL30BaTh
COBMECTHO C NEPEHOGHOM paavoCTaHUMen B3aMeH NOSOMaHHON WM YTEPAHHON WTart-
HOW @HTEHHBI.
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Puc. 17.1. Npoctas kapyxHaa YKB awnteHHa Puc. 17.2. KOHCTpyKUMA NpocToi

HapyxHoi YKB aHTeHHk

Ans 6LICTPOr0 U3rOTOBNEHWN BLIHOCHOW YKB aHTeHHLI MOXHO WCNONL30BaTh
COEANHUTENLHLIN KOBKCUBNBHLITT Kabens HnuHOR 2...3 M, KOTOPLIi OKOHENEH pashb-
eMaMU, COOTEBETCTBYIOLLIMMU U @HTEHHOMY THE3.y PafvoCTaHUMN U HTEHHLL. AHTEHHY
K TaKoMy KYCKy Kabens MOXHO NOZKMONUTL C MOMOLLIbKY BLICOKONACTOTHOMO TROMHMKE
(puc. 17.4). B aTOoM Cny4ae C OQHOrO KOHLA TPOMHMKA NOSKMONAETCH BHTEHHA-«Pe3VH-
Ka», @ C APYroro koHua TPOWMHWMKA HaKPY4MBIIOTCS NPOTUBOBECHI AAMHOM MO SO CM
WM 4epes paskem MogkNiovaeTes Apyroft Tvn pagMoTEXHUYECKOR «3emnuvs pna YKB

@HTEHHbLI.
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17.3. CamopneneHble aHTeHHbI MEPEHOCHOR paauoCcTaHLMm

Mpu yTepe unu NOAOMKE LITATHOW aHTEHHbLI MEePEeHOCHOW PajuoCTaHLMM MOXHO
BLINONHUTE CaMOZeNbHylo BuTyio YKB aHTenHy. Jins 3Toro WUCronb3yloT OCHOBY —
NONU3TUNEHOBYI0 U3DAALMIO KOaKCUanbHOro kabens AvMameTtpoMm 7...12 MM 1 anvHoit
10—15 cM, HB KOTOPbI HAMOTaHO NEPBOHaYaNEHO 50 CM MEAHOTO NPOBOAE AVAMETPOM
1—1,5 mMm. [ns HACTpoliku BUTOI @HTEHHBI O4EHb YAOBHO UCNOAL30BaTE N3MBPUTENL
YECTOTHLIX XapakTepPUCTUK, HO MOMXHO WCNOAL30BaTh M OBLIKHOBEHHLI KCB-metp.
MNepeoHayanbHO OMPERENSIIOT PE3OHAHCHYIO YacTOTy COOPaHHOW aHTEHHbI, 3aTtem, OT-
KYCLIBAsi HacTb BUTKOB, COBWUras, pasfBuran BUTKU aHTEHHbLl, HECTPauBaioT BUTYIO
@HTeHHy B PesoHaWc Ha 145 MMy Mpouenypa 3Ta He O4YEHb CNOXHAA, u, HACTPOWB
2—3 BUTLIE @HTEHHLl, pagvomobuTens MOXET MPOW3BOAMTL HACTPOWKY HOBLIX BUTLIX
aHTeHH GykeanbHO 3a 5...10 MWH, KOHEYHO, NMPU HANMNUM BLILLEYKA3BHHLIX NPUBOPOE.
Nocne HaCTPONKU @HTEeHHLI HEOBXOAUMO 3ahUKCUPOBATL BUTKM VN € NOMOLWLIO M30-
NBHTH, UNU € MOMOLULI0 KEMOGPWKE, PE3MOYEHHOrO B aLETOHB, NGO € MOMOLLBIO
TepMoycaxmBatowein Tpybku [ocne 3akpenneHus BUTKOB HeOBXopgumo else pas npo-
KOHTDONUPOBATL SECTOTY @HTEHHBI U, €C/M BTO HEOBXOAUMO, NOACTPOWTE €6 C NOMOLWLLIO
BEPXHUX BUTKOB.

CnepyeT 06paTTh BHUMBHVE Ha TO, 4TO B (PUPMBHHBIX YKOPOHYEHHLIX BUTBIX 8HTEHHAX
UCMONbL3YIOT TepMOYyCaxuBaLive TPySkn ana ukcaummu NPOBOAHWKE aHTEHHbI.

17.4. TlonyBONHOBas MONEBas aHTEHHA

Ona addexTvBHOP paGoThl aHTeHH O/MHON 4YEeTRepTh BOAHLI Heobxopumo uc-
nonb30BaTk HECKONbKO YETBEPTLBONHOBLIX MPOTUBOBECOB. ITO YCNOXHAET KOHCTPYK-
LU0 Ans Noneesol YeTEBPTLEOAHOBOM aHTEHHLI, KOTOPas AOMKHa GbiTb BLIHECBHE B
NPOCTPBHCTBE OTHOCUTENBHO YKB TpaHcueepa. B 8TOM Chyyae MOXHO UCNONb30BaTh
YKB aHTeHHy 3nekTpuMeckoi gnuHoii A/2, koTopas He TpebyeT gna csoeii paboTbl
NPOTYBOBBCOB, ¥ OBECNEUMBBET NPUXETYIO K 36MNE AuarpamMMy HarpasieHHoCTH U
NPOCTOTY YCTaHOBKW.

AOns aHTeHHbl anekTpUYeckolt AnVHOIK A/2 cToUT Mpobrema cornacoBaHUA €B Bbl-
COKOro BXOAHOTO COMNPOTUB/IEHUS C HWU3KUM BOMHOBLIM COMPOTUBNEHUEM KOaKCuanb-
HOro kabens. AHTeHHa pnvHoit A/2 1 pvamerpom 1 MM 6ydeT UMETb BXOOHOB CO-
npoTHBneHue Ha awanasoHe 145 MMy okono 1000 Om. CornacoBaHue C MOMOLLLIO
4eTBEepPTLBONHOBONO PE3oHATOPB, ONTUMANLHOE B 3TOM Chydae, He Bcerga yaobHo
npakTUHecky, Tak kak TpeGyeT noabopa TONeK MOSKNONYEHWUS) KOAkCHansHoro kabens
K PE30HATOPY W TOUYHOW HECTPOWKM LITLIPA BHTEHHbI B PE30HaHC. TaKKEe OTHOCUTENEHO
BEIVKU U pasMepsl Pe30HaTopa Ana AvanasoHa 145 MM, 4TO NPUBOAWT K YEEAUNEHUIO
Pa3MEpOR aHTEHHBI.

OfHako npu  HEGONBWMX  MOLLHOCTSX,
MOABOAVMBIX K @HTEHHE, BrOAHE YAOBNETEO-
PUTENLHOB COFNacOBaHWE MOXHO A0CTUr-
HyTb Npu nomouwm M-KOHTypa, aHanoruyHo
TOMY, KaK onucaHo B nureparypa [1]. Cxema
MOYBONHOBOM @HTEHHBLI U €8 COrnacylolero
yCTpOICTBa nokasaxa Ha puc. 17.5. OnuHa
LUTLIPS 8HTEHHb! BLIGUPEETCA HEMHOMO KOpo-
4e UnK AnvHHee BNKHbl A/2. 370 Heobxoau-
MO, NOCKONbKY YXe NPy HeGoMbLIOM OTAULUN
BNEKTPUNECKON O/iMHBbI aHTeHHbl OT A/2 aKk-
TUBHOE COMNPOTYBNEHUE UMNENAHCA BHTEHHBI
Puc. 17.5. Cornacosz;_ll«me YKB aHTeHHB 3AMETHO MOHUXAETCA, @ PEaKTUBHas ero

© NoMouibio T1-koHTypa 4acTb Ha HBYANLHOM 3Tane BO3PAaCcTaeT He-
3HayuTensHO. BCnepcTeve 3TOro BO3MOXHO
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COFNacoBaHve ¢ NOMOLLBIO T1-KOHTYPa Takoi HepasoHaHCHOW aHTeHHb ¢ Gonbluei’ ag-
(EKTUBHOCTLIO, HEM COrNacOBaHNE PE3OHAHCHOM aHTEHHBI ANMHO POBHO A/2. TpeanoN-
TUTEeNBHO UCMONL30BaTb GHTEHHY ANVHON, HEMHOTO Gonbluei, Yem A/2.

B cornacylowem ycTpoiicTee 6 UCNonb30BaHbl BO3OYWHBIE NOACTPOGYHBIE KOH-
AeHcatopsl Tuna KNBM-1. Karywka L7 cogepxut 5 BUTKOE nocepebpeHHOro npoeoga
BviaMeTpoM 1 MM, HEMOTAHHOMO Ha OMNpaBxke AvamMerpom 6 MM 1 waroMm 2 mm.

HacTpoiika aHTeHHbl He choditia. Binouve B TpakT kabens aHTeHHbl KCB-meTp u
OAHOBPEMEHHO M3MEPFNA YPOBEHL HanpsHXEHHOCTW MONS, CO3[ABaeMOro aHTEHHOW, ¢
TOMOLLbIO U3MEHEHU EMKOCTM NepemMeHHbIX koHaeHcaTopoB C1 u C2, cxatua-pacTa-
JKEHUS BUTKOB KaTywwku LT aobuBaloTCs MUHMMAneHbIX nokasaHuih KCB-meTpa u co-
OTBETCTREHHO MaKCUMaNEHLIX NOKA3aHWHA M3MEePUTENS HanpsxeHHoCcTU nons. Ecnu atm
Haa makcumyma He ByayT coenaaars, HEOBXOAMMC HEMHOTO M3MEHUTL OIMHY BHTEHHBI
W CHOaa NOBTOPUTHL €€ HACTPOWKY.

Cornacyiouiee YCTPORCTBO 6bINO
pasMelLeHo B Kopnyce, cChasHHOM
13 poNLrMpPOBaHHOrO CTEKNIOTEKCTo-

nuTa pasmepamy 50x30x20 mm. Mpyn Ommeaxka Uz
paboTe n3 cTauvonapHoro pabosero necKy

MecTa paavornobuTens aHTeHHa Mo-
XeT ObiTe PasMeLLEHa B NPOEeME OK-
Ha. Mpu paboTe B NONEBLIX YCNOBUSX
aHTeHHa MOXeT GbiTb NnofeeLleHa 3a

Anmenna
Cozracyouee

BEPXHUMIA KOHEL Ha JePeBO C Nnomo- yempoicmbo
Wbi0 NECKM, KaKk MOKa3aHo Ha KoaxcuanbHsd
puc. 17.6. OnA nMTaHWA  EHTEHHbI N
MOXHO MCMONL30BaTL S0-OMHLIN KO-

aKcuanbHuii  Kabenb. Mcnonbaosa- | Jpancubep

HWUE 75-OMHOTO KOBKCUANBHOro Ka-
6enn Heckonbko yeenwunt KNJA, co-
fNacylolWero ycTpovicTea aHTeHHb, Puc. 17.6. YcTaHOBKE @HTeHHEI SR PAGOTLI
HO B TO Xe BpeMs MOXeT noTpe- 8 MONEeBLIX YCNOBVFIX

60BaTb HAacTPOIKU BLIXCOHOrO Kac-

Kapa pagvocTaHum pns paboTel Ha

Harpysky 76 Om.

17.5. OKOHHBIE aHTEHHBI HA OCHOBe ¢GoNbrn

Ha ocHoBe knesieiics Gonbri, UCNONL3YESMOIi B CUCTEMaX OXPaHHOM curHanusauma.
MOXHO NOCTPOUTL OYEHb MPOCTHIE KOHCTPYKLMYK OKOHHBIX YKB aHTeHH. Takylo donery
MOXHO NprobpecTu yxe ¢ Kneesoil ocHoeoii. Torga, oceo6oavB OOHY CTOPOHY OB
OT 3aLUTHOrO CNOR, ee ROCTATONHO MPOCTO NPUXATL K CTEKY W HOonbra MOMEHTANLHO
HapexHo npukneueaercs. Ponbry 6e3 kNeesoil OCHOBBI MOXHO NPUKNEUTH K CTEKNy
NPy NOMOLUM naka wnKu Knes Tuna «MomelT». Ho Ans 3Toro HeobxoauMo uMeTb
HEKOTOPLIA HagbiK. PONLIY MOXHO AaXe 3aKPBNUTL Ha OKHe NPY NOMOLLM NIINKOI NIEHTH).

MNpy COOTBETCTBYIOWLEI TPEHUPOBKE BrONHE BO3MOXHO OCYLLECTBUTbL KaHeCTBEHHOE
NasHoe COSAVHEHWE LIEHTPANBLHOW XUkl 1 ONNETKW KOAKCUabHOro Kabenn C aniomu-
HUeBoin onsroit. Ucxoas M3 NUNHOMO ONLITA, KaKALIA TUN Takoil donsru TpebyeT ans
naiiky ceoero ¢nioca. HEKOTOpbie TUNbI HONbMA XOPOLIO NasOTCA [AXE C MUCMNONbL30-
BaHWMEM TONLKO KaHU(pONK, HEKOTOPLIe YAAETCA MasTe C MOMOLLIO MasnsHOro Xwupa,
Apyrye Tvnsl (onbrk TPEGYIOT UCNONLI0BAHUA aKTUBHEIX biocos. BOmoC HeoOX0AMMO
WUCNLITLIBATH HA KOHKPETHOM TUNe (ONLIK, UCMONb3YEMOM AR U3TOTOBREHUS AHTEHHI,
3a6naroBpemMeHHo A0 €B YCTaHOBKM.

Xopoluime pesynsTaThl AaeT MCNoNb3oBaHKe NOANONKY U3 (HOALIMPOBAHHOMO CTEK-
NIOTEKCTONWUTa AnA Naiku m KpenneHyst Gonsry, Kak nokasaHo Ha puc. 17.7. Kycouek
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$ONLrMPOBaHHONO CTEKNOTEKCTONUTA C MOMOLLLIO Knes «MOMeHT» MPUKNEVBaeTC K
CTEKNY, K Kpasm oMbl NpUnavBaeTcs (ONbra aHTEHHBL, XUNbl KOaKCUANLHOrO
kabens NpyNauBaloTCs K MEOHOI (ONbre CTEeKNOTEKCTONUTA Ha HeGonbLWOM yaaneHum
OT ¢obru aHTeHHbl. NasHoe coepyHeHre (honbrin aHTEHHLI U GOMBIM CTEKNOTEKCTO-
UTa HEeOBXOAWMO 3aLMTWTe MPU MNMOMOLM BRaroCTofkoro naka wnv knes. B npo-
TUBHOM Clyyae BO3MOXHa KOPPO3WUA STOTO COEBAMHEHMS.

DAL N

NN

135

Puc. 17.7. MNoaxnonenve (oabTU aHTeHHb! Puc. 17.8. OxoHHas BepTuKanbHas
K KoakcuaneHoMy kabesnio AvnonbHan YKB aHtenHa

Paz6epaM NpakTHecKe KOHCTPYKLUMM OKOHHBIX @HTEHH, MOCTPOEHHLIX Ha OCHOBE
donbru.

17.6. BepTukasnbHas OKOHHaA AUMONbHas aHTeHHa

CxeMa BepTVKanbHON AUMONBLHOIN OKOHHOW YKB aHTeHHbl Ha OcHOBe (onsru Nnoka-
3aHa Ha puc. 17.8.

HeTBePTHEONHOBLIM LITHIPL U NPOTUBOBEC PAcNoOnoOXeHs: Nog yrnom 135° ans Toro,
4TOB6! BXOAHOB COMPOTUBNEHUE BHTEHHOW CUCTEMBI Npubamxanocs k 50 OM. 31o gaet
BO3MOXHOCTE UCTIONLA0BATE AN NUTAHUS 8HTEHHLI KOEKCUanbHbIN Kabent ¢ BONHOBLIM
conpoTveneHuem 50 OM U 1Cronb3oBaTk aHTeHHY COBMECTHO © NEPEHOCHLIMU paayio-
CTaHLMAMY, BLIXOHOW Kackaf KOTOPbIX PaccHmTaH Ansi NOSKMOUEHWUS KOBKCUANBHOTO
Kabens ¢ BOAHOBLIM COMpoTuBieHreM 50 Om. KoakcuansHblii kabenb HOmeH WATU
NepreHavKYNsPHO aHTEHHe MO CTeKNy Tak AOATO, Kak 3T0 BO3MOXHO.

17.7. PaMOYHas OKOHHas aHTeHHa Ha ocHoBe GOnLrn

SpdexTueHee AVNONBHON BepTUKALHON
aWTeHHb! 6yneT paboTaTs PamMOYHan OKOH-
Hag YKB aHTeHHa, nokasaHHas Ha
pwvc. 17.9. Npy NWTaHUK aHTeHHbl ¢ GOKO-
BOr0 Yrna MaxkCuMyMm 1snyiaeMoit nonspu-
3BIMU PECTIONOXEH B BEPTUKANBHOR nnoc-
KOCTW, MPY MUTEHUW @HTEHHB! B HUXKHEM YT -
ny MakCUMyM M3My4aemoil nonapusaumm
HaxoaMTCH B TOPU3OHTANBHOM NNOCKOCTY.
Ho npu no6om nonoxeHnn To4ek NUTaHus
@HTeHHa U3ny4aeT paamoBONHY C KOMOWUHU-
poBaHHOW nonspu3aumrein KBK BepTUKallb-
HOI4, TaK U ropu3oHTaNbLHON. 310 0BCTOR-
TENbCTBO BECHMa BGaronpUATHO ANA CBA3K C NEePeHOCHBLIMU U NEepeaBKHBIMI paauo-
CTEHLMAMMU, NONOXEHWE BHTEHH KOTOPLIX BO BPEMS ABUXKEHUS GyaeT MEHSITLCA.
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BxoAHoe COMPOTMBNEHME OKOHHOM paMOuHOW aHTeHHbl cocTaensier 110 Om. Jng
COFNacoBaHWsi 3TOr0 CONPOTUBNEHUS © KOaKCHanbHbM KabGenem ¢ BOAHOBLIM COMpPO-
TuBneHueM 50 OM MCNONL3YETCS YETEEPTLEONHOBAA CEKUMA 13 KOAKCUankHOro Kaéenn
€ BONHOBLIM CONPOTHBREHMEM 75 OM. Kabenb NUTaHus [OMKEH NATU NePReHavKynspHo
OCU @HTEHHbi TaK HONFO, KAK 3TO BO3MOXHO. PamouHas aHTeHHa VMeeT ycuneHve
npuMepHo Ha 2 OB BHILEe OTHOCUTENHHO AUMOMBHOKM OKOHHOW @HTEHHOI.

My BLINOIHEHVM OKOHHBIX 3HTEHH U3 (honbrut WipUHOI 6—20 MM OHY He TPeByIoT Ha-
CTPOViKM U PaboTAIoT B AVana3oHe HaCToT 3HaYUTENLHO Gonee LMPOKOM, HeM NIoGUTENL-
ciumil guariasod 145 MIMy. Ecnu nonyyeHHas pe30HaHCHaRA YaGToTa aHTEHH oKasanach Hu-
*e TPeGyeMOii, TO AMNOAbL MOXHO HECTPOUTL, OTPE3af CUMMETPUYHO GONBIY C €ro KOH-
L0B. PamO4HYI0 aHTEHHY MOXHO HaCTPOWTL, UCMOL3YS NePeMblbKy U3 TOW xe (honbrn, 4TO
Gbina MCNOMb30BaHA NN USrOTOBNEHNA aHTEHHBL. DONbra 3aMbIKaeT NONOTHO AHTEHHb! B
yriy, HANPOTUE TOYEK NUTaHKA. oCNe HACTPOVIKU KOHTAKT NepeMbltKi C BHTEHHO MoXeT
6biTh OBecneyeH v NPKU NCMOLLM NAIKK, UNK NPY NOMOLLM KNeKOoi NUNKoii nexTe:. Ta-
Kas IUNKas neHTa AOMKHa AOCTATOHHO CUNBHO NPHXKATE NEPEeMBINKY K NONOTHY aHTeHHb!
N8 Toro, 4ToBbl 06ecneYnTL HaAAXHLIN 3NEKTPUNECKUIA KOHTaKT C Helh.

K aHTeHHaM, BbiNOAHEHHBIM W3 (HhONbIY, MOXHO MOABOOVTL 3HAYNTESNLHLIE YPOBHU
molHocty — ao 100 Br u Gonee.

17.8. HapyxHas BepTvKaNbHaA aHTeHHa

Mpy pasMeLLeHr aHTEeHHBI CHAPYXW MOMELLIeHNs Boe-  Jazaywka

ra BCTAET BOMPOC O 3alUyTe PacKpbiBa KOAKCHanbHOro Ka- Kapmosmas ' ’—r
6ena oT atmocdepHbix Bo3AeicTauiA, 06 MCNONL30BaHNK Ka- waida -
YECTBEHHOTO 2HTEHHOTO OMOPHOTO K3ONATOPA, BRAroCTOMR- z
KOro MNPOBOLA LANA @HTEHH U T. 8. 3T NPoGieMbl MOXHO pa- Kadens ~ )
WKTb, BLIMOMHUE SAMLUEHHYIO HapyxHylo YKB aHTeHHy. €O CHAMOU | ~
KOHCTRYKLA TaKOi aHTEHHBI MokasaHa Ha puc. 17.10. onaemkoy

B ueHTpe NnacT1KoBoil BOOONPOBOAHON TPYGL! Anv- S —1
HOil 1 M NPOAEnLIBaETCA OTBEPCTME, B KOTOpOE MOXET
TYro BOMTU KoakcvanbHbllh kabens. 3atem kaGenb Tyna *
NPOAEBAETCS, BLICOBLIBAETCH U3 TPYObLl, OronseTcs Ha Ixpan | _— ;
paccTosHuM 48 oM, 3KpaH Kabens cKpy4MBaeTca 1 onau- xafenn ~
BaeTCA Ha AsmHe 48 oM. Kabenb ¢ aHTeHHO 3aBOAUTCSH
o6parHo B TpyOy. Ceepxy 1 cHudy Ha Tpyby onesaioTca [ ‘__L
cTaHgapTHuie 3arnylku. Bnarovsonuposarts OTBEPCTHE,
Kyda BXOAMT KOakcuanbHblii kagenb He MpegcTasisieT Puc. 17.10. 3awmuenran
0COBOr0 TPYAA. 3TO MOXHO CRENATH C MOMOLLLO aBTO- Hapyxuan YKB auTeHHa

MOBMNBHOTO CUMNMKOHOBOTO repMeTuka wnm  GbiCTpo

TEEPAEIOLLE aBTOMOBMNEHOM anokcnaxK. B pesynetate nonyyaem kpacuveylo, Biarou-
30NVPOBaHHYI0 3ALUMILIEHHYID aHTeHHy, KOTOpas MHorve rofbl Moxer padoTaTb nop
AeiicTeremM atMocdepHbX BO3aecTBIA.

Ans dukcaumun BubpaTopa U NPOTUBOBECA AHTEHHLI BHYTPU MOXHO UCMONL30BaTh
1—2 KapTOHHbIE UMM NNACTVKOBLIE Waibhl, NNOTHO HaaeTble Ha BUOPATOPL! AHTEHHLI.
Tpyby ¢ @HTEHHOM MOXHO YCTAHOBUTL HA OKOHHYIO paMy, Ha HEMETANINUHECKYIO MauTy
WNU PasMeCTUTL B APYroM ynoGHOM mecre.

17.9. MNMpocTas koakchanbHaa KoNnuHeapHas aHTeHHa

MpocTaa xonnuHeapHasi xoakcuansbHan YKB aHTeHHa MOXET 6biTe BbiMOnHeHa uUs
kOakcuansHoro kabens ¢ BONHOBBLIM conpoTueneHveM 50 Om. [Anf 3awmTel STOM
aHTeHHBLl OT aTMOCOhEPHBIX BO3AEHCTBMI MoXeT GbiTe MCNONL30BaH OTPE3OK BOAONPO-
BogHOM TPy6Gbl, Kak 6bIIO OnvcaHo B Npepbidyliem naparpatge. KoHcTpykuvs konnv-
HeapHast koakcuanbHas YKB aHTeHHbl riokaseHa Ha puc. 17.11.
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Puc. 17.11. MNpocras
xonnHeapras YKB aHTenHa

AurenHa obecneuvBasT TEOPETUNECKOE yCWieHue He
MeHee 4em Ha 3 b GonblBe N0 CPABHEHWVIO ¢ YETEEPTb-
BOSTHOBLIM BepTukanoM. OHa He HyXDaetcs B MpoTvBO-
BEecax ANa cBoeit paboThl (XOTR MX Hanuuue yny-iaeT
paboTy aHTeHHb!) U oBecneurBaeT NPUXATYI0 Avarpammy
HanpaaneHHoCTY K ropu3oHTy. OnucaHmne Takow aHTeHHb!
HEOAHOKPATHO MOSBNANOCH Ha CTPAHULAX OTEMECTBEHHO
1 3apy6exHOV paguonoGUTENLCKOI NUTEPaTYPLl, HO Hau-
Gonee ypmaiHOe OMMCaHWe, COAepXalee COFNacylollylo
NETNI0, YTO NO3BONAET AocTUIHYTL KCB 1:1, Gbino npen-
CTaBneHo B nuTepatype [2).

PasMepbl aHTeHHBI Ha Pyc. 17.11 yKasaHbl B CaHTUMET-
pax s KoakcuanbHoro kabens ¢ koahdULMEeHTOM YKopo-
4YEHWH paeHbiM 0,66. Takoi koaddUUveHT yKOpoueHus
vMeeT GoNbLUMHETED KoakCUaNbHbIX Kabenei c nonuaTune-
HOBOW usonsaLmeii. Pasmeptl COFNacytowei neTnuy nokasa-
Hel HA pUC. 17.12. Bes ucnonb3oBaHus aToi netnu KCB aH-
TeHHO{ cuCTEMbI MOXET Mpesbiluate 1,7. Ecnu aHTeHHa
OKasanack HaCTPOEHHOI HWXE ananas3oHa 145 My, Heob-
XOAYIMO HEMHOTO YKOROTUTH BEPXHIOID CEKLMIO, €CIN Bbl-
we, TO yanuHWTL ee. KoHeyHo, onTvMansHan HacTponka
BO3MOXHA NPOMOPLWVIOHANBHBIM YKOPOYEHVEM-YIMHEHM-
€M BCeX YacTei aHTeHHb], HO 3TO CIOXHO NPOAENaTh B pa-
ANOMOGUTENBCKMX YCNDBUSX.

HecMoTps Ha Gonbilve pasMeps! NNacTMKOBOH TPy6bl,
HeOBXOAUMOi ANf 3aWWTLl BTOM aHTEHHLI OT aTMocdep-
HbIX BO3AENCTEMMA, MCNDNL30BAHME KONNWHEaPHO aH-
TEHHbl TaKoW KOHCTPYKUMKM BroAHe LenecoobpasHo. AH-
TEHHA MOXET GbiTb BLIHECEHB B GTOPOHY OT 3[aHuH C

NOMOLLLIO AEPEBRHHLIX PeeK, Kak MoKasaHo Ha puc. 17.13. AnTeHHa MOXeT BbepXaTs
3HauMTensHbIe NofaoavMbIe K Helt MoWHOCTY B0 100 U Gonee BaTT U MOXET GbiTb
WCNONBE30BaHA COBMECTHO KaK CO CTaLMOHAPHBIMKM, Tak U € nepaHocHbiMu YKB pa-
AUOCTaHUVAMK. WUCONL30BaHWe Takol @HTEHHOI COBMECTHO € MANOMOLHBIMUA HO-
CUMBIMK PAAVOCTaHUMAMY [acT HauGonbwuit atdekTt.

K armenre

©

1,52 cm
~
127 c
-
z
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z 1.5 | o
)
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) e

Puc. 17.12. Pasmepe! COrnacylowen netnmu Puc. 17.13. YctanoBka KOMMHEapHOI aHTeHH
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17.10. NpocTas KonnuHeapHas aHTEHHa

BTa aHTeHHa 6bina cobpaHa MHOM, NOAOGHO KOHCTPYKUMM SBTOMOBUNEHON BEIHOCHOM
@HTeHHbl, UCMONb3yeMOi B COTOBOM paavoTenedoHe. [na nepepenku ee Ha mobin-
TenbCkuin Avanal3od 145 MMy MHOI 6biNU K3MeHeHbl NPONOPLMOHANBHO BCE PasMepk)
«TeneOoHHO» aHTeHHLl. B pasynsTare nony4unacs aHTEHHa, CXema KOTOpoi NokasaHa
Ha puc. 17.14. AHTeHHa ofecneuvBaeT NPUXaTYIo K FOPUSOHTY AvarpaMMy HanpasneH-
HOCTW U TeopeTuyeckoe ycuneHve He Menee 2 ab Hap NPOCTHIM HETBEPTEBOHOBLIM
wrblpam. s NUTaHUs aHTEHHB! KCNOABLIOBANICH KOBKCUaANbHLIA Kabent ¢ BOAHOBLIM
conpotveneHrem 50 Owm.

[ 1 T
I

0.23) »

98 M

55 cm
200 cm

45 cm

ey | h 48w
1

—

g
]

flpomuBobecs
Puc. 17.14. Npocran Puc. 17.15. KoHCTpyKUMA NpocToi
KONNMHEapHan awTeHHa KOnnMHeapHOﬁ @HTEeHHR!

Npakmueckas KOHCTPYKLMA aHTeHHL! NokasaHa Ha puc. 17.15. AvTenna 6bina Bbi-
nofiHeHa M3 LIenoro oTpeska MEAHOro NPoeoia AvameTpom 1 MM. KaTywka L7 co-
nepxana 1 M 3TOro NPOBOAA, HAMOTaHHOTO Ha ONpaBKe AVameTPom 18 MM, paccTonHue
Mexay BUTkamu 66in0 paBHO 3 MM. TpK BLINONHEHUM KOHCTPYKLMK TOSHO MO pasMepam
aHTeHHa rpakTusecku He TpebyeT Hanapku. BO3MOXHO, MOHaRoBMTCs Hebonblas
NOACTPOMKA EHTEHHLI CXaTHMeM-PaCTAKEHUEM BUTKOB KaTyLUKU G5 AOCTYKEHUST MU-
HumansHoro KCB. AHTeHHa Gbina pasmelueHa B NNacTKOBbI BOAOMPOBOAHON Tpybe.
BHyTpu TpyObl aHTEHHLIN NPOBOA, 6b1N 3aPUKCUPOBaH C MOMOLLBIO KYCOLKOB NeHonnacTa.
HB HuxHeM KoHUe TPYObl Gbinv yCTaHOANEeHbl YeThPe YeTRePTHEONHOBLIX NPOTUBOBECA.
Ha Hux 6bina HapesaHa pe3bba, U OHU C NOMOWLIO raek GuinM 3akpenneHbl Ha
nnacTukosoit TpyBe. MpoTUBOBECH MOTYT GbiTh AMaMETPOM 2..4 MM B 3aBUCUMOCTU
OT BO3MOXHOCTW HApe3aTb Ha HUx peabby. [na ux uaroTOBNEHUSI MOXHO NPUMEHUTH
MeaHbIi, NaTyHHbIiA WM GPOH30BLIA NpoBOA.

AHTEeHHa MoxeT GbiTb yCTaHOBNeHa Ha OapaBsHHbIX peiikax Ha GankoHe. Kak rno-
KasaHo Ha puc. 17.13. 3Ta aHTeHHa MOXET EblAePXaTh 3Ha4YUTENbHLIE YPOBHU NOLBO-
AVMOI K HEA MOWHOCTK.

Takyi0 aHTEHHY MOXHO PacCMATPUBATH KaK YKOPOYEeHHY0 aHTeHHy KB nuanasoHs ¢
LEHTPANLHON YANMHAIOWEN KaTYWKOW. JefCTBUTENEHO, M3MEPEHHBIN ¢ NOMOLLBIO MOC-
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TOBOTO U3MEPUTENS COMPOTUBIEHUNA PB3OHAHC aHTeHHL B Ananasove KB okasarncs ne-
Xallum B patioHe YacTots 27,5 MIy. O4eBUaHO, YTO BapbuUpys AMaMeTPOM KaTylukv 1
€€ OSIMHOI, HO COXpaHUB NPKU 3TOM ANUHY NPOBOAA €€ HAMOTKY, MOXHO A0BMTLCS TOro,
yTo6LI aHTeHHa pabGoTana kak B YKB auanazove 145 My, Tak 1 B ogHom 13 KB avana-
30HOB — 12 unu 10 meTpoe. s pabotsl Ha KB avanasoHax Kk aHTeHHe Heobxoaumo
NOZKNIOYUTL HweTLIPe NPOTHBOBECa ANMHOM A/4 pns BbiGpanHoro KB puanasona. Takoe
feoiiHoe UCMONB30BaHIE aHTeRHbl caenaet ee ewe Gonee yHUBEpCaTbHON.

17.11. 3kcnepumeHTanbHan 5/8-BonHORaA aHTeHHa

MNpy NpoBeneHUM 3KCMEPUMEHTOB ¢ PagvocTaHuvsMK avanasoda 145 My sacto
6bIBaET HEOBXOAUMO MOZKNOYUTD K €8 BLIXOJHOMY KACK3AY WCTbITLIBAEMYIO @HTEHHY,
410661 NPOBEPUTL PaBoTY TPakTa NpUeMa PaaMoCTaHLMK UNW HECTPOMTL BLIXOOHOM Kac-
Kaj Nepefartuvka. [An] aTmx Leneit MHOI AoNnroe BpeMs UCnons3yeTcA npocTas 5/8-aon-
Hoeasl YKB aHTeHHa, onvcaHue KoTopoii 6eino npuBepeHo B nuteparype [3).

3Ta aHTeHHa COCTOUT K3 CeKLMY MEOHOTO NPOBOAA AVaMETPOM 3 MM, KOTOPLIN oa-
H1UM KOHLIOM COEAMHEH C YANIMHSIOWE KaTyLIKOl, a GDYIVM — C HAaCTPOEYHON CexLmnei.
Ha koHUe NpoBoaa, COeaMHEHHOM C KATYLIKOM, Hape3aHa peabba, a Ha APYroM KOHLE
npunasHa HaCTPOENHAn CekLWst M3 MESHOro NpoBOAa AvameTpom 1 mM. Cornacyercs
@HTEHHAa C KoaKcUanbHEIM KaGeneM ¢ BOAHOBLIM conpoTuBneHreM 50 unu 75 OM nytem
NOAKMOYEHUA K Pa3HBIM BUTKAM KaTyLUKK 1, MOXET GbiTh, HEBONBLUIMM YKOPOHYEHWEM Ha-
cTpoeuHoi cexumu. Cxema aHTeHHbl NokasaHa Ha puc. 17.16, KOHCTPYKLUA @HTEHHLI No-
KasaHa Ha puc. 17.17.

T mre

duaremp -

19 mm
duoMemp

|} 300 me i
Puc. 17.16. Cxema NpocToii Puc. 17.17. KOHCTDYKUMR NpOCTOR
5/8-BONHOBOIN YKB aHTeHHb! 5/8-0nHoBO YKB aHTeHHb!

Karylika BbINOAHEHa HA NNEKCUFNAcoBOM LMAMHOPE AvameTpom 19 MM U psmHoit
95 mM. B Topuax uvnuHapa cpenaHa passba, B KOTOPYIO C OGHOI GTOPOHBI BBUH-
4YMBAETCA BUGPATOP aHTEHHLl, @ C APYroil CTOPOHLI OHa MPUKPYYMBAETCH K KYCKY
$OoNbrMpOBaHHOIO CTEKNOTEKCTOAUTa pa3mepamu 20x30 cM, KOTOPLI CAYXAT «3eM-
neii» aHTeHHbl. C 3apHeii CTOPOHLI K HEMY Gbin MpukfeeH MarHuT OT CTaporo Av-
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HaMViKa, B Pe3ynsTarte Yero aHTEHHa MOXET KpemmTeCsl K MOAOKOHHWKY, K 6GaTapse
OTONNEHKs, K APYrUM XeneaHbiM npeaMeTam.

Katywka cogepxwt 10,5 sutka nposoga aAviametpom 1 mM. poBoa kaTywkun
paBHOMEPHO pa3MelleH no Kapkacy. OTBOZA K KOAKCManbHOMY KaGeno OCYLLECTBreH
OT 4eTBepTOro BWUTKA OT 3a3eMNEHHOTO KOHLUA. BUGPATOp aHTeHHbl BBUH4MBAETCH B
KaTyLuKy, Mo Hero BCTaB/INETCA KOHTAKTHEN namenb, K KOTOPO MPUNanBaeTcs «rops-
yuii» KOHEl YIUIMHRAIOWEN KaTylWKKU. HIDKHUIA KOHeU, KaTyluku npunaveaerca K (ponbre
«368MNU» @HTEHHbl. AHTeHHa oBecneuvBaeTr KCB B kabene He xyxe 1:1,3. Hactpoiika
aHTeHHbI OCYLIECTBARETCH MYyTEM YKOPOYEHUA C NOMOLLBIO KyCayek €€ BepxHeii HacTu,
KOTOpas NEepPBOHaYANbHO BLINOMHAETCS YyTh ASMHHEE, YEM He0BGXoAUMO.

Muoi Obinn nposeaeHbl  aKCNEpPU-
MEHTbI MO YCTBHOBKE 3TOM aHTEHHbl Ha

OKOHHOM CTeksie. B 3ToM chnyyae Bubpa- /
TOP NEPBOHANANLHON BAMHOM 125 cM 13 Oxormos
anoMyH1eBoii Gonbrv 6N NPUKIEeH No para

UEHTPY OKHa. YIIMHAIOWEN KATYLUKA UC-
Nonb30Banack Ta xe, U 6bina ycTaHoBne-
Ha Ha pame okHa. MpoTueoBeckl Gu
BbINOAHEHb! U3 (POoNEMM. KOHLIbI GHTEHHBI
U NPOTYBOBECOB GbINU HEMHOI O 3arHyThI, 48 cv 48cr
4TOGbI NOMECTUTLCA HA OKOHHOM CTeKfe.
Buip, okoHHoi 5/8-BonHoBoM YKB aHTen-
Hbl MOKa3aH Ha puc. 17.18. AnTeHHa ner- )
KO HacTpavBaercA B pesoHaHc nocTe- | J
NeHHBIM YKOPOUeHeM honsrv BUGparTo-

pa € NOMOLLBID NE38KUA U NocTeneHHbiM  Puc. 17.18. OxkorHan 5/8-onHosan YKB anteHHa
NEePEKTIONEHNEM BUTKOB KATYLKM N0 MU-

HumymMy KCB. OKOHHas aHTeHHa He NOPTUT UHTEPLEPA KOMHATHI V| MOXEeT UCMNONb30BATHCR
B KA4ECTBE NOCTORHHOIN aHTEHHBI A paboThl Ha avanasose 145 My 13 aAoMa unu odumca.

125 ¢

i

17.12. 3PpdekTnBHas aHTeHHa NEepeHOCHOW paguoCTaHLnK

B Tom cfiyyae, kOorga CBs3b C WUCMOAb30OBaHWEM CTaHOAPTHOWR «PE3UHKM» HEBO3-
MOXHE, MOXHO WCNONS30BaTH MOAYBONHOBYID @HTEHHY KOHLUEBOro mutaHus. Ona He
TpebyeT pna ceoeli PaboTel «3eMAM» U NPKU paBoTe Ha GONbLME PACCTOSHUA MOXET
paTth BLMIPLIW M0 CPABHEHWIO CO CTaHAApTHOW «pesuHkoi» Ao 10 gb B ycnoBusx
ropofa. 370 BNOAHE peantHuie LMGPLI, Y4UTLIBaR, HTO (huU3Uteckan AnvHa NoNyson-
HOBO# aHTEHHbI MOXET 6biTh NoyT B 10 pa3 pnvHHee «PesvHKu».

MNonyeonHOBan aHTEeHHa KOHLEBOMO MUTAHWS NMUTEETCH HaNPsXXeHUeM U UMEET Bbl-
COK0€ BXOAHOE COMPOTMBNEHVE, KOTOPpOe MOXET nocTuraTts 1000 OM. CneaoearentsHo,
3Ta aHTeHHa TpeGyeT COrnacyllLiero yCTponcTBa NpY UCMOAb30BaHUM COBMECTHO €
panviocTaHuvell, umetoleii 50-oMHblit Boxogd. OpwH 13 BaPUaHMTOB COrnacylowero
ycrpoiicTsa Ha ocHOBe [l-koHTypa yxe 6bin onucaH B 3Toi rnaee. Noatomy Mbt
paccMOTPUM UCNOAb30BaHKe APYroro COTNacyloWero YCTPOWCTBA, BLINOAHEHHOTO Ha
napannensHoMm KoHType. o athhekTMBHOCTU cBOelt paBoThl 3TU COrnacylowue ycr-
poiicTea NPUMEPHO paBHLl. Cxema NoNyeonHoBoK YKB aHTeHHbl COBMECTHO C corna-
CYIOLUWM YCTROWCTEOM Ha MapannefibHOM KOHType MokasaHa Ha puwc. 17.19.

KaTywka koHTypa cogepXuT S BUTKOB MefiHOrO riocepebpeHHoro Npoeoaa avamerT-
pom 0,8 MM, HBMOTaHHLIX Ha OrpaBKe AvameTpoM 7 MM Mo anvHe 8 MM. Hactpoitka
COrNacyioLero YCTpoicTea 3aKkMONaeTCs B HACTPOIKe C MOMOLLLIO NEPEMEHHOTO KOH-
Aexcatopa CT koHTypa L1C1 B pe3soHaHc. CefA3b KOHTYPa € BHIXOAOM Nepenaryuvka
perynmpyeTcsi ¢ NOMOLLBIO NepeMeHHOro koHpaeHcatopa C2, nepeOHavansHO KOHOEH-
caTop NOAKNO4AETCs B TPETbeMY BUTKY KaTyllkU OT ee 3asemneHHoro koxua. MNepe-
MeHHble KoHpeHcaTopst CT 1 C2 pomkHel GbiTh © BO3AYLUHLIM AN3NEKTPMKOM.
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Ona uanyyatens NONYBO/HOBON aH-

TEHHbI LLENECO0GpadHo  MCroNb30BaTh
TENnecKoNU4eckylo aHTeHry. 3T0 gact

Kepryc BO3MOXHOCTb MepaHoCUTL MONYBONHO-
coznacysuiezo BYIO @HTEHHY B KOMMEKTHOM CNOXEHHOM
yempoicmba cocTosHuU. Takke 3TO YNpolaeT Ha-
{ CTPOPKY @HTEHHBI COBMECTHO C Pealib-

HbIM TPAHCUBEPOM. B Hayane HacTpoiku

aHTEeHHBI BiUHa V3Ny4aTens coCTaBNnAeT
100 cM. HacTpoiika aHTeHHLl Npon3BO-
! a [VTCS C MOMOLLBIO UHAMKATOPa Hanps-
1 *eHHocTn nons. C nomowslo KCB-meT-
2/8 pa HacTpolika aHTeHHb! Lienecootpasta
T nMwk B cnyvae ee paboThl He Ha Kop-

100 c1

@ 2 nyce pagvocTaHuvu, a npy KUenonb3o-

7‘_4/15 BaHWM COBMECTHO © HEil YONMHAIOLLErO

KoakcuaneHoro kabens. B npouecce Ha-
N CTPOIK¥ 3Ta gnvHa MOXeET BbiTb HEMHO-
L ro cKkoppexTupoeaHa nNo 6onee adpex-

—

BLiCoKDYacMomHBIL
pasver

TUBHOIN paBoTe aHTeHHb. XKernarenbHo

| — CHOenaTe COOTBETCTBYIOLUME OTMETKY Ha

Puc. 17.19. MNonysonHosan YKB aHTeHHa aHTeHHe, 4T06bI BNOCEACTEMM CO CBEp-

€ COTNacywunM YCTPONCTBOM HYTOrQ ee MNonoXeHna YCTaHaBnueaTh

AHTEHHY cpa3y Ha HeOBX0aUMYID LAURY.

KopoBka, roe pacnonoXeHo cornacyiollee ycTpolicTeo, 6bina BLINOAHEHa M3 NNacTyKa,
4T00bl YMEHBLNTL EMKOCTb KaTYWKK Ha «3eMnios.

Mpy BeoitHoil paBoTe aHTEeHHbl HAa KOPNyce PagvoCTaHUVKM U C UCMONIb30BAHMEM
YAAVHSIOLWLEro KOGKCUANTBHOTO KaBens Ha WTbPe aHTeHHL! BEenaioT Ose OTMETKW, oaHa
COOTBETCTBYET MaKCUMaNLHOMY YPOBHIO HanpsKeHHOCTU nons npy patote aHTeHHb!
HB KOpMyce pagvocTaHuMu, a apyras — COOTBETCTBYeT MuHUManbHoMy KCB npu
UCMOML30BAHUM COBMECTHO C @HTEHHOM YBAMHSIOLLEro KoakcuanbHoro Kabens. O6uqHO
3T fiBe OTMETKWM HEMHOTO HE COBMaAaIoT.

17.13. BepTukanbHbe HEPA3PbIBHLIE aHTEeHHb!
C raMmMa-cornacoeaHuem

"‘““Zb BepTukansHble aHTeHHbl, BLIMOAHEHHLIE U3

Y tenoro eubparopa BeTPOYCTOWuMELI, NErku B

yCTaHOBKE W 3aHWMEIOT Mano mecta. Ana mx

BLINONHEHUS MOXHO MCMONL30BaTL MEAHLIE

2 mm pr?m, anoMUVHVEBLIi CUNOBOI 3nEKTpUYe-

—— duamenp Ckuii NpOBOA AviameTpoM 6—20 MM. 31 aH-

a2 B TEHHbI AOCTATOYHO NPOCTO MOXHO COrNacoBaTh

5B jli E C KoaKCHanbHbM KaBenem C BONHOBLIM COMPO-
TMBNEHVEM kaK 50, Tak n 75 Om.

Lepebannan ravma OueHb NPOCTOil B BLINONHEHUU 1 NErkoi B
10 MM HaCcTPOVKe FBNSETCH Hepas3pLIBHANA NONYBONHO-
duoremp Bas YKB aHTeHHa, KOHCTPYKLWA KOTOPOii noka-

3aHa puc. 17.20. [ns ee nuTaH1A Yepes3 Koak-
cuantHblh Kabens UcnonkayeTcs raMma-corna-

v coBaHve. Marepuan, 13 KOTOPOrO BLINOAHEH

Pric. 17.20. HepaapuieHas BUBPATOR aHTEeHHbl M FamMMa-cornacoBaHue,
ronyeonHosas YKB aHTeHHA 0mKeH GbITb OAVH U TOT Xe, HanpuMep Meab
N1 anoMUHKIA. U3-33 B3aUMHOW 3NEeKTpOXu-

15 MM

98 M
22

4
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MUHECKOI KOPPO3VU MHOFMX Nap MAaTepUasnos HEeAONYCTUMO WCTONb30BBTh PaaHbie
METAMMb! IR BHINONHEHUS GHTEHHbI U FAMMa-COrNaCOBaHUS.

Eciv ans BbINONMHEHWA aHTEHHLI nc-
NonL30BaHa MeoHasn ronas Tpybka, To Ha-
CTpavBatb raMma-CcorfiacoBaHue aHTEHHb
uenecoobpasHo € NOMOLLLIO 3aMbIKaIOLLE
nepemsiNky, Kak nokasaHo Ha puc. 17.21.
B aTOM cny4ae MOBEPXHOCTb WITHPA W
NPOBOAHMKA TaMMa-CoTNacoBaHua Tiua-
TeNLHO 3a4MWABTCS ¥ C NOMOLLLIO XOMYTa
"3 ronoil NpOBOJIOKW, KaK FOKa3aHO Ha
puc. 17.21,a, pobrBaloTcs MUHUMANLHOMO
KCB B K0akcuanbHOM Kabene nutaHus aH-
TEHHb!I, 3aTeM B 3TOM MECTE NPOBOA ram-
Ma-COr/IaCoBaHKe HEMHOTO PacnAloLLVBa-
€rca, NPOCBEPNMBAETCA W COEAMHAIETCA
BUHTOM C TMOJIOTHOM @HTEHHBI, KaK Noka-
3aHO Ha puc. 17.21,6. BO3MOXHO Takxe
ucno/b30BaTh Naiiky.

Ecnv BNA  a@HTEHHb!  KCTOJBL30BaH
aNIOMUHKEBLI  NPOBOA, ¥3  CMNOBOrO
BnEKTPMLYECKOro Kabens B MRaCTUKOBOMN
M30IALUUKN, TO LienecoobpasHo 3Ty K30-
NALMIO OCTaBUTL AJIf NPELOTBRALLeHUA
KOppO3Wy 2MI0MUHMEBOro NMposoAa Ku-
CNIOTHEIMK IOXAAMK, KOTOpbe Heusbex-
Hbl B FOPOACKMX ycnoeusix. B atom cny-

a)

L 2
L= o o

Puc. 17.21. Hactpolika ramMma-cornacosaHmn
MEJHOM BHTEHHL

g {
L L=

Puc. 17.22. HacTpoiika raMma-cornacosaHms
NOMVHUEBON MELHON aHTEHHB

Yae raMMa-CcorfiaCoBaHWE aHTEHHLI MOACTPEMBAETCH C MOMOULIO NEPEMEHHONO KOH-
fieHcaTopa, KaK MokKasaHo Ha puc. 17.22. MNepemMeHHbiili KOHABHCATOP HEeob6x0auMo
BAMTUTL OT BO3AERCTBUA aTMocdepHbIX YCNOBWIA, ecnu aHTeHHa OGypet paborarte
Ha OTKpuiToM Bo3gyxe. Ecnv He yaaetcs poctudb KCB B xaGesne medee 1,5, 10
LJIVHY raMMa-COFfacoBaHus HEOBXOOMMO YMEHbLUMTE U MOBTOPWUTL HACTPONKY eLue

pas.

1

148 M

48 M

j -

Puc. 17.23. HepaspbiBHas BEPTHKANbHas
BonHoeas YKB aHTeHHa

Cummempu-

pyBuee ﬁ
yempodcmbo

Puc. 17.24. MNMoakioserre CUMMETPUPYIOLLErD

YCTPOWCTBA K HEPA3PLIBHON aHTEHHE

Mpy HaNWYMU NOCTATOYHOTO MECTA ¥ MaTepuancB MOXHO YCTaHOBUTE HEpPAspLIB-
HY!I0 BEPTUKANLHYIO BOnHOBYID YKB aHTenHy. BonHoBast aHTeHHa paboTaeT adpex-
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TUBHEE NMONYBONHOBOW aHTEHHbI, NMoKalaHHoW Ha puc. 17.20. BonvoBas aHTenHa ofec-
neyvisaeT Gonee MpUXaTyio K ropuacHTY varpaMMy HampaBeHHOCTH, Yem Fonyson-
HOBas aHTeHHa., CornacoeaTh AONHOBYIO @HTEHHY MOXHO C MOMOWLID CNOcoBOoB, na-
KadaHHbix Ha puc. 17.21 v 17.22. KOHCTpyKuus BOMHOBOIA AHTEHHLI NOKA33Ha Ha
puc. 17.28.

Mpy BLINONHEHUK 3TWX AHTEHH XeNaTenbHo, 4TOOL! KOaKCUanbHLIA kabenb NATauus
66in NeprexAnKynspeH aHTeHHe XoTs Gbl Ha ArivHe 2 M. MCnonb30BaHMe CUMMETPN-
pyloLLero YCTPOMCTBa COBMECTHO C HEPA3PLIBHON aHTEHHON yBenuumT 3¢ ¢eKTUBHOCTL
ee paboTel. MpK “cNonbIoBaHUN CUMMETPUPYIOLLETO YCTPOMCTBA HEOBX0aMMO MENOSL-
30BaTh CUMMETPMNHOE FaMMa-cornacosaHue. MoAKIIONEHME CUMMETPUPYIOLLErQ YCT-
po¥iCTBa K aHTeHHe Noka3aHo Ha puc. 17.24.

B KauecTBe CHUMMETPUPYIOLWErO YCTPOICTBA aHTeHHLl, KOTopoe paboTaer Ha
nurarasone 144 M, MOXHO uCMONb3OBATL OG0 MABECTHOB CUMMETPUPYIOLLEE YOT-
POicTBO. MpY pasMeLieHuy aHTEHHbI OKONO NPOBOASILMX NPEAMETOB, BO3MOXHO, Npu-
[ETCA HECKONBKO YMEHBLWWTL [IMHY AHTEHHb! U3-32 WX BIMSHUS.

17.14. Kpyrnast YKB aHTeHHa

Ecnv pasmelienve B NMpOCTPAHCTBE BEPTUKANbHBIX @HTEHH, NOKA3aHHbIX Ha
puc. 17.20 v puc. 17.23, B vx TPaaULMOHHOM BEPTUKANBHOM FMONOXEHWUW 3aTPyA-
HEHO, TO MOXHO WX Pa3MECcTUTh, CBEPHYB NOJIOTHO aHTeHHLt B Kpyr. MNOnOXeHve
NOSlYBOAHOBOM aHTEHHLI, NOKa3aHHON Ha pUC. 17.20, B «KpyrnoM» BapvaHte Noxa-
3aHo Ha puc. 17.25, a BONHOBOIN aHTeHHbI, NOKazaHHOW Ha puc. 17.23, — Ha
puc. 17.26. B Takom nosnoxeHu antenHa ofecnedvsaeT KOMBUHMPOBaHHYIO MONsA-
PU3ALMI0O — BEPTHKANLHYIC U FOPU3OHTANLHYIO, 4TO GnaronpuaTHO Ans npoBeAcHVs
CBA3EM C NEPEAaXHBIMY 1 HOCUMBIMK PadUOCTaHUMAMU, XOTS TeopeTudecky ypo-
BEHb BOPTWKANLHOM nNoNApuaauuu GyneT Bbille Npvt GOKOBOM MUTAHWM KPYIIbIX
YKB aHTeHH, HO Ha MPAaKTKKE 3T0 pa3NuHKe He CUNLHO 3aMeTHO, a BOKoBoe NUTaHVe
QHTEHHE! YCNOXHSIET @€ YCTAaHOBKY. BOKOBOE MUTAHWE KPYINON aHTEHHL! NOKa3aHo
Ha puc. 17.27.

5
o]
x
N Y
¢
& oL
Puc. 17.25. HepaspbiBHas kpyrnan Puc. 17.26. HepaspwiBHaA Kpyrnas
BepTiKanbHan nonyeonHoeas YKB axveHHa BEPTUKANbHAA BONMHOBaA YKB aHTenHa
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Kpyrnas YKB aHTéMHa MOXET
6biTb pasMelleHa BHYTPY roMeLle-
HMA, HaNpUMepP MeXZy pamMamu oKHa
wnu BHE NOMELLEHWA, Ha GankoHe
wir Ha kpbiwe. Npu pasmeLieHum
KPYTIOi aHTEHHL! B rOPU3OHTaNLHON
MNOCKOCTH FONYYMM KPYrOBYIO Ava-
rpamMMy HarpaBnEHHOCTY B rOPU3OH-
TanbHO NAOCKOCTY 1 paboTy aHTeH-
Hbl C FOPU3OHTaNLHON NOSAPM3aLIU-
ei. 31o moxer GeiTb HEobxoaumo B
HEKOTOPLIX CRy4asix FPW NpoBEASHVY

M Puc. 17.27. BOKOBOE NUTAHUE KPYIMbIX
paguoniobuTensekux CeBnzei. VKB atroin

17.15. Naccushblii «ycUnvTeNb» NepeHOCHoON cranuum

MpPY 1CNBITAHWA NEPEHOCHBIX PafvocTaHumit unk paGote ¢ HuMu NOPoiA He XeaTaer
O11e w4yTb-4yTb» MOLWHOCTY AN HafeXHON cBR3u. MHOI Gbil BLINOJHEH NaCcCUBHLINA
«YGUIMTENE> AR NEPeHOCHLX YKB CcTanumit. MaccvBHbil «younuTens» MoXeT nobasnTb
0o 2—3 g6 K curkany paguocTaHuuu B adupe. STOro HacTto poCTaTeNHO, 4YTOBK!
HEJIEXHO OTKPLITL LIYMONOAABUTE b CTAHLUY KOPPECTIOHEHTa 1 0BECNEYUTL yaepeH-
Hylo paboTy. KOHCTPYKUMA NaCCHBHOTO «ycUnuUTens» B paspese NnokazaHa Ha puc. 17.28.

K armeritne -A
-——C )-_— w v
g <
) A
K mpancubepy
Puc. 17.28. MacCUBHbIA «yCUNUTENb» Puc. 17.29. LLIMpokononocHbin

YKB subparop

MNaccuBeHbii «ycunurens» fipeactasnser cobolt nykeHylo xectaHylo GaHky wa-rog,
Kodhe [OCTATONHO BONbLUVX pa3MepoB (Yem GonbLue, Tem nyywe). B aHo Ganku BcTasne
pasbeM, aHANOTVMHLI AHTEHHOMY Pa3beMy PaAVOCTaHUMK, a B Kpbiluky GaHKu 3anasH
pasbeM ANM COSAVHEHWA © aHTeHHbiM rHeazoM. K BGanike npunasHbl 4 MpoTVBsoBECE
AnvHoit 48 oM. Mpu pabote ¢ peAvoCTaHUMER 3TOT «yCUIMTENb» BKITIOHAETCA MEeXay
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WITATHOM aHTEHHOW U paavocTaHuveii. 3a cyeT Gonee ad¢exTuBHON «aemny» 1 Npo-
WCXOOUT YBENUYEHWE B MECTE NpueMa Cunbl uanyyaemoro curiana. COBMeCTHO € 3TuM
«yCWIINTENEM» MOXHO MCMONb30BATh M ApPYIve aHTeHHb, Hanpumep A/4 wrbipe w3
MESHOA NPOBONOKM, NMPOCTO BCTABNEHHLIA B AHTEHHOB THE3/0.

17.16. WwupokononocHas o630pHas aHTeHHa

Tabnuua 17.1 MHOrMe UMMOPTHLIE NMEPEHOCHBIE PasVOCTaHLMM
Paamepbi LLMPOKONONOCHOH YKB obecnevvBaloT paboTy Ha NPUEM He TOMBKO B miobu-
aHTEHHBI A% Pa3HLIX AUANa30HOB TenbCckoM Avanasone 145 Mru, Ho v B 0030PHbIX
AvianadoHax 130...150 MMy wnw 140..160 My,
JwanazonMru | 130..150 | 140..160 B 310M Cny4ae ANs YCNELWHOro rpyema B 0630pHbIX
BVanasoHax, Ha KOTOpbIX BUTan aHTeHHa, HaCTPOEH-
Han Ha 145 MY, pabotaetr HE3(DEKTUBHO, MOXHO
Paamep B, oM 54 47 WCTIONb30BaTh LUMPOKONONOcHYI0 YKB aHTeHHy. Cxe-
Ma aHTeHHbi NpyeegeHa Ha puc. 17.29, a pasMepkt
L5 PasHbIX AVana3oHoB paboTsl faHe B Tabn. 17.1.
Bnn paboThl C @HTEHHON MOXHO UCTIO/b30BaTh KOSKCUANEHLIA Kabenk ¢ BOMHOBEIM
conpotuBnedvem 50 OM. MONOTHO aHTEHHL! MOXET ObTb BLMOAHEHO ¥3 GoNbrv U
HAEK/IEEHO HA OKHO. MOXHO BBLINOSHUTL MOJNIOTHO AHTEHHB! U3 ANIOMUHUEBOTO SIUCTA U
neYaTHLIM CNOcoBOM Ha Kycke (ONREMMPOBAHHONO CTEKNIOTEKCTONUTA MOAXOASLUVX Pas-
Mepos, AHTEHHA MOXeT paboTaTh Ha NPWEM K Ha Nepeaayy B YKa3aHHbIX AuanasoHax
4acToT C BLICOKON 3(pheKTUBHOCTLIO.

Paamep A, oM 26 24

17.17. 3uraaroo6pasnas aHTeHHa

B Hexotopbix cnyxebHeix YKB peauoctaHumsax
DAnbHEN cBA3M VCTMONB3YIOTCA aHTEHHBIE peLleTku,
cocTosime u3 auraarooGpasHbix aHtenH. Pagwo-
nobuteny Toxe MOryT NMornpotoBaTe UCTINLI0BATL
3neMEHTbl Tako aHTEHHOW cucTeMbt A1 CBOei
paboTel. Bun, anemenTapHoi 3uraarocbpasHoi aH-
TEHHbLI, BXOARLEN B KOHCTPYKUuO cnoxHoit YKB
AHTEHHLI, NOKa3aH Ha puc. 17.30.

3urzaroofipasHan 3NEMeHTapHaA aHTEHHA CO-
CTOUT w3 FOJYBONHOBOI BVNONBHOM AHTEHHB!, KO-
TOpas NUTAET HanpsDKEHWEM MOJYBOJIHOBLIE BUG-
paroput. B peanbHelx aHTEHHAx WCHONb3yBTCH A0
NATW TakuxX rOYBONHOBLIX BUOpaTopa. AHTEHHA
WMEET Y3Kyl0, MPWKaTYIO K FOPU3OHTY Auarpammy
HahpasneHHocTH. Bua nonspusaumyt — BepTUKanb-
Hbli U FrOpU3oHTasbHBIA. Ons paboTht aHTEHHB! Xe-
naTessHoO  UCTDJL30BaTL CUMMETPUPYIOLLEE  YCT-
POIACTRO.

B aHTeHHax, vcnonb3yembix B CryxebHbLX CTaH-
uusx cBR3u, U 33 3NEeMEeHTapHbIMU auraaroobpas-
HbIMW aHTeHHaMK OBbINHO MOMELLIT pednexTop,
BLINONHEHHLIA K3 MeTannuyeckol ceTkn. Pednex-
TOp ObBecrieyvBaeT OAHOCTOPOHHIOID HAaNPaBNEH-
HOCTb aHTeHHbt. B 3aeucvMocTM OT Yvcna Buvbpa-
TOPOB, BKJIOYEHHbIX B aHTEHHY, ¥ KOJWNECTBa
BIJIOYEHHLIX BMECTE  3Uraaroo6pasHbiX  aHTeHH

Puc. 17.30. 3nemexrapHan MOXHO NONY4NTb HEOBXOLUMEIA KOBGGULIMEHT You-~
auraaroobpasHas aHTeHHa SIGHUST AHTEHHBL.
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PaavonioBUTENN MPaKTUHECKN HE WCTNOMb3YIOT TEKUe aHTeHHbl, XOTA WX HECAOXHO
BLINONHWTL 1A mobutenscknx YKB avanasonos 145 v 430 MMy, [ine uarotosfeHus
NONOTHA aHTEHHL! MOXHO KCMONb30BaTh @NOMUHUEBLIA NPOBOA AVEMETPOM 4—12 MM
OT CUNOBOro 3NEKTPUUECKOro kabens. B oTeyeCcTBEHHOM uTepaTyps onucakme noao6-
HOU aHTEHHS, [171 NONOTHA KOTOPOi BbiN MCNONL30BaH XECTKUA KOaKCUaNbHEIA xaberb,

66110 NMpUBeaeHO B nuteperype [4].

17.18. AHteHHa XapHerko B fvanasone 145 My,

AHTeHHa Xapuenko [5] wwpoko wcnonb3yertcs B
Poccuw ans nprema TenesmaeHun. Ha HeXoTopbIX ciy-
WeBHbIX PaaMOCTaHLMSX ATy aHTEHHy UCTIONL3YIOT A
peboTbl Kak HA MpveM, TaK v Ha nepenady. Moxer
6hITh MCTIONb30BaHa 3Ta aHTEHHA W paavonloGuTensMu
nna paboret Ha gvanasone 145 Mru. Axtenna Xap-
HEHKO SIBNAETCA OAHOM U3 HEMHOTUX @HTEHH, KCTopast
pabotaer BecbMa 3GGHEKTUBHO W MPU BLINOSHEHWH
TOUHO NO pa3mepaMm He TpeByer HacTpoiku. Cxema
aHTeHHb! XapYeHKo Nokasana Ha puc. 17.31. Ona ume-
eT avarpaMMy HarpaBneHHOCTH B (OPME BOCEMERKH,
C LUMPWHOIN fIErIecTka AvarpaMMbl HaNPasnEeHHOCTH
(rO YPOBHIO MOJIOBUHHOM MOLHOCTN) B BEPTUKANLHOM
¥ FOPU3OHTANLHOMN NNOCKOCTY Bnnakoi K 60°. AHTeHHa
XapueHko obecrnevnBaer ycunexve uyTb Gosblue dem
6 dBi. Mpu ucronb3oBaHuM NN MOMOTHA AHTEHHbI
Tpybkut AMamMeTpom 8-MM 1 Bonee un MeTannuYeckoi
neHTol WupwHoi 10-MM v Gonee ara aHTeHHa Gyper
paborare ¢ KCB He 6onee 1,5 B nonoce 4actot e
menee 10 My Ha auanasone 145 My,

AHTEHHY XapuEeHKO MOXHO YMPOLEHHO MpeacTa-
BUTb KaK ABE rapaniefibH0 COSAWHEHHBIE PAMOYHLIE
AHTEHHSbI, KXAas U3 KOTOPbIX UMEET [JIUHY NOnoTHa,

3

Touxa
Hyneboao
nomenyuana

Tosku
numanus

Touka
Hynebozo

L""nomenyuana

*Bce £mapoHs QRMEHHL!
dnunod Ak

**Paccmonnue mexoy
MOYKaMU NUMAHUS

awmennsl 075 duana3ong

145 My pabro 10-20 mm
***Coomuowerve A/B pabuo 14-145

Puc. 17.31. AHTEHHA XapyeHKo

pashyio A. CONMPOTUBNEHUE KaXAol U3 STUX aHTeHH
paeHo npuMepHo 117 Om. Npu napannenbHoM Coeau-
HEHWK OBYX TaKUX aHTeHH Ux obluee BXoaHOe corpoTvBnenve GyfeT pasHO NPUMEPHO
60 OM. D70 MO3BONNET UCTIONB30BATh AJ1A AUTaHUS aHTEHHA XaPYeHKO Kak 50, Tak v 75-om-
HbIfi KOaKcHaALHERT KaBens. KOHEYHO, CTPOruil TEOpeTUYECKUi aHanma paBoTul aHTEHHD
XapueHko 6onee CnoXeH, Hem yNpOLLEHHOE ONMCAaHVE, KOTOPOE NPeacTasneHo 3aech.

Dnf cO34aHWA OAHOCTOPOHHEN AMarpaMMb! HANPABNEHHOCTU WCTIONb3YIOT C38a1
aHTEHHB! METASMHECKNIA 3KpaH (pednekTop), PAcNONOXeHHbI Ha paccTonHun (0,17—
0,22) M. LLupuHa pednekTopa AonxHa cocTaensTs He Mexee 0,52 A, BuicoTa pedrnektopa
paBHa BLICOTE aHTEHHBI. PedneKTop MOXHO BLIMOMHKTE B BUOE OAWHOYHBIX BUBpaTopos
anvHoit 0,52, pacnonoXeHHEIx Ha pacctosHuu apyr oT apyra He mexee 0,1A. Uc-
ro/b308aHVE pednekTopa NO3BOSMET YCTAHABNMBATL aHTEHHY MEPed CTEeHOR AoMa, Ha
KOTOpOIA, B CBOIO O4Yepedb, w yctaHosneH pednexTop. Mpy KCTNOL30BAHWK KOAKCH-
anbHOro Kabensi ¢ BONHOBLIM conpoTueaeHueM 50 OM KCTONb3YIOT MEHBLLIEE PeccTon-
HUE MEXAY aHTeHHOR U pednekTopoM, a NpW UCNDJIb30BaHUY KOAKCHaNbHOro kabens
C an/HOBLIM CONPOTHBNEHKEM 75 OM — Bonbluee paccTonHue. HanpasneHHan aHTeHHa
XapuyeHko NokasaHa Ha puc. 17.32.

AHTEHHA XapHeHKo € ofHUM pednekTopoM Moxer obecrneunTb KOaghULMEHT youne-
Hus 6Gonee 9 dBi. 310 0AHa U3 OMTUMAnNBHEIX aHTEHH, KOTOPLIE MOXET MOCTPOUTE Paayno-
nioButens fis pabothl Ha 145 MU, CoOTHOWeHME «KO3POULMEHT youneHus/3aTpatbl»
L1 3TOIA aHTEHHb! SBASIOTCA ONTUMANBHBIMUA. OTHOLEHVE U3NyHeHVs BNepes/Hasan Bo
MHOrOM 33aBUCUT OT KauecTBa UaroToeneHva pednektopa. OaHaKO Aaxe ¢ NPOCTbiM MPo-
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BOJIOYHLIM PedNEKTOPOM, COCTAaBNEHHLIM U3 BUBPATOPOB, OTCTOSUWMX APYr OT Apyra Ha
paccrosum 0, 12, BrOSHE MOXHO OXWOATDL, HTO 8TO COOTHOLLEHWE COCTABUT OKONo 20 b,
UlvipyHa auarpamMmbt HaNPaBAEHHOCTU PedNeKTOPHON aHTeHHB! (MO NOJIOBUHHOM MOUY-
HOCTM) MOXET 6uiTb B Npepenax 30°. [ins ewe GOMbLIEro CYXeHus avarpaMMet HaNpas-
JIEHHOCTW UCTIONb3YIOT NAcCUBHLIE SNEMEHTL! B auae BubparopoB pavHon 0,45 A, pec-
NOJIOXEHHbIX Ha paccTosHun 0,2\ OT aMaroHany ksagpara paMok. Jins coapaHus yakoi
AnarpamMMel HaNPABNEHHOCTU U YBENUNEHUA KOADGULMEHTE YCUNEHWA aHTEHHON cucTe-
Mb! UCTOMb3YIOT HECKONEKO OBBLEAVHEHHBIX AHTEHH.
Mpy 1cronb3oBaHuM @HTEHHbI Xap4eHKo B Ka-
452 YECTRE NIePeAaoLLeN, CepbeaHoe BHUMAHVe He-
06x0aMMO  yaenmTs NPaBuUNLHOMY  BLIFIOSIHEHWIO
ee NutaHws. Havbonee nMpocTo BLMOAHWTL rpa-
BUNEHO MUTaHWE MOXHO 1S pedREKTOPHON aH-
TEHHBL. BTY @HTEHHY ¥ MOXHO PEKOMEeHOOBaTb
19 NOBTOPEHUs pagvoniobuTenam. B aTom chny-
yae ¢uaep NUTaHus NOSXoauT K @HTEHHE rioA
MPAMBIM YTNOM €O CTOPOHBI PedneKkTopa, Kak 3ro
nokazaHo Ha puc. 17.32. 3a pednekTopoMm Ko-
aKcuanbHbtil kabens MOXET vaTK obbiM Crioco-
60M. AHTEHHa XapYeHKO SBNIAETCA CUMMETPVHHOIR
aHTeHHoi. FloaToMy 015 ee NUTaHuA Heobxoaumo
2 HCnoNb30BaTh MOBoe U3BECTHOE CUMMETPUPYIO-
Liee YCTPOWCTBO.

Mpocroe cYMMETPUPYIoLLEE YCTPOICTBO, XO-
powio paboTaloLLee COBMECTHO € 9TOM aHTEHHOM,
1ioKa3aHo Ha puc. 17.33. [ns ero BbinojHeHus
Memanmmeckui| — OEPETCH BLICOKOYACTOTHLI pPasbeM LOCTATONHO
IKPaH- BonbLIKX PA3MEPOB, K HEMY NPUNavuBaeTCa KycoK
pegrexkmop KoaKcuanbHOro kabens pnuHoi, Gonblet Ha
2 cM, 4em A/4. Ha aroT kabenb B HECKOJIBKUX MEC-
Tax HaMaTbiBalOT HECKONIbKO BWUTKOB kemGpwka
anA ¢ukcauumn kabens B Tpybke. Ha koaxcuans-
Hblii kabenb ¢ kemBpukamy HajeBaeTCa MegHas
Tpybra, avameTp TPYOGKU He KpuTudeH. Paccron-
Hve B 3...5 MM Mexay cTeHkamu TPYBKU 1 Koak-
cvanbHetM kabenem GypeT poctaroyHo. Tpybka
rpunaveaeTca K pasbemy. CvMMETpUpYIoLee YCTPOICTBO roToso. OTKpbIThIA KOHEL,
CUMMETPUPYIOLEro YCTPOICTBa repMETUIVRYIOT NPYU NOMOLWM BBTOMOGUNBHON BroK-
cnoku. MHoi Gbio BEINOHEHO HECKONBKO COrNACYIOLMX YCTPONCTE ¢ HCTONb30BaHNEM
OTPE3KOB BOMHOBOAOE W KOPMYCOB MOMOCOBLIX (GuNETPOB CBY, BLINONHEHHLIX B MEAHBIX
Tpybax. Ecnv peavioniobnTent MOXET NPUOBPECTU 3T U3LENNS, TO NPOLECC UBroToBAe-
HUSl CUMMETPUPYIOLLErO YCTPOMCTBA A1 HETO 3HAYUTENBHO YNPOCTUTCA.

BMECTO CHMMETPHPYIOLLEro YCTPOCTBA anoJHE MOXHO WCHD/Ib30BATH BLICOKOYAC-
TOTHBIA 3arOPHLIA APOCCENs Ha KOHLE (MAepa aHTeHHLL. 3TOT ApoCcCent NPeacTasAsieT
coboii 10—20 ¢peppuToBbLIX KONew, TYro HaAETHIX HAa KOAKCWMANBHLIA Kabenb. Mponu-
LAEMOCTb 3TUX KOJIEL, HE UMEET SHAYEHWS.

OfpeTuTe BHUMAHWE, YTO NPV NOCTPOEHWW NEpepalollell aHTEeHHBI XApYEHKO Mo-
fIOTHO @HTEHHL! B €€ BEPLUMHE ¥ BHU3Y (TOMK2 HYfIEBOro roTeHuuana Ha puc. 17.31)
HEXENATEeNbHO SNEKTPUNECKYK COBAUHATE C PEDNEKTOPOM aHTEHHL Ik METANNWNECKON
MaqTON. TEOPETUYECKM, KOHEHHO, TaM CYLLECTBYET HyNesoi NOTEHUMaN K 3a3eMNeHne
3TUX TOHEK HWKEK HE [IO/KHO CKa3aThCsl HA paboTe aHTeHHb.. HO rMpaKTuyecku, npu
HEKOTOPbIX OLIMEKAX, [ONYLIEHHbIX APU BLNONHEHWM AHTEHHB! W €€ MUTAHWA, TONKW
HYNEBOro roTeHUVana MOryT CMECTUTECHA U 3a3eMNeHWE BepluvH pOMGOB MpMBeaeT K
yXyBweHuio paboTel aHTEHHL.
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Puc. 17.33. KOHCTPYKLIUA CUMMBTPUPYIOWEro YCTRoNCTEa

17.19. PaMouHble HanpaBieHHbIE aHTeHHLl Ans avanasoxa 145 My,

OpHnmu 13 HavBonee rONYnAPHLIX Hanpas-
FIEHHBIX aHTEHH AR paboTkt B AvanasoHe 145
MIy sBRslOTCA PamMoYHbIE aHTeHHbt HauwbGonee
pacnpoCTpaHeHbt ang pyarasona 145 MMy geyx-
3NEMEHTHBIE PAMOYHBIE aHTEHHL. B aToM cryyae
FIONY4aeTCs ONTUMANEHOE COOTHOLIEHWE «3aTpa-
Thi/Ka4ecTBO», Cxema [ayxaNeMEeHTHON PamMoy-
HOI aHTEHHb!, A TaKXe paaMepbl NnepumeTpa ped-
NeKTOPa ¥ aKTMBHOrO 3NEMEHTA NOKAIAHL! Ha
puc. 17.34.

3neMeHTbl aHTEHHb! MOryT GbiTb BbINOAHEHK!
He TONBKO B BUE KBaapaTa, HO v B BUOE Kpyra,
nensTH. JI19 YBEMYEHVS U3NyueHua BepTUKab-
HOW COCTaBNAIoLEel aHTEHHA MOXET BbITe 3arun-

&
by Mepumemp 230 cv

flepumemp
210 e

TaHa c6oky. BxonHoe conpoTueneHue pey

MEHTHOW aHTeHHLt 6113ko k 60 OM, v ans paboTbl
€ Hell NOXoAnT Kak 50-OMHLIA, TaK ¥ 75-OMHbIiA
KOaKCUansHblli Kabens. KoahduumeHT ycunenvs
feyxaneMeHTHON pamoqHoih YKB aHTeHHst co-
cTaBnsieT He Menee 5 pB (Hag punonem), u
OTHOLUEHWE KBNyHEHVs1 a NPAMOM U ofparHoMm
HarpasneHws MoxeT pocturate 20 pb. Mpu pa-

Pyc. 17.34. Pamounan YKB anTenHa
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Gote C 3TOi &HTEHHO MOME3HO WCTIoNb30BATL CUMMETPUPYIOLLEE  YCTPONCTRO,
onvicaHHoe B pasgene 17.18 wnu B pasgene 17.20..

17.20. PaMounas aHTEHHa C Kpyrosol nonspusaumen

Cummempu-
pynuee
yempotcmbo

Cummempu-
Pywuiee
yempodcmbo

L+ N/

Puc. 17.35. PamouHas anTenHHa
€ KpyrosoV Nonspusauuveit

WnrepecHan KOHCTPYKLWS paMO4HOMA
aHTeHHb! C KPYroBOY nonsipusauueis Geina
rnpeancxeHa B smvtepatrype [5]. AHTEHHY,
VMEIOUI0 KpYrOBYIO TFlONsipU3aumio, Wc-
ronb3yIoT AJ1R censu vepes UC3. AeoitHoe
NUTaHWE PAMONHOI aHTEHHBLI CO CABUIOM
a3 90" noasonseT CUHTE3MPOBATE Paano-
BOJIHY, UMEIOLLYIO KPYTrOBYIO NOMSpUaaLmio.
CxeMa NuTaHust PaMO4HON AHTEHHBL! FO-
kasaHa Ha puc. 17.35. Mpu KOHCTPYWpO-
BaHWW aHTEHHb! HEOBXOAMMO YuMTLIBaTH,
yTo mivHa L moxeT Gbme moboii pasym-
HOWM, a AfvHa A/4 [OMXHA COOTBETCTBO-
BaTh I/IMHE BONHL! B kKabene.

Jns yBenuyeHun koagGuuveHTa yevne-
HUsl 3TY GHTEHHY MOXHO UCMONb30BaTb CO-
BMECTHO C pamoNHbIMK PednekTopoM W
ovpektopoM. Pamky Heobxogumo nutate
TONLKO Yepe3s CUMMETpUpYIoLIEe YCTPOM-
cTBo. MNpocTeiiee cuMMmeTpupyloLLee yeT-
POCTBO NOKa3aHo Ha puc. 17.36.

17.21. NpombilwnenHble 8HTEHHLI ANA Avanasoxa 145 My,

LurrempudHbid

|——>

<
<«

Hecurmempusnbi

x
(v
)
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Puc. 17.36. MpocTeiLBe CHMMETPUPYIOLBE
YCTROWCTBO

B HacTosillee Bpems B NpOaXe MOXHO
HaliT GonblLol BLIGOP GUPMEHHLIX aHTEHH
AR aMana3ona 145 My, Mpu Hanuaue gewder,
KOHEYHO, MOXHO Nokyriath nobyi 3 3Tx
aHTeHH. CnagyeT yweCTb, YTO XenaTensHo
NproBpeTaTs LienbHbIE AHTEHHb!, YX€ HACTPO-
©HHLIE Ha Aviana3oH 145 MIu. AHTeHHa monx-
HA VUMETE 3&LUTHOE MOKPLITUE, MPEaOXpa-
HAIOUlEE €€ OT KOPPO3uK KWUCNOTHLIMU AOX-
LAMU, KOTOpLIE MOTYT BEINSATh B COBPEMEH-
HOM ropoge. TBREcKONVNeckMe aHTeHHL! B
YCHOBUSX 3KCNyaTaLuvut ropoAa HEHaOEXHbt
¥ CO BPEMEHEM MOryT BhIATY U3 CTPOA.

MNpy cBopke aHTeHH HeoBXOAMMO CTPOro cobniodaTh BoE YKAZaHWS B UHCTPYKUMY
1o cGopKe U HEe XaneTk CUNVKOHOBYIO CMa3Ky Affl rMapOU30/ILMY PasbeMOB, Tene-
CKOMVMECKUX COBAVMHEHUA 1 BUHTOBLIX COBAMHEHWI B COFMACYIOLUX YCTPONCTEAX.
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18. NOATYBOJSIHOBLIE AHTEHHLI C PESOHATOPHbIM MUTAHWEM

AHTeHHa C PE3OHATOPHLIM MATAHUEM, Uk J-8HTEHHa, NOSBKNack B Mype B cepeauHe
20-x ropoe XX Beka. MepsoHayanbHO OHA WCMOMbIOBANaCh B MepManun s paBoTot
HA KOpOTKWX BONHAaX € avpwxabneii v camoneToB. MpumepHo 00 50-x foa08 J-aHTeHHa
€elle MonorL30Banack B NPog:eccyoHansHol pPaguooeran. B Hallle Bpems ata aHTeHHa
WCMOMb3YETOR TONBKO paguoniobutenamn. PagvoniobuTenn paspaborany MHOXECTBO
Pa3NUYHLIX KOHOTPYKLUM J-aHTEHHLL, KOTOpbie MOFyT GhbiTh WCMONB3OEAHBI KaK Ans
rnonesoli paboTkl, TaK v ONA CTauMOHaPHbIX aHTEHW. B 3TOH rnaee Mb! paccMOTpUM
Hanbonee ucnbnbayemble PaguoniobnTenAMn J-8HTeHHbI.

18.1. MNpocras J-aHTeHHa

MNpocras J-aHTeHHa C HENOCPEACTEEHHLIM MOAKIIOHEHUEM hmae—
KOAKCUNEHOTO Kabensi K YEeTBEPTLBONHOBOMY PE30OHATOPY MO-
KasaHa Ha puc. 18.1. Kak uaBecTHO, knaccuyeckas J-aHTeHHa
uMeeT OAvHY uanyualowedl Yactn A, paeuylo A/2. 31a Yactb
npeacTaensier coboit nonyeonHoeol eBubpatop. BxogHoe cb-
NPOTUBNEHWE NOAYBONHOBOrO BubpaTopa ¢ nioGoro €ro KoHua —
BbICOKOE, ¥ B 3aBUCUMOCTW OT FPaKTUMECKOW KOHCTPYKLMM ()
vanyuaTensi MOXeT cocTasuTb okono 1000 OM B ouanasoHe
145 MINu. Ans nutaHus J-aHTeHHb! UCTONb3YIOT FNOAKIIOHEHE
KOaKCHanbHOro kabens K 4actu YeTBEPTLBO/IHOBOMO PE30HATO- —
pa B. MNonysonHOBas aHTEHHA C PE30HATOPHLIM MUTAHUEM NO
CBOGMY BHELUHEMY BuIy HaNOMUHAET NaTtuHCKYIO GykBy «J»,
rnoaTOMy €€ 4aCT0 Ha3blBaloT «J-aHTeHHa». Puc. 18.1. J-anTeHHa

CorniacoBaHue BLIOOKOrO BXOAHOrD COrpOTMBAeHws noay-  © "ﬁEE“ﬁ.%ﬁZLiZ‘:;‘”M
BOJIHOBOMO M3NY4aTeNA ¢ OTHOCUTENLHD HUSKUM BOJIHOBEIM CO-  gonkcuanbHOro Kabens
NPOTUBNEHWEM KOAKCURNBHOTO Kabens OCYLLECTBNRETCA C N0 K NETEEPTLROIHOROMY
MO0 YETBEPTLEONHOBOMO PE30HATOPA. PE3oHaTop NMEET Bbi- pesoHaropy
COKOE BhIXOAHOE COMPOTUBNEHUE HA CBOEM KOHLE, KOTOPOR
33BUCUT OT KOHCTPYKUMYK pe30HaTopa, W ero Harpyaku. Boonk pa3oHatopa ConpoTue-
JIEHVE YMEHbLUAETCS M0 CUHYCOWAANEHOMY 3aKOHY, OT MBKCHMAMLHOMO Ha €r0 KOHUE
N0 HYNA Ha iHE PE30HATOpa. 3TO NO3BO/IAET UCTONBL3OBATh M1 NUTAHWS NOJYBONHOBOI
BHTEHHB!, FIOAKMOYEHHOM K KOHLY YETBEPTLBOMHOBOrO PE30HATOPA, KOAKCUANLHLIA Ka-
Gens ¢ mobeiM BONHOBLIM conpotusnenvem 50 unu 75 Om.

OnTuMaNEHOe BOJIHOBOE CONPOTUBNEHWE ABYXTNPOBOA-
HO JMHWKY, COCTaBNRIOLEN YETBEPTLBONHOBLIN PE30HA-
TOpP, KOTOpLIA NUTaeT J-aHTeHHY, HaxoauTCs B npeaenax
350...450 Om. inm cOXpaHEeHwWs TaKOrO BOJHOBOIO CO-
NPOTUBNEHKA OTHOLIEHWE MEXOY UEHTPpaMU NPOBOAOB pe-
30HATOPa MUTAHWA J-BHTEHHa W GVAMETPOM 3TVX NPOBO-
£0B DOMKHO N16XATL B npeaenax 15...25, kak 3ro NokasaHo
Ha puc. 18.2. Y (od)=20 !

MNpoBoaa, COCTaBNAIOLME PE30HATOP MUTAHWA J-aH-

TEHHL!, HE AOMKHBI <IYNsiTe» OTHOCWTENBHO ApYT Apyra.  FyC- 18.2. JleyxnpoEonkan
3auKCVPOBATL 3TY MPOBOAA MOXHO NpW MOMOLM Ca- e

AR

(A)

AN

199



MORENEHLIX Pacriopox. JlnA pacnopoK PeacHATOpA NUTAHVS aHTEHHb! YAOBHO UCHOJib-
30BaTh MNAcTUKOBble NPOBKY OT KAKVX-IMBO MAACTUKOBLIX GYTHINOK WK MySbiPLKOB,

HeTBEPTHBONHOBLIA pe3oHaTop, obecreyneaiowmii CornacosaHve NoYEO/HOBOM aH-
TEHHB! C KOAKCHaNbHLIM Kabenem, JaCTo BLINOSHAETCH U3 AEYXIPOBOAHON nuHMK. Takoe
MOCTROEHUE YNPOLLAET KOHCTPYKLIMIO aHTEHHbI U OB/ieriaeT ee Hanaaky.

3ro Hawbonee pacripocTpaHeHHbiii cnoco6 nutavus J-aHTenHbl. OH 4acTo wc-
rofib3yercss Mpyt NOCTPOEHUM CTALMOHAPHBbIX J-BHTEHH, BLITOJIHEHHLIX W3 TOJCTOrO
rposofe. Ha KOHUE xoakcuanbHoro kabens fAomxeH Gbmb YCTAHOBNEH BLICOKOYAC-
TOTHBIA ApoCcceb, 3T0 HEOBXOAVMO IUIA NMPEJOTBPALUEHUS U3NYHEHUA OMNETKH KO-
aKcuanbHoro kafens v [Uis yCTpaHeHwsl BAWSHUA OMJETKW KOaKCHanbHOro kabenst
Ha paboTy 4eTBEPTLBONMHOBOrO pPe3oHaTopa. BLICOKOUYACTOTHLI apoccens AnA ova-
razoHa 145 MU mMoxeT Obimb BLINOMHEH B BUOE KETYLIKY M3 KOBKCHENbLHOro Kabens,
conepxawjeit 10—15 BUTKOB, HaMOTaHHLIX Ha xapkace avamerpom 20...50 MM, kak
noka3aHo Ha puc. 18.3,a. B HacToAllee Bpemsi pagvoniobuTenyt NPESNOYUTAIOT wC-
NO/b30BaTh B KA4YECTBE BLICOKOYACTOTHOIO Apoccend 10—20 dhepputOBLIX KONEw,
HEAETLIX Ha KOoaKCuanbHbli kKabene B MeCTe nwranus J-aHTeHHbt (puc. 18.3,6).
BenvMvHa MarHuTHONM MPOHULIAEMOCTM (hEPPUTOBLIX KOJMEL, HEKPUTMYHA,

a) 6)

Puc. 18.3. MpocToit BY ppoccent

HeponyctviMo BLIMONHATE J-aHTEHHY 13 HEepPOMArHUTHBLIX (KENESHLIX) NPOBOAHKKOB,
SPpdexTUBHOCTL PAaBOTHI TAKOH «KeneaHoi» aHTaHHbL! HAa Y4acToTax YKB avariasona 144
v 430 MI'y sBnaeTcA BeckMa HU3KoM. B aToM ciywae s YKB nepepaTymka peaoHaTop
J-aHTeHHb! GyAeTr npeacTasnate COGOM BapuaHT akTUBHOM Harpysku. AHTeHHa Gymer
vMeTb NMpeBocxoaHbtii Huakuii KCB, HO B TO Xe Bpama Manyio 3¢dE$EKTUBHOCTE rpu
V3Ny4eHUn SAEKTROMArHUTHEIX BOJH. B 3TOM CBA3W MOXHO HANOMHUTb, STO AN MHOTVX
NPOGECCHOHBNEHBIX KOPOTKOBO/HOBLIX LUMPOKONONOCHLIX aHTEHH Gerylyeii BONHb! ¥x
aKTUBHYIO Harpy3ky BbiNOSHAIOT 13 AayXMpPOBOAHOW SIMHWW, CAENaHHON U3 Xenesa.

J-aHTeHHa HeTpeBoBaTensHa K YCnoBusIM yCTaHoBku. OHa MOXET BbiTh YCTaHoBNEHA
Ha Kpbillle AOMA C KCTOb30BAHVEM AEPEBSHHON Hnk METANNMHECKON MaqTel, B KOMHaTe
B NpoemMe OkHa, Ha BankoHe, ecny 3akpenuTb OHO PEe3oHATOpAa MWTaHWA 3a nepwna,
a BEepX aHTeHHb! MPUBA3aTe K KapHuay. O6paTnTe BHUMAHWE HA WCNONb3OBAHWE KaK
MOXHO 6Onee KayecTBEHHOTO KOAKCWANBEHOro Kabens Asisl rutaHus aHTeHHbl. Koakcu-
anbHoili kabenb TakKe AOMKEH VMETh MUHUMAENEHO BOZMOXHYIO LUIMHY.

18.2. HacTpoiika J-aHTeHHb!

MoAknoHEHNE KOakCUAnbHOTO kabenst K aHTEeHMHE BO BPEMSA HACTPOMKW MOXHO
AOBONMEHO NPOCTO NPOK3BECTH € MOMOLLBIO «KDOKOAVINOB», KaK MOKazaHo Ha puc. 18.4,
U HAWTU ONTUMBNEHLIE TOHKY TOOKIOHEHUS KOaKCHANBHOMO kabens. «Kpokoownbt»
BOMXKHE! BbiTe  MOAKNIONEHB! HENOCPEACTEEHHO K ONMETKE KOAKCWANBHOro kabens
muTaHVs 6e3 KCNOJL30BAHVA [OMOSHUTENEHLIX NPOBOAHUKOR.
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Ho Ha camom pene He Bce Tak npocTo!
Papvoniofuteny, KOTOpble BLINOSHANW J-aH-
TEHHB), 3HAIOT, CKOMLKO TPYAA 1 apeMeHn Tpe-
ByeT onpepeneHne TOYKW NOAKMONEHWNS KOaK-
cvantHoro kabens k pesoHaTtopy. Kaxercs, uto
@HTEHHA yXe HacTpoeHa W CABUF TONKW TMOA-
KnioueHus kabens [OMKeH NPUBECTM K ynyu-

weHno KCB aHTeHHbl, a Ha MPakTvKe npomc- \

xoaut obpatHoe! W cHoBa  nmpwxoguTcs

noabvpark pasMepkl @HTEHHL! W pesoHaTopa N\ \E

NUTaHUR. h’-
MoaknioueHe KoakcuanbHoro kabens K

YeTeepTLRONHOBOMY PE30HATOPY PaccTpavBaeT
nocneaxuii OTHOCUTENEHO €ro NBPBOHANANb-
HOW MW PacHeTHO YACTOTH! HACTPOUku. 3TO
yMmeHbLiaeT apGeKTMBHOCTL paboTe! J-aHTeH- Puc. 18.4. OnpenencHie ToYeK NOaKIo-
Hbl, NPUBOAMT K yeennuennio KCB B duaepe YEHUS KOAKCMRABHOTO KaBens
nuTaHus. JnR yCTpaHeHUs 3TOro SBNeHus He-
O6XOAVMO NPOBOAVTE MOACTPOWKY HETBEpTL-
BONHOBOTQ PE30OHBTOPA B PE30CHAHC HA OKOHYATERbHOM 3Tane HACTPOMKU aHTEHHbI.
HTO Ha MpakTVke Bbi3biBaET OnpefeneHHble 3BTPYAHeHus. B utore wacto J-aHTenHa
vveer KCB B dwugepe nuranms B npepenax 1,5:1, X0T8 npu TWATENbHOIM Ha-
CTpolike 3T0I aHTeHHOI CvUCTeMbl peanbHo AocTxuM KCB B dwaepe nutaHus aw-
Teunol 1,1:1.

Ha koHUe J-aHTeHHbI, faxe npu MOLWHOCTY paarocTaHuwm 0,6 BT, Gyner suicokoe
HanpsxeHne, AOCTATONHOE, YTODL! BLI3BATL OXOF, NOTOMY HEOOXOAMMO NPWHATL Mepb!
no NpepoTBPALUEHMID CYUAWHOrO KACAHVS K KOHLY AHTEHHb!.

18.3. Paamepbl J-aHTeHHBbI

MOXHO MCronL30BaTL J-aHTeHHB! LJMHOM, KpatHoit A/2, A, 1,51, 2A. Mpu skcne-
PUMEHTANLHOM NPoBEpKe OkA3a/0Ck, YTO NPUMEHEHWE BHTEHHB AIMHON A yBenuuMBaeT
Cuny curHana no CPaeBHEeHMIO ¢ MONYaonHOBO# J-aHTeHHol Ha 1,5 OB, a npu Ucnosnk-
30BaHMWN aHTEHHB! LMHON 1,5A Cvina curkana asipocna YyTs 6onee 2 A6 MO CPABHEHMIO
C TNONYBONHOBOIN aHTEHHOW.

Cnagyetr 3aMetuTh, 4TO AvarpaMma HanpasneHHOCTW BepPTUKANLHON J-aHTEHHDY,
B KOTOPOM WCNONb3yeTCs yM/WHEeHHLIA Manyuarens C pasmepamy 1,54 unu 22,
HauYMHaET «PaccLiNarsCa», NOABNFIOTCA NENECTKM, HAMNPaBieHHble Mog 6GonbLIMMU
yrnamMu K ropusoHTy. CrefoaatenbHo, H4actb SHEPFUM, NOABOAMMON K AHTEHHE,
uanyyaetcs, B obweM, OGecrnonesHo. XoTs, KOHEYHO, BOSMOXHO W yuacThe 3TWX
«BEPXHUX» nenecTkoa B obecneveHun nobuTensckoin paavocesan. OaHako ecnm ectb
BOSMOXHOCTE YCTaHOBUTE BONbLUYIO J-aHTEHHY C LMHHBIM (Bonee A/2) uanyqatenem,
WCNONb3YITE KONNVHEAPHBbIE J-aHTEHHbI, PAa3roBOP O KOTOPLIX NOMAET B CNAOYIOWEeit
rnase.

B 1abn. 18.1 npuBeneHbl mivHLI BUBpatopa ans Tabnuya 18.1
BBINOSHEHUR J-BHTEHHB! C LLEHTPANLHOM PE3OHAHCHOM LnvHbl BUBpATOPa J-aHTeHHE)
4acToroit 145 My, Pasmepbi ykasaHb 6e3 yueta Ko- nvHoii A/2, A, 1,50, 24
3PMUUMEHTE YKOPOHEHUS, KOTOPBI MOXHO NPUHSTH
pasHbiM 0,93...0,9 ons npoeopa TonWMHON 1...2 MM A2 A 1.5
u 0,84...0,87 ona npoBoAa TONUWMHOMN 3...6 MM. 1050 mm | 2080 wa | 3120 et

Obwas pmHa NPOBOLHUKA, COCTABASIOWErO pe-
30HATOP NUTEHURA J-BHTEHHBI, JoNXHa ObiTb MEHbLIE
BJWHBI A/2 HA HECKOMEKO NMPOLEHTOB. J19 aHTEHHBI C LLEHTPanbHOM YacToToi HACTPONKN
145 My sTa grnHA MOXET HaxoauTbes B npeaenax 1000 mm.
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18.4. Oeyxpvana3oHHas J-aHTeHHa

J-aHTeHHa MoxeT paboTaTk Ha TPeTLell rapMmoHuke Bes nepekNioNeHWs ToYeK NuTa-
Hus. 370 o3HauaeT, YTo J-aHTeHHa, HAacTpoeHHas ans paborw B guanasoHe 144 MIu,
6ynet paborars Ha gwanasoHe 430 ML, NpyyeM NPy Nepexols C AvanascHa Ha ava-
Ma30H HMKAKWUX NEPEKNIONEHVI B KOHCTPYKUMW aHTEHHBI AENaTh He HyXHo. 310 penaet
J-aHTeHHy ou4eHb yaobHoI npy paboTe «oross band», xoTopas HeobxoavuMma, Hanpumep,
npy NpoaefeHyn PaguOCBR3MN Yepea HeKoTopble pajuonobutentckie criyTHukWU. Ha
puc. 18.5 nokasaHo pacnpeneneHe BLICOKOUACTOTHOMD TOKA B J-aHTEHHE AnA YacToT
AvariazoHoa 144 v 430 MIu.

Pacnpedenerue Pacnpedenerive
BeicoxoyacmomHozo BbicoxovacmomHozo
moka Ons duanazoxa moka 0ng duanazona
144 My 430Mry

N2

Gudep NuUMaHUS QHMEHHB!
(koakcuansHsit kabens u
OByxnpobodHast nukus)

Puc. 18.5. J-anvenHa pnst paboTbl HA TPATbE rapMoHUKE

[A8 Mcnonb3oBaHvia J-aHTeHHbl Ha €€ TPETLEW rAapMOHWKE HEOBXOAMMO NPUMEHATL
CUMMETRMHHOE NWTaHWe. ONTuMankbHas HAacTPOWKa J-aHTEHHbI Ha ABYX AManasOHBX HE
COBMAAAaeT, NOSTOMY Ha OAHOM 13 AvanasoHoB pabotel KCB aHTeHHb GymeT Bobille,
4eM Ha APYrom.

J-aHTEHHA, BLINONHEHHas M3 NEHTONMHOW ABYXNPOBOAHOM NuHUM, MOXeT He obec-
neunTb ABYXOManasoHHON PaboTbl. 3TO MPOMCXOOMT ECNEACTBME TOro, HTO KO3dhdM-
LreHTE! YKOPONYEHMS MIacTvka, NPUMEHAEMOTo B ABYXFPOBOOHOW NUAVM, HE DPBBHLI
Apyr ppyry Ha yacTtotax 144 n 430 MI'y. MoaToMy XOPOLLO HACTPOUTE TAKyl0 aHTEHHY
JUIS [BYXOMAnNasoHHOM paboTl TPYAHO.



18.5. HanpaBnenHas J-aHTeHHa

Ha ocHoBe J-B8HTeHH MOXHO CTPOWTL HanPaBMEHHLYE aHTEeHHL. B 3TOM chyuae
pednexTop 1 AMPEKTOP PasMELLAICT OKOMO J-aHTEHHDY, Kak NoKasaHo Ha puc. 18.6, Ha
TPaAMLMOHHOM AN HMX PacCTOsHuM. B 3aBMCMMOCTM OT ANMHBY NOMOTHE BKTMBHON
HAcT! J-aHTEeHHbI MOXHO WCMOMNb3OBATh NOMNYBONHOBLIE WMNW BONHOBLIE PEGNEKTOP U
AupexTop. ONpeaeneHne ToueK MUTaHnA HeTBEPTLBOAHOBOrO Pe3cHaTopa /M Hanpaa-
NEHHOM J-aHTeHHBI aHaNOMMMHO MPOCTOR J-aHTeHHe. Ha KOHLe KoakeManbHoro kabens
HeoOXOOMMO UCMOAL30BATL BLICOKOYACTOTHLIR APOCCenb.

430 380 .
Pepnexmop HanpaBnenve
< fuy P | | vamuenus
8 8 Q
o

Puc. 18.6. HanpaeneHHas J-anTeHMa

18.6. MNonesan J-aHTBHHA C KOMBMHUPOBAHHBIM MUTAHUEM

Pa6oTa NepeHoCHOV PaavoCTaHUMM U3 YIANEHHBIX MECT COBMECTHO C KOMMEKTY-
I0LLel e YKOPOHEHHOMN aHTEeHHOM 4acTo HEefOCTATONHO 3ddeKTuBHA. B atom cnyqae
COBMECTHO C pafvocTaHuvel GyfeT ycnewHo pabotats NonysOAHOBan J-aHTEHHa,
KOTopas 06ecneunT fanbHOCTL CBA3KW, B 3—4 pasa GONbLLYIo N0 CPABHEHMIO C KOPOTKOI
«ESNHKOMN».

Monesas J-aHTeHHa MOXeT GbiTh BLINONHEHB Y3 MACTMKOBOID NEHTOMHOrO Kabens
C BO/HOBLIM conpoTusneHueM 300...450 Om. Mpu nepeHoce (TPBHCNOPTUPOBKE) NEH-
TouHaA J-aHTeHHA MOXeT GbiTb CBEpHYTa M MPOCTO CMPATAHE B KAPMaH. «3eMns»
4eTBEePTLBONHOBOID PE3OHATOPB NPUNBSAHa K «3EMNB» AHTEHHOro pasbema. Mogkmo-
“eHWe BbLIXOAA MEepefaTika ConpoTvBneHnem 50 OM K YeTBepTHBONHOAOMY peso-
HaToOpy BLINONHEHO Ha paccTosHun 50..70 MM oT «@emnu» pasbema. Hepabouas
XMra 13 NEHTONHOro Kabens BLITACKMBAETCH, B BepLLMHE Kabens [enaeTcs oTBepcTue,
4Yepes KoTopoe NPUBASLIBAETCH neckB. C NOMOLLBIO 3TOM NECKU BHTOHHA MOXET 6biTh
pacTsHyTa B NpoOCTPaHCTBE, NOABELIeHa K BETKe, K KapHuay W T.0. CxeMB NBPEHOCHON
J-aHTeHHbl U3 NEeHTO4HOro kaGens nokazana Ha puc. 18.7.

J-aHTEHHY BO3MOXHO MOAKMOYATL K TpAHCMBEPY uYepes KOakcuanbHbIl kabenb C
BONHOBBIM conpoTvBneHreM 50 OM, kak 3TO nokasaHo Ha puc. 18.7,6. Hammne BY
Apoccens ua (GeppuToBLIX KOnel, Ha KOHUE ¢ufgpa aHTeHHbl XenaTenbHO, HO ecnm
aHTeHHa NpeAHasHadeHa AN paboThl TONBLKO M3 MOAEBLIX YCMOBUI, €r0 MOXHO He
ycTaHaBNwBaTb.

Mpy NPaKTUYECKOM BHINONHEHMM AHTEHHBI XENaTenkbHO MCroNE30BaTh ABYXNPOROL-
HYI0 NIEHTO4HYIO NNMHUIO C BONHOBLIM CONPOTMaNeHuem 450 Om.
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Puc. 18.8. MNapannensHoe
COe/MHEHNE NPOBOLHUKOE
JIMHAN J-aHTeHHB)

18.

CrepyeT OTMETUTh, NTO KOTZA@ J-8HTSHHA BHIMONHA-
ercA M3 [OBYXNPOBOAHONM NWHUM NEpefasn B nnacTu-
KOBOM M30NALUMY, TO HETBEPTLEOAHOBLIK PE3CHATOR W
BMBpaTop JOMXHLI WMeTs Pa3Mepbl C yueTOM koahdu-
UMEHTA YKOpOYEHWs. [nd wanyuatenn aHTeHHbl ko3gb-
GULMEHT YKOPOYEHWs MOXET ObiTh NPWHAT PaBHbIM
0,86...0,9, a nna 4eTBEPTLEONHOBOID pe3oHaTopa —
0,8...0,9. Becreactene Toro, 4to KoabOUUMERT YKOPO-
YeHVs TOYHO HEMSBECTEH, BEPORTHO, NMPUAETCA f0BO-
3UTLCS C HACTPOMKOM J-aHTEHHD!, BLINONHEHHON U3 JeH-
TouHOro kabens. CHauana Hactpoiikv Ky ana subparopa
W pe3oHaTopa nuTaHus npuHumalotT paeHeM 0,9.Heno-
NyCTUMO OCTaarmTb BTOpYlO XWny katens CBOGOAHON
OKONO OCHOBHOID MONOTHA @HTEHHbI, Be BCeraa HeoG-
X0AuMo yaanate. B mpoTtueHOM cry4ae abdeKTUBHOCTE
pabOoTbl AHTEHHB! BHAYUTENBHO YMEHBLLUMTCS. BO3MOXHO
napannensHoe CoaavHeHWe MPOBOSHWKOB NWHWUKM J-aH-
TEHHbI AN BbINONHeHUs awbparopa, kKak NOKA3aHOo Ha
puc. 18.8. B atom cnyuyae nonoca nponyckaHua aHTeHHb!
HEMHOIO PacLUMPUTCs, 4TO YNPOCTUT HACTPOWKY aH-
TEHHBI.

7. JIeHTO4HbIE J-BHTEHHbL

MHoit Bbina abinonHeHa skcnepuMeHTaneHas J -aHTeHHa 13 anoMuHnesoln $onbry,

Vcrions3yemMoi OnA MiLLeBbIX

npoaykToa. 3Ta aHTeHHa nokasana cebs agpexTaHon

B paboTe W HECNOXHON B HACTPOWKE, HTO MO3BONAET PEKOMEHAORATL K NOBTOPEHMIO
e KOHCTPYKUMIO, ONMCaHMI0 KOTOpoi BydeT NoceAlaH cnedytowmii naparpacd.
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JlexTouHas J-aHTeHHa 6Gbina BHINONHeHa MO pas- 47 MM
MepaM, npuMBEeAEHHHIM Ha puc. 18.9. Ha wwpokyio
Gonbry, npeaHasHavYeHHYIo A119 NPUFroTOANEHUs NNLLWM,
Obiia HakneeHa JIMNKas neHTa TMna «CkoTd», 3aTeM
MPY NOMOLM HOXHUL, Beina BolpasaHa aHTeHHa B Co- <| 100 em
OTBETCTBMM € pasmepamu, NokasaHHbLIMM Ha puc. 18.9.
Mocne aToro NONOTHO aHTEHHBLI BBINO elwe pas yKpe-
nneHo neHTol Tna «CkoTé» B palioHe pesoHaTopa

NUTaHWS aHTEHHBI. 10 Mr 1

Cexunn A 9TOW aHTeHHbl ZAWHON, PaBHOX 1 M, |46 M
npeactasnset coboit uanyuatenb J-aHTeHHbl. YeT- 10 11
BepPTLBOAHOAON pPa30HATOP, BLINOAHEHHBIA HA Cek- —71

uuy B, naHauantHo Geln B3AT © pe30HAHCHOM YacToToM
HemHoro Gonbliei HeoGxoavmoii. 310 GbIN0 caenaHo w| 100 o
B0a TOrO, uTobbl BNOCNEACTBUW 6bina A03MOXHOCTh
OCYLLUACTBUTb €r0 HACTPOMKY C MOMOLLLH €MKOCTHOM
nracTuHLl. Yacte C orvHON, pasHoit 1 M, npeacras-
nseT o00GOM «3EMNI0» NEHTOYHON J-aHTEHHbl. XOTA  Puc. 18.9. FlenTouHas J-aHTenHa
TeopeTuueckn J-aHTeHHa BnonHe Moxet paboTarts 6es

yacTu C, cnegopatenbHo 663 «3emMnu», HO ee Hanmume

ynydwaet paboTy aHTeHHbl. MameHeHue fnnHel yact C a npouecce HaCTPOiKU No-
aBonseT B HebonLMX Npefenax perynuposark 3HayeHe KCB U B KOHE4YHOM WTOre
AOCTUrHYTh Manoro sHauenna KCB B dmaepe nutaHua aHTeHHb).

Kak 13BeCcTHO, OnA TO4HOrO BoiNONHEHWS wactell aHTeHHH A, B, C, HeoBXoommo
3HaTb WX KO3GPMUUEHT yropoueHus. B W3BECTHOI MHE fMTepaType Mo aHTeHHam
KO3DOULIMEHT YKOPOHEHUS TNPOBOAHMKOB AHTEHHbI BbIN MPWBEAEH TONLKO IR UM-
JUHAPWIECKOTO MPOBOAHWKA, HE A7A NEHTOouRol Gonbru. MHON 66N NPUHAT KO3D-
HUUMEHT YKOPOHEHUS NEHTOYHOMN AHTEHHBI, YCNOBHO paeHbiii 1. TOCKOBKY NEHTOUHAR
8HTEeHHa PacrionaraeTcs a nerko AOCTYMHOM MECTe, ee NOACTPONKA OCYLIeCTBASETCH
O4eHb MPOCTo: OBpesaHmBM uacTu ¢onbrv Bubpatopa. CnefoBaTentHO, HeT He-
OBX0AUMOCTU BHINONHATL BHTEHHY TOYHONM AMMHBI C Y4eTOM KOoa(dMUMEHTa YKOPO-
HeHus,

18.8. MNuTaHne NEHTOYHON J-8HTEHHL!

Mpy onpepeneHy TONEK NUTAHUSA NEHTOMHON J-BHTEHHbI §i CHAauYaNa NbITANcs MATU
TPEAMUMOHHBIM NYTEM €@ HACTPOVKM, NOAKMOYas KoaKCcMankHbi kaGenb K YeTBepThb-
BONHOBOMY P830HATOPY C MOMOLLBK) LUMPOKMX «KPOKOAMNOB». HO uyepes HekoTopoe
-apeMs  BKCNEPVMEHTOa 4EeTBEPTLBONHOBOM PE3OHATOP aHTeHHbl 6blN OKOHYATENBHO
WUCNOPUEH «KPOKOAMNaMI», KOTOPLIE OEVCTBUTEALHO «MOKycamm» donury. CToUT a casau
C 8TUM 3aMeTuTb, 4To Gombluve MpoGnembl MpeacTaenseT U naika anoMUHNEBOI
donbry, koTopas noHanobunack 6bl BNOCAEACTBUM NS NOAKMIONEHU KOAKCURIBHORO
Kabena K YeTBepPTLEONHOBOMY PEIOHATOPY.

YepB3 HEKOTOpOEe Bpemsl 7 OCTaBWUN MONLITKM HENOCPEACTAEHHOrO NOAKMIQYEHVS
KOKCUANELHOTO kabens k pesoHaTopy W Pelnn NPUMEHUTb MHEYKTMBHYIO CBS3b KOak-
CuanbHoro kabens C pescHaTopoM. LefiCTBUTENbHO, BO MHOTMX YaCTOTHO-pa3aesin-
TenbHbX YKB dunsTpax pescHaTopHOro Tvna, yCTaHOBNEHHbIX B MPOMBILLAEHHBIX YKB
PETPaHCAATOPAaX, MCMONb3YeTCA WHAYKTMBHAA CBR3b C peaoHaTopamu. Movemy 6 U
I8 NEHTOUHOM J-aHTeHHB! He NpUMeHnTL eet

MHOW 6LIN NPOBEAEH PSA BKCNEPUMEHTOB NO HAXOXKAEHWIO ONTUMANBHBIX Pas-
MepoB NEeTNN CBA3N KOAKCUAnNLHOTO Kabensi C 4eTBepPTLBONHOBLIM DE30HATOPOM.
Onvcanve wx npoaeaeHus 3aHANO Obl GONLLIOKM OBLEM, NOSTOMY S MPUBOXY Ha
puc. 18.10 roToBYI0 KOHOTPYKUMIO METAM CBASW. Ha KOakcManbHbiii kabenb 6binn
HaneTbl 10 EeppuTOBbIX KOMEL, KOTOpble NPeacTaBNsnM coboii BLICOKOYACTOTHbLIN
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apoccenb. 3TOT APOCCent NPenATCTBYET U3YHeHWIo OMNETKM KoaKCuanbHoro kabens.
Ha npaktuke sTo CHuxaer KCB B dwmaepe aHTeHHbl W obnervaer cofnacoaaHue
NeTnW CBA3W C 4eTBepTLBONHOBBIM peaoHatopoM. Metna ceasn Gbwia 3akperneHa
BHI3Y 4eTBEPTLRONMHOBOrO COFMNACYIOLaro pesoHaropa, Kak nokasaHo Ha puc. 18.11.
Crepyer 3aMETWUTb, YTO PacrnoNOXEHUE KOBKCMANLHOTO Kabens nutaHus nepneHau-
KYNFpHO &aHTeHHe, @ HEe COOCHO, KaK S8TO nokasaHo Ha puc. 18.11, npuaepetr x
yAyuLIEHWI0 paboThl 8HTEHHbI.

45 mm
S -‘
S
[
o
Puc. 18.10. MNerna Puc. 18.11. PacrnionoxexHue Puc. 18.12. YkopoueHue
CBR3V NEHTONHON J-aHTeHHB! MEeTNN CBA3W REHTONHOM BWOPETOpEe CKaTbiBAHWEM

J-aHTEHHBLI

18.9. Hactpoitka neHTOUYHON J-aHTEHHDbI

J-aHTeHHa ua ¢GoNbLIY, BEINOAHEHHAA cornacHo puc. 18.9, Beina HakneeHa Ha CTeHy
KOMHAaThbI. MepsoHavaIbHan HacTpOWKa aHTEHHbI 3aKIOYAETCA B ONPEASNEHUN JJINHLY
uanyuaowero ewbpartopa (4acTe aHTenHu A). [na aroro, wamepss KCB B dupepe
HTEHHB! B MECTE NIOAKNIOYEHUN KOAKCHAaNBHOro Kabens Kk nepenaryuky U rnocTeneHHo
ykopaunsan BMOPaTop &HTEHHbI, A0BMBaOTCA MUHMMaNLHOrO 3Hauekvs KCB Ha wac-
Totre 145 Mru. Bubpatop MoxHO noHemMHOry obpesark CBepxy OCTpoil BpuTBoii,
MOXHO NPOCTO CKaThiBaTb €r0 BEPXHWIA KOHEL, B PYJIOH, Kak NokasaHo Ha puc. 18.12.
C nomousio yKopoueHua Bubparopa (YacTb aHTeHHs! A) AOCTUTaINT NEPBOHAYANLHOTO
MuHuMyma KCB B ¢dmaepe aHTeHHB. STOT MUHUMYM KCB MOXeT HaxopuThes nexarh
B npepenax 2—3. He HyxHO GOsITLCA TAKOFO BLICOKOTO aHaveHwsa KCB, HaMm Heob-
XOAUMO JOCTUrHYTh TOMbKO €ro MUHYMYME.

Crepyiowmi 378N HECTPOMKM @HTEHHB! — MOACTPOIKA YETBBPTLBONHOBOFO peE30-
HATopa B PasoHaHC Ha wacToTy 145 M. C noMousio Kycouka Oonbri, HakKNeeHHoro
Ha CKOTY, NPOW3BOAAT MOACTPOKY peaoHaropa. Ponbra UrpaetT pornb HaCTPOEYHOro
KOHAeHCaTopa pesoHaTopa. Yem G6rmxe Kk BUOPATOPY aHTeHHBbI STOT Kyco4ek Gonbru,
TeM GONbLUYI0 EMKOCTL OH BHOCUT B PasOHATOP U TEM HWXE Ero 4actoTa HACTROWKW.
Yem 6nvxe Kk aHY pesoHatopa Kycodek ¢onbru, TEM MEHBLLYIC EMKOCTb OH 8HOCUT B
4ETBEPTLEONHOBLIA PeE30HATOP W TeM BLILLE €rd 4acToTa HacTpovku. PeanbHo € no-
MOLLbK) 3TOFO KYCO4Ka (DONLMU MOXHO MEHATL 4acTOTy HACTPOVKu pe3oHaTopa B
OTHOCUTENBHO LUMPOKUX npepenax. Ha puc. 18.13 nokasaH npouecc HaCTPOiiku 4Yer-
BEPTLEONHOBOrQ Pe3cHaTopa.



MepemetieHnem ¢onbryt  BAONL
pesoHaTopa [o6VBAIOTCH MUHUMYM3

sHaveHus KCB B ¢umpepe aHTeMHbI.
370 LOBOMLHO Jierkas noACTpolika

AHTEHHL!, OHA HE BLI3bIBAET 3ATPYA-

HeHumil. Kycouek ¢OAbrv ABMralnT C =
MOMOLULIO LJTUHHOMN AVBNBKTPUYECKOH —
Nanky, Ha KOTOpYIo OH NEPBOHaNaNb-
HO fpukperieH. Haitga Touky nono-
XEHWA HACTPOEYHO O KycoHKa (OrNbrut
Ha pe3oHaTope, COOTBETCTBYIOLLEro
MUWHUMANLHOMY 3HaweHuio KCB B ¢m-
fiepe, C NOMOLLBLIO CKOTYA MPUKNEW-
BAIOT STOT KyCOueKk (ONbrvM Ha STOM
MECTe peaoHaropa.
C noMOLLLIO HACTPOIKW YeTBEPTb- .
BONHOBOFO PE30HATOPa B PE3OHAHC

Nerko yaaercs AOCTUMHYTb CHuKEHMS

3

KCB a ¢unepe aHTeHHbI OT nepBo- Puc. 18.13. Mpouecc  Puc. 18.14. MoacTpoiika
HaYanLHOro 3HaueHus 2—3 [0 3Ha- HacTpoKu HeTBEepTLBONHOBOMO

YETBEPTHBEO/IHOEOMO pesoHaTopa
ueHus, Niexatliero B npeaenax 1,5. POSOHATOPE

3aTtem HebonbLLMM varmbaHrem yron-
kOB ONbLIY, Kak MOKas3aHo Ha
puc. 18.14, penbHeiuMM HEBONLLUIMM U3MEHEHVEM BNWHBI BUOPaTOpa aHTEHHLl U W3-
MeHeHWeM OJMHB! 3emngHoro Bubpartopa C AoCTUraloT JanbHeNWero CHyXeHns KCB.
B zaavcumocTy OT XenaHus W ynopcTea pagvonobutenn Rerko MOXHO AOCTUMHYTb
aHaueHna KCB B ¢maepe, nexawem B npegenax 1,2:1. Moxet 6biTh, LA CHYXEHWUS
KCB npuaeTca HEMHOrO M3MEHWTL NMONOXeHWe NETNW CBS3K koakcmanbHoro Kabens ¢
4eTBEPTLRONHOBLIM PE30HATOPOM MW HEMHOIO M3MeHWTL ee pasMepsl. Ho 310 BO3-
MOXHO MWL B TOM CMyuae, eCAN eCTb XenaHWe JOoCTUrHyTe 3HaueHus KCB e kabenes,
npakTuyeckn Gamakoro k 1:1.

Mocne NOAHOM HaCTPONKM aHTeHHBI AnMHA HacTh A Goina pasHa 85 cM, oavHa
yacty C — 87 oM. HacTpoeuHbit kycouek HONbIW pacrnonaranca Ha PacCTosHWM
23 cM OT pHa 4eTBepPThBONHOBOTO pesoHatopa. KCB aHTeHHw 6bin 1,2:1, nonoca
paboThl aHTeHHbI NpW yBenvueHw KCB o 1,6:1 coctaensna or 142 go 146 MIu.
AntenHa obacneunBana npeBOCXOAHYI0 pPaboTy, U aHAWMTENbHO BONbLLYI0 AANLHOCThL
CBA3W MO CRaBHEHWIO C LUTATHON aHTeHHoit YKB paavoctaHumn.

18.10. PaGora NEHTOYHON J-aHTEHHbI

JleHTouHan aHTeHHa Moxer 6bITb 3akneeHa 06oaMY, B STOM Chydae oHa Gyger
MOJIHOCTLI0O HEBMAMMA NOCTOpOHHeMY Habniopatenw. Ana paboTel COBMECTHO C
TOIl aHTEHHOW NETND CBA3W MOXHO pacnofieratk B 3apaHee 0603HAYEHHOM
MecTe.

AHTeHHa W3 ONLM MOXeT pacnonaratecs Ha ueppake. OHa TaM Moxer Gorb
MPOCTO NoAselleHa 33 BepXHUiA koHey Bubparopa. AHTEHHa MOXET BbiTb UCTONbIOBaHE
W A paboTel B NONEBbIX ycnosusx. B 2TOM cnydae koakcuanbHbiit Kabenb MOXer
MPOXOAUTE BAONL «3EMNRHOrc» BMOPaTopa, a He NEepneHAVKYNSPHO K Hemy. Ecnu
GONLra aHTEHHBI ¢ 06oMxX CTOopoH Bynet obkneeHa CkOTYEM, TO aHTeHHa 6yfheT npea-
cTaBnsTh COGOM MeXxaHuHeCky NPONHYI, 3aLUMLLEHHYIO OT MOFOAHLIX BO3AEHCTaMk
KOHCTPYKUMIO. B 3TOM Cnyuae aHTeHHYy MOXHO WCMONbL30BaTe W NOA BO3RENCTBUEM
aTMOChEepHbIX YCNoBUMil. B KOHCTPYKUMM J-8HTEHHBI MHOM 6bin UCTMONBL30BAH KOAKCW-
ankHelii KB6Enb C BOAHOBBIM COMpOTMBREHEM S0 Om.
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19. MPOCTHIE KONMWHEAPHBIE J-AHTEHHGI

B npepblaywieit rnaae Gbiny PACOMOTPEHbI KOHCTPYKUMM MPOCTBIX J-AHTEHH,
Ecnn paavioniobuTenb ocaoun WX WSrOTOBNEHWE W HACTROWKY, TO OH MOXeT no-
npoboeaTk caou Cunbl @ YCTAHOBKE KONMWHEAPHbIX J-BHTEHH. ST aHTEHHbI BeCbMa
addexTuBHbl B paboTte. Mx MOXHO uCMONb3OBATh KakK Ans CBASW B MONEBbIX
YCNOBUSX, HAaNpUMEpP B NOXOAAX, 3aropOAHLIX MECTax OTAbX3, Tak M ans CTaumo-
HapHoi PaboT!.

OMMCaHHLE B 3TON fMaBe KONNWHEAPHLI8 J-8HTEHHBI ABAAITCS ONTUMANBLHLEIMU
camofieNibHbIMW @HTEHHaMW 4na fanbHeil cBAan Ha 145 My, AHTEHHB! AOCTaTONHO
NPOCTbl B MSrOTOBNEHUM W 0GECTIeuMBaloT adh¢eKTUBHYI0 paboTy Aaxe npu UCnonb-
308aHUM COBMECTHO C npocToiMu YKB pagvocraHumsmn. MOXHO pekOMeHaoBaTeh
LWMPOKO MCNONL30BATL 3T# AHTEHHBI B NPakTWueckol pabore paavonbutens.

19.1. KOHCTPYKUUSt KONNWHEAPHOR J-8HTEHHbI

PaccMOTpUM  paBoTy NPOCTO KOANMHEAPHOM J-a8HTeHHbl, KOHCTPYKUUS KOTOPOH
nokasaHa Ha puc. 19.1. 3Ta aHTeHHa COCTOWT W3 TPEX BEpPTYKANLHBIX uanyyarenei
oHoN A/2. MutaloTes 3Tk manysaten co cosurom ¢as pasHbiM 1807, HuxHuia
wanyuarenk npeactasnseT coboil 0BbiuHY!I0 MONYBOMHOBYIO J-aHTEHHY. C NOMOLILIO
370l HWXHElN NONYBOMHOBOM aHTEHHB! MPOWCXOAUT NUTAHWE BCEX OCTanNbHbIX CeKLMIA
KOMJINHBAPHOI J-aHTEHHBI.

PacnpegeneHme BbiCOKOYACTOTHOTO HANPSHXXEHUA B KONIMHBAPHOW J-aHTeHHe no-
Ka3aHo Ha pue. 19.1,a. Kak BWAHO W3 pUCYHKa, TPW BEPTYKANbHLIE CEeKUUU KOATIN-
HBaPHOI J-aHTEHHB! ANMHOM MO A/2 NUTAIOTCA BLICOKOYACTOTHLIM HAMNPSXEHWEM 4Bpe3
¢azocapuraowme oTpes anuHoW A/2. Tpy ChOXeHWW noneit U3NY4eHWs ITuX
nonyeonHoBLIX BUGpaTopoB 1 o6Llian AvarpaMma HanpaeBneHHOCTH J-8HTEHHLI ROAY-
4RETCA MPUXATON K MOBEPXHOCTU 3eMNW B BEPTUKANLHOW MAOCKOCTU. AHTEHHa C
Takol pUarpaMMoi HanpaeREHHOCT NPEKPACHO NOAXOAVT BNS NPOBEASHUS QANbHMX
cBs3eit Ha AuanaszoHe 144 MMU Kak npyv UCNOAL30BAHUM MOBEPXHOCTHOW BOMHLY,
PpacnpoCTPaHAIOWENCa BAONL NOBEPXHOCTA 3eMNW B YCNOBUSIX MPSIMOIA BUAMMOCTH,
Tak U oNa NPOBEAEHUA nanbHUX CBA3eit Npu TPponochepHOM pacnpocTpatelun YKB
PaaMoOBONH. BUanyeckne pasMepsl KONMUHeapHO! J-aHTEeHHb NpWU BLINORHEHUN ee
W3 MPOBOAHVKA AVMaMETpoM 1...4 MM noxasaHbl Ha pwc. 19.1,6.

19.2. MuTaHWe KONMUHEapHON J-aHTEHHbI

Dna nUTaHns KONNUHEaPHON J-aHTeHHb! MoxeT GbiTb MCnonb3oeaH 6ot duaep,
Kak KoaKcuanbHeili kabenb, MBI M BONHOBOE ConpoTuBneHne Kak 50, Tak u 75 Om,
TaKk W ABYXNPOBOAHAS JIMHUA C BONHOBLIM conpoTtuenerviem 300...450 Om. PaccrosHye
ONA TOHEK MOAKMIOMEHMS KOAKCManbHOro kabenn K peaoHatopy J-aHTeHHbl MOKa3aHb!
Ha 3TOM Xe PUCYHKE. 3TO PACcCTORHME MOXET BbiTh HEMHOIO WBMEHEHO MU KOHKPETHOM
BbLINONHEHWN KOTNNWMHEAPHOI J-aHTeHHbI. PaCCTOsAHWE L9 TOHaK NOAKMIOYEHWUS KOAKCH-
aNbHOM JIMHUK K YETBEPTLBONHOBOMY PE30HATOPY 3aautwT OT Martepuana, us KoToporo
BLINONHEHA BHTEHHR, OT abiCOTL! MOABECA AHTBHHBI, OT OKPYXSHWA aHTBHHbI MOCTO-
POHHUMM NpeameTaMu. Jna NpoBeaeHus SKCNIEPUMEHTOA C KONMMHBAPHOM J-aHTeHHOM
NOAKIIONEHNE KOaKCManbHOro kabens Kk PasoHaTopy aHTeHHb! YAOBHO BLINOSHUTL, Kak
nokasaHo Ha puc. 19.2.

K 4eTBepTbBONHOBOMY PE3OHBTOPY J-aHTEHHbI 1 Yepes 2nekTPOTexHWyeckue Co-
eavMHMTENM 2 MOAKNIONEH KOAKCMANBHBIN kaberb mmTaHus BHTeHHsl 3. Ha koHeu
KoaKcUanbHoro kabens Hapeto 10 deppnToBbix koned. OHW o6pasyloT BeiCOKOYAC-
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Puc. 19.1. KonnwHeapHan J-anreHHa Puc. 19.2. Mogkmonerne KoakcuanbHoro
kabens K KornuueapHoi J-aHTeHHe

TOTHBIA [POCCEeNb, KOTOPbI MPENAXCTBYET 3aTEKAHWI0 BbICOKOYACTOTHBLIX TOKOB Ha
BHELLHIOIO ODOMNOUKY KOAKCHANLHOMO Kabens. MOXHO MCNonbaosaTk (GeppUTOBLIE KOMb-
ua c moboit MarHUTHON TNPOHMLAEMOCTBIO, BaXHO TONBKO, YTOGLI OHV Tyro ob-
XBATLIBA/M BHELIHIOO OGOMNONKY KOBKCUanbHOro kaGens. (eppuToBbie KOMbLA MOryT
BbITL ykpenneHsl Ha koakcvanbHoM Kafene C MOMOLLLI0 M30NeHTH. Bes BbicoKouac-
TOTHOMO APOCCENA HA KOHLE KOAKCUANBHOrO Kabens ero oGOnoYka MOXET CRyxuTh
KaK uany-aiouian aHTeHHa. 3T0 MOXEeT CEpbesHO YXYAWWTb AVarpamMy HarpaBneH-
HOCTU J-aHTEHHbI.

ONEKTPOTEXHUYECKUE COBAMHUTENN 1 KOBKCUaNbHLIN Kabenb yKperneHb! Ha nna-
CTUHE U3 CTEKNOTEKCTONuTa 4. JTa NMNacTMHa NpUOAeT XECTKOCTh KOHCTPYKUWA YeT-
BEPTLEONIHOBOIO pes3oHaTopa W (GMKCUPYET PacCTOsHWE MEXOy MPOBOAHUKAMMW YeT-
BEPTLBONHOBOW NUHA.

Ana BHINONHEHWS 3TOM KOHCTPYKUMA MOXHO MCMONLAOBaTh MPAKTUNECKWU NoBbie
BNEKTPOTEXHUHECKUE COBAMHMTEMA. JKenaTenbHo, 4TOBkI MPOBOAHWKY [IBYXMPOBOLHOM
NIMHUN YeTBEPTHBONHOBOTO PE3OHATOPA MNOTHO BXOAVAY BHYTPL STUX COSAVHUTENEN.
KoakcuanbHeiii kabenb XenatenbHo mpunasth K STUM SNEKTPOTEXHUMECKMM COBau-
HuTenaM. TTOCKONbKY OHY BbIMYCKAIOTCA NOKPLITBIMA HEPXaaelolM COCTABOM, TO
AR Naiikn HeoBXOAMMO VCNONL30BATL CreUManbHbi GAKC MMM CHeUVanbHYIO Kit-
cnoTy.
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19.3. Hactpoiika KonnuHeapHOW J-aHTeHHb

Ana adpdpekTMBHON paboTh! KONNUHeapHOoW J-aH-
TEHHBLI XenarenbHa Hebonbwas noacTpoiika B pe-

N 30HAHC Kak CaMOll AHTEHHbI, TaKk W YETBEPTLBONHO-

N < BOro pesoHatopa. fins poctmkenus KCB B kabene
MUTaHVIA J-aHTeHHb!, pasHoro 1:1, HeobxoavM Twia-

TEnNbHLI NOAGOP TOYEK MUTAHWSA AHTEHHbI HAa 3TOM

c peaoHaTope. lMpolecc HACTPOMKM 4ETBePThBOMNHO-

- BOro pesoHaTopa B PesoHaHC 1 noabop Touek nu-
T TaHWA Ha HeM NoKasaH Ha puc. 19.3.

PaccmoTpum Gonee noapobHo aToT npowecc. Mpu
nomolwm nogbopa paccTosHWA A OT fHA 4eTBepTL-
BOMHOBOIO PE30HATORA [0 TOYEK NOAKMOHEHUs KO-
akcuansHoro Kabens AOGMBAOTCA MUHUMENBHOMO
KCB B KoOakcuansHOM kaBene aHTeHHbl. 3Ty Ha-
CTPOWKY Takke MOXHO OCYLLACTBUTEL C NMOMOLLLIO 13-
MEepUTENA HANPAXEHHOCTU NONA MO MakCUMANLHOMY

Puc. 19.3. Hactpoiika pesoHarope  YPOBHIO HAMPSXEHHOCTY Mons. Mocne a710ro ¢ nomo-

J-3HTEHHB! WLI0 MOCTOAHHOIO KOHAEHCATOPa HEGONLLUON EMKO-

cty 1—3 N NPOU3BOAT OKCHYATENEHYIO NOACTPOM~

Ky 4eTBEpPTbBONHOBOI 0 PasoHaTopa B pesoHaHc. Ha-

CTPOMKY B pa30HaHC OCYLUECTBASIOT 13MEHEHWEM PaCCTORHUA TONEK NOAKIIONEHNN 3TO~

o KOHOEHCAToPa K peaoHaTopy, Ha puc. 19.3 aTo paccrosHye 0603Ha4YeHo pasMepom B.
MepBOHaYANEHO STOT KOHAEHCATOP PacnonaraeTcH OKONO KoakCUankHOro KaGens.

Ans ycnewHoii Takoi HacTpoikW LMHY 4eTBEPTLBONHOBOID PE30HETOPA BbIGU-
PBIOT HEMHOTO MEHBLLEN, YEM YETBEPTL ANWHBI BOHLI. BO3MOXHO, BO BpEMSA HACTPONKN
AHTEHHBI C NOMOLLLIO KYCAYEK YacTb f/MHBI YETBEPTLEOAHOBOMD PE30HATOPA NPUAETCA
«OTKYCUTb», KaK MOKa3aHO Ha puc. 19.3.

Ans nepemelleHWs KOHAEHCATOPa BAONb Pe3oHaTopa MOXHO NMPUMEHUTb «Ca-
nasku» U3 BNEKTPOTEXHUYECKMX Pasbemoa, aHaOTUuHLIX TeM, 4To Bbinu NoKazaHb Ha
puc. 19.2, TONBLKO BMECTO KGAKCUANLHOFO Kabens MUTaHWA aHTeHHb! K HWM MogKMioueH
NOCTOSHHBIA KoHAeHcaTop. Cnapyer y4ectb, YTO STOT KOHOSHCATOP AOIMKeH GbiTh
paccuuTaH Ha BbicOkOe pabouee HanpsxeHne — He MeHee 500 B U umeTs manbie
noTepu Ha HacTotax avanasoHa 145 MIMu. MoxHo Mcrnonb3oBaTh CaMOAENBHBINA KOH-
JIEHCaTop, BbLIMOMHEHHbI W3 (ONBMVPOBAHHOTO CTEKNOTEKCTOAMTA WAW U3 KYCOHKA
KoakemanbHoro xabens.

MOXHO UCNONL30BATL KAYECTBEHHBIN NEPEMEHHBIN KOHAEHCATOP C BO3AYLLHLIM AWN-
BNEKTPUKOM, KOTOpbIt cnocobeH paGoTarte Ha yacToTax mvanasoHa 144 MMu. OpHako
3TOT KOHASHCATOP A0NKEH 6biTb TWATENLHO 33LUMLLEH OT BHELLHUX aTMOCHEPHBIX BO3-
peicTBuiA. NocKONbKY He BCEraa BO3MOXHO BbINONMHUTL 3T0 YCAOBWE, TO UCNONL30BaHME
NEPEMEHHLIX KOHAEHCATOPOB B BHTEHHAX, YCTAHOANEHHLIX HA OTKPLITOM a03ayxe, orpa-
HUHEHO.

Mpouenypy HBCTPONKM NOBTORSIOT HECKONBLKO Pes, Ao6UBaACh MaKCUMANLHO Hu3-
koro aHauerns KCB B kabene nnu MakcuMasnbHOTO YBEWMNEHUA HAMPSXEHHOCTK Nons,
CO303BaEMOr0 AHTEHHOM.

BoamoxHO, noTpebyeTcA HEBGONLLLOE YKOPOYEHWE BepXHEro BubparTopa aHTEHHb!
AN OoCTKEHUs rNyOokoro MUHMMyma 3HaueHns KCB aHTeHHbl. [Mpu HacTpolike aH-
TeHHbl XenarensHo uamepsTe KCB HenocpeACTBEHHO Ha CaMOil aHTEHHe.

b

19.4. KOHCTPYKLMA YETBEPTLEONHOBOrO PE3OHATOPE

OcraHoBuMcs 6onee NOApPOGHO HA KOHCTPYKUMM YeTBEPTLBOMHOBOrO pPE3sHaTopa
J-aHTeHHbl. OT €ro BbINONHEHWS BO MHOMOM 3aBMcUT 3¢ E$EKTUBHOCTL PaboTel 3TOMN
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@HTEHHbI. N9 U3roTOBNEHUS YETBEPTLBONHOBOrO PE30HATOPa MOXHO B3RTh MERHLIE,
OpOH30BbIE MMM MOKPBITHIE HEPXABEIOLWMM COCTABOM MeTannuyeckue Tpybku. Kix
BHELUHWIA apuameTp MoxeT Bbith B ripegenax 2...4 MM. [1ns COXPaHeHVs OrfTUManLHOro
BOMHOBOMO COMPOTUBAGHWS JIMHAK, COCTOSILSA U3 HeTBBPTLBONHOBOIO PE30HATOpPa,
rwTaiowero J-aHtenHy, B rpegenax 350..450 OM, OTHOWEHWE MEeXOy BHELLUHVM
AvamMeTpom TPYGOK ¥ PECCTORHMEM MEXEY WX LIHTPaMK [0JIXHO Nexats B rpegenax
15...25. [Ho 4ETBEPTHBOMHOBOrO pe3goHaTopa MOxeT ObiTb 3arasHo Ha TONCTLIf
MEeHbI YronoK. 3T0T Yronok MOXer ObiTk BLIMONHEH W3 TONCTOMO LBYXCTOPOHHEro
BONLrMpoBaHHOTO  CTEKnoTekcTonuTa. B HuxHel CTopoHe yronka ripoceepneHo
OTBEPCTUE NOA KoakcuanbHblil kabenb., 310 obecrieumBaeT XeCTKOCTb KOHCTRYKLUM
J-aHTeHHbI.

Bepx 4erBepTLBONHOBOMO pe30HaTopa
A9 NPUAAHKS XECTKOCTU €r0 KOHCTRYKLIMA
CKpensieH NAacTMHOM 13 hONLrvpoBaHHoOro
creknotekcTonuTa. B aTol nnactuke ceep-
NIFTCS OTBEPCTVA I10A, AWaAMETR TPYOOK pe-
30HaTOpAa, 3aTeM yaansercs GonLra ¢ rna- 1
CTVHBI, OCTEBAARA NIULLb Y3K1iE NONOCKY OKO-

110 OTBEPCTUN, KyAa MPOXOAAT MPOBOAHVKIA
[BYXNPOBOAHOW nuHMK. K 3TUM nonockam —[7—:75...25
PUNAMBAIOTCA NPOBOAHWKW NIMHAK  4YeT- d
BEPTLBONHOBOMO pesoHaropa. Ha puc. 19.4
fokas3aHa KOHCTPYKLMS 4eTBepTHBONHOBO-
ro pesoHaropa.

BO3MOXHO ¥ Apyroe BuINONHEHWE KOH-
CTPYKUMK NNacTWH, CKPENNSIOWMX 4et-
BEPTLBONHOBOW pe3oHarop. Hanpumep, | ( N d
BEPXHSIS MNACTHA MOXET BbiTb BEINONHEHA Nt
Y3 BU3NEKTPKKA, MMEIOLLENQ BLICOKVE au-
3NeKTpU-eckue napameTpel Mpu pabote B Ombepcmue nod
avanazoHe YKB, Hanpuvep ¢roponnacta, oewcuansinil /E )
rionuaruneHa. Yronok, CKpensisiowmi yer-
BEPTLBONHOBOW M30RATOP, MOXeT Obitb
8biMONHEH C YYETOM YCROoBWA A5l YCTa-  Puc. 19.4. KOHCTPYKUMAHETBEPTEBONHOBOMD
HOBKU aHTEHHbI Ha KOHKPeTHYIo MauTy. Bee pe3soHatopa
38BMCUT OT BO3MOXHOCTM WU YMEHVR pa-
avoniobutens.

TpOBOAHYK NIEPBOro fONYBONHOBOIO U3AYYaTens J-aHTeHHb 3anauBacTCs B BepX-
HIOK 4aCTb YETBEPTLBONHOBOrO Pe3oHaropa. Ka4ecTso riafiki NepeMblyeK HYeTBepTb-
BOMHOBOIO PE30HETOPa U MOJYBONHOBOIO Many4aTens AoXHO GbiTh BBICOKMM, TaK Kak
ot aToro 3asmcuT addeKTMBHOCTE PaboTel J-aHTEeHHbI.

Wcnone3oeaHve ansi BuINONHEHVS Y4eTBEPTLBONHOBOrO PEe3oHaTopa rpoBoga Ton-
wuHoW MerHee 1 MM cywecTeeHHO cHUauT KM J-aHTerHb. OpHako ans aKCnepuMeH-
TaNbHBIX Lenedl rMocTPOeHUe J-aHTeHHbl 13 TOHKOrO rposoaa BriONHE BO3MOXHO. He-
AONYCTUMO BBINONHATL @HTEHHY W €€ YETREPTLBONHOBON UBONATOP U3 (hepPPOMarHUTHLIX
(>xeneaHbix) NPOBOBHVKOB. JPHEKTMBHOCTE PaboThl TAKOW «KENe3HOW» aHTEHHBI HB
uaoroTax YKB pgvariasoHa 144 Ml BecbMa Hu3ka. B aToM cnykse gna nepepardvika
J-aHTeHHa 6yneT ripenctaBnATe coBOW BApMaHT aKTVBHOW Harpyaku. AHTEHHa Gyndet
umeTk NPEeBOCXOAHBIN HU3KWi KCB, HO B TO *e BpeMs Manyio 3ddeKTMBHOCTL npu
W3NYYeHUA BNEKTPOMArHUTHBIX BONH. B 270l CBA3K MOXHO HANOMHUTL, YTO A1 MHOMMX
MpohECCUOHBABHBIX LUMPOKONONOCHBIX aHTEHH Gerylell BONHbI UX aKTVBHYIO Harpy3ky
BLINONHSAIOT U3 ABYXMPOBOAHON MMHMKM, CAENaHHON U3 Xenesa.

HO MpogonXvM areHelluee pPacCMOTPEHWE KOHCTRYKTMBHBIX OCOGEHHOCTEN Bbi-
MORHEHUS PAAMONINBUTENLCKON J-aHTEHHb.

AxmerHa

45..48 cm

laika
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19.5. Kpennenve ¢dasocasmraiowmx OTpPesKos

OpHUM 13 BRXHLIX Y3M0B KONIMHEAPHOW J-8HTEHHB! FB-

Budpamop  pgercs BeINONHEHVE Y3Na KDETMEHMS (a30CABMMAIOILEr0

LOHMERHN  grpeaka. B MOEH KOHCTPYKUMM 8HTEHHbl Ansi KPenneHust

HEeTBEPTHEONHOBOrO $Ha30CABMIralOero oTpeska W Bubpa-

TOPOB aHTeHHb! GbiT UCMONL30BAH M30NATOR M3 OBYXCTO-

poHHEro oNLrYPOBAHHOTO CTEKNOTEKCTONMTA. YCTaHoBKA
M30NATOPOB B aHTEHHE NoKasaHa Ha puc. 19.5.
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Puc. 19.5. Yaen kpennerus Puc. 19.6. Mnatsl kpennenusi BUGRATOPOB
HazoCABUraIoLIero OTPesKa 1 a30CABMIAILEro OTPe3Ka
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Ha puc. 19.6 riokasaHa roppobHast KOHCTPYKUVA nnatbl KPEenneHWs aHTeHHb! W
¢hazocaBuraloLLero orpeaka. Ha puc. 19.6,a nokazaHa NepeOHa4a/IbHan 3aroToBka OA-
HOPM CTOPOHLI A nnathl, Ha puc. 19.6,6 Nokasana BTOpas cTopoHa 5 aroi 3aroToBku.
MNocne WaroToBAEHUA Mnathl €€ rpaHy 1K obpesalot, M cbTaumBaINT Ha TOHUMILHOM
KaMmHe, Kak Mnoka3aHo Ha puc. 19.6,8. 370 Heo6XxopMMO 418 CHYXEHUs NapyCHOCTU
aHTeHHbI, B KOHCTPYKLWIK KOTOPOW MCTONb3YKTCs ABE Takme nnatbl. Bel v camn yevpyte,
kak STV nnavbl MpK cUNLHOM BeTpe GyayT NOBOPauMBaTh 8HTEHHY, Y OHa, MOAOBHO
dniorepy, GyaeT nokas3bieatk HanpaBieHWE BETPA.

MNpoBog, aHTeHHb! 1 Hha30CABMTAIOLLErO YCTPOMCTBa TWIATENLHO SaHMILEETCs], 0Bny-
XVBAETCH W MNMPUNaUBAETCs K rnarTe-u3onsTopy.

DanHbid cnoco6 KperneHvsi No3Bonnn COXPaHUTh XECTKOCTh (Hha30CABMraloLLero
OTPE3Ka AaKe MPW €ro BuINOAHEHWW K3 MPOBoAa TOMUMHON 1 MM.

19.6. YNpolueHHas KOHCTPYKUWS KONNMWHEapHON J-aHTEeHHbI

Huxe 6ypeT onmucaHa yrpoLLEHHan KOHCTPYKLMSA KONMMHEAPHOM J-aHTeHHb!, KOTOpas
npepHasHaYeHa Ana NPoBeJeHVs 3KCNEPUMEHTOR C aTUM BUAOM aHTeHH.

Onst yNpoLWeHHOTo BbINOAHEHUS KONAMHEAPHON J-aHTeHHbl MOXHO WCIONb30BaTh
Lenbii KYyCOK MEAHOMO MW alOMUHUEBOTO MPOBOAA ANaMEeTPOM 1—5 MM, U3 KOTOROro
aHTeHHa MOXeT BbiTe cpesy corkyta

IOnn pacnopok ¢$asocasurallyx yCTporcTe yaobHO MCrone3oBatk MNACcTMKOBbIE
npobkK 13 Kakux-NUBO rNaCTVKOBbIX My3bIPEKOB OF GbITOBOW XUMMW. YNPOLLEeHHas
KOHCTPYKUMSI KONNMHEaPHOW J-aHTeHHbI rokasaHa Ha puc. 19.7.
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Puc. 19.7. YNpouweHHan KOHCTPYKLMA KONMMHEAPHON J-aHTeHHbI

MoaknioYEHNE KOaKeManbHOro kabens K YeTBEPTLEONHOBOMY PE3OHATOPY OCyle-
CTBASETCA MPU NOMOLUM MRacTUHKKM U2 (ONLMVPOBSHHOTO CTEKRoTekcTonmTa, Koak-
cvanbHbifi Kabenb NprKpernaeTca K 3Toi nnacTuHke. TlepeMeLLeHreM Mo AnvHe Yer-
BEPTLBONHOBOrO Pe30HaTopa 3ToM IMNacTUHKY AOCTUraeTCs COrNacoBaHUe BOMHOBOMO
COMPOTMBAEHNS KOAKCMANLHOO Kabensi ¢ BXOOHbIM COMPOTUBIEHUEM YETBEPTHLEON-
HOBOrO PEe30HATOPa KOMNMMHEAPHOM J-aHTeHHb!. Ha AHe 4eTeepTBBONHOBOrO Pe3cHa-
Topa npurasHa CTEKNOTEKCTONUTOBAA fUlaTa C OTBEPCTMEM, B KOTOPOE NpOAET Nu-
TAOWWIA KoaKCWaNbHEIN KaGeNb. Takan KOHCTPYKLWSA YETBEPTLBONHOBOTO PE30HaTOopa
0DECresMBaeT ero XeCTKOCTL U B TO Xe BPeMs BOIMOXHOCTE HAaCTPOWKW aHTEeHHO
CHCTEMBI.

19.7. KonnuneapHas J-aHteHHa
C YONVHEHHbIMU 3neMeHTamu

B 3akniouerve rnasbl 06pallal BHUMaHWE Ha TO, YTO MHOFAA UCTIONB3YIOT Konav-
HeapHble aHTeHHBI, AvHa BuBPaTopoB KOTOPLIX paBHa (5/8)A, a gnvHa (pa3ocaBuralo-
weii nmHMM paBHa (1/B)A. 310, HArPUMER, Takas W3BECTHAs PAaVOMIOBUTEN M aHTEHHA
ARX-2B ¢upmbl CUSHCRAFT. MOXHO Takxe MPUBECTV GONBLLION CRIMCOK PamMoniou-
TENLCKUX KONNIMHEapHBIX aHTEHH, UMEIOLLVX Takue AMVHbI 3NBMEHTOB.
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Pacnpedenerue Buicoxosacmomyoza KonnvHeapHyio J-aHTeHHy € yAIMHEHHBIMY Bep-
maxa Bdon armerts TUKanbHLIMK 3NeMeHTamMmn 1 azocasuralowed nu-
Hvelt gaHol (1/B)A MoXHO paccmarpuBath Kak
06biNHYI0O  KONNMHeapHylo J-aHTeHHy, Y KOTOpoW
YacTk ¢azochsuraLLed NuHUK «nepeuna» B Bub-
Yy nabroe PaTopbl BHTEHHBI. 3TO NO3BOMNO PA3HECTH B NPO-
ronpaBrene CTPAHCTEE MONYBO/HOBLIE BUBPATOPE! KONMMHeap-
N moxa HOll aHTeHHbl Ha pacctosHve (1/4)h. YouneHve
/8 \l/ B grmenwe  KONNMHEBPHOM 8HTEHHLI NPV 3TOM HECKOMBLKO YBEe-
nvuviBaeTcs. TEOPETUYECKU MOXKHO MOAYYUTHL Ao-
& \l/ 6GeBky youneHus npuMepHo Ha 1,2 pb no cpaeHe-
HUID C TPEXaNeMeHTHOW aHTeHHOW ¢ BubpaTopamu
A8 AAVHOR (1/2)A. HeoBxoayMO OTMETUTL, YTO TOKWM,
npoTekaowue B $asocaBuraloledn MMHUK, UMeT
HanpaeneHve, ofparHoe TOKaM, MPOTEKAILWUM B
MONYBONHOBOM BMGRETOpE aHTeHHB). SToT addekt
MPUBOANT K HEKOTOPOMY YMEHBIUEHWIO YCUNEHUS!
TaKOW @HTEHHb! M0 CPaBHEHWIO € €ro TEOPETUYECKU
BO3MOXHOW BesvumMHoi. Ha puc. 19.8 riokasaHa
KOMNNVHeapHas aHTeHHa C pa3asuHyTol ¢pasocheu-
ralowen mHued. Ha aTom e prcyHke NokasaHo
\/8 pacrpenaneHvie TOKOB BAOL 3TON aHTEHHHI.
MoCTPOME KONNMHEaPHYIO aHTEHHY C 3IeMeHTa-
MU gvHo# (1/2)A, papvonobuTent MOXET MNO3KC-
NEPVMEHTUPOBATE € Hel. Tem Goree, §To o4eHh
MPOCTO MPEBPATUTL MPORONOHHYIO 8HTEHHY M3 aH-
TEHHBI C MONYBONHOBLIMY BUEPATOPaMU B aHTEHHY C
yoyWMHEHHEIMY  BUOparopaMu. [aA 3Toro  HyXHo
TONEKO HEMHOrO OTOrHYTh BUGPaTOPL! 8HTEHHL, HTO
aaiiMeT GyksankHO MsTe MuHyT CpaeHue pabory
Pric. 19.8. KonniHeapHas J-akrenna ¢ FEYX HTEHH, PanUonBUTENL CaM CMOXET PELLIMTH,
PaGABMHYTON (asoCABMTaloleit muHmeit  KKYIO U3 HVYX eMy MCnONE30BaTh A9 paboTyl.
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19.8. YcTaHoBKa KOMMWHEApHON J-aHTEeHHbl B MOMEBLIX YCAOBUSX

Mpy YCTBHOBKE B rONEBbIX YCNOBUSX KONMMHEapHas J-aHTeHHa MOoxeT GbiTs noa-
BelLeHa 3@ BEPXHUI KOHell ¢ NOMOLLLIO KArpoHOBOW BEpeBkW K mepesy. 310 oavH
13 ONTUMAABHLIX WU MPOCTbIX BAPMBHTOB YCTAHOBKW KOMNIMHEApPHOW J-a8HTeHHH. Ho
Takolh BApUAHT HE BCerga BO3MOXeH. Mpy OTCYTCTBUM AepeBbeB N APYrux BbICOKMX
MPeAMETOB NPUAETCH UCRONE30BaTE KaKYK-MMB0 MCKYCCTBEHHYIO MauTy Ans YCTaHOBKM
J-aHTeHHbl. HauBonee npoCTO Takasl MauTa L5 MONEBbIX YCNOBUA MOXET GbiTk Bbl-
flONHEHa W3 AN3NEKTPVHMECKOW CKNGAHON YAOHKN.

AHTEHHa MOXeT BbiTh NogseLIeHa 3a KOHEL, 8Tol yAO04KM, EC/W, KOHESHO, YEONKA 06-
nafaet AOCTAaTONHOW MPOYHOCTRIO. ECAM yAo4Ka HErpoqHas MM yCTAHOBKa aHTEeHHb!
MPOU3BOAUTCH B HEGNArONPUATHBIX BETPOBLIX YCNOBUSX, BHTEHHY MOXHO 3aKperuth B
HECKOMLKKX MECTaX YAOUKY NPy MOMOLLY M30NEHTLI. 3aTEM YAOUKa 3aKPeniseTcs Ha rno-
BEPXHOCT 3eMAK. NS 3TOr0 yAouKa BCTABNSETCA B AIMKY U (UKCUPYETCSt OTHOCUTENLHO
MOBEPXHOCTU 3EMMM € MOMOLUBIO OTTSKEK. YCTAHOBKA KONMMHEAPHOW J-8HTEeHHBI NPy No-
MOLUW MNIBCTMKOBOM CKNAAHOM Teneckornvyeckolt yaouki rokasaHa Ha pyc. 19.9.

19.9. YCTaHOBKa KONMMHEAPHOW J-aHTEHHB B CTALMOHAPHBLIX YCNOBUAX

Mpy ycTaHoBKE CTaLMOHaPHOM KORNMHEaPHOM J-aHTeHHE Heo6Xx0arMO UCNONb3oBaTE
KOHCTPYKUMIO 8HTEHHBI, 06ECNBYMBAIOLLYI0 €€ XECTKOCTh.
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Puc. 19.9. YcTaHOBKa2 KONMMHEaPHO# J-@HTEHHBI NpY NOMOLUM
NAACTUKOBOM CKNAOHOMA TeneckonMYeckol yaoqKn

BbinyckaloTcs HEAOPOTUE KOMMEPHECKUE KONNMHEAPHHE J-8HTEHHLI, fpedHasHa-
YEHHBIE A5 KCNONL30BaHVA Kak B CnyxebHOW, TaKk 1 paavonobuTensckoi paauvo-
CBA3U. 3TV aHTEHHbI KOHCTPYKTMBHO BBINONHEHB!I M3 XECTKMX METANIMHECKMX TPYBOK
wn wrbipeit. KOHCTPYKUMA TakuX 8HTEHH SBNAETCA CNOXHOW On9 NOBTOPEHUS Ha-
YuHaloWwuMm pasvomobvtensmn. BereacTewe 3TOro paccMaTpuBaTeCsl OHM 34€Ch He
Gyayr.

PaccMOTPUM MPOCTY0 KOHCTRYKLMIO MPOBONOYHON KONMMHEAPRHOW aHTEHHE), KOTOPYIO
HECNOXHO BLINONHUTL B PaAMOTIOOUTENLCKMX YCIOBUSX.

Ins crauvoHapHO# YCTaHOBKY MPOCTO#M MPOBONOYHOM KONAMHEAPHOM J-aHTEHHbI MOXHO
VCMONB30BATE AEPEBAHHYI0 MauTy. OF 370 MauThl KONAMHEaPHYIO J-8HTEHHY XenaTenbHo
YOAMTb Kak MOXHO farblie. 310 HeoBXoauMO NOTOMY, YTO AEpeBsiHHas MayTa BNUTLIBacT
BRary, BCAEACTBUE Yero obnasaeT HEeKOTOPOIA NMPOBOAMMOCTEIO. B caydae 6nmaKkoro pacno-
NOXEHWUS REPEBRHHON MaUTBI K 8HTEHHE OHa MOXET PacCTPOUTs SNIEMBHTE! KONAMHeapHOR
J-aHTeHHbl. BnpoyeM, Kak noKasbIBaeT NPaKTUKa, 3T0 OTHOCUTCH HE TONLKO K FMrpOCKOTIAY-
HbIM EPERSIHHBIM MayTaM. [laxe NnacTuKoBbIE MaqTbl, MOKPLIBASICh CO BPEMEHEM Mbiftbo 1
BNAroi, MOryT yxyaLmMTs paboTy pacronoxeHHoN Ha HUX KONnvHeapHO J-aHTeHHb.
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Kak nokasan Mou aKCrepUMEHTLI, s U30-
JIAILUKN J-8HTEHHB! OT [EePEBAHHON MayTht BRONHE
MOFYT MOQOWTI MyCTbIe NNACTUKOBLIE BYTHUIKM.
B stoM cnyuae KoHCTpykuvst J-aHTeHubl Gymet
BbIFNSAETh, KAaK NOKasaHo Ha puc. 19.10.

Ha puc. 19.10,a nokazaHo xpenneHve npo-
CTOM KONMHEeapHO J-aHTeHHb! K NoNHOpaaMep-
HOW pepeBsHHON Maute. C NOMOLLbLIO TReX fyc-
ThiX MNACTUKOBbIX GYTHINOK W M30NEHTHI @HTEHHY
Kpersr Kk Maure. Ecnv gng kpenneHns aHTeHHb!
1 GyTLINOK MCHONB30BATL CKOTY, OBMOTAHHBINA
CBEpxy msrkoi MBX-M30neHToN, Takas aHTeHHa
B rOPOACKMX YCROBMAX MOXET NMPOpaboTatk He
MeHee Tpex net. HepgoctaTok 3Toi KOHCTRYKUMM

Pflc'ogfélo' OCTEW°”39’13§_§°T3”29"3 aHTeHHbl B TOM, YTO B ChIpYI0 fOrogy W3-3a
POCTGH KOMUMHEPHON J-aHTeHHE HAAMYVA BNIAr Ha 30NEHTE ByaeT NPoMCXOaUTL
HeBonbLUaA paccTpoika aHTeHHbl. B pesynsrate
STOrO €€ PEe30HAHCHasA YaCTOTa MOXET HEMHOIro CMECTUTBLCA BHUA. Ho aTa paccrpoiika
6yneT OTHOCUTENbHO HeGONbLUON, W 4YacTOTa PEe3OHaHCa aHTEHHb), KaK MPaBuno, He
BbiiigeT 3a rpedentl MoGuTensckoro ouarasoHa. Bo epaMs paboTwt J-aHTeHHbl Ha
nepagaqy BO3MOXHA GONbLIBS YTEUKA BbICOKOMACTOTHON BHEPTN YEPEes BAAXHYIO Mo-
BEpXHOCTbL MpMneralowaro K Heid fnactka. KoHewHo, B Cyxylo riorogy aTa aHTeHHa
Gynet paboTaTth BrONHE HOPMANLHO.

Ha puc. 19.10,6 nokasaHa ynpolueHHas KOHCTPYKLMS CTBLVOHaPHOM KOnnrHeapHow
J-8HTEHHb! C HEBBICOKOM AEPBBSHHON MaqTON. B STOM KOHCTPYKUVM K KOHLY MauThb!
KPENUTCA TOMLKO BEpXHWA ManydaTenk aHTeHHbl. OcTanbHas H4aCth aHTEeHHb pacnona-
raeTcsl HaKNOHHO OTHOCWTENBHO MayThl, KOHEYHO, NP TAKOW KOHCTPYKLMK J-8HTEHHbB!
ee rapameTpel GymyT XyXe ,4em rMapaMeTphl KNaCcuyeckod BepTUKanbHOM KonAMHeapHOW
J-aHTeHHbl. OfHaKO MpW UCNONb3OBBHWA HEBBLICOKVX NEPEeBSIHHbIX MauT KOHCTPYKLMS
HaKNOHHOW KOMWMHEapHON J-aHTeHHbl BnoJiHe MOXeT Gbifk MCnonb3oBaHa.
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Yactb 5
SArAIKW NPOXOXIOEHNA

YenopeqeCTBO yxe ABBHO, 8 1995 rogy, OTMETUNO CTONETUE CO AHA M3obpeTeHun
paavo, a B 2001-M OTMETUNO CTONETKE MEepBoi TpaHCaTNaHTVYeckol cesan. Kaxerca,
6Gonblue Her 3arafok B PAGMOCES3U W PacnpOCTPaHEeHUM PagvoBOMH, KAXEeTcs, YTo B
KOHCTPYMPOBaHWM SHTEHH BCE M3Y4EHO U yxe He GymeT HUNero HoBoro.

Ho 810 He Tak. Mprpoga OCTaBMNa MHOXECTBO HEPaCKpPLIThIX 3arafok Nno pacripo-
CTpaHeHVs PaguoBONH U 0 paboTe aHTeHH, KoTopble He Gbin pelueHbl B XX seke. U
MHOrMe 3aragkv MoryT FMoMoYb pelwuts paavonobutenw. Pabotas B adupe, pagvo-
MoBUTENE MOXET HE Pa3 BCTPeYaTkCs ¢ 3arafiodHbIMN ABACHUAMY, KOTOPBIE OH, MOXET
6bITh, BIOCREACTBUM CMOXET Pasragarh.

B 3TO# 4acTv NpyBeaeHs! NpyMepsl HeoBBINHOTO PacnpPoOCTpaHeHUst PaavoBONH Ha
3emne u paccka3aHo 0 HeobbMHOM pabote aHTeHH B ropax. Zlo KX Mop HeT BHATHOTO
06bLACHEHMST Takoro TauHCTBeHHOro siBneHus, kak LDE, pamioaxo ¢ gavrenbHbiM Bpe-
MeHeM 3afepxku. [laxe nepeas TpaHcaTniaHTwueckas cssk Mapkowm Tamt B cebe
HEeMaf0 TaWHCTBEHHOTO, 1 BO3MOXHOCTb €€ NpoBeaeHuA Boo6ILE [0 CHX NOp BbiSHIBAET
cropbl CPean yHeHbIx!

WraK, HE HyXHO CTECHATLCH MOBOPUTL O TaWHCTBEHHBIX W HEMNOHATHLIX SIBIEHUSIX,
KOTOpLIE MOPOV CONMPOBOXAAIOT paamonobuTensckylo paboty B adupe, HaobopoT,
cobupatite cBefeHvs 06 aTKX SBNEHUAX, W, KTO 3HAET, MOXET UMBHHO Bbl COBEpUIMTE
€we oOHO HOBOE OTKpbITHE.

20. AN-TIETPUHCKUIA SDDEKT

B aroit rnase Gymer pacckasaHo 06 apdexTe SKPaHMPOBKM aHTeHH obnakamu.
C adHEKTOM 9KPAHMPOaKyt Ty4aMK aHTeHHbl PaUOCTaHLMM B rOpax MHe MPYXoannoch
CTaNKVBaTLCH Y PaHee, B MOMX NMPeabayliuX ropHbIX noxogax. OpHako 3Tor addekT
O4EHbL SIBHO MPOSIBUNOS Ha AW-TETPMHCKOM MNaTo K BHEC CYLLECTBEHHBLIE KOppek-
TYpoBkM B PaboTy Halel paavoskcrieauuvm. Eille, 4To TOXe CYEeCTBEeHHO, ero Ha-
6niogany 4neHbl BCE PagMosKoraauumK, KOTOpbIe MOMYT NOATBEPAWTE MCTMHHOCTH
MovX HabnoaeHuin,

KokreuHo, He Bce paguonmiobutTeny crankvBanMcbk ¢ aTum ahgEeKkToM, a MHorue,
MOXET ObiTkb, HUKOTAA C HAM HE BCTPETATCH... OfHaKo 0 HeM HeoBXxoaumo 3Hath TEM,
KTO OTNPAaBSeTCA 8 BLICOKOTOPHYIO paavoskerieavuvio. BospehcTeme Takoro agdekra,
MOXET BLIBECTM W3 CTPOS Bally arriaparypy, caenate 6ecrnonesHbiM KUCronsL3oBaHve
HanpaBieHHbIX aHTEHH, HapylLUMTe AOrOBOPEHHbIe Tpadwku pagvocesan. Ua-za An-
MeTpuHekoro adheKTa HaMm. HaNPUMEp, MPULLNOCL OTKA3ATLCA OT YCTAHOBKW Hanpae-
JIEHHbIX aHTEeHH.

20.1. Air-Tlerpunckuin addext

Wrak, ato crydwnock B mae 2001 roga Bo Bpems pagvoakcneavuun UR-QRP-C
Ha nnaro Ai-NeTpu. Mbl KCIONE30BANK CrieuvantHbIf Mo3biBHOW curkan EMSQRP. fing
paboThl Ha KOPOTKMX BOAHAX Mbl YCTAHOBMMM OBe aHTeHHb. OpHa aHTeHHa Obina
O6bMHBIM GAMHHBIM MPOBOAOM AnuHOM 55 M. BTopas aHTeHHa Gbina BEpTUKankbHOM
aHTeHHon mapku GPA-30 ¢upMmel Fritzel. Bonee noppobHylo MHGOPMALMIO O HELLKMX
aHTeHHaX, 0 €nocoBax KX YCTaHOBKM U O pasMeLlieHn 3KCNenvUvn B fIpUIoTe MOXHO
Haittt B [1].

XOTS OCHOBHas 4aCTb MNaro JIeXuT BCEro NWb Ha 1200 M BLIWE Hazd YpuBHEM
MOp#A, Ha Iiaro 4acTo Nexar obnaka. OHM NOCTOSHHO onyckaoTes Ha Ali-MeTpuHekoe
nnato ¢ HeBa. MOTOM Mpu Momolliy BETpa MEANEHHO flepeMeLLaTes Mo Mnato B
paanuuHbIX HanpaeneHusx. BolBaet, 4To B TeuYeHue 5 MUHYT MOXeT CBETUTb CONHLE,
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NOTOM Ha MNETO CAAMTCA 00Nako, MaeT A0XKAb, 3T0 06nako NPOHOCWT BETPOM, U 38TeM
CHOBa CBETWT COMHLE.

O6nako He BEIBMPAET, B Kakylo CTOPOHY €My NyTELLECTBOBaThL 10 nnaro. Yacto Me
CTORIM OKOMO NPUITa U Habnwaank, Kak obnaka BaXHO MPOXOAAT MMUMO Hac 10 MNaro,
B CTOpPOHE OT Hac CRyCKaloTCs Ha NAato WK NepeBanvBaloTcs Yepes NAaro B CTOPOHY
Antel. Ecay ofnako fePeMEeLYaeTcs Mo MnaTo B CTOPOHE OT aHTeHH, TO Ha pabory
PagMo3KCNeauuMKM 9T0 He OKasbliBaeT BAvgHKA, Ho ecnn obnako caauTtes MpsiMo Ha
aHTeHHBI, TO paboTa PaaroCTaHUMK Ha repesady CTaHOBUTCH HEBOSMOXHOW. B Hawein
pPagMOSKCEaNLMY Mbl STO HaskiBanK «Ad-TeTpuHokuii addekT» B paboTe aHTeHH.

CHavana 5 gyMaf, 4TO rpuyiMHa NEproAUHEcKOro yXyAWeHWs NpyemMa u nepenasmn
Ha paguocTaHUWM Hawel paauoaKoreamuyy Gbifa B SUIOXMX KOHTaKTax B aHTEHHbIX
KNEMMAX COrNaCyiolero YCTpoicTea. MpoBoaa aHTeHHb! U 3a3eMNIEHISI HeORHOKPATHO
TLLETENLHO 3aUMLLANMCL, U KNeMMbl TYrO 3akpyumBanvcb. Jlaxe kak 6b Habmogancs
MHUMBIA 9(hdekT OT aTux ApkcTEMi. OTKPYTMA KOHTaKThl, NONMMCTUN MPOBOAE, TYro
38KpYTUN KOHTaKTH, 1 pabora pagvocTaHuvK kak Gyaro 61 cHoea Bo3oGHOBUNECE. Ho
CKOSBKO Pa3 KOHTaKThl HE 3auMLLANMCh, NPMEM W Mepefaya Ha Hawel panuocTasuum
neproRVHECKV Mponaaana W rosensnack cHosa. OuYBBMAHO, YTO MCTMHHSR MpUYVHA
NBPUOAMMECKOrO YxyaweHus paboTbl paguocTaHuvm Gbina He B BTOM, HE B MOXMX
KOHTAKTaXx...

Bekope Hamu Gbina OTKpbITa TaiiHa STOro sB/eHus. B TOT MOMEHT, Korpa Ha Halln
aHTeHHbl Caaunock 0BNaKa, i HAXOAUANCSA OKOJO NPUIOTA, B KOTOpoM Gbina pacrionoxexa
Hala paaMOCTaHLUWA U Haxooumvick pebsTta ua ekorammuvK, W YOnblluaa, Kak KTO-TO
ckaaall, 4To rMPoXoxaeHve ywno. BriocnencTeBu Mbl HEOOHOKPSTHO NPOBEPA/M BO3-
pelicteve 06nakoB Ha aHTeHHbl. CawTcs Ha aHTeHHbl OGNako — BCE, HET CBA3EN.
Mporkan Betep 06nako — Cpasy MOWM paguocesaw. Y10 Xe npoucxoauT, Koraa
0b/1aKko 3aKpsLIBaeT aHTeHHY? Moyemy oBnako TaK CunbHO BAMSIET Ha PaboTy aHTEHHbI?
3aeCb MPUCYTCTBYIOT HECKONBKO TIPUHMH, KOTOPEIE Mbl PACCMOTRUM HIXE.

JDOV3neKTPUIECKan NpoHULIAEMOCTs oBnaka OTMMYaeTCsl OT AVBNEeKTPUNECKON fpo-
HULL@EMOCTH BO3AyXa, KoTopas paBxa 1. Moaromy korpa obnako CafuTcs Ha 8HTEHHY,
€e aneKTpuHeckas O/vHa WM3MEHSIETCS, HTO NPUBOAUT K M3MEHEHWI0 pPe30HaHCHOM
HACTOTBl @aHTeHHbl. Takke W3MBHSIETCH BXOAHOE COMPOTMBAEHIE aHTeHHbl. 3TC Npouc-
XOAUT 338 BEcbMa KOPOTKOE epems, GyKsansHO 3a Ase-TpU MUHyTHl. Mpy 3TOM TOK
aHTeHHbl Ha BbICOKOYaCTOTHOM amIepMeTpe COrNacyiolero YCTpoicTaa 3a aT1o Bpemsi
MEHSETCH B HECKONLKO pa3! KoHedHo, HeBo3mOXHO oBecrieunTs NOoacTRoWKy corna-
CyI0Wero ycTpoicTaa acnea 3a U3MEHEHUSMU flapaMmeTpOB aHTeHHb!...

HO namMeHeHue PESOHAHCHOW 4Y4acToTh (M, CNaRoBarenkHo, BXOOHOTO COMPOTUBIE-
HUsl) aHTeHHbl B O6Nake OKazanacb TONBKO OOHOW M3 CTOPOH 3TOr0 HENpUSTHOrO
senenvsi. Opyrow, Gonee HeNPUATHOW CTOPOHON «Al-TleTprHokoro addekTa» okasanach
aKpaHKpoBka 06Nakom aHTeHHb. OGNaKo COCTOMT U3 MUANKAPAOB KPOWENHBIX Kanesnex,
Kaxaasi M3 KOTOpbIX K TOMy XE MOXET HECTM HeBONLLIOH oFpuLaTeNbHbli OTHOCUTENBHO
noBepXHOCTW 3eMny 3apap. CnefopaTentHo, BnaxHoe 061ako He SBNSIETCS U30NIITOPOM
KaKk BO3AyX. OTO KAKAs-TO Macca BEWeCTBa, KoTopas o6neaeeT HekOTopoW NPOoBOAW-
MOCTHIO, Qe ELe ¥ MUMEET OTpvuarenbHbli OTHOCUTENbHO 3emnn 3apsp. W BOT ara
Macca BELLLECTBa HAaKPLIBAET HAlLW aHTeHHbI... HakpuiBaHve oBnakom aHTeHH, HaBEepHO.,
MOXHO CpaBHWTL C HaKPbiBAHWEM aHTEHH METANIMYeckMm nucTom. Eule HBCKONBKO
MUHYT Ha3af Mor ObiTh BESVKONENHbIW fpUeM, a 4epes Napy MuHyT, Koraa rycroe
06naKo HaKpbIBaNOo Halul 8HTEHHDbI, MPVEM Ha BCBX AvanasoHax MOr fl0NHOCTLIO rpe-
KparuTbCa. JToT 3¢dekT Habmonancs NMPeuMylecTBeHHO B AHEBHOe BPEMS, Koraa
Genvie obnaka HakpbiBat aHTEHHY.

BLING 3aMEYEHO, YTO KOrAa YepHoe obnako HakpLIBAAO Haill aHTeHHbl, TO Npuem,
X0Ts v cnabbiit, Boe Xe NpUCyTCTEOBAA. TO AN MEHS OCTAETCs 3arankoW. “HepHoe
obnako oBbiHO 6onee ryctoe, qem 6enoe. Korpa Haxoovlbes B YepHOM obnake,
Takoe BReNaTNEeHne, YTO Haxopvwbcst B MenkoM aywe. Co BCeX CTOPOH OKPYXeH
MUKPOCKOMMHECKVMI Karenbkamut Boabl, KOTOpbIe CapsaTcA Ha OAexay, BOnock, 3ane-
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3al0T B Nerkue... A enusieT uepHoe o6nako Ha pagMorpreM ropaspo meHswe 6enoro
obnaka.

B HOYHOE Bpems NoSIHOro NpeKpatLeHus npvema 3a cyer o0baaKoB He Habmoaanoch.
OBbIMHO TONBKO MPOSBAANCA a¢pEKT PACCTPONKKM aHTEHH M3-3a TOrO, 4T0 OBNaKo
CBaMNoCh Ha SHTEHHLI WM NPOXOAWMNO 4epe3 HWX. TOK aHTeHHbl Ha amnepMeTpe
cornacyioLLero ycrpolicTsa fpy atoMm rinasasn. Mpyem CTaHOBWICS HEYAOBNETBOPUTENb-
HbM. MpYXoaMNoCk BPEMEHHO Mpekpalath PaboTy Ha PaaMocTaHUMK 1 kAaTb, Korpa
BeTep CAyeT o6naka ¢ HaLLWMX aHTeHH.

Crankveanuce € 3pdexTom savisHms obnaka Ha paboty papyocTaHuvy v Bpyrie
pagvomobutem, kotopeile paboTamy B rophbix ycaosusx. BoT 4To nuweT Axppei
Brmnylos / UA3SGV o pabore 13 ropHoro noxoga no Xubunam 8 2002 rogy [2]:

«11 aBrycTa rpyrina yxoouna B TPEXOHEBHOE KONbLO, U A MPUNRcLIBan OT HeTepne-
HUS — ckopee K Tpadoueepy! Yepes yac ¢ YacHo4oppa B LIMPK CyCTUROCH FycToe 00-
nako, Hecylee MenKyo OOXOEBYIO B3BeCh. W BCe, 3a uenbifi fieHb — TONBKO 14 CBAZei.
BCnoMHMAN B TOT MOMEHT OMMCaHVe paavo3KereavuMi Ha KpeIMckylo ropy An-Metpu
Wrops MNpuroposa [1]. Korga unran — yavensics, cagunock y HUX Ha ropy Takoe obna-
KO — CBAi3b NPaKTUHecky Npexpalianacs. S ¢ TakuM SBAEHUEM BCTRETUNCS BNEPBLIE,..»

«Al-MNeTpurckvil addekT» 3acTaBUn HAC OTKA3aTLCH OT YCTAHOBKM HarpaBNeHHbIX
NPOBONOYHLIX 8HTEHH, KOTopble & B3An ¢ coboi. JeicreutensHo, GONbLIYIO 4acTb
BpemeHn Ai-TeTpuHckoe rnaro nokpeito obnakamu. TMokpbitet oBfakaMu 1 Halm
aHTEHHb!... KakoW CMbICA yCTaHaB/MBaTk HarpaBieHHbIE CNOXHBIE SHTEHHbI, KOTOpLIS
Bonblylo HacTe BpemeHn ByayT HepaboTocrniocobHel. B oGnake aneMeHTsl HanpaeaeH-
HbIX FPOBONOHHBIX 8HTEHH Turia YAGI 6yayT UMeTh COBCEM HE Te PE30HaHCHbIE 4acToThl,
KOTOpBIE Heo6xopMMBl ANA VX HOPMankHOW paboTel. CreaoBaTensHO, FOBOPUTL O KaKOW-
nbo prarpaMme HarpaBieHHOCTW 8TUX aHTeHH Bbino 6bl GeccMeicnerHo. He nomornu
6bl HaM aHTEHHBI ¢ ¢a3vpPOBaHHLIM NUTaHKWEM. W3-3a TOro, YTO TY4M MMEIKOT HEroCTO-
AHHYIO OVONEKTPUYECKYIO TPOHMLI2EMOCTh MO CBOEMY O6keMy, ¥ K3 3a TOro, HTO 3TU
TY4M MOCTOSHHO fIEPEMELLAIOTCA YEPE3 Halll aHTEHHb!, 3NEKTPMNECKOe paccTosHWe
MEXAY B3NEeMEHTaMKM 8HTEeHHbl TOXe Byder NOCTOSIHHO M3MeHsTeCs. CnepoBaTenbHo,
OvarpamMma HaripaB/eHHOCTH TakoW (pasmpOBaHHOW aHTeHHbl GymeT MSMEHSThCA Mo
HEN3BECTHOMY 33KOHY.

Bor novemy gna paboTel B Hawed papvoakcriegvuuM Ha Al-MeTpyM mbei MOran
WCMOMNB30BaTh TONLKO NPOCTLIE OAHOSNEMEHTHBIE BHTEHHD!.

20.2. AneKTPOTEXHUYECKOE 3a3eMIEHUE BHTEHH

Brin elie oAMH O4eHb HENPVATHBIN adxpekT npu nocaake obnakoB Ha aHTeHHy. OH
NPOSBRSNCA B BWAE CMALHBIX SNBKTPUYECKVX NMomex. Mpu Genbix obnakax, koTopbie
SKpaHVPOBaNKM HalLK 8HTEHHBI, B fNPMEMHUKE 4aCTO Habmoaancs CRNOLUHOW TPECK,
repexoisawviA B XpUANLIf CeMCT WM cunbHBIM Genpii Wwym. B pagmoctaHumm P-143,
KOTOPYIO Mbl MCRONb30BaAM /15 paboTel B SKCreayLvK, aHTeHHa He Gbina anexTpuiecku
cogavHeHa C KOprycoM nepepatuvka. B pesynsrate pabora aToii pagvoCtaHum 8
ycnosusx 6enoro 06naka U3-3a CUNbHLIX 3NEKTPOCTATUHECKIX fToMEX Bbina NpakTieckn
HEBO3MOXHa. MPUKOCHOBEHME PYKOW K a8HTEHHE BHISbIBAMO CUILHBIN 3NEKTPUHECKII
yAap. HeoHOBas NaMrioyka, NOAHECEHHsA K aHTeHHe, ceerunack. Ecnn npu atom
aHTEHHY NPY MOMOLLM NAOCKOFYBLEB C M30MAPOBaHHLIMK PYYKamK (aKKypatHO M oc-
TOPOXKHO!) OTKMOYUTL K NPUBNM3KMTL K KOPNYCY PRAMOCTAHLMK, TO MEXAy aHTEHHOW N
KOPNYCOM PanuoCTaHLMKM NPOCKaKMBanu UCKpbl. Mpy HakofneHuy aHTeHHoW Bonbworo
CTaTMHECcKoro NoTEHLWana BO3MOXHO MOBREXIEHVE 3TON PaanOCTaHLMN.

370 NoKaaLIBaeT, HACKOIbKO BaXHO UMETb 3NEKTDMHECKOE 3a3EM/IEHVNE aHTEHHB! Ha
KOPIYC TNepesardvka wnn cornacyiowero ycrpovictea. Bo Bcex MoMX camMopenbHbx
TPAHCWBEPaX M B MOMX COrNacyioLMX yCTPOWCTBaX aHTEHHA Bhiia 3NEKTPMYECKY 3a3eM-
nexHa Ha 3eMmMO. OBLIYHO £ Anst 3TOro MCMosb3aylo PE3MCTOP conpoTvenerveM 100 kOM
¥ MOWHOCTEIO 2 BT, 3TOT pe3nCTop BKAKHEH MEXAY aHTEHHOW 1 KOpNycOM YCTPOWCTBA.
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Heobxoanmo 0coB0 OCTEHOBUTLCA HA HEBOBXOAUMOCTU HANIMMMA 3NEKTPOTEXHUHECKOTO
3azemneHus. Kopnyc nepegatoLeil annaparypbl AOMXEH MMETL XOPOLUEE SNIEKTPOTEXHU-
ueckoe 3asemneHve. B Halwem cnyyae 6610 HETPYAHO OCYLECTBITL TAKOE 3a3eMNeHne.
MpuloT nmen MeTanmqeckyio obLIVBKY, Kpbla fprioTa Gbina METARNMMECKOW, OKono
ApuvioTa Haxoaunacb Gonblwan MeTannMYeckas uucrepHa. Bce atn Beuwwv Bbinn coeapunHe-
Hbl Mesxay coboi TOACTEIMU METaNNMYECKMY YrosikaMu. Ham ocTaBanock ToALKO floa-
KAOUUTLERA K NMOBOMY GM3KOMY K HaM METanny, 1 OTIMYHOE ANeKTPOTEXHVHECKOe 3a-
3eMneHre 6biTo rapaHTMPOBaHo. Mbl NOAKAKNMAKMCE K METANNMHECKON Kpbie. 310 ans
Hac 0Ka3anoch Haubonee NMPOCTLIM.

Hamun Gbin OTMEHEH elle OYEeHb MHTEPECHBI MOMEHT FPW HakpbiBaHUK O6nakom
HallMX aHTeHH. B Moem cormacyiowem ycTpodcTee, KOTOPOE Mbl UCIONL30BAAN B
HallleW pagvoakcrieguumn Ha Ai-Netpu, Gbin YCTAHOBNEH MHAVIKATOR TOK& aHTEeHHbI.
WHorpa, korpa rycroe Genoe o6nako BbICTPO NPOXOAUNO HEPE3 HallM aHTEeHHb, TOK,
npoTeKkalowii 13 obnaka Ha aHTeHHy U [anee Ha 3emilo, KOTOpbili NOKasblBan am-
NEepMeTp cornacyiowero YCTpoicTea, RoCcTUran cra munnvamriep! MoHsTHO, NTO B 3TUX
YCROBMAX FOBOPUTL O KakoM-NW6o npreme Beino NonHOCTLE 6ecembicnieHHo. B Hayw-
HUKax CTOSNW CNAOLIHON TPEeCK W Pes.

Bot 6ul ator GecnonesHbiil TOK Mexay ofnakoM u 3emnei fycTuTb Ha fonesHse
Hyxap! Kak Gbl ¢paHTaCTUYECKU BTA maas HU 3BYYana, HO Takol Gonbliod TOK Mexay
aHTEHHOW W semnel BrionHe criocobeH penatk He TONMBKD NMOMEXM MPVEMY, HO Takke
1 pobpuie pena, HaNpUMeEp 3apPFXaTe aKKYMYNATOPbI.

20.3. Aii-MeTtpuHckuin adgekT aumoit

B nexabpe 2001 roga UR-QRP-C TOXe OpraHvW3oBan akchieavuuio Ha Ai-Netpu.
31a akcnepnuvs Boinia OpraHU30BaHa B YECTb CTONETUS MPOBEASHUA NEPBOI TPaHec-
okeaHckol paanoceasu I MapkoHW. Mbl MCNONB30BAAN CrieuVankHLIA NO3bIBHOM CUrHaN
EN100GM. [ns pabotul B adupe u3 aKorieauumi Ha KOpOTKWUX BOMHAX MPUMEHANCE
OBe aHreHHbl. OgHa M3 HMX — TWNa AAWHHBIN NpoBoA. 3Ta @HTEHHA O CBOEWN
KOHCTPYKUMM ObiNa NPpakTHecky Takaa Xe, Kak Mbl UCronb3oeanu secHor 2001 ropa.
Ee povHa Gbina 55 M, BEpXHUA KOHBLL 8TOW aHTeHHb Bbin 3aKPenneH Ha Ty Xe mauty
cnacateneil. Bropas aHTeHHa, wcnonb3yemana Hamu, Geina CB gvrons. Kaxaoe nnevo
aToro purions 6emo AavHoW 2,7 M, aMnonk Bbin 3anUTaH YEPE3 TONCTLIA KOSKCHUAALHBIA
Kabenb BONHOBLIM CONPOTUBAEHMEM 75 OM. JMHa KoakcuanbHOro kaGens oF aHTeHHb!
[0 cornacyiowero yctpotictea Gbina pasHa 8 M. 3Ta aHTEHHa YOOBNETBOPVTENLHO
pa6oTana Ha BbICOKOYACTOTHLIX AvanasoHax 10—20 metpoB. Kaxgas 13 aTux aHTeHH
fiogKoHanack K Hawed nepepaloweii annaparype (tpaHcveep tuna K-116 v pagvo-
craHuua P-143) Yepes cBOe OTAENLHOE COrNlacyiolee YCTpoicTso. Cxemb 3Thx co-
rnacylowpmx YCTPOWCTs npuBedeHsl B nurepatype [3], c. 193—195. B kaxgom us arux
COrNacyloluX YCTPONCTE aHTeHHa Bbina anexTpuuecky COeaWHEHa ¢ 3eMned.

W cHOBa Mbl CTONKHYMMCL € 3(PEKTOM B/MSHUS BHELUHWX METEOPONOrUNEcKUX
ycnoeuii Ha paBoty aHTeHH! Ha a7oT pa2 3710t ad¢ekT okasbliBan cHer. Mo4YTK IOCTORHHO
BO BpeMs Hawero npebBoBanua Ha Ai-Merpy wen cHer. 310 GLINO OYEHL KPacuBOE
3penuiue, koraa Gonbluve 6enpe CHEXMHKM MeaneHHo raaaiv Ha semmo. Ho, kaxaan
Takas CHEXMHKa Hecna Ha cebe HeBonblLoW oTpyLaTentHbih 3apsa. MpUKocHOBEHWE
TaKoN 3aPSHKEHHOWN CHEXWMHKUN K aHTeHHe COMPOBOXAAN0Ch OYEHb CRabbM LENYKOM B
HayuHVKax TpaHcvBepa. A korga BO BPEMS rycToro cHeronega ogHospeMenHo 10, 20
v 100 CHEXMHOK GOMpYKacanck C 8HTEHHOW, wamHoK Gbin BO MHOrO pas cuUNbHEN.
Bephee, cTosin NOCTOSHHLIN TO OCNaBEBaloWWA, TO YCUNMBAIOWMIACA TPecK.

Bo Bpems Xe CUNLHON METenu, Koraa CHeXHbIN MoTok 06BoNaKuBan Haly aHTeHHY.
13-3a TPECKOB, CTOSLUMX B HayLIHWKaX, GbING rMpocTo HeBO3MOXHO pabotate B 3dupe.
Korga metenk Gbina OYeHb CUNLHOW, MOSBNSNCs armocdepHblfi TOK MEXZYy aHTEHHOW
v 3emMnied. 3TOT TOK OYEHb YBEPEHHO PEMVCTPMPOBAN Hal aMINePMETD, PacroNOXeHHbIA
Ha cornacyiolem yctpodictee. Ho TOK 3TOT HE GbiT CTONb 3HaYMTENEH, Kak BECHOM,
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korpa Genvle obnaka NpoOXOOUNM YEPe3 HaWK aHTEeHHbl. CHer BbiabiBan TOK HB BbICO-
KO4aCTOTHOM aMrepMETPE COrNacyioLlero ycrpoiicTea BenvuuHoi He Gonee 10 MmA.

OpHakKo e0 BpeMst CHEronasoB Mbl HE HABMIOAANM NONHOIO NPeKpalueHKs NpruemMa,
Kak 370 6610 BECHOW, KOrpa 6enoe 061aKo Caaunock Ha HaLW aHTeHHb!. Ho, KOHEHHO,
npy CUREHOM TPECKe B HayllHUkax paboTaTk @ adupe Taxeno. U ece xe K Tpeckam
£ HaywHUKax Yyepe3 napy AHeil Mbl G TPyAOM, HO aaanTuposanuch. CneaosaTensHo,
CyxOil CHer yxe He OueHb CUNEHO Mewan Hawel paGoTte B adwupe. Hambonee cuneHO
Mewan Haweit paBote Yyt BraxHbIA CHER BRaxHbIii CHer peako Hec Ha cebe oTpu-
uarentHbii 3apsf, 1 NpY CONPUKOCHOBEBHUM C AHTEHHOIN TakUX CHEXWHOK B HaylLLHUKaX
TpaHcuBepa He OGN0 wienykos. B 7o Bpems, korpa wen BraxHuiil cHer, B adupe
cTosna TuwnHa. Bripouem, ato 6pina obMaHuMBas Ong HAC TULIMHA. BRaxHbiii cHer
HaNUNan Ha Hawm aHTeHHb!, NocTeneHHo Aenas ux Bce Gonee u Gonee ToncrsiMu. B
KOHLLE KOHLIOB HAWKM aHTeHHb! Mo CBOEMY Enay HanoMUHaIM TONCTbIX Genbix 3K30TU-
YECKVIX 3MBW, KOTOpble HEU3BECTHO KakK 3anonanu Ha Ai-letpuHckoe nnavo...

HYepez HEKOTOPOE BPeMS CHErornaga aHTeHHb! OKAa3blBaIMCh OAETHIMW B TOMCTLIA
CHEXHbIA AnanekTpuHeckuii pykas. JiManekTprueckas NMpOHULEEMOCTb CHEra, a TeMm
bonee YyTb BNaXHOro CHera, cywecTeeHHo Bbile 1. KoHEYHO, 3TOT CHEXHbI pykas
Ha aHTEeHHE MEHSN BNEKTPUHECKYIO O/MHY aHTEHHbI, KOTOpas 3aBUCEna OT TOMLUWHL!
3TOMO CHEXHOMO MOKPbITUA. MeHsIn CHEr BXOLQHOE COMpPOTUBREHWE aHTeHH. MMoaTomy
BO BPEMS TaKOro CHerornaga no Mepe HaiWMaHU! CHera Ha NPOBOAA aHTeHH HECTpoika
aHTeHH Bce BPeMSA MeHsnack. MpakTvuecky MOCTOSHHO FPUXOBMAOCE MOACTRaMBATL
COrfiacyiolUe YCTPOWCTBA KaXAoN U3 aHTEHH.

MNMocne o4eHbe CUREHOTO HaNMMAHUA CHEra Ha aHTEHHY COrNBCYIOLIEE YCTPOWCTBO
yxe He romorano. AHTEeHHHIA TOK MNaBan BO spema nepepaun. Pe6otarb Ha Takylo
CUNbHO OBNenneHHyIo CHEroM aHTeHHy Ha Maioii MOLWHOCTU GLING NPOCTO HEBO3-
MOXHO. Mo3ToMy mpuxoavnock 6pate B PyKW ANMHHYIO MauiKy, TEMAO OAeBarbcsl U
WUATA CTPSXMBATE CHEr C @HTeHHbl. MoCne 3Toro OHW CHOBAa A0 AanbHeiero Hanu-
naHug Ha Hux cHera paboranu kakoe-to Bpems. Kak Mpasuno, CTPAXUBaTb CHEr €
aHTEHH MPUXOJMNOCL HECKONLKO pas3 & AeHb, a BO Bpems OBUMbHLIX CHEronasos —
no4TH Yepes kaxabiil yac.

CuHera Ha AiA-TMeTpuHCcKom nRaTo GLINo OYeHb MHOTO. K aHTeHHaM npuxoavnoch
NABITL CKBO3b CHEr. CTos ra Mo Nosc B CHEry, a rga u no rpyAb, Mbl Gunn anuHHoM
Nankoil No HawmM aHTeHHaM. MNpy He O4YeHb YAAYHOM yAape CHEr ¢ aHTeHHb! nonasan
33 WMBOPOT, 3a OYKKM, JIE3 € HOC, YuM U 8 POT. HYT0 MEHankHO, yXe Yepes rmonuyaca
NPOTONTaHHEE HaMK Cneakl BO3ne aHTeHH 3acbkinan cHer Mpu cneayiolem oceobox-
BEHUN aHTEHH OT CHEera CHOBa NMPUXOAWIOCH WATW TO MOSIC B CHEry U CHOBa npoTan-
THIBATL HOBYIO AOPOXKY...

BosBpalianmcb Mbl, OBNENREHHLIE CHEroM, Kak GONbilue XUBble CHEroBUKW, U
BbicTpee Bexamu rperbest Bo3ne kamuHa. CHer Bbin 8 kapMaHax Kyptku, B obysw, B
pykaBax. KOHEYHO, yBuparb CHEer ¢ aHTEHH Mbl MOTTIU TOMNBKO B CBETNOE BPEMS CYTOK.
Houblo BMAMMOCTE B CBETE ¢HOHAPR BO BPSMS CHEronafa COCTAaNsna HEeCKOILKO
MeTpoB. MATN NO MOSIC WnK N0 rpyAb € CHery 8 NIoBylo 13 CTOPOH OT NpUIoTa B 3T0
Bpemsi 6o HebezonBCcHO. Mo3TOMYy HOYLID Mbl OBLIMHO He pabotann B adups.
HanomHIp, 4TO BECHON NPaKTUHECKN KaXAylo HOYb Hawa PaavocTaHuMs 3syksana B
adupe. MO CHer Ham He No3BONUN JensTh 3TO.

YTPOM HaLUM AHTEHHb! OT HANMMLLIErO Ha HUX 38 HOYb CHEra CKACHANUCHL MoNTU A0
camoil 3eMNU UnY, BepHee, A0 CHera, NexXBLULEero Ha Heil. TonluHa CHera, HaUNWero
HB AHTEHHL! 1 Ha KoakcuabHbii kabene aunons, aocturana uHorga 20 oM B avameTpe.
Kaxnoe yTpo 8 C YXacoM AyMan, 4TO HawK aHTeHHb! He BLISEPXaT CHers 1 oBopByTCS.
BOCCTaHOBUTL @HTEHHE! B YCAOBUAX NOCTOSHHOIO cHeronaza 6uiio Bbl 04EHE CNOXHO.
MeTannuueckas MauTa, Ha KOTOPYIO § MOBECWA AHTEHHY TUNA ANUHHLIA NPOBOA, YXe
Ha BTOPOI AeHb Halel akcneavLmn MOKpbINack NERHON KOPKOW U 3ane3Th Ha Hee
yxe 6eno HeeoamoxXHo. Kpbiwa obnepeHena v MOKPENACh TOACTHIM CAOEM CHera.
3aneaTe Ha 3Ty KPbiWy W, CNefoBATENBHO, BOCCTBHOBMTL AWMOSbL TOXE YXe Gbino
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HEBO3MOXHO. KOrfa Mbl 3aBepLImy 3KCMeaULMIo 1 Nnokuaoanu Ai-lMeTpuHckuil NpuioT,
TO OCTaBWIWN Hall BHTEHHL!, BUCSLUMMU HA CBOMX MECTaXx...

YTpOM HacTpouTb obnenneHHylo CHEroM aHTeHHy BLII0 OYEHb TPYAHO, MOMTW, YTO
HEBO3MOXHKO. TOK aHTEHHb! Mnasas, MPUeM COBMECTHO C STOI aHTeHHol Toxe 6bin
HeyfI0BNETBOPUTENEH. TOMILKO NOcne OCBOBOXAEHVS aHTEHHb! OT CHEra oHa HayvHana
paboTatb... U craHua EN100GM cHoea aByvana B adupe.
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21. CONPAXEHHBLIE TOYKW 3EMSIU
1 PACINPOCTPAHEHVE PAOUOBOJH

Hanvecatb 3Ty rhaBy MHE MO3BOAMA ONbIT Moeit npeatiayuieit paboTsl, KOTopoit 8
3aHUMANCs B TeYeHue cemu net. B mou o6s3aHHOCTY No paboTe Bxoanno obcnyxueaHme
cery cnyxebHbix YKB paguocTaHumii, pacrnonoxeHHbix No Boei Benropoackoii obnacTu.
CeTb paavocTaHumii CocToRna ua craumoHapHbix YKB paawocraHumii Gonbluoil MoL-
HOCTV, PBCTOMIOXEHHbIX B PasHbiX HACENBHHBIX MyHKTax obnacti. 3T paguocTaHumm
MOTfIN BECTU CBR3b Mexay cobol HenocpeacTBeHHO WK NepenasaTs PaguorpamMMbl
Apyr vepes apyra. B paiiode, oBcnykveaemoM CTaUMOHAPHOIN pagmocTaHuveil, 6binm
BO3UMblE PAANOCTaHLMM, YCTAHOBREHHBIE Ha aBTOMOBMNSX, U NEPSHOCHLIE PaavoCcTaH-
LuK, NpUHaanexalwe IMHHOMy cocTaBy. MepeHOCHbIe ¥ BO3UMbIE PAOMOCTAKLIMK MOIU
nepxXarb cBa3b Kak Mexay coboit, TaK 11 ¢ LeHTPaNbHO CTaumoHapHON paguocTaHumen.
CrauvoHapHas pagvocTaHUMsi MOrRa PETPaHCIUPOBaTL PaBoTy BO3VMMBIX U HOCUMMbIX
paavocTaHumii 1 oBecrnesrBaTE TEM CaMbIM X OanbHIO CBA3b Mexay COBOoN.

Yxe B nepebiil rog moeid paboTtel s 0B6paTun BHUMAHUE HA TO, YTO © HEKOTOPbIX
paiioHax Benropoackoit 061acTM NOCTOAHHO CyWECTEOBaMM NpobfemMbl CO CBA3LIO.
PapyocTtaHumMK Yacvo fioManncb, CBA3b Jaxe Ha HeBGoMbwom paccTosHuM Gbina He-
yBepeHHO. B ppyrux paiioHax obnactn aToit npobnembl He 6bN0. PagvocraHuvn
Beerpa buinv ucnpaskb!, cBssk yeToiumsan. B o6nactu ucnonb3osanucb OBHOTUNKBIE
PaanoCTaHLMK U OQHOTUNHLIE aHTeHHb ans Hux. Moatomy MHE CHavana 6bino coeep-
LIEHHD HEFIOHSTHD, MOYeMY OAVH W TOT X8 TWUI PapvoGTBHUMM B PaaHbix paioHax
obnacT pabotaer abconoTHO NO-PA3HOMY.

B nepsoe Bpemst MHe Ka3aiOCb, 4TO B 37O CUTyauuy BMHOBEH nepcoHan. Hempa-
BUNLHO® CBCNYXMBAHUE PAAVDCTAHLWA, NNOXUE aHTEHHBI MOTAW MPUYBECTU K TOMY, YTO
CBfi3b B HEKOTOPLIX mecTax bbiia HeycToitumBoil. OgHako Yepes HEeKoTOpoe epemsi §
FIOHSA, 4TO BTO HE TaK.

B Tex paiioHax, rpe paavocTaHuMK HacTo JIoMaNuch, OBCNYXUBAHMIO PAAMOCTaHLMIA
yaensnm ocoboe BHUMaHve. Vix 3akCnRyaTvpoBaiM CorfiaCHo BCEM npaewnam, 6binu
YCTaHOBNEHB XOPOLUME aHTeHHbl. HaoBopoT, Tam, rae paguoCTaHuum He FIoMamck Y
cBfAsb Gbifla YCTOM4MBAR, NepcoHan pepko obpalyan BHUMAHWE HA npaBufibHoe uX
obCcnyxuBaHue.

Monysancs NBpajokc: B paiioHax, rpe paavocTaHuvy MpasunbHO OBcnyxuBany,
OHY paboTanmn HEeYAAOBRETBOPUTENLHO. A Tam, FAE He YAansnu BHUMaHUe VX NPaBNBHOMA
akenRyatauuy, paguocTaHuvn paboTtany OTANYHO!

B uyem e 6uifia npuumHa ux Takoi pasnuqHoi paboTui? H Bce BoMblue CKNOHSNCH
K MLICAW, 4TO 346Ch OTHETAUBO NPOSBARETCS PoNb mecTa. ECTb mecta GnaronputHbie
AN YCTAHOBKW PaguoCTaHUMIA 1 8HTEHH, @ BCTb MEeCTa, KOoTopble He BnaronpusTHh
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ang 3T0ro. 3T0 €Le NOATBEPXKAAN0CH LITATHBIMK UCTILTaHAMK aBTOMOBUNbHEX pa-
AMOCTaHLINIA.

Yepea onpeaeneHHoe Bpemst oduLepbl CBR3N NMPOBEPSIM KaYeCTBO CBA3M MEXAY
BO3VIMOW paguocTaHuveil n 6a3oil. [ins 9Toro Me! cagwninucs B aBToMoburns, obopy-
AoBaHHbI Boavmoil YKB paaviocTadumei. Astomobune coeepwan ofbeas paiioHa.
KOTOpEIA OOCNyXMBana CTauMOHapHas paguoCTaHUMA. B HEKOTOpHIX MecTax CBR3b
Mexay BO3MMOA M CTauMoHapHOW paavocTaHLumeid oTcyTcTeoBana wnn 6eina nnoxoro
kavecTea. MepcoHan, B asTomobune koroporo Gbiia ycraHoBREHa BO3UMAR PaAvo-
CTaHUMA, YBEPSN MEBHS, YTO G BTUX MECT BCErfa HET yAOBNEeTBOPUTENEHON CBsau. Vinu
4YTO TOMBKO 3UMOI (WK B ZpYroil ce30H foga) OTCiofa eo3MOoxHA CBR3b. C Zpyrx
mecT, HAoBOPOT, Mbl HE TONBKO CBR3LIBANMCL C MECTHOM LIEHTPANLHON PaavocTaHuMel,
HO W CNbiann Apyryie Aaneko PacrioNOXEHHLIE CTauMOHapHbIE PaavocTaHLMmM

AHanus penbeda MECTHOCTW, rae GuNKU PacronoXeHbl 3TV 3aragoyHbIe TOYKK, He
CMor OBBACHUTE TaKOro 3araficHHOr0 NPOXOXAeHUs PaanoBonH. HoO aHanna HassBaHwit
MECT, aHAIN3 CBOCTE 311X MECT B Z1aNbKEeMLIEM NO3BO/A MHe YBTKO CrPOrHo3MpoBarb,
roe MoryT BbiTh PacroNioOXeHbl Takwe MecTa. STO BCE UBNOXEHO B [aHHOW rnaee.

Yepez HEKOTOPOE BPEMA A MOT TOMLKO Ha OCHOBAHWKM Ha3BaHUR MECTHOCTU U Ha
OCHOBaHUM MOrOAHbLIX YCAOBUIA 3TOI MECTHOCTU SICHO CKa3aTb, HTO B TAKOM-TO MECTe
CYLLECTBYIOT TPYAHOCTU CO CBA3LIO WA, HAOBOPOT, CBA3b BCErAA OTNMYHas. MepcowHan,
KOTOPbI 3KCNAaTMPOBAN PagUOCTaHLMK B TEX MECTax, NPakTUNEeCKn Bcerfa noaTeep-
XOan MOW MPEaNoROXeHUS.

B coeetckoe Bpems MHOTVe cesna 1 AepeBHY NepesuMEHOBany, AaB UM KPacuBLIe
HB3BaHUA. HO CBOWCTBA MECTHOCTM OT 3TOr0 He U3MeHWnMCb. Ana Toro, 4robbl on-
PEAENUTE CBOMCTBA Kakoit-nubo MECTHOCTY, | NOAL30BANCS AOPSBOMOUMOHHBIMU Kap-
Tamu.

3aH1mance pagvionobuTenscTeom, pasroBapusas ¢ paguonioburensmu o6 ux Aoc-
TIDkeHUsX, 8 elwe Gonee ykpenuncs € cBoem ybexaeHun, 4To CBOACTBA HaHHON
MECTHOCTN OKa3blBAIOT O4EHL CUNBHOE BIMSHME Ha NPOXOXAEHWUEe PaavuoBONH B AaHHON
mecTHoCTU. B Benroponckoid obnactn pacronaralotc OrPOMHBIE 38REXWN XEeNe3HON
pyaost. MoaToMy 312 MECTHOCTL FYCTO YCesHa MecTamy, BAMSIOLLWMY Ha paBoty anna-
paryps! 1 +Ha NpoBefeHue PaarocBsau.

21.1. Mud QRP

Mhorue paavonobuteny NpeanpyuHUMaIM NONbITKY PaboTaTk MAOoA MOLLHOCTBIO —
Ha QRP. Ho He y BCex 3Tu MomnbiTKW yAayHo 3BKOHYMNMCL. YacTo MOCNEe Takux CBOMX
HeypauHbix nonbiTok 3T paavoniobutenn He BepsT B Bo3MoxHOCTL QRP pabotsbl. Hutas
B paguoniobuTensCKux XypHanax o pocTwxeHusix npu pabote Ha QRP, 3a1n pagvoniotv-
Tenn roBopAT: «Yernyxa, Mup 1 obmaH». [eiCTBUTensHo, eciv Mbl NPoBEAEM pacyet
TRacCH CBA3W, ONMPBACE HA CTPOTVEe GOPMYNEl U3 TECPUM PACTPOCTPaHEHUs paavo-
BONH, Mbl NIPVAEM K BRIBOAY O TOM, 4TO TpaHcokeaHckre QSO npu paboTe € UCNONL30-
BaHMEM MOWHOCTY 1—5 BT HEBO3MOXHBI. Ho Takue ceasu npoBoaatca! U aTo He Mud,
4TD MOTYT NOATBEPSVTE paavioniobureny, MposoavisLive Takue QRP — QSO.

Tak 4TO Xe No3BONSIET HEKOTOPEIM PaavonbwtensM npoeooute QRP — QSO?
Mpexne ecero — mecTo.

21.2. ConpsixeHHbIe TO4KK 3emnu

Ja, umeHHo BO MHorom Bnaropaps reorpaguyeckoMy FONOXEHUIO PaauocTaHun
BO3MOXHO nposegeHne DX-QSO ¢ Hee mpy vCronb30BaHWU NPOCTOLM annaparyphl.
DNaBaiite pazbepemcs, NnoteMy 3TO Tak. Jinsi 3TOr0 HEMHOrO OTENEYEMCs OT NpoGnem
MOBUTENECKOI PAANOCSS3N Y NOCMOTPVMM Ha YenOBEKB.

Bce Mbl yXe 3HaeM, 4TO TENO Yenoseka MokKPbITO 0COBEHHLIMU TOuKaMK, Ha3bIBa-
EMBIMY  aKYNYHKTYPHEIMU. BO3ABCTBYS HEKOTOPLIM OBPA30M HA 3TW TONKW, 4acTo
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PacrionoXeHHLIe B CaMblX HEOXMOAHHBIX MECTAX, MOXHO C Ne4ebHON LeNbio BO3gei-
CTBOBATb Ha NoGbIe opraHbl YenoBeka. Mpu 3TOM TOUKM, C NOMOLUBIO KOTOPbIX OKA3LIBAIOT
BO3AENCTBUE Ha OAWH U TOT e opraH MOTYT PB3MELLETLCH B pasHbiX MEcTax Ha Tene
qenoBeka. Pasnuunbl Takke MeTonbl BO3AEHCTBUR HA 3TV TOWKW. Jledenne JenoBeka
BO3JeCTBUEM HA €r0 aKynyHKTYRHbIE TOYKM WUrOAKaMK LWMPOKO MPaKkTUKOBANOGSH B
Kutae yxe bonee peyx Tbicsd neT Hasas.

Ho, kak 6bin0 oBHapyxeHO & XX Beke, Hawa naaHeTa 3emns Takke NoKpeiTa
noAo6HbIMK TOYKaMut. OHM HOCAT HA3BaHNE «CONPSHXKEHHbIX» TOYEeK. CONPHXEHHBIE TOUKU
XapeKTepuaylTcs Tem, YTO NpK Bo3peiicTBuax noBoro xapaktepa rpaBUTauMoHHOrO,
ANEKTROMArHUTHOro, CENCMUYECKOro B OOHON 13 CONPSXXEHHLIX C APYTVMIA TOHKAMU
aTU B03AefCTBUS NPOSBASIOTCA B APYIVX COMPSKEHHbLIX TouKax C Takoi CKOPOCTLIO U
cUnoil, KOTopbie He MOTYT BbiTe OBLACHEHL! U3BEGTHBIMU HAM 3aKOHAMI PachpoCcTpa-
HEHUR 3TUX saneHuia.

Hanpumep, npu npoBeaeHWM SNEpHbLIX B3PLIBO8 ObiNo OBHAPYXEHO, 4TO B CO-
NPAXEHHBIX C MECTOM B3PbiBA TOYKaX FPOUCXOAMT YBEIWNEHUE PaanOaKTUBHOCTH,
MOBLILLABTCA TEMMNEPAaTypa, MPOUCXOAAT CEHCMUNECKUE ABNEHUS, XapakTepHble NS
sapepHoro Bapsisa. Mpuyem atu addekTs HabAIOBAIOTCA NPaKTUYECKU OOHOBPEMEHHO
C NpoBeaeHWEM B3pbiBa 32 MHOMC ThICRY KWIOMETPOB OT HEro. M3BECTHbIM Mexa-
HU3MOM pAaCcrnpPOCTPaHeHns aTux Bo3neicTeuii 310 He MoxeT BbiTk obbsicHeHo. Ko-
HEYHO, CUNa MPORBNEHUS 3TUX SBREHUIA B CONPAXEHHLIX TOYKax BbIPaXeHa BeCbMA
cnabo. Ho Tem He meHee oHa BMONHE (UKCUPYATCR CYLUECTBYIOLWMU CPEACTBEMU
namepexus.

MNpossreHne CONPSXEHHLIX TOYSK 3eMNU B PAAVOCBSI3N ELIPAXAETCS B TOM, 4TO
paxe nenonbsya HeBOoNbilyIc MOLWHOCTE NEPEAaT4nKa B 3TOI TOYKE, B COMPSXEHHbIX
TO4KAX Mb! NONYYUM AOCTATONHO BLICOKMIA YPOBEHE PaavoCUrHana, npesbiualowmnii ero
BO3MOXHbI TeopeTuHeckuil. B Takux mecTax 4acto MOCTOSHHO ChkiLHBI yaaneHHble
PAAVOCTaHLMY, HAaXOASLMECH 38 MHOMVE THICRYM KUNOMETPOB B CONPSXEHHBIX MECTAX.
Mpy yoaneHuy OT TakO MECTHOCTU HA HECKONLKO KUNOMETPOB, 3TW CTaHUMK YXe He
CNbiWHbL. Pagvonobuteny, XuByLiME B Takux MECTax, MOryT NPOBOAUTH MOCTOSHHO
fansHue CBR3N C ONPeAeneHHbIMA yAANeHHLIMY KOPPECTIOHASHTEMU.

21.3. ConpsixeHHble To4kM B uoHocdepe 3emnu

Zipyroe NposBneHNe cONPXEHHbIX TOHEK B UOHOChEPS 3emAl XOPOWO U3BECTHO
BCEM paavoniobutensm B Hawe epems. MMpy 3anycke KOCMUNMBCKMX KOpabnei nnas-
MEHHbIl Cnea NPosBRAETCA B MOHOCHEPS HE TONBKO B MECTe 3anycka KOCMUHeCKOro
kopabnsl, HO U B COTHSX APYrX MEecCT, BECbMA YOaneHHbX OT MecTa 3anycka. B
Pe3yNLTaTe 3TOFD MPOVCXOAUT PESKOEe KPATKOBPEMEHHOE YNYHWEHWE CBA3W Ha Nio-
BuTEnLCKUX NPOMEXYTOouHbIX YKB ananazoxax 6—10 meTpoB. 3T0 yxe nposeneHue
COFPSXEHHLIX TOYEK MOHOCHEPb! 3EeMAK, KOTOPLIE B Hawe BPEMS SBASIOTCS Npak-
TUHECKU He U3Y4EHHLIM SBNEHMEM.

21.4. Otkyna NpOVCXOAAT COMPSXKEHHbIE TOHKU

HByka nbitaeTcs [aTk OTEET O MPOMCXOXAEHUM TOHMEK aKyMyHKTYpb! Yenoseka. Ho
OTKYHAa M KaK NPOMCXOHSAT CONPSKEHHBIE TOHKY 3emnl, aHaNOMMNHLIE TOYKaM aKymyHK-
Typbl 4YenoBeka?

O6parvumes K cTpoeHvio Hawei NnaHeTb 3emns. He Bynem KacaTtscs Teopum, Benea-
CTBUE KOTOPOW Hawla NRaHeTa npeacTasnneT coboii HeuTo XmBoe. YTobL 3arafats Ham
MHOXECTBO HEPasPeLIMMbIX 3arafok, BroSIHEe NOCTATONHO TeX PearibHbiX (hakToB, KOTOo-
pble Mbl 3Haem O CTPOEHUM Hawlel nnaHerb.. 3arnsHEM BHYTPbL NaaHeTb! 3emns. Mog
BHeLLHe CMOKOIHOIM ¥ HeabibAemoli NOBEPXHOCTEIO 3EMAU NMPOUCXOAAT BENVKUE NpoLec-
Cbl. TEKyT Moa3emHble PEKU, MHOrVE U3 KOTOPbIX FOpa3fo GonbLie 38MHbIX PEK, MIeLyT-
CR rUraHTcKvie MOpS 13 BOAk! U HETH, NPOXOAAT Ma30BLIE NOTOKKU. HUXe NoA3EMHBIX PEK
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W MOpeit 13 BoAsl U HEDTY NPOTEKAIOT PEKU U NNELLYTCS MOPS M3 PackaneHHo! marmel,
Ha KOTOPBIX, KaK CHATAETCS, NNABAIOT HAWKW MATePUKI.

B MeCTe TEKTOHMYECKUX PASNIOMOB MaTePKOBLIX NAYT (3TO, AAXE CNOXHO NpeacTa-
BUTE, TPECHYBLUMIA U PACKONOBLIMIACA MABTEPVK, PasHbie NMONOBUHKY KOTOPOIO «MiibIByTs
B pa3Hbie CTOPoHbI) MPoUCxoanT ceoeobpasHble «MarHeragby», Gywyior bypu na packa-
NEHHOM MarMbl. 3XOM 3TKX Bypb 1 «PackajIvBaHVs> MaTePUKOB SBRFIOTCR 3eMneTpsce-
HUS, YHOCSALLWE XU3HN NOPOI AECATKOB ThiCHY YENOBEK, 1 U3BEPXEHUS ByNKaHOB, KOTO-
puie B ApeBHOCTM rybunu uenble uvBuimaauum. MposeneHem OCTaTONHON BaATENLHO-
CTU MOA3eMHBIX CUN SBRAIDTCH PYAHLIE MECTOPOXAEHUS, 3aneXu 3010Ta U anMasob.
MecTa TexToHUHECKVX PA3/IOMOB 3aroNHAET BOAA, B PESYNLTATE YEro, Hanpumep, obpa-
30BaNOCh Camoe rnybokoe 03epo B Mupe (rny6uHa cebiwe 1600 M) Baiikan.

HeobxoaumMo CKasBTb, HTO O CTPOEHUM MNAHETbl 38MNA HENOBEK 3HAET HUNTOXHO
mano. Kocmudeckue kopabnn nepepany Ham ¢GoTorpshuy ¢ okpanH CONHENHOM Cuc-
Tembl. Tenepb Mbl 3HABM, KaK BbIFNIREAT NRAHETHl, OTCTOALWE OT HAC HA MHOTUE COTHU
MUJIMOHOB KWIOMETPOB, HO Mbl HE 3HAeM TO4YHO, KaK BbLIFNSOWT HAlLa niaHera,
HaxoAifLiasca y Hac nop Horamy Ha raybuHe 10 KUNOMeETpoe.

ACTPOHOMbI MOTYT COCTaBUTb KapTbli SBE3OHOMO HeBa HA MHOIME BECATKU ThiCAY
neT Brepea, MOTyT NPeACKasaTh CONHEYHbLIB U NYHHbIE 3aTMEHUS HA THICHHU neT Briepes.
HUKTO 13 XMBYLLX CEAYAC HUKOrEa He CMOXET VX YBUAETL U NPOBEepUTh NPABNILHOCTL
Takux pacweros. Ans 99,9999% HaceneHus 3emm 3TK NPOrHO3bl HE HECYT HUKAKOW
LEeHHOCTW. B TO e Bpems Mbl He MOXem Npenckasarb 38MNETPACEHVE XOTA Bkl Ha
OfAVH peHb Briepaj, 4To cnacno Bb Xu3HU MHOMKMX nioaeit. Mbl 40 CUX MOp He 1Meem
TOYHbIX KapT MHOrMX MecT 3emnn. YenoBE4YECTBO TPATWUT ruraHTckue cpeactsa Ha
OVCKM NOA3EMHBIX UCKOMEEMBIX 1, CKOPBii BCero, ByneT TPaTuTb Ux B TEHEHNE MHOFUX
net u s bynywem.

Mano uccnenosaHHEMU SBRSIOTCA CONPSKEHHLIE TOYKN 3eMK, 8 HANMUME WX KapTbl
U XapakTepa MposBleHui i morfio Gu1 O0kasBTh GECLEHHYIO NOMOLL B paspelueHuv
MHOIX 3arafok Hawei nnaqeTs. Ho pasaiTe 0BpaTMMCA K ToMy, HTO YX6 UCCIenoBaHO.

21.5. Tunbl conmpsXeHHbIX TOueK 3emnu

Ha Tene udenoeeka TOYKM aKYNyHKTYpb! MOXHO AOBOfbHO NErko Onpesenvuts ¢
NomoLLBI0 06LIKHOBEHHOrO oMmeTpa. B atux Toukax HabniopaeTcs peakoe ysenuueHue
UM ymeHbLeHe CONPOTUBREHIS MEdK/ly TOMKON aKynmyHKTYPbl U BTOPLIM SNeKTPOAOM,
KOTOPLIA HaXOANTCS B NEBOI pyke YenoBeka. CrefoBaTentHo, Ha Tene HeoBeKa MOXHO
oBHapyX1Tb [Ba TUNA TONEK aKYNYHKTYPb: C BbICOKO NPOBOAVMOCTBLIO M € HUIKO#M
NPOBOAYMOCTHIO.

Mpy NpoBEAEHUM NCCREN0BEHWUIA CONPSHIKEHHBIX TOYEK 3eMA BLIND BbISCHEHD, YTO Ha
NOBEPXHOCTV 38MAK, TaK Xe Kak Ha Tene 4YBROBEKa, CYLLECTBYET 83 OCHOBHbIX TWFA
TOueK. T TOUKM BbiNM YCROBHO HaaBaHbl «Gence natHo» (BI) u «uepHoe natho» (4HN).
Pastepem, Yem aTu TOUKM XapaKTepurayioTCA U YeM OHY UHTEPecHb! A PAaVOCEA3N.

B mecte Bl HabniofaeTca peakoe yny4uieHue NPoxoxXaeHus. Ha kakux-To ysacTkax
pagvoauanasoHoB HaBAIAAETCA NOBLILIEHHBIA 3MUPHLIA LyM, 4aCTO BOSMOXEH XOpO-
wuit NpUem ¢ UCTIOAL30B3HNEM CYPPOrarTHol aHTeHHH!. Yacto 3dupHbiA LWym, perun-
CTPUPYEMBIA NMPUEMHUKOM, UMEET BONHOOBPA3HLIN XBpakTep (LWym Npubos) v NRasHo
KOuyaTr no AvanasoHaM. VIMEHHO «Beftie NsTHa» SBRSIOTCS CONPSXKEHHbIMU TOYKaMM
MEXAY PB3MUHHBEIMK MecTamK NOBEPXHOCTY 3emnu.

«HepHoe NATHO» — STD MECTO, FAe NPOUCXOOMT fBHOB YXYAWEHUE paauonpuema.
Kak rokasbiBaeT OMbiT, B TAKOM MECTE HenoBEK YacTO YyBCTBYaT ceBs naoxo, y Hero
6onuT ronosa. B TakmMx mectax HacTo HabnoaalTes cBoM KOMLIOTEPOB, MAOXO pa-
6otaeT mobas MUKPOINEKTPOHHAR TEXHUKA W CNOXHAR MEXaHVUYECKas anrnapBTypa.
Hanpumep, HaqMHAIOT HeNPasunEHo VAT MEXBHWHECKWE 4actl. «UepHble MATHa», Kak
NPEANONAraioT, CONPSKEHB! HE C MECTHOCTAMU, HAXOOALWMMUCS Ha NOBEPXHOCTU 3emnn,
a C ToYKamW, Haxomsuwmmes BHYTpM 3emnv. MoaToMy B MECTE uX pacnofioXeHus
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NPOSIBNAOTCA HeraTvBHble BO3AeicTBuA, OBYCNOBNEHHLIE 6CTECTEEHHBIMU YCIIOBUAMY
BHYTPY NRAHETHI 3eMNN: BLICOKMMI TEMNBPATYPamMK, NOBLILLIBHHLIM YPOBHEM rpaBuTa-
UK, BbICOKMM [aBNEHMEM W APYTIMI, MOXET 6biTb HEVSBECTHBIMUW HAM, NPUPOAHLIMU
fBREHMAMU. ECTECTBEHHO, 4TO TaKUM BAVSIHVEM HAWB0/B6 NOABEPXEHD! «TOHKME» BELL.
B coBpemeHHIX MUKpDOCXEMaX TOKM, NPOTEeKAloMe B HEKOTOPLIX SNEMEHTaX, Hacuu-
THIBAKT HE MUWINNOHbI ANIEKTPOHOB, KaK B NAMMAX, @ COCTABNSIOT AECHTKN 3NEeKTPOHOB.
3710 MOXET O6LACHMTL, NOYeMy anmnaparypa Ha MuKpocxemax Bonee wyBCTBUTENbHA
KO BCSKOro poja BO3geicTemnsm.

VIMEHHO Tem, 4TO OAUH paavonobUTent NPOXMBABT B MECTe pacronoxeHus B,
a apyroil B MecTe pacnofiokeHus YI, MOXHO OBEACHUTb, NoHEMY Y OAHOrO Xopowme
peaynerate) npy pabote B ajupe Ha CTapOM NAMIOBOM TPAHCUBEPE G NPOBOSICHHON
@HTEHHOIi, @ y ApYroro — HeT, HECMOTPS Ha TO, NTO UCMOML3YIOTCH NPeKPACHLIA
COBPEMEHHbIM TPAHCKMBEP U HANPABNEHHLIE AHTEHHb!.

Y MeHs HAKOTMIEHO MHOTO UHTEPECHBIX (bBKTOB, NOOTBEXEAIOLMX CYLIECTROBAHIE
«B M»r 1 «4 M». Xovy npueecTn oawH us 3tvx daktoe. Muorve paavomobuteny,
KOHE4HO, NOMHAT UBSIF 1 ero noyuurentbHble pasroBopbl B 3hupe 0 HACTPOMKE aHTEHHDI
VS1AA. Ho, BCE Jano B TOM, 4TO OH MPOXMBAN B SIPKO BLIPAKEHHOM «BesioM NATHE»,
TOMEKO 3TUM 1 OBLACHAETCR ero Takas (heHOMEHaNLHBS paboTta B adupe. CTouno emy
TOMBKO NOKUHYTL «BE/10€ MATHO» — 1 ero PaguoCTaHLUMS, U aHTeHHa cTanu paboTaTe
TaK, KaKk U y apyrux paguvonioburenei...

Bor kaxoe coobiueHwe onyGnukoean Anekcauap JlecHuumii (RUBLA) Ha dopyme
«Hz» or 18 pekabps 2002 roga no nosogy paboter UBSIP

«..51 BernomuHalo UBSIF — MOXET, KTO eLye NoMHUT — OH «rpemen» Ha 40M net
20 noapsa. M camoe yauemntensHoe, 410 6bina y Hero VSTAA (rpocTas NpoBosIOYHas!
aHTeHHa) v PA Ha I'Y-13, a norom 'Y-80 v Bce 310 B 9acTHOM cekrope. Jlaxe Ham ¢ 3-
anemeHTamy Sirv GbiT MHOTAA BECLMA YOVBUTENEH €ro npuem v nepenaya! OH Bce aTo
OBESICHAST «NPaBNILHOCTLION U3rOTOB/IEHMS 3TOi Camoif VSTAA! Pacckasbieal, Kak Hano
NpaBsu/ibHO e [enars (HarpyuMep, nposog 6parte He 3-Mm, a 3,2-mm!t)... Ho notom oH
niepeexan 8 ApYroi 4OM, HaxonsUmics B 2 kM OT CTaporo... Bee nponano! Ox nepese-
NbiBan VSTAA, 8 kOHUE KOHLOB nepenec co cTaporo QTH v CTapyIo BHTEHHY BMECTE ¢
mByTamy — He nomorno! C Tex nop ero Ha Avianas3oHax npaKTUNecKy He CTAN0 CALILLHO. ..
HasepHoe, Tak ¥ He CMOT NPUBBLIKHYTL PaboTaTh KaK BGE OCTANbHBIE. ..»

21.6. O6HapyxeHue YN n BN

Ho kak xe oBHapyXuTkL Takne naTHa Ha noBepxHocTV 3emnu? To, Yro B YT NpyuemMHUK
C TpyAOM NPUHUMBET cnabble curHans, a B BT, HaobopoT, HabnioaaeTcn OTAUYHLIA NpK-
€M, HaCTOo Jiaxe € CypPporaTHoi aHTEeHHOM, elue He RBfReTes crocoBom Ux oBHapyXeHus
Y [OKas3aTeNbCTBa UX CYLUECTBoBaHUA. CKeNTUKY MOTYT NPUBECTU MHOXKECTBO NPU4YH.
oBLRCHAIOLWME NROXOI U XOPOLMIA NPUeM B PaaHbIX MECTHOCTSAX.

OpHako CyLIecTBYBT O4YeHb MPOCTOil cnoco6 oGHapyxeHus W AoKasaTenscTBa Cy-
LLECTBOBaHUA TakKx NaTeH. Cambiii NPOCTOl U3 HUX — 3TO OBLMHAR KIMMATUHECKas
KapTa. Knumaruueckas KapTa oTpaxaeT CPefHIo TEMMEPATYPY, NOCTOSHHLIE «po3Ll»
BETPOB, CPEAHBE KONMHECTBO OCAAKOB B [aHHOW MECTHOCTU B TEYEHME HEKOTOpOro
BPEMEHY, 3TO MOXET BbiTb KOHKpETHEI MECAL, Mnu Ce30H rofa. Brpouem, mHorve,
HABEPHOB, 3aMeNany, Y4T0 €CTk MECTa, FAe BCerpa Wiv Tennee, Uu XonoaHee OTHO-
CUTENLHD LPYIX MECT.

B TennbiX U Cyxmx MecTax (No KIMMaTu4eckoit kapTe) Hanbonee YacTo NPoSBNMIOTCA
YM, B x0nogHEX U BnaxHbX Gorfee sbipaxeHb! BM. OTCiona MOHATHO HasBaHwe —
«4epHOE nSATHO» U <bence MsiTHo». Ha ¢oTorpadu MECTHOCTU U3 KOCMOCa UK C
camoneta, cAaenaHHoV B UHGbPBKPACHBIX Nyyax, 3T NATHA AENCTBUTELHO BLIrSOAT
KaK 6enoe nny YepHoE NATHO. Mo CpaBHEHWIO € oBuwM cepeiM GOHOM BOTOrpabuu.
Paamepbl dTux nATEH MoryT GbiTb AVAMETPOM OT LECSTKOB METROB AD HECKOSBKMX
KWIDMETPOB, HTO OYeHb HETKO BUAHO H3 ASHHLIX 23POCHEMKU.
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PaszfnyaloT ewe TaK HasLIBaeMbIE MHEEPCHbIE NSTHA. 3T0 Havbonee aarafoYHLIe
cpeAn OCTanbHbiX BUAOB COMPSIXEHHbIX MECT. «VHBEPOHOE» MECTO XBPaKTEPUIYEeToS
TeM, 4To KOrpa BCIOAY XONOOHO, B 3TKX MecTax Habnionaetcs seHoe norennexHue. Ko-
Tha BOOAY TEMNO, B 3TWX MecTax HabfiopaeTcs SBHOE noxonodaHve. Korae Boiogy
UREeT OOXAk, B 3TvX MECTax CTOUT Cylib. W 3TU METEOPONOrHECKUE SBNEHUS HOCAT
YCTOMHMBLIA XapakTep, NPOSBASIOTCA U3 rofa B rof, U3 NokoneHus B NOKONBHE.

B «HBEpCcHoM» MecTe HabniopaloTes KpaiiHue BapuaHThl NposeneHus BN u YT
VAW OTAVNHBIA NPUEM, WY HUHErO HE CRbILIHO. «/HBEPCHHE» MBCTA MOTYT NPOSENATL
cebs TONBKD MpY CMEHE CE30HOB, MOryT B 3aBUCUMOCTM OT teaoHa Gwme unu B,
wnn HMN, Hanpumep, BN — netom, 4HYM — aumoir. MOryT naxe MeHsTbCs B COOT-
BBTCTBUM C PUTMOM JNiyHHOrO KaneHgaps! «MHBEpCHEIE» METHA MOTYT NOSBISTLCS U
WUCHe3aTb, OHW MOTYT MNIaBHO MEPEMELLETECS MO noBepXHOCTH 3emm. OueBMAHO,
4TD MHBEPOHLIE NATHA CBH3AHb! G KaKOIA-TO AEATeN:HOCTLIO BHYTPU Halleil MneHeTb!.
Ho ¢ kaxoii? 3T0 A0 cux fop OCTaeTcH 3arafkoil. Tak e HEeMOHATHO, C KBKUMM
TOUKAMUN TNaHeT! CONPsXeHbl «MHBEPCHBLIE» MECTA, TaK KaK COMPSXEHHbIE C HUMK
MECT& TOXE MEHSIOTCS.

HacTo yxe B HB3BaHWUM MECTHOCTU CKPbIT Bro xapaktep. Harnpumep, Cyxas banka,
XonopHas ropa, Jibicas ropa, YpoxaitHoe (BN 1 HIM eamusioT He TONMEKO HA NPOXoXAeHWE,
HO W Ha POCT pacTeHuit). HeKOTOPbIE MECTHOCTU M3OAEHA NONL3YIOTCA AYPHOI CNaBoi,
Y MECTHLIE XUTeNM HK 33 4TO He roWAYT TyHa B TEMHOE Epemsl CYTOK, 3T0 ¥ eCTb
VHBEPCHbIB MecTa. Takue HasBaHVs TOXe OTPaXEHb! HApOAOM, HanpuMep «HepToBo
noroso», «4epHaq nongxa» 1 ap. B anoxy CCCP mMHOrMM atum mMecram ganv apyruve,
6Gonee GnaroseyyHble HAa3BaHWUR, OJHAKO CBOWCTBA TEX MECT OT VX NEPSUMEeHOBaHUA
HE WU3MEHWIUC...

COCTOsHME MOHOCKhEPL!, MArHUTHBIE BYpY HE BIMSIOT HA <MHBEPCHLIE» MECTA W HE
BAMSIOT HA MpoXoXAaeHne pasvoBonH B BI, Y.

21.7. PapnocBsa3b 13 COMPSDKEHHbIX MeCT

Ecnu Bbl BApPYr OBHapyxvwmn, 4to npoxusaete B YN, T. 8. B BAWEM MeCTe ABHO
FIAOXDI NPUEM MW ABHO NJIOXO OTBENAIOT NPU papvonobuTensckoit pabore, a ByksansHO
PRAOM C BaMU Ha TOM e annaparype mMoxHo npoBogute DX-QSO, To ans yenelHol
papvonobutTensckoil paboTel BaM HEOBxoavMo cmeHuTs QTH. B npoTtvBHOM Chyvae
HU KBAnMpUKauMA, HU anrnapaTypa, HW aHTEeHHE! HEe MOMOryT.

Ecnu @ Bam Kaxercs, 4To Bbl Haxoguteck B Bll, TO Ebl & 3TOM MOXETe O4YeHb
npocto y6eputbes. MNpoaHanuavpyitre Bawm QSO. [ins aroro wx ynobHO HaHeCTn Ha
KapTy. $IBHOe npeotnajaHre CBR3eW C KaKUMU-TO OTAENbHEIMU MECTHOCTAMY, SBHOE
yAyHLIeHUe NPOXOXAEHUs 1 BO3MOXHOCTEN NpoBEAcHNS PaAuocBaaeil B orpeasneHHeEe
MOMEHTb! BpEMEHK, @ siBneHne BlN, kak u YI, yacTo Hocutr BOnHoOOpasHblii XapakTep,
MOXeT ykasark, 4YTO Ebl Haxoguteck B BI.

CuMTABTCH, 4TO YACTOTHBLIA CMEKTP PAAMOBOSH, HA KOTOPbIA OKa3blBAIOT BrusHUE
corpsieHHble Toukn — BI, YM, fexuT OT HECKONBEKUX JECHTKOB repl, A0 COTEH
wmerarepy. Mpuuem B kOHKpeTHoM BTN uan YN HabnopaeTcs SBHbIM NVIK UAW MWKK HA
KaKUX-TO Y4acTKax HacTHOro AMBrasoHa.

MNpoaHanuauposas csou paavionobuTenbckMe CBA3M N0 AMANAa3oHaM, N0 Chbium-
MOCTY PasyHbIX BELLETeNEHbIX U CAYXEBHLIX CTaHLuui, MOXHO ONPEOEeNUTL OKHA
4acToT, B KOTOpLIX BePonTHA Nyuwas pabota B adupe B KOHKPETHOM MECTe.

Obpartute BHUMaHKE ELLE U Ha TO, 4TO ECTL 0AHOCTOPoHHKE BIM n Y. B 3Tux mectax
HaBRIopAeTCs ABHOE YXyDLIEHWE (AW yAyuLIeHe) TORBKO U Npuema, Unv nepegaqn.

Mpumep: Bbl crbivTe crabyio QRP-paavocTaHuymio, 8 oHa OTBEYEET BaM TOALKD, EC-
U Bbl UCTIONL3YETE MOLHOCTE BO MHOMO Pa3 NPEBLILLAIOLLYI0 MOWHOCTL 3TOW CTaHLMU.
Unu Ha Baw QRP-BLI3OB OTBEY2ET Ky4a MOLWHLIX 100-BaTTHLIX CTAHLMIA, @ Bb KX CAbILUW-
Te HB 339... Ho Takne OHOCTOPOHHME MecTa BCTPEYAIOTCH HAMHOIO PEXE, YEeM Knaccu-
yeckue B v 4.
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WUrak, B NpoBeaeHUn niobutensckvx paanocssaeil Gonbluoe sHajYeHUe UMEeT reo-
rpaduryeckod PacronoxeHne pasuocTaHLK, 0CcobeHHO eCNU PAaVOCTAHLMSA PACTONo-
XEHa & MecTe CrpSHXEHHBIX Todek. B atom cnyuae, vcrionbays mpocTyie annaparypy
1 MPOCTbIE AHTEHHDbI BrOHE BO3MOXHO NPOBOAYTL PAAVIOCBRA3U CO MHOMMMU TOHKAMU
3emny, 0COBEHHO ECM OHU SBRSIOTCS COMPSKEHHLIMIA TOUKAMM.

Knaccuyeckmii BapuaHT nposieneHus «6enoro natHa», Korpa Yepes HEeCKOSbKO NeT
pagvonobuTens 3amesaeT, HTO C OOHUMU OMNPEAENeHHbIMK MECTHOCTAMU 3emin y
Hero nposeaeHo GOMbIIDE KONMNECTBO CBR3Eil, a C APYrUMM MECTHOCTSMU — HeT.
NcnonbaosaHue Hanpas/eHHbix aHTeHH, Gonee COBEPLUEHHON annaparypb!, 6o1ee MoLL-
HOro nepefarymnka HacTo He [aeT xenaemoro addexTa.

Hy a Bapyr okaxeTcs, 4ro Bbl paboTaeTe ua «4epHOro nATHa»? UK Bawe «6enoe
MATHO» BAPYr OKa3ai0Ck MHBEPCHLIM MECTOM 1 Yepe3 HEKOTOPOE BpeMs NPeBparufioCh
8 «yepHoe NATHO»? Boe ycunus, HanpaBReHHEIE Ha MNOKYNKY A0pOroii annapsTypbl, Ha
YCTAHOBKY HOBBLIX aHTEHH, HampacHe. 3pdgexTusHas paGota pagvonotuTens HEBO3-
MOXHa...

Yro xe, @ 3TOM Cnyyae Bbl UMEETe NPeKPACHY BO3MOXHOCTb U3yyaTb CBOICTBA
A0 CUx NOp He uayueHHbx Aaxe e XXl Beke mecr.. BHumarensHO cnywaiite adup,
CpaBHuBaiiTe Bawy peEOTY ¢ paboToi ApYrix NIOBUTENLCKIX PAAVOCTaHUMIA, OTMeuaiiTe
3aKOHOMEPHOCTW 6 MPOXOXAEHUM PaauoCTaHLMI, PaGoTalowux U3 PasiuyHbX MECT.
W, KTO 3HAET, MOXET, UMEHHO Bbl M OTKPOETE A0 CWX NOP HEWUSBECTHbIe CBOICTBa
CONPAXEHHbIX MATEH.

CpasHuBaliTe camu, Y4TO 418 BAC NYYLO: NPOBECTH MHOXECTBO OQHOTHITHBIX
ceasell unu croeil papvomoSuTenscxoii paboToi NPMGAU3NTE Pa3pelIeHWe TaliH
Haweh c samn nnaHeTH Jemnsl

21.8. 3akmoqeHve

BapuaHT 3Toi Cratby Buin onybnmkoBaH B MHTepHeTe. Ha Hee MpuLLAo MHOrO
OT3bIBOB, KaK NOATEEPXAEOLUMX, TaK U KPUTUKYIOLUMX 3Ty CTaTblo. XOHy npusectu
TONbKO 0AvH Hawbonee UHTEPECHBLIA K3 HUX. JTOT OT3bIB Bbin OnybnvkoeaH Ha KPC
WebSite (www.krs.poltava.ua), QUA-UARL #46, ot 22 Hosbps 2001 roga:

AKYMNYHKTYPA 3EMIN U PAOUOJIOBUTENN (HEMPOBEPEHHAR ULEA)!

Ha marepuen RZ3ZK — cm. ##43—45
From UAGLTO (npuBoguvcs € cokpalleHusmm):

...NO3TOMY XOTENOCh Bl CKa3aTe HECKONIEKO CAOB B MOAAEPXKY AaHHOI mupew.

1. Teopus «akynyHKTypel 3emnu» HE HOBA, paBHO OBCyxaaetcs u Bonee TOro,
HBBpaH AOBOMEHD GONLLIGH 3KCNEPUMEHTAAEHLI 1 (HAKTONOrMHecKuiA marepuan.

2. JMYHO Y MeHR XpaHATCR BaHHbie, COBpaHHbIe Ha NPoTaxenun 4 net ¢ 1988 ropa,
Korpa f paboTan HayansHVKoM uexa cesiaK BopkyTUHCKON reatuanyeckoi akcneamumun.
370 610 OYeHb YAAYHOE CoueTaHue ANs uU3y4eHus NpobnemM PaavocBAsu B NOASpHbLIX
LMpoTax ¢ «NPUBA3KOM» K reounamseckoil coctasasioweid, 6naro annaparypa ons Toro
u apyroro 6bina Hensnoxan. 17 NoneBkix NapTViA akcneauumm 6Nk pasbpocaHbl» HA Tep-
putopuy oT HapesH-Mapa o Canexapna, 6aza Haxoaunace B BopkyTe. Mapmm «Koye-
Banw» NPaKTUYeCKU eXeroaHo, No3ToMy 30Ha UCCReaoBaHus 6bina AOBOSILHO OBLIMPHOIA.
Metoar «30HAVMpOBaHMR» BbiMy pasHee, HO XO4Y BHAENUTL ABa, NPSMO NPOTUBOFO-
JIOXHbIX:

— celicMopazBenka, 3BKIIO4ABLUASCS B MOKPLITMA MCCNESYEMON MAOWAaN Cenc-
MOAaTHMKaMK, COEAMHEHHEIMU B CETE W NOAKMIOYEHHBIMU K CneLvanvanpoBaHHoil 3BM;
6 ONPeaeneHHolN TOYKE NMpPOUSBOAVACH B3PLIB 38PAAA, M UMMYALCHl OT PA3HLIX CAOEB
3EMHOI NOBEPXHOCTU (PMKCHPOBANUCEL STOW CETHIO BATHMKOB:
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— KapoTax, UCCea0BaHue NPoBYPEHHBLIX CKBEXWH C MOMOLLLIO pa3NuiHON 3NEKTROH-
HOlA annapaTypb! U AaTYVYKOB, ONYCKABLUMXCA B CKBEXVHY Ha AOBOALHO GOMBLLYIO rRybuHy.

HO 0Co6EHHbIA MHTEPEC NYHO AN MEHS TOMBA NPEACTABRRAN0 COOTBETCTBYE reodu-
3nMeCKUX YCNOBUIA, B KOTOPLIE Noneaana nonesas NapTus, ¢ KaYeCTEOM PAAUOCES3N Me-
xay snonem» n «Gasoits. OgHa v Ta Xe annaparypa («PCO-30» — «[lonoca», «Iposa»,
«ANMas», a BrocneacTBun — «AHrapa»} nonesoil NMapTuv, OOHU U Te Xe aHTeHHbI Npy
nepeesge Ha HOBOB MECTO HauuHank BecTy cebs coBEPLIEHHO No-Apyromy. Buinv U Tpa-
reguu: ocHalleHHbie «Kaparamu» Tonorpadel, paboTaewme Bokpyr nonesoit Naptum B
pagmyce Ao 10 KM, MHOTEa 31moii Norubann, Tak Kak He MOMfIM Ha BroSiHe MCNPaBHON
paaMoCTaHumMK CBR3aTLCA Ha YacToTax 1600... 1800 kI ¢ OCHOBHOM paguocTaHLvel no-
NEBOM NapTuUK, HaxXOAVBLUGIACH OT HUX HA PAcCTosHUKM 5—6 KunomeTposl

Koreutio, Noboit pagvonioburens, mensBLumniA QTH, mor IvHHO yEenuTLCS B TOM, HTO
ero annaparypa Ha HOBOM MecTe BeAeT cebn No-Apyromy. HO 8 B paHHOM Cry4ae rosopio
0 ZPYroM: O «HUCTOTE 3KCriepumMeHTa». MNepeesn B npenenax HaceneHHoro NyHKTa, Koraa
6CTb APYroil pensed MECTHOCTU, APYras 3acTpoiika 346HNIA 1 YPOREHE NMPOMBILLAEHHBIX
nomex — aTo ogHo geno. Ho nepeesa nonesoii naptum Ha 10...20 kv B CTOPOHY, € Non-
Hbiv nyBIMpOBaHMem pacrnonoxeHus Bankos, MadT 1 Apyroro obopygosaHus B Bonblue-
3emernbCKOl TYHAPB (T. 8. NPaKTU4eckn Ha POBHOM MECTE) — 3T0 Apyroe aano. daktm-
4eCK1 MEHSNACh MMBHHO «aKyNyHKTYPHaA TO4Ka», 1 BCE 3aBUCENO OT TOro, YTO HaxoauT-
©s noa Horamm. K TOMY Xe ecnu paavoniobutens, cmeHus QTH, He Bcerpa aHaeT xapak-
TEPUCTUKY HOBOr0 MEecTa, TO B [aHHbIX Cnyyanx Gbin0 M3BECTHO NPaKTUHECKU BCE:
NPOBOAUMOCTh NOYBbI, CTPOEHWE BEPXHWUX CNOEB, KNMMATWU4ECKas KapTa, reoMarHuTHbie
COCTaBRSIIOLLME (Beb 3KCNeauuma-7o reoduandeckast).

B Takux ycrnoBusix, B nepuop, 1988— 1992 rr. (Toxe, KCTatu, roaa aktveHOro ConHue)
MHe yAanocb cobpark GonbLWoil MBTEpran No MHTEPAcoBaBLIeH MeHs TemaTuke — co-
OTBETCTBUS re0hUaNHECKIX NapameTpoB U yCAoBUM NPOXOXAEHU] paauoBONH B YCRo-
euax 3anonspes. Tak Kak s K ToMy pemeHy yxe Gbin AvnRoMUPOBaHHLIM PaavoVHXe-
HEpPOM (OKOHYMNT MOCKOBCKUII MHCTUTYT BNIEKTPOHHON TexHUKKM), TO 3TV AaHHbie Bbinut
UCNONb30BaHbl ANs AUNAOMHBIX PaBOT HEKOTOPLIX MOMX APY3eit B BopkyTe npu okoHua-
Hyn UMy By30B B CaxkT-TeTepbypre. Ho Boe-Taky BonbLIOHA 11 cepbe3Hoi npopeBoTky,
TpebyloLueil CrieuanbHoro NPOrpammHOro 0BECNBUeHS, 3TV MaTepUanb! BLUE XAIYT.

3. HacTb NpakTUHECKWMX PeKOMEHOALMIA No BLIBOPY MecTa Ans aHTeHHL! 1 BoOBLLE
ans QTH paguoctaHumn s oBewan YneHam knyba «APKTUKA» onybnvkosats B crie-
uvanbHoil Bpowilope-npunoxeHun K knybHomy BlonneteHio «Paavotorn» B 8TOM rogy.
K coxaneHuio, y MeHs KaracTpodu4ecku HE xBaTaer cBobOAHOrO BpeMeHU anst Toro,
4y106b! 3aBEPLINTDL 3TY, yXe aHOHCUPOBAHHYIO, KHUXKY <AHTEHHb!I apPKTUYECKUX 3KCne-
Avumiis, HO ceivac pedb He 06 atom. 51 npocTo xovy noaaepxare BCE, 4To ckazaHOo
e cratbe RK3ZK «AxkynyHKTypa 3emnu», TaKk Kak BCB, 4TO TaM WU3NIOXKEHD, uMeeT
NPaKkTUHECKOE MOATBEPXAEHVE B coBpaHHbIX MHOK marepuanax.

Bonee Toro, Bce paavomobureny, 3auHTEPECOBBHHLIE B MOCTPOEHUN Takoi «aky-
NYHKTYPHOM KapTh! 3emnu», Morny Bbl BHECTH CBOI Bkrag, npoaHanuauposas cober-
BeHHbIIA OMbIT 1 annBpaTHbIA XyPHaN. YacTeHbKO NPUXOAUTCS CRbiAaTh B ahups:

«Baw pervion uaet y MeHs Ha 59 npu nlobom npoxoxaeHm!» Bot u Hapno cobpars
B OOHOM MeCTe faHHble O Takux «napaxs QTH, cBR3aHHbX mexay coboit «npu nioGom
NPOXOXAeHW». HaHECTU X Ha KapTy 3emnn v NOCMOTPETL, YT NOAYYUTCS. KoHeuHo,
aro 6yneT AVLLUE NEpBOeE, O4eHb rpyGoe NpubnuxeHe.

Mo MOWM LaHHEIM, TOHKYW, BNAroNPUATHLIE 1A PBIMELLIEHNA 8HTEHH, PACTosaraoTcs
B y3nax cetku 10 Ha 10 m, Ho obLLes HEBraTUBHas MU NONOXKWUTENEHAA XBPAKTEPUCTUKA
y3na MOXET, Kak crpaBennvBo 3amedeHo B ctarbe RK3ZK, «paspactarbes» Ha 1—2 kM.
OcobeHHO 3TO KaCcaeTcs TONEK C NNDXUM MPOXOXKAEHUEM.

4. Hy a HAacHeT TOFNCHUMUKW PaiioHOB (32E1MCUMOCTY Ha3BaHUS MECcTa U ero CBONCTE),
noBepsTe, TaM Ha CeBepe 3TO O4EHb XOPOLUD BbLIPAXEHO U COOTBETCTBYET AeicTen-
TencHoCTW. Beab B TyHAPE MECTO MOXHO PasiuuuTb MO TOMY, Y4TO Ha OOHOM ONeHu
nNAacyTCA. NACANTCH U XUPEIOT, @ HA BPYrOM — [AOXHYT, OOHAKO.
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5. CripasenmBoCcTy paan, Xody OTMETUTb, YTO B C60PE faHHbX TAKXe YHacTBOBaM
paboTaBLIMe BMECTE CO MHOI B LLeXe CBR3yu BOPKYTUHCKOM recdusnyeckoi akcneayumm
Anekcarpp Babux (UASXLG) w Bragumup Apriokeswy (RAGXQ, exRASXBF).

73! AnexcaHap Makcypos, UABLTO (exUAOXGB, RA9XO)

22. ®EHOMEH LDE

«A long time ago, in a galaxy far, far away...» K2xeTcs, Takoil 3acTaBKoil HBUMHBETCS
3HAMEHUTLIN GUNEM «3BE3AHLIE BOWHE. Y€ [aBHO He CMOTPEesn Kaccety... Muoro net
Hasan, B 0AHOI AeNexoli ranakTuke... Ho MHe Xo4eTCs 0BpaTUTLCS K OOHOMY YOVBUTE b~
HOMY SIBNEHNO, KOTOPOE OLIA0 OTKPLITO HE Tak BABHO MO BPEMEHW U [0 CUX NPOUCXOAMT
+Ha Haweii 3emne. 310 dpeHOMEH HocUT HazBaHue «Long delay-echo» — 3x0 € 3e0ePXKo
paanocurkana curnana co BpemeHem 6onee HeCKONBKMX CeKyHA,

22.1. OvkpbiTue LDE

Bnepabie 370 sBneH1e Beno orcaHo B [1] HOPBEXCKUM paaviouHxeHepom Jorgen Hals,
Habrionasluvm B koHUE neta 1927 rona LDE OT KOPOTKOBO/IHOBOH paavoBeLLaTenbHoii pa-
aviocTaHuvm PCJJ, Haxopswalics okono ropoaa Eindhoven, Hdanuvs {Dutch). 3ta papviocran-
uua paborana Ha BonHe anvHoi 31 M. Jorgen Halls npuHsia 9x0-CurHasibl OT 3TOM paanocTaH-
uvm € 3aaepxkoit 7o 10 ¢. Ero npuemHas craHumws Haxoamnace B Bygolo, okono Oslo.

Ecnu npuHATE BO BHUMAHWE, YTO KpYrOCBETHOE BX0 MpUXOAUT BCEro MWk ©
3anepxxkoil okono 1/8 ¢, 10 nerxo GbINO MOHATL M3ymneHue Jorgen Hals, Korae OH
MpUHAA CTOMb 38AE8PXaHHBLIe BO BREMEHWU paauocurHansl. MPuyem npuHsSThIe CUrHak!
LDE 6t A0OBONEHO 3HAYMTENLHbIMW MO CURE. HeyaVBUTENLHO, YTO MONTM rog OH
XpaHun MonuaHue 06 STom sBneHUN. U TONBKO HeoaHOKpaTHO npuHse LDE 1 ybeaus-
LKCb B CYLLECTBOBAHWK 3TOro #BNeHws, Jorgen Hals pewmnca Ha nyBnukauvio mare-
pranos o ceoux HabnoaeHKax. Cam OH Hanucan B cBOeM cooBiuegHUY 06 3TOM SBReHUN
TaK: «5l He MOy OBBLRCHUTE 9TO SBREHUE, 5§ MONY TORLKO MOATBEPAMTL, 4TO Habnoaan
ero...». K c4acThio, Torpa Hayka paamoTexHuKa TONbKO pasBUBanach 1 310 cooblieHue
HUKOMO HE yAnBWNo. Hao6opoT, yYeHbie HayaulM NMpPOBOAUTL UCCNENoBaHws 3TOro 3a-
rafjo4HOro NBNEHUS.

K yavBneHuio MHOIUX y4eHbix, 3KCNBPUMEHTEL, NPOBEAeHHBIB UM, NOATBEPXAAM Cy-
wiecteoBaHue deHomeHa LDE! Pagvoduauk Ban-pep-TMone (Van der Pol) coobwmn, 4to
VM TOXe BbINo HEOOHOKPATHO NPUHATO 3X0 CUrHana € BoMLLIoH BPEMEHHOM 334EPXKOIA.
Nosxe, B 1934 roay, Van der Pol npunsn LDE oT Toil xe pagvoctanumm PCJJ [3], 4To 6610
JLOKYMEHTaAbHO 3apUKCUPOBAHO €ro NomowHKKamK. (Ban-pep-Tonk uasecteH wa 3ana-
Be MHoruMKn ceoummn paGotamu B obnacTi pacnpocTpaHeHus paamoBonH. [lo cux nop uc-
nonk3yeTcs ero GopMyna AN PacHeTa HaNPsKeHHOCTY 3NEKTPOMBIHMTHOMO nons. B co-
BETCKON PaanoTEXHNHECKON nuTepaType 3Ty GOpMyIy HbISbIBaIOT (hopmynoi LUyneliku-
Ha—Ban-pep-Mong [2). Lyneiikuh M. B. (1884—1939) — asTOp OCHOBOMNGNArAIOLLMX
TPYAoB B 0651aCTV PACnpocTRaHeHUs PaAoBOSH. )

22.2. Wccneposavve LDE

Xo4y NPpUBECTU BLLE OOHO AOKYMEHTANBHO 3ahUKCHpoBaHHOE HabnioaaHue heHoMe-
Ha LDE. dpamuysckas Hay4Has kcneamuus BO rnaee © y4eHbivm J. B. Galle 1 G. Talon,
B 1929 rogy oTnpaeunack B paitoH MHAOKUTAS (HANOMHUM, 4TO B TO Bpems UHAcKUTaR
Enin (hpaHLy3CKoN KonoHuen) ans nccnepoBaHus akTBHocTV ConHUa. 3Toit 3Kenaaum-
uveii, noBbiBLIEN HEMAND UHTEPECHLIX AaHHBIX B 3TOW 06AACTU HayKK, TAKXE NPOBOAU-
AUCHL MCCNEA0BAHUA NO PACHIPOCTPAHEHUIO PaAVOBOSH. Hay4Han 3Kcnepuums Obina Tia-
TEAEHO OPraHVU30BaHa, B €€ COCTABE HaxOLWADCH HECKOSLKO Kopabreii.
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Ans nccnenoBanns PacnpocTpaHeHns PAAVOBONH B 3KCNeaLM Gbin MCNONL3oBaH
nepeparyink MoLHOCTEI0 500 BY, pabotalowwmil Ha BonHe anvHoi 26 M. Mepegarimk Gein
YCTAHOBNEH HA 3KCNEANLIMOHHOM CyaHe «La Perouse». AHTeHHA nepenarinka — [uH-
Hbii? nyd (NPoBOA) AymHOW 20 M, KOHEL KOTOPOro 6biN 3aKpenneH Ha MayTe Ha BeicoTe B
METPOB OT nanybw kopabas. Ha 6epery B Poulo Condere pacnonaranack npueMHas pa-
AVOCTaHUMs, KoTopas NPoBoAvna NpuMeM CUrHanos Nepenarymka aToro cygxa [3].

2 mas nga cyaHa, «La Perouse» n «LInconstant», oTnabinm ua nopta Saigon. Kaxapie
nonyaca B TeveHme 10 MUH NNaHMPOBANOCh NOCHINATH CNELMEIIbHLIE MOLYNMPOBAHHBIE UM-
MyNbChi, N0 MOSYNSLIMM KOTOPLIX MOXHO GLIRC CYAUTL © BpeMeHM, Koraa oxk Goinn nocna-
Hil. OAHaK0 BO BpeMsi NNaBaHUs 3Tux AayX Kopabneih 3Ty 3KCNEPUMEHTL! MPOBOAUNINCE HE
NOCTORHHO, NMNOXas NOrofa MHorAA Mewiana ux NpoeeaeHmio. He 3abiBaitTe, 4To panmo-
CraHUus Gbina YCTaHOBNEeHa Ha KOpabne U NUTanack OT €ro SHePreTUHECKOH yeTaHoBKM!

Ho 8 1 9 Mas 3TV 3KCNEPUMEHTE! N0 PacNpPOCTPaHEHUID PAAUOBOSH NPOBCAMIMCHL
rnocrosHHo. B peaynerate 9 Mast 1929 roaa 6bino ohmimansHo 3adMKCUPOBAHO SENEHNe
LDE. Beiv NpUHATE PaaMOCUrHanNb C 3aAEPXKOiA, goxopsiueit no 40 cekyHa. MNpuHaTeie
curvansl LDE Gk SHAYUTENBHLIMU NC CBOEN cUNe, kak Byaro 6kl oHM He «Bnyxaanm»
aTn 40 cekyHg B npocTpaHeTee. B [4] 6 noapoBHO onmMcadsl BTU ONbITHY, YCIOBUR
WX NPOBEASHWUR, MCTIONb3y npu 3TOM annaparypa.

Habmoperne sienenns LDE B koHue 20-x n B 30-x ropax XX Beka Guo 3sUKCU-
POBAHO MHOMVMU APYrMMN ABTOPMTETHLIMKM YHEHBIMU TOIMC BPEMEHW, HTO MCKIOHAET
BOSMOXHOCTb Kakoi Gbi To HN 6bino danscudukaupm. O6 3TOM, B 4aCTHOCTU, MOXHO
npountarb B [5] 1 [6].

22.3. LDE nop sanpetom

Ho yxe B koHue 30-x rofoB Hauvancs HeogpuUuvanoHLil 3anpeT Ha nybnvkaiimio
marepuance o seneHmn LDE. MNy6nnkaumm o6 aToM ¢pEHOMEHE HaYMHAIOT uUcHeaath M3
HayyHbIX XypHanoB. Havano BTopoi MMPOBOI BOMHBI Kak 6bl OULMANEHO 3aKPermno
Janpet Ha nybnamkauuio marepuanoB o ¢erHomere LDE. OpHBio, HeCMOTpR Ha odu-
LMansHbi «3anper», 9T0 ABNEHUE CyLeCTBOBAIO Ha NnaHeTe 3emns He3aBUCMMO OT
NIOAEN, KOTOPHE MbITANUCh Erc 3anpeTuTs.

Bo Bpems BTOPO MWMPOBOI BOMHBI 3TOT (PEHOMEH 4acTo Habnogannm BOEHHLIEe
paaucte. A nvuHo B Geceaax © OLBLUMMW BOGHHBIMM pajucTamu HE pas Clbiwan
ynomuHatiue ob 3aTom ¢eHomeHe.

HarnpuMep, OAUH BOEHHLI PEAMCT MHE paCCKasbiBall, YTO U3-33 HEOXMAAHHBIX HE-
nonagfok B pagvoannapatype uM Geina nponylleHa BaxHasi papvorpamma us wrada. Ko-
rfa oH Hanagwn annaparypy, Bpems npuema Gbino yxe nponyuieHo. B BoeHHOE Bpems
3a Mpornyck pagvorpammbl, Tem Gonee No BUHE paaqcTa, nonaranock CypoBoe Hakasa-
Hue. Ho kakoBo e 6bINo yamBNeHue Toro pagueTa, Koraa yepes 15 muHyT nocne npo-
NMYLEHHOO BPEeMEeHU CBR3N 3Ta PaguorpaMma CHoBa 3a3Byuana B 3dupe u 6uina um
YCMEeWHo NPUHATA. Yepes HeKoTOPOe BPeMst OH BCTPETWICS CO WITabHEIM PaANUCTOM U
C©npocun o NpUuKMHaX, NoYeMy paavorpavma 6bina nepefasa Asa pasa. Litabroili papycrt
OTBETW, 4TO paaMorpaMma Geia nepepana, kak obeHO, 0AUH pas. Ha wrabHow paano-
craHuumn LDE He cheilwann.

Bo Bpems BTopoli MMpOBOI! BoiiHbi coobluevns o npuveme LDE noctynanm ot
BOEHHLIX PAAWMCTOR BCEX BOWWOLMX CTOPoH. B apmum CCCP (B ppyrix CTpaHax aHa-
norvuko) Gbina MpuHSTa MHCTPYKLWS, 06R3biBattlas coobilate o siBnervn LDE. Cum-
Tanocek, 4To LDE — 310 «urpa» Hemuer. B apmuvm Mepmadun cuntanu, sto LDE — aTo
«Urpa» Pycckux... HO BOEHHbIE PaaucThl BOIOKLLMX CTOPOH pepxo cobnoganmm UHCT-
PYKUMIO U AOKNEABIBASIN MO KOMaHae o6 3TOM RBREHMW, NOTOMY YTO NOCHe Takoro
Noknana 4encBeK nornafjan Ha 3ameTKy COOTBETCTBYIOMX Ciyx6, B CCCP — 310 6bin
HKBZ, B Apyrvix CTpaHax — aHanOruyHble UM CTPYKTYPbE....

YXe B HacTORMLLEE BPEMR CNy4aii CBEl MEHS C OfHMM CTapbiM aMepyKaHCKUM
PafMCTOM, KOTOPLIA Ha MPOTSKEHMM MHOMMX JIET AEXyPWUN Ha NPUEMONepenalouem
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LieHTPe, HaxoAsLUMCs Ha aMepUKaHCKoN BoeHHoM Gase B BriBLeit 3anaaHoi MepMarim.
OH mHe pacckasan, 4To BO BPEMA CBOWX AEXYPCTE OH M €ro TOBSPULLM HEOHOKPATHO
npuiumanu LDE ceomx cnyxeBhbix paguonepenad. CHMTANOCH, HTO 3TO MPOLAENKY
PYCCKMX U 4TO OHU MO HENOHATHEIM NPUHUHEM PETPaHCIMPYIOT UX CyXebHLe paanc-
rnepegaqn. COBETCKME PapueThl, CAYXMBLUME HA MEpeaalowwx UeHTpax BocTouHoN
Fepmanny, B nosenesun LDE oOBuHSIM, B CBOIO Ouepenb, amepukaHLes.

Mockonbky BO Bpems BTopoi MUPOBOI BOMHBLI CBepatvs o senedun LDE Geun 3a-
CeKpeyeHb, T Nnocne ee okoHyaHns coobulerns o LDE B Hay4HOM nuTepaType nosens-
JMCb O4YeHb PEAKo, B OCHOBHOM NO HEAOCMOTPY LeH3yphl. Ho 310 sieneHune, HeCMoTps
Ha €ro «3anpet», Tem He MéHee NPOACAXANO CyulecTsoBaTh. LDE Habniopganm kopoTko-
BOJTHOBUKU-Paauoniobutenn, cnywareny DX craHumii, yueHbie Npu nccneaosaHmnsx pac-
npocTpaHeHVs paguosonH. W, KokeyHo, Moy, koTopeie BeTpesanuck ¢ LDE, tpeGoBanu
oBbscHeHUN oT oduumantHoW Haykn. Ho oduumantHas Hayka mosmana. Mccneposaksme
LDE cumTanoch HecepbesHbiM aenom. Ha uccneposatn LDE Henbas 6bIN0 3atUMTUTL
AuccepTaumio, Noy4nTs HayuHylo CTeneHb... Mo3ToMy NoCTENeHHO uaydeHune heHoMeHa
LDE pexe cpaav odpuumanbHon Hayku CcTanc NeuTenbCkuM AeNomM, KOTopoe He oTpa-
Kanock B HAy4HBIX OTHETAX.

Mhoit B Hasane 1980-x ropoB ObM NMPUHATLE PanmocurHansl KOPOTKOBONHOBOA
BetatentHoi cranumm, pabotaouwieit B pvanasoHe 16 metpos (BBC), ¢ 3anepxkoii
6Gonee 5 cexkynn. B TO Bpemsi 8 06y4ancs B UHCTUTYTE PaAMOCaNEKTPOHWUKN B ropoae
XapbkoBe. ECTecTBeHHbIM GbiI0 M MOE XenaHue MoHATb, YTO 3T0 TAKoe U KaK Takue
CUrHanLl MO nosBuTLCS. HO Ha 3Ty TeMy nperofaBaten CO MHOM rOBOPUTb
OTKa3amnCL. Takorc RBMEHWS HET N HE MOXET ObiTb, Kak MHe ObinG CKasaHo...

22.4. OcpvumanscHeie Bepevy nosieniennst LDE

W Bee xe odbuupmansHan Hayka BeiIBWHYNA CBOIO BEPOUIO G NMPUYMHAX CYLLECTBOBaHUS
LDE. WMaeectHo, 4to LDE HBGMIOA2NOCh Ha PagvoBOnHAX C ATMHAMMN, HAXOASLLWMUCH
B npeaenax 30...13 M. Bo BCAKOM cny4ae, # He BCTpeyan CoobLieHMi 0 eCTECTBEHHBIX
LDE, koTopkie Habmoaanmcs HUXe W Bhille aTuX uactor. To ecTe LDE Habnionanock
HAa 4YaCcToTaX, CroCoBHbiX BLIMTU 3a Npeaentl MOHOChePs 3emnn.

Daoxmyupymuee BbiN0 MPenonoXeHo, YTO B KOCMOCE BO3MOX-

nagamMennoe odnaxo HO CyLIECTBOBaHWE MNIA3MEHHOTO hIIIOKTYUPYIO-
> wiero o6naka, CnocoBHOro oTpaxaTb PaavoBoN-
Hbi NoYTK ©o 100%-Hoit adpdpekTUBHOCTLI0. OguH
U3 BapWaHTOR 3TOM BEPCUM, B H2CTHOCTH, NPUBE-
neH B uctouHuke [71. Mpu ¢pmokTyauusax obnako
MOXET npuHumars GopMbl, KoTopsie ByoyT KoH-
LIeHTPUPOBaTL U HAMpaBnsTh pPaguocurH{ans B

Paduouznyerue
¢ Jeriny

Ompaxeroe CTOpPOHY 3eMAM, NPUHEM Aaxe B onpeaeneqHbe
/, POCUOUAJHEHUE (o ii0HE) BEMIM, KaK MOKAZAHO HA PUC. 22.1. BTuM
MOXHO 06BSCHUTE, 4TO CUrHaNL LDE npuxoast Ha
3emnio ¢ HeBonbLIMM ocnabneHvem.
K coxanenvio, ata oduumansHas Bepcus He
Puc. 22.1. driokTynpyiowee OBBACHAET MHOTUX (HhAKTUYECKUN OMUCAHHBIX U HE
nnazMexHoe obnako noanexauwmx comHeHuo cnyyaes LDE. Mpu npue-

wme LDE € oTpaxeHneM OT NasMEeHHOr o ¢hIioKTYu-
pytouterc obnaka aomxHbE HABNIOAATECH CUTBHBIE UCKAXEHUs PaanocurLancs. B yacTHo-
¢tn, 6bINo Okl HEBO3MOXHO NPUHUMATL Pa3bopuneo LDE oT peuestix curHasnos, CoBep-
weHHo HepaaBopumBbiM 66110 6k LDE 0T LM poBLiX BUACE cBRaU. OaHaKC NPUEM CUTHa-
noB LDE peum 1 oT umgpoBbiX BUAOB CBSI3N aBCONIOTHO pasbopumet... Mo coobuieHrsm
HabmopaBwux, LDE 3Tix BUAOB CBA3W MO YUCTOTE NpMema HaNMOMUHAET OOLIKHOBEHHEIA
PEeTPaHC/INPYEMbIN CUMHaN, He COAEPXALLMIA XaPaKTEPHLIX UCKaXeHUH, 06YCNOBREHHbIX
OTPAXEHNEM OT (PIIOKTYUPYIOLNX CTPYKTYP.
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22.5. LDE v HMo

OTCYTCTBME HETKUX HaydHbIX BEPCUI NpoucxoxaeHus LDE NosBonwUIG BuifauHyTh He-
KOTOpLie haHTaCcTUHECKIME MUNOTE3E 8o NPOVCXOXaeHWs. B HacToRLLee BpeMs NoMynsipHa
CReayILLan FUNOTEaa, KOoTOPYIO BbiABUHYN M 0BocHoBan npodeccop Ronald Bracewell u3
Stanford University, USA, n actponom Duncan Lunan, Scotiand [8]. OTnoxuB no ocam X n
Y cuny nepeoro npuksToro Jorden Halls B 1927 rogy axo curHana u ero sanepxky no
BPEMEHU, OHN OGHaPYXMK, YTO NONY4eHHas KapTuHa HarNoMUHaeT BUG Co3Besans Bono-
naca ¢ 3emnu. MNpagaa, ¢ HeBONLLMMN UCKXEHWAMU. BBING PACCHUTAHO, HTO NOKa3aHHLIA
BV, CO3BE3AMA Ha rpapuke Bbin BugeH ¢ 3emm 12 000 ner Hasag, Ha rpadwmke ocobo
Bbiiensinach 38e3fa u3 aroro cosseaaus Epsilon Bononaca. Mo npeanonoXeHmio yueHbix,
C 0AHoi M3 nnaHet 3Beaabl Epsilon Bononaca 12 000 net Hazag Gbin fIOCNBH MeXNaHeT-
HeW 30HA. Moanetes k 3emne M oNPageame, YTo HA STON NNAHETE €CTb XU3Hb, OH 3aH N
MECTO B KOCMUNECKOM NPOCTPaHCTEE Ha 3M/IMIMTTU4ECKON opbuTe, paBHOYAANEHHOW OT
3emmm n JlyHei. Opanlyackuit MaremaTuk n mexatuk XKosed Jiyw Narparx (1736—1813)
paHee Maremarniecku 060CHOBaN BO3MOXHOCTL CYLLECTBOBaHMS Takol opbuth [9]. Op-
6uty, Ha koropoit ByaTo Gbi PacONAraeTCA MHOMNNBHETHAR KOCMMHECKAs CTAHLUS, Haski-
BaloT opbuTa JlarpaHxa.

Kak TONbKO 3Ta MHOMAEHETHaR KOCMUYECKas CTaHLMs NPUHANA MNepBbie Y3Koro-
NOCHLIE PagMocUrtank: © 3emnu, oHa Havana ux PeTpaHCIMPOBaTh 0BpaTHO Ha 3emnio
C KOAMPOBKOW © CBOEM NPOMUCXOXAeHUU. C TeYeHWeM BpeMEeHM CTOPOHHWKM STOM
TEOPUU BO3HUKHOBEHUR LDE npoBenn BCECTOPOHHWME WCCReAoBaHWs BpeMeHu 3a-
OEPXKN CUrHanoe U MX CUNbi OT BCEX W3BECTHBIX WM OPUUMANBHG 3apervcTpupo-
BaHHbIX cnydaeB LDE. Mo BpeMeHWn 3a0epXku U N0 MOLLHOCTM MpUeMa 3afepkaHHbIX
PagvoCUrHANoB fLITANUCL HAMTN HEKOTOPYIo 3aKOHOMEPHOCTb, a 0TCloaa HalT Mo-
JIe3HyI0 3aK0AUPOBAHHYIO MHGOPMALIMIO, CONSPXALLYIOTS BO BPEMEHN 3eaakki... M-
TanMcb OBHApYXWTb MEXMNaHETHLI 30HE, MCNONb3YR COBPEMEHHbIE CPEACTBa KOC-
MUYECKOro HabnoaeHns.

Ho noka 4to s1a Bepeus (Kak u, Brpoyem, Apyrve, meHee ¢haHTaCTuieckue) ocTaeTcs
HEA0Ka3aHHOW N CYLLECTBYeT TONLKO B Cpefe CTOPOHHUKOB HIO. C NoMOLLbIO TEeXHUYE-
Ckux cpencTB HablopeHns aToT 3oHA obHapyxeH He Gbin. Henbas noka yTBepxaats ©
NONHOM rapaqTuel, 4To Osa Takxe HaiifieHa 3aKOHOMEPHOCTb, COOEePXalLascs Bo Bpe-
MEHHOU 3anepXke u cune curHanos LDE. KoHeuHO, runoTesay ¢ MEeXnIaHeTHLIM 30HAOM
HENL35R UCKNIOUNTL N3 PACCMOTPEHUS, NOCKOSbKY OHA Hay4HO He ONPOBEPrHYTA.

Ho BCE e WHTEPeCHO: HEYXENM MHOMNaHETHLI PasyM He CMOr HaiiTh Lpyroro
cnocoba Npuenedb BHUMAHWUA 3EMNRH U Pacckasars UM o cebe, kak TONbKo peTpaHc-
VpYya 3a0epXKaHHBIe NC BPEMEHU N Pa3fIMYHLIE NO MOLUHOCTU PAAUOCUTHANE 3EMHBIX
PagnocTaHUVn?

22.6. CoBpemMEHHbIE 3KCMEPVIMEHTH! He 0BLsicHaoT LDE

B 1967 rogy akcnepumMeHTtst No obHapyxewmio LDE mpososwm Vidmar F R. n
Crawford F W. B Stanford University, the USA. Mcnonbsoeanach COBPEMEHHas pagvo-
annapatypa. Petomed LDE ypanoce nogreepauTtb. Bbinn 06HaPYXeHb! 3a0epXkM pa-
AvoccurHance ¢ BpemeHamn 2 n B cekyua [10]. OgHako 3HaUMTENBEHO 3aAepKaHHBIe
no Bpemexn LDE, 0T HECKONbKuX MMHYT 1 Gonee, u — 410 HanGonee VHTEPEecHO —
CEpUN 3aEPXaHHLX BO BPEMEHN PaavoCUrHaNIOB, NOSOOHbIE TEM, YTO HaBMofaNUcs
B 20-30-x rogax, He 6binn obHapyXeHb.

Hanbonee uHtepeceH ToT ¢axT, 410 curtans LDE He nogaepxett [OMNEPOBCKOMY
3¢:peKTy 1 CNEKTP HacToT paguocurHana He uckaxaercs. To, uto curHans LDE He noa-
BEPXEHE! A0MNEPOBCKOMY S¢XPEKTY, YKA3EIBAET Ha TO, YTO OHU HE MOMYT OTPEXATHCR OT
nnasmeHHoro obnaka, HaxoasLWErocs BaleKo B KOCMOCE U AIEVKYLIEMYCSi C HEKOTOPO
CKOpOCTHIO OTHOCUTENEHO 3eMNK. YUTatenn, OYeBMAHO, YXKE 3HAKOMb C rnaBoid 21 o
CBUCTALMX aTtmocgepukax. PaavocurHan, KoTopeid NPOLIen ANMHKBIA NyTh B MOHOCHhE-
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pe 3emnn, 06R3ATENLHO TEPNUT CNEKTPaNbHLIe UCKXeHus. B cnyyae ¢ LDE aToro Het.
CrepoBatensHo, HEBOSMOXHO OObACHUTL eHomeH LDE cTpaHHOCTRIO PacrnpocTpaHe-
HUR PaaMoBONH B noHocdepe 3emnun. Bee aT0 Yka3biBaeT UM Ha Ha/IMHME Kakux-TO He-
UBBECTHEIX HaM MPUPOAHBIX RBAEHWIR, cnocobetByowmx LDE, vnn... unm A3eT ouku B
PYKM CTOPOHHUKOB BHE3EMHOrO pasyma...

22.7. 3aknoyeHvB

Cropo npoiipet B85 ner co BpeMeHn oduuuanbHOro OTKPLITUR 3TOF0 HeoBbiuHOro
aBneHna. [0 cux Nop OHO HaydHo He oBbaAcHeHo. Kak MpomcxoauT sanepxka pagmo-
curkanos, gocruraouwies uborpa 30 u Gonee MuHyT? Foe B ST0 Bpems «xO4aT» 3t
pagvocurHanei? MNouemy oHM AOCTUrAIOT 3eMIN G MaNBIM UCKAXEHUSMU U C MaNLIM
ocnabnenmemM? Ha Bce 3T BONPOCH HET OTBETA. BepHee, HET OTBETA ODUUMANEHON
Hayku. OTBEYBIOT HA Hero YBEpeHHO TORbKO cTopoHHukm HIO...

Hy uto e, ewe m3naBHa uenoBeky OLNO CBOMCTBEHHO MPUMUCHIBATL RBAEHUS,
KOTOpLIE OH He MOr OOBLSCHWUTL, OBEPXLECTECTBEHHLIM CUJAM, B AdaHHOM Clyyae B
Hallem Beke, KoCMudeckoMy pasymy v HITO. HO co BpemeHeM MHOrve U3 aTux paHee
TaMHCTBEHHBIX U HEOGLACHUMBIX SBEHWH GBI OGLACHEHE! BNONHE 3eMHBIMU 38KOHAMU.
A Toxe Bepio, 4To B Gymyulem yaacTcd OBLRCHWUTL 3T0 TAUHCTBEHHOE RBAEHWE W B
y4e6H1Ke NO pacnpOCTPaHEHWIo PaavoBONH OHO Byner onucaHo 6ea BCAKOH MUCTMKU
W Ha ocHoBaHUM cTporux ¢opmyn. MoxeT Gbitb, B Gyoyulem 310 CMOFYT coenarb
CErOAHALIHNE LIKOMbHUKW... [NaBHOE — He GOATbCA TAUMHCTBEHHBIX U HEOOBLSCHUMBIX
ABMEHWI, @ CMENO UCCNENOBaTb UX.

A CKONBLKO TakmxX SBREHUIM A0 HALIEro BPEeMEeHW OCTAETCH HEUCCNEAOBaHHBIMM N
HENpUaHaHHbMK, C XOAY OTBAPIHYTHIMU Kak HE BXOASLUME B PAMKMN 3HaHWIA odUUManbHoM
HayKMW...
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23. CBUCTAWME ATMOCDEPUKK

Ora rnapa NOCBALIEHa NPUEMY NMPUPOLHLIX UCTOYHWKOR PaamocurHanos. OfHako atm
PaauoCUrHarsl Ha CAYX BECHMa HANOMMHEIOT UCKYCCTBEHHLIE. [POU3BOAST 3TW CUrHabE
MonHMK, CofHue. XapakTep NMPUHUMaEMbIX CUFHEN0B MOXET PaccKasaTb O COBLITUSX,
npomcxoaawmx Ha ConHue, O FPo3ax, NPOUCXOAALLMX 33 MHOTUE THICSYWN KUNOMETPOB OT
HabnopaTens.
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23.1. 4710 370 3a fABNEHUE?

B crateax Maponbaa Annewa [11 6o P
J[AHO NMPexpacHoe ormcaHne cyTu sene-
HUR «CBUCTSUMX armocdepukos». [Mo-
3BOM0 cebe BKparTue HANOMHUTL HEeKo-
Tophie UX rnaBHble ocobenHocTw. [pu
paspsfe MonHum B armocdepe 3emnm
MPOUCXOAUT BCTINECK 3NEKTPOMarHUTHO- T T T T T
O U3NYYEHUR, MAKCUMANbHAR MOLLHOCTbL 100 w0 10000 10000 1.000.000 F T4
CneKTpa KoToporo EXuT B obnactu 4ac-
TOT OT HECKOJbKUX repl, 40 RECATKOB
kunorepy, (puc. 23.1).

WN3-3a pasHoil Ha3ceoi CKOPOCTM PAchpoCTpaHeHus B artmocdepe U uoHochepe
3emnn oTaenbHLIX HACTOTHBIX KOMMOHEHTOR CMEKTpa rPO30BOro paspraa 3a THICAHN K-
NOMETPOB OT HEro Pa3psL, BOCMPUHUMAETCS Kak KOPOTKWUiA CBUCT. 3TO MpOUCXOAUT FIC-
TOMY, 4TO MPU AeNEHEM PAcNPOCTPaHEHUN 3AEKTPOMArHUTHOIO UBMNY4eHNs, CO3AaHHOIO
npY Paspsaa MOSHUK, BLICOKOYACTOTHLIE COCTABASIOLLME CTIEKTPA 3TOr0 U3NlyYeHns no
HEKOTOPEIM MPYHMHAM NPUXOAAT BLICTPEE, YeM HU3KOYACTOTHBIE cocTasnsiome. B pe-
3yNbTare 3TOro 3a MHOTO THICHY KUIOMETPOR OT MPO30BOIO Paspsae Mbi NPUHUMAEM KO-
POTKUA CBUCT, KOTOPLIN OT BLICOKOYACTOTHOND TOHA NEPEXOAUT B HU3KOMaCTOTHLIA. Jo
THICRYM KWIOMETPOR OT MECTa BO3HUKHOBEHWS SNIEKTPUHECKOND paspraa mbl NpumMem
TONLKO FPOMKUIA TRECK.

Bo Bpems Gypb Ha ConHue Toxe MOXHO HabriopaTb «CBUCTALUME BTMOGHEPUKU».
B atom cnyyae BLIGPOCH 2EKTPOMarHUTHOM SHEPruM ¢ NOBEPXHOCTU ConHue, CREKTp
KOTOPBIX IEXUT B LUMPOKOW MOROCE HacToT, NPpW NOAXOAE K Hawed niaKere nonegalot
B noHocdepy 3emnn. B Hell C HUBKOYACTOTHbIM BNEKTPOMarHUTHBIM CNEKTPOM Mpo-
UCXOAMT TO XE CamMOe, 4TO U C HePrviel rpo30BOro paspaaa, MPOUCXOAUT Pa3foXeHne
cnekTpa curHana. ConHue BO Bpems Bypb reHepupyeT cpasy MHOXECTBO MaueK anex-
TPOMArHUTHOW 3HEeprum. BCNencTBME STOrO OTKNMK OT COSMHEuHBX 6ypb B CBEPXHUI-
KO4YACTOTHOM FIPUEMHUKE Ha 3eMne NPUHVMAETCH Kak KOPOTKME MHOKECTBEHHBIE CBU-
CThbl, HANOMUHAOUWE NIEHWEe MTUL,.

CrnexTp MONHUM (MW APYroro 3neKTPOMAarHUTHOrO HM3KOYaCTOTHOrO BChfecka),
APUHATLIN Ha PaANONPUEMHMK MPU 3HAYUTENLHOM YAAnEHUU OT €ro NPOUCXOXOEHUS
(BTOPXEHNR B noHocdepy 3emnn), oObMHO KBAMOULMPYIOT NG TREM rpynnam Cliki-
LIMMOCTU B HayLHMKax npuemHuka [2].

Chepwmm (sferics). 310 UMNYNLCHLIN CUTHAN, N3/YHEHHBI MOAHUEN U MPUHSTHIA
Ha pacCTORHUM NMPUMEPHO AC THICAYU KWIOMETPOB OT Hee. Chepuku aHanoruywb
OBLIKHOBEHHEIM TPEcKam. SneKTPOMarHWTHOE M3NyYeHue, CO3LaHHOE MOnMHWeN, pac-
NPOCTPEHAETCH MOBEPXHOCTHOW BOMHOIN BAOM NOBEPXHOCTM 3emaun. B Touky npuema
OAHOBPEMEHHO FIPUXOAAT BCE COCTABNRIOME CMEKTpa MOSHUN.

Taukcw (tweeks). TBIMKCH — 3TO CPhepyKn, KOTOPLIE NMPU CBOEM PACcMPOCTRaHEHNN
NPOXOASAT 3HAYUTENbHLI NYTL B MoHocdepe 3emnn. B peayntrare 8Toro npomexoavt
BVCTIEPCUR CUrHANE, BHIDKAIOLLAACH B TOM, YTO BLICOKOHACTOTHLIE COCTABARMIOLME B
MOHOCpEPE PacnpocTpaHaTCR ObiICTPEe, 4Y4eM HW3KOHaCTOTHLIE CocTapmmiowme. B
pesynkTare 3Toro Ha NPUEMHMK Mbi MPUHMMaEM CHEpPUK, 3a KOTopbIM ByKBanbHo cpasv
chenyer KOPOTKUI (MEHEE CeKyHIbl) CBUCT.

Ceucrnl (whistlers). CB/CTH — 3TO CheprkM, KOTOPLIE MPW CBOEM PACAPOCTPA-
HEHMW MPOXOART 3HAYUTENbHBIN NyTb B MOHOChEpe 3emnv. B peayntrate aroro CnekTp
CHrHana, NPOM3BOOMMOrC MOAHMEH, TEPrUT ewe GoNbLYIo AMCNIEPCUIO MO CPaBHEHUMIO
¢ TeuKcamu. CBUCTHI AnaTcR 6onee ogHoli CekyHAbl. B HEKOTOPbIX chydYasx nepefn
CBUCTOM WIET Npuem chepuka n TBUKCa.

B sTol rnaee uCnonb3yercs obuiee HasBaHWE «CBUCTALUME aTMOChepukm» Ans
ChepuKoB, TBUKCOB U CBUCTOB.

Puc. 23.1. Cnektp MoRHUM
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23.2. NcTopua oBHapyXeHvn «CBUCTALLUX atMocdheprkos»

CrexTp «CBUCTSLLMX ETMOCHEPUKOB», KOTOPHIE NPOUCXOAAT KaK OT rpO30BbIX paapsi-
0B, TaK N OT COMHEuHBIX MarHUTHEIX Bypb, NEeXuT B auanasoHe paguovactot 0—10 klu.
MNoaTomy 311 CurHans MoryT GbiTh BOCHPUHSTE Ha CAYX G MOMOLLLIO MPOCTOr0 YOUNMTENns
HU3KOM 4aCTOTEl, K KOTOPOMY NOMKITIONEHE COOTBETCTBYIOLIESH aHTEHHA.

Breperie «CBUCTALME aTMocdepukn» 6uinn obHapyxeHb B koHue XIX Beka Ha Tene-
rpadHeiX nHMaX cBrR3u. MHoraa ans GuicTpol nepegatn coobLieHnil Mexay onepato-
pamMK pasnnuHbiX TenerpagdHbiX CTaHuMt Ha OAHOW TenerpacgHoit cTaHuvm B JIMHMIO
BKIIONENY MUKPOGOH, 8 Ha APYrof B IMHWIO BIJTIOYaM TenedoH, Kak ynpoLieHHO foka-
3aHo Ha puc. 23.2. W 6LiBaN0, Y4TO BMECTE C FONIOCOM OnepaTtopa u LWYMOM YronbHOro
MUKpodoHa apyrol TenerpagHoi CTaHLun B HayLIHMKax BbiNW ChbiLHL HEOBBNHLE KO-
POTKME CBUCTHI. B TO BpeMs M HE npuaasav 0co60ro aHaueHus. ST CBUCTEI OTHOCUIN
K paHTasumM oneparopos TenerpacpHbX CTaHuvil U HEMCTIPABHOCTAM anmapaTtypbi.

Ho peificTBUTENBHO O4YEHb UMHTEPECHO,
Kak B Te panekue BpemeHa (1876—1900)

Mukpogow flpobodnas MOrnn BLiTb YCMkiLIHE 3T CBUCTHI? Beak
AUHUS H MOLLHOCTE CUrHANOH «CBUCTALLIMX aTMOChe-
7 PUKOB» O4eHb HeBGoAbLWAs W COCTaBnsET
+ - BCEro NMMub MMKPOBaTTH. BO Bpems cBhan
= =3 Mexay TenerpacgpHbMU CTaHLMAMK He WC-
MOAB30BANUCL HUKAKWUE YCUIMTENN.
Cmaryuorras BNEeKTPOMArHUTHLIE  M3NyuyaTenu, KoTo-
damapes pLie ucrnonbacBanuck B koHue XIX Beka,

ObIMM HUSKOYYBCTBUTENEHBIMU, WX 4aCTOT-
Han xapakrepuctuka 6bila oveHb FINOXOW.
Jlaxe npocTas YenoBeyeckan pedb 3TUMK
TenedoHaMu BOCNPOV3BOAUNACH C 60ALLIN-
MU nckaxeruavmn! ToNbKo B Hauane XX BeKa C pasBUTUEM TEeXHONOrYM U3rOTOBAEHUS
TOHKMX MEAHBIX MPOBOJOB C NakoBOW M3ONALMER U C PA3BUTMEM TEXHOROTMM U3ro-
TOBEHUR MArHWTHbIX MaTepuanoB Obina fOCTUrHYTa BLICOKER YYBCTBUTENbHOCTE BNEK-
TPOMarHUTHBLIX M3Nydateneil n nux Xopolme HacToTHee CBOMCTBA MPU MEpPegaye Yeno-
BeYeckoi peyn.

MNoaToMy-TO CKENTUKK 1 330at0T BOMPOC, Kak B TO BPEMS, Ha TaKoil MPUMUTVBHOW an-
naparype TenerpapmcTil MOTIN YCIBILLBTE Cnabbie CUrHaNb! «CBUCTALLMX AaTMOCHEPUKOB».

Cuuraetcs, 4To TenerpacprcTam Tex BpemeH HabnioaaTtb «CBUCTALLME aTMOCHEPUKu»
NOMOrM Pe30HaHCHbIe ABNeHWR B TenerpadHbix NMHMsAX. Bonbluas MpPOTSXeHHOCTH
BO3yLIHBIX MPOBOAHLIX NIMHWIA (npekpacHas npuemHas anteHHal) B XIX Beke, BIUHO-
YEHHbIE B JIMHUM 3NEKTPOMArHUTHLIE pene TenerpacgHeix annapartoB APUBENU K TOMY,
4TO HEKOTOpHIE TenerpadHLie JIMHUM UMERN COBCTREHHLIM PE30HAHC Ha YacToTax
crnexTpa «CBUCTALLMX atmocgepuko» — 100...10000 y. B aTom cnyyae gaxe npocras
annapaTtypa XIX Beka nossofsneB Habniogate 3T0 MPUPOAHOE SBREHWE, WUCMONb3ys
HECOBEpLIEHHLIE HU3KOYYBCTEMTENbHEE Tenedodsl. Moaxe, B XX Beke, korpa Tene-
rpacgpHLie IMHAM ONYTaNM BCIO MAaHETY, PE30HAHCHLIE SBNEHUS ACCTaBnsIM Tenerpa-
¢UCTaM MHOFO XNOMOT.

TMROTESY O PE30HAHCHLIX RANEHNAX B TENErPaPHLIX JIMHUSX NPU NPUEME «CBUCTALLMX
arMoceprkoB» NOATBEPXAAET elle TO, 4TO HA HEKOTOPLIX TenerpadHbiX JIMHUAX TeX
BpeMeH Obil BO3MOXEH PerynfipHbiil WX MpuemM, a Ha OPYrux JIMHUSX «CBUCTRLME
arMocghepuku» HUKOMAA He ClbILuani.

Bontwyto ponb Mpu NpUEME «CBUCTALMX aTMOCHEPUKOB» MOFNIO Chirpate U pac-
fiofioXeHne TenerpacpHbix NPOBOAOB, KOTOPbie 06pa30BbIBaNK aHTEHHY C AvarpaMmoi
HanpaBREHHOCTH, UMEeloWeil MaKCUMYM B HAMPaBJeHUN Mpuxoaa «CBUCTHALLMX aTMOo-
cepukoB» OT oMara ux BOZHWKHOBEHMS. CnefyeT Takke 3amMemmTb, YTO B TE, yXe
panexkve ans Hac epemena XIX Beka, Ha 3emne He Bbio anekTpuyeckmx ceTel nepeaaqmn
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NEPEMEHHOro Toka, KOTOPLIe Ceiuac OMyTHIBAIOT Hally MnaHeTy M AalT CnbHene
HaBOJKM MEPEMEHHOIo TOKa Ha BCEBO3MOXHYIO anmnaparypy. MutaHue anexkTpoTexHu-
HECKOWM W pasMOTEXHMHECKON annapaTypbl OCYLIECTBASNIOCh OT SNEeKTPOXMMUNECKUX
UCTOMHUKOB ToKa. Hukona Tecna Tonbko B koHUE XIX Beka napbpen reHepatop nepe-
MEHHOTO TOKa, 3pa MOCTPOMKM BAEKTPOCTaHUMA 1 fiepefayn TOKa no NMOBEPXHOCTU
3emnm Mo NPOBOAAM TOrAA TONLKO HAYMHANACH,

3710 6biMM YyOMBUTENbHEIE BPEMEHA HUCTOTO 3¢Mpa, B KOTOPOM, KPOMe rpo-
30BbLIX pPa3psfioB, HU4ero He 6uino! Cnyx M speHne Hawux npeakoB He 6uinv
UCNOpHEHB MPOMKON MY3LKOW U KOMMBIOTEPHBEIMU UrPami, u4TO MNOIBOASNC UM
Aaxe C NoMowsio CnaboyyBCTBUTENbHLIX TENe(OHOB YCMLILATL CUrHanbl «CBU-
CTRWMX aTMOCHEepPUKoB».

Apyroi a1an B NpUeMe <CBUCTALWX armochepUKoB» HACTYNU B Hauane XX Beka,
KOrga B MUpe CTann WWMPOKO WUCTIOABb30BATL PaavocBssb. pomapHas aHTeHHa,
KOTOPas WCTONL30BANECh HA NEPBLX PARVOCTAHUMAX, W MOAKMIOYEHHbIN K STON
@HTEHHE YCUNIMTENb HU3KOM 4aCToTkl BMECTe npPaACTasisiu Cofoli NpaKTMuecku
naeanbhbiR APMEMHUK Ans HabniofeHus «CBUCTALMX atmocdepukoB»s. OTcyTcTane B
apupe PoHa nepemeHHoro Toka ewe Gonee CnocoGCTBOBANO MpUeMy Cnabeix cur-
HanoB «CBUCTALUMX aTMOCGHEPUKOB». MMEHHO B TO BPEMS 3TV TAMHCTBEHHLIE CUTHAN!
fIOAYHUIN OUUMANBHOE NPU3HaHMEe. Havanocb usyyenme m HabniopeHne 3a «CBU-
CTAWMMN arMochepuKamMu». 310 CHIPanc CBOKW POk B M3Y4EHUW pacnpocTpaHeHus
PaVIOBOSH.

Mosxe, B 20—30-e rozpl, Gbil PacLEeT pereHepaTMBHLX MPUEMHUKOB (KOTOphE,
ChirpaB CBOK Pofib, BHIMEPAM, NopoBHO AMHO3aBpam). HexkoTopke OAHORaMMOoBLIE
KOHCTPYKUVM pereHepaTvBHBIX NMPUEMHUKOB MO CyTh JAENa NpeacTaBnsioT cobol obw-
HbIi YCUIMTENb HU3KOW 4acToThl M MO3TOMY NOIBONRIOT NPOBOAUTL Habnopexwst 3a
«CBUCTALWMMU aTMOCHBPUKamMU».

23.3. Mpuem «CBUCTSALLMX atMOChEPUKOB» B rOpoae

Moun nepebie HabnoaeHWR 3a «CBUCTALWMMKN armocdepukamu» Buiin caenaHsl B
70-e rofsl C UCNOAL3OBAHUEM pEreHepaTMBHOTO MPUEeMHUKA, B TO BpemMR R TONLKo
Hauan 3aHUMaThCs PaanontoBUTENLCTBOM U HUYEro He 3HaN O CyLeCTEOBaHUU «CBU-
CTALLMX aTMOCHEPUKOB», NO3TOMY HE 0BpaTuil BHUMaHUS Ha 3TU CTpaHHbIE KOPOTKUEe
CBUCTEI, KOTOPLIE MHOFAA BOSHWKA/IM B HAYLUHWKAX.

MNoaxe, BO Bpemn yyebol B MHCTUTYTE, §i CMOr MpouyuTats 06 3TOM SBAEHUN B
Pa3NNYHON NINTEPATYPE Y MHE 3ax0TeNnoCb NOBTOPUTL CBOM MEPBLIE OfILITH N0 NPUeMy
«CBUCTALLUMX aTmocdepukoB». K coxaneHuio, sTo gOArce Bpems OCTaBanoch TOMLKO
HepeaMaoBaHHeiM xenaHmem. B 2001 rogy, nocne npourexms cratein I Anneva n
MOCNe «XOXOEHUS» Ha Pas/MiHLIEe CaliTh B VIHTEPHETE, MOCBRLIEHHLIX 3TOMY RBNEHUIO,
MOR MOER MaTepuanuaoBanach.

Ha nepeiit BIrNag, KaXeTcs, 4T0 HET HUYEro MPOLLEe, YeM MPUHATL CUFHANE) «CBU-
CTAWMX atMochepukoB». MpreMHnk Ans HabnIoaeHUs 3a HUMKM NpeacTaenseT coboil
MPOCTON YCUWIMTENE HU3KOU 4aCTOThi C BKMIOYEHHON Ha €ro BXOAE aHTeHHOM, Kak
NoKkazaHo Ha puc. 23.3. Ho Boce Aieno B TOM, 4TO 3Ta NPOCTaR CXeMa B COBPEMEHHBIX
YCNOBUSAX ropoja npakiuiecku He paboraet! M3-3a NNOTHONG paCrioNoxeHns B ropoae
JIMHWIA NEepefayn SNeKTPMHECKOTo HaNMPAXeHUA MPOCTON MPUeMHUK, kpoMe dhoHa re-
PEMEHHOTO TOKa, HUYero npuHMmars He Gynet

Heckonbko YNyHwuTh fpMeM «CBUCTALLMX aTMOCGHEPUKOB» B MOMX IKCRIEPUMEHTaX
fIOMOTIO UCTOJIb30BaHWE MarHUTHOW aHTEHHL! Ha BXOAE MpviemHuka (puc. 23.4). Mar-
HUTHas aHTeHHa NpaacTasnAeT coboil OT HECKONbKUX AECATKOB L0 HECKONLKUX COTEH
BUTKOB MaAHOMO NPOBOAA AWaMeTPoM 0,2 MM, HAMOTaHHOIO Ha IEPEBSHHYIO KDECTOBMHY
paamepamn 50x60 oM. C MarHUTHOIN 8HTEHHOI B ropoae MOXHO BLINO BEIBpaTL MECTO
npueMa € HauMEeHLLWMM YPOBHEM ¢(OHAE, HO W KAYECTBEHHLII MPUeM «CBUCTSALLMX
aTMOCPEPUKOB» G HEBOIMOXEH.
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Axmenna

Yeunumens Yeunumens
HU3ZKOL 4acmoms HU3KOU YOCMOmB
Puc. 23.3. Brok-cxema npuemMHuka Puc. 23.4. Mardutiaa aHTeHHa Ha Bxoae
«CBUCTALUMK BTMOCHEPHKOE> MpVEMHMKE «CBUCTALLMX aTMOCHEPNKOEY

B KauecTBe youimMTens HU3KoW 4acToTb § UCTIONL30BaAN CaMOAENbHLIE CENEKTUBHLIE
yeunutenwn ¢ GarapeiHsiM NuTaHueM, KoTopsie ocnabasnm uactoTy 50 Mu no —30 4b.
OpHako MHE ObIN0 MHTEPECHO CKOHCTPYMPOBATHL NPOCTVIO, NErko MOBTOPREMYIO KOH-
CTPYKUMIO MPUEMHUKA CBEPXHU3KOHYaCTOTHLIX CUFHaNoB, KOTOPylo mor Gm cobpartb
moGoit pagmomobutenb. Te yCUNUTENM HU3KOW YaCcTOTbl, KOTOpwE ® cobupan, Gbinun
CNOXHLI B HacTPOWKE U KOHCTPyKUMM. 3TO BENC K TOMY, YTO ObiI0 HEBOIMOXHO
PEKOMEHAOoBaThL UX R NOBTOPEHUs OpYruM papuomotutensm.

23.4. MNpOoCToid CBEPXHU3KOYACTOTHDIA NPUEMHIK

Ans youwmtens Hu3Kolt 4acToThl MPOCTOro CBEPXHWN3KCHACTOTHOrO MPUEMHUKA R
pevn UCroAL30BaTs YCUIMTENb HUSKOM HacToTh OT CTApOoro NNeepa G TPEXBO/LTOBLIM
nutakvem. Cpasy Guina pelera npobriema C KOPryCOM NPUEMHUKA, C BRIKIIOYATENeM
NuUTaHWs, OTCEKOM Ans Barapeit NMTaHus 1 PasbemMoM AR NOAKIIOYEHUS HaYLIHWUKOB,
TaK Kak 970 Boe yxe Gbino B KOHCTPYKUMM Nneepa. J1ns 3KOHOMUM PACXOa SNEMEHTOB
AUTaHNR R OTKNIONW) ANeKTPoABUraTent nneepa. OT MarHUTHON ronoekn nneepa Goin
caenaH OTBog, K atomy orBOfy 6biN NOGKIMONEH HUBKONMACTOTHRIA TM-¢bunbTp, Kak
NOKasaHo HB puc. 23.5.

Fxpan uz xecmu
Maznumuas

L1 20n0BKa
=

K armerne I

fineep

Puc. 23.5. M-GuneTp Ha BX0a€ NPUEMHUKa-Nneepa

B ka4ecTBe KaTylWKn WMHAYKTMBHOCTW L7 6biia UCMORb30BaHa CTapas Karywka
HommHanom 500 mklMH. 3ta kaTywka 6bina Pacronoxexa B MeAHOM NYXEHOM Koprlyce.
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OueBngHO, paHee OHa MCNONb3oBanacb B CTApPO BOEHHOM annapartype. KoHgew-
catoput C1 1 C2 6t emkocTbio no 0,068 mMk®. 3TM KOHOEHCATOPH LOMKHL!
UMeTb Manbie MOTEPU Ha BBICOKWX HacToTax mans Toro, ytoObi 3¢hG$EeKTMBHO 610-
KUPOBaTbh HABOZKM MOLWHBIX PaANoCTaHLMA, KOTOPLIE 4epea aHTeHHY NPOHUKAIoT
Ha BXOA YCUIMTENS HUBKON 4acToThi, KOHCTPYKUMs npuemHnka Gbila pacnonoxeHa
B Kpyrfoil xecrsHoit Gamke u3-nop uqas. 3ra Gavka obecrieumeana XeCTKOCTh,
no3BosANa yOoobHO fEPEHOCUTL MPUEMHUK W XPaHuTb HAYLHWKM W 3anacHbie
ANEMEHTHI MUTAHMR. DUILTP ObIN PaCroNoXeH BHYTPU STOW XeCTSHON Kopobku
OKOAO nneepa. «3eMNIR» KOHOEHCATOPOB U «3eMis» Mneepa 6GbiI0 NpunasHa B
OAHOW To4ke K 3Toi Kopobke.

PaboTta 3T0r0 MPWEMHMKA B FOPOACKMX YCNOBUSX MOKas3asna, 470 OH BrionHe 6bin
cnoco6eH NPMHUMAETL CUMHaNBI CBEPXHU3KOHACTOTHOIO nuanasoHa BOAH. flaxe ypanoch
NPUHATL «CBUCTALLUME aTMOCHEPUKM» HECKOAbKUX ConHeuHbX Gypb, KOTOphEe 6NN B
anpene 2001 roga. COBMECTHO ¢ STUM MPUEMHUKOM ObiiM MCNOAB30BaHb MarHUTHas
pamMoyHas U KOPOTKas BEPTUKANBHAR aHTEHHLI.

Ho B ropopa 3TOT NpUEMHWMK HE MO peanMacBaTb BCEX CBOMX BO3MOXHOCTEN.
CunbHeiilume HaBOAKM MEPEMEHHOro TOKAa Ha aHTeHHY BeSM K HeoBxoaumoctn Tuja-
TenbHoro Beilopa MecTOpacCroROXeHWst aHTeHHbI MPMEMHMKA W HE MNO3BOMSUMN
NOAHOCTBLIO PEaM30BaTh ErC YYBCTBUTENBHOCTb.

23.5. MNprem «ceUCTALLMX atMochepukos» Ha Ali-TNeTpu

ToNbKO paneko 3a ropofAOM MOXHO GbINC PeanMaoBarb BO3MOXHOCTY 3TOro npu-
emHKa no HabnoaeHMio 3a «CBUCTALLMMU armocdepukamu». B mae 2001 roga s B3sn
C coboit atoT npuemHnk Ha Air-Nerpu, kyaa UR-QRP-C coeepwan QRP-akcnaauyvio.
Bonswan BeicoTa AR-lMeTpuHckoro MNato Hag YPOBHEM MOPS, KaMEHUCTbIE TFOpHLIe
nopofkl, OTcyTCTBME ONMSKO PacrnoROXeHHLIX NMHWW 3nekTponepesad — BCe STO
AOMKHO ObINO CRYIMTh MOSaTbHEIM MECTOM ns paboThl 3TOr0 MPOCTOrO NPUEMHMKa
CBEPXHU3KOYACTOTHOro Anana3oHa.

B nepeoie aHn paborsl Ha Ai-Metpu Hawen QRP-akcreauuvm y MeHs He 6bino
BPEMEHWN 3aHATLCH €ro UCNbiTaHuamu. HO Ha Tpetuid pedb Hawero npebeiBaHuR Ha
An-TleTpuHckom nnaro okono 11 4acoB HOWM § B3AN MPUEMHUK U BHILEN C HUM
Ha nnaro. Ha OogHOM M3 BLICOKMX MecT Ai-TeTpuHCKOro nnato 6un ycTaHoBREeH
reOAe3VYecKUi 3Hak, Tak HasuiBaemblit AR-TIeTpuHCKMin mMepuguad. S pewmn npo-
BOAUTE UCTILITAHMA MPUEMHUKA PSAOM C HUM. 3TO 6bINC GAENBHO NO CREAYIOLMM
nNpUYUHaM.

Bo-nepebix, at0 Gbifla 0AHa U3 BLICOKMX TOYEK NNATO, PACcrOROXeHHan HEQANeKo
OT mecTa npebbisaHms Hawer QRP-akcne uuyn. Bo-BTopbix, Ail-MeTpuHckuil mepuanan
ObiN 3HEHUTENBHO YOANeH OT BCEX paCrONOXeHHBIX Ha NNATO UCTOYHUKOB NEpeMEHHOro
TOKa, KOTOPHLIE Bbi3LIBAIOT SHAYUTENLHBIE NMOMEXW CBEPXHU3KOYACTOTHOMY fpUeMy. 910
AomkHO GbiNG 06ecneuntb uncTyio paboTy npueMHuka. B-Tpatbux, K Ai-TMetpuHckomy
MepuauaHy Lia Xopollas TPOMMHKA OT HaWero pacnofnoxeHus. JTO NO3BCNA0 He
3abnyguTeCR Ha NNATo AaXe B Clyyae GLICTPOro yxyaweHus BugMMocTi. Takve cnyyam
Ha nnaro GuiBaloT YacTo. YenoBeK MOXeT oToiTu GyksanbHo Ha 10—20 meTpoB or
XUbS, 33 CHUTAHHBIE CEeKyHAE! CaauTen 001aK0 U yXKe HEBO3MOXHO HUHEro yBWAETb
BOKpyr ceBsa. B-4eTBepTLIX, C 3TOM0C MECTa OTKPLIBANICH 3BMENATENbHLI BUA, BHU3Y Ha
HouHoe nofepexte, npaena, B Te pefikMe MUHYTH, KOTAE NPOUCXOAMN Pasphie B
obnakax, pacriofOXEHHBX HUXE.

WUrak, Ha nnardopme Al-lMetpuHckoro Mepuamada MHOM Obin pa3sepHyT MPUEeMHUK.
AN N3roTOBNEHUA aHTEHHBI NPUEMHUKA & B3s1 © COBOIM KaTywky npoBoja AMaMeTPoM
0.5 MM n anmmHoii, HaeepHoe, MeTpoe 200. MepBoHauanbHo AR MOAKMIONEHWA K
npuemHmky Bkina yctaHoBAeHa aHTeHHa MUMHON 10 METPOB, Kak Noka3aHo Ha puc. 23.6.
3Ta aHTeHHa NPOCTO Niexana Ha KamHsx nnaro.



3ateM f Hanenm HaylwHWM,
fipoBonoyras BKMOYWN NUTAHME Nneepa, Nnog-
aHMmenta KNIOYUI aHTEHHY — u... Mos nep-
Maznumnas Ba® MbiCNb Obiia T4, YTO MO
20n0Bka npuemHnK He pabotaet. B ropo-
T A3 MopKmoyYeHWe Ha Bxog Npu-
a T Naeep ©MHMKa Kycka MPOBOAA LMHOM
naxe 1 Merp, BbiSbIBANC B Ha-
— YIWHUKaX FIPUEMHMKE CUBbHEN-
Mt poH NepemeHHoro Toka. Ha
Ar-MNerpn noaknloueHe aHTeH-
Hbl HA BXOS] NMPUEMHMKA BLIZBaN0
amub cyxoit wenkok. Ho sarem

Puc. 23.6. OOHONPOBOAHAR AHTEHHa MPUEMHMKA $ ycneiuan To, 41O HEe MOF yec-

Neiate (KU, HaBepHoe, BpAL in

cmMOry) B ropoga: Hacrtoswme
LIYMB) HUBKO4ACTOTHOMO AVana3oHa, rMyGokMe U B TO XE BPEMR KakMe-TO Npo3payHbie,
TPECKU [anEKVX FPO30BLIX PaspafoB, WypluaHie KOCMUNECKOro U3NyHeHus.

HeobxooumMo Camomy YCnbillaTh 3TW LWYMb), YTODbl MOHSATb, Kak OHW HEBEPOSiTHb
WU TAWHCTBEHHBI W KaK 3HAYUTENbHO OHW OTIMNAIOTCS OT TeX LUYMOB, KOTOPLE Mbi
CNbilUMM B TOPOAE Ha HaleMm rMpUeMHUKe. Ho M B STMX rOpHbiX, WOSAIbHLIX Ans
fipuema, yCnoBUSX HEOXMOAHHO MPOSBUNACH NOMBEXa, KOTOPON NPOCTO HE MOTNO GbiTe
B ropoge. MNMpumepHo B 15 kwiomeTpax OT Haweil akcrnaguuum Ha ropa bepene-Keip
paboTany paguonckauyoHHEIE CTaHuMM 063o0pa Mops u Bosgdyxa. Ewe opHa pagvono-
KaLMOHHaR CTaHUVS Haxoaunach npumepHo B 10 kunomeTpax OT HBC. AHTEHHbI 3TUX
PanuoNoKaLmMOHHbIX CTaHLWIA HAXOAWNUCH NOJ, OrPOMHBIMU LIAPOOBPasHEIMN KYMOAaMY.
Kynona 6bm aefcTBUTENBHO OFPOMHLIMM, CYOS MO TOMy, KaK OHW Bbrnsgenn gaxe
Ha 6ONbLIOM PAcCTORHUM OT HUX.

1 YBEPEHHO MIPUHUMES «KyPHaHWUE» JIOKATOPa B TEHEHUE HECKONLKMX CeKyHA, Korpa
erg avarpaMma HanpaeneHHOCTM Gbiia HanpaeneHa B MO0 CTopoHy. PaGotanm pea
paguonokatopa, OAvH M3 HWX Gbin ganbHero obsopa. Ero «xypuaHue» Mpoxoavno
MPUMEPHO C nepuogoM 6 cexynp. Apyron nokatop 6ein GamxHero o6zopa. On BrIO-
Yance NepuoaMHEcKU, OYEBWAHO, MO Mepe HEOBXOAMMOCTU GavkHero obHapyXeHus
06beKTa, U ero XypyaHue npoxoawno NPUMEPHo ¢ NepuoioM 2—3 cekyHasl. Ho pabora
P2ANONOKALMOHHEIX CTaHUMI COBEPLIEHHO HE Mellana MpuemMy CBEPXHWU3KMX 4acToT.
BbLino paxe uHrepecHo HabmopaTe Ha QOHE CUrHanoB HUBKONACTOTHOrO 3¢dumpa 3a
paboToi PaaMoNOKaLUUCHHBLIX CTaHLMA.

Ho nony4utb yooBReTBOPUTENLHLIE PEBYNETATH C KOPOTKOM MPOBOAOYHON BHTEHHOM
0Ka3anoCh HEBOIMOXHbBIM JENOM. [lns YCHeLHoN paboThl OAHONPOBOAHON aHTeHHL HE-
obxoaMMo xopollee 3asemnerne. OCYLLECTBUTL €0 B MOpHBX YCNOBUSX Gbio HEBO3-
MOXHO — MOBCIOAY KamHU. LCRIONb3a0BaHUE HECKOSbKIX NPOTUBOBECOB PABHLIX 10 AJVHE
CamMOoit aHTEHHE TOMBKO HEMHOMO YryHLLMNo NPUemM. B 3TOM Cnydae B rOpHbIX YCNOBUSIX
ahPeKTMBHO Morna paboTtare TOAbKO pamoyHan aHTeHHa. Ha kamunx Ai-TerpiHckoro
nnaro GkiNa pacTaHyTa OJHOBUTKOBas PaMoYHas aHTeHHa NpuMepHo 30 MeTpoB AVameT-
pom. MNMoakmoyeHMe paMoyHo aHTeHHbl K MPUEeMHUKY fokasaHo Ha puc. 23.7. 3Ta pa-
MOYHas aHTeHHa MPOCTO JieXana Ha KaMHAX.

Mocne noakmMoYeHWs paMOMHOI aHTeHHBI KO BXOZy NPUeMHWKa ero paboTa aHaumn-
TENbHO U3MEHUNACh B JIYHLIYIO CTOPOHY. HW3Ko4acToTHbie Lymb adupa cpasy aHaumn-
TEABbHO YBEMMHWINCL. UMEHHO € pamMOHHON aHTEHHOKH MHOM Bbim NPUHATEI «CEBUCTRLLVE
atMocdepukmn» Ha nnato Ait-MNetpu. 310 HenepepaBaemo, 310 Haao Chbiwatk! Takoro
TPOMKOID, HETKOrO W RCHOTC MPMEeMa 3TOro REAEHUR R HE CRbiluan BHW3Y, B FOPOMe.
370 AENCTBUTENbHO WHTEPECHO W 3aTSrMBAET He MEeHEee, HYeM JIIoBUTeNLCKoe panmo.
BenylimMBaelLCs B LIYM 3¢hMpa W XOeLb, KOrAa Xe HakoHeL, 6yayT ChbillHb «CBUCTSLUME
arMoCPpepUKL» N MO XapakTepy MX 3By4aHust CTapaellbecs yranaTk ux NPoUCXOKAEHNE.
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TavHcTeennaa aTmocdepa Ait-MeTpyHckoro hnato ewe Gonee noaYepkvieana TaMHY
3TOT0 ABNEHVA.

Ho npw vcnonb3oBaHuM pamou-
HOVi 8HTEHHbI MNOSBUICA HE3HauW-
TenbHell HOoH NnepeMeHHoro Toka 50
fy. OH 6bin ropasgo MeHblwe, H4em
B ropoge, U He Mewan npuemy, HO
BCE Xe OH 6bin, OoH NepemeHHOTO
TokAa ©6biNn0  BO3MOXHO  HEMHOTO
YMEHBLWWTE, OPVEHTUPYS PEeMKYy Ha
MN&To No ero MMHUMyMy. HO nonHo-
CThi0 U3GaBUTLCA OT (OHA MHE He

Pamounas
aHmenna

yOanock. L1 Mﬂz”:”’”a” Ixpar uz xecmu
B ropooe f Npusbik HaGniopats .)(TNW\_ZD"D Ka

32 «CBUCTALMMM  BTMOCHEpUKAMU» = =—r7 e

TCOALKO FYBOKOM HOUBIO, KOFAa OTKAIO- P

HeHO GONLLMHCTBO BNEKTPUYECKMX

NPUEOPOB. U3-3a CUITBHEIX IOMEX B FO-

poge, KOTopLle NPOM3BOOSAT pa3nuy-
Hble 3nexTponpubops), B OHEBHOE U
BEHEPHEE BPEMS BIJHOYATEL CBOPXHU3-
KO4acTOTHLIN npueMHnk Gecnonesano.

OKa3anock, 470 B ropax BO3IMOXHO HEGMIOJATE 33 «CBUCTSLMMU aTMOCHEpUKaMU»
naxe pgrem. OTCYTCTBME WA MNaTO MOMEX CO CTOPOHBI 3MEKTPUYECKUX NpUGOPOR
no3soNMno MHe BTO OcywecTswTe. Eule Hemenoeaxwuili ¢akTop B Nonb3y nprema
«CBUCTALLWX aTMochepukoe» AHEM Ha AR-MaTpuHCKOM mpaTo — 3TO XOpowas BUau-
MOCTE. Cnegosatensho, npebbiBaHue Ha ANao B JaHHOM Cnyuae ropesno GesonacHee,
4eM HOYLIO. DTO MO3BONANO MHE YXOAUTb CPEBHUTENBHO Janeko B ropbl, PAacTArvBaTh
PaMOYHYI0 aHTEHHY Haf TOpPHBEIM OGPLIBOM U CRywaTe HUSKOYACTOTHLIN 3hup. Tposb!
GyLIYIOT HA HAaWEN AnaHeTe kpyrnibie CyTKY, BCAMECKW CONHeYHbIX Gypk NPUXOAST Ha
3emnio nocToaHHO. Mo3TOMy MHE ynanochk CHbILATL «CEUMCTAIME aTMOCHEepUKM» Kak
[HeM, Tak U HOYBIO.

MOXHO €Ka3aTh, 4TO MOW ONBIT NPUEMAa «CBUCTALLUX aTMOCGHEpPUKOB» B ropax
ynancs. MPUeMHMK, BLINOAHEHHbIH HA OCHORE nneepa, okasencs paGotocnocobHeM B
TOPHBIX YCNOBMAX. Tenepb S C HETEPNEHMEM /Iy, KOrZa CHOBa OKaXyCk BOanu OT
ropoga, BAanv OT UHOYCTPMANBHEIX NOMEX M CMOTY NOCHYLWATE HU3KOYACTOTHLIA 3dnp!

Puc. 23.7. PaMo4Han anTeHHa NpUeMHUKA

JINTEPATYPA
1. Harold Allen, WAMMC. Natural ELF—Whistler Radio. Part 1, Part 2. hitp://www.antennex.com/

2. Science @ NASA/ Earth Songs. http://science/nasa/gov/headlines/y2001 /ast1Gjan_1.htm.

24. NEPBASI TPAHCOKEAHCKASI PAONOCBA3L

B 2002 ropy ucnonimnoce 100 neTt co gHa NpoBeeHWs NepBOi TpaHCOKeaHCKon
CBA3M, YCTAHOBNEHHON UTANEAHCKMM PASVOTEXHUKOM U NPeanpuHMMaTenem I MapKoHu
{1884—1937). B coeetckoii nuteparype 310 cobblTMe OCBELLEHO oueHb cnabo, Gonee
TOFO, MHOrga Aaxe MOABepraiM COMHEHMIO, LefiCTBUTeNbHO NM Takas CBAsb 6bina
ycTaHoBneHa. Ho 3Ta CBS3b BCe Xe 6bina NpoBefeHa, NPY ee NPOBEREHUM NPUCYTCT-
BOBa/1 HE TONBKO €aM MapkoHW, HO M Apyriue Habnioaareny, KOTopbiX HENb3s 3aro-
HO3pUTE B CIFOBOPE C HMM. Jamaiite BOCCTAHOBMM B namsaTy cOOLITMS TEX net u
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PacCMOTpUM OBCTOATENECTEA, MPU KOTOPLIX 3Ta CES3b Bbina YCTaHoBMeHa, ¥ NoYeMy
oHa Bbiia ycTanoeneHa umeHHo Mapkonu, @ He Apyrumm usobperatenaMm paguo —
MonoeeiM unn Tecnoii.

24.1. Nepeble n3obpeTatenn paano

Mocne Toro, kak Mepkonm B 1896 rony odMuMANLHO 3aNATEHTOBAN PEAMO, OH
Ha4an NPOBOAUTE LIMPOKME 3KCNEPUMEHTH! NC PasBuUTKI0 paamocesan. OCHOBHOM Npo-
Gnemoii, cTosBwWwel Nepes HUM B TO BPEMS, ABMSNOCE NOBLILIEHWE OANLHOCTU PAaWO-
ceasu. Pewasn aty 3apavy, MapkoHv wen nayms nytamu. Bo-nepebix, COBEPLIEHCTBOBAN
aHTEHHbIe CUCTEME, & BO-BTOPLIX, COBEPLIEHCTROBA NPUeMOoNepeaaioLLyio annaparypy.
BCE Mano-mBMECKV NMONEsHEIE MENOYM, XOTh Kak-TO YNyWwalowme annaparypy CBAaM,
HeMe[IeHHO UM BHAAPAAUCh. A yeM e B TO Bpems 3aHuMavck apyrie usobperarenm
paguo — A. fMonoe u H. Tecna?

HaromHum, uto A. Monoe (1859—1906) Guin npenoaasarenem B MUHHOM odguLep-
CKOM KNIacce, PacronoXeHHoM B KpoHwTaare (aHanoryHO COBPEMEHHOMY BOEHHOMY
yunnuwy). Monoe yMTan nekuvm No «3REKTPUMHECTRY», MAaTeMatuke, BeN NPBKTUNECKME
3anaTna no anexTpotexHuke. Cloaa MoxHo pobaente obbluHBEIE NpenofasaTentckme
3a60TH. Ha ero nneun scanarann ofa3aHHOCTM N0 060PYAOBAHNIC (UBMHECKUX KaBu-
HeToB. OH opHoBpemenHO pabotan Hag 3akaszamn MuHvctepcTsa ¢nota.

CoeplieHCTBORaHNE Paguo He GbiNo ero ocHOBHOM paboToi, Ho B 1900 roay nog
pyxoeoacTEOM [Monoea GbUM NOCTPOEHE ABE PAAVIOCTAHLMM: OAHA B TOrnanae, apyras
B Kotxke. 311 paguocTaHuym Gbinv NOCTPOEHE! AN NPOBEAEHUS aBapUiiHEIX paGoT Ha
6poHeHocLe «FeHepan-aaMupan ANpakcuH», CEBlIero Ha Menb. Kax M3eectHo, Bno-
CNejcTBUM 3TV PRAMOCTAHLIMK OKasanu HeOLIeHMMYI0 NOMOLLL NpU criacenun 27 pol-
Gakos Ha oTopBaBwelica NbavHe. BTOT Cnyyali HEOAHOKPATHO BGbiN OMMCaH BO MHOIMX
UCTOMHUKEX, TaK 4TO OCTaHABNMBATLECS HA HEM He Gymam. Xouy Tonbko gobasnTe OovH
ManouseecTHeIi daxt. 18 snpenst 1901 ropa A. Monosy U ero NOMOWHUKY (1. PuiGriHy
(1874—1948) 3a ycnewHyio OpraHMaaLuMio cnacatentHeix pabot M 3a 3acnyM no
pasBMTMIO paamo Gbinv BPy4YeHEl aHexHbIe npemuu: Monosy B pasmepe 30 000 pybneir,
PrifxvHy B pasmepe 1000 py6neii [1]. B 10 Bpems 370 Gbinv OrpoMHEe aeHbM. Py6ie
A0 1914 ropa «secwn» 21 rpamm cepebpa. Ha CTPOMTENnLCTBO HayX PaamoCTaHLMY
Mexay Fornasaom v KoTkol 6uino BoineneHo toneko 10 000 py6aei...

H. Tecrna (1856—1943) B To Bpems 3aHMMENCH ONLITAMU NO NEPeAaYe BHEPruK
6e3 npoeoaoe. Henban cka3aTe aBCOMOTHO TOUYHO, KakMX PE3YNBTATOB OH MPM 3ToM
AecTHr. JIo HAacToALWEro BpemeHn GONbLIMHCTBO ONLIToB Tecna no nepegate sHeprum
6e3 NPOBOACE HE NOBTOPeHEl. B 4aCTHOCTY, OMVCEHME ONLITOR NO fepenaye 3HEPrvn
no noeepxHocT 3emam Gea NPOBOLOB ONMCAHO B [2). «YounauTenbhull nepeaaTqmks
Tecna, C NOMOLLLI0 KOTOPOro OH MPOBOAMA OMLITHI NO Nepefaye aHepruM, Gbin um
3anareHToRaH M ONUCaH B narewTe (CM. [3]). Ho 370 onMcaHue He NosBonseT NOBTOPUTL
NPaKTUYeCKU 370 YCTPOVCTBO. MHOrve nybnuyHble AeMOHCTPaLVM NPOBOAVMLIX TECHE
BKCMEPUMEHTOE HBNOMUHAMM TIUEATENbHO CANGHUPOBaHHLIE GOKYCH. OOHAKO MOXHO
NPEeAnoNoXuTs, YT0 ecnn Gbl TRCNa NOTPaTHA CBOM CHNbI HE HA UCCNeAOBaHMEe Nepenayun
3Heprum 6e3 NPOBOAOR, a Ha PaspaboTky YCTPOMCTE GeCNPOBOAHOA CRA3M, TO OH TOXE
poctur 66l Gonbwmx yenexos. Tem Goree 4To B cpeacTeax Tecna B TO BPeMs He
UCMBITHIBAN HefocTatka. Ho... Mctopus pacnopsipvnack ro-apyroMmy, nepeas TPaHe-
OkeaHcKan ceAsb Bbina NpoBesieHa He UM, @ Mapkonu. (Bripodem, cam Tecna yTsepxaan,
4yto B 1801 rogy um 6uina ycraHOBNeHa CBA3b C... Mapcom, 4YTO, KOHEYHO, MHOro
panbwe, HeM Mexgy ABYMS KOHTMHeHTamu 3emiun...)

24.2. Ycnexw MapkoHu

B To Bpems mup Hyxaancs B GecripOBOLOHOM CBA3M C MOPCKMMM CyfiaMM, C
PasanyHEIMU yoaneHHsIMK paiioHamy 3emnu. B 1897 rogy MapkoHM OCHOBAN axuuo-
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HepHoe oBWECTBO, xoTopoe ¢ 1899 ropa HaswiraeTca «Marconi's Wireless Telegraphy»,
cymen npMeneyb OrpOMHble CPeACTBA AN NPOBAfeHUs CBOUX MCCNenoBateNibCKMX
paboT No paanocessn. OrpoMHEIh OPraHM3aTORCKWIA TaNaHT U TANaHT Y4eHOro-NpaKTvka
MNO3BOMMAM COANATL TO, NTO MHOFMM Kasaiock B TO BPEMA HEBO3MOMHLIM.

yxe B 1899 rogy Mapkonn Ouina yoTaHOBReHA Paavocenst Yyepes Jla-Manw. Brino
nepexpbITo paccTosHue B 31 munio (56 kunomeTpor). B Tom xe rogy Guina ycTaHoBNleHa
pagvoceasb mexay GeperoBol paavocTaHLme U BOBHHbIM xopabnem Ha paccTosHve
76 mune (136 kmnometpos). C kaxgoli HOsoli muneli, npuGaaneHHoW K OanbLHOGTH
npoeeaeHHol MapkoHU PagvoceasM, YBEMNMBaNace CTOMMOCTE KLUl ero KoMnaHum
(8 vione 2001 ropa akuwm 3Tol koMnaHum ctomnn 37 NeHcoB Ha JIOHAOHCKON Gupxe,
NPOTME NMMKa WX ctoumocTy 1250 neHcoB meHee, Yem paa roja Hasag...). onoe B
1899 roay cMmOr SOCTUMHYTb AaNbHOCTU AefiCTBUR paarocBsam Tobko 30 knoMeTpoe....

Ho, KoHeyHo, MapkoHM [ns pokasarenbCrea BO3MOXHOCTM NMPOBEEHUA pankHei
panuocesan 3atoro 6bno Mano. Bbinn HeoBxopvMbl [OKa3aTensCTBa BOSMOXHOCTU
OCYLLECTENEHUSt MUPOBOI PaaMOCES3N. Cneayer 06paTUTEL BHUMaHWE Ha TO, YTO MHOMMe,
AaXe UIBECTHLIE YYEHLIE, HE BEPUNM B BO3MONHOCTL YCTAHOBMEHUS PaAvOCBA3M Ha
paccTogHue Gonee 200 kvnomeTpor. CyMTanoCk, 4TO PAAWORONHEI PACNPOCTRAHATCH
noooBHO nysam ceera, npamonuuerHo. Xors O. Xesucaiin (Oliver Heaviside, 1850—
1925) [4] yxe B TO BpemA 0GOCHOBaI BOSMOXHOCTE HEMMYUA MOHWU3UPOBEHHOMO NPo-
BOAOSLLEr0 CNos B BEPXHEei 4acT MOHOCGepbl, OT KOTOPOro BO3MOXHO OTpaxeHue
PABMOBOAH, HO €ro TEOPUIO TOFAR YCNEWHO FpOMUIMN...

24 3. OTtkpbiTve crios XeBucaiina 6uino Bnepean

B 1924—1925 rogax amepukaHckue wmixeHepsl [ Bpaiixt u1 M. Tyse nposenm
3oHanpoeeHue atmocgepsl. C NOMOLLLI0 3eHUTHBEIX aHTeHH Bbin nocnaH KopoTkuii
I0HANPYIOLMIA CUrHEN BEPTUKAILHO BBEPX. 3areMm Gbin MpWHAT STOT OTPaXEHHBIR
curHan ot ¢nos Xeeucainaa. Buino OTKPLITO, YTO Cnoit Xeeucaiina — 3To HeCTabunbHbIA
cnoli, HaxodawmiicR Ha ONPEASNEeHHO BLICOTe, Kak cuutany Ao 3Toro. Okasanock,
4TO B BEPXHUX CNOAX AaTMOCGEPLI HAXOAATCHS HECKOMEKO CNOBB, CNOCOBHEIX OTpaxath
PAOMOBONHLL. 3T CHOU HecTabMNbHEl NO NPOBOAMMOCTH, UX BLICOTA MOXET MEHATLCS,
U OT nx CBOVCTB 3aBUCUT NPOXOXEEHNE PaavOBONH HA nnaHeTe 3emns.

Apyroli noka3aTenbHbIA SKCNEPUMEHT NPOBENa rpynna aHrMACKNX paanouHXeHe-
pos u3 Kembpuakexoro yHueepcuteTta B 1925 rogy. BbUivt CKOHCTPYVPOBEHb! 8HTEHHI,
VMMEBLIME OCTPYIO HanPaBMeHHOCTb M, CNEAOBaTeNbHO, NO3BONABRILME ONPEeenvTe Ha-
npaeneHre NPUXoga CUrHanoe. C NOMOLLLIO 3TUX aHTEHH NPUHUMATM CUrHankl nepe-
[atduKa CpedHnXx BOSH, HAXOSVBLIEroCs Ha ypaneHum okono 400 xunometpos OT
NPUEMHBIX BHTEHH. AHTEHHbI SICHO MOKA3LIBAMM HANPaafeHe NPUXoja CMrHasIoB —
OHU APVXOZVIM CBEPXY, OT nonocoepsl. Tak ewe pas GHINO NOATEEPXEEHO HaMVe
NPOBOAAWEI0 CNOA B BEPXHUX CNosx armocdepsl...

24 4. MoproToeka K NepBoid TpaHCATNAaHTUHECKOR CBA3N

Ho Bce 370 Gbino ewle Bnepeav. A B 1801 rogy Aoka3aTenbCTB CYLLECTBOBAHWA CNos
Xesucaiiga ewue He 6LIno. TIo3ToMy Heao 6o obnanare M3BeCcTHOV CMEenocTeio Mapko-
HU, YTOBEI HAYATL ONLITH! NO NPOBEAEHUIO TPAHCOKEAHCKOM CBA3W. Ha kapTy 6bno nocTas-
FEHO CUWKOM MHOTCe... MOXHO 6bino Gkl NoiTH N ApYromy, erkomMy fyTh, U noctenex-
HO, MUg 33 MUneli, HapalMBaTk AanEHOCTh PagMoceasu. Ho ang Mapkony aToT nyTs 6kin
HenpueMieM, OH XOTeN cpasy aokaaars Ge3rpaHyiHbIe BO3MOXHOCTH paauo. Moarotoska
K NPOBEAEHUIO 3TOI rpanAMO3HON axkLyM 3aHsna HemMano BpemeH. MapkoHM yeTaHosun
nae npuemonepeaeowve craHumu. OnHa Geina pacnosnoxera B CLUA, B Wellfleet, Cape
Cod, Massachugetts, gpyras e Poldhu, Cornwall, Nova Scotia.

Ha nepepatoweii cTaHumum, pacnonokerHoi B Poldhu, ncnonb3oBanack rpaHano3Has
KOMMueckBs aumTeHHa. OHa coctosna u3 20 MawT, Kaxaas U3 xoTopbix Geina 61 m
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BLICOTOV, PacnofOXeHsl oHn Bhinv KPyrom, MmetclyM puametp 61 m. 3Tn mayThl
yaepxveanu 400 (!) npoBOaHMKOR, KOTOpLIE COCTaBNAnM NepesepHyThiii koHyc. Mpo-
BOAHWKYA Bbin M30AMPOBaHLI APYr OT APYra Ha BEPUMHAX MayT W COaaMHEHEl BMecTa
B BEpMHE KOHyca.

Ho npoweawvMu yparaHamu adTeHHbl ofemx 8TMX CTaHLwi Gbinv paspyLlueHt.
Moxet BbiTb, KTO Apyroit u otcTymmn Bul, HO Toneke He Mapxonmn! MapkoHu npuHsn
peLeHne He OTKIaALIBATL 3KCNEePUMEHTEI N0 YCTAHOANEHUIO TPAHCATNaHTUNeoKon pa-
amocensu. TprvemHyio annapatypy u3 CLUA Mapkonu nepeHec B Kanagy, B St. John's
Newfounland. Ha nepapatowel craHumm, pacnonoxenHoli B Poldhu, 6eina noctpoeHa
HOBasl nepafalowias aHTeHHa. KoHeYHo, B 3TOM Cnydyae BO3MOXHa Gbina TONBKO 0A-
HOCTOPOHHAS Panwocessk. Ho paxe 310 Morno Gbl AOKA3aTh MpeumyilwecTsa paavo-
casian. [Mpu pacnonoxeHu NPUEMHON cTanyun B KaHane paccTosHve mexay npuem-
HUKOM K nepeaaTuMkoM YMEHBWMAOCE 1 3TO Jaranc MapkoHn YBEpeHHOCTb B BO3-
MOXHOCTU YCTAHOBNIEHUS! TPaHCATNaHTUNECKOl Paavocesau.

B pasHbIX ANTepaTypHBEIX MCTOMHUKAX NPUBOAST HECKONEKO OTnvNatcuivecs Apyr ot
apyra CBegeHust O KOHCTPYKLMM NepeaaroiLielt aHTeHHsl, ncnonk3ayemoin Mapkonn ans
nepeoli CBA3N uepe3 AtnaHtudeckuii oxeaH. Ho MpUHATO cuMTaTh, 410 3TO GhINa Tak
Hazblieaemas Fan antenna, koTopas npencrasnana coboll 54 NPoBoAa, HaTSHYTHIX B
¢dopMe TpayronbHUKa M pasfeneHHbIX usonaTopamu HYepea 1 M. [re mauthl, yaepxu-
BaloWMe BCIO 3Ty KOHCTPYKUWMIO, Bbinn BLICOTOV 46 M. UCMONL30BAAMCE YKOPOYEHHHIE
MauThl OT CTapoll NOBEPXEHHOIN aHTEHHHI.

Ha smmx cranuvax B Kanape u CLUA 6wina ycTaHOBNEHa Camas COBPeMEHHan
[na Toro Bpemenm annaparypa. Ha nepegaowleli CtaHuMmM MCNONB3ORaNCS UCKPOROH
nepenaryiuKk KOHCTPYKuuM PnemuHra, xoTopbiii Gbin, Kak yrsepxaan cam OnemuHr:
«8 100 pa3 MOWHEE CaMOro MOLLHOIO paHee NCnonbayemoro MapkoHu nepegarimka.
Cxema nepenarumka, UCNONLIYEMOro AN NEPBOi TPAHCOKEAHCKON CBASM, npyveefeHa
Ha puc.24.1. 370 COBCTBEHHOPYHHBI PUCYHOK, COenaHHbill PremuHrom... JamHa
BOMHLI, UCROML3yeMass ANA Nepeoli TPBHCOKEAHCKOM paanocensu, Gbina npeanono-
XUTENLHO paBHa 366 M [5). B To Bpems ewe He GbINO TOYHLIX BONHOMEDPOB U
ANMHE BONHEl nepepaiowiell paguocTaHLMmM M3Mepsnack KOCBeHHo. Ha npuemHoi
CTaHuMKM, KOTOpas pacnonaranack B St John's, Newfounland, 6bin vcnons3ceaH
KorepepHbii npueMHik. B cnegyioweit rnaee mel nogpoHHO OCTAHORMMCSH Ha BONpoce
ONPEeneHMa UCTUHHOIO 3HAYeHUS AJIMHEI BONHLI MePeraTuvka, PacnofOXEeHHOTC B
Poldhu.

Botapiminss mard o Gty Tty mpes Be kT Ras 16Nl
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Puc. 24.1. Cxema nepepatamka @OremMuHra (PykOnmch)

KoHeuHo, anst XXl sexa MCKPOBLIA NEpefaTivk U KorepepHblfi NPUEMHMK, UCTMONk~
3yemulii Mapkohn Ans nepsoil TpaHCOKEAHCKOM CBA3K, BLIMSOAT HECKONLKO CMELHO
u TporarensHo. Ho B To Bpema 370 Gbin Bepx cosepilueHcTal
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24.5. Népean TpaHCATNAHTUHBCKAA paAviocBA3b

Ha npremHyto CTaHumio, pacnonoxentyio B St. John’s, Newfounland, MapkoHu ¢ gey-
MfA accucTeHTamy, aHrnusadamu Kemp u Paget, npubsin 6 nakabps 1901 rona. B yctee
GyxThl, B cTapbix kaszapmax Signal Hills, 6bin ofopygorad npyuemMHbIA MyHKT. Heckosmko
AHei 3aHanu nocnefHve npurotoenenus. 10 pekabps MapkoHu NLITancg NoAHATL NPU-
©MHYI0 aHTEHHY C NOMOLLBI0 OFPOMHOND LWECTUYIONEHO0 3Med ANMHON 2,7 meTpa. 3meit
6611 caenan u3 6amBykoBEIX NANOK, OBTAHYTLIX WENKOBO MaTepueit. Ho CUnbHuIl BeTep
NOPBa BEPeBKY, AEPXABLLYIO 3Mesi, KOTOPLI 3aTeM ynan B mopa. Cnegyowas nonbITka
NOAHATE NPUEMHYIO aHTeHHy, npeanpuHaTaa 11 gakabps, Toxe Gbina HeymaqHoi. Ong
nofbemMa aHTeHHbl MapkOHM MbIrancs UCNoNL30BaTh HAAYTHI BOAOPOROM Wap Avamer-
poM Gonee Yetbipex MeTPoB. CunbHbll BETEP NOpBan BePEBKY, YAEPXMBAIOLLYIO 3TOT
Wap, U OH CKPbIACH B TymaHe Heba Kanagwl. Ho Mapkonu He coaetcsi. 12 nekabps oH
NOBTOPSET MONLITKY NOAHATE aHTEHHY HAa BOAOPOAHOM WIAPEe, UCMOSML30BaB ANg ero
yoapxanust Gonee kpenkyio Bepeeky. Lap nogHancs Beepx Ha 120 METPOR U yaepxu-
BaNCA C NOMOLLEIO NPO4HOM BEPERKU.

HemepaneHHo RO NPOBONOYHOMY Tenerpady Ha nepenaioLlylc CTaHUMIo, Pacnonc-
senHyto B Poldhu, Cornwall, Nova Scotia, 6bino nepenaHc cooblugHue, Y4To npuemHas
cTaHuus roToea k pabore. Mepeaaya Havanace B 11.30. MpakTuyecku cpasy Mapxkonu
npuHAN NepesaHHbie us Hoeol LLIOTRaHAMM curHanel: TPM TOYKW, ByxBa «S»,

BLING nepekpbiTe C NOMOLWBIC paano, 6e3 npoeoaoe 3500 kvunomeTpos! Yepes aga
AHA MapkoHy onyBnvkoBan B NPecce peaynkTarkl CBOUX BKCMepUMEHTOB, MB3eTkl BCero
MMpa pasHecnM (Noka C MOMOLLBI0 MPOBOAHOMO Tenerpada) sty ceHcaumio, 3emHas
LMBUAM3ALMA BCTYNWAG B APYIVIO 3NOXY — B 3NOXY paguo. ThICAHYM U THICSHU HOBLIX
BHTY3MACTOR HauanM NPOBOAWTE MCCnefoBaHus B obnacT paano. Ha paguocessb
oBpatmam cepsLesHoe BHUMaHUE NPABUTENLCTBE MHOMX CTPaH MMPa. AKLMM KOMNaHUM
MapkoHU Pe3KO NOLWM BBEPX, M OH CMOF NPUBNEYEL HOBLIE CPEACTBA A1 NPOACTXEHUS
CBOMX MCChReaoBaHuii.

24.6. CKONbKO 3TO CTOWNO

CroumocTb 060pyAOBAHUSA CORMECTHO C APYrvMW 3aTPaTamMy Ha NPOBeaeHe Nepeoii
TPaHCaTNaHTUYeckoil paguocesau coctaeunu 200 000 ponnapoe B ueHax 1901 ropa
[6]... Cymma no Teém BpemeHam HeReposTHO orpomHast. U ata cymma Guna 2aTpadeHa
Ha nepegeuy BCEro MWL TPEX TOUYEK, KOTOpble B TenerpadHOM KOOE COCTABRAKT
Byksy «S». Toutvt 70 000 ponnapos 3a OAHY «TONKy». [oxanyil, 810 Gbina camas
foporas paguorpamma B mMmpe.

24.7. A B 3TO BpEMsI B OPYrVX CTpaHax...

Poccusa. B 1901 rogy MakcumankHas AanbHOCTE paglocessy, gocturHytes A. Mo-
MNOBLIM, NPU NPOBEASHUU €r0 ONLITOB HA YepHom Mope, cocTaemna 150 k...

CLUA. Opyroit uso6peratens pagvo, Hukona Tecna, 3ageun, yto B 1901 rogy um
YCTAHOBMEHA W NOAAEPXMBAETCA PETyNsipHas pagvocease ¢ Mapcom, OTKyaa OH no-
yHaeT MHCTPYKUMM Anf cBoel panbHeliweli HayyHol pabortl...

24.8. Post scriptum

B 1933 rogy 6bina BO3ARUIHYTS KONoHHa B Poldhu B 4ecTs ycTaHoBneHus Neproii
TPAHCOKEAHCKONW Pagvocea3n. KamMeHHBS KONMOHHA Kak 6bl OKOHNATENbHO 3aBeplumvna
OOVH U3 3TanoB PasBUTUA YENIOBENeCTsa B OBnactu paayoCEnsu.

Ceiiuac MOXHO NPOYUTATE Marepuansl, NOABEPraloLMe COMHEHMIC, HTO 12 nekabpsa
1901 roga Mapkonu peficTBUTEnbHO Gbina yCcTaHOoaNeHa nepBasi TPaHCaTnaHTU4ecKas
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pagvocease. Mon, n Bpems, n yactota paboTel Nepefarymrka B HenoaXOASWMMU
AnA 3TOro, Aa UM Touku MapkoHu MOr NMpuHATE 3a Tpecku adwmpa. U nouemy OH
nepefaean TOMKM, @ He CMLICNOBOE CoobiieHYe. ..

Y10 MOXHO OTBETUTL? Mouemy He MEPBOaN CMLICNOBOE COOBLEHWe — Tak 3T0
B TO Bpems MapkoHu He BbiNO HyXHO. EMy 6bin BaxeH cam ¢akT npuema pagvo-
rpaMmil. dnemvHr GoporpoBan pexvmel PaGoTH nNepanaTivka Af rONYYEHUs Mak-
CUMaNEHOM MOLLHOCTY, M CUCTeMa MUTAHUA MepPafaTyvika He BLIAEPXUVBANG LMMHHBIX
Tvpe. Bnpoyem, yxe B Hauane 1902 rona MapkoHu nmpemnoxmn MCNonb3oBars ero
paamocTaHumio, pacnonoxenHyo B Poldhu, ana noctosHHOW cessu Mexay Kanepoi
v Hoeoii LUotnaHgyel kak anbTepHatuMBy nPOBONONHOM CBSSM, KOrO2 MOHOROMMUGT
MPOEOAHON CBASW Yepes ATRaHTUHeCKuid okeaH xomMnauua Anglo—American Telegraph
pewuna NOAHATL LeHEl 332 TenerpaMmel, NepeaaqHble No kabeno nexalem Ha gHe
oKeaHa.

B cnagyiouweii rnase mel NoOpoBHO pacCMOTPUM apryMeHThl NPOTUBHMKOB U CTO-
POHHWKOB Nepsoii TpaHCaTNAaHTVHECKO CBASK.
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25. SATAIKA MAPKOHU

Mpowrio Gonee CTa net C MOMeHTa YCTaHOBREeHus Mapkoxu nepeolt TpaHcaTnaH-
TUHECKOI CBA3M. 3a 3TO BPEMH Ha HAWed MiaHeTe CBepWMAOCH MHOXECTBO paHoM-
03HLIX CODbITUY, KapPAMHANEHO M3MEHMBLUMX X084, MUPOBOD MCTOPUW. PagnotexHuka 3a
3T CTO NIET NpOoLwna Tako MNyTh, O KOTOPOM B Hauane XX Beka HYIKTO, [aXe cambie
cMenble GaHTacThl, He MOrnu 1 Meutath. OCBOEH WUPOKWIi OManasoH 3nekTpomar-
HWTHEIX BOJH, KOTOPHLIFA NpoCTMpaeTcs OT Aoneit repla Ao CoteH rurarepl. UaoBpeteHt
paanvyHbie HEeMBICTVMEIE B Havyane XX eeka Buasl MOAynsuvy. MpUHSTE cUrHasbl ot
VCKYCCTBEHHbIX KOCMUNECKMX CHYTHUKOR, HAaXOASLWMXCA 38 MHOFAE COTHUM MUNAMOHOB
KUNoMeTpoe oT 3emnun. Paguoannapatypa Hewana XX Beka BLIFSOMT nepef, coepe-
MEeHHbIM YeNOBEeKoM MPOCTC CMELWHOV U Henenoii.

Ho o cux nop npoponxaeTes B 0BLUEM-TO BECOMBICTIEHHBIF CMop, KOTOPLIY Hasancs
ewe 15 paxkabpsa 1901 roaa, korna Mapkony onyBnvkosan coofiueHie o cBoel nepsoit
TpaHcaTnaHTeckol censu. Cnop ¢ Tom, a Guina nu peliCTeMTEeNsHO NpoBegeHa Ira
CBA3L7..

25.1. Cnop yepes sexa

[eVicTeUTentHO, CPean CrneuvanicToR BO3HWMKAET MHOMO BOMPOCOR, OTHOCALLMXCA
K PasfnyHEIM MOMEHTaM NPOBEAEHUS NEPBOA TPAHCATNAHTUMECKO CBA3U. MHorme v
3TVX BOMPOCOB BLISBAHLI TEM, 4TO paguoannmapatypa Hasana XX Beka Obina KpaiiHe
HecoBepwerHa. Beneacteve storo Mapkonu TpygHO 6bINO onpenenyTs MHOrMEe Tex-
HUNECKME XapakTepUCTUKM VCTONE3YeMoi UM anrapaTypbl. OHeBMaHO MO3TOMy cam
MapkOHM 1 ero NOMOLLHVKY, yYaCTBOBABLILME B NPOBEAEHUN NEPBOI TPaHCATNAHTUYE-
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CKOVi CBA3M, B PA3HOE BPeMs NPUBOAWIM NPOTUBOpEYaLMe Apyr Apyry coobuienus o
TEXHUNECKMX OaHHBIX PagMoannapartyphl, UCMonb3yemoli MU B BTOM 3KCNEpUMeHTe.

JDagaiite Xe BMecTe nonpobyem, HAaCKOMLKO 3TO Celiuac BO3MOXHO, HenpanBasTto
pasofparecs B OCHOBHBIX AOBOOAX, NPUBOSVMBIX MPOTMBHUKAMKM W CTOPOHHMKAMU
ycTaHoanenns Nepeoii TPaHCATHAHTUHECKOM CBA3V UM Nepesayy npu 3TOM Camoi fo-
poroii B MMpa Nepeoil pagvorpammMebl, WiV MEPKOHMIPaMMbl, Kak Ele MHOro ner
noapsg HaskiBav cooBLueHus, NepefiaHtblie C NOMOLLLIO Paaumo. Mocne 3Toro YvtaTens
cam CMOXET PeLKTb, K CTOPOHHMKAM MAK NPOTMEHUKaM YCTaHOBEHUS MEPBOIit TpaHc-
aTNaHTUHECKOV CBASU eMy NPUCOBAMHNTECH.

25.2. Nepeparivk dneMuHra

JDapaiite paccMOTPUM NEPenaryvik, KOTopIi UCNONL30BaNCA Ha Nepefatowelt CTaH-
uvm B Poldhu gns MpoeeneHus 3TOM cesan. Mpexae BCEro HaC WMHTEPECYIoT Takwe
€ero napameTpel Kak MOLHOCTS M YacTota pabothbl. Ho kak pas sti, Haubonee saxHbIe
A9 HAC MapameTpel, A0 HACTOALLEro EpamMeHu [OCTOBEPHO HEM3BECTHHI.

J0 CUX Nop TOYHO HEM3BECTHA BLICOKOYACTOTHAH MOLLHOCTE B @HTEHHE, KOTOpYyIo
obecneynBan nepesartyvk, pacnonoxexHsiii B Poldhu. M3mepenne BbICOKOYECTOTHOM
MOLHOCTH, 0COBEHHO ee GOMLLUINX YPOBHEN, AaXe B HACTORALLECE BPeMs NpeacTasnset
CnoXHyto 3eaady. B Hauane XX BeKa TOYHO M3MEPUTL MOWHOCTE nepaparduka 6buno
MPOCTO HEBO3MOXHO. B KaywecTee npumepa MOXHO NPUBECTU NepafaTymk, NpeaHasHa-
YeHHLIV onel PerynspHoi TpaHCaTNaHTUHecKOi CBs3M, KOTOpLI BCTYNUN B CTPOA B
1907 rogy. Erc MOLUHOCTE OLeHUBanNack pasHbivuv cneuvamctamu ot 100 no 300 xBr
[1]! Pa3bpoc MOWHOCTA NONTU B TPM pa3al

MOWHOCTE NEPSAATYMKOR B TO Bpems onpeaensnace NpuEaMauTeNntHo, Ha OCHO-
BaHUM NoKasaHuii MHorx NpubopoR. KoHCTRYKTOp nepedaryvka B Poldhu A. 1. ®nemuHr
(1848—1945) onpepenvn MOLLHOCTL CBOEro nepepatuvka B 25 000 Br [2]. Cneayer
3ameTutb, 4T0 PneMuHr B TO BPems ©Obil OAHUM M3 OMbiTHeAWMX KOHCTPYKTOPOB
fepeaaTysukoB B MUPe, U ero OLeHKa MOLIHOCTM CKOHCTPYMPOBAHHOMQ VM nepeaaryvika
3aCNyXUBAET LOBEPUA.

Cam MapKoHU BCRYECKU YKIIOHSNCS OT OTBETOR O BEMMHYMHE MOLLUHOCTU U O 3HAYEHUU
yacToTkl paboThl Nepeaarunka 8 Poldhu. OueBuaHO, OH NOHUMAS, YTO Ero OTBEeTHl Ha 3TN
BONPOCH SBNFIOTCA CNOpHLIMU. B OAHONM U3 CBOMX NeKUMi, NOCEALLIEHHON TpuauatmneT-
HeMy 106Mnei0 8ToM CBA3M, xOTopYio MapkoHu untan B Hayane 30-X rogos, OH cKasan,
4TO MOLHOCTL NEPEAaTHMKA, NCNOML3YEMOro UM £18 NPOBEASHUA NepBOl TpaHcaTnaH-
TU4ECKOit ceaizn, Geina paeHa 15 kBr [3]. OBpatte BHMMaHWe, YTO 3T0 6bINO CKa3aHo
no npowecTaum 30 feT Nocne NPOBaAEHYs NePBOi TPAHCATNEHTUHECKON CBA3U, ITO 3a-
sIRNEeHVe GLINO CAENaHO YXE& MHOrCOMLITHBIM YESIOBEKOM, MMEIOLLMM OrPOMHLIA ONbIT B
KOHCTPYVPORAHUN panwonepesaoumx cuctem. Mo ecell BUAMMOCTY, PeAnbHAs MOLL-
HOCTL Nepeaarymka B Poldhu Haxogwiace MeXdy TeM YPOBHEM MOLLHOCTU, KOTOPIRA Of-
pepenvn OREMUHT, W TeM YPOBHEM MOLIHOCTM, KOTOPLIV HasBan Mapkonu.

25.3. AnvHa BOMHBI nepeaarynka dnemuHra

Bropyto, HavBoNbILYIO ANs Hac 3arafky NPencTaBnseT AnvHa BOMHLI, Ha KOTOPOW
paboTan nepeaaryuk B Poldhu. Cam Mapkonu 06bINHO NPERNoNUTan YNOPHO YKAOHATECS
OT OTBETa Ha 3TOT BOMpoC. B pB3HOE Bpems, B pasHbIX NIEKUMSX, MOCBALUEHHBIX
MPOBAAEHUIC NEPEOI TPaHCATAAHTUNECKON CBA3U, MEPKOHU 1 ero NOMOLLHMKaMKU Gelnu
HA3BaHbl HECKOMBEKO A7MH BOSH, HA KOTOPLIX, Kak Npaanonaranoce, pabotan nepeaarimk
g Poldhu. dnemmuHr B CBoeii NeKUMU, NOCBALLEHHON NPOBEAEHUMIO NepBoi TpaHcaTnaH-
TUHECKOWM CBSIaW, KOTOPY OH mpouutan B 1903 rogy, ckasar, 4TO gnvHa BOfHb), HA
koTopoi pabotan ero nepepardvk, Goina pasHa 304,8 M. MapkoHu B CBOER nekuvn,
KoTopyto OH 4MTan B Royal institution B AHrnum B 1908 rogy, onpefenvn AArHy BONHGI
nepefaTivka B 365,8 M. HO ropasno noaxe, B fekuMy, NOCBALLEHHON 10Bunes npo-

247



BafeHUs NepBOVi TPAHCATNAHTUMHECKOV CBA3KW, OH YXE rOBOPMA, YTO ANMHA BOMHbI
nepeparunka PremmuHra 6uina pasHa 1800 m (166 wfu) [3).

Foa xe uctmHa? Kakas uugppa npaBunbHan? Kak WU CTpaHHO, HYKakas. Mapkonn
He Guina HassaHa peansHas AnvHa BONHBI (YacToTa) paboThl nepefarumka, pacnono-
xenHoro B Poldhu. MMousemy? MoXHO npeononoxute, 4TO TOuHad wacTora paboTo!
nepepeTyMka DaicTeUTenbHO Ghina HEM3BECTHA M camomy MapkoHu. MO NPOWeECTBUIo
BpEeMEHY OH MPOCTO BHOGMA B npepfonareemylo 4actoTy paboTsl 8TOFO NepeneTyuka
KOppeKuuM, OCHOBLIBASCb Ha CBOEM NPMODPETEHHOM OnbiTeé NPOBEReHUS AANBHUX
cBsizel.

Mul MOXEM MPEAnonoXnTs, Yo PREMUHT AEACTBUTENLHO PacCuUTHIBaN CBOV Ne-
peaaruMk Ana paGoThl HA AMMHE BONHLL, PaBHON npumepHo 300 M, Kak OH TorOa
yraepxaan. Ho Hu ®PremuvHr, Y MapkoHM B TO BPEMS He MOFAN NPaancioXUTb, YTO
BbIGOP AnuHEl BOAHEI 300 M Gbin KpaiiHe HeyZauHbEIM e NPOBEAEHUS TPBHCATNAHTI-
4ecKoi CBA3W B AHEBHOE epemsi. BONHLI C 3TOA AMHON UCMLITHLIBAIOT 3HAYUTENBHOE
FIOrfoWeHe NPU OHEBHOM PacnpocTpaHeHun B cnoe uoHocdepsl D. B pesynbrate
ITOrO YCTaHOBMEHUe panbHel CBA3W NpPU MCNONL3OBAHUM PASUMOBONHL 3TON ANMMHLI
ManoBePOATHO.

3710 panc B PyxM NPOTUBHUKOB NPOBEOEHVSI NEPEOI TpaHCATAAHTMHECKOW CBA3M
CEePLE3HLIE apryMeHThI, NO3BONNIOLME NOCTABUTH NOA, COMHEHWE NPOBeAeHWe BTON CBS-
an. BeposiTHO, UMEHHO No 3Toi NpUYMHe, B 30-X rogax MapKoHu «3amerusn» CnopHyio
anvHy BonHeEl 300 M Ha «Gonee NOAXOANWYIO» A8 YCTAHOBJIEHUS TRAHCOKeaHCKoM pa-
AVOCBA3M ANVHY BONHBL 1800 M (166 KIw) [3]). PaavoBONHLI C 3TOI 4acToToM CROCOBHEI
oTpaxarecs 0T ¢nog D B aHeBHOe Bpemn. BonefcTene STOTO Ha Takol pyvHe BOnHLI
BNONHe Morna GbITs NPOBeaeHa TPaHCATNaHTVHECKas CBA3b B QHEBHOE BPeMs.

A BCe Xe kakan B AelicTBUTENbHOCTY Bbina vacToTa paboTel nepepetunka B Poldhu?

Hy yTO e, Hawe NOoKoneHue PamvoTEeXHUKOB YCMEILHO CrpaBuAOCh C peweHueM
3TOl 3arapxu. B nepBeIX WMCKPOBLIX NEPeAaTHMKax 4acrora ux paboThl NOAHOCTHIC
ofpeaensnack YacToTol HaCTPOMKM aHTEHHOW CUCTEMEI 3TUX NEePeiaTyuMKOR Ha NEpPBLIT
YETBEePTLBONHOBLIA pesoHaHc. Cpasy cnagyer ofpatute BHMMaHWE, STO MPU Takoii
C©XemMe NOCTPOEHWUA UCKPOBOIO repeaaTyika vcKaiouanack paboTa ero BLIXOSHON Lenn
Ha BbICOKOYACTOTHLIX FAPMOHMKAX aHTeHHbI, Tak KaK jigger BrxOAHON LLen HacTpaneanca
B PE30HAHC C aMTEeHHOUW CUCTeMoA.

KOHCTPYKLMA aHTeHHOW cMCTeMbl Ghina M3BecTHa. KOHCTpykumsa KaTywek, UCNosb-
3yeMblX B BLIXOAHOU Lienu Nepenarymka, KoTophble BAMRY Ha PESOHAHC aHTEHHE, TOXe
B 06wWwem-To Geina useectha. flanee, Ha OCHOBAHMM 3HAHUNM O PA3MEPAX aHTEeHHH U
O KOHCTPYKUMM BLIXOOQHOM LenM nepenaTtyuka, 6bina onpegeneHa 4acrora 4eTBepTb-
BOSIHOBOMO E30HAHCE, Ha KOTOpol pabotana aHTeHHa CuCTeMa, M, CnenoBaresibro,
6eina onpeaeneHa YyactoTa Nepeaaryrka, MCNonb3yemoro Ang nepeoil TpaHCaTnaHTu-
4eckoii cen3u [4]. Okasanock, YTo fpU 3TOM METoAe pacdera 4acToTa paBotsl nepe-
naryuka Mapkosu Haxogmnack okono 500 kfu (npy pecyete nonysmnock 511 k).

Y4710 e, Obina ycnewHo pelueHa aaragka, 3agaHHan Ham Mapkonu, Geina onpeaeneqa
yactota paboTel nepeaaryuka.

XoTA... YKasaHHOE 3/eCb 3HA4YeHWe 4acTOoThl NEpeaaTuMKa TOXe npeacTaanser
cofoit cnopHblii Bonpoc. PacueT 4acToTl Ga3vpoBancs Ha OMMCAHUM KOHCTPYKLWM
aHTeHHbl nepepatoweit ctaHuuy B Poldhu. Ho BO3HMKEIOT Cepbe3Hble COMHEHUS B
TOM, NTO @HTEeHHd, KoTopas Gbina MCMONb30BaHa An9 NPOBEASHUS MEPBOIA TPaMC-
aTnaHTU4ECKOM PASMOCBA3N TOYHO COOTBETCTBYET ONUCAHMIC, AAHHOMY B rmase 24.
B peantHOCTM OpUrMHankHas aHTEHHAS CHUCTEMA YXe HYepe3 HECKONbKO MEeCSILEeR
nocne NPOBaAeHWs nepBoii TPaHCATNAaHTUHECKON Ccef3n Gbia 3ameHeHa Opyrov
aHteHHoil. Jaxe 3HamenuTas ¢oTorpadus 3TOI  BHTEHHb, ONYGNMKOBaHHAs B
nuteparype, NOCBRALIEHHON NPOBEREHVMI0O NEPROV TpaHCATNaHTUYECKOW CBA3M, O4e-
BUOHO, ABAAETCH Nopoenkoi [4]...

Ho ocTanuce elle apyre aarafky, A0 KOHL@ He pasrafaHHeie Ao Cux nop.
O6paTMCs Xe K HUM...

248




25.4. NMpvemMHuk MapkoHy

B0 HacToALWEro BpeMeH abCoNoTHO TOHYHO HEM3BECTHO, Kakoi NPUEMHUK MCRONb-
30Ban MapkoHu Ha NpMeMHOI CTaHuvM B Kanape. [LoCTOREPHO UBBECTHO, 4T0 MapkoHu
flepBOHa4aNEHO XOTEeN UCNonk3oBaTk ANs npuema curHance B St. John's, Newfounland
NPUEMHUK C HACTPOEHHLIMM BXOAHEIMU Liensmu. Cxema 3TOrC NPUEMHUKA, KOTOpPLIA
Mapkon 3anatentoean B 1900 rogy, nateHT BenvkoBputanum Ne 7777 ot 26 anpens
1900 roza, nokasaHa Ha puc. 25.1.
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Y Y
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Puc. 25.1. Cxema rpuemHrka MapkoHu cornacHo matedty N2 7777

BXOAHOW KOHTYD B 3TOM NPUEMHVKE HACTPaMBancs B PEe3CHAHC Ha NPUHUMAaEMEIA
CUrHan ¢ NOMOLLLIC NEPEMEHHOIO KOHAEHCaTopa C1. AHTEHHas Lienk TOXe HacTpavea-
flack B PE30HAHC C NOMOLULIO KaTYLWKU C 0TBoAamMu LA. Lient, B KOTOPYIO BKAOYEH KOre-
pep, ToXe HACTPaMBaNACE B PE30OHAHC HA NPUHUMAEEMLIF CUTHaN € NOMOLLBIO KaTyLLeK C
oTeosamn LST n LS2, a Takke npy noMmowy konpeHcaropa C2. B pasynsrare 3T0r0 YyB-
CTBUTENBHOCTE 3TOr0 MPUEMHOrC YCTPOMCTBa Bhina 3HAYUTENEHO YBenrueHa. Beina Bo3-
MOXHa YacTOTHas cenekuvsa curHanoe. C MCNoMb3oBaHUeM NPYEMHUKA, NOCTPOEHHOrO
o NPUMEPHO Takoi cxeme, MapkoHW BbIM NPOBEAEHL! B TO BPEMST €0 Camkie AebHVe
CcBR3U. OTO pagMocenst Yepes Nla-MaHw Ha paccTosHmue B 31 MURIC U PaanoCenss C
BOEHHLIMU KOPabnsMmM B MOPE HA paccTosHue B 76 MUnb.

WUMeHHO NO noeody NPYMMEHEHWS 3TOTC NPUEMHMKA C HACTPOEHHBIMM LLernsmm
BO3HUKAET MHOIMC BOMpocoR. [MOCKOMLKY Ans pabovel NPUMEMHMKA ero Lenyt AOomXHb
6biTb HACTPOEHLI Ha YacToTy paboTs nepeparumka, Mapkont pomxeH 6uin 66l sHaTh
yacToTy paboThl nepegarimka, pacnonokenHoro B Poldhu, ang Toro, 4Tobel AOCTAaTONHO
6hICTPO HACTPOUTE NPUEMHUK HA NprieMHOM cTaHuuM B Kanage.

Ecnm Brl 6ygeTe B My3ee CTapol TexHkM, oBpatite BHUMaHWME Ha IETeKTOPHLIe Npyi-
eMHUKW Havana XX Beka. MHOrONO3ULMOHHLIE NEPEeIIioNaTeNM KaTylexK, KOTOPLIB rpa-
OYMPORaHB! B YCAOBHEX €ANHMLIAX, WKaNLI KOHAEHCATOPOR, PanyuposaHHble B rpagycax.
K npremHukam npunarainTes HOMorpamMel A8 Neperoia nosioxeHuii nepekacyareneis,
OTBOZA KaTyLeK M @MKOCTY KOHAEHCATOPOB B A/IMHY BOMHEIL. He 3HAR TOYHO A7WHEI BOSHbL
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paboTel nepepatymka B Poldhu, MapkoHn Mor 6l CyTKaMM HACTPaMBATL CBOM MPUEMHMK
B NoMCKax cnabelx CUrHanoe, NPowaawmx Yepesd AtnaHTmyeckuii okead, ecnm Bel... Ja,
ecu Bbl OH He BKCMBPVYMEHTUPOBAT CO CBOMM NPUEMHMKOM B AHIIUM U HE NPMBE3 Ha
npueMHyIo cTaHLumo B Kanazy yxe HaCcTPOEHHBIN Ha 4acToTy paboThl nepeaaryuka npu-
EeMHVIK. TIpUYeM HaCTPOeHHLI Anst paBoThl COBMECTHO C aHTEHHOU TOU AMHLI, KOTOPYIO
Ucrone3oean Mapkonu B St. John's. 3Has xapaktep MapkoHu, ero npesycMoTpuTe b=
HOCTE B Maneiimx Menotax, MOXHO NPaanonoXmTb, HTO MMEHHO TaK OHO U 6ino.

Ana paboTel COBMECTHO C 3TUM MpUemMHUKOM MapkoHu B3An Tpu xorepepa. OamH
Ghin 3aN0HEH YroNBHEIMK KPOLKAMM, SPYTOli CMECHIO YFOMBHEIX KPOLLIEK M KOBaETOBIX
ONUNOK U TRETUI, SKCePUMEHTANEHEIV, PTYTHLIA KOrepep, KOTOpLIi MapkoH Ao 3Toro
YICNOML30BAN AnA PaboTel Ha NPUEMHKKEX, YCTAHOBEHHBIX HA KOPabnax UTaNLSIHCKOro
mopekoro ¢nota. Mepebie Aea Tvna KorepepoB WYpoko paHee Mcnonbaosanvcs Map-
KOHU Y1 APYFYMY NMUOHEPaMU Paaro ANs SKCNEPUMEHTOB. STU TUNLI KOrepepoR NoKasanu
XOPOLLO NOBTOPSIeMbIe PesynbTathl Npuema paavocurHaioB, HO obnasamm HeBGonbLod
HYBCTBUTENBHOCTHIO. C TPETbUM TUNOM Korepepa — pTyTHeM — Mapkonm Toneko
NPOBOAWN BKCNepumeHTl. PTyTHEIV korepep npeactasnsn cobow Kanmo PTyTH, Haxo-
OALLYIOCA MEeXJy AEeyMS Xene3HbIMM KOHTakTamu. MapkoHu yTBepXgal, H4To pTyTHuIi
Korepep B TO Bpems Gbin CaMbIM YYBCTEBUTESbHEIM KOrepepom.

PryTHEi KOrepep MapkoHit Brnepebie VCNONL30BaN Ha Kopabnsx UTanbsaHCKOro
BOEHHOro Mopckoro ¢nota B 1898—1899 ropax. B Te e roabl um Gein oCYLLECTBNEH
npyeM PaguoCUrHanoB Ha CNyx C NOMOLULIO 3REKTPOMArHWTHEIX TEReOHOB. PTyTHLIA
Korepep No3BONAN OCYLLIECTENATL HanBonee NanbHUi CNyxOBOV NMPUEM NEPBLIX UCKPO-
Bbix Nepeparyvkos. VIMeHHO vcnonbaoBaHMe mpyema Ha Cnyx v UCMOb30BaHWe Bhl-
COKOHYYBCTBUTENLHOIO pTYTHOIO KOrepepa fiossonMnM MapkoHU B Te TOALl YCTaHOBUTE
CBOM pekopabl MO OeNLHOCTU PALVOCES3U.

25.5. MprvemHasi aHTeHHa MapkoHK

Ho nasalite cHoBa Bephemcsi B Kanagy Ha npuvemHyio cTaHuvio B St. John's m
06paTM BHUMaHVE Ha NPUEMHYIO aHTEHHY. MapkoHM B pasHbie AHU YINOPHO MbITAeTes
NOAHATE HA LLIAPE aHTEeHHy AMHOM uMeHHo 150 m. [laxe korga Betep ofpLiBaeT Takylo
OJMHHYIO @HTEHHY, OH TOAHUMAET APYrylo Takylo e no Anvue. Mouemy MapkoHu Tax
YNOPHO NLITANCS UCNONL308aTE aHTEHHY UMEHHO Takol anuHbl? Modsemy OH HE yKOpOTUA
@HTEHHY, ckaxem, no 100 M, yTobkl OHA BbiAEPXana cunkHbli eetep? MoyeMy OH He
VCIONb30BaN aHTeHHY AnmHol 200 M, xOTOpYIo Wwap Toxe BnosHe Gbl CMOr NOgHATL?
MNocrapaemMcs OTBETUTL HA 3TO, OCHOBLIBANCE HA USBECTHLIX HAM (baKTax.

Mkt 3HaeM, 4TO PREMUHE, KOHCTPYK-
Top nepegaryvka B Poldhu, B 1903 ro-
Y cKasal, HTO ANMHA BONHLI €ro nepe-
natyuka Gbina pasHa 304 m. AHTEHHA,

llpoBoroyran

axmeHHa
KOTOPY!IO UCNOMb30Ban MapkoHu, Toxe
Buicoxovgcmomked 4 KpaTHa 3Toih ArmHe BoMHBl — 304, umm
M m
dpoccerns bg;%p%ﬂ OPHOA 150x2, Bwawt 0 npepronaraemoii

AnvHe BOMHBI paboTel Nepenaruvka

MapkoHM Mmen ueTkoe npescTaene-

Pese yny  HME. HO MO KakuM-TO Npumrkam Map-

3BoHOK KOHY 06 3TOM B pansHefiiem nousmy-
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Puc. 25.2. MNepebiit NpreMHk MapkoHn



PanvoBonHb. MOCKONEKY CONPOTUBNBHUE KOrepepa A0 NPUXoAa PASVOBONH BbINO BENMKO,
HECKONBKO ThICSH OM, TO OH HE LUIYHTUPOBAN aHTEHHY, MMEIOLLYIO BLICOKOE CONPOTUBNEHE
Ha CBOMX KOHLIax. Mpy Npreme aHTEHHOM PanvoCUTHAN0B MEXEY SHTEHHOM 1 3a3EMAEHUEM
MOSBASANOCEL 6OMLLUOE BEICOKOYACTOTHOE HAMNPAXEHUE. DTO HANPMKEHUE NPOXUrano Kore-
PEP, BCREACTBUE YEro NPOUCXOAUNA PervcTpauvs paauocurHanos. Bnocneactsum Mapko-
HU YCRONE30BAN MONYBONHOBYIO aHTEHHY COBMECTHO C MPUEMHUKOM C HacTpavBaeMbIMi
KOHTYpam (3HamennTbiit natent 7777). Ecan anTenHa 6bina husmHeckin MEHbLUEH BfVHL,
TO € MOMOLLBIO K2TYLIKW UHAYKTUBHOCTU (KOTOPER CEMHAC HOCUT HAa3BaHUE YBSMHSIOLLEN Ka-
TYLIKW) 8HTEHHA HacTpavBanack B PE30HBHC Ha HEODXOOUMYIO BONHY.

CrepogatenbHo, MapkoHm 6bin yEEPEH, YTO pnuHa BOMHLI Nepepatyvka B Poldhu
6uina pasHa 300 MeTpos. Ha ocHOBaHWKM 3TOr0 MapkoWW MLITANCR WCTONL30BaTh
HACTPOEHHYIO PE30HAHCHYI0 aHTEHHY LR YiyHLeHMs NpuemMa. MoatoMmy pnvka €ro
aHTenHbl 6ena paswa 150 M.

25.6. MNepBblii B MVpe pereHepaTvBHBI NPUEMHUK

Janee NpoOUCXOOAT COBBPLUEHHO HEMNOHATHLIE COBBLITUA. VIMER WACTPOEHHLI U
BbICOKOYYBCTBUTENBHLIR NMPUEMHUK, Mapkoni, Mo yBepeHMio ero NomMowHmrka, Richard
Norman Vyvyan (1876—1946), 3TOT NPMEMHUK M0 HEM3BECTHLIM MPVHUHAM HB NCMOSb-
3oBan [6]! A wcrone3osan MapkOHWM BCEro AWLb BLICOKOYYBCTBUTENLHLIN PTYTHLINA
Korepep, NOAKIIOYEHHBI K GHTEHHE M K HaylHuKaM. W Ha 3TOT MPOCTON NPUEMHMK
MapkoHn cMor ycrblllaTe curHansl U3 AWrnuu!

ECan mbl MOCMOTPUM HB U3BECTHYIO ¢oTorpadio MapKoHi, caenawHylo wa npu-
emuolt cTanlmn B St. John’s, ussecThylo Noa Hassawuem: «Mapkowu Mnocne npuema
NepBbIX TpaHcar/laHTudeckux paguocuryanos una Poldhu», To yBMBYM, HTO HWB 3TOR
dotorpadhum peicTBUTENEHO HET NPUEMHUKE C HACTPaUBAEMBIMK Liensmut
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ANS TPAHCATABHTVHECKOW CBASU 8 nareHte N2 18105

Mpepnonaraemas cxema npuemHuka MapkoHu, MCnone3yeMast M ps TpaHcar-
NaHTUYECKON CBS3K, NOKasaHa Ha puc. 25.3. 31a cxema COCTaBneHa Ha OCHOBE NaTeHTa
Aurnum N2 18105, koTopelit MapkoHu ronyumn 9 cextsBps 1901 roga Ha cnyxosoit
NPUEMHUK C PTYTHLIM KOrepepoM ¥ Ha OCHOBAHUKM KOHCTPYKLMIA €F0 MepBLIX LLUVPOKO-
MOMOCHBIX KOrepepHLIX NpuemHukos. Ha puc. 25.4 nokasaHa cxema npuemHika Mapkoxu
C pTYTHHIM KOrEPEPOM, Kak OHa m3obpaxenHa B nartexHte N2 18105.
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Lapaiite elue pas BHUMATENbHO PACCMOTPUM CXBMy MPMEMHUKE, KOTOPYIO Map-
KOH1 NPERNONOXUTENbHO MCMNONb30BaN Ha NnpuemHoii ctanuum B St. John's (puc. 25.3).
HeTBBPTLBONHOBAR AHTEHHA, ABARIOLLAACH PE3OHAHCHOW ANA NPUWMMAEMOTO CUrHana,
PTYTHBIR KOrepep, HaylHUKK, akkymynstopras 6arapas ...

WUTak, paccunTLisan UCMoNb30BaTh NOSYBOAHOBYIO PE3CHAHCHYIO 2HTEHHY AN AMMKE!
BOnHEl 300 M, MBPKOKY CNY4alHO NPUMEHUN YBTBEPTLEOHOBYIO PE30HAHCHYIO aHTEHHY
AR uenonb3yemoil UM HacToThl paborbl NepefaTyuka. JeicTBATeNtHO, KA BORHLI
nna Yactotel 511 kY CoctaenneT 580 M, YETBEPTL AAMHEI BOAHL! 145 M, T. €. oYeHb
6A13KO K prvke, vcroNb3yemoint Mapkow aHTeHHb.

MpoJomkuM fansiue paccMOTPBHYB Lenu saranok. CUMTaeTcs ManoBepOsiTHBIM,
4TO, UCNONL3YS Takoll NPOCTOi NPUEMHWK, CXEMa KOTOPOro MpuBefeHa Ha puc. 25.3,
6bin0 BBl BO3MOXHO MPUHATE CUrHaNL Nepepatduka u3 Poldhu, Haxoaswwarocs Ha
ynaneHum 3500 km. Ha ocHoBaHUM (OpMYn O MPOXOXLEHUM PaavoBONH 6bina HaineHa
HaNPSHXKEHHOCTh NoNK, KOTOPYIO MO cO3JaTh MepenaTyvk, pacronoxeHHblit B Poldhu
Ha npuemHoit cTawuum B Kawape. 3T pacueTsl MpeacraeneHbl B nuTepartype [4].
PacueTtl, MPUBEAEHHLIE TaM, NOKaSbIBAIOT, YTO TOM HUNTOXHO MaNO! MOLUHOCTU 3NeK-
TPOMarHMTHOW 3Heprum, goweawel w3 Anrivv B KaHany, 6610 SI8HO HBAOCTATOMHO
A5t NEpesoaa PTYTHOTO KOrepepa B PeXUM KOorepupoBaHms.

JBnst Toro 4To6kI NPUBM Gbin BO3MOXEH HA TAKOE SHAYUTENEHOE PACCTOSHUE, PTYTHBIN
Korepep Aomken peboTarh xoTs 66l Kak OBLINHBI AM0A, T €. B PEXUME BeTEKTUPOBaHS,
a He a pexumMe Korepuposans. Tonsko B 3TOM Cly4Be Ha Takoi NpocToi NPUEMHMK Gbin
6bl BOZMOXEH Npuem cnabbix curkanos. HO paxe B 9TOM Cyyae ins yBepBHHOTO Npue-
Ma CTONb [anekux CUrHanoa AeTeKTOPHLIN NPUeMHMK aomkeH 661 66l 06nanars Hebone-
LM YCUABHMEM. UITaK, NPOCTO RETEKTOPHLIN NPUEMHUK HE MOT MPUHATL 3TK CUTHANLI,
€Cnu... ecnin 66l OH He o6napan 6bl yeUNEHMEM. U TYT Mbl NOAX0AUM K APYroi 3araake
VCTOpUK. A CNIU 3TOT NPUBMHVK, MCTONL3YeMbI MapkoHi Ha Npuemkol craHummn B Ka-
wane, obnapan ycunexsmem? Bbl chpocure, HO BO3MONXHO Jiu aTo?! B cxeMe npueMHvka
Ha pyc. 25.3 OTCYTCTBYIOT YCUINTENLHBIE 3NIEMEHTHI.

OpHako HBMNME YCUNBHUA B 3TOM NPUBMHUKE BMONHEe BO3MOXHO... JaBaitTe elue
PB3 BHUMATE/ILHO PACCMOTPUM €F0 CxemMy. K pTyTHOMY KOFepepy YEpB3 HayLUHMKU Nod-
BaAEHO MNOCTOAKHOE HBMPsKeHVEe. B TO BpeMA Takoe NOCTPOEHME CRYXO0BLIX MPUBMHUKOB
6bin0 066IuHBEIM. TTOCKONLKY SHEPFMM PaaMOBOAH BbIN0 HEOCTATONHO AR WX NPAMO
pervcTpaLuy HayWwHUKamm, TO NOCAEA0BaTB/bHO C KOrepepoM 1 HayLWHUKaMM BKII0HANM
Gartapeto. B peaynbrate 4ero cnabuie curHans, NpuHiMaeMeie ns adupa, Npn nepesoae
KOrepepa B PeXvM KorepupoBaHun BLI3bIBANM 3HANUTENEHBIV NO CUMEe OTKIIMK B HayLLIHK-
Kax, T. B. MOXHO FOBOPWUTEL O TOM, 4T 3TOT NPUEMHUK OBIaAaN HEKOTOPLIM YCUNEHUEM
Mo OTHOLUEKUIO K MPUHUMaeMOMy curHany. Ho, KOHe4Ho, NPreMHUK Umen nopor cpaba-
THIBaHUS!, HAXE KOTOPOTO PErMCTPaLIMS CUrHANO0B Bbina HEBO3MOXHA.

Terepb papaiTe BHUMATENBHO PACCMOTPUIM KOHCTPYKLIVIO PTYTHOFO Korepepa. Me-
Tannuyeckue BbIAOAEI KOFepepa HEe CMauYvBaniCb PTYTHIO, T. €. MEXAy PTyThio M
KoHTaxkTamu Gbina TOHKan MNieHka okMCAA. PaBoTa Korepepa 3akmeuyanacs B TOM, HTO
npy MpueMe PagMocUrHanos V3 apupa aTa Mierka NpPoXuranacs, B Pesynsrate 4ero
CONPOTUBAEHME KOFEpEepa PE3KO Nafano 1 OCYIUECTBMNCS PEXUM Korepuposanus. Ho
1 MOLYHOCTM Pagvocurtenos, npuweawmx u3 Polghu s St. Johns, 6uM0, KOHEYHOD,
HEQOCTAaTONHO AR MPOXUraHus MEHKU OKMCNa U Ofist NepeBoae PTyTHOrO Korepepa
B peXvmM Korepuposanus. CnefosarensHo, HEBO3MOXHO Bbino nonyunTs yeunenve 3a
CHET pexrma KorepuposaHiin.

B 10 %€ Bpemn 3Ta nNnexka okicna obecrnesmuna npuem cnabbix CMrHanos. Teneps Mul
3HaeMm, HTO Takas NNeHKa okucna MoxeT obnaaars nambaao6pasHol XapakTePUCTVKOR.
Berepncraue 3T0ro pTyTHBIA KOFepep B 3TOM nprieMHike Mapkowy mor paborate kak
CBOE06Pa3HLIA aHBNOr TYHHENbHOro Auopa. CnepoBartentHo, NMPUEMHMK Mapkowu Ha
npuemHoit craHumu B8 St. Johns mor oBnapars younenvem! MccnefosaHysmi CBONACTE
pasmMuHBIX NAEHOK OKMCIoB, obnafjalowwx A(nsmbaa)-o6pasHoit XapakTepucTKoi,
B820—30-x rogax B CCCP 3anumancs floces Oner Brnagumuposud (1903—1942).



B 1922 rogy uM yxe 6bin NOCTPOEH [eTEKTOPHLIN NPUEMHUK € MCNONb30BaHVEM OMOAA
Ha OCHOBE OKWUCK LIMHKA, KOTOPLIN 06ranan sHaqsuTenbHeIM yeuneHem.

Onucanue paboTe! PTYTHOO Korepepa, NMpueefeHHoe MapKoHy, YAUBMTENHHO Ha-
nomuHaeT paboty «kpuctagukar Jlocesa. OpHako pesaiiTe obpaTvmcs K aTomy Onv-
canio, panHomy Mapkonn B mione 1902 ropa wa nexuym B KOponesckoM MHCTUTYTE:
«3Tn (PTyTHEIE — ABT.) KOFrepepbl He ObiMi NOCTATONHO HAAEXHLIMA BfIR TOro, YTOOGK!
OHU MOT7IM MPOM3BOANTLCS AN PETYNAPHON Kommepweckon pabote. Owu pabotenu
WA TOMBKO Mof, BO3RENCTEMEM MOLWHBIX 3NEKTPMHECKMX BOMH, WAK NPU Hauuii
CUNBbHBIX ETMOCREPHLIX 3NEKTPMHECKMX paspsioB U UMENU HENpUsiTHOE CBOVCTBO
NpaKpaluaTe KOrepUpOBaHVE BO BPEMA Nepedadn coobilenus» [4]. Tax xe HecTabuneHo
paGoTani nepesie NpremHrky Jlocesa, copepxallvie «reHepupylowme Kpuctannbk»! Ho
Korpa aTu npuemHikin pabotan, oxn obecnesnsani 3HBYMTENLHOE YCUNeHUe paavo-
curaanos. B nutepatype [7] 6bino npusegeHo 3waueHue ycunewns, obecnedmBaemoe
perevepaTueHbiM MpuemHukom JFlocesa. Owo 6bino paswo 15. B apyroit nuteparype
MHE BCTpeyanock 3HaqeHne ycunewus, obecneynsaemoe Mpremuikom floceea, npe-
esiiaoniee 100. Ho paxe npu yeunewun, passom 15, Mapkown Bnonxe mMor NpuHaTe
curdansl nepepaowel cranumy u3 Poldhu.

25.7. PTyTHuIin korepep Bose

ByneT HECNpaBeaAnvBO HE OCTaHOBUTECS 60NEe NOAPOBHO HA MCTOPUN PTYTHONO KO-
repepa. B GOMbLIMHCTBE NUTEPATYPHBIX VICTOUYHMUKOB, NOCBALEHHLIX MapkoHk, pTyTHLIA
KOorepep YNOMUHAETCA kak cobeTeenHoe sobpeTenne Mapkon. OOHaKo 3T0 HE Tak.

PTyTHEIV KOrepep 1 CRyxosOi NPYEMHUK PaavnocurHanos Ha ero ocHose 6bimv onica-
Hbt B uCcTouHMKe [8] ewse B 1899 rogy uHpwiickum yueHbM-uccnenosarenem . V. Bocom
{Jagdish Chandra Bose, 1858—1937). Panee, B 1896—1897 roay, Boc nposoawn Typ nex-
Uuii No AHFNUK, NMOCBALLAWKLIM CBOMM KCCNEA0BaHUAM paavo. Boc B 3Tom Type 3assun,
4TO OH HE MHTEPECYETCA KOMMEPYECKVUM MCTONE30BaH1ENM CBOMX u3obpeTeniii u He By-
ReT BO3Paxark, ecnu apyrye GyayT ux UCTonb3oBaTh B 3TiX Lensx [9]. B cBomx Nekumsx
Boc pacckasbisan i 06 UCTIONE30BBHUA PTYTHOTO Korepapa BMECTO Korepepa, CoaepXa-
LWero MeTannM4eckme MM yroflshbie onuiku. CHMTAeTeR, YTO Ha STUX NIeKUvsX BRonHe
MOrf NPUCYTCTBOBATH Kak MapKoni, Tak 1 ero NoMOLLHMKI. 3HaHust 06 aKkcrepumeHTax
Boca No3eonuni Mapkoni YpasBeiNaiino GbiICTPO BHEAPUTL PTYTHLIA korepep. Mposoawn
B0C 3KCNEPUMEHTHI 1 C ApYriviA, HEOBbINHBIMI THNAaMU KoFrepepos. 060 BCBM 3TOM MOX-
HO NPONUTATE Ha caltTax B UHTEpHETE, NOCBALEHHLIX 3TOMY YHEHOMY.

Kak 1 mHorue moaw, 6e33asetHo npefaHHbie Hayke, Boc He xoTen, YTobel nareH-
TOBaHUE €ro M30BPETEHUI HE NO3BONUIIO APYTVM MCCReA0BaTEeNRM NONL30BATECA UMY,
a CnanoBaTteNbHO, 3aMeAMNO NPOrpece Hayki. A Tak He pa3 6bino B paavoTexHuke!
MOXHO MPYBECTM MHOXECTBO MPUMEPOB 3TOMY...

Ho kak 6bl TO KM 6LiNO, PTYTHBIR KOrepap 6bin Ucnonk3oBan Mepkowy prs Npu-
6MHUKOB, YCTaHOBNEHHBIX Ha kopabnex soewkoro ¢nota Uranuu. 3atem um 6bin
YCHONE30BaH PTYTHLIA KOFrepep AN NPOBBASHMA NEpBO TPaHCATaHTUHECKON CBA3U.
Ha secsikuin cnyvait MapkoHu gaxe nony4in nareHt Aurium N2 18105 Ha «uzobperenuer
PTYTHOro Korepepa or 9 cenTnbps 1801 ropa. OTAMYME KOKCTPYKLMY PTYTHOFO KOFepepa
MapkoHM OT pTyTHOrO Korepepa Boca 3akmovanoce Tonsko B opHom: Boc mcnonesosan
nna korepepa U-o6pasHylo cTeknsHHylo Tpybky, a pTyTHblit korepep Mapkown 6bin
NPAMbBIM.

Ho, ouesniHo, MapkoHM He CMOr 3acTaBuTb PaBoTaTb PTYTHLIA KOrepep Tak, kak
310 cmor caenare Boc. PTyThulii korepep Mapkonu B OTnMHME OT PTYTHOFO KOrepepa
Boca 6bin Hectabunen B pabore. Cpean GecHMCNEHHBIX AOKYMEHWTOB B WHTepHeETe,
noceAweHHEIX PTYTHOMY kKorepepy Boca, mMHe ypanocs HaiiTy paxe yromuHauve o
TOM, 4TO PTYTHHIA Korepep Boca BO3MOXHO MOF usRy4aTe paamosofiHel [10]! 3waumr,
LEVICTBUTENEHO BrOSIHE BO3MOXHO BLING NOCTPOEHUE PErEHEPATMEKOrO NPUEMHIKA Ha
OCHOBE PTYTHOFO korepepa.
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Ho BOC BNOCNEACTBUM OTKa3ancs OT SKCMEpUMEHTOB C STUMM TUMOM KOFEPepoB
“ uCrnofk3oBan ans Mpuema Kpuctannudeckwe petektopw. [Mocne 1901 ropa
MapkoHn ToXE He KCronb30BaN PTYTHLIE KOrepepsl B cBOMX MpuemwHukax. OTkpoitue
A-0Bpa3Hoii XaPBKTEPUCTUKM KOHTAaKTOB MeTamn—okucen 6bino octaenewo Jlocesy
no 1822 ropa.

25.8. PaboTta Ha rapMoHVKax

KoHewHo, Henb3n NOMHOCTEIO OTPULIATE TOMO, HTO 3Ta NEpBas TpaHCATIaHTUYECKas
panvocessb Morna GbiTb NMPOBEAEHA Ha BHICOKOYACTOTHBIX FAaPMOHMKaX, KOTOPbIE NPOMC-
x0funu B Npowecce paboTkl UCKPOBOrO NEpeaaTyka. B MCKPOBOM NEPEaaTHMKE KOHCT-
pyKUM PRemunra, yctaHosneHHom 8 Poldhu, 1Cnonb30Banvch PE3OHAHCHLIE LNk CBst-
31 C @HTEHHOM, T. €., OCHOBHYIO MOLUHOCTb MEPEAaTHMK U3NYHan Ha NEPBOM HETBEPTL-
BOMNHOBOM PE30HAHCE aHTEHHLI, PACYETHOE 3HBYEHUE KOTOPOro paeHo 511 kiu, OpHako
nepefaTHUK BCe PaBHO M3RyYan LUIMPOKUIA CTEKTP BbICOKOHACTOTHEIX FAapMOHMK NPV CBO-
et paboTe, NpU4EM YPOBEHE HEKOTOPAIX MAPMOHUK MOT UMETh 3HAYNTENLHYIO MOLLHOCTD.
MpuBeaem apryMeHThl B 3alLWTy 3TOFO YTBEPXAEHUS.

B wavane 1960-x ropos B8 Avrnun, B Daventry, Ha veGonblice spema 6bin BKIOYEH
CpPeaHesoNHOsLIR NCKpOoBOI TenerpadHbii NepeaaTHk, aHanorvyHLIA Mo KOHCTPYKLIMM
TOMYy, uTO 6bIN MCMONL30BaH pNR MNPOBEASHUA MNEPBOM TPAHCETNAHTUHECKON CER3W.
3TOT NepesaTHVK HaxXo[WICA B 3[aHUM, FOe pacnonaranca nepeaarik KOpoTKWX BOIH,
npuHagnexawmiin BBC. Yactota pa6oTthl 3TOr0 MCKPOBOro Nepegaryiika 6bine pasHa
540 Iy, T. e. Gmu3ka K MCNONL3yembiW! [fR NEPBOM TPaHCATNAHTU4ECKOW CBA3U.
MpucyrcTayowmit NPY 3TUX UCTLITaKUAX MHxenep Paul McGoldvick nuwer, 4To cnexTp
HacTOT ATOr0 MCKPOBOro NepegaTuyika Gbin Ypasebiaine WKMPoK. OH MpocTypancs 3a
npeaenst 50 MMy [11]. Vsmepenun cnexTpa 4acToT MCKPOBOIO MNepeaaTyka NPoBO-
OvnChb C NOMOWLIO NAHOPAMHOTO MPUEMHMKA.

Mpy MoWHOCTY Nepenaryvka, pecronoxenHoro e Poldhu, B npepenax 15...25 kBr
MOLUHOCTL BLICOKOYACTOTHLIX MaPMOHUK, NIEXaLUX B KOPOTKOBONHOBOM AVanasoHe,
morna 6biTe BMONHWE AOCTATONHONM AMR TOFO, YTOObLI BbiTb YBEPEHHO NPUHATON Ha
paccrosHu 3500 kM. Onst vanyveHWs BLICOKOHACTOTHBIX FAPMOWVK BMONHE MOrna
NOAOHTU aHTeHHa, UCMONb3yemas: COBMECTHO € STUM NEpenaTdkoMm. B KOWCTpPyk-
UMM BBIXOAHLIX Lenei nepenatymka PnemuHra CopepXamch NMPUXUMHLIE KOHTAKTHI,
KOTOpLIe MOrAu peboTaTe Kak HenMkelHbie 3NeMEHTHl U NPOM3BOAUTL FaPMOHUKU
curhana. Ecn anTewHans cucTema nepepardika no Kakum-nubo npuduHam vmena
PE30HaAHC Ha YacToTe OfHOM Y3 MOLWMBIX FaPMOMHMK, nexauwelt B AvanasoHe
KOPOTKUX BONH, TO U3AYHEHME BWTEHHbI GbINO A0CTaTOMHO 3GhGhEKTUMBHLIM HA 3TON
yacToTe.

PTyTHEI KOrepep SBNANCS BLICOKOYACTOTHBIM MPUBOPOM, NOSTOMY OH BrONHB MOr
YCRELIHO PErMCTPUPOBAaTE CUTHANK, NIEXALME B AKANa3oHe KOPOTKUX BOAH. HanoMHUM,
yto Boc ycnewHo ucronb3osan PTYTHLIN Korepep pnst pabotbl B CaHTUMETPOBOM
Auanazone BonH [12]! BO3MOXHOCTb YOUNEHusi NPUHMMAEMBIX CUrHANos, o6ycnoBneH-
Hoe A-06pasHoit XapakTepucCTUKOM pTYyTHOrO Korepepa, YBBAMMMBANO BEPOSTHOCTH
PasroCBR3aU ¢ UCNONb30BAHUEM LUMPOKOMOAOCHOTO MPUEMHAKA.

Mpagoty 310l BEpCUM MOT Gt NOATEEPAUTL TONMBKO 3KCMEPUMEHT. HO yXe ReBHO
HET TOIl nepenaloweil aHTeHHbl, koTopas Obina WCronb30BaHa LR MPOBeAEHMst
NepEOit TPAHCATNaHTMYECKON CBR3M, 3aTepancs B Je6psx NneT opuruHansHobid nepe-
HaTHUK... YTEPAHO UCKYCCTBO MPOU3BOACTEA PTYTHLHIX KOrEpepoB. YCNIOXHRET npoBe-
DEeHUE TBKOTO SKCMEPUMMEeHTa M TO, 4TO BKNIOHEHUE UCKPOBOrO Mepeparivka B
COBPEMEHHOM MUPE, HarOIHEHHOM PasHOOBPAa3HLIMA PaJUO3NEKTPOHHBIMY CPENCT-
Bamy, MPOCTO HEBO3MOXHO! [Momexw, coagasaemble faxe OpWuM (1) VCKpPOBEIM
MOLLHBEIM MEPEaaTYMKOM 3HAUUTENBHO YCNIOXHAT paboty pPaaMo3neKTPOHHLIX CUCTEM
BCcerc mupa. Hawl 3emHoi LWAp CTan ManeHskuM AN UCKPOBLIX NEPENATHMKOB M
AANSt BKCMEPUMEHTOB C HUMM...

254



25.9. OcTtpoeHoin ekt

OctposHoil addekT ABNRETCA ManouccneaosatHbiM 3bdextom. OH wabmonaeTcs
Npy pacnonoxeHu paavoannapartypbl kak npueMHOR, Tak U NepealoLlieli Ha ocTpoBe
B MOpe, KOTOpbIi MO CBOUM PasMepamM cpasHUM € pasMepamMy BfIMHEN BONHLL, UCTOMNb-
3yemoit pnst paboTel © aToit annapaTypoit B aTtom criyuae OCTpos, KOTOPLIA paccekaeT
NOBEPXHOCTL MOPA, BEINONHAET PONb AUBNEKTPUKA B LLENEBON aHTeHHE, 06pasoBaHHoR
MOPCKOIA MNOBEPXHOCTHIO.

OcTposHO 3hMEKT 3HAYUTENLHO YRYHLLAET MPUEM PaaMOBOH BHYTPK OCTPOBA.
3710T adbeKT 3HAKOM MHOMM PagmonlobuTensM, KOTopbie paboTani C OCTPOEOB.
Mne Toxe npuxogunoce HabmogaTe ocTposHo adxpekT Npu pabore ¢ octpoea Kku.
QOueHb MHTEpECHO onucaH aToT addbexT B uctovHmke [13]. BerpeuawoTen coobuieHns
(K COXanewvio, MHEe He Yanock HailT [OKYMEHTanbHbIX NOATBEPXAEHWI 3TUM CO-
OBLIEHUAM) O NOCTPOEHMM Ha 3TOM 3¢hEKTE NEPeaaIoNX CBEPXSIMHHOBOIHOBBIX
aHTEHH, MCMONB3YEeMBIX BOEHHBIMUA A rNOGaNbHONM PaauoCcsessn.

Mpuemuan crauivs Mapkonn Haxogunack B ycTbe OyxThi octpoBa Newfondiand.
OCTpoBHOM 3(deKT B ycThe OyxThl TaKXe MPOSBRAETCS, XOTA U HECKOMbKO cnabee,
HeM Ha OCTPOBE, PACcroSOXEHHOM BHYTPM okeaHa. CneposarensHo, YRaiHo BbIGpaHHoe
MECTO Bff PacrofiOXEHVR MPUMEMHOFO LEHTPa MOrNo cnoCoBCTBOBaTL YBENVHEHUIO
Cunbl NPUHMMAEMOrO cUrHana 3a cyer ocTposkore addexTa.

25.10. Ypaya MapxoHu

WTak, Npu yCTaHOBREHMM NEpBOM TpaHCATNaHTWHecKOW cesiay MapKowu conyTcr-
BOBANa HeseposaTHan yaeya. Monpobyem cucTemaTnauposath $hakTopsl, cnocobeTByo-
wue NposeAcHUI0 NEPBOI TPaHCATNaHTMHECKON PaAMOCBA3M.

1. MapkoHM UCRONb30BAN HAaCTPOEHHYIO YETBEPTLEONHOBYIO aHTERHY Ha AelicTeu-
TensHYIo HacToTy pabotbl nepenarymka, pacnonoxewHoro s Poldhu.

2. PTyTHEI KOFepep, BKNIOYEHHBIR NOCNER0BATENLHO C PE3OHAHCHOW YETBEPTHBOI-
HOBOJ aHTEHHOW, OKasancs axanoroM TYHHENLHOro Auopa. MneHka okucna sHyTpU
PTYTHOIO Korepepa Ha Nepexoae Xeneso—pTyTb—xene3o obnagsana A-o6pasHolt xa-
PaKTEPUCTUKOW.

3. YersepTbBONHOBAR aHWTEHHA C NOCNEROBATENHHO € HEM BKMOYEHHBIM AVOAOM
€ A-06pasHoil XapakTepucTukon ofpasosana pereHepaTysHbil NPUEMHUK, 4YacTOTB
KOTOpOrO OMnpefenaiace 4YacTOToM HAcTPOMKM aHTeRHbl 1 6bina pasHa NPUMEPHO
500 kTu. 3ToT Kasanock 6bl NpocTeRLUIn NpUeMHYK Mor o6nafats GOnbLUM YCU-
feHeM ¥ mMor GbiTe BMOSIHE CMOCOBKEM NPUHUMATE CUFHANLI MEpeaaTyuka, pacro-
NOXEHHOMo B AHrAMA.

4. Barapest nuTaKvna, NoaKNIoYeHHas Yepes HayllHVKU K PTYTHOMY Korepepy, obec-
neuvBana MMEHHO TO NOCTORHHOE HBMPSHXKEHVE CMELLEHUA, KOTOPOE 6bino HeobxoouMo
DR Nepesosia MNeHK OKUCNa PTYTHOTO Korepepa B PEXuM PEreHepauum...

5. HaylwHuk, ucrnofb3yemelit B npuemHvke Mapkoly, umen Takoe akTUBHOE CoMpo-
TUBAEHME, KOTOPOE o6ecnequBano HeoGXxoauMbIA TOK AR CTaBUALHOR PaBOTLl MNEHKM
OKMC/a B PTYTHOM KOrepepe B pexume, Heobxogumom pna paBoTsl pereHepaTuBHOro
NPUEMHUKA. ..

6. Perenepauyn, obecreuysaeman NneHKam OKUCHA B PTYTHOM KOTE€PEPE, MOrna
OCYLUECTBJIATHCR KaK Ha YyacTOTE HACTPOIKM aHTEHHBI (HA BLICOKOM 4acTOTE), Tak U Ha
UHAYKTMBHOCTY, OBPEsOBaHHOV KaTyllKo B HayllHWKaxX (Ha Hu3koit vacTtoTe). 3To
MNPUBOAUND K RanbHEMLLIEMY BO3PACTAHUIO YOWIEHYS: 3TOM0 PEreHepaTvBHONO nprem-
Huka MBpKOHU. CxeMbl Takmx NpremHUKos Gbiny paspaboTarbl FlocessiM B 20-X rogax...

7. BO3MOXHO, MpueMHuK MapkOHU CMOr MpukeATL BLICOKOHACTOTHLIE TAPMOHMKU
nepegatuvka U3 Poldhu, 4acToThl KOTOPLIX HAXOAVINUCE B AWANA30HE KOPOTKMX BOIH.
B aToM cnyyae pacnpocTpaHeHvie KopoTkix BoNK mexay Kakanoit v AHrnveis B pHeBHoe



BPEMR COMPOBOXAAETCA FOPA3A0 MEHBILMM 3aTYXaHUEM NO CPABHEHMIO € AYanal3oHoM
CpeaAHUX BOAH.

8. BeponTHO, OCTPOBHOW 3(hhEKT NOMOr YBEMMHUTE Cufly MPUHUMAEMBIX PaaUoCVr-
HanoB [0 BeMVNVHbL, Heobxogumoii nna paboTthl KOrepepHoro npuemHuka MapkoHu,
paxe He 06nanaloWero yCUneHem 3a cueT pereHepaiu.

25.11. MocnecnhoevB

MotuwHocTv pacrionoxenHoro B Poldhu nepegarunka, Haxopswelics 8 npenenax
15—25 «B1, 66110 HenoCTaTONHO, YTODLI 06ecrneunTh AHEBHON MpUEM B Auanas’oHe
CpEAHUX BONH HAa NPYEMHUK € KOFepepoM, fiaxe ¢ CaMbiM YyBCTBUTENBHEIM B TO BPEMA
PTYTHBIM KOrepepom. HO xopoLumit BEeTEKTOpHbIF NpUEMHMK, Tem Bonee MpUEMHUK C
Kackagamy, o6nafaloliMMi yCUneHam, BNONHE MOT MPUHATL CUrHAanNLl 3TOro Nepa-
paryika, ocoBGeHHO €cn NPUEMHUK eule obnagan ycwneHuem fo HU3KoR YacToTe.
Mpuemnnk Mapkown Mor obrapate ycuieHwMeM Kak MO BLICOKOW, Tak M MO HU3KOW
HacToTe 3a cyeT A-06pasHOW XapakTepUCTUKK PTYTHOIO Korepepa. B sumuee spams
cnoit D, B KOTOPOM NPOMCXOOUT MHTEHCMBHO® NOFMOLieHue HacTothl S00 ki, Mor
BbiTe 3HAYUTENEHO OcnabrienHbiM, 4TO AABaNn0 ACMONHUTENLHLIA BLIMFPLIL B cUne
npuxmaemoro curkana. OcTpoBHol addexT Taroke cnocoGCTBOBAN YBENMHEHVIO CUTibl
curHana B MecTe PacrioNoXeHUs NPUEMHON cTanuun Mapkowu.

CnuukoM MHOFO CnyvaiHoCTel, ckaxeT uyuTatens, cobpanuck BmecTe... Takoe
NpocTo HEBO3MOXHO! OOHAKO UCTOPUA MHOTOA MNOKA3LIBAET, YTO BrONKE BO3MOXHO.
3T0 3aKOHOMEPHbI Pa3yNLTaT NOCTOSHHOW M KPONOTNuBOI paboThl, KOTopylo Mapkowu
OCYLIECTBNIAN NO YCOBEPLUEHCTBOBaHUIO NEpebix CPEACTB paavo censdu. Muorue ma-
FIO3HAYUTENLHEIE M HEBEPORTHHIE HA NEPBLI B3rMSA SIBREHUA CAWIMCE BMECTE M
cNocoBeTeOBANY NPOBEAAHNIO AIEPBOI TPaHCATNaHTUYECKO! CBR3N.

wrak, B pekabpa 1901 roga, B caMom Havane XX Beka, Mip BCTYNUAN B COBEPLUEHHO
ApYrylo anoxy — B 3Moxy paguo. PaanoTexHuka Havana passuBaTbCs CTPEMUTENbHEIMM
Temnami. Korepepbl ywunu Wascerna U3 paguoTexHukw. B 1902 rogy Mapkown 6bin
1306PETEH MarHUTHLIR AETEKTOP, COBEPLUMBLLIVI DEBOMIOLIVIO B YBENNHEHUN [NaNbHOCTY
ces3u [14]. Mycte aTtoT petekTop 6bil FPOMO3RKMM U HENEMBLIM MO COBPEMEHHLIM
MOHATUAM, HO 3TO YXe Gbin NPUHLMNUANEHO HOBLIR NPUBOP — RETEKTop, a He Korepep.

MapkoHit U ero KomaHge NOHaAoGMNOCE EUIe HECKONBKO MET, B TEHEHME KOTOPHIX
6110 caenaHo MHOFO paboThl, GbINO COBEPLIEHO MHOXECTBO OTKPLITUH, AR TOFO HTOGH!
18 okTabpst 1907 ropa 2apabotana Nepeas perynepHas TPaHCATNaHTUYECKaR NUHWA
paavocsesiav. K coxanenuo, A. lMoros, usobpeTatens paavo B Poccuk, He aoxun Ao
3TOFO AHA...

25.12. Post scriptum: Tecna nomoraeT MapkoHy B ycTaHOBMeHW
NEPBON TpaHcaTnaHTUHeckol ceaau!

O6biuHo Post scriptum coapxuT nHbopMaumio, koTopas Mo KakUM-TO NpuuMHam
He 6ba BKIINEHA B OCHOBWYIO CTaTblo. B 3TOM Cnyuae npeanonaralot, §To asTop
MPOCTO CNEWWn 1 No 3T NPpUHMHE HTO-TO YNYCTUN. Ho 3Ta vnbopMalmra BbiHeceHa
B Post scriptum rotomy, 4To npwseseHHan 3Aeck runoTesa O npuuMHax, cnocobeT-
BYIOLVX MPOBEAEHUNIO MEPBOIT TPaHCAT/IaHTUHECKO! CBA3W, O4YEHb U O4EHb CrIOpHas...
Tem He MEHee U 3Ta rvnoTesa, kakol 6bl (haHTacTUYeCKol OHa He nokasanack, UMeeT
npaso Ha Xuskb. [lasaiite paccMoTpuM ee.

Vitak, BCe A0BOAbI NPOTUB YCTAHOBREHWS MEPBOI TPAHCATIAHTUYECKO CBSSM OC-
HOBaHBI HA TOM, 4TO MOLYHOCTB CUrHANoB, KOTOPYIO o6ecneyusan He NMPUEMHOR CTaHLMK
8 St. Johns nepepatuvk, pacnonoxenHulli 8 Poidhu, 6bina HeaocTaroyHoM st pabotel
KOrepepHoro 1 Aaxe NpocToro AeTEXKTOPHOMO NPUEMHMKA, HE OBNEAAIOLEND YCMAEHNBM.
Pacyer MOLHOCTU 3TMX CUrHanos MPOBEAEH C MCNonb3osaHueM OBbINHBIX yCnoBuit,
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CYWWECTBYIOLMX NMPY APOXOXIEHWM PaAMOBONH CPEAHEBONHOBONO AManasoHa B AHEBHOE
epemn [4].

Oaxako Npy Npueme TpaHCaTNaHTUYECKUX PaaUOCUTHANIOB MOFAM CYLWECTEoBaThL
ycnosus, obecrneuunsaioLime aHoManbHOE PacnpPoCTPaHEHUE PAAVOBOSH, KOTAA 0BLINHBIE
3aKOHb! NPOXOXAEHUS PAOMOBOIH HE ReVCTBYIOT. B @TOM HET HUHEro MUCTUHECKOTO,
U TaKue CiyHan aHoMankHOrO MPOXOXAEHURA BNONHE MOryT 6biTh. Hambonee pacnpo-
CTPAHEHHO aHOMANIEHOE PaCNPOCTPAHEHVE PAAVOBONH 38 CHET «Pad0rpesa» noHOCHEPh
MOLLIHBIM paauousnyueHnem. Boino sameqeno, 4To fpu obnyueHu HEKOTOPOI o6nacTu
voHOCPEps! MOLLHBEIM PaAMOU3NYHEHVEM MPOUCXOANT YNyHLIEHWE OTPAXEHUR Paavo-
BOJIH B LUIMPOKOM AWanasoHe 4acToT OT «HBrpetoil» obnacTv uoHOChepHI.

HemHoro 06 “cTopun OTKPLITUR 3TOFO ABNEHUA. BO BCEM MUPE AaBHO UCMNOMNL3YIOTCA
TponochepHLIE PAAUO3OHAVPYIOLLME CTaHUMM ANR ONPEAEIEHMA CKOPOCTY BETPOB Ha
pasnuuHbIX BeICOTax B armocgepe u Tponocdepe. Mpu csoell pabote 3t craHuvn
NOCHLINAIOT MOWHBIE 30HAUPYIOLME MMINYNbCK! Ha YacToTax 50...100 MIu. Hexotopwe
TponochepHbie S0HAUPYIOLWLNE CTaHLIMK MCMonb3yeT MOWHOCTL Ao 100 KBT. Hekotopsie
CTaHLM UCTONL3YIOT AHTEHHBIE PALLETKH, OBMefAoUNE SHAYUTENBHBIM YCUNEHNEM ~—
A0 20...30 gb. MNpuHumas oTpaxeHHsIe CUTHANL! OT HEOAHOPOAHOCTEW, CYLLECTBYIOLMX
e Tporocdepa, B YaCTHOCTY OT METEOPHBIX CNER0B (8 METEOPHLIE CAEAb CYLIECTBYIOT
BCErfa, NOCKONbKY Walla riaHera 3eMAs MNOCTOSHHO MOABEPraeTCst METEOPUTHOMN
6omBapavpoBke), U panee a pyR 3TU OTPaXeHHbIE CUTHanbl, ONPeNEnseTcR
CKOPOCTL BETPOB. VCNONL3ys AaHHEe O CKOPOCTY BETPa WA Tpaccax MOneToB camo-
TIETOB, MOXHO MpM MOMOLIM MOMYTHOrO BETPA, KOTOPLIA Ha BLICOTax 5...10 KM uMeer
6GoNbLLYI0 CKOPOCTL, NPOMSBOAUTL COMMAHYIO SKOHOMMIO MOPIOHEro. 3HAHWE CKopOCTM
BETPOB B Pa3fiuHbIX CNOsX aTMochepbl NO3BONRIOT COCTARAATL AOCTOBEPHLIE NPOrHO3LI
noroasl.

Okazanocb, 4TO 8TU CTaHuvk Npu paboTte Ha nepedavy PasorpesaloT MoHochepy
1 yRYHIWAIOT @€ OTPAXAIOLIME CrOCOBHOCTU B KOPOTKOBONHOBOM M CPEOHEBOSIHOBOM
Ananazone. B 6uieuierm CCCP paxe CyuiecTsoBaiM CreLMansHbie CUCTEMbI CBR3U C
UchonL3osaHneM abdeKTa NPeaapuTeNEHOrO PasorPeBa WMOHOCGHEPHI MOLHLEIM pa-
avionanydenvem. KOHBYHO, B 3TUX CUCTEMAX CBA3U AN NPEfAAPUTENLHOND «paszorpeBas
voHocdeps! He MCNONLE30BaNM TPONOCHEPHLIE METEOCTAHLIMM.. .

B [15] onucaw oamMH u3 onekiToB, Nposogumblii B CCCP, BO e&pems KOToporo
Npov3oLL0 paxe «MPOXUraHue» MoHOCGhEPbl MOWHBLIM PAAUOU3AYHEHUEM.

Noaromy ecnu BO BPemsi NposBefaHuR MEPBON TPaHCATNAHTHHECKOW censn 6bin
nNposeaan «pasorpes» MoHochepk!, TO BroJKe BO3MOXHO 6bin0 NPOBECTH PaAVOCER3L,
UCNONb3ys NPOCTON KOrepBpHLIi NpreMHUK. HO BO3MOXHO Mt GbiNo NPOBECTM «Pa3o-
rpes» uoHocdepk! B 1801 roay? CyuwlecTBOBaNM Nt B TO BPamMsi cpeacTBa ans aTtoro?

Aa, cywecTsosani. B atom Nerko y6eavTecs, 03HaKOMUBLLIMCE C IuTepartypoit [16].
Tecna B TO Bpams APOBOAWA OMbITE MO Nepefade SNEKTPUHECKOR SHEPrvM BOOARL FO-
BepxHOCTh 3amnu. Mpu npoeefeHUn 3TUX 3KCEPUMEHTOB BNOMHE Gbin BO3MOXEH «pa-
3orpes» noHochepkl. BuiBogel 06 3TOM MOXHO COENaTL Ha OCHOBE MATEPUENOB, M3R0-
XeHHbIX B nuTeparype [16]. B 1801 roay yerpoitcTea Tecna, NpeaHasHaueHHbie ann ne-
penayy 3aneKTPO3HEPFv BAONE NOBEPXHOCTM 3aMni, G Bnonke paBoTocnocobHe!.

OnHaKe MHE HE YRanoch Haitt ZocToBEpHYI0 UHbOopMaLMo, koTopas 6kl NopTeep-
Xjana To, 4To umenHo B pekabpe 1901 roga Tecra MPOBOAWN ONLITEE MO NEpepave
3Hepriv NO nosepxHocTu 3emnu. Boobuwe, MHe He ynanoch WaAlTU MHOpMaLMIo O
XusHn Tecna ¢ Havama nosibpst No kowey mexabps 1901 roga. Oamako ecrm Tecna
npoeoann 6kl B nekabpe 1901 ropa ceoM ONuITHI MO Nepepave anekTposHeprun 6es
npoBodoe, OH BrionHe 6bl MOr pasorpete UoHochepy 3eMAn NP NOMOLLIM CBOEro
YCUIMTENBHOrO nepepaTyka. CnefoBaTesnibHo, HEBOLHO MOr CROCO6CTEOBATL yCTa-
HOBNEHUIO NEPBO TPAHCATNIAHTUNECKON CBH3N.

Ho He mor nu Tecna cneumansHo NPOBECTH Pas3orpas MOHOCGhEPE! 3EMTU C LIENBIO
CnocoBCTEOBATL YCTAHOBNEHUIO 3TOM paavocssan? OueHb faXe BEPOSiTHO, 4TO Mor B
vcTo4Hvke [17] BEICKa3LIBAIOTCS: NPEANONOXEHUA O TOM, 4To Tecna Gbin XOPOLIO 3HAKOM
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¢ MapkoHu, 6onee Toro, Mapkowm, AkoB! Gbin B CBOE BPems y4eHUKoM Tecna, KOTopiii
6biN HayuHBIM KOHCYNETaHToM Mapkown. HTO Xe, ecnm 810 peffcTeuTeNtHO Tak, TO
MHOTOE TOraa BCTaeT Ha CBOM MecTa... CTAHOBUTCA NOHATHO, Kak MapKoHK, KOTOpLIN
HE UMBJl HUKAKOrO creuyansHoro o6pasoBadisi, Mpeycrien B CO3aWKM YCTPOWCTB
6ecrpoBopHON cesian. BrionHe BO3MOXHO, 4TO TECna CreLMANsHO «noaOFPefs WOHO-
cdepy C Lensio NoMoLYY CBOEMY y4eHUKY B MPOBEAEHMM aToi cesiak. Mpaena wHorpa
HEBENOATHEE BbIMbICNA. [MO3TOMY BTa BEPCUR COBLITUI TOXE ErOHE BO3MOXHA.

A noka pesaiite NprUcoeaVHMMCA K MHEHMIO BONBLUMHCTBA YYEHLIX: HEBaXHO, Gbina
M B REVCTBUTENEHOCTY NpOBEAaKa NEpBan TPaHCaTNBHTMYECKaN CBA3b, HEBAXHO,
cnbiwan nm Mapkown pagmocurkane 13 Poldhu unm rpososbie paspsnbl, BaXHO TONBKO
To, 4To nocne 12 pekabps 1901 roga Mvp BCTymn B Apyryio anoxy. B anoxy Pagumo.
Mpousowno ato BO MHoroM 6raropaps Mapkowy.
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NPUNOXEHUA

Npunoxetve 1
PABOTA HA QRP

C kaxnibiM roaom pabota Ha manoi MOLIHOCTY, WK, Kak e ewe HasbisaloT, paboTa
Ha QRP. npusnekaeT Kk cebe sce Gonbiue U Gonblle CTOPOHHVKOB Cpean Paavoobu-
Tenein. ST0 NPUNOXEHVE Kak pas U NPeAHasHaueHo a1n Tex paguonlobuTeneit, KoTophie
XOTAT NonpoBosars ceov cuibl B pabote Manoi MOLWHOCTHIO.

M1.1. Kparkan vctopuss QRP

Bna Toro, 4Tobbl paguoniobutenam Gbino NOWATHO cospemenHoe QRP-panmxeHve,
NpuBeny KpaTkyio uctopuio passutiss QRP B mupe.

f11.1.1. Hauano

B T€, YXE nanekve ana HeC, BpaMeHa NepBoHaYansHoro ocBoekun abupa paauono-
Gutensmm B 20-e roasl XX Beka 60MbLIMKCTBO NIOBUTENLCKVX PAaMOCTaHLNI noaxoamno
rnop, cospemenHoe onpeaenerin QRP cTaHuuy, KOTOpOE ceifvac NoapasymesaeT, uyTo
rNoasoAUMaR MOLHOCTE K BEIXOAHOMY Kackafly nepefarymka coctaenser 5 BT B pexume
CW 1 10 BT B paxume SSB. OpHako SSB B Te BpemeHa paauoniobutent ewe He uc-
nonL308ank, padoran ¢ NPUMEHEHMEM B OCHOBHOM CW. KoheuHo, Ta Hefonbluas MoLy-
HOCTb, KOTOPYIO paavonioBuTen MCNONb30BaMM ann ceoel pabotk! B 20-e roaw XX Bexa,
onpejenniack COBCEM He Ux NpucTpacTuem K pabote va QRP [axe coscem HaotopoT.

3710 onpepensnoce 6onee rposavueckmMn NpuHMHami. Paguonamnbl, mucrnonsaye-
MEIE B TO BPEMA fi/19 KOHCTpYUPOBaHVS NPUEMKIKOB U NepenaTyikos, Guinin geduuur-
HBIMIA 11 AOPOrMMUA. BONMBLUIMHCTBO 13 JOCTYNHBIX [Uist paavonioBuTenel paauonamMn mor-
N o6ecrieunTb TONBKO HEGONBLUYIO BBIXOAHYIO MOLHOCTE B NPEAEnax HECKONbKYX BaTT.
Cpok cnyx6ul NepBeIx paavonamn 6bi1 BeCbMa KeBoNBLIoN. [nn NuTaHus nepeaaTyukos
1 NMPUEMHKOB 0BLIYHO MUCMOMNb3oBank cyxue Gatapau. TONbKO HEMHOTUE <POABUHYTHIE»
paaromnobuteni mornv cebe NozBOAUTL MCNONL30BaTE BonbLLMe GaTapay akKKyMynsTo-
poa uiv GEeH3UHOBLIM 3NEKTPUHBCKMIA FreHepaTop. JocTynHbe Xe pagvonoburensm cy-
xue Garapen He MOrV OTARBATL 6ONBLIOK TOK M, CNEROBaTENbHO, obecneunsarts 6ofb-
WY MOWMHOCTE NepegaTuuka. Tem He Menee paauontobuteny, mcnonssys QRP-nepe-
DETHUKU C BLIXOAHOM MOWHOCTHIO, pashoit 1...5 BT, paGotanu npu 5TOM CO BCEM MUPOM.

MocTeneHHo yny4Llanick TEXHOAOMMM MpoM3BOACTBa paavonamn. MollHbie paguo-
NaMmnbl £Ns BLIXOAHBIX KACKaA08 NEPeaaTYMKos CTAHOBUIMCHL BCE RELUEBAE U AOCTYNHee.
PaguomoButen Hauany NoCTENEHHO HapaLMBaTL BLIXOAHYIO MOLLKOCTL CBOMX Paavo-
cTaHLuiA. TT03%E NOBCEMECTHOE PACNPOCTPAHERME CETU MOCTORHHOTO (B TE BPEMEKE B
HEKOTOPLIX CTPaHaX [fIR OCBELEHUN MCMOAL30BANM NOCTORHHEIR TOK), a BrOCNEACTBIAM
NEPEMEHHOIO TOKA B XUJTbIX JOMAX MO3BOIUIO OTKA3aTLCA OT VCMONE30BAHUA BHOOHBIX U
HakanbHbix GaTapeit 1 06ecresnTb NPaKTUHECKU NIOGYIO Pa3YMKYI0 BLIXOAHYIO MOLLHOCTE
Ha BLIXOAE NIOBUTENLCKOI P2AMOCTaHLIY, PAHEE XE BLIXOAHAS MOLLHOCTL NoBUTENLCKo
PaAMOCTaHLMM YACTO OrPaHVHMBANaCck MOLLHOCTLIO UCNONb3yeMbix GaTtapeit nuTaHys.

YeneueHve oxortoit 3a <DX» 3acTaenano pagmoniobuteneit NOCTORHHO HapaluBaTe
MOLLHOCTb PaaVoCTaHLMiA, @ Takke Ucrnonb3osaTe 6onee aghekTMEHLIE aHTEHHE!. Bripo-
Yyem, 6OABLIMHCTBO NMIOBUTENBCKMX PaRUOCTaRLMIA TOro BPEMEHU MCNONL30BANO NPOCTLHIE
NPOBOAIOYHBIE aHTEHHBI. K Havany BTopoit MupoBoit BOIHLI OCHOBHam Macca fioBu-
TENLCKUX CTaHuuit paborana Ha MOLLHOCTY, ONpefesneHue KOTOPOM He MOAXOAUNo K
pazpsiny QRP. MOLLHOCTB OT HECKOMbKUX [ECATKOB BATT 10 COTHW BATT YXE CTaHOBWNACH
06LINHOI [t P2AVONIOGUTENECKOIO UCTIONB30BAHUA.



f11.1.2. I'Iocqe BTopoii MupOBOii BOHbI

MNocne okowvanim BTOpoit MUPOBOIt BOWHBI B pYkn papuoniobuteneit esponeiickinx
cTpad v CLUA nonano Gonblioe KoMMNeCTBO Pa3HOOBPAasHON BOEHHOM pagvoannapa-
Typs. 370 Gbinit NPEKPACHBIE BLICOKOYYECTBUTENBHBIE CBAZHLIE BOEHHBIE MPUEMHIAKY,
MOLLHBIE NepeaaTyMky, PasHOOBPasHbIe «LTY4K» — HAYLUHUKK, TenerpadHbie Kiouu,
Cyxve Gatapem 1 akkyMynsTophl. Boe 3T NO3BONMIO KAPAMHANLHO M3MEHUTL PaBoTy
paavoniobuteneil B adupe. MpoBesaHVe panbHUX CBA3EH AN BRANELUEs 3TOM an-
naparypst cTano obbMHeIM AenoM. [lo CUX Mop MOXHO BCTPETUTL HA PaauonoGuTenb-
CKUX PaguocTaHLMsxX arNapaTypy BpemeH BTopoli MyupoBoii BOVHLL...

MpiMep TOro, HTO, UCNONL3YA MOLLHLIE NEPENATYMKY, XOPOLLME HANPaBiEHHBIE aH-
TEHHbI U HYBCTBUTESIBHLIE NPUEMHUKM, MOXHO YBEPEHHO YCTBHABMBETL AaNbHUE CBA3Y,
3BCTABIN MHOTVX PaAVOI06MTENEH 3aHSTLCR COBEPLLEHCTBOBAHMEM CBOEI anfnapaTypbl.

Ho npocTo yeBAMHMTL MOWHOCTE MNEpeaTyMka OKasanoch ropaspo Nerye, Yem
CKOHCTPYUPOB&ETE BLICOKOHYBCTANTENLHEIA MPUEMHMK UK YCTaHOBUTL 3BMEKTUBRYIO
aHTenHy, Tem 6onee MOLLHBIE PaaMonaMrbl YXe nepacTam 6biTs pehulMTHEMMA. Mo-
3TOMY B 3pMpE B TO NOCNEBOEHHOE BPaMA HAYaN0 MOSANATLCS MHOXECTBO NOGHUTENb-
CKUX CTaWuWi, paboTalowmx Ha GOMBWON MOLHOCTY, HO WMCHONL3YIOWMX APOCTLIe
pereHepaTMBHLIE NPWEMHUKM U NPOCTLIE CYPPOraTHbie aHTEeHHDL...

Mepuon, passnTia paavonobuTensCTBa cpasy nocfe BTopoit MUpOBON BOIHLI B
1945—1950 roabl MCTOpPUYECKY ONEHb MHTEPECeH. YCNELIHOe paseuTUE NaMnoBON
TEXHUKK, KOTOPOE NMPOUCXOAUNIO B TO BpamnA, [aBano paxe pagvoniobutensm 6esrpa-
HUYHBIE BO3MOXHOCTM A1 CO3NAHVA PaaMoCTaHuwi MoBoi MOWHOCTY 1 HyBCTBUTENE-
HOCTY. B TO apems Hauyann nosB/sTecA MOBUTENbCKVE NMPUEMHMKW M NEpesaTyYvku,
cofepxXatyme AECATKY paavonamn.

PanvonpomMbILLNIEHHOCTE BO MHOMAX CTPaHax Mupa Havana NpovesoavTE annapaTypy
BNA pagvoniobuteneid. STo NO3BOMNO MHOFMMM PanvomMOBUTEN M MMETL Ha CBOEN
PagvoCTaHLM MPUIMYHBIA YYBCTBUTENbHBIA MPUEMHUK M MOLMLIN, XOPOLLIO PaBoTalo-
wuit Nepenarymk. KoHeYHD, 370 OTHOCWITOCE K paasvonobutensm crpan 3anana...

11.1.3. TpaHaucTOpbl BHOBL OTKpblaioT QRP

Ho ucropus papuoniobuTenscTea caenana oYepeaHol BUTok. HaukHas ¢ cepeavHs
1950-x ronos, ans paguonoGuTEnei CTam AOCTYNHLIMY HEAABHO Y30BPETEHHBIE TPaH-
BUCTOPLl. SHTY3VACTHI NONYNPOBOAHUKOBOM TEXHMKM B TE€ BPEMEHA Haqyani aKTUEHO
KOHCTPYMpOBaTh NEpBbie panvonioBUTenbckie Nepeaarinkii Ha TPaH3UCTOPEX.

VHTepecHo 3amMeTUTL, HTO B 3TOM Clydae HauanbHOe PasBUTHE TPaH3UCTOPHOI
TEXHUKM HBNOMUHANO PasBUTUE NaMnoBol Texwuku. MepsoxaYansHo paavoniotuteny
KOHCTpYMpOBan NOYNPOBOAHUKOELIE MNepefaTyiki C KBapuesoi cTabumisauveit vac-
TOThl. 3TU NPOCTHIE TPAH3MCTOPHLIE NEPeAATHUKI C KBapLLeBOl cTaBunusaLmeit 4acTo el
noKa3anu, YTo TPAH3UCTOPL! BINOAHE MOrYT GbITE MCMOMNLE30BaHbl B PAAVONIOBUTENLCKOMR
npakTuke C panbHeruM pessuTVEM MPOM3BOACTEA U YAELIEBNEHMEM TPaH3VUCTOPOR
Hayanock ux NpUMEHeHue papronoBUTENsIMU B YCUNUTENAX HUSKON HAcTOTHI Nepeaar-
HMKOB U MPMEMHUKOB, AR NOCTPOEHUA KACKEA0B YOUNUTENEH NPOMEXYTOUHOM YaCTOoTb!.
YenelwHoe passutne NONYNpOBOAHVKOBON TexHuk B 60-€ rogkl NMO3BONMNO CO3JATH
LUMPOKOAOCTYMHLIE TPAHIUCTOPLI MANOM U cpeaHelt MOLWHOCTY, paboTawme Ha Yac-
ToTax Ao 7 Mru. Bns paguoniobuteneit nosamnace BO3MOXHOCTL CO3AATL MEPeaTYUKm
ana nobutensckix avanssoHos 1,8; 3,5, 7 MIu.

MowHocTs NepsbiX PaaMoNOBUTENLCKUX TPAHAUCTOPHLIX NEPEAATUMKOB BCE Euie
6bina HeBONbLIO — OT HECKOMBKMX MWIIMBATT A0 HECKOMKUX cOT MuAAveaTT. Ho
HECMOTPS Ha 3Ty MU3EPHYIO N0 CPaBHEHUIO C TEM, 4T0 0GECNEYUBANM NaMbl, MOLLHOCTE
NEPBLIX TPAH3UCTOPHLIX NEpEAATHMKOB, paanonobuTeny Neltamics peboTaTs Ha HUX €
adUpe. W aTo 0Kkazanoce BOSMOXHEIM. Mcnonb3ys faxe HeGonbilvwe MolHoCTU, pB-
nvonmobuTensM ynasanucCb CBR3W HA 6OnbLMe PaccTosHMs!
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MonynNpoBOAHUKOBAS TEXHWUKA CTPEMUTENBHO paseuBanace. C KaxaeM nociemyo-
WM FOAOM U [aXe C KaXObiM MOCNenylLM MeCALEM BbiMyCKanuCh TPaH3UGTOPE!
paboTalolme Ha Gonee BLICOKVX HACTOTAX U MOLLHOCTAX, Y4EM Ux MpeabiayLive ak3em-
nnApel. PasevBanact TeOpUA NOCTPOEHUS TPaH3UCTOPHLIX CXeM. BMECTe C pasBuUTuemM
Teopuy PASBUBANACH NPAKTVKA TPAH3UCTORHOM TeXHUKU. KOHCTPYKLUMU SIoGUTEbCKIX
NONYNPOBOAHMKOBbIX PAAMOCTAHLMIA YCIOKHSWCh. MPOCThiE KBAPLEBLIB NEpefaTHvku
YCTYRMAM MECTO MepefaTsvkam C MaBHbIM AManascHOM YacTtoTbl. MoABumCh oGu-
Tensckue paspaboTki NepesaTivkoE M MPUEMHMKOB, COAEPXALUMX JIECATKM TpaHau-
cTopoB. MapameTpsl 3TUX TPaHBUCTOPHLIX 8nnapaTos (KpoMe MOLLHOCTY NEpenaTmKoB,
KOHEHHO) cTany npuBnuxaTbCs K napaMeTpaM Namnosbix.

N1.1.4. Paseutne QRP-pBuxeHus

CepegyHy 50-x — Hauano 60-x rogoB MOXHO Ha3BaTb BPEMEHEM BO3POXIOEHUA
QRP-pBvxeHUs. Torpa HadammCb 3anyCKU KOCMUYECKUX annapaToB, Ha KOTOPbIX UC-
nonbaosanck Manomowrsie KB—YKB nepepamivku, 3ty nepeparHvky uaayyanm cne-
uManbHbIe CUrHAMEI, KOTOPLIE MOMU MPUHUMETL PeaMontobuTenu n Kotopeie B TO Xe
BpeMA GbiMU CrbiluHE HA GONBLLUX PACCTOAHUSX. Pa3BUTUE KOCMUNECKON ¥ BOEHHOW
TEXHUKU MPUYBENO K OaNbHENLEMY PasBUTVI0 KBYECTBA NOMYMPOBOSHUKOBON NpOayKUvn
W NOAyNPOBOAHVKOBOM CX@MOTEXHMKW. BTO NO3BOMMNO KOHCTPYMpPOBaThb NOBUTENLCKME
nepesaTivki, 0BRaAaIOLVE BEICOKVUMU N2paMETPaMU Ha NOMyRPOBOHUKOBEIX 2NEMEHTAX.

B TO BPEMA BXOAWUT B PEAVONIOBUTEALCKMIA XAPrOH U MPUBLINHOE ONA HAaC celvac
crnosocoyeTaHve «QRP», koTopoe o6oaHauano paboTy Ha manoil MowHocT. [1o 9T0ro
BPEMEHU BhipaxeHue «QRP» B TOM €70 3HaueHWY, Kak Mbl 3TO NOHUMAEM ceiuac, 1c-
ronb3oBanoch Peako. B koHue 50-x — Havane 60-x ronoe aktMeHocTs ConHiua noseo-
nuvna npoeognte DX QSD HA BHICOKOUACTOTHBIX AvanasoHax 14—28 MIL,, ncnonbaya
HebonbiLve MOLHOCTU. DTO TOXE BLI3BAJO MOBLILEHHLIA UHTEPEC K KOHCTPYMpOBaHMIo
npocTuix QRP-NEpefariukoB Ha TPaHaycTopax.

B TeueHve B0-x rofoB pasBUTUE NONynpoBOAHMKOBOM TEXHVKU NO3BOMMAO CO3AATH K
cnenyioLeMy Nviky COnHeYHON aKTMBHOCTM, KOTOPLIN NPUMILIENCs Ha KoHel, 80-X — Hakano
70-x ronoB, KOHCTPYKLUWY BIONHE NPpUAvYHoi TpaHancTopHoi QRP-annaparypbl. MpriemM
3Ty annaparypy CMOMM NOBTOPUTL MHOTVE paguonioGuTeny. MoBTOpUTL U HavaTb K-
NEPUMEHTANBHYIO PABoTy Ha Manoil MOLWHOGTU. UMEHHO K TOMY BPEMEHW OTHOCUTCH
cosfaHve nepesix MECTHEIX QRP-kny6oB, KoTopbie obbeauHunu nioburtenei paotatb Ha
manoit MowHoCTY., MMEHHO TOrda BOrOBOPVIUCH, KaKyilo MolHocTb cumTtate QRP. 3to
5Br 8 pexume CW » 10 Br B pexume SSB.

B 70-x rogax no BCeMy MMpy Hayany OpraHU3OBLIBATECA HauMoHaNbHBIE QRP-kny6bl.
Kak npaeuno, cHavana ato 6einm npocTo QRP-CeKUWM NPU APYriX YKe CYLUECTBYIOVX v
passuTLIX paguoniobuTensckux knybax. 31o QRP-cekuvs B DL-AGCW (MFepmanun), SCAG-
CW (CkaHgvHaevs). BnocneACTBUM OpraHU30BLIBANIMCH Takve KpynHele QRP-kny6el, kak
ARCI (CllA), G-QRP-C (AHrnvs). B HacTosiiee Bpema B mupe cyuectsyeT 6onee
200 QRP-kny60B B pa3nuyHEIX CTPaHax. Yxe Henb3A Ha3BaTb UX TOHHOE KONMHEGTEO.

Muorve QRP-knyGel NPOBOLST COPEBHOBaHVIA, AW aKTUBHOCTH paboTe B adwupe. Takve
QRP-COPEBHOBaHVA HESb3A HA3BATH COPEBHOBaHUAMM B TOM NOHVMEHMI, KaKOe B 3TO0 BK/Ia-
ABIBAINT Opyrue paguoniobuteny. 310, CKopee, BCTpeya B advpe Apyaeil NO YRAEHEHMIC
QRP, nposepKa BoamoxHocTelk QRP-paboTkl ¥ vcnbiTaHus caMoaenbHoi QRP-annapatypel.

Ha paseuTve QRP oTknvKamech MHOrve seaylive GupMesl — NpoM3BoaUTeNM peavone-
pepnaloilelt annaparypel. BeinyckaeTcs wipokas HomeHknaTypa QRP-TpaHcveepoB, Habo-
POB BNA UX U3rotoaneHus. ECTb cneumanmvavposaHHble pypMb, KOTOPhIE NPoV3BoAAT TONb-
ko QRP-annaparypy. Tenepb Kaxabiii paguoniobutens YMEsT BOSMOXHOCTb WM KYNTe Fo-
TOBLIN QRP-TpaHCcVBEp, N coBpaTk ero camomy ua Habopa. PasevTue coBpeMeHHo ane-
MEeHTHOI 623kl NMO3BONAET CaMOCTOSTENBHO COBMPaTe HECNOXHBIE MO KOHCTPYKUMM, HO
VMEIOLLVE BEICOKVE NapaMeTphl TpaHCuBephl. 370 elle Gonee GnaronpusTCTBYET PasBUTHIO
QRP 0BYXEHVA U BAET BO3MOXHOCTE MHOMVM PaaUonioBUTENaM NPUCOEaVHUTLCH K HEMY.
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M1.2. HeeepositHoe QRP

Pa6oTa Ha QRP vHorpa yavenser, korga npy YCnoNbL30BaHUY HECKORLKUX BATT MOLL-
HOCTM OTBENIOT yaaNeHHLIE KOPPECNoHAeHTE. Ho ocobeHHo Benmvko GuiBaeT yaveneHve,
€CAK He 3Haeiub, 4TO paboTaews Ha Manoi MOLHOCTH. .. A NOTOM BYAMLL CMIMCOK NPO-
BEMIEHHbIX CBR3ei. BOT 0 Takoi HerepoaTHOM paboTe Ha QRP xovy pacckasaTthb.

M1.2.1. OwunboqHOE NOSKNIOHERUEe AHTEHHBI

310 npovsowno 10 pekabps 2001 roga B QRP-skcneavuum Ha An-MeTpu. 3ta
aKcNeavLms Npoxoavna B YeCTb CTONETUA Nepsoi TpaHcokeaHckol ceAsu I Mapkonu.
Opranmsosan ee UR-QRP-C, ucrnonb3oeancs noswieHoii EN100GM. CoBMecTHO C© pa-
ovocTaHuven twna P-143, kotopas obecneuviBana 8 BT BLIXOOHOW MOLHOCTW, Mbl
MCNONb3oBaIM COINacylolee YCTPONCTBO. Cxema aToro yCTpolCTBa noxasaHa Ha
puc. M1.1. Bonee nogpo6HO 3TO COrMBCYIOLLEE YCTPOWCTBO onmmcaHo B [1].

S1.1512 5 54p lipoBod, npodemsii
ckbBosb peppumoboe

160
—"ﬁ_ KO/BYUO DUGMEMPOM

Om mpancubepa 80 7-15 mm. nposuucerocmsn
X1 12 = (B | L00-800
L1 27 Aumenna
403020 10250 T Xz
L, 9
R3
3
100 «
5.1 mx X3
L Jerns
I TH-02 Vo1 Kormpone
12-27 Bumkob, duamemp kapkaca 10 &| k1503
30 11, drnuna vamomku 55 mm, X4
npobod 1.0 M, ombBod om 10 Bumka R4
O/ X0A00HO20 KOHYO 50

L1-5 BumkoB B Huxwed wacmu
L2 dnuna vamomky 12 M.
npoBod 1.0 mm 1mA

Puvc. N1.1. Cxema COTmacyioLero yeTpoiicTea

Mo owwnbke oouH U3 ONEPaTOPOB NOAKNICHMN aHTEHHY HE K THe3dy X2, a K rHespny
X4, 1. e. aHTeHHa Bbina NogKNIOYEHa K BbIXOAY @KTUBHOW Harpy3kv COMPOTMBNEHVEM
50 OmM, PacrnonoXeHHOW BHYTPY COrnacyioulerc yCTpoicTea U npenHasHayeHHoi ana
KOHTPOMNBLHOW HACTPOKU MBpepaTsvka. Tak BOT C TaKoW, MO CyTu Aena OTKMIOMEHHOR
OT NepensTyMKa, aHTeHHOM Mbl paboTann HECKONbKO HacoB B adwpe. Buina nposeneHa
21 ceA3b. OnHa cBASb Ha pvanasoHe 40 MeTpoB, TPU CBsi3u Ha AManasoHe 17 MeTPOB
¥ ocTanbHule 17 ceA3ei Ha avanasoHe 20 MeTpoB. TONLKO CNYYBIHO 3TO OBHapPYXeHO,
KOrpa He cMorav NPOBECTY CBA3W HAa AvanasoHe 80 METPOE...

KOHe4Ho, NPy HacTPOIKe KOHTYpa COrnacytoLLero yCTpoicTRa B PESOHAHEC HYacTb MOLL -
HOCT¥ OT HEro HaBOAWNACH Ha HAarpy3ky. CReAOBATENEHO, HA HAFPY3KE Y NOAKMOYEHHOMN K
Hel aHTeHHEe NPYICYTCTBOBANa MU3EPHas MOLLHOCTL. HABOAMAOCH BLICOKOHACTOTHOE Ha-
NpsHKEHUe Ha TPBHCHOPMATOR TOKA, BKNIOYEHHLIN B aHTEHHYo Lenb. TpaHcdopMaTop
pearvpoBal Ha 3Ty HaBOAKY, NokasbiBas ¢hanblvBblii ToK, GyaTo Gbl NOCTYNAIOWMI B aH-



TeHHy. Bo BpEMSA NpreMa 4acTb BHICOKOYaCTOTHOM SHEpruv NPOCaYYBBNOCH Ha BXOA
P-143, ¥ 972 BOEHHEA PAAVOCTAHUMA BONHE «BLITArYBaNa» NpyYeM JanbHux CTaHLKA.

M1.2.2. Cesi3b Ha& MUSSIMBATTHOI MOLLHOGTU

Mocne OKoHuaHUS aKcnean- Ta6nuua N1.1
UuM 1o MpUEsfie SIOMOM A V3Me- CrpaHuua annapatHoro xyphana EN100GM
pun, Kakas MOLLHOCTL MOTna Ha-

BOOWUTLCHA Ha aKTUBHYIO Harpysky. # QS0 Call Time, GMT | Band. MHz RS
Okasanocb, HTO MNpy  3aKauke 7 FRADD .20 7 E6\E0
10 BT B cornacyioliee ycTpoicTBo 2 UAIUPC 14.21 14 50\59
HB COMPOTUBNEHW HArPY3Ku CO- 3 RVOMM/S | 14.25 14 s9\39
rracylowero ycTpoicTea B 3asu- a UAZBT 1430 1 50\59
CUMOCTM OT AuanasoHa Gbifio Ha- 5 rasbcu | 1431 12 50\58
sefeHo or 0,5 po 0.8 B Buco- 8 RKACKK | 1432 14 50\59
KOYaCTOTHOTO HanpsXBHus. Cre- 7 RWOIAS 1483 14 58\59
[OBATENbHO, B HAaWwy aHTEHHY 8 vnoax | 1as8 1a i,
MOFNIO MOCTYNate MPYMEPHO S— o UATNCX 12.39 14 50\67
15 MST BbLICOKO4YACTOTHOM MOLUHO- 10 UAGFLD 14.45 14 5B\59
cTv. U BOT Ha TaKylo MOLLHOCTb Mt

paborawm B Te:gume HECKONBKX n FwaLy 1449 I 959
yacos. YeTwoipe yenoseka (UU4JCQ, 12 UA4SX 14.56 14 5955
USTREO, USIRCH, RK3ZK) ato 1 RXSAX | 15.00 14 59\59
Habniopany. Tak 4TO ManeHskas 1 RX3FZ ) 15.04 14 56159
MOLLHOCTb BGE € NOSEONSeT pa- 15 RKavwK | 15.07 14 58158
6oTtatb. B Tabn. 1.1 npusenexa 18 RVSDNT | 15.12 14 SB\SB
CTpaHULA W3 BNNapaTHoro Kyp- 17 4z5AF 15.41 1% 56\58
nana EN100GM, koTopas noka- 18 UR4QI/M | 15.53 7 S9N56
3bIBAET, Kakue CBA3W Gbiny Hamm 19 TK4WKU 1815 L 5N54
YCTRHOBNEHE! € VUCMONb3OBEHUEM 20 ON4LAN 16.33 18 59\53
QRPP. 21 PASDLV/M|  16.38 18 50\59

M1.3. MNpexne YeM B3ATL B MOXOA, TPaHCUBED

Ha npoTsieHu MHOTUX JIET MHe Npuxoopnoch paGotaTb Ha CBOEH No6GMTeNbeKo
PagMoCTaHUMM B Pa3MMYHBIX TYPUCTHYECKUX noxopax. 310 Obiit pasnuyHbie ropHbie
noxoas, 6GaliizapoyHble NOxXomsl, MPOCTO newwme noxopkl. Heckonbko 62aBapoyHbIX
NOXOQO0B 6bINM NpoBeaeHsl coBMecTHO © UABWX.

TyprcTCKMiA NOX0L, KOTOPLIV 0BECNeYeH paavoCBASLIO, NMPOXOOMUT COBEPLUEHHO MHB-
ye, 4eM noxop, 6e3 paguocensy. Ha BevepHeM Tpaduke MOXHO COOBLMTL, HTO «BCE B
nopsake», NepesaTb NPUBET POAHLIM, PACCKB3aTh, YTO B MOXOAE NPOMSOLIO 33 AeHb.
Jns Tex, kTo coBmpaeTcs B3nT C COBON B NOXOA, PaanoNoGUTENLCKMA TPAHCUBED, XO4Y
JaTh HEKOTOPLIE PEKOMEHAALMM M0 UCMONb30BaHMIC TPAHCUBEPa B Noxoae. 3T COBeTh!
[AIOTCHA Ha OCHOBE YPOKOB, BbIHECEHHBIX MHOW 13 MPOUUTEIX NMOXOHOE.

M1.3.1. Mexannueckan sawuTa TpaHcueepa

TpaHcVBep, UCMONL3yeMbili B NOXOAE, AOMKEH GbThb O BOSMOXHOCTY HEGONbILMM
Mo pasMmepaM, ferkuM Mo BECY M KOHEYHO MexaHuuyecku npouHsm. Ecniv koprnyc
TPaHCUBEPA BbINOAHEH HEMPONHEIM, XENaTesbHO CAESaTh XECTKMA IAUUTHBIA KOXYX
nas TpaHcueBepa. Ha Mol B3rnsh, onTMMabHLIM MaTepuanoM [N TEKOro KoXyxa
asngeTcs daHepa TomuuHoil 4...6 MM, Kopnyc B 3TOm cryqae NoNy4aeTcst Nerkvm v
MPOYHBIM. .



XenarenbHo, 4To6bl BHYTPEHHOCTW TpaHcvBepa 6bif 3amwensl ot enaru. Mo
KpaiiHeli mMepe, Heo6GX0AMMO CTPeMUTLCS K TOMy, 4TOOLI B Moxoae TpaHcveep Ha-
XOAUNCH B MaKCUMAsLHO CyxOoM MecTe. BeuepoM, Korfga yBenuuMBAETCH CbIPOCTb,
TPaHCVBEP MOXHO A3Xe 3aBepHyTb B O4SANO, B ChanbHbii MELWOK Mnu B CyXoW
wepcTsHoil ceutep. HemvuHuM GyneT pPasMBCTWUTE BHYTPU TPaHCUBEPR MELLOYEK C
cefvkareneM [N BruTbiBaHWA BRaryv. ST PEKOMBHAAUMY OTHOCHATCA HE TONbKO K
camMofenbHbIM TPAHCMBEPBM. HEKoTopble 3aBOACKME TpaHCUBepbl TOXE MNOXO Bhbi-
OepXUBAIOT ChipLie NOoXoaHble ycnoews. Ecnv TpaHovBep OTChipen, AHEM Ero MOXHO
NPOCYWMTe Ha CONMHUE. MOXHO MOMbITATLCA BbICYWMTh TPAHCMBEP BEYEPOM OKONO
KOCTpa. Ho 3atem npocyleHHbi TpaHCVYBBp HBOGXOAMMO 3aBEpHyTb B CyXOE OAesno
WM B Cyxoii Tennoii CBUTEp. B NpoTvEHOM Cryvae TpaHCcVBEp 4Yepe3 HekoTopoe
BPEMSI CHOBA BTSIHET anary u BblifeT Us CTPOs.

M1.3.2. MowHocTe u NUTaHue TpaHcUBepa

W3 onbita npeablaylwx NoxoaoB GbiNO BLIACHEHO, HTO HauGonee pauvoHanbHas
BbIXOOHAA MOLLHOCTb TpaHcuBepa cocTaBnseT okono 3 Bt fpu mexbweli MowHocTu
AabHOCTb YBEPEHHOWN CBASK YMEHBLIAETCH, a NPy G0Nblei NPOVCXOANT NOBLIWEHHEINA
paspsin 6atapeit nuTaHws. HavGonee pPaLMOHANBLHO B KAYECTBE MCTONHWKOB MUTaHMA
YICNOMNL30B8aTh CYXME WK ankamiHOBLIE SnemeHTHl pasmepa R-20 (kak cTapbiit COBBT-
Ckunit 373-i1 3neMeHT), BKUOYEHHbIE NOCNESOBATENLHO OO HeabxoawMoro pabovero
Hanpsxenvn. Mpy payvoHansHoii pabote B adupe, U MOLWHOCTY TpaHcusepa go 3 Bt
Takmx 6aTapeil BnonHe xBaTtuT Ha 5—8-aHeBHBIN Noxoa. Mocne sToro ux moxHo Gynet
BbIBPOCKTL M 3HAYMTENBHO OBGnerYuTb BEC TYPUCTCKOrO prok3aka. Jna Toro 4Tobhbl
CTapble 2/EMEHTH! NMUTAHVA He 3arpAsHANY NpUPoAy, X MOXHO 6pocvTb B CHNbHGIA
kocTep. B Hem OHM cropAaT npaktuyecku 6ea octatka. Bpocare HEOGXOAMMO VMEHHO
B CU/bHEIN KOCTEP. B 2TOM Cnyyae repMeTVaUpYIoLME MNaCcTUKOBLIB NPOKNaaky O4BHbL
BbICTPO MPOrOPAIOT U rePMETVNHO 3aKPLIThIE B/IEMEHTH! B KOCTPE HE B3pLIBAIOTCS.

KoHeuHo, ecnu Bec YCTOYHVKOB MUTEHUA HE UMEET 3HBYEHUA, MOXHO Bpars ¢ coboi
akKyMynaTopHble 6atapen. SneMeHTh! GaTtapen NUTaHvs [osKHL! BbiTb TLWATENLHO Cras-
Hil My co60ii. He Ucrionbayiite 6aTapelo MUTaHueA C NPWKUMHBIMUY KOHTaKTamMu MEeXay
OTAENBHBIMY anemeHTamy. B noxoae snemeHTsl 6arapey HeusbexHo oTceipeloT. Ux no-
BEPXHOCTL NOCTENEHHO OKMCNAETCH U NEPEXOOHOE CONPOTUANEHUE MPYXUMHOIO KOHTaK-
Ta 3HaYMTENLHO BO3pacTaeT. BenencTsne 3Toro Ha NPYXXUMHBIX KOHTAKTax MOXET note-
PATECA HAUUTENBHAA YACTE MOLLHOCTY BaTapey. Y MeHs Guny Criysaw, Korga Takas OTChl-
pesiuas 6aTapes He Morna obecneunTb paGoTy TpaHcveepa Ha nepepady. MOCTOAHHO Xe
CYWUTL 3neMeHThl Barapem 1 WCTUTL KOHTaKThl — AOBOJBHO YTOMUTENLHOE AESO. ..

QOfipatuTe BHMMaHVe Ha TO, 4TO Garapad NUTaHVs O6s3aTenbHo [OAXHA ObiTb
BbIHECEHa 3a KOpnyC TpaHcueepa. 310 HeobxoauMo ans Toro, 4Tobbl NMpesoxpaHuTe
AeTany TpaHCUBEPa OT NOBPBXAEHKS B TOM Cly4ae, ecu 6aTtapes noTedeT. SneKTponmT,
BLITEKLLIMIA U3 6aTapew, B ChIPbX NONEBbIX YCIOBUAX 32 CHUTaHHLIE YaChl MOXET PasbecTb
NPOBOAA KOHTYPHLIX KATYWeK, MOBPEOMUTE TPYLUVECS M MPUXXMMHBIE KOHTaKThl nepe-
Kkniouavenei. B KOHeYHOM uTore TpaHoueep 6yneT BLIBeAEH 13 CTPOsI. JlaXe HeCKONbKO
Kanenb 3AeXTPONMTa BLITEKLIEro 13 Gartaper ¥ NonaBwero Ha SfeMeHTH TPaHCVBEPa,
MOFYT C TEHEHVEM BPEMeHU NPUBECTU K HEMCNPABHOCTY TPaHCUBEpA.

Xonognas 6atapes NUTaHMA OTLAET 3aMETHO 60Nee HU3KYIO MOLLHOCTL, YEM Tennas.
3T0 NErko MoxHo 06HapyxMTe NO paboTe TpaHCcUBEPa Ha nepeaauy. OTaeNbHYIC OT TPaH-
cueepa Harapeto MMTaHUA MOXHO NOAOrPETL OKONO KOCTPA MK NPy NOMOLUN GEHBMHOBON
KaTanuTUHECKOi rpenki. Takas rpenka BECUT HEMHOIO, a ecin €6 06epHyTh OAEANOM Co-
BMECTHO ¢ GaTtapeei niTaHus, To paBoTa TpaHovBEpa AaXe B XONoAHYIo norogy Gyner
obecneqeHa. BEHSVHOBbIE KaTaiUTUNECKWE rPenkv MOXHO KyniTb B MarasmHax
CMOPTVBHLIX TOBAPOB. BAOK SNEMEHTOB NUTaHMA MOXHO MOZONPETb, A3XE MCMNONbays Te-
nno ceoero Tena. HanpumMep, nonoxurb 6aTapeto NMTaHus B ChasibHu Mewok. B sToM
ciy4ae yTpom barapes MMTaHua GyaeT Ternsoi 1 No3BOAUT NPOBECTY YTpeHHVE PaaMoCBRsH,
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M1.3.3. YyBCTBUTENLHOCTL 1 CTABUNBHOCTL TPaHCUBEpa

TpaHcVeep, NpepHasHaueHHbIR [ANA NoXoaa, BOMXeH oBecnewBaTh PeankHylo Yys-
CTBUTENLHOCTL HE Xyxe 0,5 MKB HB AvianasoHe KOpOTKMX BOMH. MOXHO MChons3oeath
TpaHcVvBeps!, o6ecneyrBaiolme GonbUIYIO YYBCTBATENLHOCTL. Baany oT ropoga oTcyT-
CTBYIOT MHAYCTPUANBHLIE MOMEXU, MNOATOMY BbICOKYIO YYBCTBUTENLHOCTL BMOMHE YAAETCH
peanuzopaTte. Ho HeoBxopomMo y4ecTb cnepylowee o6CToATenscTso. MowWwHbe Belya-
TeNbHbIe pepuocTaHuuvy, paboTaowve Ha pvana3oHe 40 METPOB, MOFYT 3aKpbiTe STOT
Avanas3oH Ans niobutensekoi paboTbl B adupe, ECIM auHaMUMMECKVil AVanasoH TpaH-
cvBepa GyneT HUSKMM. B rogpl akTvBHOro COnHUA MNPy XOPOLLEM MPOXOXOEHWM Ha
BBICOKQY2CTOTHEIX AM2NasoHax BewaTenbHue cTaHum 11- 1 13-MeTpoBoro puanasoHa
MOryT CEepPbe3HO OCNOXHUTE paboTty Ha nioBuTtensckux avanasoHax 10 u 15 MeTpos,
€CIN MCMONb3YETCH MPMEMHMK NPSIMOTO Npeobpas’oBaHnA unv echv MPYEeMHUK TpaH-
cVvBepa UMEeT HU3KMIA AVHaMVYECKA AManasoH.

TpaHcueep ROMKEH COXPaHATb CTBGUNBLHOCTL YaCTOThl Npu konebGaHvsx TeMnepa-
TYPb! ¥ NUTAIOWIErO HaNPAXEHUA.

TpaHcueep He BOMKeH GOATLCA 3aMblkaHUA U OBpPLIBA B LEMY aHTeHHbl. B TpaH-
CUBEpE A0SKHA ObITb 3auluTa OT NOOKNOHEHWA GaTtapen MUTEHVA B HenpaBunbHOW
nonapHocT. TpaHovBep BOMKEH GbiTh 3alUVWIEH OT CTATUHECKOrO 3NEeKTPUHECTBa.
QOfpatuTe cepbesHoe BHYMAHVE Ha BLINONHEHVE aTux TpeGoeaHmit. OTcyTCTRYE noGon
Y3 3TUX 3aLUUTHBLIX (GYHKUMI MOXET B NEPBbIA Xe AeHb NOXoha NPeBpaTUTb TPaHCUBED
B GecrionesHyio Kopobky. Ecriv kakas-To M3 3TUX 3aluuT OTCYyTCTBYeT, Heobxoaumo
AoMa ee yCTaHOBUTD.

M1.3.4. NameputensHeie npubopbl TpaHcusepa

XKenatenbHo 4T06bl TPAHCYBEP VMEN VHAVKATOP HANpPsXeHus Gartapey nutaHus v
VHAVKATOP BbIXOOHOK MOLLHOCTY Nepeaaryyka. Jaxe npocTeiiumi BONLTMETP NOMOXEeT
6bICTPO 06HapYXUTb, 4TO GaTapes NUTaHUA paspsxeHB. CnesoBaTeNbHO, PaamMonobi-
TeNb CMOXET BOBPEMS NPUHATL MEPbLI NO 38MEHE Pa3PAXeHHON Barapey NUTaHusa uam
N0 3apaake akKYMyNATOpHoi Batapen. OCOGEHHO BaXHO CNEANTL 32 COCTOSHNEM aKKY-
MynsTOPHO#M 6aTapen. CHMXeHve HanpPsKeHVs Ha akkyMynATopHOM Batapee Hke onpe-
BENEeHHOrO NOPOroBOr0 YPOBHA MOXET NPUBECTY K CEPLESHOMY NOBPEXAEHMIO 3TOM Ba-
Tapeu. MHOvKaTop BbIXOOHOW MOLWWHOCTY TPAHCKMBEPA MOMOXET MOCTOSHHO CleauTh 3a
Pa6oTol BLIXOAHOrO KaCkana 1 GbiTb YBEPEHHBIM, HTO BLICOKOHACTOTHAS SHEPIys MocTy-
naet B anTeHHy. B kpaiinem cnyuae, ns KOHTpONA Garapait MUTAHVA MOXHO MCMONL30-
BaTo CaMblii JAWEBLIA MUHMATIOPHLIM KUTANCKUI CTPEenouHbIN BONLTMETP. CneauTs 3a
WanyyeHveM Nepeaarivka NOMOXeT NpoCTeumii MHAVKATOP BLICOKOYACTOTHOrO Nons.

M1.3.5. AHTenHBbl TpaHcuBepa

XKenatenbHo, HTOGLI BbIXOOHOM KacKeh TPaHCUBEP2 VMEeN HUBKOOMHBI BLIXOL
50...75 OM Y BbICOKOOMHBI Bbixog, 300...600 OM. 370 NO3BOAMT VCNONL30BaTh CO-
BMECTHO C TPEaHCUBEPOM KaK BLICOKOOMHLIE, TaK ¥ HU3KOOMHLIE aHTEHHb!. MNpYMEHeHVe
COrNacyloLero ycTpoiicTea COBMECTHO C TPaHCUBEPOM KPailHe XenarenbHo. 3To no-
MOXET «BbITAHYTL» SMIUHWE AEeCATKM M COTHU MWAMBATT B aWTeHHy. Brnpouem, B
YC/IOBUAX NOX0ga T MWUWIBATTH HUKOTZA HE GbIBAIOT SMWHUMM...

Ana paGoTbl MANoH MOLLHOCTHIO XOPOLLO MOAXOAAT AMMONM, AEsThl, aHTEHHL! TVNB
1.V, OueHb xopowo paboTaeT NpOBONMOYHAA BHTEHHR AAMHON 41 METp NOOKNIONEeHHas
K TPaHCVBEPY 4epes cornacylouiee ycTpoiicTeO. BepTuKanbHbie LThIpaBble 2HTEHHb!
TOXE MOXHO CNO/b30BATH B NMOXOAHbIX YCAOBUAX, HO HEOBXOAUMO OBPATUTL CEepLE3HOE
BHYIMEHVE Ha UX NPaBUILHYI0 YCTaHOBKY. BepTukanbHas aHwTeHHa manosddexTveHa
NMpy €ee yCTaHOBKE CPeaw BHICOKVX AepeBbeB. HEOBXOAVWMO MCNONb30BaTb KaK MOXHO
Gonbliee YMCno NPOTVBOBECOB COBMECTHO C BEPTUKANLHOM aHTEHHOM.



M1.3.6. OuanaaoHel paboTel

Kak nokasbiBaeT onbiT, Hannydiwmii AuanasoH ans npoeegeHus GrkHUx ceR3en —
370 80 MeTpOoB. Jlaxe Npy MOLLHOCTY B HECKONBKO BBTT H2 3TOM AV2NB30HE MOXHO yBe-
PEHHO MEPEKPLITL paccTosHue ao 300...500 kM. [nA Gonee fanbHux TpagyKoB nyyiue
YCNONB30BaTh BbICOKOHACTOTHEIE AvanadcoHst 40 1 20 meTpoB. [uana3oHb 15—10 mer-
POB UCMONL3OBaTL AnA Tpaduvka HetienecoobpasHo BBMOY HecTabunbHOCTU NpOXoX.ae-
HUA HB HYX, OCOBEHHO BEYEPOM, KOrAe 06LINHO NPoXoauT Tpadwk. KpaiiHe xensTensHo
VMETb [OrOBOPEHHOCTL O TPadMKe HE C OfIHVM, @ C HECKONbKUMU peavoniobnutenamm ua
pasHLIX rOpOAOB. DTO 3HAYNTENBHO NOAHUMET LLAHCH! HA YCNELIHBIA Tpaduk.

M1.3.7. HaywHuku, KNouM v ppyrue BHELIHWE YCTPOWCTBa

Ans paboTel ¢ TPaHCMBEPOM B NOX0SA XENBTENbHO VMETb HE TONBKO aBTOMAa-
TUHECKUIA TenerpadHbiii knioy, HO M py4HOW. ABTOMBTMYeckuil TenerpadHblii xniod
MOXET 0GecneumTe XOPOLUYIO CKOPOCTb Nepefaun. Ha Takom knioue yaobHo paborathb.
K coxaneHuto, asTOMaTvNeckuit TenerpadpHbliii kniod, coGpaHHbiii Ha MUKpOCXemax,
VIMEET HEMPUSITHYIO TEHAEHLMIO OTChIpEBaTh B yCNOBYAX noxopa. Beneacteve 3Toro
OH BbIXOAUT Y3 CTPOA. Jlaxe NOCTOAHHAA CylLKB Ha COSHLE U OKONO KOCTPa 4acto
HE MOryT BOCCT2HOBMTE PaboTocnocoGHOCTL Takore knkoda. B sTom cnysae npuxo-
AUTCH MCMONb30BaTe NPOCTOW pysHOL TenerpadHblii kKoY. PydHOW Koy B YCHOBUAX
NOX0ZA MOXET HAXOOMTbCS B CaMbix HEMbICAVMBIX MONOXeHUsX. Panvoniobutens Bos-
XEeH UMETb COOTBETCTBYIOLLYIO TPEHWPOBKY, 4TODLI paboTaTe HAa py4HOM TenerpadHom
KNIOYE B YC/IOBUSX SKCTEAULMM.

B noxone Heo6xoommo VCMONL30BaTh HAYLWHUKWA C MAOTHO OBReralowvmm aMopa-
wiopaMu. 310 BJaCT BOSMOXHOCT: paboTaTh B AOKAbL M CWMbHLIA BETep, KOrpa wwym
OT 3TUX APUPOLHLIX ABNEHMIN MOXET OYeHb 6onbluvm. TenedoHsl B HAyLIHVKaX [OMKHLI
6bITb COEAVHEHB! TONBKO NApanenbHo. 310 No3BoAUT pabGoTare NpY BIXOOE U3 CTPOS
OfHOMO U3 HayLWHUKOB.

B KkayecTBe annapaTHOro XXypHana MOXHO MCMonb3oBaTb HeBombiuoi GhoxHOT,
3anvcy BeCTW NPOCTLIM KapBHOAWOM. LUapukoBas pyyka ana sTux tenei HenpurogHa.
OHa MOXET BbITEYb B XapKylo NOrody ¥ 3aMep3HyTb B XOROOHYI0. XKenarenkHo umMeTh
HECKO/IbKO 3aTOMEHHDBIX C ABYX KOHLIOB KapaHpaweit. KapaHaaiwv B NOXOOHLIX YCIOBUAX
HACTO TEPAIOTCH, NO3ITOMY HEOGXOOMMO UMETHL ONpefeneHHoe MecTo Ans HuX. MOXHO
B C2MOM TPBHCMBEPE YCT2HOBWUTL HeGOMbLION NneHan ans kapaHgawei.

Ecnu B noxoae vcronb3yetcs Gonee oaHOrO TPaHCMBEPa, XenatensHo, YTobet Bce
¥X BHELLHWE YCTPOMCTBa Gy B3anmo3aMeHAemMuIMU. B TpaHCvBEpax BORXHEI UCTONb-
30BaTHCH OAVHAKOBLIE AHTEHHLIE Pa3beMbl. MHE3Aa NOAKNIOHEHUA TenerpadHoro Knoua
¥ HayLLHUKOB [0MKHLI VMETh OAVHAKOBYIO pacnaiiky. XenartenbHo, 4To6bl TpaHCUBEph
NUTan1ck OT OOMHAKOBOFO HAMpsikeHUs. STO AACT BOIMOXHOCTL B Clyuae BbiXOBa 13
CTPOSA 3TUX 3NEMEHTOB OOHOrO TPAHCVBEPa 3aMEHUTL UX NEMEHTamMy Apyroro. JavHa
NPOBOAOB HAYLUHUKOB ¥ knioka gonxHa GbiTb poctatouHo Gonbuioi, He meHee 1,5 M.
B ycnoBusx Aoxoga 3TO 4acTo GhiBaeT HeobxoauMo.

XenarenbHo MMeTe HeGonbwol Habop pPaMOHTHLEIX MaTEPManoB: KyCKu NPoBOAa,
0NoBO, KaHU(ONb Y MEOHLIA CTepXeHb C NPUKNENAHHOIN K HEMY XENe3HOM py4koi ana
nanKy.

3arioMHUTE ewe OAHO BaskHoe npasuno. Mepern, NOXCAOM MO BO3MOXHOCTN BO3-
AepXuBanTech oT Niobbix AOpaboTok B paboyeM TpaHcusepe, NpefHasHayueHHoM ang
rnoxopa, BaXe ecnv 3Ty Nepeaesky KaxyTCA He3HauMTenbHbIMy M NErko OCYLECTBU-
MbiMi. Mpy BINONHeHYW Kakol-nuwbo moavgvkauum B pabovem TpaHcvBEpPE MOXHO
HeHasHHO BLIBECTY €ro u3 cTpod. Bce nepefenky Heo6xoovmo NpPoBOpWTL XOTS Gkl
aa Mecsy RO Hauana noxoga, a He B NOCREAHIONS -HoUb Nepefl HuM! lNMepesn Noxomom
TpaHeuBep BonxeH GbiTh TLUATENLHO NpoBepeH. ECim TpaHoueep HeHanexHo paboTaer
B YCSIOBUSIX KOMHaThI, TO B CYPOBLIX MOMEBbIX YCNOBUAX OH HEMPEMEHHO Mopaenar.



M1.3.8. Be30nacHOCTb NPU YCTAHOBKE MOXOOHLIX aHTEHH

Ecnv Bbl mMCnonbsyete cHOpHYI0 METANNMYECKYIO MauTy AAAl yCTAHOBKM HA Hei
BHTEHHL!, TO 9Ta MauTa 06A3aTenLHO HOMKHA BbiTh 3a3eMneHa, ocobeHHO ecn MauTa
YCTaHOBNEHa B OTKPHITOM MOne wiv B ropax. B 3ToM cnyyae nonagaHve MONHUM B
MauTy CTAHOBWTCH “PE3BLNAKHO BEPOATHLIM cobuiTvem. [lpyroe HENPYSTHOE ABNEHVE,
KOTOpOE BO3HVKAET NPY STOM, 3TO TOK CTATVHECKOrO 3MEXTPMYECTER, MPOTEKalowwmii
Hepe3 maqty. B cyxylo norody, B NpearposoBoOe Bpems, OT 3TOM0 ToKa B TpaHoueepe
GypaT CTOATL HACTOALWMIA PEeB, fanad HEBO3MOXHOI peboTy TpaHcueepa. Hem nyuwe
3a3eMfeHne MayThl, TeM MeHblue 3TOT peB. Boobwe xe npy npubmdkeHyy rpossl m
CWbHLIX BETPOB MauTy Jyyiwie Bocero BeicTpo BanuTe HA 3emnio. TPU YCTaHOBKE MauThl
aHTeHHbl HeobxoavuMO NpPeJycMOTPETE Takylo BO3MOXHOCTL. Bribupaiite camu, uto
JIYNIUE: UMETH CIIOMaHHYIO aHTEHHYI0 MauTy M MOBPEXAEHHLIN CTATUNECKUM 3NeKTpu-
HECTEOM TPAHCMBED M NepexaaTth Fposy, a 3aTem CHOBa NoABUTLCA B adupe. Manatku
Heobx0aAMMO pacrnonarate Tak, YTo6bl NpY NageHWy MauTa He Morna NoBpeauTb MX.

K npoBOnOuHbEIM MM BEPEBOYHLIM OTTFXKAM MA4TH ¥ 2HTeHHbl BOMKHb GbiTb
NPUKpenneHbl W1pokMe neHTbl xoTs Gbl B METPE OKONO 3emny. JieHTbl MoryT 6biTb U3
nioBoro Apkoro unu GrecTawero marepmana. 910 CReNaeT BUAUMBIMY TOHKME OTTSXKU
¥ NO3BONUT HE CMNOTLIKATLCA O HUX, OCOBEHHO B BEYEpPHEE M HOYHOE BpeMs.

MomMHUTE, HTO OMBLIT NpMxopuT © paboToil. Hauae vicnonb3oBaTth CBA3b B MOX0Aa,
Bbl cAenaeTe Ball Noxoa VHTEPECHLIM 1 NoneaHeim ana sawero xo66u. Camoe rnaeHoe,
noxop, 6ynet 6onee 6esonacHLIM Afif BCEX OCTaNbHBIX ETO Y4ACTHUKOB.

M1.4. 3xcneavuvoHHBIE TenerpadHbie Koun

Bo eBpems npoeegeHus QRP-3kcneayumil Bo3HWkna npobaeMa Vcrnonb30BaHuA Ha-
nexHoro manorabaputHoro TenerpagHoro knioya. MNpumeHeHve APVBLMHOMO AnA pa-
Avoniobutens cTaHgapTHOTo TenerpadhHOro KNoNa OCNOXKHEHO TeM, HTO STOT KoY Aon-
XeH BbITh HAAEXKHO 3aKPENNEH K KaKOMy-MB0 OCHOBaHMIC. 3TO B 3KCNeAVLUUY HE BCerga
BO3MOXHO. HacTo Koy pepxat B 0AHOM pyKe (M Ha KONEHE) & Apyroi pyxoii paGoTaiot
Ha HeM. KOHEYHO, ADCTUIHYTh BBICOKMX CKOPOCTEH nNepefauy B TRKOM Cry4ae HENbas.

Wcnonk3osanve Havbonee yaoGHOTO 3neKTPOHHONO KNKUa CBA32HO CO CNEAyIoLIYMI
npobnemMamy. Bo-nepsbix HEOBXOOMMO AOMONHUTENEHOE NMUTAHWE, BO-BTOPbIX, 3NEK-
TPOHHBIN kntod Ha KMOM mukpocxemax o6biiHO GoMTcA chipocTy. Bonenctewe sTtoro
OH MOXET BBIATU U3 CTPOS B CaMblii HENMOAXOASLUMIA MOMEHT.

Huwxe paccMOTREHE! fae KOHCTPYKLUWY SREKTPOHHLIX KNIOYEH, B KOTOPLIX yCTpaHeHb!
NepeuvceHHsle BLille HenoCTaTKu.

M1.4.1. Pysnoit kmoy QRP-akcnesmumm

Ha nporskeHuy MHorux QRP- Manunynsmop Medwsi npobod
3KCMeanUMiA MHOK “CnonbayeTcs (Onuna 70 M, Buamemp 3 mr)
CaMOoLeNeHan KOHCTPYKUWA Tene-
rpagHoro knoua, nokasaHHas Ha

Ponbzupobanusit
puc. M1.2. Oxa cocTouT 13 Nps- CIMeKNOMEKCMmONUM
MOYFOMbHIKA 13 GONILIMPOBAHHO- 7009 (40x30 1r1)

ro CTeKNOTEeKCTOAUTAa, KOTOPbIA
MNPYCOEAVHEH K «3eMJie» pagvo-
CTaHUuM U COGCTBEHHO MaHuny-
NATOpA, BLINONHEHHOIO U3 Meg-
HO# NPOBONOKY AMaMETPOM 3 MM.

Bo Bpems pabothl B adwpe

MPAMOYrObHUK 13 GONbryposaH- Puc. M1.2. 3keneavumonHbin TenerpaHei Koy
HOTO CTEKNOTEKCTOAMTA pacnona-

K nepedomyuky
157
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raeTcs B pyKe, Ha KOneHe unu Ha No6GoM HENOOBUXHOM OCHOBaHUW. MaHunmynauus npo-
M3BOAUTCA APYroii PyKoW. DTOT KYCOYEK CTAKNOTEKCTONUTA MOXHO NPUKNEUTL JINKO#A
NEHTON K TPaHCUBEPY, K OHY NanaTkw. Mpy 1cnonbaoBaHum kntoua Gbina BO3MOXHE pabota
€ Cambix HeyBOGHLIX MO3VLIVIA — Nexa B NanaTtke U Iaxe NeXa B CranbHOM MeLuke,

KoHeyHo, CkOpOCTb Mepefau TaKUM KIoUOM HEBENWKa, Ao 60 3HaKOB B MUHYTY.
Ho oHa BnonHe pocraroyHa and paborkl 13 QRP-akcneoyumit, rga He VCrnonbaylor
BLICOKME CKOPOCTU.

M1.4.2. 3nekTpOHHOE KueBaHWe 415 3KCHe MUMOHHOTO 3NEKTROHHOTO KloHa

Mpy YCMONL30BAKMY B NOXOLAX BMEKTPOHHBLIX TenerpadHbiX KMoHeld, BoINONHEHHbIX

Ha mukpocxemax cepum KMOI, BoisiCHUNOCHL, YTO UX 3nEKTpOHHas HauvHKa OYEeHb

YYBCTBUTENBHA K CLIPOCTY, Jlaxe Korga nevarHas nnara kmoua 6bina sanmta napaguHom

(xOTOpblit B Criyyae HeoGXOAVMOCT PEMOHTa NErko yAansieTcA ¢ NOMOWLIO ropsdei

BoAbl W OeHauHa), cboy B pabote Kmoua npoucxoawny u3-3a MNonefaHus Kanenex
BOAbI H2 KOHTaKTLl MaHUMyNATopa.

MONHOCTLIO  YCTPaHWUTL — 3TOT

flnama 3nexmportozo Kawya 3heKT MHe NOMOrNa TONLKO Fep-

+12 B KOHOBas pasBA3Ka mMaHmnynatopa

OT BNEKTPOHHOI Cxembl kniova. Ha

MoLIE N s7 —@--—)Tawm pvc. M1.3 nokasaHa cxema 9o
Y Y Y pasBAsKU. Pa3esiaka 6bina BLINON-

2 I }_)‘72 B HeHa Ha ManoraGapyTHBIX repKo-

_r 52 W Hax. STH repkoHbl Gbiny USLATHI
Makunynsimop > Tupe W3 CTapOoro repkOHOBOro pene oT
I————)nz B TenedoHHON CTaHLMA. EepKpol

pacrnonaranvcb Ha camoil nnarte

BETOMATVNECKOTO  BNEXTPOHHOrO
KIIo4a2 HBMOCPEACTBEHHO OKONO
NepeKioNaIeil  «ToYKn—TUpe»
mukpocxembl. Mnarta knoHa c ye-
TAHOBNEHHLIMM Ha HE FepkoHamy Bbina 3anuTa napadguHoM. ManvnynaTop katoua 6bin
BHHECEH 3a Npeaenbl Kopnyca aBTOMaTUYECKOrO KNioua.

O6MOTKA FepKOHOB Bbina camonenbHol. OHa Gbina HamoTana Nposoaom Tuna N3
0,08 v copepXana HECKONBKO ThiCAH BUTKOB. Tok, NoTpetnsembiii 0BMOTKOI repKOHOB,
6bin B npefenax 3..4 MA npu HanpsXeHuwn nuTaHus knioya 12 B. CnepOBatenbHo,
NEPEnenka MaHUNyNATopa NPakTUYECKY HE CKa3anach Ha SKOHOMUNHOCTW KAloua.

Kniow € TakMM MaHUNynaTopoM Y 3anMToi naperHOM MNiaToid MOr HapeXHOo
pabotatb noa poxaem. Kmod Gein paborocnocofeH yTpom, Korga rmnara knova u
KOMTaKThl MaHunynaTopa Obay MoKPLITs POCOA.

Puc. M1.3. Pasesaka mMaxmnynsitopa
OT 3/IEKTPOHHOM CXEMbI KJlioua

AVTEPATYPA

1. Mpuropos M. H. AntenHbl. HacTpoiika 1 cornacoBaHie. — M.: MN PaavoCodpr — 2002.

MpunoxexHve 2 .
CTABMTN3ALMSA YACTOTHl JHOBUTENLCKOW ANMAPATYPL!

Crabynusalusa HacToTel CAMOAENLHONO TPaHCVBEPa M NPUEMHMKA s Paavoio-
6uTeneil BCex NOKONeHWi NpeacTaensna HenpocTyio 3anavy. Pagvoniotutenio Tpedy-
etca Bpems Ans npuvoBpeTeHvA onbita, 4ToBbl 3aTem Hauath cobupath TpaHCUBEpb,
HACTOTa KOTOPLIX HE «MNaBaeT» U He «nnayer».



W3BECTHO, 4TO HECTABWILHOCTE 4acTOTH MapameTpuueckoro reWeparopa, T. e.
reHepaTropa, B KOTOPOM 3HayeHWe 4aCTOTbl 38BUCUT OT BENMNMHBLI WHIOYKTMBHOCTU
KaTYLWKWN ¥ eMKOCTU KOHTYPHOrO KOHAEHCATopa, 3aBUCUT, BO-NEPBLIX, OT CTaBUALHOCTH
napameTpoB YacTOTO33aAAIWMX Lienel, 8 BO-BTOPbIX, CTaBWILHOCTU NapameTpos afe-
MEHTOB, KakK MACCMBHbIX, TaK 11 aKTUBHbIX, COCTABNAIOLMX CXEMy reHepaTopa. MMaBHbIM
BParoM AR CTabunbHOCTY HacToTel FeHepaTopoB ABNAETCH TEMNEpatypa, BepHee, ee
Apeid. MNpeonones BMvAHME MSMEHEHWA TeMNepaTypbl Ha paoTy HaCcTOTO3AJAoLMX
uenei, MOXHO c03AaTb CTaGuNbHEIN reHepaTtop.

K coxanenuio, B peansHoCT BCe HE TaK NpocTo. Bonee Toro, B HacToALee Bpems
HabnI0AAeTCA UHTEPECHaA TEeHAEHUWA. YPOBEHb PasBUTUS PELVOANEKTPOHUKM C KaXIbIM
FOAOM PacTeT, KOMYECTBO TPaH3UCTOPOB Ha OAVH MUIIMMETP MNOWWAAN UCHUCTAETCS
B Thics4ax, @ CTBOMNBLHOCTb YaCTOTHI FETEPOAVHOB B GONbLIVHCTEE CAMOLENLHON pB-
AvoniobrTeneCKoi annapartype He NOBLIWAETCHA, a8 AaXe MOHVXKaeTcs.

NpWyvHe! TOro, NOYEMY 3TO MPOWCXOAUT, NOYEMY MHOTWE CTapble NaMnosble ca-
MOA@NBHBIE KOHCTPYKUUM NPMEMHVKOB ¥ TPBHCYBEPOB (HANPUMED, 3HAMEHUTLIN B CBOE
Bpemn «UW3DI») «aepxat» 4acToTy ropasao nyyLie MHOrUX COBPEMEHHbIX CAMOLENBHLIX
TPaHCUBEPOB, Mbl PACCMOTPMM HIDKE.

MN2.1. TemnepaTtypHas HECTAOUNBHOCTL KATYLWKW W KOHAGHCATOpa

Heu6onee pacnpoCTPaHEHHOW NPUNMHON M3MEHEHIMS HaCTOTH FeHEPATOPE ABNAETCH
HBrpaB €ro petanei B npouecce paboTel. 3TO CBA3AHO C TeM, YTO NPY USMEHEHMK
Temnepartypel paguofeTanei M3MEHAIOTCH UX pB3Mepbl. Yem GbiCTpee nporpeBaloTcs,
¥ CNegoBaTensHO USMEHSIOTCH B pasmepax, AeTany redepaTtopa, Tem Gonbiue uame-
HEHWE 4acTOThl reHepaTtopa. PapvonioBuTenu xopowo 3HAKT 3TOT addeKT, KOTopbIl
HB3LIBAIOT «HauaNbHBIN BbiGer YacToTs:. Mpy BKNIOYEHVM aNNapaTypsl B TEYEHWE NEPBLIX
15—30 MVHYT NPOVCXOOMT OCHOBHOM HAarpeB peTtanel reHeparopa, BCNEACTBUE 3TOro
4acToTa FeHepaTopa M3MEHSIETCA OCOBEHHD 3HauUTEeNbHO.

N2.1.1. TemnepaTypHblii K03GPULIMEHT KaTYLWKU W KOHOEHCaTopa

Mpy HarpeeaHUy ysenMuBaETCA B pasMepax KaTyllka MHAYKTUBHOCTM 3aaeiowero
reHeparopa. BCneacTeme 9Toro yBemuvBaeTcs WHAYKTVBHOCTL STOM KaTylkyl M no-
HUXAETCH YacToTa reHepatopa. OTHOCUTENEHOE MBMEHEHUE 3HAYEHUS UHAYKTMBHOCTY
KaTylkv UHAYKTUBHOCTY OT ee TemnepaTtyphl BhipaxaeT B TKW.

TKH — ToMnopaTypHbili KOS(OHUNEHT WHOYKTHBHOCTH TOKA83LIBAGT OTHOCH-
TeNbHOe WIMBHOHHE MHIAYKTHBHOCTH KATYLIKM NPH HIMOHOHWH 66 TeMNeparypbl
Ha 1 °C.

J1nA nepecTpoiiki reHepaTopoB NO YBCTOTE OBLINHO MCMONb3YIOT NEPEMEHHLIE BO3-
OYWHbIe KOHaeHcaTopol. Mpy HarpeBe 3Ty KOHAEHCATOPL! YBENMMVBRIOTCA B Pa3mepax.
C yBeIMYEHVEM BCEX pUMHECKUX Pa3MEPOB NEPEMEHHOrO KOHAEHCATOpa NPOVCXooUT
YBENVHEHVE €ro eMKoCTY. OTHOCUTESNIEHOE VBMEHEHME BHAYEHMH EMKOCTM KOHAEHCAaTo-
pa OT ero Temnepartypbl BolpaxaeTcs B TKE. HectabunbHOCTL 4acToTH reHepartopa 6ynet
3aBKCETk OT TUNA KOHAEHCATOPB, MCNONb3YEMOro B 4acTOTO33Aal0ue Leny.

TKE — remnioparypHbili K03(OHUHESHT BMKOCTH MOKBS) oe
MHIMOHOHHE® BMKOCTH KOHAEHCATOPA NPH MIMEHEHNH ero muneparypu Ha 1 °C.

M2.1.2. KonaeHcaropkl

3 nepemeHHbIX BO3AYLLHBIX KOHAEHCATOPOR OCOGEHHO HECTaBUNBbHLI KOHAEHCATOPL!
Y3 a/IOMVHMEBbLIX CMNABOB. 3TV KOHAEHCATOPLI NEPEMEHHOM EMKOCTY WIMPOKO UCNONb-
3yloTcA B GLITOBLIX pagvonpuemHiikax. TKE nepeMeHHbIX KOHAEeHCATOPOR, BEINONHEHHEIX
13 anoMVHVEBBIX CMNABOB ¥ MMEIOLLMX 3a30p Mexady nnactyHamu 0,3—0,6 MM, Ha-
xopuTtcsa B npegenax (100...200) - 10°° rpap'.
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NepemMeHHbIe KOHASHCATORK!, BHINONHEHHBIE H& OCHOBE MEOHLIX CrNaBoB (U3 KOH-
JLBHCATOPHOW NaTyHU), MeHblLe NogaepXeHsl BO3AeNCTEMIo TemnepaTypsl. J1ns cnelw-
anbHbix Leneil Npous3BOAST BLICOKOCTAGUNbHLIE NEPEMEHHEIE KOHAEHCATOPL! 13 HEYYEB-
CTBUTENbHLIX K BO3NEMCTBMIO TeMnepaTypbl CrnasoB, B YaCTHOCTV M3 vHBapa. Lna
CTBOMNLHEIX KOHEHCATOPOB MCMONb3YIOTCA BHICOKOKAYECTBEHHLIE M30ONATOPLI. BbICO-
KOKa4ECTBEHHLIE NMEPEMEHHBbIE KOHIEHCATOPh! MHOMLA BLINYCKAIOT € NOCEpeBpeHHbLIM
nokpoiTMem. MnacTvkbl KOHAEHCATOpoa M3 MedHbIX CMNaBoB OBGLMHO MMEIOT creuu-
aneHOE 3aUMTHOE NOKPLITUE, JONYCKRIOLWEee Naiky U UCKNINAIOLWEE KOPPOSUIO MAacTUH
KOHOeHcaTopa Npy BO3Aei0TBUM BRary. BoicOkoCTaGUnbHEIE MBPEMBHHLIE KOHAEHCa-
TOPb! BEINONHAIOT C 3a30pOM Mexay nnactuHamu 1...1,5 mMm. TKE BeICOKOCTaGMNBHBIX
NEPeMEHHbIX KOHAEHCBTOPOB MOXeT 6bttb B npeganax (10...30)- 106 rpen?. Onu B
10—20 pas crabunbHee, uem TKE npocTuiX GbITOBLIX MEPEMEHHLIX KOHAEHCATOPOB
CASNaHHBIX Y3 aNIOMUHMS!

WTak, cutyaums, CKnaisiBalowlascs ¢ TEMAEPaTyPHOW CTabrNbHOCTHIO YACTOTO3a-
palowmx ueneil resepatopa, Nony4aeTcA HenpocToil. TKU kamyiuky, Haxopsiwelics B
HACTOTO3analowel Lienk, MEeeT NoNoXUTENLHOE 3HaueHue. KoHaeHcaTop nepemeHHoM
EMKOCTV TOXEe UMeeT nonoxuTensHeli TKE. CnepoBETENBHO, C© NMPOrpPeBOM HacTOTO-
330a10LWei Lery, CoaepXallell Takylo KaTyllky U TakoOM KOHBAHCATOp, ero 4YacroTa
Gyaer NoHMXaTLCA. STO ABNEHME XOPOLLO 3HAKOMO KaXI0My paavonioburenio. Yactota
TPaHCVBEPa WM MPUEMHUKA NPY ero BKNIOYEHUW MAEBHO NON3ET BHUS.

BknioneHve HepauuoHantHO CKOHCTPYMPOBBHHOMO TRAHCVBEP2 HB AEPESayy MOXeT
BbI3RATL NO62BONHOE yeemueHUe HECTaBUNBHOCTIA YacToThl. 3T0 CBS32HO C TeM, uYTO
npy pa6oTe Ha nepepady BLIXOAHOW Kackap, TpaHCYBEpPa MPOBOAWT AONONHUTENLHLINA
Harpes BHYTPEHHOCTeW TpaHcUBEpa U, CrienoBaTeNbHo, JeTanei reHeparopa. Yactota
BO BpPEMS nepefayy HawMHaeT nnbiTh BHU3. [ocne OKOHyaHWs nepegausy [evanm
BBIXOAHOFO Kackajia OCTHIBRIOT, TeMMNepaTypa BHYTPY TpaHCMBepa MOHWXKAETCH, U Yac-
TOTA CHOBA HAYVHAET MNAbiTh, HO Y)XE BBEPX.

B yacToTosagalowye Leny BKIIOHEHH HE TONMBKO KaTyllka MHOYKTUBHOCTW C nepe-
MEHHBLIM KOHAEHCATOPOM, HO U ApYrve NOCTOAHHBIE KOHAEHCATOPLI. TPy NOMOLWM 3THX
£06aBO4HLIX KOHBEHCATOPOB NMPOUSBOAUTCA TemneparypHas crabunmaauus HacToTbl.
PaccMoTpym paGoTy 3TVX KOHOEHCBTOPOB.

N2.1.3. Crabunusaums 4acTOTH NPY MOMOLUM KOHOEHCaTOpPOB

Ha nepebiit B3rnsA, NPeACTaBNAETCHA NOMMHHBIM, YTO BCE KOHOEHCATOPE! C TBepabiM
AM3nexTprkom Toxe GyayT vMeTe nonoxutenbhbii TKE. 3710 paiicTeuTentHo Tak, #
BONBLUMHCTEO KOHAGHCATOROR C TBEPAbIM AM3NEKTPYKOM, BLINONHEHHEIM U3 HETYPaNb-
HEIX MBTEpvanos, obnagaer nonoxutenbHbiM TKE. OaHako OuSneKTPUMeckas MpoHu-
UaeMOCTs CUHTETUYECKON KOHOEHCATOPHOU KepaMuku 3BBUCUT OT Temnepatypel. Mpu
TOBLILIEHUW TEMMNEPaTYpLl B 3aBYCUMOCTY OT COPTa KepaMuky ee AU3NEXTPUHeckas
NPOHMLIAEMOCTL MOXET YBEMYUBATLCH WK yMeHbLaTbes. CresoBaTeNbHo, UCTonbays
cneunanbHble CopTa KOHESHCATOPHONM Kepamuki, MOXHO USTOTOBUTL KOHAEHCATOPLI
MOCTORHHOW ©MKOCTY, UMEILLVE OTpIRiaTebbii TKE.

BkniourB KOHAEHCATOR, UMEIoLLWA oTpmuatenbHelil TKE, B 4aCTOTO3aAaI0WMIA KOH=-
TYP, KaTylKa ¥ NepeMeHHbil KOHAEHCaTOp KOTOPOro MMEKT COOTBETCTBEHHO MONOXM~
TenbHbih TKM v TKE, MOXHO Npov3secTv TEMMNEPATYpHyio cTabunmaauuio YacTotsl. Mo
ATON NpY4YMHE KOHAEHCATOPE! € OTpUUaTensHeiM TKE HOCST HasBaHUe TEPMOKOMITOH-
CHPYIOLHX KOHLEHCATOPOB.

TKE konpeHcatopa OObMHO YKasbiBaloT Ha ero Kopnyce PsAcM CO 3HauqeHueMm
emMKoCTU. JInA HeKOTOpbIX CTapbiX TMNOB KOHAEHCATOPOB MPOWUBIX NET BeiNycka TKE
ykaabieaeT useT kopnyca. TKE cniogsHbix koHpeHcatopos (Tvna CMM) MOXHO onpe-
fermmtb no 6yxee Ha ero kopnyce. Tabn. M2.1 nokasbigaer 0OoaHB4EHME GyKBaMU
COOTBETCTBYIOLMX 3HayeHu TKE CroAsHLIX KOHAEHCATOPOB M 0B03HAYEHVE LBETOM
kopnyca TKE kepamuuyeckx KOHOEHCATOPOB MPOWsLIX AET BLINycKa.
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O6partute BHUMaHWE, YTO ANsl Cloas- Ta6avya MN2.1
HbIX KoHpeHcaTopoB TKE ykasaH Kak «H{-)»,
A58 nopaensiowero GONLILMHCTBA CIOAs-
HbiX KoHfeHcaTopoB TKE nonoxureneH.

TKE CNIOASHBIX N «CTapbix»
KepPaMUNECKNX KOHAEHCATOPOR

Criopa, VCNONb3yeMas B KauecTse . Criogsrsie
TpVKa B CHIOASHEX KOHAEGHCATOPAX, MPOXo-

AT CrieumanbHyl0 06paboTky, Tak Hasbieae- oo e P— TKE
Myl0 TPEHUDOBKY NEpPEs MPOVABOACTBOM  kopnyca | (rpymna) | no TKE | wa 1€
9TUX KOHQEHCATOPOB, B DEBYNLTATe “€r0  acoo | w700 ry preap—y
CrOICTBA Chiofbl dukeupyioTes, w joctura- L) B |+y200108
€TCs NPOVSBOACTEO CMIOAsHBIX KOHAEHCATO- N o
POB C HOPMVYPOBaHHEIM TKE. HO C Tewervem  SS"ewei | M1300 B |*10010
BpEMEHM U NpY paboTe B OMPEASNEHHOM i nizo r +-)80-10®
WHTEpBane TeEMNepaTyp HEKOTOpoe Konuye- cepuii nse A +H-)12010°
CTBO CIOASHEIX KOHAEGHCATOPOB MOXET NPY- Genwin MBD

o6pBCTU OTpULaTENBHREIN TKE. rony6oi M50

Pagvonobutens MOXET cuntare, 4To TKE M — TE

CIIOASHEIX KOHAGHCATOPOB UMeeT nonoxu- o — L .?Jﬁﬂiﬁiiﬂi: m:';‘g’

TEABHOB 3HaueHue. HeobxoavuMo NOMHUTL,

4TO CMIOASHBIE KOHAEHCATOPLl B OCOBGEHHO-

CT U HEKOTOPbLIE BELUIEBLIE KepaMUueckue o6nanatoT HENPUSTHEIM 3¢ dexToM, KOTOPLI
HOCUT Ha3BaHUE wMEpLIBHHE @MKOCTH».

«MEPLEHNA eMKOCTH» NPOoSENNeTCs @ sune GbicTPbIX, HOPEryNAPHbIX
MHIMEHOHHRX OMKOCTH M NOTEPs KOHBOHCHTOPA, HAXORANUIEIOCs NOA HANPIXOHHOM
BRICOKO#H YacTOTs. Ecnn Mepuaowmi KOHAOHCATOP HAXOAUTCA & YACTOTO3aAa10~
LjOM KOHTYP®, 4acroTa eToro KoHTypa Toxe ByAeT XaoTHHeck MeHATRCH.

MonanaHue Takoro KOHAEHCATOpa B YaCTOTO33AaI0WMIA KOHTYD NPUBEJET K HecTa-
6unbHoii pabote rexepaTopa... Mpy USroToBNeHVM CrneuuanbHbIX HeMepLIaLLMX Kepa-
MUYECKWX KOHZIEHCATOPOB UCTIONL3YIOT KAk MUHUMYM TPEXKpaTHOE cepebpeHue Kepa-
MUKM. Kepammuyecknii AnanexTpuk MMeeT MOBbILeHHYIO TomuuHy. PaboTta koHAeHcaTo-
POB MPY MOHUXEHHOM BLICOKOYACTOTHOM HaMPsiXXeHUY yMeHbluaeT adhigekT MepLaHust.
OpHaxko BEINYCKAOTCH CheuuanbHble HeMEPLAKLLME KOHH[EHCATOPbI, KOTOPLIE MOryT
paboTaTh Nog 3HAYUTEABHEIM BbICOKOHACTOTHBIM HANPSKEHMEM.

Ha KoHaeHCcaTOpax MHOMX TUMNOB, BhINYCKAaeMbIX B NOCNEAHUE FOAk!, UX NapamMeTpbl —
Aonyck, Hanpspkerve U TKE, koavpyloTes 6ykeaMu natuHekoro andesuta. B MapkvpoBre
TaKkvx KOHAEHCAToPOoB nepBas Gyksa nocne 06o3HaYeHVs MX HOMMHANA YKa3bIBAET LONYC-
TVMOE OTKIIOHEHUE B NPOLEeHTax, BTopas — TKE, TPETLA (MOXET U He BBITh) — Hanpsiske-
Hue. B konpeHcatopax, rae TKE He RBNSIETCH CYLUECTBEHHON BENUUUHONA, HAanpumep B
BNEKTPOMTUHECKUX, BTOPas Byksa Bceraa o3HavaeT HanpsixeHve. Tabn. 2.2 nokasbiea-
et BykseHHOe oboaHadeHve TKE AN CoBpaMEeHHBIX TUNOB KOHAEGHCATOPOB.

Tabnnua N2.2
BykseHHoe o6oaHateHne TKE

TKE n10o neo 33 Mo M33 [ M75 | M150 | m220 |
Mapkviposka | A G N 3 H v L R
TKE M330 | M470 | M750 | M1500 | M2200 | m3300
Mapkupoeka s T u v K Y

MMNO-koHABHCATOP WMMEET Hynesoit TKE, T. &. Npuw USMEHEHMM TEMNEepaTypkl €MKOCTh KOHfgHCaTopa
He U3MEHRETCH.

Jlns KOHLEHCATOPOB, BLINONIHEHHBLIX N3 HM3KOYACTOTHON Kepamuky, napametp TKE
HE uCMOnb3ylT. McnoneayioT o6ozHavenvs H10...H90, rpe uvdpa cbosHaksaeT BO3-
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MOXHOE OTKIOHEHME EMKOCTV KOHAEHCATOpa B MPOLUEHTAX B MHTEpBANE Temneparyp
oT —60 po +85°C OTHOCMTENBHO EMKOCTM KoHmeHcatopa npu Temnepatype 20°C.
KoHeNHO, TakMe KOHBEHCATOPH HU B KOEM Clly4ae HeNb3s MPUMEHsTb B 4acToTo3a-
paowmx yensx! B HEKOTOPLIX COBPEMEHHLIX TUMAX KOHHEHCATOPOB 3TO OTK/IOHEHUE
€MKOCT1 yKa3bIBAETCH NnatuHckoii Gykeoi. Tabn. M2.3 npueognt a1n GykseHHble o6D-
3HAYEHUN LS KOHOEHCATOPOB U3 HW3KOYACTOTHOM KEPAMUKW.

Ta6nvua N2.3
BykBeHHOe 0603Ha%eHVa KOHASHCATOROB M3 HU3KOYACTOTHOW Kepamuki

IOTKI]OHEHME EMKOCTN [ H10 [ H20 i H30 | H50 I H70 l HI0 I
IMapkMpoaka I B | z I D I X | E I F |

WTak, npy1 NOMOLLY TEPMOKOMIMEHCUPYIOLIEro KOHOEHCATOpa HaM HEOGXOAMMO Npo-
VBBECTV KOMMEHCAUMIO TEMNEepaTypHol HeCcTabunbHOCTY, BO-NEPBLIX, KOHOEHCATOPa C
BOBJyLIHEIM AMSNEKTPUKOM, UCTONB3YIOLMMCH LS NepecTpoiiku no 4actoTe 3Toro
reHepaTopa, a BO-BTOPbIX, KATYLLKU UHAYKTVBHOCTM reHepaTopa. Ecay komneHcauvio
TEMNePaTyPHO HECTAGUIBHOCTU NEPaMEHHOrO KOHAEHCATOPa C BO3AyLUHbIM AVanek-
TPUKOM MPOUBBECTYA OTHOCUTENEHO HECAOXHO, TO MpU ODECrevYeHnn TeMnepaTypHOW
KOMMEHCALWMU KATYLIKY MHOYKTUBHOCTY MOTYT BO3HUKHYTH CEPLE3HbIE CROXHOCTH.

N2.1.4. Katywka WHOyKTMBHOCTM B CXEME reHeparopa

Katyika MHAYKTUBHOCTU SIBNISIETCS OCHOBHBIM 2NEMEHTOM, BHOCHLUMM HecTabune-
HOCTb B YaCTOTO32A3I0LLYIO Lienk reHepatopa. B 0TnmMune OT KOHZeHCaToPoB KaTyLUKu MH-
AYKTUBHOCTH, BBINYCKAOLWMECH PaAV032BOAAMM POCCUM He RENSIKITCH YHUMLMPOBaHHEI-
MV feTansmu. 3TO 03HAYAET, YTO PAAM03aBOakI HE BRIMYCKAIOT KaTyluek ¢ OnpeaeneHHon
MHAYKTUBHOCTEIO U TKW. Mpu BhinycKe onpeaeneHHoro nagenvs, CoaapXawiero kaTyLwku
MHAYKTUBHOCTY, 32BO/, BbINYCKALLMA 3TO U3fenue, O6bINHO CaM NPOUIBOAUT ANS HEro
KaTyLUKW MHOYKTUBHOCTW, NONB3YACH MPY 3TOM CBOMMM CrieLmduueckumMm TpeboBannusmm.

To xe camoe ceiiuac kacaeTcs MHorMX paguvoniobuteneil. [lenast kakyo-To KOHCT-
pYKLMIO, PaguonobuTeNb HacTO CaMOCTOSITEABHO UBrOTaBIMBAET [ HEe KaTylku
WHAYKTUBHOCTY, B Haw Bek BCeoOLUei yHudUKaLun Takoe MOMOXKEHUE AEN KAKETCA
faxe HEMHOIO CTpaHHbM... Bnpouem, Ha 3anage yxe OaBHO MPOU3BOAST yHUWLIM-
POBaHHLIE KATYLKM UHOYKTUBHOCTY, KOTOPHIMM LLMPOKO MOMBb3YIOTCH KAK @ MNPOMBlLL-
JIEHHOCTH, TaK U paguonoburen.

BhINOMHEHME CAMOCTOATENEHO CTABUNBHOM KATYLLKU, NPEAHa3HAYeHHON Ans paboTh!
B 4ACTOTO320aK0LWeI Leny, npeacTashaeT coboil CnoxHyio 3apady. Bes Heobxoavmoro
onbiTa, 6e3 COOTBETCTRYIOLUMX MaATEPUANIOB PaguomobuTent He CMOXET C Heli CNPaBnTb-
cs1. NMO3TOMy, ECNM €CTb BOSMOXHOCTE, HEOGXOAUMO VICMONBL30BATL B HACTOTO3aAA0LLEH
LENK KATYLLKY MHAYKTUBHOCT#M OT KAKOr0-nG0 NpOMBILLAEHHOr 0 YeTpoiicTea. Mpuyem ata
KaTYLUKA AOMKHA BbITb BLINONHEHA € YYETOM Mep, 06eCNEHMBAIOLLMX €€ CTaBUNBHOCTL.

Y10 e BAMSET HA CTabUNBLHOCTE MapamMeTpPoB KaTyLKU WMHAYKTUBHOCTU? Koneu-
HO, HAUGONEE 3HAYUTENBHBIM MO CBOEMY BIMAHUIO (aKTOPOM SIBASIETCR] TeMneparypa.
C yBenuueHueM TemnepaTypbl YBENMUUBAKOTCA Pa3Mephl KaTylwek v, CNeaoBaTensHo,
BO3PaCTaeT MX UHAYKTMBHOCTL. HO TemnepaTtypa BAvsieT HE Tosmbko Ha TKW. Mpu
yBEMVMEHUM TEMMNepaTypbl BO3PACTalOT AUSNEKTpYHeckue MoTepu B Matepuane, us
KOTOPOr0 CAENaH KapKac KaTywku U yeenmuuBaeTCs aKTMBHOE CONPOTUB/IeHUe NPoBoaa
kaTywky. B pasynsrare 3T0ro pOGPOTHOCTb KaTyluky NOHWXaeTcs. MoHuxeHve [o6-
POTHOCTWU B KaTYLWKax MPOMBHUEHHOTO U3TOTOBNEHUS MOXeT cocTaeuTe 10% npwu
yBEMYEHVM TeMnepaTypel kaTyliku Ha 30 “C. [ins CamOAentHbiX KATYLIEK CHKEHVE
VX AOBPOTHOCTY MPU HArpeBaHUM MOXET COCTaBUTH ele GOMblylo BEeNMHUHY, uTO
BEAET K YMEHBLUEHUIO aMNAVTY/El FeHepupyembiX koneGanuii U K BO3PacTaHuio Luiyma
reHeparopa.
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KOHEYHO, CaMbiM HENPUATHEIM A1 PAOMOMIOGUTENS RENSIETCH TO, YTO NPY yBENM-
HEHUW TeMMepaTyphl KaTyLUKN BO3PAcTAEeT €€ UHAYKTMBHOCTb. TKW KaTylek npoMbiLl-
fIEHHOFO U3rOTOBNEHUR, UCMONL3YEMbIX B HACTOTO33[AIOLUMX LEMsX, MOXET GbiTb B
npepenax ot (10...300) - 10 rpag’’. Karywkw, uverowme HeBonbwoi TKW, sBASIOTCS
BECbMA AOPOrVIMA B USrOTOBNEHUW. [lNsi USTOTOBNEHMA WX KApKaca MCMOJbayloTeH
crneunansHele Matepyankl, NPVMEHSIIOTCS CNeLuanbHble Crocobbl HAMOTKU.

Ho, Kak npaBuno, KaTylka MHOYKTUBHOCTY, BbINOSHEHHas 6e3 CreupantHeIX sne-
MEHTOB TeMneparypHoi KoMnencauuy, Gyper uMeTb NONOXWUTENBHLINA, MYCTb paxe
He6onbwion, TKWN. O6biMHO anst Npueepenmst TKW karyliky, UCMosb3yeMoli @ 4acToTo-
337a0weit ueny, K HyNeBOMY 3HA4EHUIO MPUMEHSIOT KOMNEHCAUMIO UHOYKTVBHOCTU
KaTyLLUKM NPY NOMOLLY ee CepaeyHMKa. B BbICOKOKAYECTBEHHLIX KATYLIKAX UCMOALIYIOT
KOMMEHCALMIO NPU NOMOLLM CEPASYHVIKOB, Pa3MELLEHHBIX BHYTPM KaTyliky. OWu Bbl-
MONHSIOTCS U3 CheUManbHbIX HEMarHMTHBIX METRUWMYECKUX CrTaBoB U3 Meau WM us
anoMvHya. Mpy HarpeBaHUM CEPAEYHVK PACLUUPSIETCH M yMEHbLIAET UHAYKTUBHOCTbL
KaTywkn. [nn Heaoporux kaTylek AN TemneparypHOil KOMMeHcauvm UCTOfL3YIoT
cneuvansHbie $eppuToBLie CEpAEYHUKU. MpU yBenuueHU TemnepaTypbl MarHUTHas
NPOHMLEEMOCTb HEPPUTOBEIX CePAeYHMKOB (TKMM) yMEHLIAETCH, 4TO MPUMBOAUT K
YMEHBLUEHUMIO MHAYKTUBHOCTU KaTYLUKU.

TKMIT — TomneparypHsii PDOuLMEHT Mar npoHMy TH, KOTOPbIH
NOKASHIBAOT OTHOCHTONIBHOO HIMOHEHNE NPOHMLSEOMOCTH MATODHANA NPH H3ME-
HeHuN ero remneparyps Ha 1 °C.

TKMI eppuTOBbIX M3AEMUI MOXET HaxoauTeCs B npesenax (20...2000) - 1078 rpap.
HeGonblummy 3HaveHmsMmu TKMIT 06nanaioT BLHICOKOKAUECTBEHHLIE ¢epPuThl, NpesHa-
3HaYeHHble ANA MCNONB30BaHANA B KaTyLKax 4acTOTO3afAloWMX Lene.

BrusieT Ha MarHUTHyI0 NPOHNLIAEMOCTL CEPASYHMKA HAMMNUE BHELUHErO MarHATHOMO
nons. OHO MOXeT GbiTh BCNEACTBME NPOXOXAEHUSI NOCTOSHHOMO TOKA MEpPe3 KaTyLiKy
MHOYKTUBHOCTU. AN UCKIIOYEHUSt M3MEHEHMA MarHUTHOM NPOHALLAEMOCTY CepaeYHIKA
32 CHET UBMEHeHUs] BHELUHErOo MarHUTHOMO MONg, KOTOPOEe MOXET MpPOU3oNTV ripu
MU3MEHEHUM NOCTOAHHONC TOKA, MPOTEKAouLero Yepes katyLiKy, TEHEPaTOPLI, B KOTOPLIX
MCMoNbayeTcs KaTylwka C ¢GheppyTOBbIM CEPAEYHMKOM, COBMpAIOT NO CxeMe, rHe VC-
K/IOH3ETCA NPOTEKAHME NOCTOSIHHONO TOKA HEPE3 KATYLLKY.

Urak, ana Toro, 4To6bl KaTylka UHaYKTMBHOCTY obneaena ManbiM TKW, oHa AomkHa
6bLITh U3rOTOBNEHA COOTBETCTBYIOLUMM OOPa3oM M M3 COOTBETCTBYIOLMX MaTepuanos.
Hanpumep, Kapkac KaTylwku A0MKeH UMETE ONPEAeNeHHYIo TomumHy. OBMOTKa KaTywiku
LOMMKHA UMEThL OMPeAeseHHoe KOMMYECTBO BUTKOB... TEPMOKOMNEHCUPYIOLLME CepAaeH-
HUK fIONXEH HAX0AMTECH B ONPEeneHHoN HacTu katywku... U . a. Jns Toro, H1obhl
U3rOTOBNTL AEMCTBUTENEHO CTABUBHYIO KaTyluky WHOYKTMBHOCTWM L1 KaKOro-To ce-
PUAHOTO M3penus, HeobXoayMO MPOBECTU MHOXECTBO NPaKTUHECKUX IKCMEPVUMEHTOB.
3710 KpOME NpeasapuTe/ibHBIX PACYETOB CaMOl kaTytwky. MoaToMy Moii coBet paguwo-
AOBUTENIO, B PYKM KOTOPOro NONader CreuwanbHas Katyllka, NpepHasHaveHHas ans
paboTh B 4AcTOTO3aRAOWIEN UeNU. VICNonb3yite €€ TONMLKO B OPUrMHANLHOM BUAE.
He kpyTute ee cepaeyHyK. MCnonbayiite TORBKO MONHOE BKIIIOYEHWME BUTKOB KaTYLLKM.
BroyeHMe HacTU BUTKOB KaTyLUKW MPMBEAET K yeenvuennio TKU ans a1oih kaTyluku.
Ecan xaTylika noMeuleHa B repMeTwuHO 3anesHHBI KOPNYC, HE pacravBaite ero.
Pacnaiika kopryca KaTyLiK\ MPUBEAET K CYLIeCTBeHHOMY NoBbieHuio ee TKU, a Takxe
K MOHMKEHWIO ee A0BPOTHOCTY. Hudero He noanavBaitTe K BUTKam KaTyLuky, BCe 3TO
063aTeNEHO CKAXETCH HA ee CTabUNBHOCTU.

Mpy vcnonbaoBaH B CXEME reHepaTopa CTabunbHON KepaMMUYeCKON KaTylLky
NOHano6sTCA CTaburbHEIe KOHAEHCATOPLl, UMEDIUVe HU3koe 3HaueHne TKE. O6biuHO
TpebyloTcn KOHAeHcaTophkl UMeioLLue rpynny TKE MM (Hyneroii), M33-47, N33-47-100.
W3 3TVX KOHAEHCATOPOB KOMBUHVPYETCH TEPMOKOMMEHCUPYIOLMI KOHAGHCATOP, KOTO-
Phii NOBKTIOHAETCH K KaTyLIKe MHAYKTVBHOCTY. VICnonb30BaHne KOHOEHCATOPOo. ¢ GoNb-
wivM 3HavedneM TKE HexenaTtenbHo. TeMneparypHasi CTabunsHOCTE YacTOThl TeHepa-
TOpa B S3TOM CRy4ae MOHW3UTCH. MCMOnL3oBaTs KOHAEHCATOP C BOnbUVM 3HAYEeHUEM
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TKE — M330—M750 MOXHO TOMbKO B TOM CRyyae, €CM 3TOT KOHOEHCATop UMEET
BBMMUHY EMKOCTM HE MEHeE YeM B JACHTb Pa3 MEHBLUYIO, YEM CYMMapHas eMKOCTs
KOHTYPA, COCTaBNEHHAS U3 «XOPOLUMX» KOHOEHCaTOpOB.

N2.1.5. Crapuie karywku

He Bcerpie B pyku paauonotutens nonajaeT KaTylika UHAYKTUBHOCTY, U3bsTas U3
annapatypsl, KOTOpan paoTana B HopManbHEX YCIOBUSX. HacTo NonajtaloTes KaTyluku,
BLINAAHHLIE U3 aNNapaTypkl, KOTOPas XpaHWNack B HENOAXOASLMX YCNOBMUAX, HanpuMep
B CLIPbIX MOMELWEHUSX NN HA OTKPLITOM BO3AYXE.

Jns MHOMMX OAHOCNOMHBLIX KaTyllek HAa KepaMuM4eckom kapxace npeGbiBaHMe BO
BAAXHLIX YCNOBUAX HE CKAa3bLIBABTCR Ha AefbHellieM U3MEHeHUM UX napameTpoa.
Ecnu ot Bnarm o6MOTKa KaTywku He KOppoAvpOBana, To Noche TWeTensHoN npo-
CyWKN MepBoHayasbHble NapameTpbl KaryWky MPaKTUNECKU MONHOCTHD BOCCTaHaB-
nMBAKCTCS.

Jns KaTyuwiek, BbINONHEHHLIX HA NNACTUKOBOM Kapkace, npebbiBaHne BO BRAXHbIX
YCROBMSIX U MDA, BEICTBUEM COJTHEHHBIX AyYeli MOXET 0Ka3aTbes rybutensHbIM. Kapkac
KaTywiku NMojl BO3fefiCTBUEM BTUX YCOBUIM MOXET GeananexHo nedopMUpoBaThcs y
paxe paspywmtses. MNoasepxeHbl MacTMaccoBeie kapkackl ctapadmio. BeneacTtave
3TOr0 napaMeTphbl KaTyLIKU MOTYT CTaTh HEYLOBNETBOPUTENLHBIMU LS €€ UCTIONL30-
BaHVs B 4ACTOTO33Jalowumx uensx. MHOrocroiHele kaTyluky, KOTopsie Moaseprivcb
BO3JEVICTBAIO BNary, MOryT He BOCCTaHOBKTL CBOV mapametpbl paxe Nocneé ux Tuia-
TENEHON MPOCYLIKU.

Briara MOXeT noBpeanTs (GeppPUTOBLI CEpaeuHUK: OH MOXET KOPPOAMpOBaTs U
PaccLINaTbcs.

N2.2. Dpyrve petann reHepatopa

PaccMoTpum, Kak BAvstOT Ha paboTy reHepaTopa Apyrue CoCTaBASoLME €ro aerani.
BT0 aKTUEHBIE 3NEMEHTBI — NEMIIbI V1 TPaH3MCTOPBI U NACCUBHLIE ANEMEHTHI — PE3VNETOPI.

Nn2.2.1. JlaMnsl ¥ TPaH3UCTOPLI

Napametpbl pagvionaMn B npouecce paboThl NPaxkTUHECKU HE UBMEHSIOTCH, npy
ycndeum paboTbl paguonamnbl B HOPMaNbHOM [l HEE PeXvMe, WM 3T USMEHEeHUs
HOCSIT BAUTENBHLIN N0 BPEMEHU XapakKTep, KOTOpblii HE MOXET CKa3aTbCs HA V3MEHeHUN
4acToTHl FeHepaTopa 3a OTHOCUTENBHO HeBONbLIOK MPOMEXYTOK BPEMEHY, Hanpumep
qac WM feHb. ECTecTBEHHbIE M3MEHEHWs TemnepaTypbl OKpyKalowleii Cpegbl Mano
BAMSIOT HA U3MeHeHMe hapaMeTpoB paavonamnbl. 3T0 NMPOUCXOBUT NOTOMY, HTO BHYT-
PEHHIS MEXaHMYeCKan KOHCTPYKUMA namnbl OTaeneHa OT OKpyxawlleli cpegs, BO-
nepBbIX, BaKyyMOM, a BO-BTOPbIX, CTeKIsHHEIM GannoHom namnbl. BoT nokeMy namna
npu ymenom BbIGOpe CxeMbl TeHepaTOpa W PeXMUMOB €e PaboThl MPaKTUYECKU He
BHOCUT TEMNEPATYPHOrO BAMSHAS B 4aCTOTO3afalowlyio uenb. Jna obecneveHus cra-
GuneHOCTM PaboTLI NAMMNOBOrO reHepaTopa OCTAeTCs TONMbKO NPOV3BECTH TemnepaTyp-
HY!O KOMMeHcaumi0 peTaneii vactotTosapaowen ueny. O6bNHO CrpPaBUTLECH C ATUM
MOXET [aXe He O4YeHb ONbITHLIM paguonbuTens.

VHoe geno npu mcrons3oBaHWM B reHepaTtope TpaH3ucTopoB. MapameTpbl TpaH-
3UCTOPOB IPU VSMEHEHUM TeMMepaTypel “3MEHRIOTCH. 3TO0 OTHOCUTCS Kak K Guno-
NAPHBIM KPEMHUEBKIM W FepMaHneBLIM, TaK U K MONEBLIM KPEMHVEBBIM TPaH3VCTOPaM.

MNo3aToMy NpW KOHCTPYMPOBaHMY TPAH3UCTOPHLEIX TEHEPATOPOB CTPEMSITCH Makcu-
MankbHO OCNabuTh BIUSHVE USMEHEHVIS NapaMETPOB TPaH3VICTopa Ha 4YacTOTO3aRA0LLMIA
KOHTYP. Jing 3TOro MCMOnL3yloT creumanbHee CxeMbl reHepaTopoB. MoryT 6eib vic-
MoNb30BaHbl TEPMOKOMNEHCUPYIOLLME PE3MCTOPLI, YMEHBLIAIOLLME BIMSHME M3MEHEHUS
TeMneparypbl Ha TPaH3KcTOP. Boe 310 YCNOXHAET CXeMY TPaH3UCTOPHOro reHeparopa.
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Ucnonbayercn cnaGas CBA3b KOHTypa € TpaHnavcTopoM. C ogHO CTOPOHBI, 310
YMEHBLUAET B/IMSIHME TPAH3UCTOPA Ha YacTOTO3aAa0LLMA KOHTYP, HO, C APYrol CTOPOHE,
yBEWHMBEET LUYMOBYIO COCTaBIAIOLLYIO reHepaTopa. 3T0 fPMBUAUT K HEBO3MOXHOCTU
npuemMa criabbix CTaHUWIA, AENaeT CUrnan TPAHCUBEPA «HlYMHBIM».

Muorve 3aMéubnm paskuly B NpueMe cnabbix CTaHLui Mewy naMrnoBeiM U TRaH3wn-
CTOPHBLIM aNNAPATOM, UMEIOLLIMX, Ka3anock Obl, OAUHAKOBYIO HYBCTBUTENEHOCTE. CPaBHE-
HUE MIIET OGHHHO HE B NOMb3y TPAH3VICTOPHO O annapara. TOMLKO MPUMEHSS CreUMaNbHRIE
CXEMOTEXHUHECKUE METOAL B TPAH3UCTOPHOI anneparype MOXHO BOCTUIHYTL TEX PE3yNib-
TATOB, Kakie B NPOCTOI naMnoeoll annapeType MOKHO nofiy4mTts kak bl camo coGoil...

WTak, ncnonb3yn 3anatoLuii naMnoskit reHepaTop, NPUXOAUTCS NPUMEHAT MEpPb Tem-
neparypHoi cTabunmsauum ToNnbKo napaMeTpos YaEToTesaAaowero KoHTypa. Mcnonkayn
TPAH3UCTOPHBIN FEHEPaTOp NPUXOANTCA CTabMIMENPOBATHL U YACTOTO3AAAIOLLMA KOHTYD, W
napameTphl TRaH31CTORA NPV USMEHEHU TEMNEPaTYPLI. 3TO He BCeraa MoXHO o6ecrnesunTs
npocTeiMM MeTogamu. Eule TpyaHee oBecnieunTs TeMNepaTypHyo cTabunbHOCTE paboTe!
reHepaTopos, CoBpaHHbIX Ha MUKPOCXEMaX, HAaNPVMEP Ha 174XA2, 174XA10, a TaioKe rexHe-
|paTopoB; B KOTOPLIX NSt U3MEHEHUS 4ACTOTH MCMDAb3YIOTCH BapMKank.

ECnn Bbl XOTUTE NOCTPOWUTEL pagMoCTaHLuIo, KOToPyIo Gynete UCNONL3OBATL UCKMO-
YUTENbHO [OMa, U HE XOTWUTE LONro BO3UTHCH C HACTPOVKON €€ TeTepoavHa, HO B TO
e BPEMsi XOTUTe, 4Tobbl TETEPOAVH MMEA NPUSMHHYID TEMMEPATYPHYIO CTABUREHOCTE,
CMEND BhINOMHATE reTepoavH Ha Namnax. MoXHO Vcnonb3oBaTh NanbYUKOBLIE Mu-
HVATIOPHBIE NaMne Kak 6,3-, Tak n 2,4-, 1,2-BoneToBON cepun. TeM Gonee 4to Npu
UCMONL30BAHUM COBPEMEHHBIX MMHWATIOPHBLIX JlaMn MOXHO cobpaTe retepoavH no
pa3MepaM He 6OnbLIe TPaH3WCTOPHOrO, HO ropasfo crabunbHee ero B pabore. Ecnn
Xe annapatypa GypaT UCMOnbL3OBaHA B MONEBLIX YCNOBUSIX, TO, €CTecTseHHo, M
AOMKEH ObiTo BLINOMHEH HA TPAH3UCTOPAX, U 30eEb HEeOOXOAWMO MPUHATL Camble
CEpbE3HbIE MEpbl NO C1abUNU3aLMM €ro YacToTbl.

N2.2.2. Peanctopul U nUTaHne

KoHeuHo, npeanonaraeTcs, Y7o reHepaTop MUTAETCH OT cTabUIbHOro HanPsXKEeHWS.
TemnepaTypHbIE U3MEHEHUS CONPOTUBAEHUS PE3UCTOPOB, UCTIONB3YEMBIX B CXEME Fe-
HepaTopa, OObMHO MAN0 BAWUSIOT HA €ro YaCTOTHYIO CTaGUIbHOCTE.

N2.3. TemnepatypHas MHepLUMsi 1 TEPMOCTaTPOBaHNE

O6paruTe BHUMaHVe Ha TEMMEPaTYPHYIO MHEPLMIO annapara. Yem oHa Gonewwe, T. e.
4YeM TOJLLe CTEHKW TPaHCYBEPa, rpybo roBeps, YeM GORbRIE OH BECWT, TEM BbILUE €ro
TeMmnepaTypHas CTabunbHOCTs.

N2.3.1. Yem Gonblue, Tem nyvyiie

Kak npumep mOXHO NpuBecTu paboTy cTapoi namnoBdii annapatypbl. Crapoie
NaMnNoBLIE MPUEMHUKM U TpaHCYBEepPbl OObIMHO U3roTaBAMBAMMCH HA «COMAAHOM» TH-
KenoM MeTanMYeckoM KOpnyce, MMeoweM GonbLiyio TENROBYIO UHEPLMIO. MoaToMy
TpebyeTcs A0BOMLHO GonbLice BPEMS, YTOOLI NPEOAONETE ee U U3MEHUTEL TEMNEPaTYPY
waccu 1, cneaoBarentHo, NapaMeTphl Lenei retepoauHa. HarpeB naMnamMy BHyTpEH-
HEro NMPOCTPaHCTBA KOPMNYyCa annapara Co34aeT HEKOTOPLI TEPMOCTALMOHHBIN 3gdekT,
Korpa TeMnepartypa BHYTPU KOpnyca € Te4eHMeM HEKOTOPOro BPEMEHU CTabunmanpy-
etcs. TpebyeTcs 3HAUUTENLHOE BO3LECTBUE, YTOObI GLICTPO V3MEHUTE TEMNepaTypy
BHYTPW KOPMyCa NaMnoBoro annapara.

MoxHO NpPOBECTU HAMNSLHBIA OMBIT: MOCTABUTL HA CKBO3HSK CTapeili NamMnosBbIi
NPUEMHUK, AZXe He CBSI3HONM, a BewlatenbHbill, 3—4 Kknacca, a PsSAoM © HUM HOBbIi
TPaH3UCTOPHBIN NPUeMHVIK 1—2 knacca, HAGTPOEHHBIE HA OAHY PEAMOCTAHUMIO. YacToTa
B TPaH3VCTOPHOM MNPUEMHUKE «yBexuT» ropasfio GricTpee, 4eM B TAMMNOBOM NMPUEMHMKE.
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N2.3.2. TepmocTatupoBaHve

MNPy MCnoNbL30BaHUN TPAHIUCTOPHEX TEHEPATOPOB TEPMOCTATUPOBaHWE NO3BONSIET
O4eHb NPOCTO AOGUTLCS cTabuneHol paboThl reHeparopa. B 3TOM CNy4ae noMHOCTHIO
BECb EHEPATOp MOMEWIAETC B KaKoM-nMbo TEPMOUONIVPYIOLLMIA KOPMYC, B KOTOPOM
NoAAEMKVBAETCH NOCTORHHAN TeMnepaTypa. Takol KOpryc MOXHO CKNIEUTs U3 neHonna-
cTa. inn paGoThl reHepaTOpa B YCNOBUSIX KOMHATbI MOXHO BLIGPaTL TEMnepaTtypy paboTsl
resepartopa B npegenax 50...60 °C. Ecnm annapar, B KOTOPOM MCNONbL3yeTCH TePMOCTaTy-
POBaHHLI? FEHEPATOP MPeAnoONaraloT UCNONL30BATL B NONEBLIX YCNOBWSX UAMU B aBTOMO-
6une, To HEOBXOAUMO NPEANPUHYMATE MEPEI, UCKTIOYAIOLLME Neperpea 3Toro annapara.
B NpoTUBHOM Cly4ae TeMnepaTypy TepMOCTaTUpOBaHUs MPUAETCH NoaHATs J0 70°C.

N2.4. CvHTeaaropbl 4acToTbl

MNpyiMeHeHMe CUHTE3aTOPOB YacTOThl B BbICOKOYACTOTHBIX FEHEPATOpPax YXe CTaHo-
BUTCH OBbINHLIM AEMOM [Ast MHOMVX panvoniobuteneil. HapepHoe, B CKOPoM Byayluem
npobneMa «yxofia» 4acTOTH! MPU USMEHEHUM TEMMepaTyPkl NPOCTO UCHE3HET.

N2.4.1. Bynywee 3a cyHTE3aTOpaMu

Ecrm 6bl B MUpe WCMONB30BaAM CTaOUIM3ALMIO 4acTOTH FEHEPATOPOB TOJSIBKO
TEPMOKOMMEHCALMOHHEIMA METOOAMU, Mbl 6bl HUKOFAR HE MMEU nepeHOCHbIX YKB
paavocTaHLui, COTOBLIX TENehOHOB M ApYrux Yypac TexHuky XXI eeka. Toabko npu-
MEHEHME CUHTE3ATOPOB YaCTOTH NO3BOMMNO CO3[aTk MaforaGapuTHble U CTABUIEHLE
BLICOKOYACTOTHLIE TEHEPATOPLI A5 ITUX YCTPONCTB.

Bonee T0ro, CoBPEMeHHbIE MAKPOCXEMbI CUHTE3ATOPOB YacTOThI NO3BONSHOT CaMO-
CTOSAITENBHO JOCTATONHO MPOCTO MOCTPOUTH CTabMIBHBIA U MUHWATIOPHLIY reHepaTop
6e3 UCNosL30BaHVS BOPOrMX CTAGUIEHBIX KEPEMUYECKMX KATYLIEK M TEPMOXOMMEHCY-
PYLLUX KOHBEHCATOPOB.

NpunoxeHve 3
AKKYMYNATOPLI

AKKYMYNSITOPBI CTanm 0653aTe/bHON COCTABHOM YACTHI0 MHOMVX COBPEMEHHLIX pa-
AVOBNEKTPOHHBIX YCTPOMCTB. 3TO NPUNOKEHUE BAET HECKOSBKO COBETOB MO NPaBUNLHOM
IKCNYATALMN aKKYMYNIATOPOB B PaAnOMOGUTENBCKMX YCIOBUSX.

N3.1. 3apsoka akkyMynsitOpoB ¢ MOMOLLBIO COSNHe4HbIX Garapei

Jns obecneyenms paboTkl peaMoaKeneayLmii Y4aCcTo NPUMEHSIOT HUKENb-KaaMUEBHE
akkymynatopel (HKA). Ho ¢ TeyeHvem Bpemenn pabothl B adupe HKA Heobxoaumo
noA3apsHKaTe. B YCIOBUAX aKCNEAVLIMOHHON paboTel OOHUM U3 HAWNYYLUMX BApUaHTOB
roAa3apsakv aKKYMyIATOPOB SB/IRETCH UCMONB30BaHUE CONHEYHbIX Gatapei. SHeprus
CornHua BriosHe cMoxXer obecneuntb paGoTy no 3apspke akkyMynsTopoB. Pastepem
MPVHLUMNEI MCTIO/IL30BAHUS COTHEYHBIX Garapel Ans 3apsaky akKyMyNSTOPOB.

M3.1.1. Tun conueuHon Gatapen

HauGonee pacnpocTpaHeHHLIMU B CTPanax CHI #BNSIIOTCH conHeurbie GaTapem Tuna
BCK-1, BCK-2, SnektpoHvka MY/1. St Gatapen BhiNyckalOT WAM paHee BLINYCKANU
MHOMMe PaAMO3NEKTPOHHbIE 3aBOAbL. MOXHO BCTPETUTL B NPOJaxe UMMOPTHLIE, B OC-
HOBHOM KMTaMCKUE U Kopelickue, ConHedrble 6arapey, C napaMeTpamy, CPaBHUMBIMU C
6arapesmu TMNoB BCK-1, BCK-2, SnekTporvka MY/1.
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311 conHeuHble 6atapen moryT 0becneynTs 3apsaHbIA TOK akkyMynsTopa B nipe-
penax 35—50 MA, He Gornee toro. MpuueM 370 GypeT NPU XOPOLEM CONHEYHOM
ocBeweHM. CregoeaTentbHo, € MNOMOLLBIO LMPOKO PacnpOCTPAHEHHBLIX COAHENHBIX Ba-
Tapali MOXHO OGEeCne4UTb 3aPsfl MaNOMOLLHBIX aKKYMYNSTOPOB, MMEIOLUMX EMKOCTb
He Gonee 0,45 A/u. 3ameuy, 4TO WIMPOKO PacNpPOCTPAHEHHLIE AKKYMyTSITOpbI Tyvna
LIHK-0,45 kak pa3 vIMelOT Takyld eMKOCTb...

HeoBxoanMo Takxe yuUTbIBaTH, YTO B CEPEAMHE NETa, B UIONE, CBETOBOIN NEPVOL, B
KOTOpLIY Garapes 3¢g:peKTVBHC OTAAET IHEPIMIO, O6LIMHO BUTCH He Gonee 7—9 yacos.
HanGonee agdekTveHoe BpeMs ans pabotel conHeuHon Garapeyn ¢ 10 ao 17 Hacos. Jo
1 Nocne aToro BpeMeHU TOK CONHeNHbIX Gatapeit naneer. MagaeT Tok, reHepypyemMbii
conHedHol GaTtapeeli B obnayHyio norofly. Hekotopasi OpyeHTUPOBKa CONHEYHbIX Garta-
peii OTHOCWUTENEHO MONOXEHUS! CONMHLIA MOMOraeT yBENMUMTE FEHEPMPYEMbIli MMu TOK,
HO... Nonpobyiite camm NOKPYT!TL GaTapeun B NOMCKAX UX JIYYLUETO OCBELLEHUS U ybeau-
TECh, 4TO 8TO Heslerkoe Aeno.

HTO Xe MOXHO NPeAnpuHATE NS YBEMNEHMST TOKA, FEHEPVPYEMOrC CONHEHHON
GaTapeeii? Hanbonee NPocTo TOK CONHEYHbIX BGaTtapeli MOXHO YBENMUWTE NPV NOMOLLM
VIX MapaanenbHoro BKIIOYEHUsl. KoHeuHo, HeoOXOOVMO BIJIIOHaTE CONHeuHbie Gatapew,
MMEtoLIMe OOMHAKOBOE KOMMYECTBO DNEMEHTOB VI, CNELOBATENbHO, OOECNEUVBAIOLIMX
opnHakoBoe Hanpskenve ¢oto 3AC. Ho Bce Xe NapamenbHoe BKAKYEHUE COMHEYHBIX
Harapeis, kak 370 nokasaHo Ha pvc. N3.1, HexerateneHo. Jlyuluve pesynsratel GyoyT
nony4eHbl NPy NapannesibHoM BKIOYEHUU BNIEMEHTOB CONHEYHBIX GaTapedt, kak 370
nokasaHo Ha pwmc. N3.2.
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Puc. M3.1. HexenarernbHoe BUOHEHVE Pvic. 113.2. MapamensHOe BKIONEHVE
conHeyHbix Garapeit BNEeMEHTOB CONHENHbIX Batapei

JDapaiite pastepam, NOYEMY HEXENATENEHO MAPAIENEHOE BKIIOYEHVE CONMHEYHBIX
Gartapeii, nokasaHHoe Ha puc. N3.1. Bcneacteue pasHoli OCBEWEHHOCTY CONHEYHBIX
Garapeli rerepupyeMeie UMY HanpskeHus GyayT HEMHOMO OTIVMaTLCS APYr OT Zpyra.
SddexTuBHO GypeT paboTaTte TONBKO OOHA CONHedHas Garapest. MNPy BKIONEHUN COn-
HEYHBIX 2NEeMEHTOB MO CXeMe, NMOKasaHHoM Ha puc. M3.2, HANPAXEHNS, FEHEpUPYEMbIE
vMy, Gonee paBHOMEPHO PACNPEAESISIOTCH MO ConHeuHown Gatapee. BeneacTeve aToro
4aCTUYHOE 3aTeHEHnEe 4aCTU 3NEeMEHTOB He MpuHeCeT GOJBLIOro Bpeaa Ans paboThi
conxeyHoli Gatapen. OpHako napannesbHoe BKIOYEHWE noTpebyer pacnaiku roToBLX
Gatapeii, a 3aTeEM HOBOE BKJIIOHEHVIE VX 3NEMEHTOB MexXay coboii. PaboTta AOCTaTtouHO
HYAHasA, KOCA W3 NPOBOLOB Mexay GatapasMu... Ho ecnm HeobxogyM GOALLION TOK,
TO 2Ty paboTy Bce e NMPUAETCS BHINOHUTD.
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Jns yBEAMYEHUA HaNpshKeHust CONHedHol GaTtaper MOXHO BKIIYaTs Nocnenosa-
TenLHO CKOMBbKO YFOOHO CONMHEYHBIX 3NeMeHTOB. Hanmpsikenvie Takoii conHeuHoii 6a-
Tapen GyAeT paBHO CyMMe HanpspKeHWI Ha BCEX COCTaBNSIOLWMX €€ COMHENHLIX 3fe-
meHTax. Tok, oToaBeéMblii aTol batapeeid, Gy[eT OrpBHUMEH TOKOM XyOWEro ane-
MeHTa.

CaMbif! MaBHbIA HEAOCTATOK COMHENHBIX 3NEMEHTOB, HA MOWM B3rnsg, 3TO UX OT-
HOCUTENIbHAA AOpPOroBUaHa. HO 3TOT HedecTaToK OkynaeTcs agdhexTMBHON paboTtoii
3aPSKAEMBIX UMW aKKYMyRSTOPOB.

MN3.1.2. 3apaoka/noasaproka akkyMynsaToOpoB

WUtaK, NpY AOCTATONHOM KOIWMYECTBE CONMHEYHBIX 3MEMEHTOB MOXHO CO34aTh CONHEY-
HyI0 6aTapEI0 C NPaKTUYECKU MOBLIMY HAMPSHXXEHUEM U TOKOM U CNOCOGHYI0 06ecneunts
3apsaky noboro Tuna akkymynsaTopos. Boe neno Tonbko B CTOMMOCTI Takoi GONHEe4HOM
Garapen. KoHewHo, He creayeT 3a6biBaTh, YTO MOLLUHas conHeyHan Garapes Gypert 3aHu-
maTe 6onbLIYIO NRoWank Afs CBoel yCTaHoBkY. CneayeT Takxe 3aMeTuTb, eCU MOMHO-
LieHHOE CoNHeuHoe OCBeLeHMe GaTapen GhIBAET OrpaHUYeHHOE BPEMA CYTOK, TO Xena-
TEeNbHO UCTIONL30BaTL CONHENHYK GaTapeio, 06ecnedunBaloLLYI0 YCKOPeHHLIN 3apsaHbIi
TOK, BENMNMHA KOTOPOIo Haxoautcs B Npegenax 0,15...0,3 0T eMKOCTU akkyMynsiTOpoB.

O6bMHO B paavioakcnemvuusx addextupHan pabora BO3MOXHA B BeYepHee W
HOYHOE Bpams. B 370 Bpems NMPOXOXAEHME HB MHOTUX AManas3oHax ynyywaercs,
MOABNSIETCH MHOMO MECTHBIX CTaHLui. Mcnonb3oBaqme conHeyHoii 6arapen nossonser
BEYEPOM U HONBIO PaspsiaMTb akKyMyNATOpbl BO BPeMsi paboTel B adMpe, a AHeM
MPOU3BECTU WX MOA3APSAKY.

Ecrm e conHeuHass 6GaTapes

® 18 06ecneyvBaeT Tok, MeHbLLMIA YeM
§ L HOMMHANEHBIY 3apSaHBIA TOK, Me-
£ 15 Hee 0,08 OT eMKOCTW akKyMynsi-
S Japsd TOPOB, TO B OAHHOM Cfiy4ae Peub
£ 14 — MOXET MATM HE O Iapsgxe, a
¥ \( TONLKO O MMOBSAPRAANES aKKYMYNA-
o3 P TOpoB. 3TO O3HAYAET, 4TO B CBET-
= — |_aIpa ALIfi NEPMOZ BPEMEHU COMHEYHAS
o 1.2

? \ Garapes AomkHa BbITe NOCTOSHHO
gy MOAKIONEHA K BKKYMYNSTOPY, BCE
§ Huxwee paspaonoe HOnpsxeHue. 3ITO BpPeMs MOCTOSHHO NDA3aPS-
g .0 1 I : I *as ero. Mpyu aToM HeoBx0auMO

0 zé% mloc 60% E'% 100% 120% KOHTPOIVPOBATH, HTOOL! BO BPaMs

Japsd/paspsd, B % K emxocmu akkyrynsmapa  PROOTH BKKyMYNIATOPHOM Garapau

HanpspkeHVie Ha OAIHOM anieMeHTe

Puc. 113.3. PaspsiaHas U 3apaaHas XapakTepmcTika akkymynsitopa 6o 6bl He Huke

)/ oro TOpa 1,2...1,15 B. Mpwn HanpsHkeHU HU-

e 1,15 B akkymynsitop Heobxo-

AWMO CHATb C paboThl ¥ Nocra-

BWTb HA 3aPSAKY. B NpOTMBHOM cnyyae 3a KOpPOTKOE BPEMS HAaNPSXeHWe Ha 9NEMeHTax

aKKyMYATOpa ynager o 1,1 B 1 1akylo paspsXeHHyro akkyMynaTopHyio Gatapeo yxe

HEBO3MOXHO GyfieT ucnonL3oBaTe B aKcneguuun 6e3 cepbesHoi 3apsaky. 310 yKa-

3bIBAET HA TO, YTO B AKCNEAMUMY 00R3aTeNkHO HeOGXOAMMO KOHTPONMPOBATL HANps-

XEHUE HA aKKyMynsTopHol Gatapee nop Harpyakoi. PaspsgHas 1 3apraHan xapakTe-
PUCTMKA OAMHOYHOrO BKKYMynsTOpa nokaszaHa Ha pwic. M3.3.

Jns pansHeiwero NoHUMakns Npouecca 3apsaki conHeuHol GaTapeeit akkyMynsi-
TOpa PacCMOTPUM XapakKTEPUCTUKA 31EMEHTA CONHeHHOM GaTtapey. 3aBUCUMOCTE TOKa
OAHORO anemeHTa conHeuHoli Gatapey TvNa BCK-2 oT HanpRXeHns Ha HEM nokasaHa
Ha pvic. N3.4. 3ToT rpaduK CHAT NpyU ONTUMANBHOM CCBELLEHUM CONHEYHOMO 3neMeHTa.
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Fpaguk TVNUYEH U AN OpYrYX CONHEMHBIX 2NEMEHTOB. KOHEYHO, 3HAuYeHVie Makcu-
ManeHoTo Toka GyfieT 3aBUCETE OT MOLLHOCTM CONHEYHOTO aneMeHTa. [l CHSTUS
rpadui@ K OCBELIEHHOMY CONHENHOMY RJIEMEHTY MOAKMONAIOT NEPEMEeHHBIN pe3ncTop.
N3MeHSIOT CONPOTUB/IEHNE NEPEMEHHOTO Pa3uCToPa U M3MEPSIOT TOK, NOCTYNaoLLmii
B PE3UCTOP U HAMNPSXKEHWE HA CONMHEYHOM 3neMexTe. CxemMa [NS CHSTVIS BONGT-
aMnepHOo XapakTepVCTUKKX CONHEYHOrO 3NeMeHTa nokasaHa Ha puc. N3.5.

\

AN

0 ot g0z 03 04 05 0¢
Hanpsxerue Ha COnHEHOM 3neMerme, B

N ™~ o
=338 8§83

Tok conreyrozo 3nemenma, MA

Prc. N3.4. BonsT-amnepHas xapakrepuctuka Puc. M3.5. Cxema nnR cHATUR
CONHEUHOTO 3NeMeHTa BONLT-aMMEpHasn XapakTepucTUKU
CO/IHEYHOTO 3NeMeHTa

Mpy paboTe conHeYHOro aneMeHTa 6e3 Harpysky Hanpspkenve ¢oTto 3AC Ha HeM
cocTaeut okono 0,6 B. Mpu NOOKMOHEHUM HArpy3ky, a 3aTeM NPy yMeHbLIEHUW ee
CONPOTUBNEHNS TOK B Harpyske HauHeT yBenmMWwBaTeCs. HanpsikeHue Ha Harpyske npu
ATOM HauHeT CHXaTbCH. Hanpspkedue NpumepHo 0,45 B Ha Harpyske sBnseTtcs on-
TUMANEHBIM PEXVMOM PaboTel CONMHEYHOro aneMeHTa. TPy ronbiTkax yeenuuuTs oTéop
TOKA HaNPsXeHVEe Ha CONHEYHOM 3JfEMEHTe NafaeT, @ TOK, KOTOPLI OH FEHEPMpPYET,
NPOACHKAET OCTABATLCH NPAKTUHECKU HEV3MEHHBIM. STO FOBOPUT O TOM, 4TO CONHEYHARA
Garapen ABNSETCH NONTU WAGaNbHLIM VCTOYHUKOM Toka, TO, HTO KaK pPas U HaAo LAas
3APSOKU aKKyMYNARTOPOB!

Ans cxemMbl uU3Mepe-
HUS TOKA COJIHEYHOro ane-
MeHTa (cM. puc. M3.5) 6bin
NOCTPOEH rpaduk 3aBUCYMO-
CTU paccevBaeMOi MOLIHO-
CT# Ha COMPOTUBNEHUU Ha-
FPY3KN CONHEYHOrO 2nemeH-
Ta. Tpaduk nokasaH Ha
puc. N3.6. IT10T rpadmk CHAT
Npyt ONTUMAILHOM OCBELLEe-
HUAM COHENHOTO anemeHTa.
Jins nocTpoiiku rpaduka nus-
MEPANOCL Harpy3oqHoe Cco-
MNPOTVIB/IEHWE  CONHENHOTO
aneMeHTa nNpyv  pasnnuHbIx Puc 13.6. Npadmk 3aBUCUMOCTU PacCeMBaEeMOi MOLLHOCTY
HanpﬂerMRx Ha HeM. 36- B CONpOTUBENMA Harpy3ku OT HaNpPsXEHUH Ha Hen
TeM, UCXOAS U3 3HauYeHUs: Co-
NPOTMBIIEHMS HAarpy3kn W TOKa, NPOTEKaLWero Yepes Harpysky, 66in noctpoeH rpadwik
MOLLHOGCTY, paccevBaemoit B Harpyske. M3 aToro rpaduka BUAHO, HYTO MakCUMasbHas
MOWHOCTh, OTHABAEMasi B HarpyaKy CONMHEYHBIM JiemMeHTOM, Gy[eT npy HanpsXXeHun
Ha Harpyzke 0,45 B. OntumantHoe HanpskeHve Ha Harpyake (0,45 B) omnuuaeTcst ot
Hanpspkenvst ¢oro BAC (0.6 B) B 0.75 pas.
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Munnuamnepremp CnepoBarentHo, ANs 3apsaku ak-
8 KYMYJINTOPOB MOXHO NPUMEHWTH

Convesran o =
Samapes ConHenHylo  Garapero, Kortopas
A Vo1 g7 VMEET MaKCUMAIIbHBI  FeHepu-
FC1 . -
hazz6 pyeMblii TOK, MPUMEPHO PaBHBIN
+ N TOKY 3apsiKkm  aKKyMyNnsTOpOB.
[%] Y B atoMm cnyyae conHeuHas Bara-
+ & pen asTomatvdecku Gypet mpo-
1 10000 T VSBOOMTL 3apsOKY aKKyMynsiTo-
el S MKD K POB HeO6XOAUMEIM 33PSAHLIM TO-
28 68 g oM npu ee oceeilervn. Bata-
Axkyrynsmop ;‘\ Pel0 HEeOBXOAMMO MOAKINETL K
) akkymynsitopam 4epes Amon, kak
Puc. M3.7. MNoaknouenre conHeskolt Garapen nioKasaHo Ha puc. N3.7. 3ro He-
K aKKyMynsiTopam 0o6X0AYMO MOTOMY, 4TO MpU He-

6RaronPUATHOM CONMHEYHOM OC-
BELIeHUN HarpsXeHWe Ha Con-
HeuHoM GaTapee MOXET yNacCTb HUXE, YEM HaMpXeHNe Ha 3apskaeMblx aKKYMYNSITOpax.
B 3ToM crly4ae aKKyMynsiTopbl BMECTO CBOErO 3apsiia paspspaTcs 4epes BHyTPeHHee
ConpoTVBreHne ConHeuHol Gatapen. BydepHbiii koHaencatop C1 HeobxoauM, ecnm ak-
KyMYNATOpBI GyAyT UCMO/NML30BaTLCS 415 PaBoThl BO BEMS CBOEl 3apAakv/Noasapsaki.

MNocnenoBatensHo € CONMHedHol Gatapeei BKIONEH MUTMAMMEPMETD, KOTOpbIA
MOKA3bIBAET, KAaKON BEMMNUHEI TOK NOTPEONAET akKyMYNSTOP OT COMHeuHOW Gatapew.
A 970 paeT BOSMOXHOCTb CYAUTb, HAXOAMTCH U akKyMYNATop Nog 3apsiHbIM TOKOM
WW TPaHUPOBOYHLIM 1 BoOGWe paboTaeT M @ oadHbIi MOMEHT COMHeuHas Garapes
WM Het. B kavecTBe MunIvamnepMeTpa ynobHO UCHoNb3oBaTh MHAMKATOP 3anNUCU OT
CTaporo MarHuTodoHa.

LLiyHT a5 3TOro MHAMKATOPa 3aMCy CAENAaTs AOCTaTouHo NPocTo. Ha peauctopa Tu-
na MJTT-0,5 HamatoieaeM 1 M npoeopa Tuna M3J1-0,1. MoOKMoNaEM WYHT NAPanNenLHo
MUKPOAMMEPMETPY U ONpeAenisieM, Kakoi MakCUMabHLIF TOK OH NPY 3TOM MOXET U3Me-
psTs. [onycTum, nonyannock 100 MA. A Ans 3apsiaa akkyMyNisiTOPOB UCMOL3YeTCH CoN-
HeuHan 6atapes ¢ MakCUMabHEIM TOKOM 40 MA. CnesoBarensHo, yAOGHO VIMETb MaKCU-
ManbHyto wkany B 50 MA. J1nsi NonyyeHus Takoro MakCUMAaIbHOFO TOKA OTKIIOHEHUS MUK-
poamMnepMeTpa ConpoTMBIeHMe LyHTa HeoBX0uMo yBeMYUTs B gaa pasa. Jns atoro
HEOBX0VMO YBEMMUUTE AMVIHY NMPOBOAA LUYHTA [0 IBYX METPOB. AHANOMYHO MOXHO NPO-
BECTY NPAKTUHECKY!O MOArOHKY LUYHTA U NS ADYIMX TOKOB OTKJIOHEHMA MUNTMaMMEpMETRA.

B NoxomHbIX YCNOBUSX MOXHO CHUTATL NPOLIECC 3aPAKM akkyMyRATOPHON GaTapeu
OKOHYEHHBIM, ECIU HANPSXXEHUE HA ee 9NEeMEHTax MOA Harpy3Koi COCTABNSET HEe MeHee
1,25 B Ha anemenT M ux 3[C cocTaBnseT He meHee 1,36 B Ha aneMeHT.

Ecnm xe conHeuHan 6arapas VCMONL3yeTCs TONBKO 4,15 NOS3aPAAKYA aKKyMyNsTOpOB,
TO ee HeOGXOAMMO MPOUSBOAUTE MO Mepe HeoBXoAUMMOCTM — Mo Mepe paspsoa
aKkyMyNIfTopoB. Mpy HebnaronpuATHLEIX YCNOBUSX MOA3apaaka MOXET aaxe npoaon-
XaTbCs Lenbii CBeToBOM AeHb. Houolo ConHedHble Gatapemn HeT HeobxoouMocTH oT-
KNIOHATE OT aKKyMYNISTOPOB, MOCKOMBbKY OHW GyAyT OTKKYeHbl aBTOMaTUYecku ¢ no-
moLlelo anoga VD1 (cM. puc. N3.7).

MN3.1.3. PacueT napamerpoB conHeyHol Batapen

MpvBeaem NpUMep pacHera CONHeuHoV Gatapey, HeoBXoaAuMON AN 3apsSAKV ak-
KyMynsiTOpoB. Kak noxasaHo Ha rpaduikax puc. 3.3, Bo BpeMs 3apsky akkyMynsatopa
Hanpsxexve Ha Hem Gyner HaxoauThes B Npenenax 1,4 B. [ns nuTaHvs annapatypl
B NONEBLIX YCNOBUAX 06BINHO NPUMEHSIIOT HanpsikeHune NTanmus 12 B. Takoe HanpspkeHve
MoryT obecneunts 10 Hukenb-KaAMUEBLIX akKyMYSITOPOB, BKIIOHEHHBLIX NOCnefoBa-
TefLHO. [N VX 3apsakm HeoBXOOumMo OBECTIEYMTE HaNPSKEHWE Ha HUX, PasHoE 14 B



(10 - 1,4 = 14). Npu makcumansHom KMA, paGotbl conkeyHoi Barapen, KOraa Hanps-
XEHWE Ha OAHOM CONHEWHOM anemenTe coctasut 0,45 B, wanpsxenve 14 B moxer
obecneunTs conHedras Gatapes, coctosiwas us 31 anementa (14 / 0,45 = 31).

YureM NageHve HanpsxeHvie Ha pvoge, pastoe 0,7 B. CnepoeaTtentHo, conHeuHas
Garapes [OMKHA VMETb ELLE ABa NNLUHNX BnemeHTa. CyMMapHOE KOMVHECTEO CONHEYHBIX
anemeHTOB B Garapee B 3Ttom cryyae Gyper pasHo 33 (31 + 2 = 33). Hanpsxerve
¢oto 3AC conHeuroit BaTapen, copepxaweit 33 anemexTa, coctasut 19,8 B. Urak,
Mbl FOAOWN K BaXHOW Beww. OkasblBaeTcs, ANs 3apaakyM akkyMynsTopsoii 6arapeu
Hanpsixenvem 12 B neoGxoauma conHeunas Barapes Hanpsxervem ¢oto 3AC nodyru
20 B! Taxyio 6arapelo MOXHO cobparbk CamoCTOSTENbHO, MCTONb3Ys OTAENbHLIE CON-
HEYHBIE BNIEMEHTLI UM HECKONBKO FOTOBBLIX COMHENHbIX Barapeit.

B nacnopTe Ha conHeuHble Batapen ykasbiBaloT Kak pas Hanpsxenve ¢oto 3AC.
B npopaxe vMeloTes conkeuxble Gatapey Ha HanpspkeHus ¢oto IAC, paaHoe 12 v
9 B. CrneporarensHo, NpU ONTMMAaNEHOM CONPOTUMBAEHUM Harpysiku (cMm. puc. 13.6)
HarpshkeHue Ha aTux Garapesx cocrasut 6,75 B ons 9-BonbTOBOIA conre4Hol GaTapen,
9 B — pns 12-BonkToBOI conseuHoid Gatapeu.

Jlge nocnenoeatenbHo BIJIOYEHHBIE ConHedHble Barapey, UMEIOWME HaNPsXeHne
¢doro 3AC 9 n 12 B, MOXHO C YCrexoMm MCIOAb30BaTh IR 3apaaoku 12-BonbTOBOM
aKkyMynsiTopHoii Gatapen. MpeBbilUEHVE CYMMaPHOrO HaMpPsXXeHUA, KOTOPOe IR DBYX
Garapeit coctasut 21 B, pacueTHoro Harpsbkerus 20 B Ha 1 B He cTpawko. 3710
npeBbitueHMe GYAET KOMIIEHCUPOBAHO HEKOTOPLIM YMEHBLIEHMEM BLIXOAHOFO HalpsiXe-
HUA conHeuHoll Garapen KOTOPOE MPOW30MAET U3-3a HEPaBHOMEPHOTO OCBELIEHUS
BNEMEHTOB, COCTABNAIOLLMX CONHeuRylo GaTapelo. KOHEYHO, CReayer He 3abbisarb, 4To
TOK conHeunbix Bartapeit He SOMKeH MPEBLILLATE 3aPAAHLIA TOK akKyMyNATOPOB.

Jlee NocnepoeaTensHo BKIIIOHEHHBIE conHedHble Barapen Ha Hanpsxerve 9 B He cvoryT
obecneunTs NosHYIo 3apaaKy akkymynsTopHoi Gatapen. OHM OCYLLECTBRT NULLL ee Noa3a-
PRAKY 10 YPOBHA He Bonee 20% ot Heobxoaumoro 3apsina (oM. puc. MN3.3). OgHako noaknio-
yeHHan K 12-BonbToBOl akKyMynsiTopHoii atapee conteurasi Gatapes ¢ poro DA4C 18 B ro-
MOXET PasrpyayThb Pexim paboTsl aToi akkymynaTopHoii 6atapen. OHa cMoXeT CriaanTs nm-
KOBbIE TOKOBbIE Harpy3ku 1 0Becries!T No Mepe CBOMX CUN MOA3APSAKY aKKyMynsiTopos.

M3.1.4. 3kcnnyarauvs conHeyHbix Gatapeit

Mpn UCMONL30BaHNN CONHEYHbIX BaTtapeit Heobx0aAUMMO CTPeMWTECH K TOMY, YTOObI
oHY 6biM pa3MelleHbl Ha MaKCUManbHO OCBELEHHOM MecTe U Gbiv ocBeLleHbl
OAVHAKOBO. HeobXxoaMMO NPUHATL MEPLI, MCKAIOHAIOWUE MEXAHNHECKOE MOBPEXIEHNE
Garapeil, a Takxe npsMoe Bo3aeiicTeMe Ha HUX Bnarm M Neum. Mpy TPaHCropPTMPoBKe
HeobxoauMmo uaberartk TPRCKY CoHENHbIX Garapeil.

HeobxoaMo cobniodaTk TeMNEPATYPHbIA PEXWM conHedHbix Batapeit, Kotopblii
ykazas B8 ux nacnopre. O6bivHO 310 —40...+50°C. JleToM B Xapkyto noroay HeobxoavMo
pacrionarate CONHeuHble GaTapey Ha NOBEPXHOCTU, Mano NOABEPXEHHOIn HarpeBaxsuio,
HanpumMep Ha oTpe3ae Genoit Matepum UK Ha GrecTawei amoMuEnesoid donbre. 3ToT
matepuan cnabo HarpeeaeTcs U oGecrieuMBaeT yAOBRNETBOpUTENbHYIO paboty pacro-
NOXEHHOY NOBEPX HEro ConHeuHoin Gatapen.

Heo6X0AMMO OTMETUTb, HTO HUKENb-KaJMUEBLIE aKKyMYNSITOPL), kak 1 cyxve Gatapeu,
TOXe Nfoxo paboTaioT MPY NOBLILLEHHEIX ¥ NOHMXERHLIX TeMnepaTypax. MoHWXeHne Tem-
nepaTypbl aKkymynsTopa Hiuxe 0°C MPUBOAUT K 3HAHMTENLHOMY FOHIKEHNIO MX MOLLHOCTH.

M3.1.5. Peaynetarhl vcnbiTasua CONHEYHbIX Garaped

MpaKkTYeCKVe MChbITaHUA COnHeuHLIX Garapei? COBMECTHO C aKKymynsTOpHbIMU
Barapesmy nokasany Gosbiuylo 3¢GdEKTVBHOCTL Takoit COBMECTHOI paboTbl.

Ha npakTvike MHO#A BblV VCHONb30BaHBI HECKONLKO KOMIIIEKTOB CONHeuHbIX BaTapeii.
OnvH komnnekT obecriedviBan Hanpsbkenne ¢oto 34C 18 B. On 6uin coctasned s
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Dayx conHeuHbix Batapeih Ha Hanpskenme 9 B. Mosxe MHe yaanock npvoBpectun
ConHeuHylo 6arapeto Ha Hanpsixerve 12 B. B peaynstare 370r0 Nossunact BO3MOXHOCTL
VICMONB30BaTL KOMNJIEKT CONMHBYHBbIX BaTtapei Ha Hanpspkedme 21 B. 9w ConHeuHble
Garapen obecneumean TOK B Harpyake npeaenax 40 mA.

MNepeoe BpemMf 3KCHEPUMEHTLI NPOBOAVAWICL COBMECTHO C CONMHEuHOI Gatapeeil,
unetoweit Hanpsxenve ¢oto 3AC 18 B. ConnesHas Garapen 6oina noCcTosiHHO Moa-
KNIO4EHa K akkyMynsitopam o cxeme, fokasarHoit Ha puc. M3.7. ConseuHan Gatapes
Ha Hanpsaxerve 18 B obecnesvisana yclellnyio NoA3apsaKy akKyMynsTopHoin 6atapen
C ucrnonb3osannem anemextor LIHK-0,45 n 1,5-HKIM. K caoxanermio, Tonbko Aog3a-
PAOKY. VIHTEHCMBHO paspsXeHHble BO BPeMs HOYHOI pabotbl akkyMynsiTOpbl Takas
conHeyHan Gatapes yxe 3apsavTb He cMorna. B peaynbrarte 3T0ro Ha CRemylollyio
HOYb aKKYMYNSTOpb paboTam HENPOAOMXMTENLHOE BPEMS.

Oprako Npy HeGOMBLIMX HArpy304HbIX TOKaX akKyMyNaTOpoB Takas CojHeuHan Ga-
Tapes Gbina poBOfbHO NonesHoil. Bo epems CeeTnoro nepuoga oHa obecneuvsana
NOCTOSHHYIO NOASAPRAKY aKKYMYNATOPOB, ABPXana WX fof TPeHUPOBOHHLIM TOKOM, YTO
6naronNpYaTHO CkasblBaioChk Ha paboTe akkyMyNATOPOE U OHWU COBMECTHO C CONHEYHOMN
Garapeeit paboTanv ropa3fo Lonbuwe, YeM 6e3 Hee.

Ho coBcem uHas kapTuHa Geina Mpy NCHDb30BaHUM GONHEHHOI GaTapen Ha Hanpaxe-
Hue 21 B, koTapas 6bina cocraeneHa ua Gartapeii Ha HanpsbikeHve 9 n 12 B. 3ta conHesHas
farapes NO3e0/MNA NPOV3BOAUTE SFPRAKY SKKYMY/INTOPOR BO BPEMs CBETOBOIO AHS,
fpUYEM 3TOi 3apAAKU BHONHE XBaTano L1 vHTEHCUaHOI BevepPHeii paboTsl TpaHcueepa
MOWHOCTHO 1 BT. KoHeuHo, onTumankHoii Takyto conHeunylo 6arapelo Haao cunTath Tosb-
KO [t 3apsxv akkymynsTopos Tuna LIHK-0,456, viMeioliux 3apaaHblii ToK, pasHblii 45 MA.
Axkymynatopbl Tuna 1,5 HKMH, nmeiciume aapsgHeiii Tok, passblii 150 mMA, Takast Gartapes
NONKOCTLIO 3aPAAUTE He Morna. Ho B TO Xe BPEMS OHa UM 3HAYUTENLHO NPpUBaBUT pac-
Tpa4eHHoi1 3a TeMHoe BpeEMst paboTbl eMKocTh!

Barapeto Ha HanpsxeHne 21 B MOXHO NOCTOSKHO MOAKMONUTE K paboTalowvM B
BHeBHOe Bpemd akkymynatopam tuna 1,5 HKMH. MNoakmodars €e k pabGoraiolwmm
COBMECTHO € paavoannaparypoit akkymynsatopam tuna LHK-0,45 HexenarensHo, ro-
CKONbKY BOBMOXEeH Mepe3apss ¥ UX YCKOpeHHbI BbIXOA K3 cTpos. Moatomy B akcre-
AVUMY XenatenbHo MCHonb30BaTh ABE akKyMyNnaTOpHbIX Garapeun © akkymynstopamu
Tuna UHK-0,45 oavy ans paGothl, 8 Opyryio B 370 BpeMs — [is 3apsokv.

M3.1.6. Banmauvie: BO3MOXEH Nepeaapsial

Heobxoammo o6paTuth BHUMarKe PaavonNoBUTENS Ha TO, 4TO B HEKOTOPLIX CRy4asx
conHeyHas 6atapesi MOXET caenarb nepeaapn, akkymynsTopHoii 6arapen, a ato npuse-
AET K MEPENONIOCOBKE 3NIEMEHTOB aKKyMyNSTOPHOI 6atapeu v k BbIXOOY €€ v CTpOS.
Cpasy MoXHO Ckaaarb, 4TO NPy UCNONL30BaHVK 18-BoNLTOBOI COMHEYHOI BaTapen MOX-
HO He oracarscs nepesapsiga akkymynsitopHoil 6atapen Ha 12 B. Kak mbl yxe pasbupa-
v, conHeuran Gatapen Ha Harpsxexve 18 B cMoxer obecneunTb TOAbKO A03apROKy
akkymynsTopHoli 6atapey Ha yposre 20% oT ee HOMUHANLHOM MowHocTV. Mocne aToro
conHeuHas Barapes 0b6ecrneunT TONbKo TPEHNPOBOYHbIN TOK ANS aKKYMynsTOpOB.

Coscem apyroit cnywait Gyner npu UCNONL30BAHUN COMHEYHOI GaTtapen Ha Hanps-
xenve 21 B. 3va Garapes cnocobHa obecnesnTs 3apsigHbiii Tok paxe focne fonHoro
3apsna akkyMynsTopoe. HeoBxoaMMo OTMETUTB, HTO NPU MCHONB30BAKUN COAHENHOA
Garapewn, obecneunsaioweit 3apaaHbIil TOK 40 MA, MOXHO UCHIOPTUTL TONBLKO &KKYMY-
naTopsel Tvna LIHK-0,45. AxkymynsTopbl Tuna 1,5-HKMH, kotopble TpebyloT aapsigHoro
Toka BennuvHoii 150 MA, TaKoil conkesHoit Gatapeei 3a Bpems aKCneamuvmn UCopTUTL
Tpyaro. Ho Bce xe HeoBx0AMMO cobnoaare OCTOPOXHOCTE ¥ NPU Vx 3apsake.

Ang T0ro 4106kl HE NCNOPTUTE aKKYMYNSTOPHYIO 6arapelo, HeoBXOAUMO BECTU y4ET
BpeMeHn ee paboTbl, MOCNE aTOFO NPOBOAWUTL A03APNAAKY OTAAHHOIN emkocTy. Mpuseay
npumep Takoro pacuweta. BoabMem Camblii NPECTOII cry4aii. AkkymynsitopHas GaTtapes,
CoGTaBneHHas n3 anemeHTos LIHK-0.45 (creposarentHo, UMEET 2apagHblii Tok 40 MA),



fIMTAET NPUEMHUK C TOKOM NOTPEGNEHUS, paBHbiM 40 MA. MPEANONOXUM, 3TOT MPUEMHUK
npopaboran seuepoM 4 4. CnanosatensHO, YTPa4YeHHas s EMKOCTE akKyMynsTopa pesHa
160mA/M (40 - 4 = 160). [lns BOCCTaHOBNEHUS YTPA4YeHHOM EMKOCTU akKyMynsTOpHoii
6arapev oHa gonxHa roay-uTh 3apsia, Ha 150% npesbiwaowmin yrpaseHHblid 3apss,.
CnapoBartensHo, AN BOCCTAaHOBNEHUR 3apsga 3Ta akkymynsitopHas Garapes gHeM
JZI0MKHA HAXOANTLCS NOZ, 3apsaHbiM TokoM 40 MA B TeueHne 64 (160 /40=4;4-1,5=6).

A ecrmn akkymynaTopHas Gartapes vcronbaoBanack [is NuTasus TpaHcvieepa, KO-
Topbiit paGovan Ha nepenedy? YTo xe, HEOOXOAVMMO y4MTbIBAaTb BPEMS, B TeHeHWe
KOTOpOro oH pabotan Ha nepepaudy. Jonyctum, TpaHcueep rnotpebnser 50 MA Ha
npuem 1 150 MA BO BpemA rnepefaqun. Pabovan TpaHcueep B Teuehue 3 4, U3 HUX
nonuaca Ha nepegady. CnenosartensHo, akkymynstopHas Gatapes 2,5 4 otnasana Tok
50 mA n 0,5 4 — 150 MA. PacCymtaem yTpay€HHYI0 eMKOCTb:

— BO Bpems npvema 125 mA/M (50 - 2,5 = 125);

— BO Bpems nepefaun 75 mA/M (150 - 0,5 = 75);

— o6Lan yTpayeHHas eMkocTs passa 200 MA/M (125 + 75 = 200).

Jlns BOCCTAHOBNEHWA YTpa1weHHOi EMKOCTY akKyMynsiTOpHoi Garapey oHa [omkHa
nonyunTe 3apag, Ha 150% npesbuualowmii yTpadenHblii 3apsas. CneposaTensHo, fis
BOCCTaHORNEHWR 3apsAR STa aKKyMynsTopHas 6atapes gHeM [OMKHA HaxOAUTLCR NOA
3apAsHbIM TokoM 40 MA B TeveHue 7,5 4 (200 / 40 =5; 5 - 1,5 = 7,5).

N3.1.7. YotpaneHve acddexta naMaT

K coxanenuio, Hukefb-kafMUEBbIE aKKyMynsiTopbl 06nafalor Tak HasblBEEMBIM ach-
exToM namsti. B yem 810 nposenneTca? Ecnm akkymynsTop Heckosibko pa3 paspsikarb
HE NoAHOCTBIO, AonycTMM Ha 30% OT ero emkoCcTV, 8 3aTeM CHOB& RPOU3BOAUTL Ero
A033PASKY, TO aKKyMyNATOP «3aNOoMHUT> PaspaaHbiii LUK, BnocneacTeum akkyMynsaTop
6yneT oTaaBaTh Tonuko 30% CBOEro 3apsaa paxe Mpu rojy|“eHuy M NRAHOTO 3apsaa.
OGbluHO B PaAMO3KCHAAVUMAX akKKyMYNSTOPbl HE YCMEBalOT rMoAXsatuTb 2Ty GonesHb.
AKKYMYNATOP KaXpblid ABHE UCTIBITLIBAET PasHble pa3psigHble/3apaaHbIe LMK, NpYHEM
paspaoHbie LMKLl GLIBAIOT ADBOALHO FNYGOKMMY.

OpnHako Necne OKOH4aHUs aKCHEeauUMM, B KOTOPOIA UCMonbL30Banack AoA3apsoka
BKKYMYNATOPOR, ANA ycTpaHenus addexta naMaTh akkymynstopy Heobxogumo netb
HE MEHEee [BYX LMKNOB NOSHOro paspang/3apsoa.

N3.2. NopaepxaHue akkyMynATopoB B paboyeM COCTOSHUA

MHOM/e COBPEMEHHDIE BMIEKTPOHHBIE YCTPOWCTBA, TAKME KaK 3NEKTPOHHbIE 4ackl, Tenado-
Hol € AOH 1 Apyrue, NUTAIOLLIMECH CETEBLIM HaNpRXeHeM, NpeaycMaTpUBaloT NOAKNIOHEHNe
PE3EPBHOTO UCTONHVKA FuTaHns — BaTapeifky. BTO BbI3BaHO HEODXOAMMOGTHIO NOAAEPNAHVIR
OCHOBHBIX PYHKLMM 3TVX NPUBOPOE Ha BPEMS OTKIHOYEHUS HAaNPAXEHNR B 3NEKTPOCETA.

Havibonee 3KOHOMMYHO B 3TOM Cnysae BMECTO cyxux Barapeil vcronb3oBaTh HUKeNb-
KaJMVIEBblE aKKyMyNATopbl emkocThio 0,45—0,25 A/d, OpgHako MCNOAL30BaHVIE aKKy-
MyNsTOpOB cO3A3eT [06aBovHble Npobnembl: Kx HEOBXOAMMO BPEMRA OT BPEMEHU
rof3apsxarb. OcofeHHo 3To KacaeTcs CTapbix akkymynaTopos. Ecnv B MECTHOCTM
MPaKTUKYETCR «BEEPHOS» OTKMONEHNE 3NEKTPOZHEPTUY, TO aKKyMyNSITOPRI MOryT BLICTPO
Pas3pAAUTLCS W NPU CNEAYIOLEM «BeepB» He CMOMyT 0BechednTs MVTaHne paauoanek-
TROHHOIO YCTPOMCTBA. HTO e B 3TOM CNy4ae MOXHO MPEanPUHATL?

13.2.1. TpeHVPOoBOUHLIZ TOK akKyMynaiTOpoB

B aTOM cnydae akkyMynsTopbl HEOGXOAMMO BCE BPEMS AepXaTb N0 TPEHVPOBOY-
HBIM TOKOM, paBHbiM NpumepHo 0,008 oT ux HOMUHANBHOW emkocTv. Hanpumep, Ans
LIHK-0,45 TpeHVPOBOHHDIA TOK paser 4 MA, s [1-0,25 TpeHUPOBOLHbIA TOK paBeH 2 MA.
TPEeHVPOBOYHbIA TOK HE TONbKO NOAAEPXUT NOCTOSHHYHD PaBoTeCROSOBHOCTD aKKyMy/R-
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TOPOB, YCTPaHUT mx CamMopaspsg, HO 1 06ecneunT ux 3apsiaxy NOCAE BEEPHOrO OTKIO-
HEHWS BO BPEMS Nojasy 3neKTpoaHepruy, Mpy aTOM HET HEOBXOAMMOCTU B NOA3apsaKe
AKKYMYTISITOPOB HOPMANbHBIM 3APAAHLIM TOKOM, PaBHbiM 0,1 OT EMKOCTH aKKYMyNISTOPOB.

M13.2.2. Cxema TpeEHVPOBKU SKKYMYNATOPOB

74 Vo8 Cxema ycTpOICTBA, MpeaHasHaqYeH-
A/zpy  HOTO ANR 3aPAOKA M TPEHMDOBKN aKKy-
MynsTOpoB, Uaobpaxexna Ha puc. MN3.8.
~2208 Vo1 o~ Paccmotpum ee paborty. TpaHcopma-
VOS5-VD7 Top T1 0becneunBaeT Ha BTOPUHHOK 06-
—_ MOTKE MEepeMeHHoe HanpskeHus oT 20
vDi1-vD7 (%} R1 RZ  po 60 B. BerwmmHa 3toro HanpsokeHus
L2726 470 m s1 HEKPVTUNHA, TaK KaK B AaHHOM Chyuae
BaXHO OGecrieyeHne MOCTORHHOMO 3a-
PASHOrO MNM TPEHWUPOBOUYHOIO TOKA.

BbinpsimsesHoe HarpsXeHue uepes
orpaHuYUTeNbHbIE peancTopsl BT wnu
R2 nopaerca Ha akkyMynaTopHyio 6ara-

Puc. N3.8. 3apsa/TPEHVNOEKa aKKYMYRATOROB peto. Peavctop A1 obecneunsaeT Tpe-

HUPOBOYHBIA TOK, pasHblii 0,008 or em-

KOCTU aKkymynsiTopoB. Peauctop R2

obecreuvBaeT 3apAaHbINA TOK, paBHbIi 0,1 OT EMKOCTY aKKYMYNATOPOB. 3Ha4eHUA Conpo-

TUBAEHUSR N MOLLHOCTY 3TUX PE3VCTOPOB 3aBUCAT OT BEIXOAHOMO HANPRKEHWS Ha BTOPUH-
Hoi# 06MOTKe, koTopoe o6ecrednBaeT TpaHcghopmarop, 1 OT TUNa akKyMyIRTOpPOB.

Mpw romoLum nepexkmoyarens ST BbiGUpaeTcs pexuM paboThl YCTPOACTEA — «3apafis
VIAM «TPEHMPOBKa». PexumM «3apsf» NPUroauTcs Ass MEPBOHauYankbHO 3apsaaKkv akky-
MYNIRTOPOB U AR NOA3apRaxW akKyMYNSTOPOB B C/y4ae [JIMTENbHOr0 OTKMIOYEHUS
aneKTpoaseprun. CBeToanos VD8 KOHTPOAMPYET NPOLECC 3apsAna vink TPEHUPOBKiA.

Mockonbky HanpsxeHue, MpU KoTopoM ofiecneunBaerca HOPManbHoe CBEYeHVe
cseToguopa VD8, npyMepHo paBHO NEAEHUIO HanpskeHus Ha NapannenbHo BKIMOYEHHbIX
aviopax VD5—VD7, To ceetoamos VD8 06ecneynBaeT NpakTuHecKn OAMHAKOBYIO SPKOCTE
CBE4EHUA B PeXnMax 3apsifa v Tpesnpoekn. Ecnn Bee xe ApKoCTb CBETOAV0DA B 3TUX
pexvumax 6yneT 3HauMTeNbHO W3MEHATLCS, TO TOFAA MOCREeAoBaTensHo € AVOLOM
HEOOXOAVMMO BIJIIONUTE PE3UCTOP conpotmeneruem 30...50 Om.

Mpy KOMNOHOBKE YCTPOIACTBa HEOOXOAUMO OBecreqnTL OTCYTCTBUE TEPMUHECKOro
KOHTaKTa Mexzy TPaHCHOpMaTopoM NUTaHNs U akkyMynsiTopoM. OcoBerHo 3To OTHOCHT-
©st K TOMy CNy-alo, Korfa Tpascdopmarop Bo BpEMA paloThl CyWEeCTBERHO HarpesaeTes.
Neperpes 6onee 55°C MOXET 3HA4UTENBHO COKPATUTL CPOK CYXObl aKKYMYNRTOPOB.

Mop «TPEeHVPOBOYHbLIM» TOKOM LieNnecoobpasHo MCMoNL30BATL CTaPbIE aKKyMyNnATopb,
NOTEPSIBLUME 3HAYUTENBHYIO YacTb CBOEI EMKOCTU U, CRELOBATENbHO, HENPUIrOOHLIE
anst paboTbl B ycTpoiicTeax, Tpebylowmx aHauutenbHoro rotpebnenns toka. MNepea
yCTaHoBKoi pns pabotel B YCTPOICTBO MoA TPEHUPOBOYHBIM TOKOM aKKYMYNSITOpbl
chnefyeT 3apRaUTb 00 HOMUHANbHOW €MKOCTU.

Mcnonbaosasve s Leneit «TpeHNpoBKu» akkyMyNsTOpOB Tpascdopmaropa nura-
HVIR 3NEKTPOHHOIO YCTPOWCTBA HE BCETOB BO3MOXHO TeXHWHeckM, xota M Gonee pa-
LoHanbHo.

T

TperupoBro\, Jopsd

+
K axxymynsmopy

N3.3. MonyyeHre GOMBLLOKA MOLLHOCTM OT HMKENb-KaaMMeBbIX
akkymynstopos (HKA)
Kaxapii paguonioburens, HaBepHoE, nbitancs nony4uts o1 HKA Gonbuioin paspsag-

Hblit Tok! Ho BeponTHee BCero, aTh ofbiTh Mo 3kcrinyatauyy HKA npueeny Tombko k
OfHOMY — K NPEXIEBPEMEHHOMY BbIXOAYy U3 CTPOs aKKyMynaTopos.
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N3.3.1. Skcrnyataumsi aKKyMynsTopos Npy GonblumMX PaspaaHbiX TOKax

CnepyeT TBEPAO NOMHMTL, YTO fpy NpeBUnbHOI akcrnyarauuu HKA HexenarenbHO
LAWTENbHOE NPEBBLILIEHNME PaspRAHOro Toka HeA 3BpsOHLIM TOKOM. JTO CBR3aHo C
XVMUHECKUMU NPOLECCAaMM, NPOUCXOASLUMMU MPU 3apsiae akkyMyNnaTOPOB, BCReAcTeve
KOTOPbIX aKKYMYNATOP MpU 3HA4MTENEHOM MPEBBILIEHNN Pa3PRAHOTo TOka HE cnocober
OTABTH MOBLILLEHHBIA TOK M3-32 3HAUNTENBHOrO YBEMMYEHWS razoobpasosaHns.

A yBenuueHne ra3oobpazoBaHus BRYTPM akKyMynsaTopa SBASETCH NpuusuUHOl ero
MPEXOEBPEMEHHOrO BLIXOAA W3 CTPOA. [elicTententHo, rasam HeobxoauMo kyaa 1O
nesarbCR. BOT OHU M HAYMHAIOT UCKaTb BLIXOA M3 akkyMynaTopa Hapyxy. Bbipbieasch
HEPE3 MMKPOCKOMMLYECKME TPELLMHKN B KOPMYCe 1 MEX/1y KOPRYCOM 1 AM3NEKTPUHECKOi
waitboii, raabl YHOCAT € CoB0i anexTponut. 3T NPUBOAWUT K TOMY, YTO akKymynsiTop
HauvHaeT BbICHIXATb M yXe He CnoCcoBEH BaATL TOT 3apsa, KOTOpbIi oH 6pan paHbiue.
Ha ero Koprnyce MosBASKIOTCR Kanenbky 3eKTPOANTA, KOTOpbIE NPUBOAAT K Mpexie-
BpemerHoi Nopye kopnyca. Ecnm kopiyc AoCTATo4HO NPOUEH, SToBLI HE [aThb BLIPBATLCA
rasaM Hapyxy, OoHu (rasbl) 6ynyT aedopMMpPOBaTL BHYTPEHHOCTU akKyMynsaiTopa, YTo
TOXE NPUBESET K GLICTPOMY BbIXOAY €ro u3 CTPOA.

B netHee BPEMS MHTEHCHBHAA akcinyarauwa Garapen akkyMynaTOpoB C FIpEBbie-
HINEM PAa3PASHOro TOKa Hag, 3aPAIHBIM B HECKOMLKO Pa3 MPUBOAUT K TOMY, 4TO NONOBUHE
BKKYMYNATOPOB, COCTaansiowux Garapelo, ewxoauT na cTpos. HTo xe MOXHO Npea-
NPMHATL B STOM cyvae? OqeHb MPOCTO: YBEAMNWTb PaspsiiHblii TOK MOXHO TOMbKO
opHvM criocoBoM — yeeanuuTb 3apsaHblid. Tak Oenaetcs BO MHOMMX MMMOPTHBIX
AKKyMYNSTOpax € fOTpRcalolyuMn Haancsmn — Tuna 800 ma/h u paxe 1600 ma/h...
Ho, kaK, HABEPHOE, MHOTME yxe Y6eamnmch, XvBYyT Takue akKyMynsiTophi HEAONTO, A
Y HaANMCH 3TN aNeKky OT PeasbHbiX BO3MOXHOCTE aKKyMyNsaTOpOB.

Daneko He BCE OTEYECTBEHHBIE aKKYMYNIATOPbI BoIAEPKUBAIOT TakUE SKCNEPUMEHTHI
fo ¥X 3apsiaKe MoBLILIEHHBIM TOKOM. XOTA Kak MokasbisaeT onbir, Ama LUHK-0.43 u
LIHK-0,9 yeBnnueHVE 3apspHoro Toka B 2—3 pasa BriosHe BosMoxHo. Koreuso, npu
3TOM HEAO MOMHWUTb, YTO aKKyMYNATOPbI MPOCAYXaT ropasgo MeHbwe, YeM Morny Gbl
fpn 3apaAKE VX HOPManbHLIM TOKOM, U 3apaHBe NPUMUPUTLECR C aTUM.

113.3.2. MapannentHoe COEAUHEHVE aKKYMYNaTOpOB

Ipyroin GesonacHblii CNOcob yaenmueHns EMKOCTU aKKyMyNnaTopoB 3akiioyaeTcs B
VX NapannenkHoM COEBAMHEHUM, Kak rokasaHo Ha puo. M3.9. Xots B nvtepatype U He
PEKOMEHAYETCA TAKOE BKMIOYEHNE, HO, KakK MOKasbIBAET OfHT, BIOSHE BO3MOXHO CO-
€OVHUTL BMECTE HECKONbKO aKkyMynaTOpOB: peantHo Ao 5—6 wryk. Mpu atom pas-
PROHLIA TOK YBEBAVHVEEETCA B COOTBETCTEYIOLIEE KOMWNECTBO pa3. [ins napannensHoro
COEAMHEHUs HEOBXOAMMO UCNONb30BaTL aKKYMYNATOPE! OAHON NAPTUKN, UMEIOLUME Hau-
Gonee 6amakve napametpbl, JnA oTbopa akkyMynsTOpoB coBupaloT CTeH CornacHo
puc. N3.10. Kputepuem nepeuyHOin OTGOpKYU CRYXUT MoTpebnsemblin 3apsaHblid TOK.
Jing aTOrO aKkyMynsitop 7 noAKaioHaloT K CTabnnmanpoBaHHOMy NCTOYHUKY Hanpspkervs
2 yepe3 MOCTOSHHBIA peancTop 3, obecrieunsalolumii HeoBXOAVMbIN 33pPAAHDbIA TOK,
KOTOpPbIA KOHTPORVPYIOT Npn foMowm uvdpoeoro amrepmetpa 4. Mocne MONHOM
3apPsiKY BIEMEHTLI OCTABNAIOT HA TPU-YeThipe AHs. N0CRE 3TOro N3MEPSIOT Hanpskexve
XONOCTOrO X042 KakZOro 3apsiKeHHOro anemeHTa. 3atem HarpyXaloT rooHepesHo
KaxOwii 3NeMeHT Ha obluee conpoTUBAERWe, OBeCe M aaloLiee pPaspaaHbIid ToK, 6nms-
Kviid K 3apsigHOMy TOKy. VI3MEPSIOT TOUHOE 3HaHEHME PasPsAHOro TOka v HanpshkeHve
Ha Harpyake.

Monbaysick 3TUMW AEHHBIMY, KOMANEKTYIOT akkyMynsTopHylo Garapelo. Akkymyns-
TOpbl, KOTOPLIE UMEIOT GONbLIOE CONPOTMANEHVE YTENKM (HanNpPUMEP, 3a HECKOmNbKO
BHE NPOCTOR CWMBHO paspsoMiicb), Vi aKKyMyNSTOpsl, KOTOPbie MMEoT Gonblioe
BHYTPEHHEE CONPOTVBAEHNE (ABIOT Manblil paspsioHeEii Tok U GepyT Manbiii 3apaiHbIi
TOK). HEXENATeNbHO NCNONL30BATL AR MOCTPOMKN aKKyMYNSTOPHBIX Garapei.
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Puc. M3.9. NapannenbHoe CoeavHeMVe Puc. N3.10. CteHa pns NpoBEpKU
aKKyMynaTopoe 3apRAHOro ToKa

CoeavHaTe Napanfensho HEOBXOOMMO pasPsKEHHLIC aKKYMYNATOpLL. Jlnsi 3Toro
nepea napannentHbiM CoeanHeHNeEM NX HeoBXOOUMO PaspaauTs. 3aTem Mpou3BecTU
3apsan TOKOM, NPEBLILAIOWMM 3aPSHbIA TOK OIHOrO aKKyMmynsTopa BO CTOMGKO paa,
CKOJILKO 2KKYMYNIATOPOB COEAWHEHO napannentHo. CoeavHATe napannensio Heobxo-
AVIMO TONbKO OAVHOYHBIE 3NEMEHTLI, KaK fokasaso Ha puc. M3.9. Hegonyetmo npo-
W3BOAUTL MAPannensHoe COBAVHEHNE HEOKOMbKUX MOCTEAOBATENbHO BKMOYEHHLIX aK-
KyMYNATOPOEB, KaK 3TO rfokasako Ha puc. M3.11. Ecnm ects Xenanue, NnocneaoBaTenbHo
€ KaxAbIM akKKyMynsTOpOM MOXHO BKJIOYUTL NOCTOSHHBIA PE3VcTop HeBonslioro co-
npotvaneqns, 2—5 Om ons LIHK-0,45. 3T1 peancTophl [omkHbl ypasHATL pacrpese-
NEHVE TOKa BO BPemMst paboThl N 3apaoxM ANA NapanfiensHo COAVHERHBIX akKyMyns-
Topos. OpHako MOit OMbIT SKCTNYaTalK aKKyMyNATOPOE FOBOPUT © TOM, YTO BrONHE
MOXHO 060MTUCL U BE3 PE3UCTOPOE.

naesoe, 4To HE CneayeT AONYCKATb MPY SKCNRYaTauvn MapannensHo CoeauHERHbIX
AKKYMYNITOPOB, Tak 3TC vX rnyBokoro paspspa. Heobxoaumo paspsxaTte Gatapelo He
Gonee 4em Ha 50%, a ewe nyvwe — He Gonee yem Ha 30%, 3aTem NPOM3BECTU UX
nopaapsinky. KoHewHO, B 3TOM Chydae HEOBXoaMM yveT paboThl akKyMynsiTOpOE MO
BPEMEHN U pa3pspgHOro Toka YCTpOWCTBA, NOAKNIOYEHHOMY K HUM. OBssarensHoe
YCIOBVIE COXPAHHOCTM Takoii Garapenm — 2T0 MAXOXAEHUE €€ MOA TPEHVPOBOYHLIM
TOKOM B HepaGouee Bpems. BbiMONHEHVE 3TVX YCNOBMM NO3BOMMT 3KCMNyeTUpoBaTh
riapannentio COBAMHERHbIE aKKYMYMSTOPbI TaK Xe Xe JONro, Kak ¥ OfiMHOSHbIe.

Rl 20m L1

+
7 2
+ —
8
+

10000

Z8 MKD

168

L7 - 20 Bumkob, —

npobod 113/1-0.8,
Hamomia Bumok k Bumky
+a kapxace duomempom 10 My

Puc. M3.11. HeponycTuMOE coeavHeHKe Puc. MN3.12. Moakmnovenve GydepHoro
aKKyMynaTopoB KOHAEHCATOpa



WU B 3aKMNoueHME Heobxoaumo oTmermTb, 410 HKA nnoxo nepeHoCsT Gonbluve
VMynbCHbIE TOKU. UMMyNbCHBIE Tokyt GONLLION BEAUHMHBI BO3MOXHBI NPpU MChoNb-
30BaHm HKA pna nutadmns SSB TpaHcvBepos, NpyU Haxatu TenerpadHOro Kmoqa.
Moatomy >xenarenbHo NapannentHo Garapee akKyMynsiTopoR FOAKAIOHUTL 3NeKTPo-
ANTUM4ECKUIA koHAeHcatop emkocThio 10000 Mk® 1 Gonee. ins orpaHvdeHus vM-
nyNbCHOrO Toka 4epe3 Gatapely akKymynsTOROB €e FOAKMOHaloT K KoHAeHcatopy
Yepea peavcTop conpotvenedvem 1.3 OM n Apoccens, npeacTaeBasowmii coboi
10—20 BuTKOB MEAHOrO NMpoBoga AvameTpom 0,5...0,8 MM, HamMoOTaHHOro Ha oripaske
avametpom 10 mm. Cxema noakoyeHns 6ydepHoro anekTpoaMTUNECKOro KOHAeH-
caropa 2 k akkyMynsTopHoid 6atapee (1) nokasasa sa puc. N3.12. MapameTpst Cxembt
ykazasbl nns cpeaHero notpe6nsemoro Toka 0,1 A. Mpu apyrom cpepHem norpe6-
NSEMOM TOKE MapameTpbl 370l Leroukn MOryT GbiTb M3MEHEHBI.

MpunoxeHve 4 N
LIBETOBBIE KOAbl PAOVOOETATIEN

B 3ToM NPUNOXeHUM AaHbl LBETOBblE MApKUPOBKU COBpeMEHHbIX PajuoaeTanei,
PEe3nCTOPOB, KOHAEHCATOPOs M TPAH3UCTOPOB.

M4.1. LiBeToBasi MapkMpOBKa PE3UCTOPOB

MapKkvpOBKa HA Pe3nCTOpe HaHOCWMTCR HETHIPbMA VMM MATHIO KOJbUeoBpas3HbMu
fI0A0CaMK, 10 KOTOPEIM HOMUHAN Pe3UCTOpa MOXET GbiTh ONpesieNeH NpK ero yCTaHOBKe
Ha neuarHoll nnare. YuTaeTces MapkVpoBKa Pe3VCTopa C KoHua Kopryca peavcropa ¢
y3kumy nonocamu. LUvpokas nosnoca Bcerpa uutaercs rocrennss. Tabn. MN4.1 noka-
3blBaET paclumppPOBKY LIBETOBOI MapKMPOBKU PE3MCTOPOB. Mapkvpoeka Ha peancTope
DO MHOXUTENR ABETCS B Om.

Tabnuvua N4.1
LiseToBas MapKrpOBKa PE3VICTOPOR

Ueet 3Haka 1-7 undpa 2-5 undpa 3-A undpa MHoXuTenL Mol pewHocTa, %
CepebpucThii — — — 107 10
30M0TUCTLIN - - - 10’ 5
YepHbiit — 0 — 1 -
KopuuHesbin 1 1 1 10 1
KpacHuiii 2 2 2 10? 2
Opatixesbii 3 a 3 108 -
XKentoii 4 4 4 10° -
BeneHbiii 5 5 5 10° 05
Fonyboi 6 6 6 108 0.25
DNORETOBLIA 7 7 7 107 0,1
Cepuii 8 8 8 108 0,05
Beneii 9 9 9 10° -

MN4.2. LiBeToBas MapkupoBka KOHOEHCaTOPOB

B nocnepHee BPEMS Hauanu VICNOnNb30BaTh LIBETOBYIO MaPKMPOBKY L8 KOHOEHCa-
TOpoB. Ha pasHbiXx TMNax KOHOEHCATOPOB PacilONOXEHVE LBETOBLIX NONIOC VMM TOYEK
MOXET BbiTb pasHbiM. Pvic. M4.1 noka3biBaeT npyYMEPL! LBETOROM MApKUpPOBKW HEKO-
TOPbIX TUMOB COBPEMERHBIX KOHABHCATOPOR.
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Puc. T4.1. LiseToBasi MapkvpoBKa KOHAEHCATOPOB

Mapk1poBka eMKOCTH KOHAEHCATOpa YKa3biBaeTcA MpU MOMOLM ABYX pa3psacs
(mBYyMS! LaeTamMM) B Nvikodapanax. MHOXVUTENb MoKa3biBaET OBLUYI0 EMKOCTh KOHAEH-
caropa. Mpy HEOBXOAMMOCTM MOXET GbiTh yKka3aH AONYCK U MakCUMAbHOS paboyee
HanpsikeHue n TKE korpeHcatopa. Lisetosas mapkuposka KOHAEHCaToPOB NpUBEAeHa
8 126n.N4.2. [inn 6GLiICTPOro OMpeAensHys emKocTy KoHAeHcaTopa, 0603HaquerHOI
LIEETOM, MOXHO Monk3oBarbes Tabn. M4.3.

LiBeTosan mapKrposka KOHAEHCATOPOB

Tabnuua N4.2

Lser 3Haka 1-8 undpa 2-8 uudpa Muoxutens Honyck, % Hanpaxerme, B
YepHbiii 4] 0 1 20 4
Kopuuresbia 1 1 10. -1 6,3
Kpachbiii 2 2 102 2 10
OpaHXesbi 3 3 10° 025 16
Kenuiit 4 4 Tt 05 40
Benensin 4 5 10°% 5 20
TonyBoit 6 6 108 - Y
DuoneToseiii 7 7 107 +50/-20 50
Cepuii 8 8 10° +80/-20 3.2
Benuii 9 9 - - 63
CepefipucTbiin —_ — - - 25
Bonotnerbii - - - - 1.6




Tabnuua N4.3
Tabmua Ans GLICTROrD ONPRRENEHHS BMKOCTM KOHABHCATOPa

3nauenue emxocTn (uF) r:':‘_’:aang’a';a %?:mg:: 'l('mb:“:n::
0.010 ‘KOpUuHEBas uepHasn OpaHxeBas
0,015 KOPUHHBEaR 36718H. OpaHxesas
0,022 KpacHaa Kpachas opaHxesas
0,033 OpaHxeBan OPaHXeBan opaHxenas
0,047 xentaa ¢uonerosan opaHxeBan
0,068 CHUHAA cepan opanxeBan
0.10 KOPWYHOBASR ygpHas Xenras
0.15 KOpMuHesas 3eneHad *envas
0,22 KpacHan KpacHan Xemraa
0,33 OP3HKEBaAR opaHxesan *entan
0.47 Xentaa duonerosas xenras
0.68 CUHRS cepan xenraa
1.0 KOpUuHeBasn HEPHAA 3eneHaw
22 KpacHaa KpacHan 3eneran

MN4.3. CraHgapTHas LUBETOBas MapKVpPOBKa OTEYECTBEHHBIX
TPaH3UCTOPOB Manoih MOLLHOCTN

B HacTosLee BPBMA MHOMVE ManomoLy-
HbIE TPaH3INCTOPLI NPOU3BOACTEA CTpaH CHIM n
6biBwero CCCP MMEIOT Ha KOPNYyGE LEBTOBYIO
MapKMpoBKY B BUAB TOYBK Pa3HbiX WBETOB.
Ta6n. N4.4 nokasbiBaeT pacumdposky LBETO-
BOIA MapKUPOBKY L8 TPAH3UCTOPOB, NOKaaaH-
Hbix Ha puc.N4.2,a; Tabn.MN4.5 rokasbisaer
pacumppoBky LEETOBOM MapKvipOBKU  fisl
TPaH31CTOPOB, NOKasaHHbIX Ha puc. N4.2,6.
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Puc. M4.2. LiBeToBan MapkvpoBKka

TRAH3IUCTOPOR

Ta6nunua N4.4
PacumdpoBka LBETOBOM MapKMPOBKM TPaH3UCTOpoB us puc, N4.2,a

Tpanauctop BykBeHHbili uHReKc

Bopao KT203 Bopao A
Cepbiii KT209 Keuoitd 3
Oparxesbiii KT313 3enexsith B
KopuyHeswia KT336 FonyGoi r
Fonyboit KT339 Cunmt A
Cunuia KT342 Benwiii E
Kenuid KT502 Kopuureswsii X
Besbii KT503 CepebpucTuii 1]
Senenuit KT3102 OpaHXeBbiii K
CepabpucTwii KT632 TabauHbit n
TafiauHbi K364 Cepuiin M
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Ta6nvua N4.5

PacwivpoBka LBETOROW Mapkupoeku TpaHavcTopes (puc. N4.2,6)

Tpanauctop

ByKBEHHBI VHAEKC

KopwuHesbith
KpacHbii
Bexesbiit

Curmii
Cepeiit
Henrwit
Senembi
Poaoswiii
Genbit
TonyGoii

KT326
KT337
KT345
KT349
KT350
KT351
KT352
KT363
KT648
KT3107

Po3osui
Kenrwii
Curnta
Bexesbii
Opanxesbitt
Cuhe-senenuiin
CanarHbith
Benensiit
Kpacsbiid
Cepuiii

MNpunoxeHne 5
NOJIE3HBIE MOPMYIbI 1 IVATPAMMbI

B atom npwioXeHn npueegeHbl MoneaHbie GOpMyNbl U avarpaMmbl, KOTOpLIE
MOryT NpuroanTsCst paauonioburenio B ero pabare.

2R S X\ Mo o>

NS5.1. OvarpamMMbl ans MOLLHOCTA 1 HAMNPSXEHWs

3ra yHuBepcanbHas avarpamma Ha puc. M5.1 NokasbiBaeT NEPEBos HANPSHXXEHU
1 TOKOB B OTHOCUTENLHOE 3HaueHne AeLvben. JIuHUm HanpsxeHs NOKasbiBAIOT NYKOBOE
¥ CpejHee BbICOKOHACTOTHOE HAaMpsKEHME, CYLIECTBYIOLEE Ha Harpyske 50 Om, rpu
COOTBETCTBYIOWEN paccensaemMoii Ha Heil MowHocT ([1], cTp. 62).
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Puc. M5.1. Avarpamma HanpsXeHWid 1 MOLLHOCTU Ha Harpyake 50 Om



N5.2. Pacuer TpaHcgopmartopa ¢ LU-06pasHbiM cepeqHKOM:

1. MowHocTe TpaHcgopmaropa, Br,
P = 1,15P,,

roe P, — MOLWHOCTL, paccevisaemas B Harpyake, BT
2. MNnowagb CeveHns CepagHHVKa, cM?,

s=.p,
roe P — mowHoCTL TpaHcgopmaTopa, BT
[inA TpaHCGHOPMaTOpOB C PACCEVIBAEMOI MOLLHOCTEIO cebltle 100 BT ana GhicTporo
pAaCcUETa MOLHOCTY MOXHO CHVTaTb, 4TO Kaxahit 1 cM? nnowwagv cepaedHnka obec-
neyvsaeT AAA TpaHcgopMaTopa paccevisaemMylo mMowHocTb 10 Bt
3. Yvcrno suTKOB Ha 1 B HanpsixeHws
W =50/5.
rae § — nnowagb ceveHms TpaHchopmaTopa, CM2.
4. YvCno BUTKOB NBPBUNHON OBMOTKW
W= wu,,

rpe U; — HanpsxeHve Ha nepewHoli oBmoTke, B.
YyCNIO BUTKOB BTOPUMHOM OBMOTKM

W~ WU,
roe U, — HanpskeHve Ha BTOpuuHON ofmotke, B.
5. Tok B nepeuqHot oB6moTkE, A.
Iy P/UL

roe P — MowHoCTh TpaHcgopmaropa, BT
Tok BO BrOpuuHOI OBMOTKE. A,

L = P,/U,,
rpe P, — MOLHOCTL, paccevisagMas B Harpyske, BT,
6. Avamerp npoBOA@, MM, AR NEPBUHHON OBMOTKM
D, = 08.fT;.
JAviamerp NpoBOAA. MM, AN BTOPWHHOR 0BMOTKU
D, = 08.[1,.
Tok B 21vix Popmynax Hepercs B amrepax.
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M5.3. ConpotueneHve nposoga

ConpoTuenenme npoeoga R, Om, AnvHoii L, M, v avameTpom d, MM, Haxomutcs
no ¢opmMyne: -

R = 1,25pL/d2.

Benwiuba P HOCUT Ha3BaHWe «yAenbHoe CONPOTWBNEHUE» U NPEACTaBNReT coBol
CONpoTUBNEHME NpoBoaa AMvHolr 1 M 1 puamerpom 1 Mm.

3Ha4eHus YRenbHoro conpotvenenns p, OM-MM2/M, ANA HEKOTOPLIX METANNOB NpU-
BEAEHBI HUXE:

Anmomunuii — 0,028 Bpoxza — 0,115 3onoro — 0,024
Jatyns — 0,03—0,06 Meab — 0,0175 Hukenb — 0,07
Onoso — 0,115 Ceunen — 0,21 Uwek — 0,059
Cepebpo — 0,016 Xpom — 0,027 Cranb — 0,098
Koxcrawtad — 0,44—0,52 MadrarivH — 0,4—0,5

Hukenud — 0,39—0,45 Huxpom — 1,0—1,1

Peoran — 0,45—0,52 Qexpab — 1,1—1,3

Gopmyna, npUBeAeHHan Boillie, BEPHA NpPU TEMNEPBTYPE NpOBoAa, PaBHOM 20°C.
MNpy ysenuyeHvm Temneparypbl NPOBoAa €ro CONPOTUBNEHUE BO3PACTAET.

Ucnonb3ya [eHHLIE O BENUNMHE CONPOTUBNEHWUA NPOBOAA, MOXHO CaMOCTOSTENbHO
W3roTOBNTE HUBKOOMHBIE PE3VCTOPbLI, KOTOPHIE UCTIONb3YIOTCA B KAYECTBE LIYHTOB AARA
MUNNUaMNEPMETPOB WM B Ka4eCTBE MOLLHbIX 6annacTHbiX peaucTopos. A pacyera
AMHBI NPOBOBHUKA YAOGHO NONb30BaTLCH NPEOBPA3OBAHHON (GOPMYNOIL:

Lo ke
1,25p

fAe p — YOenbHoe COMNpOTUBNEHME NpoBoaa, OM - MM2/M:

R — conpotuBneHue nposona, OM;

D — puamerp nposoga, wmm;

L — pnvma nposopa, M.

Ans onpefeneHus MakCUMANEHOTO ToKa, NPOTEKAILUEr0 4epea Takoi peauctop.
MOXHO NONb30BATLCA (GOPMYNOH AN ONpeeNieHvs [MaMeTpa NpoBoda NpW USroToB-
neHvu TpeHcopmaropa (cM. nNyHkT 6 atoro naparpada).

M5.4. CamopentHble NpesoxpaHuTenm

Tox nnasnenvis I, A, nns nposoaa Avametpom d, MM, HaXOERLUEMCS B NPEREnax
0,02—0,2 MM, MOXHO paccumTath o crienylowei dbopmyne:

_ d—0005
I==0=,

rae k — xoabduumMent, 3aBVCALLMIA OT MaTepuBna, U3 KOTOPOrO U3rOTOBNEH NPOBOA,
Hvke npUBEAeHb 3HaHeHVs 3Toro Koa(GOUUMEHTA AN HEKOTOPLIX MAaTEpUENO0B.

Cepebpo, k = 0,031
Megb, k = 0,034
NatyHb, k = 0,05
KoHcraHTan, k = 0,07
Hukenun, k = 0,06
Xeneso, k = 0,121
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Ans Gonee TONCTLIX NMPOBOACE AwameTpom d, MM, TOK nnaenenus I, A, MoxHo
paccuutaTb No Chegyiolieil ¢popmMyne:

I=kJB,

roe k ~ koadhdUUMEHT, 3aBUCRLLVIA OT MarepuBne, U3 KOTOPOro U3rOTOBNEH NMPOBOA.
Huxe npuBeseHbl 3HaueHVIA KoadbduLMeHTa Kk Ans HEKOTOPLIX MaTepuanos.

AnoMunvi, k = 60
Menpe, k = 80
Hukenun, &k = 41
XKeneso, k = 25
Ceunent, k = 11
Ornoeo, k = 13
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