HACTb TPETb4

CNEUWNATIbHbIE
MAJIOTABAPUTHbBIE AHTEHHDbI

B 4. 1 661711 0nncaHbl KOHCTPYKLNM TPAANLNOHHBIX @HTEHH, Takux KaK Anrnosun, BepTu-
KasbHble v 6eryuel BoJHbl A1 yCTaHOBKU B YCJI0BUSIX ropoAa, KOMHATe uan Ha 6asko-
He. CylllecTByeT psf creumasibHbIX YKOPOYEHHbIX aHTEHH, CrpasibHble M MarHUTHbIE pa-
MOYHbI€ aHTeHHbI, [J18 YCTaHOBKU KOTOPbIX TPebyeTcs OTHOCUTE/IbHO HeOO/IbLLOoE MpPo-
CTPaHCTBO.

rNABA 6
YKOPO4YEHHbBIE CMNMPAJIbHbIE AHTEHHbI

Ykopo4eHHbIe crnvpasnbHble aHTeHHb! AaBHO UCMOb3YIOTCS PaanoItoOUTensaMm, Ha-
npumep, yxe 6onee 30 et B nepeHocHbIx Cu-bu-paanoctaHumsix. Hekotopbie ripoun3s-
BOAUTE/IN aHTEHH BbINyCKaloT YKOPOYEHHbIE CrvpasbHble aHTeHHbI 4715 paboThl B Anana-
30He KopoTkux BOJIH. OaHako, cBeaeHuii o paboTe u NoCTPOEHUN CrinpasbHbIX aHTEHH
B MTeparype BcTpedaeTcs kparviHe Masio. OObICHAETCS 3TO HA MOV B3/ TeM, 4TO
B AOCTYIMHBIX PagnoobuTensM nporpaMmmax MoAeINPOBaHNS aHTEHH eCTb OrpaHuye-
HUSI, KOTOPbIE HE MO3BOJISIIOT PACCHYUTATb YKOPOYEHHYIO CrUPasibHY0 aHTEHHY, KpoMme
TOro, Takme aHTeHHbl TPYAHO BOCMPOU3BOANTb B PAANOIIIOOUTENIbCKUX YCII0BUSIX, HTO HE
crnocobCTBYET pacrpoCTPaHeHio MHGOPMaLINM MO UX U3rOTOBJIEHUIO.

B aT01i rnaBe gaHbl OCHOBbI TEOPUM CNINPAJIbHbIX @aHTEHH, YHTO MOMOXET pPaamnostobu-
TeJIIM CaMOCTOSITE/IbHO C HUMU SKCMEePUMeEHTUPoBaTb. MHe, K coxasieHuto, rnoka He yaa-
JI0Cb HaviT HX OAHOM Creunaan3npoBaHHON MNPorpaMmMel, npegHasHa4YeHHo 418 pac-
4yeTa YKOPOHYEHHOU crinpasibHOM aHTeHHbI (Ha Hadano 2004 r). CoBpeMeHHbIe A0CTYrHbIe
paauostobuTensMm rnporpaMmMsl MOAEINPOBAHNS aHTEHH He NMO3BOJISIIOT PACCYNTBIBAThL UX
napameTpbl B Anana3oHe KOpoTkux BosIH. CneunansHas amTeparypa rno aHTeHHaMm Toxe
npegrnoyntTaeT obxoanTb UX CTOPOHOU. HekoTopbie cBeaeHus 06 rnpakTMHeCcKmnX KOHCT-
PYKUMSIX YKOPOYEHHBIX CNPAasIbHbIX aHTEHHAX YAa0Ch HavTy B MOMY/IsipHON InTeparype.
N3 Moux npakTn4eckmx 3KCrnepuMeHTOB YAa/10Ch MOHSITb HEKOTOPbLIE 3aKOHOMEPHOCTU
B paboTe crnvpasibHbIX aHTeHH, MOJYYUTb MOBTOPSAEMbIE Pe3y/IbTaTbl Py KOHCTPYMPOBa-
HuKn. Ha aToii ocHoBe AaHbl PpekoMeHAaLmm ro ux NOCTPOEHUIO U UCIOJIb30BaHUIO.

6.1. KoadduumeHT yKopoyeHNsa aHTEHHBDI

MpakTnyeckn nobdas pagnontodbuTtenbckas aHTEHHA SBASETCS YKOPOYEHHOW. YKOpO-
YeHne NPouCXOaNT BCNeACTBME TOro, YTO CKOPOCTb PACMPOCTPAHEHUS 3NIEKTPOMArHUT-
HOW BOJHbI B CBOOOAHOM NPOCTPAHCTBE MO HEKOTOPbIM NPUYMHAM OT/IMYAETCSH OT CKOPO-
CTV PacnpoCTPaHEHUs 3JIEKTPOMArHUTHOW BOJIHbI BAOJIb MPOBOAHMKA aHTEHHbI. Pac-
CMOTPMM MOIYBONIHOBYIO PE30OHAHCHYI0 AUMNOMbHYIO aHTEHHY, OJMHA NPoBOAAa KOTOPOM
BbIOMPAETCHa Ha NOMOBUHY AJIMHbI BOJHLI (pUc. 6.1). nvHa aHTeHHbl OyAeT MeHbLUEe Anu-
Hbl BOJIHbI B cBOGOAHOM npocTpaHcTBe. OTHOWeEHNE GU3NYECKON OAVHBLI ANNONSA Ha
LOJIMHY BOJIHbI B CBOOOAHOM NPOCTPAHCTBE HA3bIBAIOT KOIPPULUMEHTOM YKOPOHYEHUST aH-
TeHHbI K. O6bl4HO OH paBeH 0,9...0,95.
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Puc. 6.1. PacnpeneneHne anekTpoMarH1MTHOM BOJIHbI
BOOJIb ANMONS U B CBOOOJAHOM NPOCTPaHCTBE

KoadpPpurumeHT ykopoveHns oiast yKOPOYEHHbIX aHTEHH K paBeH OTHOLUEHWUIO AJINHbI
BOJIHbl B CBOOOHOM NPOCTPAHCTBE K AJINHE aHTEHHbI, MUMEIOLLEN PE30HAHC Ha 3TOM ANn-
He BOJHbI, T. €. BeNn4mHe, obpartHoii K. Takoe onpeaeneHne 6onee HarnsaHo. Ecnm ko-
3POPULMEHT YKOPOYEHUS ANMOJSIbHOW aHTEeHHbI Auana3oHa 40 M K = 2, TO NOHATHO, 4YTO
dursunyeckas oamHa 3To aHTeHHbI cocTaBnseT 10 m.

Ona AnMnonbHbIX aHTEHH Anana3oHa KOPoTkmnx BOJIH 40...20 M, BbIMONHEHHbIX U3 MPO-
Boga TonwwmHom 1 mm, K, ~ 0,95, cnepgosatenbHO, KOadPpuumeHT ykopoyeHus K ~ 1,05.
[na NpoBOMIOYHBIX aHTEHH MOXHO HEMHOrO YBENYUTb 3HaYeHne KoadppuumeHTa yko-
poyeHuns K, ncnonb3ys TOACTbIN NPOBOA B MAACTUKOBOM maonauum. OgHako noayyYnTb
K > 1,12 pna npoBONOYHbIX aHTEHH OyaeT BecbMa npodbaemMaTnyHo.

OnpenenvBLlINCL C TEM, HYTO B 3TOW rnaese Mbl 6yaem NoHMMaTb Nof onpeneneHnem
«KO9PDULMEHT YKOPOUEHUSA aHTEHHbI «K», nepergem K ganbHenwemMy pacCMOTPEHMUIO
YKOPOYEHHbIX aHTEHH.

B 4. 1 paccmatpuBanncbk cnocobbl NOBbILLEHUS KOSIPDULIMEHTA YKOPOUYEHUS aHTEH-
Hbl. YKOPOTUTb GU3NYECKME Pa3MeEpPbI ANMNOSIbHON aHTEHHbBI MOXHO BK/IIOYMB B €€ MoJoT-
HO KaTyLKy UMHAOYKTUBHOCTU, YCTAHOBUTb HAa KOHLLAX aHTEHHblI EMKOCTHbIE Harpy3ku uam
BbIMOJIHNTb MOMOTHO aHTEHHbI CBEPHYTLIM B Buae 6yksbl I, ' nnn M. AHTeHHa ¢ gocTa-
TOYHO ManbIMN GU3NHECKMMIN pa3dMepaMmn MOXET MMEeTb PE30HaHC Ha BOJHE, AJINHA KO-
TOPOW CYLLECTBEHHO NPEBLILLAET Pa3MepPbl YKOPOYEHHOM aHTEHHbI.

B aHTeHHax, yKOPOYEHHbIX NPX NOMOLLN KaTYLLIKU MHAYKTUBHOCTU, HETPYAHO A00UTb-
cs 3HavyeHmn K > 5 (Hanpumep, ANNoJsibHas yKOpoYeHHasa aHTeHHa ang aunanasoHa 20 m
c K=5, 6ynet umeTtb GU3NYECKYIO ASIMHY PABHYIO 2 M).

B aHTEeHHaX, YKOPOYEHHbIX MPY MOMOLLM EMKOCTHbIX HArpy30K 1K CBOpairMBaHmMe no-
noTHa B BuAe 6ykebl M, I unn M, HeTpyaHO 0obuTbcsa 3HavYeHuin K > 2. Bce 3Ty aHTeHHbI
paccynTbIBAOTCS NMPU NOMOLLM MPOorpamMm npegHasHavyeHHbIX A MOOENMPOBaHNS aH-
TeHH, Hanpumep MMANA.

Hepoctatkamu aTnx TMNOB YKOPOYEHHbIX aHTEHH SBASETCA TO, YTO B peasibHbIX YCO-
BUSIX OHM HYXOAIOTCS B MHOVMBMAOYaNbHOW HACTponke, nmetoT Hebonblion KN4, oTHocn-
TeNbHO HM3KOE BXOOHOE COMPOTMBIIEHNE M Y3KYIO Mosaocy nponyckaHus. CyuecTBEHHO
YNYHLWWTb 3TU NapamMeTpbl ONUCaHHBbIMU Bbillie cNoco®amMu, K CoXaneHuto, HEBO3MOXHO.

OpHako CyLLecTByeT eLle OAMH TN YKOPOUYEHHOW aHTeHHbI, KoTopasi obnagaeT Ooc-
TaTOYHO BbLICOKMMMW NapamMeTpamMu, Mo CPaBHEHUID C OMNUCAHHLIMU. ITO YKOPOYEHHas
cnnpanbHas aHTeHHa.
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6.2. NonHopa3MepHble CNUpanbHbIE aHTEHHbI
0CEBOro M3ny4yeHud

Cnenyet OTMETUTb, YTO MOJIHOPA3MEPHbLIE AHTEHHbI OCEBOr0 M3nyyeHus donee uc-
MoOJIb3yEMbl B TEXHUKE MO CPABHEHUIO C YKOPOYEHHbIMM. Ha puc. 6.2 noka3aHa aHTEHHA
0OCEBOr0 U3yYeHUsl, B KOTOPOW CNvpasb PacrnosoXeHa Haa NPOBOASLLMM 3KpaHoM. [ua-
MEeTp 3KpaHa 1 AJInHa BUTKA cnnpany NpUMepPHO paBHbI AJIVHE BOJIHblI aHTEHHbI B CBOOO/1-
HOM NPOCTPAHCTBE, a ANIMHA CNUPAJIM @aHTEHHbI COCTaBNSET OT NONIOBUHbI 10 HECKOJIbKMX
OJINH BOJIH, HA KOTOpbIX paboTaeT aHTeHHA. KonnyecTBO BMTKOB CMvpanu, COCTaBsO-
el aHTeHHY, 0BbIYHO BObLLE TPEX U MEHbLLE NATHaaUaTh. NonHopaamepHas cnmpanb-
Hasi aHTEHHa N3ny4aeT BA0JIb OCU BOJIHY C KPYroBol nonsipusaumein. B otnnyme ot ykopo-
YEHHOV NosIHopa3MepHas cnupasnbHasg aHTEHHA SABNSETCS LWMPOKOMNONOCHOM ¢ 60bLWINM
K03 PrUMEHTOM ycuneHus. MNMonHopasmepHble cnvpasibHble aHTEHHbI BMEPBbLIE NOSIBUI-
nmce B 1930 [1]. B [2, 3] onmncaHbl CBOMCTBA U NapaMeTpbl, HA OCHOBE GOpPMYI, NpUBE-
DEHHbIX B 3TUX paboTax, B HACTOSILLEE BPEMS MPOM3BOANTCS UX PACHET.

HanpabrerHue
usnydeHus
GHMEeHHH

_— =

Puc. 6.2. CnnpanbHas aHTEHHA OCEBOrO U3NyYeHns

MonHopa3MepHble cnnpasbHble aHTEHHbLI MPUMEHSIIOTCS, IMaBHbIM 00pa3oMm, ANa pa-
60Tbl Ha Anana3oHax YKB u, nHoraa, Ha BeEpPXHUX AMana3oHax KOPOTKUX BOJIH. 3aecb
NnosHopa3MepHbIe CNUPasbHbIE aHTEHHBI PACCMOTPEHbLI He ByayT. B nio6om cnpaBoyHmke
MO @HTEHHAM MOXHO HaNTN ANga ux pacyeta GoOpMy/bl, 8 B UHTEPHETE HECKOJIBKO VUHTE-
pecHbIX (M coBepLLeHHO BecnnaTHbIx!) crneunann3npoBaHHbIX NPOrpaMm Ha OCHoBe Gop-
My, NpuBeAeHHbIX B [2] 1 [3] ¢ HEKOTOPbIMU NONPaBOYHbIMY KO3dPuumeHTamu. MHorve
COBPEMEHHbIE MPOrpaMmMbl MOAENNPOBAHUS aHTEHH, B KOTOPbIX MCAOJ/Ib3yeTCs Tak Ha3bl-
BaeMblii Numerical Electromagnetic Code (NEC-1, NEC-2, NEC-3, NEC-4, MININEC),
NMO3BONSAIOT PAaCCYUTbIBATb NapameTpbl NOSIHOPA3MEPHbIX CMMPaNbHbIX aHTEHH, OQHAKO,
OyobTe O4YeHb BHUMATENbHbI NPU 3aknanke MOLENU aHTEHHbl, 0OpaTnuTe BHMMAHUE Ha
OorpaHvyYeHnst 4ns NporpaMmmMHon 060104KN 1 «sapa» NPOrpaMmbl.

6.3. YKOPOYEHHbIE CNMpPanbHble aHTEHHbI

Mpoesa co3paHnsa yKOPOYEHHOM CNMpanbHOWM aHTEHHbI 3aKMO4YaeTCa B CleayloleM.
MpoBopa, 06pas3yioLmin NOIOTHO aHTEHHbI, CKPY4YMBaETCs ero B Cnuparb, Kak nokasaHo Ha
puc. 6.3.
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Puc. 6.3. AunonbHas YKOpO4YeHHaa cnnpajibHaa aHTeHHa

B pesynbrate ¢ HEKOTOPbLIM YNpPOLLEHNEM PUINYECKUX MPOLLECCOB, NMPOUCXOAALLNX
B CMMpasibHOM NPOBOAHNKE YKOPOYEHHOM aHTEHHbI, MOXHO NPUHSATbL, YTO BAOMb CNVUPanu
3NEKTPOMArHMTHas 3Heprus pacnpocTpaHaeTcs KOMOWHMPOBAHHLIM MyTeM, O4Ha
4aCTb — HEMNOCPEACTBEHHO MO MPOBOAHMKY CNMpanu, a Apyras — Mexay BUTKOB cnnpa-
an. AnnHa cnvpanu L MHOro MeHbLUE AIMHbI MPoBOoAa (BAOJIb KOTOPOro pacnpoCTpaHs-
€TCS 3NIEKTPOMAarHUTHasa SHeprus), coctaensiowlen cnupans. CnegoBaTtensHoO, BOOSb
CNUpPanbHOM aHTEHHbI CKOPOCTb PACNPOCTPaHEHUS SNEKTPOMArHUTHOW BOJHbI 3HAYU-
TENIbHO MEHbLLUE YeM B MPOCTPAHCTBE JIMHEMNHOrO MPOBOAHMKA U, KOHEYHO, MEHbLUEe
B CBOOOZLHOM NMPOCTPAHCTBE, T. €. B CNMPAJIbHON aHTEHHE OJINHA BOJIHbI MHOIO MEHbLUE,
yeM B CBOOOAHOM npocTpaHcTBe. CnenoBaTenbHO, MCMOJL3YSA Cnvpalib B KOHCTPYKLUMN
NONOTHA @aHTEHHbI, MOXHO CO3aTb @HTEHHY C 60NbLUINM KO3DPULNEHTOM YyKOpoUieHus K.

AHTeHHa H. Tecna

Mpoes cnupanbHO aHTEHHbI HE HOBAs M OTHOCUTCS K CaAaMOMY Hadvasy pasBuUTUS aHTEH-
HOW TeXHUKN. MNepBbIMK, LOCTOBEPHO ONMUCAHHLIMU CMMPANbHLIMU @aHTEHHAMM, ABMSIIOTCA
AHTEHHbI A5l TaK HA3bIBAEMOIrO «yCUIMTENBHOrO nepenatyvka» H. Tecna, koTopsblii 6bin
3anateHTtoBaH B 1900 r. (nateHT CLLIA N2 787 412). OnncaHne HEKOTOPbIX KOHCTPYKLUUIA
Tecna MOXHO HanTu B [4, 5].

MegHbit wap
guamempom 80 cm O

LepebaHHas
Mauma

Cnupanb
aHmeHHs Tecaa

60 m

K eeHepamopy

HuxHsa
kamywka cBa3u

AHmeHHbT npoBog
3a3eMAeH HA MemMannu4yeckue
nAUMeb, 3AKONAHHHE NOG AHMEHHOU

Puc. 6.4. CnupanbHag aHTeHHa Tecna
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OpHa 13 KOHCTPYKLUUI YKOPOYEHHOW BEPTUKANIbLHOM CNNPaibHOW aHTEHHbI, MICNOJb3Y-
eMOl Ana «yCUNIUTENbHOro nepepartymka» B nabopartopum H. Tecna Ha JloHr AlineHge
(Long Island) B6an3n Helo-Mopka npeactasnsina coboli rmraHTckylo cnvpanb auameT-
POM NpUMEPHO 3 M, BbICOTA @aHTEHHbI, @ CNEeA0BATENbLHO, U ANIMHA CnMpanu Obina paBHa
60 M. HXHUIA KoHeL, cnvpanu 6bln 3a3eMJIeH Ha YyryHHbIe MAWTbI, 3aKoNaHHbIe Nog, aH-
TEHHOW, a BEPXHUIN MPUCOEANHEH K MeaHOoMY Lwapy anametpoM 80 cm. C reHepaTtopom
aTa cnvpasnbHas aHTEHHa CoeauHanacb NOCPEACTBOM KaTYLLKN CBA3U, PACMOIOXKEHHOMN
Yy OCHOBaHUSA aHTEHHbI (puc. 6.4). KonnyecTtsa BUTKOB Crvpann 1 KaTyLuku BO3OYyXOeHUs
@HTEHHbl JOCTOBEPHO HEU3BECTHLI. [peanonaraeTcsl, 4TO YacTOTa HACTPOWKN STON aH-
TeHHbl cocTaBnana 150 kI, annHa BoNHbI B cBOOOAHOM npocTpaHcTBe paBHa 2000 m.
CnepoBaTenbHO, KOODGUUMEHT YKOPOUYEHNS 3TOM aHTeHHbI cocTaBun 8,33. Ina pacyeTa
koadduumeHTa ykopodeHua agenum 2000/4, T. e. HAXOAUM OJIMHY YETBEPTbLBOJIHOBOIO
TIPS, KOTOpas paBHa B AaHHOM cnydae 500 m, a 3aTem genum aTy 4anHy Ha 60, T. e. Ha
peasibHyt0 BbICOTY @HTEHHBI.

Mpaepa, cam H. Tecna cBOIO CNMpanbHylo aHTEHHY HUKOrAA HE Ha3biBaa CANPAanbHOM,
1 CYMTAN €€ HYaCTblO0 CBOEr0 YCUNUTENLHOIO NepeaaTymka, npegHasHayeHHoro ans nepe-
[a4n 3NEeKTPUYECKOM 3HEPTM MO NOBEPXHOCTU 3eMnu, a He ANs ee n3nyyeHus B adup.

AHTEHHbI BellaTtesibHbiX PpagnocTaHumnii

B Hauyane XX B. cnupanbHble aHTEHHbI MPUMEHANVCH B BelaTefbHbIX AJIMHHOBOMHO-
BbIX M CPEAHEBOJIHOBbIX PAAVNOCTAHLMAX. B HEKOTOPbLIX CTapbIX PAANOTEXHNYECKMX Cnpa-
BOYHMKaxX BCTPEYAOTCS A0BOJIbHO NOAPOOHbLIE PUCYHKWN Takmux aHTeHH. Ha puc. 6.5 noka-
3aHa KOHCTPYKLUMS CMMpasibHOM aHTEHHbl O4HOW U3 BelaTeNbHbIX pagnocTaHumii 30-x
ronos XX B. U3 04HOro U3 Takux CNpaBOYHUKOB. JepeBsHHbIMM Ma4yTamMu Obin 06pa3oBaH
TPEeyroJibHbIN Kapkac, Ha KOTOPbI HaMOTaHa cnnpasb NPoBoAa aHTeHHbI. BeicoTa aepe-
BSIHHOM MayTbl CNUPanbHOM aHTEHHbI cocTaBnsina npnbnnantensHo 30 M. Ha koHue cnu-
panu aHTEeHHbI YCTAHOBIEHA EMKOCTHas Harpy3ka u3 3—5 NnpoBOAHMKOB, PACTSAHYThIX MO,
HEeBONbLUNM YIIOM K aHTEHHE.

30 m

Cnupab
aHMEeHHb

LepebarHHas
Mayma

3azemaeHue
AHMEHHbI
—_—

77777

Puc. 6.5. KOHCTpyKUMS cnmpanbHON aHTEHHbI
0JHOM 13 BewaTenbHbix pagrnoctaHunii 30 rogos XX B

JlaHHbIX MO TOYHOW YacTOTe, HA KOTOPOM paboTana 3Ta aHTeHHa, U APYrnX ee TeXHU-
Yeckux napameTpoB NpuBeaeHo He 6blno. OaHako, ecnn NPUHSATbL BO BHUMaHWE, 4To B TO
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BpeMs BellaTenbHble pagnocTaHumm paboTtanu Ha anmHax BosH 2000...1000 M, To MoX-
HO MPeanoNOXnTb, YTO 3Ta CNMpasbHAasa aHTEHHA NpefHasHavYanacb Ansa paboTbl Ha 3TUX
nnvHax BosiH. KoaddurumeHT yKopoyeHust Takoli cnmpanbHOW aHTeHHbl OyaeT HaxoamTb-
cqa B npenenax ot 16,6 (anga sonH 2000 m) oo 8,33 (ana BonH 1000 m).

MHe He BCTpeyanncb KOHCTPYKLMM CNMpasibHbIX aHTEHH BELLLATENbHbIX UK CyXe0-
HbIX CPEQHEBOJIHOBbIX U AJIMHHOBOJIHOBbIX PAAVOCTAHLMIA, BbIMOMHEHHBIX nocne 30-x ro-
noB XX B. O4eBMOHO, 3TO CBA3AHO C TEM, YTO CNUPASIbHbIE aHTEHHbI ABNSIOTCS HEMPOCTbI-
MW B PACHETE U HACTPOIKe U Kanpu3HbiMK B paboTe, 0 4eM ByaeT cka3aHo HUxke. Benen-
CTBME 3TOr0 OT UX UCMONb30BAHUS HA CPEAHUX U ASIMHHBLIX BOJIHAX KOHCTPYKTOPbLI BMO-
CNefCcTBUM OTKA3amnCh.

AHTEeHHbI Cu-bu-pagmnocraHuuni

YKOPOYEHHbIE CNUPasibHbIE @HTEHHbBI MCMOMb3YIOTCS TOMLKO B NEPEHOCHbIX Cn-bu-pa-
amoctaHumsax. AHTEHHa BbINOJSIHEHA MyTEM HaBMBKM OTpe3Ka NpoBOAa Ha AN3aNeKTpuyec-
Kuii kapkac. Bug tunnyHon Cn-bu-pagnocTtaHumm ¢ yKOPOYEHHOM CNMpPanbHOM aHTEHHOMN
nokasaH Ha puc. 6.6. JnnHa CTaHOApPTHOM aHTEHHbI C 3NIEKTPUYECKON AJIMHOW PaBHOM
A/4 HaxoouTca B npeaenax 15...50 cMm, cnenoBaTtesibHO, KO3GGULIMEHT YKOPOUEHUs pa-
BeH 5,4...18.

Bbiwwe 66110 NoKa3aHo, YTO KO3DPUUNEHT YKOPOYEHUS CPEAHEBOJTHOBbLIX @HTEHH CTa-
pPbiX BELLATENbHbIX PAANOCTAHUNIA U CNMpanbHOM aHTEeHHbl H. Tecna Toxe HaxoguTcs
MPUMEPHO B 3TUX rpaHmuax. Itak, MOXHO CckasaTb, 4TO YKOPOYEHHbIE CrnpasibHble aH-
TEHHbI UICMNONL3YIOTCH AN PaboThl B 3dupe Ha NpoTsKeHUM 6onee cTa NeT.

15..50 cm

CﬂupﬂﬂbHGﬁ aHmeHHa

CﬂupﬂﬂbHGﬁ aHMeHHa co cHamou oboaoukod

Memannuueckud

HabangawHuk
(moxem
omcymemBoBamb)
Y

Bumku
cnupaapHoud
aHMEeHHbI

15..30 cm

Llusnexkmpuvecku
Kapkac

BbicokoyacmomHbiti

pasbem
_ =

Puc. 6.6. NMepeHocHas Cu-bu-paamocTaHumus u ee cnupasbHas aHTeHHaA
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6.4. lNpakTnyeckoe MmogenmpoBaHme
cnupanbHbIX YKOPOYEHHbIX aHTEHH

[na Toro 4to6bl NOHATL, Kak paboTaeT YKOPOYEeHHaa cnupasibHasg aHTEeHHa, HeoOXo-
OMMO ee N3roToBUTb 1 UBMEPUTb NapameTpbl.

M3roTtoBuTh CnNupanbHyi0 aHTEHHY OYE€Hb MPOCTO. A BOT M3MepeHUss Heob6xoaMMo
NMPOn3BOAUTbL OOPOroCTOAWNMKM Npubopamm Ha cneumnanbHblX aHTEeHHbIX MOJINFOHaX.
B npoTVBHOM cnyyae, pe3ynbTaThl HeNb3s OyaeT Ha3BaTb AOCTOBEPHbLIMU. [115 TOro, 4To-
Obl coenaHHble BbIBOAbl MOXHO 6b110 6bl MPUMEHUTbL KO BCEM TUMaM 3TUX aHTEHH, HE0O-
XOOAMMO U3rOTOBUTbL U OOMEPUTL COTHU PA3INYHbBIX KOHCTPYKLNKA, HTO OOHOMY YENOBEKY
caenatb He NpocCTo.

MHoI1 6bin NPOBEAEH P, SKCNEPUMEHTOB C OrPaHNYEHHBIM KOJIMYECTBOM YKOPOYEH-
HbIX CAnpasnbHbIX aHTEHH (OblNo oObmMepeHo 6onee 30 KOHCTPYKUMIA, Kak caMoaesbHbIX,
Tak U KOMMEpPYECKUX). MIamepeHns napamMeTpoB aHTEHH, CAeNlaHHble MHOW, ObiNn He
O4YeHb TOYHbIMW, HO JOCTATOYHbIMU, YTOObLI UCMOJSIb30BATb MX B PaaMoniodNTENbLCKOMN
npakTuke. B pesynbrarte ObiM MNOyY4eHbl OTBETbI HA HEKOTOPbIE KOHKPETHbIE BOMPOCHI,
KacatoLmecs NpakTU4eckoro NOCTPOEHUS YKOPOUEHHbIX CRNpasbHbIX aHTEHH.

Mepepn TeM, Kak NPUCTYNNTb K OMUCAHUIO PE3YNbTaTOB MOUX SKCMEPUMEHTOB, XOUy
OTMETUTb, YTO O4YEeHb MHTEPEeCHasi cTaTbsl, MOCBSALLEHHAs YKOPOYEHHbLIM CrMpasibHbIM aH-
TeHHawMm, 6bina onybnukoBaHa B [6]. B Hell npuBeaeHbl HEKOTOPLIE CBEAEHNS O CNNpab-
HbIX YKOPOYEHHbIX aHTeHHax, noslydyeHHble K. XapuyeHko npakTunyeckum nytem. MNepen Ha-
4yasioM BaLLMX SKCMEPUMEHTOB CO CMMPasibHbIMW aHTEHHAMU PEKOMEHAYIO €€ NMPOYnTaThb.

6.5. KOHCTpYKUMUN 3KCNEPUMEHTANbHbIX
YKOPOYEHHbIX CrUpasbHbIX aHTEHH

[na npoBeaeHns 3KCNepMMeHTOB MHOM Obl1 U3rOoTOBJIEH P YKOPOYEHHbIX Cnnpab-
HbIX @HTEHH, NpeaHa3HavYeHHbIX Ans paboTbl B AMana3oHe KOPOTKUX BOSH. OKCNepumMeH-
Tbl MPOBOAUSINCE C CUMMETPUYHbBIMU CMMPasbHbIMU AMNOJIbHLBIMW @HTEHHAMU N C HECUM-
MeTPUYHbIMU CNNPasnbHbIMW @HTEHHAMM.

B kayecTBe kapkaca Obli MICNOJIb30BaHbI MN1aCTUKOBbLIE BOAOMNPOBOAHbLIE TPYObI, Nia-
CTMKOBAas NibbkHas nanka gnameTpom 16 MM, KanpoHOoBbIA Tpoc anameTpom 10 mm. He-
KOTOpbIe CnMpaibHble aHTEHHbI ObIIN BbIMOJIHEHbI HA Kapkacax U3 NyCTbIX NNaCTUKOBbIX
OyTbinok emkocTblo 0,6, 1,0, 1,5 1 2 n, coegnMHeHHbIX NocnenoBaTesibHO APYr C APYroMm.
Ana HaMOTKM cnnpann NPUMEHSNCA MeOHbIl MPoBOoA, Pas3NM4yHOro amameTpa, ot 0,3 oo
3 mm. MpoBopg anameTpom oo 1,5 mm B amanesoii nsonsuum, 6onee 1,5 Mmm — B nnacTu-
KoBOW. Cnvpann aHTeHH ObIIM HAMOTaHbl PaBHOMEPHO MO kKapkacy. B no6oin n3 KoHCT-
PYKUMIA MOUX CRNpasibHbIX aHTEHH MEXBUTKOBOE pacCcTosiHMe Oblfio He MeHee AnamMeTpa
npoeoaa. Micnonb3oBanuch Takxke aHTEHHblI U3 MPOPE3NHEHHOrO LWiaHra oT MNbiecoca,
BHYTPM KOTOPOro Npoxoauna MeTtanindeckas cnmparsib.

CUMMETPUYHbIE CNMpalbHble ANMOJIbHbIE aHTEHHbLI OblM Pa3MeLLLEeHbl TOPU30HTallb-
HO Hap, 6ETOHHO KpbILLen OeBATUITAXHOro AoMa Ha BbicoTe He 6onee 3,5 M, HeCUMMET-
pU4YHbIE BEPTUKASIbHbIE CNUPaibHbIE aHTEHHbI — Ha MeTann4eckumm nepmunamm 6an-
KOHa, a TakXe pacTaHYyTbl B BEPTUKaANbHOM MOJIOXEHNM Ha Kpbllle goma. B kavectBe
«3eMNN» BEPTUKANIbHOWM aHTEHHbI ObIIM NCNOJIb30BaHbI MeTanMyeckmne nepuna d6ankoHa
M cucTemMa 13 HeCKOJbKMX NPOBOJIOYHbIX MPOTUBOBECOB.
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6.6. MNapamMeTpbl YKOPOYEHHbIX CNNPanbHbIX aHTEHH

I/I3MepeHme BXOQHOIo coripotnBJieHus
rnpuv rmioMoLn BbICOKO4YaCTOTHOIoO MOoCTa

Cxema, nnnoctpupyioLias MeTOANKY USMEPEHUS BXOOHOIO COMNPOTUBIEHMUS, NMOKa3a-
Ha Ha puc. 6.7. BbICOKOYACTOTHBIN MOCT NMOOK/OYEH K a@HTEHHE KOPOTKUMMW TOACTbIMMU
NPOBOAHUKAMU ANVHOM He 6onee 10 CM, BbICOKOYACTOTHbIN reHepaTop K MU3MepUTESIbHO-
MYy MOCTY 4epe3 KOPOTKUIA 0Tpe30k koakcuanbHoro kabens annHoii 30 cM, Ha BHELUHIOW
060104Ky KOTOPOro 6biv HaaeThl GeppUTOBbIE KOJbLA. BbiICOKOYACTOTHLIV reHepaTop
NUTancs OT BHYTPEHHMX aKKyMYyAsiTOPOB.

[TpoBogHuxu
gauHol 10 cm

BuicokouacmomHbB Ui
mMocm
KoakcuanbHbll kabesb
gauHol 30 cm
BoicokoyacmomHbil C HagembMu Ha Hezo

geHepamop ¢ BHympeHHUM peppumoBuiMu kKonbyamu

AKKYyMy1SMmMopHBIM numaHuem

a)

[lpoBogHuku
gaurHod 10 cm

BuicokoyacmomHbil

eeHepamop ¢ BHympeHHUM
AKKYMYASIMOPHHIM NUMAaHUemM

o MMHE

BocokowacmomHbll
mMocm

KoakcuanbHbill kabeb
gauHold 30 cm

C HagemeMu Ha Heeo
peppumoBumMu  KoabUamu

Cucmema npomubBoBecob

6)

Puc. 6.7. U3mepeHne BXOgHOro CONPOTUBIEHUS CNNPaNbHOM aHTEHHbI
NpY NOMOLLM BbICOKOYACTOTHOIO MOCTa:

a — CMMMEeTpUYHasa AnnosibHad aHTEeHHa; 6— HEeCMMMEeTpU4Hasa BepTukKanbHad aHTEHHa
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N3mepeHne pe3oHaHCHOV 4acTOThbl CvupasibHbIX aHTEHH
npuv nomowm P

Cxema, UnncTpupylowLas MeToanky N3MepeHus Pe30HaHCHOWM 4acTOTbl aHTEHHbI
npw nomowm MNP, nokasaHa Ha puc. 6.8. Mcnonb3oBancs MMP ¢ 6atapeiHbiM NUTaHMEM.
AHTEHHa cBfi3aHa ¢ KOHTypoM TMP npu nomowm 1-3 BUTKOB MHOFOXWUILHOIO NMPOBOAA.
KonnyecTtso BUTKOB ONpenensiyioCb 3KCNEPUMEHTANIbHO B KaXO0M KOHKPETHOM ciny4yae
M3MEPEHUS PE30HAHCHOM 4aCTOTbl aHTEHHbI. PaccTosiHne mMexay KaTyllKOolr CBA3M aH-
TEeHHbI 1 KOHTYpoM MTMP BbIBMpanock MUHMMaNbHO BO3MOXHbLIM. B obuiem crnyyae nony-
YeHO yO0BNETBOPUTENIbHOE COBNALEHNE PE3OHAHCHbLIX YaCTOT CNUpPasbHbIX aHTEHH, Orl-
peaeneHHbIX Kak npy MOMOLLM BbICOKOYACTOTHORO MOCTa, NpU YCNOBUM YACTO aKTUBHOIO
BXOJHOIO CONPOTUBMEHNS aHTEHHbI, Tak U Npu nomowum MNP, npn ee MakCuManbHOM Bbl-
COKOYaCTOTHOW SHEPTUN.

7 10
g%ﬂu)—rou i kamywku VP

MpoBogHuku 1—3 Bumka npoboga,
HamomaHHbe Bokpye

llpoBogHuku

gaurod 10 cm 1-3 Bumka npobogaq,

HamomaHHbe Bokpye
kamywku VP

Cucmema npomubBoBecob

6)

Puc. 6.8. NamepeHust pe30HaHCHO YacTOThbl CNUPAbHOM @HTEHHbI
npwv nomowwm M'P:

a — CUMMeETPpUYHasa gunoJibHas aHTEHHA; 6— HeCUMMeETPpU4YHaa BepTukasbHaa aHTeHHa

[Ans nsmepeHusa BXOOHOro CONPOTUBIEHNST U 4aCTOTbl PE30HaHCa aHTEHHbl UCMNOJb-
30BaNUCb CaMoOAeNbHble NpMbOopkl, oNucaHHbie B [7]. TaM Xe onucaHa MeToauvka
Nnonb30BaHUSA 3TUMU Npubopamu.
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Pe3oHaHcHas yacrtoTta
YKOPOYEHHOV CrnnpasibHON aHTEeHHbI

OnbITbl, NPOBEAEHHbIE MHOW CO CNUPasbHbIMU @aHTEHHAMM, MO3BOJINN BLIBECTU MPO-
CTOe MpaBuJio, PYKOBOACTBYSICb KOTOPbIM MOXHO MOMY4YUTb aHTEHHY, paboTaloLlyio Ha
HeoOX0AMMOM PE3OHAHCHOW YacToTe NPy 3a4aHHOM KO3ddULUMEHTE YKOPOUEHNS C PaB-
HOMEPHOW HAMOTKOM C TOYHOCTbIO, paBHOM NpuMepHOo 10%. 3To NpaBmnIo NpUMEHSAETCA
KakK K AUMOJSIbHbIM, TaK Y BEPTUKAJIbHbIM YKOPOYEHHbLIM CNUPAJIbHbIM @HTEHHAM.

YkopoyeHHas cnvpanbHas aHTeHHa Anara3oHa KOPOTKUX BOJIH C KOS(POUUNEHTOM
ykopoueHus 10 > K, > 2, umeeT rnepBbiii pe30HaHC Ha AJIMHE BOJIHbI BABOE MEHbLLE, YeM
L/IMHa nposoaa, UCrosib30BaHHOIoO /1 HAMOTKU ee BUbpaTopoB, eC/n ANaMETP BUTKA
Ccrvpasiv aHTEHHbI COCTaB/IeT He MeHee 1 cM u He npeBsbitaet 10 cm.

MoaTeepxgaeT 9T0 NPaBUAO N KOHCTPYKUMS MHOMMX M3BECTHbLIX CAMPasibHbIX aHTEHH
Cu-Bun-paguoctaHumin. ECnm nameputb onvHy NpoBOAa STOW aHTEHHbI, OHA OyaeT paBHa
NPYMEpPHO 5 M, a To4Hasa yaBOEHHas AJIMHA YeTBEPTbBOSIHOBOM WThIpeBO Cn-bun-aHTeH-
Hbl paBHa 5,4 m.

BxoagHoe conpotuBieHne
YKOPOYEHHOV CrnpasibHON aHTEeHHbI

Mocne psiga 3KCNEPUMEHTOB CO CNMpasibHbIMU aHTeHHaMK Obll NOCTPOEH rpaduk
BXOZHOIO COMNPOTMBIIEHNSI OAUMOJIbHOM U BEPTMKASIbHOW CNpasnbHOM aHTEHH B 3aBUCUMO-
CTM OT KOadduLMEHTa ykopodeHus (puc. 6.9) B ananasoHe 7...28 MI'u. AHTEHHbI Obln
BbIMNOJIHEHbI HA AN3NEKTPMYECKOM Kapkace aumameTtpom oT 10 mm go 10 cm, HamoTka
cnupanu 6bi1a paBHOMEPHOI, NCNOJIb30Bacsa NpoBoa amameTpom 6onee 0,5 Mm.

BxogHoe conpomubiaeHue aHmeHHb Ha ee kiaemmax Om

70
° ﬂunommcg aHmeHHa |
60 I I I I
X \ |V Bepmw(oﬂzwoﬁ GH/T?EHHG|
50 SR N
\\
7\‘ B
7\‘ b
30

2 3 4 5 6 7 8 9 10 11
KosppuuueHm ykopoudeHus aHmeHHb, K

Puc. 6.9. BxogHoe conpoTnBNEHNE CNNPabHON aHTEHHbI

Kak nokazanu onbITbl, A5 YKOPOYEHHbIX CNPasbHbIX aHTEHH, umelowmx K = 2...10,
M3MEHEHNE anameTpa nx kapkaca B npegenax 1...10 cMm He BANSIET B 3HAYNTENBHOW CTe-
NeHn Ha BxoAHoe conpoTtmeneHne. OOHako oS CUNBHO YKOPOYEHHbIX CIMPasbHbIX aH-
TeHH ¢ K > 10 nony4yeHHble MHOM pe3ynbTaTbhl NOKa3anu, 4TO BXOOHOE COMPOTUBIIEHNE
B 3HAYUTENBHOM MEpe 3aBUCUT OT AMaMeTpa UX AN3NEKTPMYECKOro kapkaca 1 OT 4acTo-
Tbl, HA KOTOPOW cnnpanbHas aHTEHHA UMEET PE30HAHC, MO3TOMY A1 HAX TakOoro npocTo-
ro rpaduka, kak Ha puc. 6.9 Nony4nTb HE yAanoch.

191



Kak BMgHO 13 atoro rpaduka, ons ninTaHns gunosibHbIX 1 BEPTUKANbHbIX CNMpanbHbIX
aHTeHH ¢ K > 3 noaxoauTt KoakCuanbHblli kabenb BOMHOBLIM conpoTuBneHnem 50 Om,
3NEKTPUYECKON AJIMHOWN KPATHOW NOSIOBUHE AJIHBI BOJIHBI Pa00Tbl @HTEHHBbI.

B HekOTOpbIX Cnyvyasix BEPTMKAJIbHbIE aHTEHHbI MEPBOHAYANLHO MMENN BXOOHOE CO-
npoTUB/IEHNE 3HaYNTENbHO BosbLUee, YeM Ha puc. 6.9, HO HacTpolKa «3eMN» aHTEHHbI
B PE30HAHC MO3BOJISNA €ro NoHM3uTb. [NoaknyeHe KoakcuanbHOro kabens Kk BepTu-
KanbHOW aHTEHHE OObIYHO HE3HAYUTENLHO U3MEHSIET €€ BXOOHOE COMPOTUBNIEHUNE Ha
KOHLLe NoaKoYeHUs kabens K TpaHCUBEPY, B 9TOM Clly4ae M3MEHEHME BXOAHOro Conpo-
TUBAEHUA NPOUCXOAUT B CTOPOHY yMeHbLUeHUs. JunonbHasa crnvpanbHasi aHTeHHa no
CPaBHEHMIO C BEPTUKANIbHOM OObIYHO MMEET BXOOHOE COMpPOTMBIEHWE DBonee npubnu-
XEHHOEe K nokazaHHOoMy Ha rpaduke. OgHako, NOAKIIYEHNE KOAKCHManbHOro kabens K
OMMNONBHOM CNpasnibHOM aHTEHHE MOXET NPUBECTU K TOMY, YTO COMPOTUBIEHNE aHTEHHbI
OyneT 3HAYNTENbHO OTIMYATLCH OT yKas3aHHOro Ha rpaduvke, Npuyem, kak B CTOPOHY
YBEJIMYEHMS, TaK U B CTOPOHY yYMeHbleHUsi. DeppuToBble KOJibLia B KONIMYECTBE He Me-
Hee 10 WT., yCTAHOBJIEHHbIE HA KOHL,AX KOAKCUaIbHOro Kabens, yMeHbLIAOT ero BAUSIHNE
Ha BXOOHOE COMNpOTUB/IEHNE, HO HE YCTPAHSAOT MONHOCTbLIO. ECnn KoadduumeHT yonuHe-
HWS CNMPaNibHOW aHTEHHbI NPEBLILLAET 5, HA KOHLE KOaKCcuanbHOro Kabens, NuTatoLLLero
a@HTEHHY, L,enecoobpasHo yCTaHaBIMBATbL BbICOKOYACTOTHbLIN APOCCENb HE U3 peppuTo-
BbIX kosieu, a B Buae 5—-20 BUTKOB koakcuanbHoro kabens gunametpom 10...20 cm.

M3mMeHeHne anameTpa cnvpanu u guamMmeTpa npoBoaa, MCNoJib3yeMoro s HaMoTKuU
peanbHON YKOPOYEHHOW aHTEHHbl, HE OKa3blBAET 3HAYUTENBHOrO BAUSHUS HA BXOOHOE
COMPOTUB/IEHNE aHTEHHbI. Ha MO B3rNaA, 3TO NPOMCXOAMT MNOTOMY, YTO MPU YBETMYEHUN
[uamMeTpa cnupanu aHTeHHa nanydaet 6onee apPekTMBHO, CnefoBaTenbHO, BO3pacTaeT
COMPOTUBIIEHNE U3JNTYYEHUS AHTEHHbI, U BO3pacTaeT ee BXOAHOe conpoTusneHue. MNpu
YMEHbLUEHUN AnameTpa cnupanv, addeKTUBHOCTb U3NY4EHNS aHTEHHOM 3fiekTpomar-
HUTHBIX BOJIH YMEHbLUAETCH, NOSTOMY NMafaeT CONPOTUBIIEHNE U3NYYEHNS, HO BO3pacTa-
10T OV3NeKTPU4ecKme NoTepn B kapkace cnupann. POCT AuanekTpuy4eckmx notepb Npu-
BOAMUT K POCTY BXOAHOIO CONPOTUBIIEHNS CNNPabHON aHTEHHbI.

OueBunaHO, 4TO ANs yBenmyeHns adbdekTMBHOCTN paboThl CNVUPANbHONM aHTEHHbI He-
06X0AMMO MCMONb30BaThb A1 U3rOTOBJIEHNS €€ CrnMpann NPOBOL Kak MOXHO 6onbLuero
nonameTpa U guamMeTp BUTKOB CNMpanu A0/MKeH OblTb MakCUMasibHO BO3MOXHbLIM OS]
NMPaKkTUYECKOro BbIMOSIHEHNS aHTEHHbI. Kapkac, Ha KOTOPOM BbINOJIHEHA CNNPab aHTEH-
Hbl, OO/MKEH UMETb Masble AN3NEKTPUYECKMe noTepn. B KOHCTPYKUMM CNUPanbHOM aH-
TEHHbI XXenaTenbHO UCMOJb30BaTb PABHOMEPHYIO HAMOTKY CIMpPanu.

JobpoTHOCTb cCnupasibHOW aHTEeHHbI

BaxHbIM nmapaMeTpoM CMNMpanbHOW aHTEHHbl ABNFAETCA €e A0OPOTHOCTb. 3HaHue
[DO0BPOTHOCTU MNO3BONUT CYAUTL O NOJIOCE NPONYCKaHWUS, a TakXe CAEeNaTh BbIBOAbI O MEC-
Te pa3MelleHnst YKOPOYEHHOM CrpanibHOM aHTeHHbl. YeM Bbillie AOOPOTHOCTb, TEM y')Ke
€e nosnoca nponyckaHns n Tem 60JblIEE N0 UHTEHCMBHOCTM PEaKTUBHOE MOJIE CO3aeT
aHTEeHHa BO BpeMs nepeaayn. J1lobom npeaMeT B 9TOM PeakTUBHOM MOJE, HAYMHAET No-
rnowaTk ero saHepruio. CosgaeTcs nHtepecHas cutyaums. CnmpanbHas aHTEHHA, UMelo-
was 605bLOoN KOSPDULUMEHT YKOPOHEHMS 1 BbICOKYIO JOOPOTHOCTL, TPEbyeT ang pa3me-
LeHns Gonblue MecTa, YeM crnvpasbHas aHTeHHa, obnagalowas ManbiM KoadduLmMeH-
TOM YKOPOYEHUS U HU3KOM A0BPOTHOCTLIO. B NpOTMBHOM crny4yae, BbICOKOAOOPOTHAs aH-
TEHHA Ha4YMHaeT NPOoCTo 060rpeBaTb OKPYyXatoLLMe ee NPeaMEThI.

OTO Nnerko npoBepsieTcs cneayowmmMm obpa3oM. Ecnm nooknoumte K nepenaTynky
MOLLIHOCTbI0 Bbile 50 BT cnnpanbHyto aHTEHHY ¢ KOaddULMEHTOM ykopoyeHus 6onee 10
(4epes koakcuanbHbI Kabesnb, Ha KOHLE KOTOPOro HaaeThl GeppuUTOBbIE KOMbLA) U NO-
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npoboBaTb Yepes3 HeCKOJIbKO MUHYT 3TN KOJbLia Ha oLWynb, OHK 6yayT TennbiMu. Ho Ha-
rpeBaeT MX PeakTUBHOE NOJie aHTEHHbI, @ HE MOBEPXHOCTHAsA BOJIHA, KOTOpas CTPEMUTCS
YWTU C aHTEHHbI MO onJieTke koakcmanbHOro kabens. B aTom nerko ybeanTbesi, pa3amec-
TUB 3TN PEePPUTOBLIE KOMbLA NPOCTO PSAOM C KoakcuanbHbiM kabenem. OHKM BCe paBHO
o6yayT TennasiMn! MoaToMy NPU KOHCTPYMPOBAHNUM YKOPOYEHHbIX CANPanbHbIX aHTEHH He-
06X04MMO CTPOro NPMAEPXMBATLCS CeayoLEero npaBmna: ecnm KoadgPUUMNEHT yannHe-
HUSA cnnpanbHoOW aHTeHHbl K > 5, Ha KOHLLe koakcuanbHOro kabens uenecoobpasHo ycTa-
HaBNMBATb BbICOKOYACTOTHLIN APOCCeSNb He U3 pEeppUTOBLIX Konel, a B Buae 5-20 BUT-
koB kabens auametpom 10...20 cm.

MHoW Oblnn NpoBeaeHbl N3MepeHnsa JOOPOTHOCTM CNMPasbHbIX aHTEHH AManasoHa
7...28 MI'u, BbINOMIHEHHbIX HA AMANEKTPUYECKoM Kapkace gnametpom 1...10 cm. HamoTt-
Ka crnvpanu aHTeHH bbina paBHOMepPHOI. CnuparnbHble aHTEHHbI, BbIMOJIHEHHbIE Ha Kap-
kace 60JbLLOro AnamMeTpa, HaMoTaHbl NPOBOAOM ANAMETPOM He MeHee 1 MM, aHTeHHbI
Ha kapkace 1 cM 1 4yTb OoNblLEe — NPOBOAOM AMaMeTpoM He meHee 0,5 mm. Jo6poT-
HOCTb onpenensinach no popmyne:

f,
Q :E’
roe f; — 4yacToTa pe30oHaHCca aHTEeHHbI; f, — Nof0ca NPOMNyCKaHWs aHTEHHbI.

B pesynsrate namepeHunii NnoCTpoeH rpaduk 4OO6POTHOCTU YKOPOUEHHbIX CIMPabHbIX
aHTEHH, umetowmx Ky, = 2...10 (puc. 6.10). 19 CnnbHO YKOPOYEHHbIX CNUPanbHbIX aHTEHH
¢ Ky, > 10, nony4yeHHble MHOM pe3ynbTaThl NoKa3anu, YTo A0OPOTHOCTbL B 3HAYNTENLHOMN
Mepe 3aBMCUT OT guameTpa ANSEKTPUYECKOro Kapkaca M 4acToTbl, Ha KOTOPOW Cnu-
panbHas aHTEHHA MMEET Pe30HaHC. [M03TOMY AN CUJTbHO YKOPOYEHHBLIX @HTEHH TaKoro
npocToro rpadurka, KOTOpPbIN NokadaH Ha puc. 6.10 NoNy4nTb HE yAanocCh.

BxogHoe conpomubieHue aHmMeHHH Ha ee kiaemmax Om
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Puc. 6.10. Npaduk [OBPOTHOCTU YKOPOUEHHbBIX CNUPabHbIX aHTEHH

CemencTBo aTuX rpadunkoB NOAXOAMT Kak ANS AUMONbHbIX, Tak U AN HECUMMETPUWY-
HbIX BEPTUKa/IbHbIX CAMPaJibHbIX aHTeHH. OgHaKko, NPU BbIMOIHEHUN HECUMMETPUYHBIX
BEPTUKASbHbIX CMMPabHbIX aHTEHH HEOXWOAHHOCTEN NPU ONpeaeneHnm nx 4o6poTHoC-
T 6yneTt 6onblue. ITO CBA3AHO C TEM, YTO Ha AO0BPOTHOCTb @HTEHHbI B 3HAYUTENLHOWN
CTENEHW BNNSIET COCTOSIHNE «3EMJIN>» aHTEHHbI. [Py pasmeLl,eHnn BEPTMKANbHOM aHTEH-
Hbl Ha4, XOPOLLUO NPOBOASALLEN MOBEPXHOCTLIO MOXHO OXWAATb, YTO €€ JOOPOTHOCTL By-
[ET COOTBETCTBOBATb yka3aHHOM Ha rpaduke puc. 6.10. MNMpu pasmeweHnn BepTukanb-
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HOW aHTEHHbI Haf, NOBEPXHOCTbIO MMEIOLLEN 3Ha4YNTENbHbIE MOTEPU HA BbICOKMX YacTOTax
1 NpU NCMNONb30BAHUU NPU 3TOM COBMECTHO C aHTEHHOW HEDOBLLIOrO KONMYecTBa Npo-
TMBOBECOB, 9KPAHUPYIOLLMX 3Ty MOBEPXHOCTb OT PEAKTMBHOIO MOJS @HTEHHbI, J,OOPOT-
HOCTb @HTEHHbI OyAET HMXE YKa3aHHOM Ha STOM rpaduke.

M3 rpadukoB, nokasaHHbIX Ha puc. 6.9, 6.10, MOXHO caenaTtb BblBOA, YTO Hanbosee
paLMoHaNbHO UCNOMb30BaTh CNMPaNibHY0 aHTeHHY ¢ 5 < K, < 8. AHTeHHa, umeiowas
MeHbLLEE 3HaYeHne Ky rpoMo3/Ka B BbIMNOJIHEHWM, @ aHTEHHA C 60NblnM Ky UMEET BbICO-
Kyl0 0OOPOTHOCTb, U, CIeA0BaTENbHO, Y3KYIO MOJIOCY NponyckaHnsa. Kpome Toro, BOKpyr
3TOW aHTEHHbI BO BpeMsl paboTbl Ha nepenady 6yaeT CyLecTBOBaTb 3HAYMTENBHOE peak-
TnBHoe none. Kak oTMeyanocs Bbille, 3TO NPUBOAUT K TOMY, YTO A/ yCTAHOBKWN aHTEHHbI
C BbICOKOW O0OBPOTHOCTLIO TpebyeTcs 3HauYMTenbHoe cBOOOAHOE MPOCTPAHCTBO, a Ans
BEPTMKANIbHOW CMMPanbHON aHTEHHbI, KDOME TOro, Heo6xoaMMO OyaeT MCNOoNbL30BaATb
MeTanm3aumio «3emnan». B npotnsHom cnydae apdekTMBHOCTb paboThl CNVPanbHbIX aH-
TEHH C 601bLLIMM KO3(PPULMEHTOM YKOPOUEHNS 3HAYNTENBHO CHU3UTCS.

6.7. YKOPOUYEHHbIE CNMpPabHble aHTEHHbI
C EMKOCTHOWN Harpyskowu

Bo MHOrmx onucanusax cnmpanbHbIX pagmoiobUTENbCKNUX @aHTEHH YKa3aHo, YTo AJInHa
NPOBOAHMKA, COCTaABASIOLLErO CMMPasb aHTEHHbI, PABHA YETBEPTU AJINHbI BOSIHbI [8]. O4-
HaKO 9TO OTHOCUTCS K BEPTUKANbHLIM CNUPAJIbHbIM @HTEHHAM C EMKOCTHOW Harpy3KoMm,
KOTOpas NO3BOMNSET NOHN3UTb €€ PE30HAHCHYIO YaCcTOTY OTHOCUTENIbHO HEHArpPy>KeHHOMN
CnvpanbHOM aHTEHHblI NpakTuieckn BaBoe. Ha puc. 6.11 noka3aHa ykopoyYeHHas cnui-
panbHasi aHTeHHa C eMKOCTHOW Harpy3koil. O6paTtuTte BHMMaHWE, YTO aHTEeHHa Bella-
TENbHOV CPEAHEBOJIHOBOW paamMocTaHumu (CM. puc. 6.5), Toxe aBNSETCS YKOPOUYEHHOM
CNMpanbHOW aHTEHHOW C EMKOCTHOW Harpy3Kom.

®PeppumobBbe konbua

¢

Cucmema npomubobecob

Puc. 6.11. CnupanbHas BepTuKanbHas aHTEHHA C EMKOCTHOI Harpy3kom

K coxaneHunio MHe He yAanocb NOCTPOUTL A1 TakUX aHTEHH rpadvikn ans onpeaene-
HUS NapaMeTPOB, KOTOPLIE B 3HAYNTENILHOWN Mepe 3aBUCAT OT KAQ4eCTBa 3a3eMJIEHUs N OT
dOpMbI «30HTMKA» EMKOCTHOW Harpy3ku. Bee e, HeKOTopblE NPakTUYeckme pekoMeHaa-
LMW MO BbINOJIHEHUIO STOrO TMMNA aHTEHH AaHbl HUXE.
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— [nunHa cnupann aHTEHHbI MOXET ObiTb PaBHa YETBEPTU AJINHbLI BOJSIHbI PabOTbl aHTEH-
Hbl. B pe3oHaHC OHa HacTpamBaeTcsa Npy NOMOLLM MPOBOAHVUKOB EMKOCTHOW Harpys-
kn. Yactota paboTbl 3aBUCUT OT KONNYECTBA NPOBOAHMKOB EMKOCTHOW Harpy3ku, nx
OJIVHBI 1 MECTOMOJNOXEHUS OTHOCUTENBHO AHTEHHbI.

— BxogHoe conpoTuBneHmne cnmpanbHOi aHTEHHbI C EMKOCTHOWM Harpy3kom, Kak npaBu-
no, npumepHo 1,5...2 pasa HUXe BXOOHOro CONPOTUBEHUS MOJIHOPA3MEPHON Ccnu-
panbHOW aHTEHHbI, UMEIOLLLEN Cnnpab Takom e BbICOTbl. OTO NPUBOAMUT K TOMY, 4YTO
0151 COrNMacoBaHUS BXOOHOrO COMPOTUBNEHUS 3TOM @HTEHHbI C KOakCuanbHbIM Kabe-
ieM NpUXoamMTCsa NCNONb30BaTh COrMacyloLee yCTPONCTBO.

— JobpoTHocTb npuMepHo B 1,5...2 pa3a MeHbLUe AOOPOTHOCTM NOHOPA3MEPHON Cnu-
panbHOW aHTEHHbI, MMEIOLLEN Crpasb Takom Xe BbICOTbl. CnegoBaTenbHO, nonoca
NPOMNyCKaHUs CNUPanbHOW aHTEHHbI C EMKOCTHOM Harpy3kow 00sblie NonaoChl Npo-
MyCKaHus NOIHOPa3MEPHOM CNMPanbHOM aHTEHHbI MMEIOLLIEN Cnnpab Takom Xe Bbl-
coTbl. MeHee KpUTMYHa cnupasibHasgd aHTEHHa C €MKOCTHOW Harpy3koWm K OKpYyXKalo-
LKMM €€ NOCTOPOHHUM NpeaMeTam.

— OnTumanbeHbIn KO3 DUUMEHT ykopodeHus K, = 2...5. MNpwn 6onbLLIeM 3HA4YEHUN MOTYT
BO3HUKHYTb Npob6aemMbl C ee HAaCTPOIKOM B pe30HaHC.

— Ecnun ang HacTporiku B pe30HaHC MCMNO0JIb3YeTCs HECKOJIbKO NPOBOLHUKOB EMKOCTHOM
Harpysku (bonee Tpex), TO UX ONTUMaNbHasa 4JIMHA COCTABASET NMPMMEPHO NMONOBUHY
OJIVHBI CMMPANV @HTEHHBI, 1 OHM MOTYT pacnonaraTtbcsa nog yrnom ot 90 no 45° k Hel.

— B HekoTopbIX cnyyasx onsg HaCTPOMKN MOXHO UCMOMb30BaTb OAMH UK ABA NPOBOOHU-
Ka eMKOCTHOW Harpy3ku oJNHOMN 3HAYUTENLHO MPEBLILLAIOLLEN AJIMHY CINPANV aHTEH-
Hbl. B TOM cnyyae, ecnu ons HaCTPOMKM MCMNONb3yeTCcs ABa ANAVHHbBIX MPOBOAHMKA,
OHW A0JXHbI pacnonaratbCs B NPOTUBOMOJIOXKHbIX HAMPABEHUSIX.

Mpy NOCTPOEHNN TakKUX aHTEHH CNeayeT NOMHUTB, YTO OHK 6oNee kanpunaHbl B paboTte

1 HaCTPOWKE MO CPABHEHUIO C MOJIHOPA3MEPHbLIMU CMMPaNbHLIMU @HTEHHAMMU, U, KOHEY-

HO, HE0BX0AMMO YCTaHaBMBATb BbICOKOYACTOTHbIE POCCENN HA KOHLLAX KOAKCUaNbHOro

Kabens, NUTaloLLEro aHTeHHY.

6.8. PaboTa cnupanbHbiX aHTEHH HA YacTOoTax rapMOHUK

Mpun n3mMepeHnn Pe30HAHCHbIX YACTOT YKOPOUYEHHbIX CIMPabHbIX @aHTEHH 0Ka3anoCh,
YTO TaK Xe Kak 1N UX IMHENHbIE aHANOorn, OHN MMEIOT PE30HAHCHI HA BbICOKNX FAPMOHMKAX.
MHoOI1 66110 0OHAPYXEHO, YTO BONBLUMHCTBO @HTEHH MMEIOT YETKO BbIPaXXEHHYIO BTOPYIO
M TPEeTblO rapMOHUMKY, B HEKOTOPbIX aK3eMnasipax aHTeHH Obll 0OHapyXeH pe3oHaHC
[aXe Ha YeTBEPTOW rapMoHuke. ns cnnpanbHbIX YKOPOYEHHbIX @HTEHH C EMKOCTHOM Ha-
rPYy3KOl pe30oHaHCHble YacTOTbl FAPMOHKUK TPYAHO NpeackasyemMbl, M03TOMy nx paboTta
Ha Pe30HaHCHbIX YaCTOTax paccMaTpmuBaTbCa He OyaeT.

Ecnn B NIMHENHbLIX aHTEHHAX YaCTOTbl FAPMOHMK KPaTHbl OCHOBHOW PE30HAHCHOW Yac-
TOTE, TO B CNMPasnibHOM YKOPOYEHHOM aHTEHHE 3TOro HeT. PaccMmoTpum, Kak pacnpeaens-
I0TCS raPMOHWNKM B CNMpPasibHON aHTeHHe. 3TU NPOoCTble Npasuna Obin BbiBeAEHbI MHOMN
B XO[,€ 3KCMEPUMEHTOB CO CNNPasbHbIMU YKOPOYEHHBIMU aHTEHHAMMU.

Kak npaBuno, BTOpasi rapMoHuka aHTeHHbl 0OHapyXXnBaeTcsl Ha 4acToTe HeCKOJIbKO
60s1ee BbICOKOM, 4eM yABOEHHasl HacToTa repBoro pe3oHaHca. Hanpumep, ecnv aHTeHHa
MIMeeT OCHOBHOW pe3oHaHc Ha YacTtoTe 7 MI'U, To BTOPOW pe30oHaHC MOXeT 0OHapYXnUTb-
CS1 Ha YacToTe paBHOM nMpumepHo 14,50 MrIu.

Hanbonbluee oTnnyme 4acToTbl BTOPOro pe3oHaHca OT YABOEHHOI0 3Ha4eHNs1 OCHOB-
HOI PE30HAHCHOM YaCTOTbl @HTEHHbI, @ TPETLEr0 OT CYMMbl HACTOT OCHOBHOIO 1 BTOPOIro
pe3oHaHca HabslaaeTcs B CleaylolmMx KOHCTPYKUMAX YKOPOYEHHbIX ChnpasnbHbIX aH-
TEHH:
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— ¢ 60/bWNM KO3DPUUNEHTOM YKOPOUHEHUS;

— C MJIOTHOM HAMOTKOW cnupanu;

— M3 TOHKOro NnpoBoAaa, aguameTpom meHee 0,3 mm;

— HaMOTaHHbIX HA LLeNTbHOM AN3NEKTPMYECKOM Kapkace;
— ¢ maneim (8o 16 Mm) anameTpoM cnmpanu.

B aTux e TMnax MoryT He 0OHaPYXMTbLCA TPETUIN N YETBEPTLIV PE30HAHCHI.

Ecnn cninpanbHasi aHTeHHa HaMoTaHa TOJICTbIM MPOBOAOM (AnameTpom 6onee 1 Mm)
Ha roJsIoM AN31EKTPUYECKOM Kapkace 060/bLLIOro avaMeTpa (Hanpumep, CAe/laHHOM U3
MyCTbIX M/1aCTUKOBbIX OYTbIJIOK) 1 MMeeT HeOOJ1bLLIOV KO3 PULUNEHT yKOpoYeHus (Harnpu-
mep, paBHbiti 2...3), TO 4YacToTa BTOPOIro pe3oHaHca aHTEeHHb! byaAeT UMETb MUHUMAaJIb-
HOE OTKJIOHeHWE OT YABOEHHOM 4aCcTOThl MepBoro. Hanpumep, ecnv aHTeHHa MMeeT nep-
BbIli pe30HaHC Ha 4Yactote 7 Mlu, To BTOpOW MoOXeT 6biTb Ha YactoTe 14,150 Mlu,
a TPEeTUii Ha 4acToTe HECKOJ/ILKO 60Jiee BbICOKOM, HEM CyMMa 4acTOT NepBOro N BTOPOro
pe3oHaHca, T. e. Ha YactoTe 23 MI'L.

[ns 4acToTbl 4ETBEPTON FAPMOHMKN aHTEHHblI JOCTATOYHO ONpeneneHHbIX npasui,
Kak OJ1 BTOPOW 1 TpeTbEeN, HaNTU He yaanocb. MoXxHO chopmMynmpoBaTb TONLKO Creayto-
Lee: yacToTa YeTBepTOVi rapMOHUKN MOXET ObiTb U1 HEMHOIO HUXE, NI 3HAYUTESIbHO
BbILLIE, YEM YYETBEPEHHOE 3Ha4eHNe 4acTOTbl OCHOBHOIO pe30HaHca aHTeHHbl. Hanpu-
MEp, ECNN aHTEHHA MMEET OCHOBHOM pe30HaHC Ha YacToTe 7 MI'L, TO YeTBEPTLIN MOXET
ObITb Ha YyacToTe 27 MIU, T. €. HEMHOro HUXe 4yacToTbl 28 MIU, nnn Ha YyacToTax Bbille
32 Ml'u.

BxoaHoe conpoTtuBieHne Ha 4acToTax BTOPOM v TPETbeV rapMOHMKN aHTEHHbI, Kak
npaBu0, HEMHOIO BbiLLIE€ BXOAHOrO COMPOTUB/IEHUST HA OCHOBHOM 4acToTe pe30HaHca,
a Ha 4acToTe YeTBEepPTOV MOXET OT/In4arbCsl OT Hero B J1obylo 13 cTopoH. Hanpumep,
€CN1 YKOPOYEHHas cnupanbHasa aHTeHHa umeeT BxogHoe conpoTtusneHune 40 Om Ha yac-
TOTE OCHOBHOroO pe3oHaHca 7 Mly, TO C YyBEPEHHOCTbIO MOXHO CKa3aTb, YTO Ha YacToTe
BTOporo (14,5 MI'u) n Tpetbero (23 MIy) oHo 6yaeT paBHO npumepHo 50 Om. OgHako,
€CN1 9Ta aHTEHHA UMEET YeTBEPTLIN PE30HAHC, TO ee BXOOHOE COMPOTUBNIEHNE MOXET
ObITb KakK Bblle, Tak U HUxe 40 OM. ToNbKO NyTEM U3MEPEHMUS MOXHO ONpPeaennTb ero
3HayeHue.

JZ106pOTHOCTb aHTEHHbI Ha YacTOTax BTOPOU 1 TPETbel rapMOHUKM aHTEeHHbI, Kak rnpa-
BWJI0, HEMHOIO BbiLLIEe JOOPOTHOCTY Ha OCHOBHOW YacToTe, a Ha YacToTe YeTBepTol rap-
MOHUKM, Kak rpaswsio, He fpeBbiaeT ee. Hanpnmep, ecnu ykopoyeHHasa cnmpanbHas
aHTEHHa Ha 4YacToTe OCHOBHOIO pe3oHaHc 7 MI'u, nmeet nobpoTHOoCcThb 30, TO Ha YacToTe
BToporo (14,5 MI'u) n Tpetbero (23 M) pe3oHaHca oHa 6yneT paBHa npumMepHo 40.
Ecnu aTa aHTEHHa MMeeT YeTBEPTLIM PE30HAHC, TO ee [OOPOTHOCTL He OyAEeT NpeBbILIaTh
30.

6.9. PaboTa cnmpanbHbiX aHTEHH Ha NPUEM U nepenadvy

Ons BbisBneHnst adpdeKTUBHOCTM paboTbl CriMpanbHOW aHTeHHbl OblI0 NPOBEeAEeHO
CpaBHeHMe npuema, KoTopblii obecneymBana cnupanbHas aHTEHHA U aHTEeHHa Tuna
«AJINHHBIA NPOBOA>» AANHON 41 M. 1N 9TOro OHM NOOYEPESHO NOAKNOHANUCE K MPUEM-
HUKY 6€e3 MCNONb30BaHMS COMnacyloLlmx yCTPOMCTB. [1ns aKkCnepMMeHTa UCMob30Ba-
JI0Cb HECKOJIbKO TUMOB NMPUEMHbIX YCTPOWCTB: CTapble BOEHHbIE NpnemMHmkn P-311, YC-9,
BewaTenbHbii Mumm-001, a Takke ctapble BOeHHble TpaHcueepbl P-105, P-108, P-109 n
COBPEMEHHbIN KOPOTKOBOJIHOBLIN TpaHcmeep K-116.

BbISICHMIOCK, YTO YKOPOYEHHAs CrvpabHas aHTeHHa 06ecneyvymBaeT XOpPOoLUMIA MPUeEM
Ha NepBOWN PE30OHAHCHOW YacTOTE M Ha YacToTax rapMOHUK, EC/IN TaKOBblE MMeNNCb. Ha
3TUX YacToTax HabnoaanMcb GykBasbHO BCMIECKM NpUuemMa pagnocTtaHumin. CnvpanbHblie
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aHTEeHHbl C eMKOCTHOW Harpy3Koi o4eHb NPUAnNYHO paboTanm Ha CBOE OCHOBHOW pe3o-
HaAHCHOW 4acToOTe, HO Ha YacToTax rapMoHuKk padoTa Obina cnabon. B nonoce 4acTorT,
nexatlien mexany rapMoHMKaMn YKOPOYEHHO!M CnnpasnbHOM aHTeHHbl, npuem Obii cna-
Obiti. Mprem pesko yxyalancsa ¢ POCTOM HYaCcTOTbl PabOoThbl @aHTEHHbI MO CPABHEHUIO C €€
OCHOBHOW PE30HAHCHOM 4YacTOTOMN.

Hanpumep, ecnn ykopoyeHHasa cnupasnbHasi aHTEHHA MMena PEe30HAHCHYIO Y4acToTy
7 Ml'u, To oHa obecneyrBana XopoLwuii NpuemM Ha Hel, a TakKe Ha YacToTax BTOPOW
(14,5 MI'u) u TpeTtbeli (23 MIy) rapMmoHunkax. Bonee-meHee CHOCHbLIM Npuem obecneyn-
Bancs Hmxe 7 My n B ananasoHe mexgay Yactotamu 7 n 14,5 My, Ha ananasoHe mexay
BTOPOW N TpeTbel rapMmoHukoin (14,5...23 MIy) npruem yxe Henb3sa Obl1o Ha3BaTb YOOB-
NeTBOPUTENBbHBIM. Bbllle 4acTOThl TPETbEN rapMoHuUkn 23 Ml Nnpuem yxe 6bin HeyaoB-
NEeTBOPUTENEH, aHTEHHA NPUHUMAaNa BMeCTO CUrHANOB PaANOCTaHLUMA UHAYCTPUANbHbIE
1 atMmocdepHble noMexu u WwyMm. Ha yactoTe 4eTBepTon rapmoHmkn 32 MIy aHTeHHa pa-
6oTana Ha npuem KpanHe cnabo.

Bbinv NnpoBeaeHbl 3KCNEPUMEHTLI MO NpoBepke paboTbl HA NPUEM CMMPANbHON YKO-
POYEHHOM @aHTEHHbI C COrnacyoLurM YCTPOUCTBOM (puc. 6.12). MNapameTpbl aeTtanein ong
CcOornacyioLlero yctponcTea npmeegeHsl B [7]. Ha puc. 6.12 nokasdaHa HeCMMMETpUYHada
crnuvpanbHas aHTeHHa, OJHAKO, ONbITbl OblNVM NPOBEAEHbI U C HECUMMETPUYHBIMU AHTEH-
Hamu. BbINO BLISCHEHO, YTO UCMNOJIb30BAHME COINACYOLLErO YCTPOMCTBA HE BHOCUT Kap-
OVHanNbHbIX UBMEHEHWIN B paboTy aHTeHHbI. KOHEeYHO, NpuemM Ha anana3oHe Mexay Yac-
TOTaMW pe30HaHCa aHTEHHbI, YAAN0Ch YNYYLLUTb, HO HE3HAYMTENbLHO, MOCE YacToTbl
TpeTben rapMmoHnkm 23 Ml ncnonb3oBaHWe COrnacyloLlero ycTponcTea He NpuBeNno
K yny4yeHmo adpdeKkTMBHOCTM paboTbl aHTEHHbI.

CnupanbHas
aHmeHHa
Coenacyrowee
yempotcmbo
Geppumobuie e —
KoJ/ibUua ‘ 1z ‘
R
|
( Az
4 ‘
: |
3emaa’ |
cnupanbHoud -t 1

aHmeHHu

Puc. 6.12. MoakntoyeHne cnmpanbHON aHTEHHbI
K NPMEMHUKY Yepes CornacytoLee ycTponcTeo
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Mpn npoBepke paboTbl YKOPOHEHHO CriMpasibHOM aHTEHHbI Ha Nepeaady 6blIn Nony-

YyeHbl MPUMEPHO TakKne Xe pe3ysibTaTbl, Kak U Npu paboTe cnvpanbHOW aHTeHHbl Ha Npu-
eM. B peaynbraTte aKCnepuMeHTOB Obin CAenaHbl Creayowme BolBOAbI:

Hanbonee apPeKTNBHO cnupasnbHas aHTeHHa paboTaeT unu Ha CBOE OCHOBHOW pe-
30HAHCHOW 4YacTOTE WM HA PE30OHAHCHbIX YACTOTaxX rAPMOHUK, HO HE BbilLE TPETLEN;
MCMOJIb30BAHME COMIACYIOLLLEr0 YCTPOMCTBA NO3BONSET paboTaTb aHTEHHE HA YacTo-
Tax HUXEe Pe30HAHCHOM 4acToThl M B Auanas3oHax 4acToT MeXAay 4YacTtoTaMuy BTOpOi
1 TPETbEWN raPMOHUKN aHTEHHBI;

paboTa cnvpasibHOM aHTEHHbl Ha YacToTax Bbille TPeTbel rapMOHUKK Manoaddek-
TUBHA;

€CNN CnupanbHasi aHTEHHA HE PEe30HMPYEeT Ha 4YacToTax BbICLUMX FAPMOHUK, TO €e
cnenyeT UCMoJIb30BaTh TOMILKO HA OCHOBHOM PE30HAHCHOM YacToTe, Ha OCTallbHbIX €€
paboTta 6yaeT HeyooBNEeTBOPUTESbHOIA;

crnupanbHas aHTEHHA C EMKOCTHOW Harpy3kor Hambonee adpdekTuBHO paboTaeT
TOSIbKO HA OCHOBHOW PE30HAHCHOM 4acToTe MM Ha YacToTax BbICLUMX FrapMOHUK. Ha
OManas3oHax Mexay 3TMMUK YacToTamum paboTa 3TOro TMna CnMpanbHOM aHTEHHbI Ma-
noadpdekTneHa.

PacyeT yKOPO4YEHHOU crnnpasibHOV aHTEHHbI
anana3oHa 40 m

[ns N3rotoBneHns HeCMMMEeTPUYHO BEPTUKANbHOM aHTeHHbI (puc. 6.13,a) Heobxo-

ONMO HaMoTaTb Ha Kakoin-nmbo amanekTpuyeckuin kapkac 20 M npoBoga AMamMeTpoM OT
10 mm o 10 cm. mnonbHas cnvpasbHas aHTeHHa (puc. 6.13,6) cooepXuT yxe Ose Ta-
KME MONIOBUHKM.

lTonomHo aHmMeHHb
cocmoum u3z 22 m npobBoga

Bocoma aHmeHHB H mMoxem bbimb
H om 5m, K=2,
go 1 m K=10

Peppumobuie koabua

Cucmema npomubobecob

a)
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Kaxgoe nnedo gunong
cocmoum u3 22 m npoboga

®Peppumobue
Kobya

Lna aHmeHHb L gauHou
om 10mM, K=2,
go 2Zm, K=10

6)

Puc. 6.13. YkopoueHHas cnvpasnbHas aHTeHHa ananasona 40 m:

a — HeCMMMeTPpUYHasa BepTukanbHaa aHTEeHHa, 6— CUMMETPUYHaa AnnosibHaa aHTeHHa

OnnHy npoBoda AN CNUpany aHTeHHbI Jiydlle B35Tb ¢ HeGoblKM 3anacom, 60b-
wurm Ha 5...10% pacyeTHOW ANnHbLI, UK, B HALLEM ciyyae OfMHOM paBHon 21...22 m. Ing
paboTbl HECUMMETPUYHOW BEPTUKasbHOW CNUpPasibHOM aHTEeHHbl UCMNOMb3YIOT HE MeHee
Tpex 4YeTBEPTbLBOSIHOBLIX MPOTUBOBECOB. YTOObI BNUSHNE KOaKkCuanbHOro kabens Ha pe-
30HAHCHYIO 4aCTOTY YKOPOYEHHOW CrpasibHOM aHTeHHbI 6110 HEOObLUMM, HA KOHLLE KO-
akcuanbHoOro kabens, NoAKA4YaeMoro K aHTeHHe, 06sa3aTenbHO ycTaHaenueaoT 10-20
deppuUToBbIX KONeL,. ITO KacaeTCs Kak CUMMETPUYHbBIX AMMNOMbHbIX, Tak U HECUMMETPUY-
HbIX BEPTUKA/bHbIX CAMPANbHbIX aHTEHH. ECnn KoaddUUMEHT yannHeHUs cnupanbHon
aHTeHHbl NpeBbllaeT 5, Ha KOHUE KOoaKCcuanbHOro kabensi, NUTaloLero aHTeHHy, uene-
C0006pa3HO yCTaHaBAMBaATb BbICOKOYACTOTHLIA APOCCENb HE U3 PEPPUTOBLIX KONEL,
a B Buae 5-20 BUTKOB KoakcuanbHoro kabens, auameTtpom 10...20 cm.

lMocne U3roToBneHNs aHTEHHbI MEPEXOAAT K €€ HACTPOKe Ha 3a4aHHYI0 PE30OHaHC-
HYIO 4acToTYy.

Ana namepeHus ee pe30HaHCHOW YaCTOTbl CNUPANbHOM aHTEHHbI UCNONABL3YIOT BbICO-
KO4YacTOTHbIN MocT nnun N'MP cornacHo puc. 6.7, 6.8.

Ecnn pe3oHaHcHas yactoTa OTiM4yaeTcst OT 3aaaHHon 6onee, 4yeM Ha 15%, TO npu
MOMOLLM N3MEHEHMNS OJIMHBI NPOBOAA CANPANN aHTEHHbI NPOVU3BOAAT NPEABAPUTENLHYIO
MOACTPOVKY PE30OHAHCHOWM YaCTOTbl aHTEHHbLI. ECNn OHa HMXe 3a4aHHON, NPON3BOAAT OT-
MOTKY 4acTu BUTKOB CAMPAIN aHTEHHbI, ECNN BbILLE, YBENNYMBAIOT OJIMHY NPOBO4A CMn-
pann. Ha kakyto asiHy HeoOXOANMO U3MEHUTb NPOBO, MOKAXET 3KCNEPUMEHT.

3aTeM ecnn okaxeTcs, YTO pe30HaHCHas YacTtoTa oT/MyaeTcss OT HeobXxoanuMol He
6onee 4yemM Ha 5%, NPOM3BOAAT MIABHYIO HACTPOKMKY @HTEHHbI: €C/IN OHA HUXE pPacyeT-
HOW, TO YaCTb BUTKOB NEPEMELLAIOT BBEPX K OTKPbITOMY KOHLYy @HTEHHbI, T. €. CO34al0T
6onee NNOTHYIO HAMOTKY; €C/N BbilLE, TO YaCcTb BUTKOB NepeMeLLaloT K To4KamM NUTaHus
A@HTEHHBI, T. €. co3aaloT TaMm 6onee NIOTHYD HaAMOTKy (puc. 6.14). NMNOTHOCTbL BUTKOB
cnmpann onpenenseTcs aKCnepuMeHTanbHo. [na ganbHenwen nnaBHOM peryampoBKy
4acTOThbl pe3oHaHca MOXeT OblTb MOHaA0OMTCA CO34aTb MOBbLILLIEHHYIO MJIOTHOCTb BUTKOB
cnnpanu B KakoM TO onpeaenieHHOM MecTe aHTEHHbI.

199



[lepemeweHue BumxoB cnupaiu
K KOHUaM aHmMeHHb gaa nobbiweHus
Yacmoms pe30HaHCa aHMeHH®b
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[lepemeweHue Bumxob cnupanu
K KOHUaM aHmMeHHb gas nobbiweHus
yacmoms pe30HAHCa aHMeHHb
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Puc. 6.14. NnaBHoe n3MeHeHEe PE30HAHCHOW YaCTOTbl @HTEHHbI

lMocne n3amepeHns pe3oHaHCHOM 4aCTOTbl aHTEHHbI K HEN MOAKAOYaT Koakcuanb-
HbIli Kabenb U U3MepPsOT BXOOQHOE COMPOTUBIEHNE HAa KOHLe 3TOoro kabensi. B cnyyae
HEeobX0AMMOCTM NPON3BOAAT OKOHYATENbHYIO NOACTPOMKY.

6.11. YcTaHOBKa YKOPOYEHHOW CNUPasbHOW aHTEHHDI

YKOpOYEHHbIE CnvpasibHble aHTEHHbI MPOCTbI B U3rOTOBIEHMM U HAcTpoike. Huxe
[aHbl COBETbI, KOTOPbIE MO3BOJIAT CMPOEKTUPOBATL MX AJ1s1 HAPYXXHOW YCTaHOBKMW B FOPO/L-
CKWX YCITIOBUSIX, B KOMHATE W/ Ha CTEHe AoMa.

Bbibop mecTa 4151 pa3MeLeHns

CHayana HeobxoaQMMO HaMTU MecTo ANl YKOPOYEHHOM crnmpanbHOM aHTeHHbl. Ecnu
LOM BbINOSIHEH M3 BETOHA, TO aHTEHHY MOXHO YCTaHOBUTb Ha GankoHe UM B Npoeme
OKHa. Ha 6ankoHe MOXHO YCTaHOBUTb AOCTATOYHO rabapuTHbIE CNUPAbHbIE AHTEHHbI,
€C/N OH HEe OY€eHb 3arpyxeH pas3nuyHbiMU BelamMu. B npoeme okHa KONMyYecTBO BapuaH-
TOB YCTAHOBKW OrpaHNyYeHo, aHTEHHA MOXET ObITb YCTAHOBNEHA UNN NEPNEHANKYNSPHO
OKHY (puc. 6.15,a,6), nnn no guaroHanu (puc. 6.15,8).

Jlyq4winm BapnaHTOM yCTaHOBKW CMMPanbHOM aHTEHHbI B GETOHHOM JOME MOXHO CUU-
TaTb €€ YCTAHOBKY Ha CTeHe. B 3ToM cnyyae BOKPYr yKOPOYEHHOM CNMpPanbHOM aHTEHHbI
6ynet cBob60aHOE OT NOCTOPOHHUX NMPEeAMEeTOB NPOCTPAHCTBO, YTO BaronpuUsaTHO cka-
XeTcqa Ha ee paboTte. CnupanbHasg aHTEHHA MOXET ObITb BoIHECEHA OT CTEHbI OMa NMpwu
NMOMOLLM OEPEBSIHHOW UMM MEeTanan4yeckor mautel. XenaTtenbHo, 4To Obl ANMHA MayThbl
Oblna He MeHee OJINHbI CaMOW aHTEHHbI.
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