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NPEQUCIIOBUE K 5-N YACTM

...FoBopsT, 4TO6LI NO-HACTOSLLEMY MNOHSTL KHWUTY, HYKHO YWUTaTh
€€ CTONbKO BPEMEHN, CKONbKO aBTop ee nucan. He 6yay sam co-
BETORATHL WMTaTh €€ 2 rofa (a NPUMEPHO CTOMLKO OHA Y MEHsi OT-
Hana). Ho Bce xe nyulie He cnewmTs v, N0 BO3MOXHOCTH, BYUTDI-
BaTbCs U BAYMBIBATHCS .

Ho crauana Heckonbko oGsa3arensHbix GOpManbHOCTENR.

313 KHWUra ABNSETCS NPOAOIPKEHNEM OONBLLIONO aHTEHHONO Crnpa-
BO4HUKA. Ero nepsble YeThbipe yactu:

1. Fonuaperko U.B. Axtennbl KB v YKB. Yacts |. Komnsiotep-
HOe mopenupoeanne. MMANA.— M.: UM Papuocodrt, xypHan «Pa-
avo», 2004.

2. TonuapeHko W.B. AntenHbl KB n YKB. Hactb Il. Anrennb. Oc-
HOBB! M NpakTuka.— M.: UM PapuocodT, xypHan «Pagno», 2004.

3. Fonuapenko N.B. Antennbl KB u YKB. Yacts lil. MpocThe
KB antenHb.— M.: UM Panuocodr, xypnan «Panno», 2005.

4. Fonuapenko W.B. AHteHHb KB u YKB. Yacts IV. Hanpasnen-
Hble KB anTtenHbl. CuHdasHbie U NpoaonbHOro uany4eHust.— M.:
U Papnocodr, xypuan «Panno», 2007.

XKenarenbHo (HO He 0653aTENBHC) C HUMK NPENBAPUTENBHO 03-
HakoMuTCAa. Ecnu Bbl nx yxe uutamm (xots 6 2-10, 3-10 1 4-10), 10
AanbHelllee npegvcnosne MOXeTe nponyckarb. Huuero Hosoro
Tam ana Bac He Oyger.

Tenepb HECKONBLKO CAIOB K TEM, KTO HE YnTan Npeabiayuine 4ac-
TM. 3Ta KHUra SIBNSIETCS MATOW YACTHIO NOIrOUFPAIOUEr0 aHTEH-
HOro cnpasouHuka. OAHAKO AHTEHHbL 3TOr0 CAPABOYHWUKA AaHbl
HE TONbKO B Buae OYMaXHbIX PUCYHKOR, HO u Kak ¢aiinb moae-
Neil. IT0 HAMHOTO YBENWUMAO KOAMYECTBO MHQPOPMALMK, TaK KaK
ecnn Ha Gymare Ha Kaxayl aHTeHHy AaTk NOAPOOHBIE YepTexu,
napamerpb!, rpadurkn, TO 3TO0 NEPErpy3nT KHWIY W COENAeT ee
HeunTtaemoil. OpgHako BCs 31a MHPOPMaUnst 3BNEKAETCH u3 ¢daii-
na mopenu. Bonee TOro, UCnonb3ys MOAENb, Bbl MOXETE UCCRE-
AOBATb U U3MEHSTL AHTEHHY.

daiink Mogeneit aHTeHH, YNIOMUHAEMbIX B KHAFE, OTKPLIBAIOTCS
NPOrpaMmMoi MoaenMpoBaHus aHTeHH GAL-ANA. Ee MOXHO HaWTn

indexr.htm.

Ecnn e sbl XOTUTE NKLL NPOCMATPUBATL U BHIYUCASATL (aiiinbl
(TO ecTb UCNONL30BAaTL UX MULLL KAK PA3BEPHYTHIE MAMIIOCTPaLMK),
TO AOCTATO4HO uMeTb aemo-sepcuio GAL-ANA. Ona nonHocTbio
noKasbiBaeT u BbiHUCHAET (Palinbl, YNOMsHYTbIE B 39TOW KHMUre.
Mpasga, Bam npupercs 6parb MX HE M3 NPOrPaMMbl, a CKauMBaTh

13 online Gubnnorekn ://di2kq. mana/4- . K coxane-
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HWIO, N0 KONPaUTHBIM coobpaxerusm nanka ...\ANT\ pemo-eep-
cum GAL-ANA conepxXuT anib HECKONLKO Gainoe *.gaa, noxkasbi-
BaIOLWMX BO3MOXHOCTY NPOTrPaMMbl.

He nyratitech, ecnn Bbl HUKOrAa ve paboranu ¢ mopenmpos-
wwmxom. [na npocmorpa 8 GAL-ANA pnOCTarouHO OOHOU KHOMKU
MpocmoTtp HA NaHenmm VMHCTPYMEHTOB. Haxae ee, Bbl MOXETE ne-
peMeLLaTeca Mo cnucky ¢Gainoe, u aHTeHHb! atmx ¢aitnos CynyT
HememneHHo, 6e3 kaknx-nmbo AercTBMiA C BaLiei CTOPOHLI, NOKa-
3aHbl HA 9KpPaHe. 3TO NONHasi aHANOTUs IMCTaHNs ByMakHOTO cnpa-
BOYHMKA. HO B OoTAvune OT nocnenHero, mobyio n3 npocmarpmea-
E©MBbIX aHTEHH MOXHO TYT X€ BbINUCIUTbL, HaXaB kHONKY Tyck. Takum
06pasom, BaLLE MUHUMANTLHOE 3HAKOMCTEO C NPOTPaMMOit MOXET
ObITh OrPaHNYEHO ABYMSI KHOMKaMK.

Ecnv y BaC 0fHA M3 3apErmMcTPMpPOBaHHbIX BEPCUIA GAL-ANA,
TO B ee kopHesoi nanke ...\ANT\ coaepxarcsi 8Ce nanku u daiinb
*.gaa MoAefiell aHTEHH, YROMSIHYTbIX B aTon kuure. Bbl mMoxete
BBIMUCNATL, PEAAKTMPORATE, ONTUMU3MPORATb, UCCNEAOBATL BHTEH-
Hbl, ONUCaHHbie B 9TUX ¢aiinax. To ecTb UCNoNL30BATH UX KaK 6a3sy
L5 NPOEKTUPOBAHNA CBOMX BHTEHH.

Xoten 6bi, 0AHAKO, NPEAOCTEPE L. NPOEKTMPORAHNE HOBOW aH-
TeHHbl — NEeNo TOMLKO KAXyLeecs Npocthim. Jla, cepenc GAL-ANA
Cyu1lecTBEHHO O6ner4aeT n yckopser avy paboty. Ho HeobxoaumMo
noHuMaHue Gusn4eckux NPoUECccoB, NPONCXOASLLMX MMEHHO B NaH-
HOi aHTeHHe. HayunThes Haxmmarb kHonku B GAL-ANA nerxo. Cno-
coBHbIA HYenoBEK MOXET BCE YNpasfeHue 33 OfMH AEHb 3anoMm-
HWUTB. A BOT MOHMMATHL A0 TaKOl CTENeHu, YT06s CaMOMy ABUFaTHCS
panblue, TPYAHO. Heckonsko 00nerynTs 3T0 — Uenb AaHHOW KHuru.

Ccbinku Ha pyucyHku, naparpadbl, pasfensl u rnasbl, HAYMHAIO-
uwmecs ¢ undpp 1...7 — 310 CCbKN HA NPEABIAYILME HACTH KHUIW.

B 0603HAYEHUSIX 3arofioBKOB COXPaHeHa MPEXHSAs CTPyKTypa
(opHa umdpa B 3aronoeke — rMasa, Be — Pa3fen B rnase, Tpu
u 6onee — naparpacdb B pasgene) v NPoACXKEHa HyMepalms nep-
BbIX Tpex wacTteil. Homepa puCyHKOB m Tabnuy, CoCTOAT U3 HOMepa
pasgnena (nepsbie A8E uMdPb) 1 TEKYLLIEro HOMEPa PUCyHKa umm
Tabnuupl B [@aHHOM pasaene. Beaae, roe He OTMEYEHO ocobo, uc-
NONBb3YIOTCS CTAHRAPTHBIE PA3SMEPHOCTU: OM, BOMLT, aMnep, MeTp.



CNMUCOK NPUHATDLIX
B 5-1 HACTU OBO3HAYEHUN

3pecb npueelieHbl, BCTpeualomecs 8 5-i wactn 0603HaYeHus
" CokpatleHus. KOHe4HO, NPy NEPBOM YNOMUHaHUM B TEKCTE 060-
3Ha4eHne packpbITO, HO KOrAa HapO HaTU 3TO nNepBoe YNoMw-
HaHue, ObiBaeT Henerko. Mo3ToMy ece o6o3HaueHus (He BCe CO-
KpawleHusi, a vk TE, KOTOPHIE BCTPEYAIOTCH MO HECKObKO pas
1 B PA3HbIX MECTax) BbiHECEHDB! CIOAa.

A, — asuMyTanbHas WiMpuHa Hepabounx 30H AaHTEHHB C ne-
pexniouaemMoii H.

Bmn — rapaHTMpOBaHHO AOCTMXMMOE ocnabnenve nomexw,
npuxoaswieid ¢ NPOU3BONLHONO a3UMYTa As aHTEeHHb!
¢ nepexkmouaemoii [H.

BW — nonoca aHreHHbl. Ecnu He ykasaHo MHOe, TO 1O ypoB-
HIO KCB < 2.

€ — CKOPOCTL CBETA.
D — pupexTop. Lndpoeoit nnaekc nocne Gykeb 0603Ha4a-
€T HOMEp AupPeKTopa.

F/B — oTHOweHve uanydeHuii Bnepepn/Hasan, a6bpesuarypa
ot aHrnuinckoro Front/Back.

Ga — ycuneHue aHTeHHb B dBi.

H — ropusonTanbHas nonspusauus.
jXa — peaktugHas 4acTb BXOAHOIO CONPOTUBACHWUS AHTEHHDI.
Q — #O6POTHOCTB.

Qxx — xonocras [OOPOTHOCTS.

QQ — Qubical Quad, Cubical Quad. [ieyxaneMeHTHas pamou-
Has BHTEHHa «ABOWHOV KBALpAT».

R — pednexTop.

Ra — akTnBHas 4acTb BXOAHOFO COMNPOTUBACHWUS 3HTEHHD!.

Rn — conpotusnenue noreps.

RDF (receiving directivity factor) — ¢paktop HanpasneHHoCTM
NPUEMHOA aHTEHHH. [MO-pYCCKN TakkKe Ha3LIBAETCS KO-
3G PUUNEHTOM HANPABNEHHONO AENCTBUS AHTEHHDbI.

V — BEPTUKaNIbHASA NONSIPU3aUuMs.

AG — MaKCUMANLHBIA NPOUTPbILl B YCUIEHWN 3HTEHHB! C Ne-
pexmoqaemMoit [iH. Mokaabigaer, CKOMbKO Mbl NOTEpS-
em B curHane, eciu DX 6ynetr ¢ camoro HeypauHoro
HanpasneHus.

€ — ANBNEKTPUHECKaS NPOHULIAEMOCTD.

A — ANMHAE BOMHBL.

© — ypenbHas nposoanMocTs 3emnu MC/M. Mnu paccros-
HUEe Mexay anementamn JIMA. YBol, 6yke yxe He xBa-



TaeT, NO3TOMY YTO MMEHHO O3HaYaET G B KOHKPETHOM
MecCTe: NMPOBOAMMOCTL WM PACCTOAHWUE, BAM NPuAaET-
CSl NOHUMATL M3 KOHTEKCTA.
T — Nepuoj reOMETPUHECKON NPOrpeccumn USMEHeHus pas-
MepoB anemeHToB JIMA.
Za — KOMMIEKCHOE BXOAHOE COMPOTUBJIEHNE AHTEHHL!.
Z0 — BOMHOBOE CONPOTUBNEHNE JINHUNA.
Z3 — KOMIfIEKCHOE BXOAHOE OAHOrO 3/IEMEHTA 3HTEHHH! C aK-
TUBHbLIM MUTAHUEM.
Ab — antenHa besepenxa
OH — pmarpamMa HanpasneHHOCTU.
EH — emkocTHaa Harpyska.
Ky — k0addrumeHT ykopoueHus.
JINA — noronepnoanyeckas aHTEHHa.
CY — cornacyiowee yCTpomcTBO.
DYX — Pa30-4aCTOTHAS XAPAKTEPUCTUKA.
HIMT — wmpokononocHbIn TpaHcgopmMaTop.
SMB — a25neKkTpOMarHuTHasi BOMHA.



8. YKOPO4YEHHbBIE HAMPABJIEHHbIE
AHTEHHbI C NMACCUBHbBIMMU
SJIEMEHTAMM

O1a rnasa 06 aHTeHHax w3 pasgenos 7.2...7.7, koTopuie (aH-
TEHHbI, 8 He Pasfienst) NPUUNOCH GU3NHECKU YKOPOTUTL. [loueMy
ux yxopauunsalor? Jla notomy xe, 4T0 ¥ NPOCTble aHTEeHHb: HE OT
XOpOLUet XU3HK, a OT HexBaTku MecTa u cpeacTs. KoHeuHo, YKo-
PONEHHBIE AHTEHHb BYAYT XyXe NONHOPa3MepHbiX (pasnen 3.7).

B rnase 8 Mbl PACCMOTPUM FpaHnLbl, 10 KOTOPLIX eLle pasyM-
HO YMEHbLUATL PasMepbi, CNocobbl YKOPOUEHUA U KOHCTPYKLMK Ha-
NPABAEHHbLIX aHTEHH MPOAOALHOIO U3NYYEeHUst G NacCUBHbLIMU ane-
MEHTaMU.

Bce mopenu, ynoMMHaembie B 310 rnaeBe, HaxopsaTcs B nanke
--.ANT\Short beams\.

8.1. NpuHUUnNbI
u obnacrp UCNOJNIL3OBAHUSA

Konuuecrso aneMeHros. HonyCruMeie rpaHuubl yKOpO4eHus
aHTeHHbl Yaa-Srn. YKopouenne nHOyKTUBHOCTBIO. YKOPO4EHNE KOH-
LeBoii eMKOCTBIO. JJonyCTuMBbIe rpaHnLsl KO3guumeHTa yKkopoye-
HUSs1 «QBOHOIO KB3ApPaTa».

8.1.1. KonuyeCcreO 3NEMEHTOB

YKOpauMBaloT B OCHOBHOM [ABYX3NEMEHTHbIE aHTeHHbl. OueHb
penko — TpexaneMeHTHoie. Ho NONTH HUKOTAA HE NPUMEHSIOT YKO-
POYEHVE AHTEHH G 4MCNOM 3reMeHToB 4 u Gonee. Mouemy?

Mpuunn ase. MepBas: Npy YKOPOHEHUM YMEHLLUAIOTCS PasMepsbt
3NIEMEHTOB, HO PACCTOAHME MEXAY HUMU, ONPEAENSIOLLES NpaBWb-
Hoe pacnpenenexue TOKOB (n. 7.1.3), OCTAETCs No4TV HEenaMeH-
HbIM (UCKITIOYEHVE U3 3TOro NPaBuNa — ABYX3NEMEHTHbIE aHTEH-
Hbt YOa-Srv ¢ eMKOCTHBIMK Harpy3kamu, cm. n. 8.1.2.2). MNoatomy
He MMEET CMbICNA YKOPAuMBaTb aHTEHHb! C JUIMHHOW TpaBepcoi.

Hy, YKOPOTMM Mbt 3/IEMEHTb], HO rabapuTsl KOHCTPYKUMK U paau-
yC NOBOPOTA M3-33 [/IMHHOI TPaBepChi OCTaHYTCst GonbLumm. Cne-
[OBaTENbHO, YKOpauuMBaeMas aHTeHHa AOKHa WMETb TpaBepcey
MEHbLLE, YeM LUMPUHA NONHOPA3MEPHOTo INemMeHTa, To ecTb <0,5h
ona yaa-9m v <0,250 ang aHTeHH G PamMoHHbIMKU 3neMeHTamu.
A 3TO COOTBETCTBYET A1BYM W TPEM 3nemenTam (nn. 7.2.3 n 7.6.2).

Bropas npuunHa OrPaHUHKMBAET HUCNO 3/IEMEHTOB AaXe B TOM
cnyyae, KOrfla Mbl HE OrPaHUHEHbl MEX3fIEMEHTHBIM PaCCTOARN-
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€M, Hanpumep BepTukanbHas Yaa-Aru us GP, croaumx Ha 3emne
{ACHO, 4TO B 3TOM CNy4ae YMEHbLLUATb BbICOTY 3NIEMEHTOB Mbi MO-
XEM He OHEHb OMNAALIBasACL Ha BONbLIOE PACCTOAHUE MEXAY HUMK).
Mpy ykopo4eHun aNeMEeHTOB B HanpaBneHHo aHTEHHE OueHb pes-
KO CYXaeTCs nonoca.

MoMUMO TOro, HTO CaM YKOPOHEHHbIA aneMeHT Oonee y3kono-
noceH (n. 3.7.1.2) v B nonHopasMepHoil aHTEHHe MNonoca nazaer
C POCTOM HMCNa 3NEMEHTOB, Ha yMEHblueHue nonocu paboraer
ewe ogHo obcroatenscTBo. Kak mbt nomunm 13 n. 7.1.3, npasuns-
Hoe (obBecneunBaioiLiee xopotuyio opmy [JH) pacnpenenenue toka
no aneMmeHTam obecneunBaercs 3a cuerT casura ¢asnt Ha PYHX nac-
CUBHOIO 3NMEMEHTA, KOTOPbLIA MOXHO paccMaTpuBatb Kak koneba-
TEenbHLI KOHTYP.

A y KOPOTKOro aneMenTa Ao6pOTHOCTL BHILLE YEM Y NONHOpas-
mepHoro (n. 3.7.1.2). Tem Buille, 4eM CUNbHEE ykopoveHue. 3ua-
unT, $a30Bbil caABUM MeHsieTcs BbiICTpee NpK U3MEHEeHUN HacToThl.
Mo3aToMy B YKOPOHEHHOI HanpaBneHHON aHTeHHe nPpaBunbHOe pac-
npefieneHne TOKa HapywaeTcs Npu MEHbLUEM U3MEHEHUW HacTo-
Tbl, HEM B NONHOPA3MEPHON.

JocTvxumas OTHOCUTENbHAA MONOCA YKOPO4YEHHLIX YeTbipex-
3NEMEHTHBIX aHTEHH He NPEBbLILLAeT AECAThIX Aoneit %, uTo nuwia-
eT Takue KOHCTPYKLMM MPaKTUNECKOro CMbicna: 6onbiuoit pacxon
cun 1 marepuanos, a pabora nuiub B Manoit yactu [uanasoHa.
Jlydtue yxX HECKOSIbKO YBENnHnTL 3NEMEHTHl 1, BuiBpOCUB ueTBep-
Thiil, NoAyuTL Gonee-meHee TEPAUMYIO NOAOCY OT TPEX 3neMeH-
toB. Kcrami, npy Takoit npoueaype MOXHO BbUMPaTb HE TOMLbKO
AONOCYy, HO U ycunexue u3-3a Gonblero pasmepa anNemMeHToB.

A [0 KaKoro npeaena MOXHO YKOpauuBaTbh 3NEMEHTHI?

Hy, ecnu ue nhtepecoBatuc yeunennem Ga, KN v nonocofi,
10 po MoBoro. Yx Ha CAHOM 4acToTe U NPV NPOU3BONBLHO HU3KOM
KIJ, xopoluyio auarpammy HanpaeieHHOCTY Mbi BLDKMEM HacTpon-
KOl NaCCUBHbLIX 3NEMEHTOB.

Ho, kak npaBuno, peub WAET O NepPepalolleil aHTeHHe, u aoc-
TvxeHue npuemnembix 3Hasenuii KMNJ v Ga BoixooMT Ha nepBbii
nnaH. TyT HAIO ONPEAEenuTLCH, HTO SBNAETCH AR BaG npuemne-
Mbim. TTOCKONbKY OAHO3HAYHBIX KPUTEPUEB M rpaHunl, He cyule-
cTBYeT (To4HEe, CyLIEeCTBYIOT, HO UHAVBUOYANbHLIE AN KAXAOro
cnysas u paspaboTyvnka), NPUAETCS CTPOUTL Y aHANM3NPOoBaTh rpa-
Pukn. HYTobbi HE YTOHYTH BO MHOXECTBE PUCYHKOB U uudp, orpa-
HUNMMCS ABYMSl OCHOBHbIMM CROCOBaMi yKOPOUEHWN: WUHAYKTUB-
HOCTHIO B MAKCUMYME TOK2 3NEeMEeHTa ¥ €MKOCTHLIMU Harpy3kammu
B Makcumymax Hanpskenusi. Bce octansubie cnocobu ykopove-
Hua (varubom, uanomom, kombuHaumen — cMm. pasaen 3.7.) aens-
I0TCS NPON3BOAHBIMU OT 3TUX ABYX.
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Takxe paccMoTpum a1 fBa cnocoba NPUMeHuTenbHo K OBYM
OCHOBHbIM TMNaM HaNpPaBNEHHbIX aHTEHH NPOAONLHOIO U3NYHEHUS:
Yna-firn v nByxanemMeHTHbIX KBaApaTos.

3M Mbt 1 3aliMeMCst B ABYX cneayioumx naparpadax 8.1.2
u 8.1.3.

8.1.2. fonyctumblie rpannubl koaduumeHTa
YKOPO4YEHMA aHTEeHHb Ypna-firm

8.1.2.1. Ykopo4eHvie MHAYKTUBHOCTHIO

Kak mbt 3naem ua n. 3.7.2, 310 cambiit Heah$EKTUBHLIA Cno-
€006. Ho #3-32 KOHGTPYKTMBHOIA NPOCTOTH OH UCNONL3YyeTCca npw
HEOONLLLOM YKOpOHEeHUN,

Ha puc. 8.1.1 nokasaHbt 3aeucumoct Ga o7 koapduumenTa
YKOpOH€HUA pnst ABYX3aNEMEHTHOW aHTeHHul Ypa-frv guanazona
20 M © KaTylUKamMu B CepeamHe Kakaoro 3nemMeHTa.

o T
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8 I
g ° 7/ &
g 4 4 5
8 3 /| d
o /
= 2 V4
% 7
/ /

bl '
g0 i -o- 2 3n., nposonoka 2 MM, Q = 300 [T
g 1 7 ——2 3n., an. 1pyba 20 mM, Q = 700[7 ]
o /
T -2
]
S 3
£ /

-4 1

02 03 04 05 06 07 08 09 10
KoathpurueHT yxopoueHus 2 an. Ypa-firu

Puc. 8.1.1
BepHee, ana AByx TaKux aHTEHH:
1. OnemMeHTLl U KaTyLUIKW BLINOAHEHb U3 NPOBONOKK 2 MM, XO-
nocrtaa no6poTHOCTL KaTyek Qi = 300 (xopoluvie NpoBONCHHLIE
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karywku). Takas aHteHHa npu Ky = 0,7 nokasaHa B daitne
...2el_Uda_Wire.gaa.

2. 3nemMeHTbl BHINONHEHB 13 TPYD anamerpom 20 MM, a xonoc-
T1aa pob6poTHOCTL KaTywek Qu = 700 (o4eHb xopoiume KaTyiiky,
HAMOTaHHbIE NPYTKOM unu Tpybkoit). Takas anteHsa npu Ky = 0,65
nokasaHa B ¢aiine ...2el_Uda_Tube.gaa.

B ofoux BapuaHTax pasmepst A1eMEeHTOB OAUHAKOBBL, HAaCTpoiika
OCYLLECTBNAETCS KaTyLKamu.

Mpu noctpoeHun rpadpuka GAL-ANA wkana UMHOYKTMBHOGTH,
paccTosHue Mexay anemeHTamu u cnocob BKI0YEeHUs NacCUBHO-
rO 3nemeHTa, OOHOBPEMEHHO Mo KpuTepusm makcumymos Ga, F/B
¥ MUHUMYMA jXa.

MNpepbiayuiee npepnoxeHne He ¢GopmanbHas AaHb TPaaULMOH-
HOMY ONUGaHuIo rpaduka, a onucanue obllero noaxoaa u K no-
cTpoenmio rpadmkoB aToro naparpacda, u K npaxTm4eckoMy npo-
€KTUPOBAHUIO YKOPOHEHHbIX HANPaBneHHbIX aHTeHH. B camom pene,
HaM HAZO HE TEeOPETUHECKOEe UCCRepoBaHue, a 3HaHUWE Kak npu
3anaHHOM Ky coenatb HanpaBaeHHYIO aHTeHHY 1 Hero OT Hee Xnarthb.

B pesynstare Takoro nogxoaa ontumuaauma obHapyxuna, urto
npn Ky < 0,92...0,95 B ABYX3NEeMEHTHON aHTeHHe Yaa-frm ¢ ka-
TYWKaMy NACCUBHLIA BNEMEHT AOMkeH ObiTb He AMPEKTOPOM (xak
B MONHOpa3mepHoit, cMm. n. 7.2.2.1), a pednektopom. MpuunHa
B TOM, YTO NpU YKOPOHEHUM MHAYKTUBHOCTBLIO BbibpachiBaloTcst
cpenHue 4acT G MakCumanbHbiM TOKOM. lMoatomy CBs3b mexay
aneMeHTaMy CTAaHOBUTCA 4yTb MEHee TOKOBON u 4ytb Gonee em-
KOCTHOW (372 (bpa3a criocobHa CcBOEli KOPSIBOCTLIO Bbi3BATH YXac
y CrieumanucTa, Ho AIpYryx C/I0B, HArNsiaHO NOSCHSIOWMX CyTh Aena,
MHe nofobpare He yaanoce). A no npasuny, NPUBEAEHHOMY
B n. 7.2.2.1, npu eMKOCTHOl cBsiau Bhicokoe F/B mocturaerca nuwb
NP BKITIOHEHUU NACCUBHOIO 3NeMeHTa pedriekTopom.

Ha npakTuke 3TO O3HA4aeT, 4TO B ABYXANEMEHTHOW aHTeHHe
Ypa-fru, yKOpOYEHHOR UHAYKTMBHOCTLIO, BTOpOIt 3nemeHT BCeraa
BknioueH pednekTopom. B camom mene, Ky > 0,92...0,95 nukorpa
He ncnonb3ylotcs. Hetr cmbiCna BCero nuitlib 13-3a HECKONbkux %
YKOpOUEeHUsi MATM Ha KOHCTPYKTMBHBIE CNOXHOCTW C KaTYLIKamu.
MpolLe yX CAEeNaTb NONHOPASMEPHYIO aHTEHHY.

Kpome Toro, asTomarvyeckas onTuMusaums obHapyxuna, uTo
C YKOPOHEHNEM BNEMEHTOB PACTET ONTUMANbHAR ANUHA Tpasepchl:
ot 0,05\ npu NONHOPa3MEpPHOI aHTeHxe, A0 0,150 npu Ky =0,4.

Mocne BCex 23TUX NpeaucnoBuit o6paTumcs K rpacdukam
puc. 8.1.1. OHu NOKa3LIBAIOT, B obwiemM, TpUBMANBHBIE BELLW: YKO-
podeHne BNEMEHTOB, CHUXEHue uX AMameTpa u Qux KaTywek Be-
[yT K nagenuio ycunenus. MNpuunk nse:

1. TersioBbie NOTEPU B METAMNE (@ TOkM B aHTEHHE PacTyT C yKo-
poueHneM n3-3a YMEHbLIeHNs Ra).
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2. CHYWXEHVEe YCUNEeHUA YKOPOHEHHOMo AMNona us-3a paciunpe-
Hua ero OH.

OnpepenviBlUMCL C TEM, KAKOe MaJIeHNe YCUNeHus anst Bac npu-
emnemo, no rpadpukam puc. 8.1.1 MOXHO HaNTV MUHUMANLHO O0-
nyctumbiit ko3dpUUMeHT ykopoueHusa. Ecnu B KauecTse rpaHnts
npuHaTb 3 AB, TO Ana NPOBONO4HOM aHTeHHb Ky He pomkeH ObiTb
Huxe 0,45, a pna anemeHTOB U3 TPYH — He Hwxe 0,3.

Ho nagenve ycunenus He eMHCTBEHHLI KpuTepwit. Hacro Bax-
HEee oka3biBaeTca nonoca. Ee 3aeucumoctb ot Ky nokasaHa Ha
puc. 8.1.2. Npaduky 3TOro PUCYHKA NOCTPOEHL! NPY TEX XE YCNO-
BUAX, 4TO U pnc. 8.1.1.

3.0%

-o~2 an., nposonoka 2 Mm, Q= 300 A
2,5% +—2 an., an. Tpy6a 20 MM, Q = 700 4

2,0% ;/
L~

1,5% <

as
A

OtHocutensHas nonoca (no KCB < 2), %

1,0%
] P4
P
0,5% /
0.0% t

02 03 0,4 0,5 0,6 0,7 0,8 0.8 1,0
Koatppument ykopouexns 2 an. Yaa-Fru

Puc. 8.1.2

MoHATHO, 4TO C ykopoveHueM nonoca nagaer. Bonee menneH-
Hoe nafeHue rpaduka pns NPOBONOYHOW aHTEHHB! U BLIMIPLILL ee
no nonoce npu Ky < 0,8 He gocTtouHcTBO, @ HegocraTtok. Ero npu-
4HUHA -— POCT OMUHECKUX MOTEPL B KaTyiukax (YBENMHUBAIOTCH BMEC-
T€ C MHAYKTMBHOCTLIO). [103aTOMy Takoe pactuvpenue nonocet on-
NaunBaeTca cooTseTcTByiowMM nagennem KNA v Ga (B3rnauute
Ha puc. 8.1.1).

Ha puc. 8.1.3 1 8.1.4 nokazaxb aHanoruuHble rpadguxy Ans Tpex-
BNEeMEHTHbLIX aHTeHH Yaa-9rn ¢ kaTylukamy B LIEHTPax 3NEeMEHTOB.
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MNpoBonouHas TpexaneMentHas Yaa-Arv npu Ky = 0,85 nokasana
B ¢daitne ...3el Uda_Wire.gaa. AHTeHHa ¢ TpybBuyatbiMu anemenHTa-
mu npu Ky = 0,65 —B daiine ...3el_tida_Tube.gaa. Ha atwx pu-
CYHKaX BUOHbLI T€ XE€ 3aKOHOMEPHOCTU, 4TO U Ansl ABYX3NEMEHT-
HOW aHTeHHbt Ypa-fru.

CoBmeCTHbiA ananua puc. 8.1.1...8.1.4 noseonser chopmynu-
POBaTh CAEAYIOLLYI0O PEKOMEHAALMIO:

B nepeoaroweii 2... 3-anemenmrioii anmenne Yoa-Azu ¢ kamywika-
Mu 6 yenmpe 31eMeHmos He caedyem ucnoiavsosane Ky < 0,6 6o usbe-
dicanue nadenun Ga baree wem na 1...1,5 05 u nonocwr bonee wem sosoe.

KoHeuHo, ata pexomeHpaums ue abcomoTtHa. B 3asucumoctu
OT KOHKPETHOrO CRy4as Bbl MOXETE NPUMEHSATL U UHbLIE KPUTEPpUK,
PYKOBOACTBYACH 3A4paBbIM CMBICNOM. TEM HE MEHee, ICHO, 4TO Ha-
NPaBAeHHbIE aHTEHHb! HEePA3yMHO CUNLHO YKOPAuUBaTb WHAOYKTWUB-
HOCTBIO.

8.1.2.2. YxopoueHne KOHUEBOI €MKOCThIO

Kak paccmoTtpeHo B n. 3.7.3, yKOpOUEHUEe KOHUEBOW €MKOCTHIO
AaeT nyyiuve pe3ynsTarhl 30 BCex CnocoboB yMEeHblueHus ¢uan-
4eCckux pasmepoB Bubpatopa. B uenom, ato cnpaBemmMBo U ana
HanpasBneHHbIX aHTeHH. HO UMEeloTcs HIaHCH, PACCMOTPEHUEM KO-
TOpbLIX Mbl U 3aiMmemcsa B aToM naparpade.

WUtak, paccMOTpUM OBYX3NEMEHTHYI0 aHTEeHHY Ypa-fAru ¢ em-
KOCTHBIMW Harpy3kamy Ha KOHUax anemeHtoB (puc. 8.1.5). Bep-
Hee, ABEe aHTeHHbL: oHY u3 npoeonokn 2 mMm (npu Ky = 0,5 daiin
...2el_uda_C_Wire.gaa), apyryio ¢ anemeHTtamu gnametrpom 30 mm
(daiin ...2¢el_Uda_C04_Tube.gaa npu Ky = 0,4). EH B nocnepaneii
@HTEHHE BLINOSIHEHLI K3 TPYOOK auamMeTpoMm 15 MM, a NepemMbiHKn
koHUOB EH npoeonoutbie.
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LLivpuHa o6onx anemeHTOB oavHakosa, Heobxoaumast HaCTpoliKa
caenaHa uaMeHeHnem pasmepos EH.

JAaxe npu 6ernom B3rnage Ha puc. 8.1.5 ACHO, 4TO KOHCTPYK-
TUBHO aHTeHHa ¢ EH cnoxHee, 4em C yKOpO4eHUeM UHAYKTUBHOC-
Tol0 (Nn. 8.1.2.1). KOHUbL anemMeHTOB HEeCYT AOBONLHO rpoMO3aKue
EH, noatoMy 3nemeHTbl AOMKHbl ObiTb MEXaHW4YEeCKU NPOHHLIMYK
BMAIOTb A0 CaMOro KOHU3. B otnuune OT ykopoueHusl KaTyluikou,
rOEe KOHUb! ANEeMEHTOB HECYT TONbKO COOCTBEHHBIA BEC W NO3TOMY
MOFYT GbiTb TOHKUMUK K THOKUMK,

Torpa Kakoil CMbiCNl B YKOPOHEHUWM aHTEeHHb! Yapa-9ru emkocT-
Ho# Harpyakoin? He npotte nu, Boibpocue EH, yuwmHuth ToncTtoie
¥ NPOHHLIE KOHUB! BNEMEHTOB nerkuMu 1 rimbkumn Tpybkamu unun
fNaCTUKOBbIMY YAMAULLIAMK C NPOBOAOM BAOAbL?

JAns orBeTa Ha 3TOT BONPOC NPUAETCA BHUMATENbHO WU3yuuTb
3apucumocT Ga U oTHocuTensHor nonocut oT Ky ana pByxane-
MeHTHOW aHTeHHbt Yaa-Aru. OHu nokasadut Ha puc. 8.1.6 u 8.1.7
COOTBETCTBEHHO. 3TH PUCYHKM NOCTPOEHb! NMPU TakuX Xe YCNOBU-
ax, 4To 1 puc. 8.1.1, 7o ectb ana kaxporo Ky aBTomarnyecku Haii-
neHbt pasmepst EH 1 pacctosHue mexay aneMeHTammn no kpure-
pusm makcumymos Ga, F/B n MmuHnmyma jXa.

O6parumca K puc. 8.1.6. JlsuHemca no ocu Ky oT makcumyma
BHu3. Tpu cHuwkennn Ky ot 1 no 0,8 rpaduku cebs senyr npu-

3 B!
B

e AT

] /P
g 6 . We )/(
8 =

(=3 H’\(\Y/‘

=

o - —

% -0~ 2 30., NPOBOIOKA 2 MM
Q -2 3n., an. Tpyba 30 MM
g5

[3]

m

o

=

X

[

| =]

=

©

> 4

02 03 04 05 06 07 08 08 10
KoathhumeHT ykopouerus 2 an. Yaa-firu

Puc. 8.1.6
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MEPHO TakK Xe, Kak u Ha puc. 8.1.1, TO eCTb CHUXAIOTCs Ha
0,2...0,3 nb (Ha puc. 8.1.1 13-3a NoTePb B KaTYLIKax HECKOMbKO
6onswe, Ha 0,5...0,7 ob).

A BOT npu ganvHeiwem cHwkeHun K, Ha puc. 8.1.6 HaunHaeT-
ca ctpaHHoe. Manenne Ga He TonbKo 3aMemnsieTcs, HO U nNpu
Ky = 0,65 cmensetca pocTom.

Jeno ewle 6onee 3anyTeiBaeTCS NPK B3rnaae Ha rpadpukn OTHO-
cuTenbHoil nonockt (puc. 8.1.7). TyT Toxe npu ymeHstueHuy Ky ke
0,6...0,65 MepnexHoe naneHve cmensieTca poctoMm. [la ewle ka-
KMM: NOAOCA YKOPOYEHHOW aHTEHHbI CTaHOBUTCA Aaxe Bonbwe, Hem
Y NOAHOPA3MEPHOIA. ITO YXe TAHET Ha HapywieHue PyHAaMEHTaNb-
HOTMO NPUHLMNAE, 4TO NONOCa YKOPOYEHHOW aHTEeHHbl BCerAa MeHb-
we, 4emM y nonHopasmepHoit (CMm. pasnen 3.7).

5,0% '77-(‘-\L\
4.5%
4.0% A/ \\ -0-2 3., NpOBONOKa 2 MM

[\ \ -2 351., an. Tpyba 30 M
3,5% -
ZERNEN

3,0%
2,5% \

k| A
2,0% ;
1,5% \

OTHocuTenbHan nonoca (no KCB < 2), %

2\ f
1.0% Y44
0,5%
0,0%

02 03 04 05 06 07 08 08 10
KoachdhuiimeH T ykopouekus 2 an. Yaa-Arm

Puc. 8.1.7

Jasaiite pa3bupartbcsl, 4TO TAKOTO CRYYaEeTCs C ABYX3NEMEHT-
HOl aHTeHHol Yaa-9ru ¢ EH npu Ky < 0,6...0,65, xoraa sapyr no-
TPACAIOTCA BCE YCTOM yKOpovenus (paspen 3.7): Ha yyactke K, npu-
mepHo ot 0,6 no 0,4 ycuneHre v Nofoca He nagaloT C YKOPOseHUeEM
@HTEHHbI, a PacTyT.

Jeno nposacHAETC s, ecnv Mbl BCrioMHUM o6 yCnoBusix nocTpoe-
HUA rpacduKoB: aBTOMATUHECKUIA MOUCK HE TONLKO pPasmepoB Mac-
CMBHBIX 3NEMEHTOB, HO U PACCTORHUA Mexay HUMU. TIpuyem B umnc-
ne kputepues NPUCYTcTByeT makcumym F/B. OkaswiBaetcs, npu
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cHmxenun Ky < 0,6...0,65 pacrer ontumansHoe no F/B pac-
CTosiHue Mexay anemeHtamu. Pacret cyulectBento. Ot 0,051 npu
nonHopa3MmepHoit aHteHHe po 0,150 npu Ky = 0,4 (daiins
...2el_Uda_C04_Wire.gaa v ...2el_Uda_CO04_Tube.gaa pans nposo-
AOuHOIF ¥ TPyB4YaTOil aHTEHH COOTBETCTBEHHO) u go 0,2) npu
Ky = 0,2 (daiin ...2el_Uda_C02_Wire.gaa). To ectb ontuMancHoe
no F/B pacnpenenenve TokoB (n. 7.1.3) B paccmarpuBaemoi aH-
TeHHe npu Ky < 0,6 pocturaetca npu HamHoro GonbilueM paccTon-
HUM MEXAY 3EMEHTaMu, HYEM Y NONHOPa3MEpPHON aHTEeHHb!.

ECTecTBeHHO, 4TO MHOTOKpaTHLI POCT ANMHLL TPAaBepChl yBe-
NUYMBAET KaK yCuneHue, Tak 1 nonocy. HacTonbko CyllecTBeHHo,
uto B uHTepeane 0,3 < K, < 0,6 paxe nepeBeluMBaET yKopoueHue
3M1EeMEHTOB.

NoHumaeTe B yeM Aeno? Ecny B nonHopasMepHoi AByxane-
MEHTHOI# aHTeHHe Yaa-frm Mbl NonLITAeMCS YBENUUUTL TPaBepCy
no 0,15...0,2A, To npoBanum F/B Bcero po 6...11 ab (puc. 7.2.4).
B 1ako#t aHTeHHEe Mbi NPOCTO BLIHYXAEHbL! YMEHbLUATL TPaBepcy Ao
HEeCKoNbknx % A, utobbul Nnonyunts Buicokoe F/B. TakoBul cBOItCTBa
TOKOpacnpenenesus AByx NONHOPasMepHbIX AUNonei, oavH us Ko-
TOPLIX NACCUBEH.

B nsyxanemeHTHot aHteHHe, ykopodeHHoit EH, He 6bino 6bt cua-
CTbA, HO HegcHacTbe (To ecTb yKopoyeHue) nomoraer. Ceoicrsa 10-
kopacnpenenenus asyx aunoneit ¢ EH npu 0,3 < Ky < 0,6 Takosut,
410 pns Buicokoro (20...40 nb, oM. ynomsHyTteie daitnut) F/B gnn-
Hy TpaBepcChl Hano ysenuunsBatb. A 3to nogHumaet Ra, Ga u no-
nocy.

Takum 0BpPa3oM, HET HUKAKOTrO HapylueHus 6as3oBbix NPUHLM-
nos paszgena 3.7. OHy OTHOCATCA K @HTEHHAM G HEVU3MEHHOIX reo-
meTpuein. A ontummaaums GAL-ANA npu noctpoenun rpacdukos
puc. 8.1.6 u 8.1.7 oaHOBPEMEHHO C YKOPOYEHUEM 3NEMEHTOB
B HECKOMbKO pa3 yBenuuueaeT AMHy tpasepcoi. Mo cyru, Ha
puc. 8.1.6 1 8.1.7 mMbl BUOMM HANOXEHUEe ABYX 6oplouwmxca TeH-
[EHLINi (3TO, KCTaTh roBops, BCETAa Tak, ecim rpadyik MMeeT 3KCT-
peMyM): NafeHve YCUneHusa 1 nosock! G YKOpOYeHNEM (Kak onucano
B paszene 3.7) ¥ UX Xe POCT NPy YBENMHEHUN [JIMHBE TPaBepPChbt.

OCTaHOBMMCS eLe HEMHOTO Ha puc. 8.1.7. MNonoca BW Ha Hem
Bbiumncnena no ypoBHio KCB < 2. Ho B HanpaBAe€HHbiX aHTEHHAX 3t0
HE eAMHCTBEHHLI KpuTepuii nonocskt. Ecnn Mbl nocmoTpum nonocy
no ypoenio F/B > 12 gb, 10 Ha yyactke 0,4 <K, < 1 oHa 6ynet npu-
MEepHO COBnaaars G puc. 8.1.7, a Huxe HayHET NanaTb: CULHOE
YKOPOYEHVE IEMEHTOB BCE-Taku noBexpaet poct Tpasepcu. MNpu-
yuHa Xe ONTUMMCTUYHO BHICOKOI nonockt no KCB <2 npu
0,2 < Ky < 0,4 Ha puc. 8.1.7 COCTOUT B uHTEpPECHOM addexTe B3anm-
HOIt KOMMEeHCaluu jXa, 0COBEHHO Ha 4acToTax Bbllle Pe30HaHCHOM.
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Takum oBpa3oMm, cTouT 06paTMTL cCamMoe NPUCTANLHOE BHUMA-
HVE Ha AByxanemeHTHyIo Yaa-Aru ¢ EH npu 0,35 < K, < 0,5. MNpu
CTOsIb CUAbHOM (B AIBA-TPU PA33A) YKOPOMEHUU AHTEHHA NPOUIphbi-
BaeT nonHopasmepHoit scero 1...1,5 a6 no Ga (puc. 8.1.6), u Bo-
BCE He npourpbisaeT no nonoce. [la, rpasepca nosny4aercy gnvH-
Hee, HO 3TO BnoJsHe npuemrniemMas uexa. Ra npu sroM cocrasnsier
20...30 Om 1 moxeT ObiTb NErKO COrNAcoBaHO vnu A/4 OTPE3KOM
svnvn 37,5 Om (npa kabenst 75 Om B napannenb), uam y-co-
rnacosanuem (n. 7.2.2.3.3).

Ans Ypex 35eMeHTOR «BONHOBOIO KaHana», ykopoueHHoro EH
(Hanpumep, daiin .. .UAGLGO.gaa npn Ky = 0,6) HUKaxux skcTpe-
MYMOB Ha rpadwmkax He Habniopaercs. Tam Tpasepca U B nonHO-
pPasMepHOM papvaHTe AAVHHAS, TOKOPaCNpeaesieHne perynupyer-
Cs Tpems anemeHTamu. [109TOMY HMKaKVX YyAEC C yAAUHEHVEM
Tpasepch onTyMu3auvs He penaer. Mpadukn u Ga v BW moHo-
TOHHO N3AalT C YKOPOUEHUEM, NO3TOMY CTPOUTL WX 5l HE CTal.

3aeepwan n. 8.1.2, nopseneM urom.

B yxopouennoii anmenne Yoa-Szu:

o [na 0,8 < Ky < I sbizodnee ucnoavzocame yxopouenue UHOYK-
musnocmero. Hepasymuo npu cmone dnunneix anevenmax Oe-
J1ame UX KOHYbl euje u moacmoimu Ons Kpenaenus EH.

& Ilpu 0,5 < Ky < 0,8 cumyayusn deoaxas. C odnoii cmopones EH
gvinzpoigaem, Ho nemHoo. Hveem borvuioii cmeica nodymans:
He YOnuHums au konyw anemenmos EH ne 660k, a mownrkoii
mpybxoil (uru younuyem ¢ nposodom) 6doiw.

o Jlns Ky < 0,5 ewibopa vem. Tonvxo EH. [lan deyx saevenmos
Jceaamensro nonadams 6 yuacmox 0,35 < Ky, < 0,5, 20e noioca
aHmeRnol He ycmynaem noanopaszyeproti hy no KCB, nu no F/B.

& Huoce Ky = 0,25 xo0ume ne cmoum. Vxc ouenv y3xue naiocl
u borsuioe nadenie ycunens,

KoHeuno, BCe npusepneHHbie ab3auem sbiie umdpb rpaHvy,
HE ABASIIOTCA «CBALLEHHOI KOPOBOii». 30PABOr0 CMLIC/A U OLEHKN
KOHKDETHON CUTYaumMy NPOEKTYPOBLUMKOM EULe HUKTO HE OTMEHSI.

8.1.3. Jonyctumbie rpaHwubi
KO3 PMLMEeHTa YKOPOYEeHNa «OBOMHOrO KBazapava»

«[1BOMHOIA KBAAPAT» NPAKTUHECKU HUKOTRA HE YKOPAYMBAIOT N0
Ky < 0,5. Npyuns Tomy Tpu:

1. B BONHOBOW pamke BepxHsist NOMIOBUHKA BO3OGYyXaaercst OT
KOHUOB HUXHe#. Korpa Mbi ykopaumBaeM pamky, TO MEHSIIOTCS
¥ ycnoeus Bo3ByxaeHvs ee BepxHeii nonosuxku. Nostomy nonoca
ybniBaeT BhicTpee, yeM B ykopoueHHoit Ypa-Aru.
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2. Npn yKOPOHEHUN PAMKM UHOAYKTUBHOCTBIO Mbi BLIHYXEHbI
npyMeHsTb He OAHY KaTYLIKY Kak B avnone, a age (8 o60ux mak-
CUMYMaX TOKa paMku). 3HauvT COMPOTUBIIEHNE MOTEPL B Karylu-
xax speoe Gonbile, yeM B avnone. A 3T0 NPUBOAUT K TOMY, HTO
NP CyLECTBEHHOM YKOPCHEHUW NOTepn B ABYX KaTyillkax pactyr
Tak GbICTPO, YTO NMMWAIOT CMBIC/a CaMy UAE0.

3. Mpy yKopoueHun eMKOCTHEIMU Harpyakamu npu Ky < 0,5 ra-
Gapwrht EH cTanoesTcs Gonbille CaMmoit paMku, HTO Takxe Aenaer
3arel0 6eCCMbICNEHHON.

Mo yKasaHHLIM NPUYMHAM 33BMCUMOCTH NapamMeTPOB YKOPO4EH-
HOTO «[BOIMHOrO KBanparar Xors v 6am3km K Yaa-#ru, HoO HECKOMNBbKO
OTANMEIOTCS.

Ha pwc. 8.1.8 nokazanbl 3asucumocT Ga or KoapduuveHTa
yKOpOHeHUs Ans <ABOMHOrO Keappara». BepHee, ins ABYX CNOCO-
60B €ro yKopoueHus:

1. HAYKTUBHOCTBIO. ONEMEHThl Y Karywikyv BbINOSIHEHb U3
npososnoku 1,6 mM, xonocTas pobporHocTb Kartytuek Qu = 250
(XopotllMe NPOBOROYHLIE KATYLLKM). duanueckue pasmephst ane-
MEHTOB OJMHAKOBhbI, HEOBXOAMMbIE HACTOTHl SJIEMEHTOB fOCTUra-
JOTCS HECKOJIbKO PasHEIMM BENVMUHAMY Nap KaTywek B subparope

[+ ]

—l

=
///

5]

/ -O-YKOpOUEHnEe WHAYKTUBHOCTHIO
— / -4 YKOpOUeHe eMKOCTbIO

™~

3

Yeunesue B caob0opHOM npocTpaxcTee, dBi

3
05 06 0,7 08 08 1,0
KoathhuLjueHT yKopoueHusi 2 3n. keappata
Puc. 8.1.8
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u pedpnexrope. Takaa avrenHa npu Ky = 0,8 nokasana B daiine
...2el_Quad_08_L.gaa.

2. EMKOCTHbBIMY HArpyskamMy B TOYKAx Ny4HOCTU HANPSKEHWMR
(cepepvubl BepTyKanbHbiX BOKOBBIX CTOPOH). DNEMEHTH! TaKue xe,
KaK ¥ B npenpiaywiem cnysae. Wix pasmepel Taxke OOMHAKOBL!, 8 HE-
06xoavMble HAaCTPONKY AOCTUIAIOTCS HECKOAbKO Pa3HbiMY Pa3Me-
pamu EH B Bubparope v B pedrnexrope. EMKOCTHBIE HArPY3ku ans
Ky > 0,8 BbINOAHEHBI NAOCKUMU Y napannenbHbiMy BOKOBBIM CTOPO-
Ham keanpavoB (daiin ...2el Quad_08 C.gaa v puc. 8.2.4 B crne-
aywouiem pasaene). FNpy menblumx K, nrnockue Harpy3ky HEBO3MOX-
Hbl, TAK KaK ux pasmep nonxeH 6bitb prvHHee GOKOBLIX CTOPOH.
Mpu 0,5 < K, < 0,8 npuxoaurcs ucnons3osarb HeynobHbIE KOHCT-
pPykTuBHO KBappartHnie EH (takme xe, kak Ha puc. 8.1.5). FNpumep
npu Ky = 0,7 nokazax B ¢aitne ...2el_Quad_07_C.Gaa. Ho npu
Ky < 0,5 He BnvchiBaloTCs B raGapur pamxu paxe sty Cnoxssie EH.

JoboneiTHo CpasunTh puc. 8.1.8 ¢ puc. 8.1.1. BuaHo, 4ro npu
Ky = 0,5 Ga yKOpOoueHHOro «aBOMHOINO KBaaparar TAKOe Xe, Kak
" y NpOBOROYHOI Ypa-Ary, 10 ectb 3amerHoe ykopouenue QQ ka-
TYLIK3MU HE UMEET CMbICAA. MNPY eMKOCTHOM Xe yKOPO4EHUY YyCU-
nenve yboiBaeT, Kak Y NOsoXeHO, 3HAYUTENLHO MEIICHHEE.

OTHOCYITENBHBIE NOAOCHI 9TUX XE AHTEHH B 3AaBUCUMOCTHU OT Ky
npueepexnt Ha pyc. 8.1.9. O6pamre BHUMaHVE, YTO B NAHHOM CIy-
yae npusenexb nonockt He no KCB, a no ypoeHio F/B > 12 nb.

3,5%
N T N N
~O—YKOPOYEHWE MHAYKTUEH OCTLIO
3,0% 4— "~ YKOPOYEHNE eMKOCTbIO

L~
A
/|
2,0% = (/ /
115% Ve
1,0% P

|

OtHocuTensHan nonoca (no F/B > 12 aB), %

0.5%
0,0%
0,5 0,6 0,7 0,8 0,9 1,0
KoagbumenT ykopouenus 2 an. ksappara
Puc. 8.1.9
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Jeno B T0M, 4TO COrnacoBaHvie AaxXe YKOPOHEHHO paMku oCTaeTca
XOpOWIMM B BECHMA LLMPOKOM AvanalocHe 4acrtor. [lostomy nono-
Ca YKOPOYEHHOIO «ABOWHOrO ksaaparar» no ypossio KCB < 2 Ha-
MHOrO NPEBLILAET NOAOCY NO ypoBHIO F/B > 12 ab. NoaroMy noka-
3arenbHee CMOTPETb NOCAEAHION, NHAYE Mbl HE YBUANM, FA€ HALLA
aHTeHHa meet xopoiuyio dbopmy AH.

Cpapnuean puc. 8.1.9 ¢ puc. 8.1.4 u 8.1.7, nerko 3amerurnb,
4TO NONOCA «ABOIHOr0 KBapparar ybnBaer ObiCTpee, 4eMm y Yaa-
Arv npy cOOTBETCTBYIOLMX CNOCOGAX YKOPOYEHUS.

Ina nORHOTH! KapTvHb Ha puc. 8.1.10 panbl 3asucumocTn Ra
or K,. B ornvune or Ypa-Hru, y KOpoTkoro «ABoAHONO keagpara» Ra
0CTaeTCa NOBOAbHO BHICOKUM, 4TO YNPOLUAET COrnacoBaHve v Tpe-
Boeauuna Kk CY.
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o
g /,2/ 1 //
= s
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z T -O-yKopoueHUe WHAYKTMBHOCTHIO
@ 40 -~ YKOpOYEeHHEe EMKOCTLIO

30

0.5 0,6 0,7 0.8 0,9 1,0
Koathchuijen T yxopouenns 2 3n. ksagpara
Puc. 8.1.10

B «OBOHOM KBagpare», BHE 3aBucuMOCTu OT cnocoba v ko-
adpduumeHTa yKoposeHus, NAaCCUBHBLIA 3NEMEHT BCErpa OCTaercs
pedneKToOpoM, a ONTUMANbHOEe PacCTORHNE MEXAY paMkamn me-
uaetcs cnabo v nexur 8 npeaenax 0,13...0,18\.

BoiBOAbL:

B yropouennom «080iiHoM Kkeadpamen:

e Ilpy 0.8 <Ky < 0,1 u exmxocmuom yrkopouenuu (e2o yOobHol,

NTOCKON PA3HOBUOHOCMIY) NAPAMEMPBl GHMEHHB! b HEMHO20
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xyace, yem y noirnopazmeproil. Henonesosams uHOyxmueHoe
yKkopouenue npu maxux Ky HepasymMHO Ru € JIeKmMputecKoli,
HI ¢ KOHRCMPYKMUBHOI mouex 3penus (pasee ymo npu coscem
HebOoTbUIOM YKOPOUCHUU 6 HECKObKO 4).

o Ky < 0,8 nyuuie sceco soobuyge He ucnomvzoeame, a nodymams
o6 Yoa-Hzu. Ecnu xce umo-mo @vinydcoaem ucnoab308amb
umenrno QQ npu 0,5 < Ky < 0,8, mo yxopouenue obszano beime
EMKOCIHbIM, HeG3upad Ha GOTvuLUe KOHCMPYKINMUBHBIE CHOMNC~
HOCHU.

e I[Ipu Ky < 0,5 npumenenue «0goliHo20 Keadpamay HEEO3-
MOJMCHO.

JAyMaio He CTOMT roBOpuTb, YTO NOCAEAHUE HECKONLKO CTPOK

n. 8.1.2 B NonHOi* MEpe OTHOCATCH U K A@HHbIM BbIBOAAM.

8.2. KOHCTPYKUMN YKOPOUYEHHbLIX AHTEHH
NPOAOJILHOIO W3NYy4YeHUs

AHTEHHBI C MHZYKTUBHBLIM YKOPOYEHUEM. AHTEHHLI C EMKOCTHBIM
ykopoyeunem. KombuHayums MeToqoB YKOPOUEHUSs.

8.2.1. AHTEHHbI C MHAYKTUBHbLIM YKOPOYEHUEM

daiinb, NpyBEAEHHLIE B NpeabinylleM pasaene (sce e n. 8.1.2.1
v ...2el_Quad_08_L.gaa ua n. 8.1.3), aBASIOTCA rOTOBLIMU NPAKTU-
HECKMMW KOHCTPYKUMSIMMA.

fMpu peanvsaumm HaZO UMETb B BUAY, YTO SKOROMUTL HA YKO-
pauvBalommx Karywkax HepasyMuo. Oum nosnxtbl Bbirb HE NPOCTO
XOpolero, a o4eHb xopowero kayecrea. B «nBoiHOM kBaapare»
KaTylk1 AonaxHel 6biTb N3 NPOBORA HE TOHbLUE (@ Nyulue Tonwe),
YyeM Ha camux pamkax. B aHreHHe Ypa-Hrm ayuywe Bcero Hamo-
Tarb VX TOACTBIM AJHOMUHWUEEBBIM NPYTKOM.

JanbHeiilee noebitlieHe AO6GPOTHOCTY yANUHSIOWEH UHAYKTUB-
HOCTY B «BOSIHOBOM KaHane» BO3MOXHO NMPU BLINOAHEHUWN €€ B BUAE
Bonbition, 06BLEMHOI ORHO...ABYXBUTKOBOI CTPYKTYPL! (YTO-TO cpea-
HEe MexXAy NPAMOYrOnbHOI KATYLWKOW U KOPOTKO3AMKHYTLIM OT-
PE3KOM ABYXNPOBOAHOI AviHvy). FNpyMep Takoii KOHCTPYKUMY no-
kazaHn B daiine ...EF240X.gaa v Ha puc. 8.2.1.

310 anrenHa Ha 7 My ¢ Ky = 0,65. 3a cuer Bhicokoit Qyy 6ornb-
twmx (pasmaxom 6 M) Karywiek-nuunii aHrensa umeer Ga = 6 dBi
B cB0BOpHOM NPOCTPaHCTBE, Kak u obewlaer Bepxunii rpadpvik Ha
puc. 8.1.1.

Kak orMmeueHo B n. 3.7.2, ykopauveaTth AMNOAb MOXHO HE TONLKO
ONHOWM MHAYKTUBHOCTBIO B LIEHTPE, HO U NApOoii KaTyluek, CUMMET-
PYMHO CMELEHHbIX OT TOYKM Makcumyma toka (puc. 3.7.3). Fpu
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BBICOKOA Qxx MOXHO NONyunTb HEGONLLLON BHIMIMPLIL B yCUREHUN
n nonoce. Takana aWrenHa nokasawa B daiine ...2el Uda 2l.gaa
v Ha puc. 8.2.2.

58 MxIH

6,1 MklH

Sro anreHHa Ha 14 MMy ¢ Ky = 0.67. OaHako Hanvuve 4eTbipex
NOBOALHO GOMBILMX NPOBONOYHBIX C KATYWEK C HE PEKOPAHO Bhi-
cokoii Qx = 300 npueoput k Ga = 5,4 dBi B cBOoGooHOM npOCT-
panctse (MPUMEPHO CepeauHa Mexay rpagpukamm Ha puc. 8.1.1).
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Ecnu yeenvunts Qi 10 700 (npyTok, 6e3 kapkaca), To MOXHO nop-
HATL yeunenve ewe Ha 0,5 pb. Npaepa, Takne KaTylwky nonyyarca
TaxXensMy, 4ro norpebyer yBenuuenus ouamMeTpa ueHTPanbHbIX
Tpyb. A ecnv y HAC 31EMEHTBI MEXaHVYECKUN MPOYHLIE, TO Ayylue
HE CBA3bIBATLCH C UHAYKTUBHBIM YKOPOYEHWEM, A NEepeiiTv K eM-
KOCTHOMY.

Ins nonyuerusa Ra = 50 Om B ykopoveHHbix Yaa-frv noyuru vc-
KJTIOYUTESNIbHO UCNORb3YETCH raMmma-cornacosanve. MoMmumo npo-
4MX €ro NPEenMYLUECTB BAXHO U TO, 4TO OHO NO3BOJISIET COMNaco-
BLIBaTb Za B LWUMPOKUX Npeaenax. A 370 BAXHO, TakK KaK 13-3a y3Koii
NOAIOCH KOPOTKWUX aHTEHH NOJA BANSIHUEM MECTHLIX YCROBWII BO3-
MOXHO 3aMETHOE OTKNOHEHUE Za OT PaCYETHOO.

«JiBOiHbIE KBAOPAThl» C VHAYKTUBHBIM YKOPOYEHWEM UMEIOT
BhiCOkoe Ra (puc. 8.1.10), nosponsiowiee npsamoe nuranue kabe-
nem vnm kabenbHoim CY (n. 7.6.2.3.3).

MNpyMep BEPTUKANBHON AHTEHHBL! C UHAYKTUBHBIM YKOPOYEHNEM
nokasax Ha puc. 8.2.3 u B daiine ...4X4NJ-1.gaa. 310 HECKOALKO
YXYALLIEHHbIA (YKOPOYEHVIEM Y OTCYTCTBUEM HECYLLIMX KOHCTPYKUMIA
CBEpXy Mautbl) BAPVIAHT aHTeHHb! puc. 7.5.23.

H=26m

16 MkI'H

4MklMH -y

Puc. 8.2.3

AnteHHa puc. 8.2.3 TouHO TaK Xe, Kak u ee NOAHOPA3MEPHBIA
ananor (puc. 7.5.23), nerko KoMMyTMpYeTCs Ha 4 HanpaeneHus.
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8.2.2. AHTEHHbl C €MKOCTHbIM YKOpPO4Y€HMeM

NpueenerHHble paHee ¢aiinbl YKOPOYEHHBIX aHTEHH Ypa-#Arm
(n. 8.1.2.2) — 370 BRONHE 3aKOH4EHHbIE KOHCTPYKuMU. Otmeuy
nvilib, YTO NONBITKY MCnons3oearb 2 npoeona EH emecto 4-x He-
pasyMHbl KOHCTRYKTUBHO. [ins paBHoOro yavnHenus rabapvol u Bec
2 EH nonyuaiorcs Bonbiue, yem y 4-x (CM. Tabn. 3.7.1).

A BOT Y3 YKOPOHYEHHbIX €MKOCTHBIMW Harpy3kamy «ABOHHbIX
KB3APATOB», YNOMAHYTHIX B N. 8.1.3, NPAKTUMECKON SBASETCS AULLbL
opHa avrenHa: ...2el_Quad_08_C.gaa (puc. 8.2.4).

1 L
{ i -
\L

PacTsiHyTb NPOBOAA €MKOCTHBIX HArpy3oK napamnenbHo 6oko-
BbiM CTOPOHAM KBAnpara, XOTH U HE O4EHb NPOCTO KOHCTPYKTUB-
HO, HO BO3MOXHO. HO B TaKOM BapuaHTe Henbas nonyuurs Ky < 0,8
(unase EH BoixopsT 3a rabapur pamku).

Heckonbko CHU3MTbL K, MOXHO, 3arHyB JivHHbIE KOHUb EH
" NYCTUB NX BAOAb FOPU3OHTaNbLHLIX CTOPOH PaMOK. MHoro nposo-
na EH 1ak ve ynoXuwb (8a v 32 CyeT koMneHcaumy Tokos B8 EH
1 rOPU3OHTaNbHLIX NPOBOAAX NAKAET ycunenwe), HO HeGonblume
(ranpumep, NOACTPOE4HBIE) KYCKW DA3MECTUTL BROAHE MOXHO
(daiinki ...2¢l Short Quad.gaa u ...2el QQ_C.gaa).

Mpu K, > 0,9 B xkauecTee EH MOXHO UCNONBL30BATL OTPE3KU CTH-
XEK MEXAY yrnamy pamoK (OHW BCE PABHO AOMKHBI UMETLCH MO
KOHCTPYKTMBHBIM COOGpaXEHVsIM, Tak UCNONbL3yeM HacTb ux ans
EH). MpvmMep TaKoi aHTeHHb nokasaH B daiine ...QQ14_short_

Puc. 8.2.4
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diZkg.gaa v Ha puc. 8.2.5. 310 «ABOIHOI pomb» ¢ Ky = 0,9 (1o ectb
NOYTV NONHOPA3MEPHLIN) C PACCTONHNEM MEXAY PAMKAMU OKORO
0,14M. EH nepnenpukynspHbl nnockocTy pamok. Peammzauusa
9TOW Xe upen pns «ABOMNHOrO Keaaparva» nokasawa B ¢aiine
-..QQ18_short_di2kq.gaa.

Puc. 8.2.6

Ewe opvy BapuwanT BoinonHenus EH B «ABOWHOM KBappare»
nokasax B ¢aiine ...2elQuad_stub.gaa v Ha puc. 8.2.6. Bokosbie
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CTOPOHBI BLINOMHAIOTCA KaK CNOXEHHLI 3Melikoil BTpoe npoeoa.
HacTpoiika Takoli aHTeHHbI OCYLLECTEANETC NepeMbiuKamy, nepe-
MellaeMbiM No ABYM COCEAHVUM NPOBOAAM KAXAOM 13 GOKOBLIX
CTOPOH (NPY 3TOM MEHAETCH anexTpuyeckas pavHa BOKOBbIX CTO-
pOH).

Aocruraerca Ky = 0,7 v Ga = 5,9 dBi (npu paccroauuu mex-
ny pamkamu okono 0,151), 70 eCtb 4ytb HUXe, yem oBeuyaer
puc. 8.1.8. lNpyumHa B TOM, 4TO U3NOMaHHbIE BOKOBbIE CTOPOHLI —
9710 yxe He coscem EH (xora B panHOM Cryuae paboraor awano-
FUYHO, TaK KaK yyaCTkn € npoTMBodasHbLIMU TOKAMU PACNOOXEHD
B MNYYHOCTU HanpskeHus), Bonee TOMHO ONPeaenvTb nx Kak yKopo-
Yexnue nsnomom (n. 3.7.5).

...3neCb UCKYLLIEHHOMY HUTATENIO CaAMOE BPEMST BONPOC 330aTh;
a no4Yemy B NPOCTLIX YKOPOYEHHBIX aHTeHHax (pasaen 3.7) 6biv
OTAENbHO PACCMOTPEHBI CNOCODL! YKOPOYEHUSI: UHAYKTUBHOCTLIO
(n. 3.7.2), emxkoctbio (n. 3.7.3), uarmbom (n. 3.7.4) u usnomom
(n. 3.7.5), a B yKOPO4EHHLIX HANDABJIEHHLIX AHTEHHAX aBTOpP NPO-
nyckaer narnb v uanom?

Jleno B TOM, 4TO BCE MHTEPECHLIE NPAKTUHMECKYU BAPUAHTHI Ta-
Kyx CnocoBOB yKOPOHEHUN YXe PacCMOTpeHb! B pasnene 7.3 (nns
aHTenH Ypa-firv) v n. 7.7.4 (ana «asoiitoro ksanpara»). Noatomy,
NpPONyCTUB 3HECb YKOpO4YeHWe u3rmboM U u3noMom, nepeiinem
K KOMBUHUPOBAHHOMY YKOPOYEHMIO.

8.2.3. KomOuHauma mMEToA0B YKOPOYEHUSs

Acuo, 4To MObYI0 N3 AHTEHH, YKOPOUYEHHbIX U3rnboM-n3anoMmom
v3 pasnena 7.3 (Tam Mbl Ha3bLIBANU UX @HTEHHAMUW C 3neMEHTamu
CcnoXxHoi GOPMBI) MOXHO AONOAHUTENBHO YKOPOTUTH BKJIIOMEHUEM
OLHOI KaTyliku B CepepuHy anemexrta, nubo asyx — cummertpuy-
HO OT ueHTpa. BapvaHToB TYT BO3MOXHO MHOrO. MpuBeny nuumb
OOWH, NPEACTAaBASIOWMNIA, KaK MHE KaXeTcs, Hanbonblumii npaku-
yecknii HTEpec: NPAMOYTonbHUK MOKCOHA, YKOPOUYEHHDIA 4eThiPb-
Mst KaTyiikamy. 31a aHreHHa nokalaHa B daiine ...Moxon 40m.gaa
v Ha puc. 8.2.7.

Mpu npoBOANOYHLIX anemenTax, Ky = 0,7 (0THOCUTENBbHO NOAIHO-
pasMepHOro npPsMoyrosbhuka Mokcowa, n. 7.3.1) u Q= 300 no-
cturaercsa Ga = 5,4 dBi B CBOQHOM NPOCTPAHCTBE, TO €CTh NOTEPS
cocTaensier Bcero Ha 0,5...0,6 nb. B avanasoxne 7 MINy nonoca no
yposnio F/B > 12 b cocraenser okono 100 M.

Yawe BCEro ucnonb3yercs KoMOvHaumst yKOpOuYeHUs eMKOCT-
HbIMY HArPy3Kamu 1 MHAYKTUBHOCTAMU. MpyunHa B TOM, 470 npu
YUCTO EMKOCTHOM YKOPOHEHUA TPYAHO vAM HEBO3MOXHO YCTaHO-
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BUTb EMKOCTHYIO Harpy3Ky AOCTATONHYIO [UISl MOAYyHEHUsI Pe30HaH-
CHbiX pasmepos. MoaroMmy pononuuTensHo npsMo nepen EH cra-
BAT yANMHAOWmMe Katyuku. lpyu 3ToM younenme CTpanaeT He OYEHb
CWIBHO, TaK Kak (aKTMHeCKy OCTaBIIEM HEM3MEHHOW CPESHIO U3-
Jly4aloLLyio 4acTb BUGPATOpa ¢ MakCUMAaUIbHBIM TOKOM, a YKOpayu-
BaeM UHAYKTUBHOCTLIO ToNbkO EH, kotopbie camu no cebe He us-
Ay4aloT.

Puc. 8.2.7

Mpu Takoi koMBUHAUMK Mbl TEpSIEM, B OCHOBHOM, NULLE TONO-
cy. Coveranue kartywka + HeGonbiwas EH npuHUMaET TOK B MEHb-
weid nonoce, Yem npocto Gonbiuas EH. Ho, umes 8 BUAy, 4TO npu
HUCTO EMKOCTHOM YKOPOYEHUU NMonoca MOXeT GbiTh IOBOALHO Be-
Jwka (nn. 8.1.2.2 u 8.1.3), cyxeHue nonoch OT KaTywiek 4acTo oKka-
3bIBEETCA npuemnembiM. MNMpUmMep Takoii aHTeHHb nokasaH B daii-
Ne ...2ELO0 4.gaa v na puc. 8.2.8.
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310 ABYX3NEMEHTHasi aHteHHa Ypa-fAru Ha avanason 14 My,
¢ Ky = 0,4. lNpu Takom Ky aHTEHH2Z C MHAOYKTUBHBIM YKOPOYEHUEM
UMEET OTHOCUTENbHYIO nonocy 0,7% (puc. 8.1.2), C eMKOCTHBIM —
okono 3,5% (puc. 8.1.7). KombunupoBaHue crnocoBoB ykopoieHus
B aHTeHHe puc. 8.2.8 paer cpeaHio nonocy okono 2%. Ho aro pa-
3YMHas fara 3a CyLEeCTBEHHOe ykopoyenue EH (a, 3Hauur, u cHn-
XEHUE MEXAHWUECKON HArpy3km Ha koHus! Bubparopos). Beriom-
HUM, ABYX3NIEMEHTHAs YAa-Aru ¢ YMCTO EMKOCTHBIM YKOPOYEHUEM
npu Ky = 0,4 1pebyet noutu BIpoe Gonee anunHeix EH no 1,1 M,
[a ewe U 3aMbuikaHus ux pansHux koHuyoB (daiin ...2el_Uda_C04 _
Tube.gaa).

Mo ycunenunio aHtTeHHa puc. 8.2.8 takxe 3aHUMaeT cpeaHee
MONOXEHUE MEXAY UHAYKTUBHLIM (puc. 8.1.1}) U EeMKOCTHBIM
(puc. 8.1.6) yKOpOHEHUEM.

3aseptiuas rnasy 8, xoren 61 OGLACHUTL, NOYEMY 30ECH HE Obi-
AW 3aTPOHYTH MPUEMHBLIE 8HTEHHbL. XOTH, ka3anoch 6bi, UM TyT ca-
moe Mecto: npu Manbix Ky cunbHoe napenme Ga nMpueMHbIX aH-
TeHH Ha HY neBaxHo (pa3pen 4.5), a Bot y3kaa AH oyeHb naxe
npuropunack 6bi.

Jleno B TOM, 4TO B @HTEHHAX C NaCCUBHLIMK 3NEMEHTamMK, npa-
BUALHOE PacrpeneneHne TOKoB No anemeHTam obecneunBaercn 3a
CHET CBS3M 110 MO0, TO €CTh MOBOPOTOM a3 Ha aneMeHTax. A fipu
CUJIbHOM YKOPOYEHUN PE3KO pacTet AOBPOTHOCTL, a CNeaoBaTeb-
HO, u kpyTu3Ha DYX. oaromMy nonyunTs HYXHOE pacrnpeneneHue
ToKa 1o aneMeHTaM CTaHOBUTCS OEN0OM HE TO yToObl COBCEeM HEeBO3-
MOXHbIM, HO OYEHb TOHKUM U KPUTUYHBIM K Aectabunnsmpyioumm
BO3AENCTBUAM. AHTEHHA NOJIY4AETCH YPE3BbINaiHO Y3KOFONOCHOM,
¢ oueHb HectabuneHoi AH, pacnagaloleincs or Maneiuero BHeus-
Hero Bo3aelcTaus. [103TOMy Ha NMPakKTUKe He UCMONb3YIOT CUALHO
YKOPOHEHHBIE MPUEMHBIE @HTEHHbI C NACCUBHLIMU 3NEMEHTaMu.

ManeHbKnMe HarnpaBfEHHBIE NPUEMHBIE AHTEHHB OEN3IOT TOJflb-
KO C aKTMBHbIM FIMTAHUEM BCEX AAEMEHTOB (1. 9.6.4), KOTOpbIM Mbi
u 3aliMeMCH B chneayiolen rnase.
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9. ®A3BNPOBAHHLIE
(C AKTUBHbIM NUTAHUEM) AHTEHHBDbI

B aHreHHax npoposfbHOro U3NYy4YeHUs C MaCCUBHBIMU 3NEMEH-
TaMu Mbl BECbMA OrpaHuyeHbl B ¢opMe, pasmepax v B3auMHOM
pacnonoxennu 3nemMeHToB. Befb B Takux aHTEHHax pacnpeaene-
HWE TOKOB MO 3fIEMEHTAM 3303ETCA TONLKO reOMeTpUeii aHTEeHHbI.
3TO CneacTBUME TOTO, YTO Mbi YNPOCTMAN ceBe XU3Hb U CUCTEMY
MUTaHUSA, NMOAKIONUB K NUHUU TOSNLKO OOMH 3NIEMEHT.

Ho ecnu nutars kaxapiii 3anEMEHT No OTAEAbHON AMHUK, TO NO-
saBnseTca 6onbiie ceoboab B BLIGOpEe pasmepos u B3aMMHOIO Pac-
NOAIOKEHUS ANEMEHTOB, A TaKXe euie paf NoAE3Hbix 0COBEHHOC-
Teil. Takue aHTEeHHbl HA3LIBAIOTCH (a3uPOBaHHLIMM (CUHOHUMDE:
C 8KTMBHbIM MUTaHMEM, C aKTUBHbIMW 3NeMeHTamu). Vix Mbt # pac-
CMOTPUM B 3TOW rnase. Bce mopenu, ynoMmHaeMbie B Held, Haxo-
asarca B nanke ...ANT\Phased\.

9.1. MpoekTupoBaHue
da3zpoBaHHBIX AHTEHH

Cucrema nurarvs snemMeHTos. CUHTe3 CucTems! nuranus Onsi
ABYX 3/1EMEHTOB. BnusiHue uCToOYHUKOR, NUHWUIA 11 UMNEAaHCOB 3ne-
MenToB. CuHTE3 cucTeMbl nuranus anst Tpex u 6onee 3eMeHToB.
Monenb aHTeHHb € nuHUSIMY CUCTEMB! NUTanvs. JlByx3/1eMeHTHas
aHTeHHa. VICTOYHVKY TOKa Uin UCTOYHMKY HanpsxeHus? Hacrpoiika.

B atom paspene ynoMuHaiotcs ¢aiine! M3 pasnndHbIX Manok,
BJIOXEHHbIX B OCHOBHYIO nanky raaeb 9 ...ANT\Phased\. Moaromy
umMsa kaxgoro ¢aitna B pasnene 9.1 Ha4YMH3ETCa C UMEHU Manky,
KOTOpas B CBOIO oyepeab Haxoautes B ...ANT\Phased\.

9.1.1. MpuHuyun paboTtsbi

B n. 7.1.3 Mbl OTKasanucb OT NMUTEHUS BCEX SNEMEHTOB AHTEH-
Hbi MPOAOALHOTO U3NyYeHnsi, Kpome oaHoro. Takoil noaxon pesko
yNpOCTUA CUCTEMY NUTAHUA, HO 33TO HANOXWUA Maccy TpeboBaHuin
Ha PasMEpbl ¥ B3aMMHOE PacrnofioXXeHNe 3NEMEHTOB.

310 HEYDMBUTENEHO, OT MPSMOTO NUTAHUR BCEX 3NEMEHTOB Mbi
OTKasanucCb, HO TOKM, C HYXHbiMWU ansi xopowei AH amnautyaoii
u ¢azoit (To eCcTs NpaBUNEHOE TOKOpacnpeaeneHne), Mul Bo36y-
OMTb B ANEMeEHTax Bce paBHO 06si3aHbi.

B aHTeHHax C NacCUBHbIMWM 3NEMEHTAMU 3TO AENAETCH TOALKO
reometrpueil aHreHHbl. OHa o6si3ana Obite TONLKO TaKo#, HTO6L
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B3aUMHO HaBEAEHHbIE TOKK (B NAHHOM CNy4Yae, 3T0 CUHOHUM TOKO-
pacnipenenenus) nonyunauce Gui Takue, Kakne TpebyloTcs ana no-
nydeHus xopouwein AH.

MNostoMy B rnaBax 7 u 8 mbl MHOrO U3yYanu BAusHUE pasme-
POB MacCUBHLIX JNEMEHTOB, UCKanu ONTUMYMbI MO PACCTOSHUMIO
mexay Humu. Oropyanucb, ECAM 3TH ONTUMYMBI PUBOAWAN K y3-
Koii monoce (kak B 2-x anemeHtax Ypa-Aru, n. 7.2.2), panoBanmce,
€CNU OHWU COBNAJaNu C MaKCUMYMamy flOfIOCH M YCUAeHUs (Kak
B «BOWHOM KBaapare», n. 7.6.2).

Ho ecnu mbi o1kaXemcs oT noen Bo3byxaarts TOALKO OauH BuG-
parTop, a NPUBEAEM JIMHUN NUTAHUS B KKALIA 3NEMEHT AaHTEHHbI,
TO NMoAy4uM 3HayuTeNsHO Gonblie cBOGOAL B FTEOMETPUMN GHTEHHDI.

B camomMm gene, nyCTb 3NEMEHTH PACONIOXEHB HE ONTUMAILHO
C TOYKM 3peHus Bo36yxaeHun rnonem (To eCTb aHTEHHL C NACCUB-
HbiMh anemeHtamu). Ho, perynupys amrnautyab u ¢$asy TOKoB
B JIMHUMN NMUTAHUS KAXA0r0o 3/IEMEHTA, Mbl BCE PABHO CMOXEM J10-
6uTLCR HYXHOrO pacnpenesieHusi TOKOB Mo 3NEMEHTaM (TO €CTb
xopowen AH).

B aHTEHHax C aKTUBHbIM NMUTEGHMEM pPACrpeAcNeHue ToKa no
aneMeHTaM onpejenserca Asyms GakTtopamu:

1. FTeomerpueit aHteHHbl. TOYHO Tak Xe, Kak U B aHTEHHax
C NacCUBHbIMU 3IEMEHTAMU, UMEETCH 3HaAYUTENbHAH B3auUMHAR
CBSASbL MEXAY 3JIEMEHTaMU ¥ B3aUMHO HaBEAEHHbBIMM TOKAMU,

2. Cucremoii NUTaHUA ¥ PacnpPERENeHUs MOLWHOCTY MO 3NEMEH-
TaM, TO €CTb aMnanTya0h n ¢$a3oi TOKOB, «BKaYMBaEMbiX» B KAX-
AbliA 9NEMEHT HENMOCPEACTBEHHO, OT JIMHUU €ro NUTaHus.

BoioA:

B ¢hasuposannbix anmennax moKopacnpeoelenue MOosCHo pezynu-
posamp He MOILKO 2e0Mempuett GHMEHHb!, HO U aMniumyoavu-ha-
3amu moxos 6036yvicoaroujux aunuil. Ioamomy zeamempuro anmenne
MoxcHo eblbupame bonee c6oboOHO. A nomoM, NOIYHUEILEECS KaKkum
8uln0 (Mo ecmeb HEONMUMMILHOE) PACHPEOENeHUe MOKA RO 3NeMeH-
mam 3a cuem cesi3u No NOMI0, Mbl MOXCeM NOONpasume 00 Hcelaemo-
20, YCMAHABIUBAS NPABUAbHBIE AMIAUNYOs U (hasel NUMAHUA KaxC-
0020 31eMenma.

Kpome Gonsiueit cBo6opbl C Pa3MepaMu U NONOXEHUEM 3Ine-
MEHTOB, aKTUBHOE MUTAHWE fO3BOASIET YAYYLINTL YCTOWYUBOCTb
NapamMeTPOE aHTEHHB! K AECTabUWIM3UPYIOLLUMM BO3OEACTBUAM, B TOM
yucne M K USMEHEHUIO YABCTOThl (TO ECTb HUMPOKONOAOCHOCTL).
B aHTEHHE C NACCUMBHBIMW 3NIEMEHTAMM NpY PACCTPOINKE INEMEH-
Ta (HanpuMep, U3-32 BAMSIHUA 3EMAU W MECTHBIX KOHCTPYKUMIA,
W3MEHEHUSI YACTOThi) MEHAETCS CBSISb MEXJY 3NEMEHTaMM, U no-
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3TOMY NpaBuALHOE pacrpenenerue Tokos 6uICTPo uckaxaetcs. Mpu
AKTMBHOM XE NUTaHUU TOKOpacnpenesnene AoNoSHUTENBHO YAEP-
XMB3ETCH 33 CYET NUTAICLINX NUHUIA, MEHEE NOABEPXEHHBIX BHEL-
HUM BAMSAHUAM.

A Yem onnauMBaloTCs TakMe NpenmyiecTsa? PeskuM YCNOXHE-
HUEM CMCTEMblI NUTAHMA. YBbl, KaXYLUMECH MPOCTbIMU PELUEHUs,
HEBO3MOXHbI. CKaxeM, pasBeTBuMTb MOLUHOCTbL nepeaarunka ge-
nureneM, a Tpebyembie ¢ass yCTAHOBUTL ASIMHOW AMHNHA OT genm-
Tens 10 Kax4oro u3 31eMeHTOoB. NpOBEPEHD: HUYEro HE BLIAAOET.

Bo-nepBbiX, ANEKO He BCceraa MOWHOCTL HAA0 AenuTb nopoBs-
HY Mexay afeMeHTamu. Yaile BCEero Kak pas HaobopoT, HyXHbi
pasHbie MOLHOCTH.

BO-BTOPbIX, MPOCTO YCTAHOBUTL (asbi AAMHON AuHwni (M3 pac-
yera o6biyHOro Habera 180° Ha A/2) MOXHO B €AMHCTBEHHOM Chny-
yae: ecnu KCB = 1. A noyTu BCcerpa umneaaHchl 3N1EMEHTOB OKa-
3LIBAIOTCH KOMMNEKCHBIMM (AaXe npu pPe30HAHCHbIX pasMepax
3NEMEHTOB) M Pa3HLIMKU. YTO eCTECTBEHHO, TaK KakK, Kpome cob-
CTBEHHOTO TOKA, MO KAXAOMY BMOPATOpy TEYeT ele u Cymma To-
KOB, HGBELEHHbIX OT BCex Apyrux Bubparopos. Bonee Toro, MoOXer
AaXe OKa3aTbCH, 4TO Y HEKOTOPBIX 3NEMEHTOR aKTUBHANA YaCTb BXO/L-
HOrO MMIMEAaHCca OTPULIATEeNnsHa. (PN3NYecKu 310 O3HAYAET, HTO Ta-
KOW aNeMeHT He NOoTPEeBNsSiET 3HEPTUIO N3 NUTAIOLER NUHMK, a Ha-
060pOT, NnepexBarbiBan 4acTb 3JHEPruy, U3NYYEHHOW [OpPyrumu
BAIEMEHTAMU B HEHY)XHOM HarnpaBfeHWUK, BO3BPALLAET €€ B AUHUIO
nutanus. To ecTb paboTaeT He Kak Harpy3ka, a KaK reHeparop.

TakuMm 0bBpasom, AMHUKM OT AennTens A0 3NEeMEHTOB Bcerpa
pa6oraior ¢ KCB > 1, noaromy Haber ¢asbi B HUX ONpEnensieTCs
HE TONLKO OAMHONW, HO M MMMNEAAHCOM Harpy3ku, TO ecTs Gyper
Janexk of OXuUBaemMoro u3 npocTbix cooBpaxeHuii.

Ecnu xe nofnbiTarbCs CHauyasia CoryjlacoBaTtb KaXAbiiA 3NEeMEHT
rnpu nomoiuy otaensHoro CY, TO nocnegHee U3MEHUT 3aAaHHbIe
amnantyny v ¢asy toka B anemente. lNonyyaerca cobaka, roHsio-
LL3SCH 33 CBOMM XBOCTOM: NPy MOMBLITKE COrNacOBaHUs UMNENaH-
COB PacChINGeTcs HYXHOE pacnpeaeneruve ¢as n amnautya, a npu
MONLITKE MOCTABUTL 3TO PACNPEAENEHNE KaK HAA0 HE BLIXOAWUT HU
COrfIaCOBaHU$, HW CAOXEHUS MOWHOCTU B 0oBuimii kabens.

B o6LweM, cambiM CROXHbIM B GasnpoBaHHbIX 3HTEHHAX ABJIS-
€T1Cs CMHTES M PacyeT CUCTeM nNuTaHus, obecneunsatowmx Tpebye-
moe Bo3byxaeHue BCEX INEMEHTOB.

MpoekTMpoBaHWe AHTEHH C 8KTMBHLIM MUT3HUEM 3NEMEHTOB
AenurTcs Ha Tpu 3rtana:

1. Cozgaercs nNpOCTPaHCTBEHHAs CTPYKTYpa 3neMeHToB. Mx
KONWYECTBO, pasmepsl, GOpMa U B3aMMHOE PACTIONOXEHWUE Of-
pefensioTcs u3 CoOOBpaXEHN XENAEMOTO YCUNEHUS, UMEIOLLMXCA
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BO3MOXHOCTEl, NPOCTpaHCTBa, xenaemoit OH, onbita paspabot-
yuka u T.n. BaxHo, 4ro ¢opma AH un xopouwee F/B Gyayr Ha paH-
HOM 3Tarne He eOVHCTBEHHbIMU, W [axe, CKOpee BCero, He Cambi-
MU rNaBHbIMU KPUTEPUAMMU.

2. B kaxaplii 3NEMEHT YCTAHABNMBAETCR OTAENbHbIE NCTONHUK.
MpoBogMTCs He3aBucUMan ONTUMM3aUUs $Gas u amaMTYA Kaxao-
ro U3 UCTOYHUKOB (KPOME repBOro) no TpebyeMbiM KpUTEpUam
¢dopmbl AH: makcumym F/B B 330aHHOM TENIECHOM yrie, ycune-
HME, MM Ux COMETAHUE C HYXHbiMU BECOBbIMYU kO3 duumeHramm.
Ecnn ynopHO HE BbIXOAMT, TO reOMETPUSi aHTEHHb, BbibpaHHas
B NMpenbiywieM NyHKTe, COBCEM HEYAAvHa, U HapOo ee nepenesbi-
Batb, BEPHYBILUCH K MEPBOMY MYHKTY.

3. Janee NpoOEKTUPYIOT CUCTEMY nuTaHua. VCXoaHbIMK TYT $iB-
NAIOTCH AdHHbIE, MONlYYEHHBIE B NMPEAbIAYLEM MYHKTE. PACCUUTaH-
Hbie UMMEeA3HChi 3/IEMEHTOB M ONTUMU3UPOBAHHbIE aMNAUTYAbI
u ¢asbi UCTONHUKOB. 3[ECH BMOSIHE MOXET MOSIYYUTLCH, HTO nop
TpebyeMoe coyeTaHne umneaaHcoB/amnnutys/¢pas cucrema nura-
HUS WM BOBCE HE PEanu3yeTcs, Win NoNy4aeTcs Yepecyyp Cnox-
HOM. Torpa nNpuaeTcs BEPHYTLCH KO BTOPOMY, @ BO3MOXHO Aaxe
U K MepBOMy MYHKTY U NOBTOPUTbL BCE CHOBA.

B ofuiem, Bbi yxe noHanm, 4To paspaborka $pasmpoBaHHbiX aH-
TEHH AEN0 BECHMA He NMPOoCTOEe, U BOBCE HE rapaHTupyoLliee rnony-
yeHue pesynbrara. TeM He MEHEE, MMEHHO 3TUM Mbl U 33MEMCH
B [JAHHOW rNaBe.

9.1.2. Cuctema NMUTaHMN SNEMEHTOB

CamMoit CNOXHOIA HaCTbio B PACCMaTpUBaEMbiX AaHTEHHAX ABNSA-
erca cucrema nutanus. Mo uaee, ee NPOEKTUPYIOT B NMOCNEAHEN
(cm. npepviaoyiumii naparpad). Ho usyuars ¢$asmpoBaHHbIE aHTEH-
Hbi HAYHEM Mbi UMEHHO C Hee. Kak ¢ caMmoi TPyaHOn 4acTu.

Cuctema nuraHua aomkHa obecneunBars:

e TpeByembie amMrntyab U ¢asy Bo36YXAEHUS KaXN0ro ane-
MEHTA Ha 331aHHOM KOMIIEKCHOM BXOOHOM UMMENAHCEe KaxX-
[AOro aneMeHTa Za.

o OO6LEenMHEHUE NUHWIA, NMUTAIOLMX KAXKObIA 3NEMEHT, B OAWH
ob6imii kabenb, Tak Kak OTAERbHbIE UCTOMHUKU B KXO0M 3ne-
MEHTE SIBASIIOTCH JMib BbiNMCAUTENBHBbIM (OKYCOM, MO3BO-
ASIOLLMM NPOLLE NPOEKTUPOBaTL NOAOGHBIE 8HTEHHB! (TO €CTh
cHavyana pobuBarbcs HyxHOI [IH onTuMu3saumen nCTOUHWKOB,
2 YX NOTOM 33HUMATbCR NMUTaHUEeM 3NEMEHTOB). PU3UYeckn
Xe K paaMocTaHuuu WieT eAMHCTBEHHBINH Kabens.

McxOpHbIMU BAaHHBIMK LIS MPOEKTUPOBAaHUS CUCTEMbI aKTUBHO-
ro NMUTaHUS SBNSIIOTCS KOMITIEKCHBIE BXOAHBIE UMIIEAAHCH KaXA0ro
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U3 3NEeMEHTOB Z3, a Takke aMnautyaa n ¢$a3a Kaxkaoro n3 ucTou-
HUKOB. 3T LUMPPLI Mbl MOAYYAEM HA MPEALYIYILEM 3Tane npoek-
TUPOBAHUS, KOrAa aBTOMaru4eCKu ONMTUMU3UPYEM WMCTOYHUKU MO
TpeByEMbIM HAM KpUTEpUSIM.

Tenepb OCTAETCH «BCErO NUiUb» CO3AATb CUCTEMY MUTAHUS.
To ecTb yCTPOICTBO, KOTOPOE PacnpeaesUT SHEPIuIo Nepeaaryuka
no anemexTam ¢ TpebyemsiMu (U pasHbiMu) amnautypnamu n da-
3amu. TpyOHOCTU, BOSHUKAIOWME NPU ITOM, ONMMCaHbi B n. 9.1.1.

Camoe oveBugHoe petueHue npoBnembl TaKOBO: K KAXAOMY ane-
MEHTY NMOABOAUTCH CBOR JIMHUS, @ HA AanbHUX OT 3NEMEHTOB KOH-
Lax SIMHUIA (XOTS eCTb BapuaHThl, 4TO U HA 0BOUX) YCTAHABNMBAIOTCH
MHOro3eeHHbie LC Lerm, obecrneuvBalome HyxXHoe pacrnpenene-
HUE C Y4ETOM TpaHCHOPMUPYIOUIMX CBOWCTB AuHuii. Ho, kak aro
" chlydaercs O6bIMHO, CaMOE OYEBUAHOE PELLIEHNE OKA3bIBAETCH Ca-
MbiM CNOXHbIM B peanusauuu. bega B TOM, 4TO pPacyer Taknx ue-
nei YpessbivaiiHO CnoxeH. Takke MHE He U3BECTHa nporpamma,
NO3BOAIAIOLLAA JIErKO CYMTaTh Takue Bewm (pacnpegenntensHoie LC
yenu ¢ 3a4aHHbIM U NPOU3BOMIbHLIM pacripenencHuem ¢$as n amn-
AUTyA Ha NPOU3BONLHLIE Z3).

Mostomy (na npocTAT MeHsi TeopeTuku) He Byay paccmarpu-
BaTb CUCTEMbI MUTAHUA Ha OCHOBE pacnpeaenureNbHuiXx LC yenei.
FMpoOCTO He BEPIO B UX NPaKTUYECKYIO LIEHHOCTD.

EnMHCTBEHHLI METON, CUHTE3A CUCTEM NUTaHUS, He TpeBoBas-
wuid rpomosaxkux LC ueneit, 61 npegnoxex A. Christman’om,
K3LC, ex. KB8I [1]. CyTb B cneayiouem: gonycTvM, 410 Ha KaXa0M
3NeMeEHTEe (C PACCHNTAHHBIMWN Z3) YyXE CYLUECTBYIOT HYXHbiE Ham
HanpsixeHus Bo36GyxaeHusi. UIMeHHO © TemMu amrumtynamu u a-
3aMu, KOTOpbIE Mbl HAWAKM NpU onTuMmusauuu Gopmbt JH.

MoaKNoNUM K KaXOOMYy 3MIEMEHTY CBOIO JIMHUIO U [BUHEMCH
BONb HEE B HaNMpPaBAEHUM repenaTynka. MockosbKy Z3 He paBHO
BOIHOBOMY COMPOTUBAEHUIO KUK ZO, TO NpY NEPEMELLEHNU BAONL
avumn Mblt 6yeEM BUAETb UBMEHEHME aMruMTyabs u ¢asbl Ha-
npsxenus. Npowe roeops, Tak kak KCB > 1, 10 saons nuHun 6y-
ner obbiuHoe, BonHOOOpa3Hoe pacnpegeneHue amnnutyn u $as
(cM. Hanpumep, puc. 3.2.3).

ABUrasce 800 KKAOM AUHUK, HAMPYXEHHOM Ha CBOW Z3, MOX-
HO HaliTK TOYKU, B KOTOPbLIX KOMIUIEKCHBIE HAINPSXXEHUsI HA JIMHUAX
coBragaloT. ECTeCTBEHHO, ANMHA AnHUA Npu 3TOM OyAeT PasHOM
LN KQXA0ro 3NeMeHTa. B 31ux To4Kax NMHWUM MOXHO COEOVHUTHL
MapasNencHO, Tak KakK OAUHAKOBLI KakK peasibHasi, Tak U MHUMAs
HYaCTb HANpPsXEHWi, U NPy NapanneNbHOM COEAVMHEHUM HAMpPSKe-
HUA HE U3MEHSTCSH.

Mony4mBLIMIACH B TOYKE NMApannensLHoro COeAMHEHUA KOMITIIEKC-
Hbid uMnepanc npeobpasyercs B 50 Om npocreiiweii F-06pa3sHoii
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COrnacyouien Leneslo, KOTopas yXe He BANSIET Ha Tokopacnpene-
neHve No 3NeMEHTaM, Tak Kak Haxooutcs kabGene, obLiem ans Bocex
BNEMEHTOB.

Taknm o6pasom, ans 3a1aHHbiX aMnTya u ¢a3 Bo36yxaeHus
KaXaoro 3fneMeHTa CO CBOUM Z3, Mbl HALWIM TAKMe JIJIMHBLI SIMHWIA,
fpK KOTOPLIX UX AAAbHUE KOHUGLI MOXHO COEAUHUTL NMapasnienbHO.
W tpancdhopmupoBany, MoOAyYMBLUMICH B 3TON TOHKE MMMENaHC
B 50 OM npocreiitmm CY. To ectb Hawia CUCTEMA NuTaHua pac-
npegensier CUrHan Nepepariuka nNo 3AIEMEHTAM C 33A0aHHbLIMK Z3,
amMrmTyaoi u $asoii.

Metog, K3LC B npaktuyeckoM MCTONHEHUKM BECbMA MPUBAEKA-
TENeH: HUYEro, KpoMe AMHUIA N oaMHONHOro npocTeiiwero CY, He
Tpebyercs. Ho Kak paccumrars HyXHbie AfuHBL AUHUA U BLIGpaTh
ux TMn? s 3T0ro Hap0 PELLMTL YPABHEHUSI PACNPEASSIEHUS KOM-
MAEKCHLIX HANPSXKEHWIA BAONL KOXAOK NMHUM, HArPYXEHHOR Ha KOM-
MNEeKCHbI UMNEeAaHCc anemMenTa Z3, u umeloweii 1pebyembie a3y
U aMnnuTyay B TONKE NMOAKIIONEHUR NEMEHTA.

MmenHo atum 3aHuMaercs okHo Muranue dhaznpoBaHHbIX
pewetok B GAL-ANA. [Ina noctpoeHusi rpaukoOB [OCTATONHO
BBECTU AaHHBIE MO UCTONHUKAM U Z3 3NeMeHTOB. Ha nnockoctu
C OCSIMM peanbHOit ¥ MHUMORA HaCTU HANPSXXEHUS OHU UMEIOT BUA,
anauncoB. VX nepecevyeHne u eCtb UCKOMBI OTBET, TO €CTb MEC-
TO, B KOTOPOM COBMN3AaloT KakK peasbHas, Tak U MHUMas 4acTy Ha-
npsixeHuid. JJoCTrarovHO NoAorHaTh Kypcopbi anuH NuHuii Ha obo-
nx rpadukax B TOMKY NEPECEYEHNST UM NMPOCTO KAUKHYTh Ha HEM.
Brnpoyem, MOXHO HE RBenartb Aaxe 3TOro, UMEETCH BO3MOXHOCTb
aBTOMaTUHECKOrO NOUCKa 3TON TOYKU.

He 6yaoy onucoiBarb 3pech nogpobHOCTM yNpaBneHnsi OKHOM
Muranue ¢asuposBanHbix pewetok B GAL-ANA (daitn nomoum
H3 3TO OKHO BaM BCE X€ NpPuAETCH NpPOYECTL), @ nepenay cpasy
K 0CO6EHHOCTSIM Ero NPUMEHEHUS.

9.1.2.1. CuHTe3 CUCTEMBI NUTAHUS
Anst ABYX SNemMeHToB

Tunuunbii Bug rpadukoB okHa furauue ddasuposanHHbIX
peleToK Ans ABYX 3NEMEHTOB noka3aH Ha puc. 9.1.1. lo ropu-
30HTaNbHON OCU OTNOXEHA NENCTBUTENILHAA YaCTh KOMIMIEKCHOrO
Hanpsixenus E, no BepTukanbHol — ero MHUMas 4acts jE. Ha rpa-
duKe NokasaHo pacnpenenceHue KOMIMIEKCHOTO HanpsiXXeHus BOOMb
AWHUKM, 3nekTpudeckoi anmHoin 1A, Ecnu 6bt nuHns 6bina 6e3 no-
Tepb, TO oamu rpaduk umen Gul BUL INAUNCA (Yepe3 AAUHY BONHLI
BCE B TOYHOCTM MOBTOPSNOCHL Obl). HO Tak Kak UMEIoTCH norepw,
TO BNMMCH MONYYAIOTCSt C paspbiBOM B kKoHue. Hanpsxerne
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yepes3 1A He B TONHOCTU PABHO TOMY, NTO B Hayane AuHUM, u3-33
3aTyxaHusi B HEelA.

Lna oByx anemMeHToB rpadukoB-3/IMICOB Takke ABa. B Toukax
repeceyeHus SMMCOB KOMIMNEKCHDBIE HANMpPSXKEHUS PABHB, TO ECTh
3TK TOYKM ABASAIOTCH TOYHbIMU pelseHusmMu no metony K3LC.

Touek nepecevyeHusi MOXET Outb O O (annuncbi BoOOLYE
He repecekaroTcs) oo S (He oneyarka, nonpobyiite B KayeCTBe yri-
paxHeHus camMoCTosiTenstHO coobpasuTb, B KakoMm cnydae ux Gy-
[er nsatb). Ho HanBonee TunuuHbid Cnyyail — 310 4 TOuku repe-
CEYEHUS, KakK MokasaHo Ha puc. 9.1.1.

* |

Puc. 9.1.1

Kakyio u3 4eTbipeX TOHEK NEPECEYEHUA M M0 KakuM KpUTEpUSM
BbiOpaTL?

Bo-nepsbix, He NOAOMAYT TOYKM, B KOTOPbIX CyMMapHas ¢pmsu-
Heckas anuHa obenx AuHMIA (C y4etoM koadduumeHTa ykopoe-
HUA) NMONYYUTCS MEHBLUE PACCTOSHUA MEXAY anementamu. lpocro
HE XBaTWT [UIMHbI, 4TOObl COEAMHUTL 3NEMeEHTH. Ecnu nnauupyer-
CSi @aHTEHHA ¢ nepeknoyenuem H, To He noaoiayT TOYKKM, B KOTO-
pbix $pusnueckas MAMHa xoTa Obl OAHOW U3 NUHWIA MEHbLLUE MOo-
JIOBUHBI PacCTOSHUA MexXay 3NeMEHTamu (He [OOTSAHEeTCH [0
KOMMYTaTopa).

Bo-BTOpbIX, 13 coobpaxeHuit CTabuNsHOCTH U NOBTOPSEMOCTH
HEXENaTesbHO UCMONb30BaTh TOYKM, B KOTOPbIX A/INUMCHE nepece-
KalTca He nofd ocTpbim yrnom. Ha puc. 9.1.1 arto toukm 1 un 3.
OK0o5o TOHKM 3 HA 3TOM PUCYHKE MOKA3aHO, NOYEMY HEXENaTenb-
HO. CepbiM UBETOM 3anUTa 30H3 PACXOXAEHUS INAUMNCOB PW
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HeGonbLIMX OTKNOHEHUsIX (Hanpumep, pPaccTpolika no 4Yacrore,
nebonbluan MorpetHocTs B AAMHE NWHWIA MNKU B UMNENaHCax ane-
MEHTOB). Buaxo, 410 paxe npyn HeBONbUMX OTKNOHEHUAX OT TOM-
ku 3 (n 1 TOXe) pacxoxpeHue Mexay rpadukamu GHICTPO Hapac-
TaeT, TO eCTb CUCTEMA YYBCTBUTESIbHA A2XE K MAJIBIM OTKNOHEHUSM.

Hanpotus, B Toukax 2 n 4 3NNUNCbli NEPECEKAIOTCS noj, OCT-
pbiM yrnoMm. 30Ha PACXOXOEHUS (3anMTa CEPbiM OKONO TOYKU 2
Ha puc. 9.1.1) HapacTaer MefIeHHO. 310 3Ha4YuT, YTo cucrtema By-
JEeT npoLtarb HeGONLIIME OTKNOHEHUA 63 3aMETHOro yXyALEeHUs
napameTpoB. 03TOMy Cnenyer CTPEMUTLECSH B KaYECTBE pELeHUst
BoiGuparb Toukn, roe rpadukn NepecekarlTCs noa OCTPbIM YrjiOM,
TO €CTb CXOASTCH-PACXOOATCS MEANEHHO.

Ecnu pnvHa ogHOW U3 Aunnii nonyvaercs Gonswe A/2, TO MOXHO
MPUMEHUTL NIMHUIO KOPOYE PAcYETHOH HA NMONBOMHBI, 3 AOMNOAHU-
TenoHbili ¢asosuiii caopur 180° caenarh nepekpeilymBaHUEM BbIBO-
[OB JIMHUU.

MonesHo 3HaTb, 4TO No rpadukam puc. 9.1.1 MOXHO «Ha rnas»
OLEHUTb UMMENAHC B TOYKE MAPa/NENBHOrO COEOUHEHUS JIMHUA.
Ero aktvBHas YyacTb R CBsi3aHa ¢ MOAyNEM MPOEKLMU TOUKM riepe-
CEYEHUA HA ropU3OHTAILHYIO (OEeiCTBUTENBHYIO) OCb. Tpowe ro-
BOPS, ECAIN OfHA M3 TOYEK NEPECEYEHUs YaaneHa o ropusoHTanu
OT HyAsi Aanbllie, YEM Apyrasi, TO B nepBoi Touke R GyaeT Bbitue.
Hanpumep, ans touek 1 1 3 Ha puc. 9.1.1 R okono 40 Om, a ans
ToNEK 2 U 4, KOTopbie 6MMke K BEPTUKAILHOW OCUM, BCEro Aullib
okono 14 Om.

Mopgyns peakTMBHOW 4acTu uMnenaHca jX B TOYKe CoeIMHEHUS
JMHWIA CBA33H C MPOEKUME Ha BEPTUKANILHYIO (MHUMYIO) OCb jE.
Bce TOMHO Tak Xe, Kak ¥ ins R, TONbKO BMECTO rOpU3OHTaNLHOMN
0oCU MCNONL3YETCA BepTukasibHasa. Hanpumep, Ha puc. 9.1.1 B TO4-
ke 3 jX=-14 Om. A g5 Toukn 2, koropas 6amxe K ropusoHTab-
HOl ocu, X =4 Om.

OnucarHbie BbILLE PEKOMEHAALMM XOPpOoWwM M npasunbHbl. Ho
TONLKO B TOM CAy4ae, eCnu aNNUNChi NEPECEKAIOTCH TaK, 4TO ume-
eTCH yCTPauBAIoWan Hac TouKa nepeceyeHus. A ecnm ee Het? Torpa
YTO-TO MEHATb BO BXOJIHLIX AgHHLIX (amrumTyaax-¢dasax MCTOMHUKOB
U UMMEeNaHcax SNEMEHTOB Z3) N B AAHHbIX NUHUIA CUCTEMbBE NU-
TaHus. UMEHHO 3TMM Mbi U 3aliMEMCH B cnepyiowiem naparpade.

9.1.2.2. BnvsHue NCTOYHWKOB,
nHUA 1 UMNELAHCOB 3NEMEHTOB

WTak, mbi nocTpounu rpaduku, HO NPUEMNEMOA TOUYKK Nepece-
yeHusi HeT. Hapo 4To-10 MeHaTb. Ho 410 1 B Kakylo CTOpOHY? Ons
aroro pas3bepeMcs, KakMe napaMmeTpbl U Kak BAMSIIOT Ha rpadmkm.
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1. ¥BennueHne aMnautyas HanpsxeHna (MM ToKa) MCTOYHUKE
npocto MacwTabupyer anmnc. Jea rpaduka, OTAMYaIOLMEcH Iulib
aMNANTYAO0N HaNPXKEHUA MCTOYHUKA, noKalaHst Ha puc. 9.1.2.

2. ameHenne dasbl MCTOYHMKA HAa ONPENEeneHHbIii yron npoc-
TO NOBOPAYMBAET SNNUNC HA TAKOW Xe yron BOKPYr Hauyana Koop-
fmHar. NonoxureneHeit Haber ¢aast Bpallaer rpaduk NpoTmMe Ya-
COBOW CTpPEenku, OTpuuarensHolli — no Yacoeoii. Tpu rpaduxa,
oTAHAIWMXCA AvLb (aloii HANPAXEHUA UCTOYHUKA, NoKa3aHbl
Ha puc. 9.1.3.

I ®asza +60 rp.

1 Qa3a-60rp.
Puc. 9.1.2 Puc. 8.1.3

3. ¥Benudenue axtmaHoil wacty R3 BXOAHOrO MMREefaHca ane-
MEHTa CXUMaeT pasMep 3AnMnca no BepTukanbHoOi ocu. TodHee,
TaK npoucxoguT, ecimu dasa ¢ HanpsxeHa UCTOoYHUKa pasHa 0°.
3T0T cayyait nokasaH Ha puc. 9.1.4 (anmncel pasnMualnTCa NnLLL
Ra). Ecam daza uctounuka ¢ = 0°, To annunc pactarmeaeTcs no
OCH, NOBEPHYTOR OTHOCUTENLHO BEPTUKany Ha ¢ rpapycos. Ha
puc. 9.1.5 nokazaH npumep, aHaNOru4yHblili puc. 9.1.4, HO npwu
¢ = 45°. 3anuncu Ha puc. 9.1.5 pacTarnBaloTcA BAONL NUMHUU, NO-
BEPHYTON Ha 45° NpOTME 4acoBOW CTPERKW OTHOCUTENbLHO BEPTU-
Kanu.

4. BnuaHue peaktMeHON 4acm jXa BXOQHOrO MMmniepaHca ane-
MEHTa NOoKa3aHo Ha puc. 9.1.6 u 9.1.7 (anqa ynpoLieHrua noHUMa-
HUA OHX NOCTPOEHL! ANA UAEANbHLIX NMHUIA, NOSTOMY 3NMUNCH
3aMkHyTH). TonoXutenbHan pPeakTUBHOCTL «33BAIMBAET» JNNUMNC
snpaso (puc. 9.1.6), otpuuarensHas — eneso (puc. 9.1.7). PocT pe-
axKTVBHOI? COCTABNAIOWENR CXVMMAaET 3nmnc. AHANOTMYHO Mpefb-
aywieMy nyHkTy, ecnu ¢asa ucrtouHuka ¢ # 0°, TO annvnc
«33aBANMBAETCA» K OCU, NOBEPHYTOI OTHOCUTEALHO FOPM3CHTANN Ha
¢ rpanycos.
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R=250m

Puc. 9.1.5

| 50-j100M

Puc. 9.1.6 Puc. 9.1.7

5. POCT BONHOBOro conpotueneHua Zo ¢asuvpylowmx AUHAR
pacTarvBaeT pasMep a/mnca No BEPTUKANLHOR OcU (puc. 9.1.8).
WNameHeHue $hasbt NCTOYHUKA BAMAET TOYHO TaK Xe, Kak onmcaHo

B nyHkTax 2 u 3.

Teneps, 3HAA KaKk U3MEHEHUE NCXOMHbIX
AAaHHbIX BAMAET Ha rpaduku, Bl MOXETE Nog-
FOHATH AaHHBbIE MO UCTOYHUKAM 1 Z3 npy pac-
qete aHTeHHu nop bonee-meHee ynobOHule
3HaYeHUsl TOUEK NepeceyeHnn.

B saBepuwieHune naparpada npuseany He-
CKONBKO MONIE3HLIX NPUEMOB aHanu3a nosny-
YeHHbIX Z3.

1. HexenarenbHo gonyckars 6onswioin KCB
8 dasupyoLmx MMHUAX (OH oToBpakaercs OT-
LENbHO Ana Kaxaoi nuHum B okHe FuTanne
¢paznpoBaHHbIX PeleToK), n3-3a ONacHOCTU

! Zo=930m

@

§

Puc. 9.1.8
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3aMETHOro Bo3pactaHvs noteps. Fpanutpl KCB ycnoBHbt, 1 3asucaT
OT BOJTHOBOrO COMNPOTUBAEHUSI, KOHCTPYKLUMU U AJINHBE 3TUX JINHUIA.
OpreHTUpOBOYHLIE rPaHMLIb: B KoakcuansHbix kabenax KCB ve pon-
XEH npesbiark 5, B ABYXNpoBoAHbiX nuHuax — 10...30 (B nnac-
TUKOBLIX MeHbilie, B BO3AywHbIX Gonbuie). Ecan KCB nonyvaercs
BLiLLe, TO HAAO v MeHATe dasmpyiowme nMHUKM (KaKk npasuno,
Ha 6onee BLICOKOOMHbBIE), NMBO 4TO-TO fenarts ¢ paaMepamMm U no-
NOXEHWEM 3NEeMEeHTOB ana nonyyennna Oonee ynoboesapumelx Z3.
2. Ecnn npu pacuete anemeHTOB (nyHktat 11 2 8 n. 9.1.1) no-
RYYAETCA, 4TO HAMPAXEeHUe OAHOrO U3 UCTOHHUKOB GAN3KO K HYRIO
(BO MHOrO pas MEHbLIE HArNpPAXeHWiA OpYyrux UCTOYHUKOB), TO
B AAHHOM Cry4ae aKTUBHOE NuUTaHue 3TOro anemedTa He Tpebyer-
€A 1 UCTOYHUK MOXeT ObiTh 3aMeHeH nepembiukoii. Takoe cnyya-
€TCH, eCNU NMONLITaTbCA 3anuTaTb aKTUBHO BCE 3EMEHTH B aHTEH-
He, pasMepbl KOTOPOit (pacCToAHuA MEXAy JNEMeHTaMu n ux
rabaputsel) onTUManbHe! Ana pabBoTel € NACCUBHLIMKM ANEMEHTaMu.
OueHb Manoe HanNpsAXeHUe MCTOMHMKA B 3NIEMEHTE KaK pa3 u ro-
BOPUT O TOM, YTO HYXHOE pacrnpeneneHue Tokoe pocruraercs 6es
NWTaHUA 3NIEeMEHTA, TO eCTb CaAsb NO MO0 HACTOMbKO XOopoLua,
HTO KOppekTupoBaTk ee OONONMHUTEsIbHLIM UCTOYHUKOM He3a4yeMm.
3. Ecan Ra kakoro-nnbo anementa 61M3k0 K HynlO (HaMHOro
MEHbLUE, YEM Y OCTaUTbHLIX 3JIEMEHTOR), TO AKTUBHOE NUTaHue 3TOro
anemeHTa Takxe He Tpebyerca. BMecTto MCTouHUKa LOMKEeH BbiTh
YCTAHOBMIEH PEAKTUBHLIA 3NEMEHT C CONPOTUBAEHNEM, PaBHLIM jX3,
HO NPOTUBONOAOXHOrO 3Haka. Hanpumep, ecnu Za = 0,5 - j23 Om,
TO BMECTO MCTOYHUKA CTAaBUTCA KaTywika ¢ jX = 23 Om.
3710 GbiBaET, ecnu 3anuTarb akKTMBHO BCE 3NIEMEHTHI B @HTEHHE,
B KOTOPOI pacCTOAHUA MEXAY 3NEeMEHTaMu ONTUMAasbHbI LA pa-
60TL! C NACCHMBHLIMKN ANEMEHTaMU1, a rabapuTul SNEMEHTOB — HET.
OdeHs Manoe Ra roBOpUT O TOM, HTO ANA KOPPEKUMY pacrpenene-
HVA TOKOB He TpebyeTcA akTuaHana MOLHOCTbL MCTOYHUKA. Hyxhna
NG PEeakTUBHOCTh, HA 3TO MNPAMO YKa3biBAeT HEHyneeoe jXa.
A TaK KaK aKTMBHOR MOLLHOCTM 3MIEMEHT HE «NPOCUT», TO PEAKTUBHLIA
COBUr NIErKO BHECTM COOTBETCTBYIOWMMU KaTYLLIKOI UnY KOHAEeHcaro-
pom. FlouTy BCeraa B TakOM Cny4ae MOXHO CKOPPEKTUPOBaTh pa3-
MEepbt aNIEMEHTA TakK, 4Tobb! TpebyemMan peakTMBHOCT: AOCTUraNach
66t caMuM aneMeHTOM, e3 BHELHErQ peakTMBHOrO 951IeMeHTa.

9.1.2.3. CuHTE3 CUCTEMBI MUTAHUSA
ans Tpex u bonee anemeHToB

Bce, 4to rosopunoce B8 nn. 9.1.2.1 u 9.1.2.2 o subope Z3
U NUHUiA, CpaBennMeo y B AaHHOM cayyae. OgHako, B OTAMYME OT
[BYX QNAUNCOB, TpU BOBCe He 0DA3aHL NepecekarsCA B QUHOW
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Touke. Jaxe, CKOpEE BCEro, Takoh ToukuU y Tpex rpadukos ne By-
neT (Kpome cayyas, Koraa Asa n3 Tpex SNIeMEHTOR NOAHOCTHIO 0AN-
HaKOBL!, NO3TOMY ux rpaduxku nexar Apyr Ha apyre, n dakmye-
CK/ Mbl MMEEeM 33nady ONA ABYX INEeMEHTOB). MOXHO, KOHE4YHO,
nonuITarsCs cAenarb pasHbiMy 1 Nosobpars BONHOBLIE CONPOTUB-
neHua nvHwi, nobueanch Takoro nepecedeHua. Ho He ¢akr, 4to
NOAYYUTCA, 3aTO rapaHTUPOBAHHO UCKNIOYUT BO3MOXHOCTb KOMMY-
Tauun HanpaefeHnin U3ny4eHns.

Hamuoro ynobHee npyMeHuTs APEBOBUAHYIO CUCTEMY NUTaHUA
N3 AYHWIA C OfMHAKOBBLIM BONHOBLIM CONpoTuBReHneM. Metoamka
CMHTE3a TakOW CUCTEMB! ANA CUCTEMbE N3 YETLIPEX SNEMEHTOB:

1. Bepem pea moObix SIEMEHTA, MNCH KOTOPLIX YROOHO ne-
pecekaorcqa. ObwbrHbiM Metogom K3LC, kak onucaHo B n. 9.1.1,
MLUEM petleHune (TO €CTb COSAUHAEM 3NEMEHTH). 3aroMUHaeM KOM-
MAEKCHLIE MMNEAAHC 1 HanNpAXeHue B To4YKe coeanHeHua (Haso-
BEM ee TO4KOit A).

2. MoBTOpAEM NpeabiayLmiti NYHKT AnA AByX OCTaBLIMXcs ane-
MEHTOB, CBOAS MMHUK OT Hee B Touky bB.

3. 3anaem 8 okHO MuTtanme ¢asmposanHbix pewerok & GAL-
ANA B KauecTBe UCXOOHLIX OaHHLIX UMNEJAHCL 1 HaNPaAXeHua
B Toukax A u b. W cHosa oBbmubiM metogoMm K3LC Haxoaum pe-
LWEHre, COEMHARA YXE HE ANEeMeHTH, a Touku A u b.

Ecan aneMeHTOB Tpu, TO BTOPOIA NYHKT HE Lenaerca, a B Tpe-
THEM, BMECTO J1aHHbIX TOYku B, BepyTca AaHHbE NO TpeTLeMy ane-
MEHTY.

Ecnu anemMeHTOB DOnbLLE YETLIPEX, TO NONAPHOE CBEEHNE BET-
BEif B NPEeBOBMOHYIO CTPYKTYPY NPOAROMKAeTca [0 Tex nop, noka
BCE aneMeHTu He BynyT CBenerul B OfiHY RUHUIO.

YyBCTBYIO, YTO HE OYEHb MOHATHO ¥ HaRo Oul npumep. Mpuso-
XY, XOT$t @HTEeHHb!, NOAOGHBIE PACCMOTPEHHOW B NpumMepe, Mbi Oy-
[EM U3yyaTh AnLLb CrYCTA HECKONLKO naparpados, B paspene 9.3.

Mpunmep

ViMeeM KIaCCMYECKYIO aHTEHHY C aKTVBHLIM NUTaHMEM: yeTbipe Af4 GP,
CTOSILME B YInax KBafpata Co CTOpOHOK Af4, wanyuyeHwe BAONbL AMaroHa-
nv keBagparta. ONTMMM3auusi UCTOMHUKOB COBMECTHO No Kputepusm F/B
(MakcuManbHas 3HAYMMOCTL) B HanpaBneHUM TouHO Hadan m no Ga (nono-
BMHHAs 3HAYMMOCTL) AaeT Pesynbrarkl, NokasaHHue B Tabn. 9.1.1

JanHbie No BTOPOMY M TPETLEMY MCTOYHWKAM MNONHOCTLIO COBMNAAAIOT,
nosTOMy SAAUMNCOB Nonyuyaetcs Tpy. HO B OAHOA TOUKE OHM, KOHEYHO,
He nepecekalorcs. MosToMy CBefieM cHawana NepBbiil U YeTBepTHiA sne-
MeHTH. Vicnonsayem kabens RG213. He 3abuiBaeM, 4T0 MUHMManbHas ¢u-
3uvyeckas AfmHa xabens oT SneMeHTa A0 reoMeTPUYeCcKoro LeHTpa aHTeH-
Hul pomxHa 6uiTh He Medee 0,18A, 3HauUMT, MMHMMaNbHas SneKTpuyeckas
pavHa c yderom Ky = 0,66 cocrasut 0,18/0,66 = 0,27A.
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Tabnuya 9.1.1

UcTosnuk Mmnepanc
3nemeHY
Hanpsxenve, B| dasa, rpag. R, Om X, Om
1 1,66 -56 25 28,6
2 0,95 -37 13 -20,7
3 0,95 -37 13 -20,7
4 0,2 0 -7.5 -3,7

Vcxops ws storo (a Takke m3 Toro, 4to B Nnepsom kabene KCB Huxe,
NO3TOMYy €ro MoXHo 6patb AnuHHee) BoibupaeMm CReayloLyylo TONKY CBe-
nenvs: nepsulil kabens 0,904, sropoin — 0,321A. HanpsxeHne B 3T0M TOu4-
ke (nazosem ee A) napansenbHoro coeavmenusi oboux kabenein cocTas-
nser V, = 0,55 - 0,97 B, a wnmnepanc Z, = 21 - j4,58 Om.

Tenepb ceofrM 2-i4 M 3-i1 snemeHTbl. Boobllie-10 B 3TOM Cayvae mx
NaHHble OAMHAKOBLI, NOSTOMY B CBEAEHMM OHU HE HYXA3I0TCA. MoXHO B3aTb
niobbie OBE NUHUK OAVMHAKOBOM AfMMHLL. TlostoMy GepeM MunmuMmanbHbie

Hanpasnesue uanyuenus

>

Snement 1
166B, —56mp.
Z1=25+]286 L1=0.9047
Touka A
0,55-j0.978
JneMeHT 2 JnemenT 3 ZA=21-}46
0,95B. —37mp. 0,958, —37rp.
2= 13-}207 2= 13-120,7 q
JnemeHT 4
028, -0rp.
24=-15-R.7
L5=0,007A
12= 0,272
T 5 0,44 mud
OUka Z=112+j14
084 _j187B ! e o
Zn=44,2-150,5 L6=0,38%

Puc. 8.1.9
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kel no 0,27A. HanpsxeHue B 31oit Touke (HasoseM ee B) napannens-
HOro coepuHenvs oboux kabeneit cocraenser Vg = —0,84 — 1,87 B, a um-
nepaHc Zs = 44,2 — j50,5 Om.

Tenepb ceoauM BMecTe Toukn 1 u 2. PelweHune HaxoawTCs Npy favHe
nepeoro kabensi 0,007\ v Broporo 0,38A. B Touke coepuHeHus nonyvyaem
wmnenaHe 11,2 + j1,4 Om.

Npocteiumm M-obpasHoim CY u3 katywku 0,44 MklH » KoHzieHCcaTopa
840 n® TpaHchopMmupyeM Nonyumsluniica vMnenaHec B 50 Om.

PaccuutaHHas CucTeMa aHTeHHu nokasana Ha puc. 9.1.9 (3aberas
B N. 9.3.5 cKaxy, 4TO MNONHas MOAENb C finHUsiMK, n306paxXeHHLIMK Ha
puc. 8.1.9, npueenexa B ¢aine ...\GP\40m 4square_line.gaa).

Duanuecky aHTEHHAs CUCTEMA BLIMSAWMT Tak: OT KaXAoro snemeHta
B HEHTP K KOMMYTArTopy WAYT OTpe3ku kabens snexkTpyuyeckon OnuHbl No
0,27)\. Bce ocranbHblie oTpe3ku xabens nNepeknioyalnTcs B COOTBETCTBUM
¢ BuiGpaHHLIM HanpaeneHueM. CxeMy koMMyTaTopa He NPUBOXY, Npeanona-
raeTcs, Y4T0 Bbl B COCTOSIHMM CaMOCTOsTenbHO ee pa3paboTtars, B COOTBET-
CTBMM C ROTVKOR NepekmoNeHnst ANnH n coeavHenwit xabeneir. Ecnm ato
He Tak, TO Bam, Noxanyit, CrouT NOBpPEMEHUTb C NOAOGHLIMKU AHTEHHAMMN.

Nrak, 6narogaps okHy Murarne $asnposanHbix pelletok Mol
paccuutanu cuctemy nutanua. Teneps HaM HAAO NOCMOTPETDb, Kak
seper ceba aHTenHaa cucrema uenukom. Insi 3roro AanmHuM pac-
CHUTAHHOI ANMHLI HANO BCTABUTL B MOAENb @HTEHHLI. JTUM Mb!
1 3aiiMemca B cnenyiouwiemM naparpade.

9.1.3. Mogenb aHTEHHbl
C NMHUSIMKU CMCTEMbl NUTaHUN

PaccunTasnyio CUCTEMY OUTaHWA U3 NMHMIA HAAO0 BCTABUTH
B MORENbL @HTEHHbI, TO €CTe B Ty MOLESNb, B KOTOPO# y Hac noka
CTOAT OTAERLHBIE UCTOYHMKU B KaxOOM anemeHTe. Cpoenarte 310
MOXHO Tpems cnocobamu:

1. Ecnn B KauecTse nuHUIA CUCTEMBI NUTaHUA UCTNONLIYIOTCA
BO3AYLIHLIE ABYXNpOBOAnbie nvHum (Zo = 300...600 Om), 1O Mx
MOXHO NPOCTO M306pa3uTh COOTBETCTBYIOLLWMMU NPOBOAAMU B MO~
penn. Cnocob nosHOCTHIO Y4YMTLIBAET AWHWK, BKNIO4Yas noTepu
B HUX 1 BO3MOXHOE MX U3JTyHEeHUe Npy Hanmuun acummetpun. He-
NOCTATKN: ABYXMPOBOLHLIE NIMHUY B NAACTUKE M1 KOAKCHManbHble Tak
MOOENUPOBRaTh HENb3A.

2. Bropoit cnocob ocnosan Ha soamoxHocTu NEC2 scrasnats
JIMHUU KaK OTAENbHbIA aneMeHT mopemnu. SiuHum ¢ mobbim Z0o, BKNIO-
4as koakcuanbHuie. HO, yBbl, HEOCTATKU TOXE WUMEIOTCA: SIMHUN
B NEC2 cuntatotcst 6€3 noreps, a nx BO3MOXHOE n3nyyeHme u3-3a
aCMMMETPUIM He yWuTbiBaeTcA. B GOnblUMHCTBE CAyYaeB K 3amert-
HbiM MOrPELHOCTAM 3TO He NMPUBOAMUT (Nnoxue JMHUU C OLLyTHU-
MbiMU NOTEPAMU B HA3UPYIOLLMX CUCTEMAX HE MCHONL3YIOT n3-3a
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nosuiieHHOro KCB B HuX, 1 yaue BCero pacnonaraior TaK, 4robst
OHU He u3nyyanm).

3. Tperuii cnocob ucnoneayet cnocobHocTs GAL-ANA BrmoNarb
B MOAEnb AvHMM € notepamu. B npuHumne, ator cnocob, kpome
ydyeta noteps, Npakindecku He OTMYaTcs OT npepblayerc. U or-
Me4YeH OH OTAEenbHO Nyl NOTOMy, uto caM NEC2 He moxer pa-
Gorate ¢ nMHUAMU € noTepamu. BrnioueHue nuHU C peasibHbLIMN
norepaAMn ~— 310 OTANYMTENRLHAN ocobeHHocTs GAL-ANA.

Paccmotpum noapobHee Ha npumepe OLHOW U TOI Xe aHTeH-
Hbt. Bosbmem pgea oamHakoBuix A/2 aunona Ha paccroaHuu 0,151,
Ceo6ogHoe npocTpaHCcTeO, Yactora 14,15 Ml u, avameTrp snemen-
Toe 10 MM, mMarepuan — amoMuHmnesan Tpybka.

MocTasum B Kaxpulih AMNONL CBOI UCTOYHMK M NMPOBEAEM On-
TMMU3auMIo Gassbt U aMIIMTYAb: NEPBOrO N0 KPUTEPUIO MakCUMYy-
Ma F/B B HanpaBneHun TOYHO HA3an (YCTaHOBKM Tbina A3umMyT
O rpagn., 3nesaums O rpap.). Orser onTuMusaumun:

e nepeuit UCTO4HUK: amnutyaa 0,15 B, dasza 62°, umnenaHc

33,9 +j0,7 Om;
® BTOPOI? UCTO4HUK: amnnutypna 0,5 B, daza 0°, umnepaHc
51,2 +j110,1 Om.

Monyuyenwnan mopens npuesepexna B daitne ...\dipoles\2_05_
dipole.gaa.

Neperiga B OkHO MuTanne a3mMpOBaHHBLIX PELUETOK HAaxo-
AVM, 4TO ecnn B kadecTtse a3vpyiolleil ncnonb30ears BO3ayLl-
HYIO ABYXNPOBOAHYIO NHUMIO ¢ Z0 = 450 Om, TO pelwieHmne HaxoguTea
npu anvHe dasupyowmx otpeskoe 0,011A u 0,459A, 4T0 Ana Yac-
ToTel 14,15 My, cocrasut 0,3 M u 9,72 M coOoTBETCTREHHO (63
yyeta Ky nuHum).

Mo nepsomy cnocoby HOPUCOBLIBAEM B MMEIOLLYIOCS MORERb
paccuuTaHHbie nuHum B Buae Habopa nposopoe. Flonydaem daiin
...\dipoles\2_05_dipole_wire_line.gaa. 310 yxe nonHaa Mouenb
@HTEHHOIR CUCTEMBI C OflHUM UCTOYHMKOM W CUCTEMOIT NUTaHUA.
IOH npaktnuecku nORHOCTLIO COOTBETCTBYET MCXOOHOI Momenu
-..\dipoles\2_05_dipole.gaa ¢ nsymMs ucrouHMkamm, yTo roBOpWT
O NpaBunbHOCTY CUCTEMBbI NuTaHud. [lpaspa, a ycuneHun Mot
notepanu okono 0,1 gb (310 notepu B nuHuax, paGoTawolmx
¢ KCB = 10).

Cpenaem monesnb TOl Xe aHTEHHB! BTOPbLIM CMOCOGOM, 4Yepes
muHum NEC2. Ho cHawana pasbepemcs, kak MMEHHO BCTaBnaTh
B MOLENb.

NuHum cospaotea B rnaeHoM okHe GAL-ANA, B 3aknanke nu-

HUiA Y HYeTLIPEXNOMOCHUKOB, OTMEYEHHOW 3HAKOM @ U B OKHe
SIvHun U YeTLIPEXNONMOCHUKM, BbLI3LIBAEMOM U3 nydkra OxHa,
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rnasHOro meno. Mpowe Bcero noHats nuHun NEC2, npezncrasue
nx Kak rmbpug OByx OBbINHBIX HArpy3oK (Hauana v KOHLA NMHWK)
M NPOBOAA.

Monoxerne MecT NOAKNIYeHUA Hadana (M KOHLA) nMHuKM 3ana-
eTCA TOYHO TaK Xe, KaK 1 NofoxeHne OObIMHOW Harpy3ku: ykaswl-
BAETCA HOMEP NPOBOAA M NonoxeHue (B % nnn B CerMeHTax) Mecra
NOAKNIOYEHUS.

KcraTti, UMEHHO MO3TOMY Kaxablii KoHer, nvHuy 06a3aH ObiTs
NOAKNIOYEH K Kakomy-nubo nposopy. MNoatomy, ecnmn But BLINOAHAE-
Te napannensHoe CoeaMHeHue AByX nuHuid (HanpuMmep, Kak B Me-
Tone K3LC) win xe wneiid (KOPOTKO3AMKHYTHIA, HACTPOEHHbIA,
N T.N.), TO ANsl NOAKNIOYEHUS KOHLIOB NVHMIZ CO30aiiTe QYEeHb KO-
poTkuii (nopaaka 1 cM) BCNOMOraressHuiii NPOBOA, B KOTOPLIA Gy-
AYT BKAIONATLCA KOHUL! nMvHWA. B npunumne, ato He BUPTYaNbHLIA
npoeog, Beab Npy GUINHECKOM COEOVMHEHUN KOHLIA JINHUA KOPOT-
KUe COeAUHUTESNbHLIE NPOBOAA BCEraa NPUCYTCTBYIOT.

MOHATHO, YTO HANO TaKXe yKa3arb Z0 UCNONL3YEeMOIR NUHWU,
" ee AnvHy (He 3abbiB NOACHUTE KOMABLIOTEPY, INEKTPULHECKYIO Un
dU3NHECKYIO Bbl UMEETE B BUAY).

Ecnu Bbt Gynere 3agasars ANWMHY NUHUKM BPYYHYIO, TO MECTO
PacnonoXennsl BCIOMOraTtenbHOr0 NpoBOAa (K KOTOPOMY NOOKIO-
4aeTcs1 BTOPOIA KOHEL, nnHuM) HeeaxHo. HO ecnn xe Bul B none
Dnuxa ankmu ykaxere 0, TO 3TO 3HAYMT, 4TO AnvHa nmHun Gypet
aBTOMaTUHNECKN BLIYUCNEHA Kak pacCToOfAHNE MexXy KoopAanHaramm
ee 1 Hauana v KoHua. foaTtomy B TakoM Crydyae BCNOMOrarenbHbliit
nposog, AO0MKeH ObiTe PacnONOXEH B MOAENU UMEHHO B TOI TOUYKE
npocTpaHcTea, rae ¢uandecku GyAeT pacnonoxeH BTOPOR KoHel,
nmMRuv.

B 3aBepiueHne ykasbiBalOTCA MMNEOAHCHI, LUYHTUpYIowme Ha-
4ano u KOHeu nuHuMK. 3TO HaRO Aenark TONLKO B Ciyvae, ecnu
K JIMHUKM, KPOME NPOBOAOB, YTO-TO AONOAHUTENLHO NOAKMIOYEHO,
HanpuMep KOHpEeHcarop.

WNraK, BOOPYXMBLIMCE NPUBEAEHHLIMI BbiLLIE 3HAHUAMU, CO3Aa-
em B daitne ...\dipoles\2_05_dipole.gaa AONOAHNUTENLHLIR, TPETUIA
npoBof ANVHOKA 1 CM 1 NOpKMIONaeM K HEeMy nivHMU, pacCYvTaH-
Hbie Boilie. Pesynbrar nokasad e daiine ...\dipoles\2_05_dipoie_
line450.gaa 1 Ha puc. 9.1.10. JH npakTniecku NOSHOCTLIO COOT-
BETCTBYET noxofiHoii mopeny ..\dipoles\2_05_dipole.gaa ¢ apymsa
WCTOYHUKAMI, YTO FTOBOPUT O NPABUNBHOCT CUCTEMbLI NMUTAHWUA.

Ho nutanwve ABYyXnpoOBOAHLIMUN NAUHNAMN Mbl MOran CUMynn-
posars 1 0BbiHbiMU nposoaamu. A suHumn NEC2 Ham nonanobu-
AUCH AN HU3KOOMHBIX nmHwnii. [103TOMY Ana TOI Xe camoit aHTeH-
Hut ...\dipoles\2_05_dipole.gaa ¢ nByMA UCTONHUKAMMU PACCHUTAEM
1 CMOAIENUPYEM CUCTEMY NMTaHUA M3 KOaKCHanbHbiX kabeneit 75 OM.
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OkHo Muranmne GasmposBaHHBIX pPELeToK NOKa3bLiBaeT, YTO
ecnu ucnonb3osark kabens 75 OM, TO pelleHne HaxoamTca npu
anuHe dasmpyiowmx orpeskos 0,0051 n 0,317A, 410 AnNa 4acToTul
14,15 MI'y, cocraeut 9,5 cM u 6,72 M cootBeTcTBeHHO (6e3 yyera
Ky xabengq).

Z=2682+il017 ¢  Ga=62dBi
SWR=20 )

Puc. 9.1.10

Bcraeue atm nunum B mopens, nonydaem daitn ..\dipoles\
2_05 dipole_line75.gaa ¢ Toit xe camoin JH 1 co Bce TeM Xe Bbi-
BOLAOM O NPaBMNLHOCTU CUCTEMBI NUTAHWA.

Obparum BHUMaHUE, 4TO NEPBaa MMHUA NORYHUNAChk O4EHL KO-
POTKOIA, BCEr0 HECKONLKO CaHTMMeTpoB. MNonpobyem ee yctpanuts
COBCEM, TO eCTb NPOCTO COEAMHUM SNIEMEHTL! KOAGKCUanbHLIM Ka-
Genem 6,72 m (daiin ...\dipoles\2_05_dipole_line75_1.gaa). Bu:-
SICHSIETCA, 4TO NPy 3TOM AnWe HEMHOro (Ha 2...3 ub) cHvxaerca
F/B, a B OCTansHOM NapaMeTpbi aHTEHHbE NOYTU HE MEHAIOTCA
{(puc. 9.1.11).

OpnHako Mot yenekinucb. B atom naparpade peus He 0 KOHKpeT-
HBIX KOHCTPYKUMAX aHTeHH (00 3ToM noaxe, B paspenax 9.2...9.6),
a 0 TOM, KaK B MOAENM ONucaTk PaCCYUTaHHYIO CUCTEMY NUTAHUA.
A TYT MHE OCTa/iOCh NUUb CKa3arb, 4TO MPUBOAMMBIE fanblue
daiinu NPakTMYecKnx aHTEHH C aKTUMBHLIM NuTaHuem OyayT 4acTo
NPpUBOAUTLCA B ABYX BapuaHTax:

1. AHTEHHa C ONTUMU3INPOBAHHLIMU WCTOYHUKAMU B KAXAOM
3neMeHTe.

2. Ta Xe aHTeHHa, HO C OAHUM UCTOYHUKOM 1 FONHOW Cucre-
moit nutaHua. Vima daitna oTnn4aeTca Ot NEpPBOro BapuaHTa ToMbKo
nobaexoit okoHuanua _line nepep, pacimpeHueM .gaa.

3T0 NO3BOAWT Bam C OAHOM CTOPOHB! ONTUMMauposars OH (nep-
BbltA BapuaHT) no csoum Kputepram. C apyroit CTOpoHLI, Bbl CMOXETE
MEHATL CUCTEMY NUTaHna (BTOpOA daiin) noa, ceom AuHUM 1 Kabens.

48



- Z=1.04-{385 ' Ga=63dBi
H SWR =486 S

Puc. 9.1.11

Tenepb, 3HaA Kak CNPOEKTUPOBaTh CUCTEMY NUTAHUA Y BHECTA
ee B MOfleNb, BEPHEMCA K BOMNPOCY O B3aUMHOM MOAQXEHUM U pa3-
Mepax 3MEMEHTOB aHTEHHD.

9.1.4. [AByx3aneMeHTHas aHTeHHa

Ina Hayana BO3sMEM Camylo NPOCTYIO aHTEHHY: Asa A/2 auno-
na, Kxaxabii CO CBOMM MUCTOYHMKOM. Takylo Xe aHTEeHHY Mb yxe
Opamm paHswe 8 Nn. 7.1.1 u 7.1.2, nayyan npuHUMN NnpoaofitHOro
nanyyenma. fMoaromy nn. 7.1.1 u 7.1.2 HeBpeAHO BHUMATENLHO ne-
peuuTarb, Nnepes TEM KaK ABUrateCsi Aansilie 30eCh.

...NMepeuntann? Torpa Bu 3HaeTe, 4TO puc. 7.1.3 Ouin nocTpo-
€H UMEHHO A9 NBYX3NEeMEHTHO AUNONbHOR aHTEHHL! C aKTUBHLIM
nutaHnem. W npu ero nocTpoeHun oba MCTouHuka (TO eCcTb aMmn-
nTYaHO-Ga30B0e PacnipeneneHne no 3NEeMeHTaM) onTMMU3Upo-
BaNOCH MO KpuTepuio Makcumyma Ga. Ho n. 7.1.2 6uin cyrybo Teo-
petuyeckum. B HeM Ml uckanm cnocobbl BubkaTb MakCUMansHO
BO3MOXHOE ycuneHne. A paHHbii naparpad Gnmxe Kk npakTuke.
3pecb HaC MHTEpPECYeT B Nepeylo ouepenp xopowaa AH, To ectb
kputepuii makcumyma F/B.

Noatomy nocTponm Takue xe rpadpuku, Kak Ha puc. 7.1.1, HO
APy ONTUMM3ALMU UCTOYHUKOB NO KpuTepuio makcumyma F/B. Oc-
TansHLIe YCNOBWMA NOCTPOEHMA OCTAIOTCA npexHuMu: ceobopHoe
NpoOCTPaHCTBO, Aga A/2 punond, 4actora 14,15 My, arnamerp ane-
meHtoB 10 MM, Marepuan — anioMuHuesas Tpybka. [ina Kaxaoro
paccToaHMa NPOBOAVMTCA aBTOMATUYECKas ONTUMU3alMA BTOPOro
ucroyHuka no ¢$ase n aMnauTyae Nno Kputepuio Makcumyma F/B
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B HanpaeneHun TOYHO Hasan (ycrtaHoBku Toia Aaumyt O rpag.,
Anesaums 0 rpan.). Mogens ana paccrosiua 0,151 nava B daii-
ne ..\dipoles\2_05_dipole.gaa.

Peaynbrar nokasan na pyc. 9.1.12 (HUXHAS KPUBas, OTMEYEH-
Haa xpyxkamu). Ha 3TOM xe pucyHke Ans CpasHeHUs NOBTOPEH
rpaguk ¢ puc. 7.1.1 (kpurepuit Makcumym ycunenus). TyT ymMecTHO
OGBACHUTL, NOYEMY MAKCUMANBHOE PACCTOSIHNE MEX/Y S/EMCHTAMN
Ha puc. 7.1.1 v 9.1.12 orpannueno 0,3\. Bo-nepsbiX, Npy ganb-
HelleM POCTE NanaeT CUNbHO ycunenue. A BO-BTOPLIX, NPY fUM-
Hax Tpasepcht >0,3A rnasnbiii nenectox OH paclyennsercs Ha gga,
W OHU HanpasfneHbl YXXe He BOOJb 3NIEMEHTOB, TO ecTh JH nonyua-
€TCA COBCEeM HENpPakTU4HOMN.

8 T
3 F 7 7~ T ——
€ 5 6 / T
S§ 2 ) T
o I / .
X e 54 ~
o =
g3
25 4 -~ Kputepuit Makcumyma F/B
3 E — KpvTepuit Makcumyma Ga
S o
$5,

|
2 }
0.01 0.05 0.1 0.15 0.2 025 03

PacctosiHue MEXAY drnemMeHTaMu B A

Puc. 9.1.12

410 MOXHO yBUAETL U3 puc. 9.1.12? Ha nepsbiit B3rnsag Huue-
rO [AOCTOMHOrO 0COOG0r0 BHUMAaHWA Tam HeT. 'paduk makcumyma
Ga uper HeckonbKO Bbiwe rpaduka, NOCTPOEHHOIO Mo KpUTepuio
F/B. 310 Mb! yxe MHOroO pas Bumenu B rnase 7, u NPUYSUHBE Tam
Xe onucadbl. Ho ecnn mbt cpasium puc. 9.1.12 ¢ aHanormyHbiMm
rpadukamn AN ABYX3NEMEHTHOW anTeHust Yna-firu {(puc. 7.2.2
v 7.2.3), TO untepecHoe nosBnsercs.

OkasbiBaeTcs, NTO rpaduku, NOCTPOEHHLIE MO KPUTEPUIO Mak-
cumanbHOro F/B, na aHTEHHB! C aKTUBHBIM NUTaHUEM (puc. 9.1.12)
VAyT NOYTY TaK Xe (NP Manbix W CPeIHUX A/MHax TpaBepcht) nnm
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4YyTb Bhille (Npu GONbLUMX AANHAX), Kak U KpUBLie ANA OByXane-
MEHTHOW @HTEHHbLI C NACCUBHBLIMKW 3neMeHTamun (pvc. 7.2.2, 7.2.3).

W 310 nntepecHoe? Ja. OcobeHHo, ecnu Mbl CpaBHUM nony-
yaoumecs 3HauseHna F/B. Onsa antennbt Yna-9rn otHowenve F/B
B OCHOBHOM He panyeTt (CM. puc. 7.2.4). OHo npesuisaet 20 ob
TONLKO B mHTepsBane anvH Tpasepcut 0,03...0,09A, n pocturaer
30 pB npu paccrosHuu 0,057, kOTOpOE NO3TOMY ML U Ha3Banu
onTuManbHbiM. [l OCTanbHLIX Xe paccrosanvi F/B nByxanemeHT-
HOW aHTeHHbl Ypa-frn pesxo napaer.

A nna OBYX3/EMEHTHOW ONNOMAbHOW aHTEHHbBI C aKTUBHBLIM MU-
Tannem F/B npesbiltaet 40 ob ans mobbix AnvnH Tpasepch. TO ecTb
onTUManbLHOro no F/B paccrosHnsa Mexay aNeMeHTaMu B aHTEeHH
C aKTUBHbIM NMUTaHUEM HET. TOYHEE rOBOPS, B TAKOW aHTEHHE MOX-
HO NONy4YUTb TOYHbIA 6anaHC TOKOB U O4EHb Manoe u3nyueHue
Ha3ap npyu moboi anuHe TpaBepch:.

Nocnepnee, BNpoyeM, HeyAuBUTENbLHO. B aHtenHe Yaa-drv mbt
nobuBanuck TOHNHOTO pacnpeneneHus TOKOB Tauuamu ¢ OyGHom
BOKPYF PasMepoB 3EMEHTOB U PACCTORHUA MeXAy HUMU (W nona-
Aanvu B ONTUMYM NpU €OWHCTBEHHOM CONYETaHWW: NacCUBHLIA
BNEMEHT OUPEKTOPOM N annHa Tpaeepcki 0,051). A npy aktMBHOM
NUTaHUU Mbl YCTaHaBAVBAEM HYXHOE TOKOpacnpegeneHvue aMnnu-
Tynamy u $paszamMu UCTOYHUKOB. Tpuyem, 8T0 MOXHO caenarb npv
nobbix pasmepax v ¢GpopMe 3MeMEHTOB, a HE TONbKO C PE30HaHC-
HbIMU ANNONAMN.

JABYXaneMeHTHasa aHTeHHa C aKTUBHbIM NMUTAHWEM U3 OBYX ANUH-
Huix, no 0,60 gunonei, nokasaHa B ¢aine ..\dipoles\2_06_
dipole.gaa. Paccrosnne mexay anemenramu 0,154, Ga = 6,4 dBi,
F/B npesbiwaer 50 gb.

Takas Xe aHTeHHa, HO U3 yKOpodeHnbix, no 0,4A aunonei, no-
kasana B ¢aiine ..\Short\2_04_dipole.gaa. Ga = 6,1 dBi, F/B npe-
BbilwaeT 50 ob.

Mpumep xopowen popmbt JH npy npon3BOonbLHOM Pacnonoxe-
HUW 3neMeHTOB nokasaH B ¢anne ...\dipoles\2_slope_dipole.gaa.
0O0a 3neMenTa NOBEPHYThH HA CRy4aiHbie U pasHbie (N0 HECKONbKO
rpanycoB) yribl OTHOCUTENLHO OCK X. JUNHBE UX TOXE CryvyaiHbie
v pasubie (oxono 0,6\ u 0,4), coorBeTcTeeHHO). Ho, HecMOTpsa Ha
CTONb yXacHy0 GOpMy aHTeHHbl (UMEETCs B BULY, YTO Mbi €€ He
crneunanbHO caenany, a UCnofb30BaNu KakMe-To, YXe UMetoLme-
cs nposoaa), ee Ga = 5,9 dBi, a F/B npesuiuaet 50 ob.

BoiBOA:

Tpu akmueHoM numanu O8YX21eMEHMHOI GHMERHBI MONCHO NO-
mymume xopowyio [JH, ¢ ouenv evicokum F/B npaxmusecku npu mo-
bbix eMeHmax (6KAONAs HEPEIOHAHCHYIE), NP AI0OWX paccmosHu-
X AexcOy Huwu, Menvtuux, yes 0,34
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A xak BepyTt ceba $asnpoBaHHbLIE aHTEHHL! B MOIOCE HacToTr?
OtBeT — oYeHb XOpOoLo. HamMHOro nyuilie, 4eM aHTEHHL! C NacCUB-
HbIMU 3nemMeHTamun. Hanpumep, avtenna ...\dipoles\2_05_dipole_
line450.gaa (nBa nonyBoOnHOBLIX AMNONA Ha paccroaHuu 0,154, yac-
Tota 14,15 M) umeet nonocy 0.9 My no ypoewio F/B > 12 pb.
310 BTPOE GONblue, HEM y ONTUMANLHON [ABYX3JIEMEHTHORR Yaa-
Fru (daiin ...ANT\HF beams\Uda-Yagi\2el_Uda-Yagi_gamma.gaa
B N. 7.2.2.3.3) ¢ Tpaeepcoi 0,083A. MpuyemM, y paccmaTpueaemMoi
anTennst F/B npesbiiaet 20 gb ot 14,0 no 14,35 My, 10 ecth BO
Bcem mobutenbckom ananasone 20 M.

flo ypoenio KCB < 2 nonoca Toi Xe aHTeHHb COCTaB/seT
800 xI'u, yto B 2,5 pa3a Bonblie, veM y Yna-9ru. Mo KCB < 1,5
nonoca aHteHHul coctaenseT 450 Iy, To ecTb BO Boem mobutenb-
ckom ananasoHe KCB He nopHumaercs Boie 1,4,

BHuMarenbHbiii yuTatenb CKaxeT, YTO y paccMaTpuBaeMon aH-
TEHHB! C aKTUBHLIM NUTaHueM 06oux anemeHToB Tpasepca 0,152,
a y cpaBnuBaemoii Ypa-fru — noutm Bapoe xopode 0,083A, no-
3TOMYy U BCE NOSIOCH! NEPBON aHTEHHb! JOMKHLI ObiTh LLMpPE.

Ja, KOHeuyHO, POCT AAuHbL Tpaeepch yBenuuneaeTr nosocy. Ho
[eno He TonbKO B 3TOM. Hampumep, ecnu Mbi ans CpaBHEHUs
BO3bMEM aHTEeHHY Ypa-9ru ¢ Takoii xe Tpasepcoii 0,154 (n 3akpo-
em rnasa Ha 710, 4tT0 y Hee F/B emea pocturaer 10 gB), 10 ee
nonoca no yposHio KCB < 2 6yner 500 x'u. A a10 B 1,6 pa3a MeHb-
e, 4eM y pacCMarpuBaeMoil aHTEHHD.

3710 nposieneHve obwieit 3aKOHOMEPHOCTU: aHTEHHLI C aKTUB-
HbIM nUTauneM 6onee LWnpokonoaocHs no KCB, uem ux ananoru
C naccuBHbiMy 3nemeHTamy (Mbt 06 9TOM BKpaTUe YyNOMWHANW
B n. 7.2.2.1). Npuyem cywiectBeHHO 6onee LMPOKONOAOCHL. Mpu
0AMHAKOBOW reOMeTPUN 3N1EMEHTOB BhiMIpbitll coctasnser 1,5...2 pa-
3a (3aBUCUT OT TMNa 3NEMEHTOB U BOSIHOBOFO CONPOTUMBAEHUA NN~
HUIA cUCTEMBbI NUTaHUsA). A Npy CPaBHEHUW ¢ ONTUManbHOM No F/B
Ypa-Arv (koTopas BbIHYXAEHHO UMEET KOPOTKYIO TPAaBEpPCy), Bbinr-
pbilt Ga3znpoBaHHOK aHTEHHb OOCTUFAeT HECKONbKUX pas.

Mo F/B antenHHa C akT¥BHLIM NUTaHUueM nuoupyetr 6e30roso-
pouHo. OHa BLIMFPLIBAET Y aHTEHHB! C NacCUBHbIMW 35iIeMEeHTaMu
KaK no MaxkcumanbHOMY 3Hauqenuvio F/B (cnerka), Tak ¥ no nonoce
no yposHio F/B > 12 gb (MHOro, B Heckonbko pa3s). HbiMu cnoea-
MU, PasnpPOBaHHAs GHTEHHA 3HAYUTEJIbHO NYYLLEe COXPaHaeT ¢gop-
My [IH v nopnasnenne 3a4HEro nenecrka, 4Yem ee aHTeHHa C nac-
CUBHBLIMW 3/TEMEHTaMN.

B aT0i4 rnaee 9 He Gyay paccMaTpyBarb BONPOCH BAVSHUA 3eM-
nn. OHO B NpyHUMNE Takoe Xe, Kak W Ha aHTeHHy Yaa-fru
(nn. 7.2.2.2 n 7.2.3.3). 3emne coBeplueHHO 6e3pasnuyuHo, KaK Mbl
nobuBaeMCs HYXHOrO pacnpefeneHns TOKOB 10 3NeMEeHTaM: nac-
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CHBHbIM BO30YXAEHNEM MO NOMID, WU 2KTUBHBIM NUTAHUEM KaX-
[Oro anemeHTa.

W3 ToHKOCTER OTMENY NUulb, YTO ONTUMKU3ALMIO aMnnutya v ¢a3
VWCTOYHUKOB H30 NPOBOAUTL, 3343Basi HE TONBLKO XENAEMbie Kpu-
TEpUN, HO U Tpebyemylo BLICOTY aHTEHHb HAL PEeasbHON 3emneit
U CTPYKTYPY 3eMnu {ECAN OHa COCTOUT U3 pa3HbiX y4acTkoB). 3J10,
B 4YAaCTHOCTW, O3Hauvaet, 4yro umewwmecs B nanke ...ANT\Phased\
mMopenu Hano 3aHOBO ONTUMU3UPOBATb, €CAW B BalleM ciydae
BBLICOTa W/MNY CBOWCTBA W CTPYKTYPA FPYHTA 3aMETHO OTINNAI0TCA
OT YCTaHOBMIEHHLIX B MOZeny (N0 yMOMYaHWI0 TaM UCRONb3yeTCA
NAOCKas 3eMfs CPEOHEro KauyeCTBa C MPOHULLAEMOCTbiO € = 13
W yaensHoh npoBOOUMOCTLIO G = 5 MC/Mm).

Kcramm, 06 ontuMnsaumn amnnntyn n ¢as NCTOYHUKOB.

9.1.5. VicTouHMKM TOKa
VAN MCTOYHMKM HanpsbkeHust B momaenm?

Xoten 6bt npenocTepeyb OT YNPOLUEHHOrO TOKOBOFO NOAxXopa
K NPOEKTUPOBaHWMIO Takux cuctem. OH 3BYYUT Tak:

e Pacnonoxum gea Bubparopa Ha HEKOEM PacCTOAHWUN, Hanpu-
mep A/8. B rpapycax aro 6yner 45° (tak Kak nonHaa BosHa
aro 360°).

e Y100Obl B HANPaBREHUW TOYHO Ha3an, CKOMMEHCUPOBaThL BOJHb
o1 o6oux gunoneii, 3anNUTaem Mx pPaBHbiMU TOKamMu, a (paso-
Bbii capur noctasuM 180° — 45° = 135°. B nocnegHeM Bbi-
paxeHun 180° — 310 TOYHan npoTnBodasHocTL {(obecneun-
BAET B3aUMHYIO KOMNEHCALWIO B HanpaeBneHnu TO4NHO Ha3an),
a 45° — ¢a30Boe pPacCTOAHWE MEXAY neMeHTaMun (Ha 3TOoT
yron noeepHeTca $asa BOMHLY, NOKa OHA MAET OT OBHOrO ane-
MEHTA 10 OPYroro).

3T10T NoAx0A, BECHLMA JIOFUNEH, YacTo NPUBOAWTCA B yuyeBHMKax
1 UMEET TONMbKO OANH HEeAOCTaTOK — MaNoNPUMEHUM Ha NpPakTu-
ke. OH [aeT xopowme pe3ynsTarb vl B €OUHCTBEHHOM CRyYae:
cB0604HOE NPOCTPAHCTBO, NPOCTHIE NNHERHLIE PE30HAHCHLIE 3ne-
MEHTH U €OMHCTBEHHLIA KpUTepuii ontumusauun no F/B B Hanpas-
JIEHVWN TOYHO Ha3an,.

Ha camMom pene, B 3aBUCMMOCTN OT BbiCOTH Han peanbHON 3eM-
nei, ee CBOICTB W xputepues ontumusaumu ¢opmbt OH ToxM
B 9EMEHTax MONy4YaloTCa He oavHakosbiMu. W ¢dasoeuiii cosur
Mexay HUMW OTHIoObL He paseH 180° nnioc ¢pasosoe pacctosHve
Mexay 3NeMeHTaMu.

Tabnuua 9.1.2, B KOTOPOI NpUBEAEHb! OAHHbLIE N0 UCTOYHUKaM
CUCTEMB! U3 ABYX A/2 OMNOnei Ha pacctosHun A/8 B cBOGOAHOM
NPOCTPAHCTBE, UNNIOCTPUPYET CKa3aHHOoe.
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Tabnuua 9.1.2

Kpurepuit Davruie Hanroie Ga,
ontmu3alun VCTOMHWKOB HANPAXEHWUS VCTONHMKOB TOKA dBi

Makcnmym F/B U =118, ¢ =63 {L,=05A, ¢ =135° 6,38
8 HanpaslieHnn U,=508, ¢=0° LL=05A, ¢,=0°
TO4YHO Ha3ap
Maxcnmym F/B U, =13
B TenecHom yrne { U, = 50
120° no asmmyTy
Y 60° no seunTy
Maxkcrnmym U, =228, ¢ =147°|L =071 A, ¢ =163° 7,35
YCHUAEHNS U,=50B, ¢,=0° 1,=0,68 A, ¢,=0°

B, ¢.=96° |I,=0,57 A, ¢, = 146°| 69
B, ¢,=0° |I,=0,54A 06,=0°

MNepean crpoka Tabn. 9.1.2 coBnanaeT C NpUBEOEHHbLIM BLILLIE
noAXOA0M: NONYHAKOTCA TEOPETUHECKN OYEBUAHLIE PaBHbIE aMnan-
Tyl TOKOB 1 135° $a3oBOro cABUra Mexay HUMW.

HO cTOUT HaM CMEHNTL KpuTepuii ontumusaunn Ha 6onee ynor-
peburensHbii: Makcumym F/B B LLMPOKOM TENECHOM yrne, To Tpe-
6yemnuiii copvr TOKOB BO3pactaer na 11°, mo 146°. Amnnutyob
TOKOB YXE HE paBHbl, a 0TnvuaroTes Ha 5,5% (1o ecTb BNOnHe olly-
TUMO).

Mpu xputepnn Makcumyma Ga oTnvumMe coBUra TOKOB OT TOrO,
YTO NOACKA3LIBAET HaMm yNPOLUEHHBIA TOKOBLIA NOAX0A, COCTaBNA-
er yxe 163° — 135° = 28°, a paznuune amnavtyn — 4,5%.

BepHem tenepb anTeHHy u3 cBo60QHOro MPOCTPaHCTBa Ha
rpewnyo 3emMnio. B 3aBUCUMOCTV OT BbICOTHI @HTEHHBI, peasbHbie
napameTpbl UCTONHUKOB TOKOB TOXe ByayT ewe 60iblue ornnyarsca
OT TEX, YTO NOAY4aOTCA NPU YNPOLUEHHOM NOAXOLE.

CymMmMunpys BCE BbHLLIECKA3aHHOE:

Vnpowennsiii mokoguiil HOOX00 Hpu NPOSKMUPOSAHUL PEATLHHIX
KoHcmpykyuil 0aem owubKy 6 uCMOYHUKAX MOKA 00 HECKOALKUX Oe-
camrog 2padycos no yaiy, u 9o 10...15% no avnaumyde.

MNOHATHO, YTO CTOMb HU3Kas TOYHOCTL HAac yCTPOWTb HE MOXET
{yxe xoTst 661 NOTOMY, Y4TO NPU TAKWX NOrPELLHOCTAX CYLLECTBEHHO
cHusutcs F/B). Eio BboiHyxXaeHbt 6biin o6xoanTbca B [OKOMMLIO-
TEPHYIO 3N0OXy, HO ceiyac Npu aBTOMATUHECKON onmTuMKU3auuu no
3a0aHHBIM KPUTEPUSAM NErko focturaercs niobas MbiCnMmas Toq-
HOCTb NOWCKa NapaMeTPOB UCTOHHUKOB.

MNoatoMy pekoMeHnoean Obi He NBITATLCA CHavyana nNpeacTasuTb
B rosioBe (wnm Boiuucnutb Ha Oymaxke) pacnpeneneHve TOKOB,
a NoTOM HEMHOro nNoAanpaBuTbL €ro onTMMUsaumei, a NoNHOCTLIO
OTparh NOUCK peliennsa onTumn3saumn. Ona Harper Tpebyemble na-
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pameTpbl nydwe n GbicTpee Bac. M3 nocnegHero, kctaruv, cnepy-
€T, YTO COBEPLISHHO 6€3Pa3NYHO KakOH TN MCTOYHUKOB: TOKa
v Hanpsaxenyn 38Aasarb B MOAE/N, TaK KaKk ONTUMM3aUns yee-
PEHHO CnpPasnuTCs B MOOOM BapUaHTE.

W He pymaiite, YTO BapuaHT C NUCTOYHUKAMKW TOKOB Bonee Ha-
rnsageH, Tak Kak ero npeasapvurenbHo MOXHO rpybo npeacraeuth
Nno ynpoLEeHHOMY TOKOBOMY noaxony. Kax Mbl yxe sugenu Boilue,
TOYHOCTb Takoro NPEACTaBREeHVA OCTABNAET XenadTb OY4EHbL MHOMO
nydwero. A 6onee-meHee TO4HO, € uMdpPaMn NPEacTasnuTb B FONO-
BE (PU3NYECKHe NpOoUEcCH, NPOUCXOOALME B HANPaBSIEHHOW aH-
TEHHE C aKTWBHbLIM NUTaHWEM, O4EHb TPYAHO. BO BCAKOM cnyyae,
Yy MEHA 3TO HEe Nony4aercs (ecnu y Bac Rofysntcs, 0683arenpHo
HanULINTE MHE, KaK Bbli C 3TUM KOLUMApPOM B3aUMHbIX 3aBSA30K yn-
paBunnce).

Mo3ToMy, OCTaBUM KOMMLIOTEPY KOMMNLIOTEPOBO: aBTOMaTVye-
CKUIf NOVCK NapameTpOB WUCTONHUKOB (M HEBAXHO KakvX, Hanpsi-
XKEHUS MAW TOKA) NO 330aHHBIM HaMu KPUTEpUsM ONTUMNU3auMu,
AN KOHKPETHOW AHTEeHHb! Ha TpebyemMoi BLICOTE Han 3eMnen
C 33haHHbIMU CBOMCTBaMN.

[onesHo nOMHUTL, 4TO BCe BbIBOAH AaHHOrO naparpacda or-
HOCATCA HE TONbLKO K rOpU30HTAIbHbIM, HO U K ﬂl06blM AHTEHHaM
C aKTMBHLIM NUTaHUEM.

9.1.6. Hacrtpoiika

Teopusa v npakTvka coenagalot. Ho 310 B Teopuu. A Ha npak-
TVKE ObIBAIOT U OWMuKns. PA3UPOBAHHLIE AHTEHHB — HE WCKMO-
YeHue.

C onHO#A CTOPOHBLE, NPV KOPPEKTHON MOZENU COBRafeHUe pac-
HETOB C MPaKTUKOM OuYeHb xopowiee. OcoBeHHO, YYUTLIBaA LUMPO-
KNEe nonoChLl aHTEHH C aKTUBHBLIM NUTaHWeM, Npolaume Hebonb-
iMe NOrpeLHOCTU N3roToBneHna. Kak nydismnini cnoco6 HacTpoiiku
$as’npOBaHHbLIX aHTEHH PEKOMEHoBan Obi MOMIHOE OTCYTCTBYE BCS-
KOt HacTPOWKKU. AKKYPaTtHOE MOLEAVPOBaHUE, yYyuTbIBAIOLLEE OK-
PYXEHUE 8HTEHHb!, MIOC TOYHOE U3FOTOBNEHUE YBEPEHHO rapaH-
TUPYIOT pacyetHbie napamerpbl 6e3 wacTtpoiiku. Hy, passe wvo
HEMHOrO noacTpouTsb CY mexay TOYKOoW coeamHenuns GasmpyioLmx
NUHUA W OCHOBHbLIM Kabenem. To ects HE NOHAAOBUTCA HUuero,
kpome KCB-meTpa.

C npyroi cTopoHsbl, BLIBAIOT CRyYan, KOFoa KOPPEKTHO ONUCaTh
OKPYXXEHWE @HTEeHHbi B MOOENU HeBO3MOXHO. Hanpumep, aHTensa
HaxoOMTCA MexAy HECKONbKUMU foMamy n/unn gepesbamu. Vinu
Han OOMOM, HO (pOpPMa KpbiLUW BECbMA CAOXHAA, U/MnNu Ha Hel
HaxoAaTCsl PAa3MNYHLIE METANIOKOHCTPYKLUVN, KOTOPLIE TPYAHO UK
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HEBO3MOXHO ONMUCATL B MOLENW: orpaxieHve, nudroebie Gyoxu,
LHaxThl BEHTUIALMU, NUHWW CBA3U WU T.4. ECTECTBEHHO, 4TO ecnn
3TV WTYKN nONaaaioT B GMMXHIO 30HY @HTEHHbL!, OHU W3MEHSAIOT
BXO[IHOWA UMNEOaHC 3NEMEHTOB. [103TOMY XapakTepuCTUKU aHTEHHb!
Ha npakTuke OyoyT oTAnyaTLCA OT pacyeTHuX. M He Hano B 3TOM
BUHUTL NporpaMmmy. KoMnbioTep Tenenarveit He BNaaeeT n He Mo-
XKET YYECTb BAVSAHNE HE 338aHHBLIX (MM HEBEPHO OMUCAHHLIX) pas-
PaboTHUKOM OKPYXAIOLUMX NPEAMETOB.

B aHtesHax C oOoHUM NUTaembiM 31EeMEeHTOM uckaxenus OH
n3-3a 1akoih oumbBku YCTpaHaloTCA NOACTPOMKOR pa3MepoB nac-
CUBHbIX anemeHToB, a KCB = 1 gocturaerca HacTponkoi 3Toro ane-
meHTa win ero CV. Mpoueaypa He camas npuaTHas, HO BNOSHE
peanusyemas.

B aHreHHax ¢ aKTUBHbIM NMUTaHWEM OHA HEBO3MOXHA NPUHLM-
nuanbHo. MNPOCTO NOACTPORKOIN pPa3MEpPOB 3N1eMEHTOB #06uThLCH
Tpebyemoii [H kpaiiHe cnoxHo. [leno B ToM, 4T0 B $Ha3vposaH-
HOM aHTEeHHe CIWLLKOM MHOM0 3aBA30K. HacTtpanBas ogvH anemeHT
AHTEHHb! C NacCUBHLIMU 3NIEMEHTaMU, Mbl CUWILHO BfINSIEM Ha TOK
B 3TOM 3MIEMEHTE, 2 Ha Apyrve 3neMeHTbl OTHOcUTenbHo cnabo,
TOJILKO “epe3 CBA3b No nonio. B ¢hasnpoBanHoii xe aHteHHe peno
obcTouT no-gpyromy. MNMooctpove pasmep OAHOrO 3EMEHTA, Mbi
U3MEHUM amnnuTyny v $asy Toka B HEM, a CnenoBaTenbHOo, U ero
BXOAHOK umnepaHc. 3a cHeT 3T10ro N3MeHUTCs $as3oBbid yron nu-
TawwWero HanpsXxeHus (Befb KOMMJEKCHOE Z3 CTano WHbM). JT10
noTaHeT 3a coboit n3MeHeHVe pacnpenenceHUs HanpsxeHwii B ¢a-
3VPYIOWENA NMHUW [aHHOFO 3neMeHTa. CnenoBarenbHO, U3MEHWT-
CA VMRE[AaHC M HanpsXeHWe B TOUKE NapasineflbHOro COeANHEHUS
dasnpylowmx nunuin. NosToMy N3MEHATCA ycnoeus BO36yxneHus
{amnnuTtypa n ¢asa) BTOPOro anemMeHTa.

WHbiMn cnoBamMn, B OTAMMUE OT aHTeHHbt C NacCUBHLIMWU ane-
MeHTamMu, B PasnpoBaHHOM aHTEHHE M3MEHEeHWe pasMepoB OfHO-
r0 U3 9NEMEHTOB BAUAET HE TONbKO Ha TOK B HEM, HO M UCKaxaeT
pacnpeneneHne B CUCTEME NUTAHUA, U Kak CREACTBNE CUNBHO Me-
HAIET TOK BO BTOPOM 3neMeHTe. HamHOro cunsHee, 4em B aHTeHHe
C NaCCUBHLIMY 3NIEMEHTaMW.

BbiBOA:

THpaxmuuecky HEBOIMOINCHO HACMPOUMb AHMEHHY € AKMUEGHBIM Nl-
manuem no Memooy «4e20-mo mam 1o Mecny HOOOCHAMb HA 21a3».
HeeozmoxcHo uMeHno u3-3a cucmemsl aKmMueHO2Z0 NUMAKW, CEA3bl-
saroujetl 3NeMeHmel 6 OOHO YeT0e.

K ToMy xe oneparvBHas NOACTPOMAKA NINHWIA CUCTEeMbl RUTAHUA
METOLOM «ThiKa» KpaiiHe Heyno6na. Hy, xOpoLuo, yKopoTUTb NMHUN
mbt eile cMoxem. Ho ecnu nx Hapgo yosauHuTb, Aa He OavH pa3?
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MosTtoMy, eCnn u3-3a CRoXHOK OBCTaHOBKY BOKPYFr aHTEHHb
BCce-Taku Tpebyerca ee HaCcTpoiika, TO nepeoe, HTo Heobxoanumo
chaenartb — NOSIHOCTLIO OTKJIIOHWUTL CUCTEMY aKTUBHOFO MUTaHWA.

U, BOOPYXMBLUNCH N3MEPUTENEM UMNEAAHCA, NOACTPONKON ane-
MEHTOB fo6UTLCA TPebyembix UMNEnAaHCOB KaXa0ro U3 3feMeHTOB.

Ho kaxux nMmnepavscoe? Belib paccuuTaHHbie Hamu Za $pasupo-
BAHHOWM aHTEHHB — 3TO PE3yNbTaT B3auMOLERCTBUA NONE OT BCEX
3NEeMEHTOB, OT BCEX UCTOYHWKOB WMEHHO C 3afaHHbiMu ¢asamun
n amnnntygamu. CTout usmenHuts ¢asy wunn amnnutyny BO36yx-
AEeHUA BTOPOro 3NEMEHTa, Kak Z3 NepBoro HeMeaNeHHO U3MEHNT-
cA. A uTO Xe Mbt ByneM N3MepsiTb NP HaCTPONKE €ANHCTBEHHbLIM
nameputenem? Hro penarb C SpyruMm, He U3MEpPsiEMbIM B AaHHbINA
MOMEHT 3/IeMEHTOM?

Ha nomowb npuxoout MeToq NapuvanbHbiX WMNeaaHcos. Mbt
AOMKHL U3MEPUTb HE Z3 3NEMEHTa, NOJIyYeHHbid Npu oNTuMn3a-
UMW UCTOYHUKOB (COBCTBEHHO, Mbl €r0 MPU BCEM XEeNnaHuu He MO-
XEM U3MEPUTb, TaK Kak Ans 3Tor0 Hano Bo36yxaare BCE 3NeMeEH-
Thi C pacqeTHLIMN aMnutTygamu U ¢asamm), a BXOAHONW UMNEenaHc
anemeHTa B ABYyX BapuaHTax:

® 73,3 — KOrAa TOYKW NUTAHUSA OCTNIbHBLIX 3N1EMEHTOB 3ak0po-

YEHbY;

® 79, — KOr4a OHW Pa3OMKHYTbI 1 HW K HEMY HE NOAKMOUEHb!.

MOHATHO, Y4TO Z33 N Z3x MOXHO JIEFKO U3MEPUTb (Tak Kak nuc-
TOUHUK TYT BCero opuH). Tonbko ¢ yem ux cpasHueaTtbh? a ¢ vemu
XE CambiMW UMNELaHCaMW, HO NOMYHYEHHBIMU Ha MOOENU Npu Tex
XE YCNOBUSIX (NOO4YEpEenHbiM 3aMbIKaHWEM W OTKIIIOHYEHMEM BCEX
WCTOYHUKOB, KpOME OAHOrO, Ha U3y4yaeMom 3anemente). MmenHo
K 3TUM UMMeOaHCcam Ha0 CTPEMUTLCH MPY HacTponke.

MNpumep

Dea yerBepToEONHOBLX GP Ha paccTostnn A/4 ppyr ot apyra (¢aiin
..\GP\2GP_0.25.gaa peauctops no 4 OM B Hauane xaxaoro svbparopa
CUMYAMDYIOT conpoTvenenne noteps B paavanax). fipn wopmanshoi pa-
60Te pacyeTHblii BXOOHOM MMMERAHC NEepBOro anemeHTa Zs, CocTasnser
22,9 — j15,7 Om, Broporo Z3, = 54,5 + j22 OM. Ho 310 fianHbie ans pacye-
T3 CUCTEMBI MWTAHWUS, 8 M3MEPWUTL MX HEMOCPEACTBEHHO MbI HE MOXEM.
UCTOuHKK (M3MmepnTent) y Hac (N3NYECKH OANH.

MNoatoMy BpeMeHHO yOMpaem nM3 MOZIENN BTOPOA MCTOYHMK. Cuutaem
Z3s = 37,1 + j15,6 OM. YBENMuMBaEM Harpy3Ky B Ha4ane 870poro 3nemexTa
00 100 kKOM (TO ecTb OTKouaeM 3neMmeHT oT 3emmm). Monyvaem Z9yx =
= 39,4 +i0,5 Om.

Mponenas Te xe Mpoueaypsl C fepsbiM 3NEMEHTOM, ofpeaensem ero
MMNepaHcsl Zaxs = 37,1 +j15,6 04M 1 Zaxnx = 39,4 +j0,5 Owm. Monuoe
COBnageHne C nepsbiM 3/EMEHTOM HEYAMBWUTESbHO, aHTeHHa 8eAb CUM-
MeTpU4Ha.
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Tenepb Mbl 3HAEM, KakMe UMNEAAHCH JOSXEH MOKasaTbh N3MepuTenb-
Hbl npnbop. OTnpasnsieMcss ¢ HMM K OCHOBAHMIO MEPBOr0 3NEeMeHTa
W, COENas CO BTOPLIM 3NEMEHTOM TO XE€ CaMoe, YTO Ha Moaenn (To ecTb
cHayana 3aKopoTHUB, a NO3QHEE OTKMIOYMB €ro0) N3MEPSIEM peanbHble Z9g;
N Z3yxx-

Ecnn oHM 3aMETHO OTAMYAIOTCH OT PACYETHLIX, TO KOPPEeKTUpYeM pas-
MEpb! 3NEMEHTa, A0OGMBAsSICh OTHOCUTENBHO MOXOXMX 3HaveHnin. Ocobo Tou-
HOMo COBNAAEHUS MO Z3; HA AAHHOM 3TanNe MOXET U He GbiTb, K3-3a TOro
4YTO BTOPO# 3AEMEHT MOKa HE HACTPOEH.

lMosTopsiem npouenypu! npeabiayllero a63aua pns BTOpOro aneMeHTa.

Mpn HeO6X0AVMMOCTY CHOBA BO3BPALLAEMCS K NEPBOMY 3REMEHTY W 1nos-
CTpanBaeM ero TouHee. Takmx KpyroB HACTPONKM MOXET GbiTb HECKONLKO,
HO OHM CXOOSILLMECH.

YCTaHoBUB B pe3ynbTarte HaCTPOMKW PeanbHbie 3HAYEHUR Z3y;
N Z3ax 6nn3kne K pacyeTHbiM, Bbt MOXETE ObiTh COBEPLUEHHO YBE-
PEHb, 4TO NPU NOLKMOYEHUN CUCTEMBI MUTAHUA aHTEHHAs CUCTe-
ma Byner UMETb PacuyeTHLIE XapakTepPUCTUKN.

ECnn Xe n3MepeHHbe Z3; U Z3y YIOPHO HE XEenainT CoBna-
Aarb C pacHeTHbiMW, TO HAcTpausarb aAHTEHHY pJanblle Hesb3s.
Bepxee moxHo, HO 6ecnone3no: xopolein ¢popmut OH poctuub He
ynacrcs.

Bbt fomkHbt ONpemenuTb NPUSUHY PacxoXoeHvus (Hanpumep,
pes3oHaHc 611M3k0 PacnoNOXeHHONW METANNOKOHCTPYKLUMKU) 1 nnGo
yCTpaHuTb ee Ha npaktuke, nnbo BHECTW B mopgens, a 3atem no-
BTOPUTL ONTUMU3ALMIO NCTOYHUKOB.

9.2. dasupoBaHHbIE
U3 rOPM3OHTanbHbIX aunone

[MsyHanpasnernas antenHa. HanpasnenHas v3 Asyx A/2 auno-
neil. Hak/iOHHBIE N HEepPE30HaHCHLIE 3neMeHTsl. OAHONPOBOAHLIE
azupyiowme nuunn. TPExX3/1eMEHTHAsA aHTEHHA.

Bce mopenn, ynomuHaemebie B 3TOM pasaene, Haxogarca B nan-
ke ...ANT\Phased\dipoles\.

9.2.1. [isyHanpaBReHHaAs AHTEHHA

HauHem € o4eHb NpoCcToit U aaxe cnabonanpaBneHHON aHTeH-
Hbl. Ho nonesHoi npu nebonblumnx BbicOTax nogseca. Benomunm
13 n. 3.3.3, 4T0 Yy 06bMHOro A/2 oynons npy HeGONLLWNX BEICOTAX
nogseca MakCUMyM M3NyYEeHUs HanpaeneH B 3eHnT. 310 mMano Toro
YTO penaer aHTeHHY HenpurogHoi Ans NalbHUX CBA3EHN, HO eLle
1 3ameTtHo cHuxaet Ga, Tak Kak aHTeHHa «CBETUT» BHU3, TaK Xe
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KaKk WU BBEpPX — MakCumymom. BepHee, NHITaetca 310 CAEenarb,
a 3emna nornow@eT aTy aHepruo, cHwkas KA v ycunesne.

Moatomy npu HeGONbLUNX BLICOTax HaMHoro 6onee npeanoyTyU-
TENbHLI @HTEHHBI, KOTOPHIE HE U3NYYaloT HY BBEPX, HW BHU3. 3TO
anTeHHbt, [1H koTopbix B CBOBOAHOM NPOCTPaHCTBE UMEEeT MUHWU-
MYM W3Ny4YeHWs N0 BepTvKanbHOii ocn. B paspene 3.4 mbi pac-
CMarpuBamm NPOCTENLLYIO Takyld aHTEHHY -—— BEPTUKANbHLIA BUG-
parop.

Tenepb paBaiite coenaem aHTeHHy C TakuMW CBOWCTBaMu u3
AKTUBHO NUTAEMbIX FOPU3OHTANLHBIX aunonei. s 3Toro BO3bMem
OB2 OIMHAKOBbLIX FOPU3OHTANbHLIX A/2 AUNONa Ha OLHOI BLICOTE,
N 3anMTaem WX B TOYHOCTU NpOoTUBOda@sHo. MNOoHATHO, 4TO BAOMNbL
BEPTUKANLHOK OCU BOJSIHBI OO0MX Avnonei TO4HO KOMMNEHCUPYIOTCA
W W3ny4yeHusi BBEPX B 3EHUT U BHU3, B 3emmo He Oyner. Takas
aHTenHHa nokasaHa B ¢ainnax ...dip180.gaa (TONbKO 3neMeHTL
n ncrouHukm), ...dip180_line.gaa (anemeHTu + cuCTEMa NUTaHWSA)
v Ha puc. 9.2.1. Ouanason 14,15 MIu, BbicoTa noaseca scero A/4
Han cpepsei 3emnen.

: Z=483+]1450hm  SWR =1.05(50 Ohm)
: Ga=78dBi_

Puc. 9.2.1

Tak Kak 3nemeHTsl BO36YXneHb CTPOro NPoTMBOgas3Ho, TO BBEPX
W BHNU3 M3nyyeHus Her, noatomy JH B 3€HUTHOI NMNOCKOCTY Hano-
munaet GP. A B asuMyTanbHOI — OCTaeTCH «BOCbMEPKOH», npo-
UCXOXAEHNE OT OUNONs CKa3biBaeTcs.

Pesynbrar nokasan Ha puc. 9.2.2, Ha KOTOPOM CpaBHWBAIOTCA
JAH antennb puc. 9.2.1. n 0bbiunoro A/4 GP, CTosLUero Ha noBepx-
HOCTW 3emnu. BuiCOTbi BEPXHUX TOYEeK 06enx aHTeHH OOVHAaKOBbi
(TO ecTb OUNONW BUCAT HA BHICOTE BCEro Af4), HO aHTeHHa
puc. 9.2.2 yBepeHHo BLiNFpbLIBaeT OT 4 8o 8 a6 nog moObimu asu-
MyTaUIbHbIMKU yrnamu. U feno He TONbKO B HEeKPYrOBOW asumyTanb-
Hoit OH (3710 paet maxkcumym 2,15 b npubaBkun, kak B OBLNHOM
ovnone). OCHOBHAs npuuMHa B TOM, YTO B aHTesHe puc. 9.2.1,
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B otnnuue or GP, o6nacTs MakCUMAaNLHOrO TOKA PaCcNonoXeHa Ha-
BEPXY 8HTEHHb), YTO NPUBOAUT K MEHbLLUEMY NOBEPXHOCTHOMY NO-
FAOWEHUIO B MPYHTE.

Puc. 9.2.2

Ecnn Henw3s obecneunts GoONbLuy BLICOTY NOABECA NPOCTOit
FOPU3OHTANbLHOW @HTEeHHbi, TO Nepes TeM Kak chenatb BHBop
B NONL3Yy BEPTUKANOB, UMEET CMLICR U3YUuTb BONPOC O BO3MOX-~
HOCTH pa3MeueHus anTeHHy puc. 9.2.1. OHa, KOoHeuHo, Tpebyer
6onbwe ToOuek nopseca, wem eepTukan. Ho 3ato obecneuunesaer
6onbliee ycuneHue npyu paeHoit BHICOTE.

KoHcTpykuusi aHteHHbl puc. 9.2.1 HecnoxHa. Ecnn obecneunTs
npoTtueodasHoe NuTaHne Npy mobbix PasMepax aNeMeHTOB 1 pac-
CTosHMM Mexay Humu, 1o JH B 3eHuTHON nnockoctu Gyaer npu-
6An3NTENLHO TaKoil xe, Kak Ha puc. 9.2.1, To ecTb 6e3 uanyyeHus
B 3enuT. OT Pa3MEpPOB AHTEHHB MEHSIOTCS MMib TPYAHOCTH NUTa-
HUA-cornacoBanuusi n ycunenne (HeMHoOro). NockonbKy aHTeHHa
u H cuMMeTpuyHbl, TO BXOOHBIE MMMNEAAHCH 3NEMEHTOB Bcerga
ONVHAKOBYI.

B nmobutensckoit nuteparype Takue aHTeHHb! M3BECTHY No no-
3biBHOMY aBTopa W8JK. Pa3Mepoe ¥ BapraHTOB MX NUTaHUS Onu-
CaHO Benukoe MHOXecTBO. He 6yny ux 3aech npuBOAUTL, TaK Kak
Ha MOt B3rasa, ANs CTOMb NPOCTOA AHTEHHL CROXHLIE YCTPOIiA-
CTBA NUTaHUsi 1 COFNACOBaHUsi HE UMEIOT CMbLICNA.

B ¢aitnax ...dip180.gaa (Tonbko 3NEMeHTbl ¥ WUCTOYHUKM),
...dip180_line.gaa (anemenTH + cUCTEMa NUTaHUS) NPUBEAEH NULIL
0AVH, HO CaMbiit YNnoOHLIA BapuaHT aHTeHHb. MMnegaHc Kaxaoro
INEeMEHTa YMCTO aKTuBeH 1 paseH 25 OM. A/4 oTpesku 50-OMHOro
kabensi (puc. 9.2.1) tpaHcdopmupyior 25 Om 8 100 OM, uto npu
napannensHoM coeamHeruy naet 50 OM BXOAHOrO CONPOTUBREHUA
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BCeit cuctembl B Lenom. Heobxoammutiz $pazoewiii casur 180° obec-
NeuyMBaeTCsi NePeKPELBAHUEM OAHOFO U3 A/4 OTPE3KOB.

Mpy HAcTPOIKE aHTEeHHH UNK nepecyeTe Ha APYroe nuTaHue
NONE3HO 3HATb, YTO:

® YMEHbLLEHUE PACCTOSIHUS MEXAY INEeMEHTaMu BEAET K no-

HUXeHUI0 Ra ¥ yBENUYEHMIO EMKOCTHOM jX2 (Ans ee KOMNeH-
CaLyvM 3A1EMEHTL NPUXOAUTCS YANIMHATL);

® Mipy POCTE MEX3NEMEHTHOTO PACCTOsHUS KapTuHa obparHas;

® TaK KaK 3TO HEBLICOKO NOABELIEHHLIE FOPWU3OHTANBHLIE AW-

nony, TO MX UMNELAHC 3AaMETHO 3aBUCWUT OT BLICOTHI NOABE-
ca ¥ CBOMCTB NOMBLL.

AcuMMeTpuuHbiit BapuaHT avteHHbl WBJK nokasan B daiinax
..W8JK_asym.gaa u ...W8JK_asym_line.gaa. R2 aneMeHTOB TaKxe
paeHOo 25 OM, NOSTOMY SNEKTPUYECKYU CXeMa NUTAHKsi TOYHO Takasi
e, Kak ¥ Ans npeabiayueit aHteHHbl. OtanumMe nuilb B KOHCT-
PYKTMBHOM MCNOAHEHUM: Kabenu OT MeCTa ux COEOMHEeHust nayT
BHYTpW TpaBepchl, Janee BHYTPK TPYyOHaTbiX 3NE6MEHTOB A0 TOYEK
nuTaHus. 3TO NO3BOASIET UCKMNIOYUTL 3aTEKAHME TOKA Ha BHEWHue
CTOPOHL OMNAETOK M KPENnuTb 2NEMEHTH K Tpaesepce 6e3 n3onsi-
TOPOB.

Ho Bce xe, antenHa W8JK Ha npakrtuke npumMeHsieTCsi peaxo.
I'naBHas npuuuHa: NPY oYeHb HEBONBLIOM U3MEHEHUN CUCTEMbB) N~
TaHusi OT CUCTEeMb! AIByX AVNONeiA MOXHO NOAyYuTb OfHOHANpPae-
NEeHHOE n3nyyeHue ¢ 6onee BLICOKMM YCUNEHUEM.

Takue aHTEeHHbI Mbl ¥ PACCMOTPMM B crRefyioumx naparpadax
a3Toro paspena.

9.2.2. HanpasneHHas u3 ABYX A/2 gunonei

Kakux napaMeTpoB XAaTb OT TAKOW AHTEHHH Mbl YXXE BbISICHU-
v B n. 9.1.4. A Tyt Mbl 3aiiMeMcsi NpakTukoii. BosbmeM nBa ony-
HAKOBLIX MONYBOAHOBLIX AUMNONS, ¥, KaKk ONUCAHO BbiLlE, CNPOEK-
TUPYEM HANPaBneHHY) aHTEHHY B TpU 3Tana:

e BCTaBMM ABa MCTOYHMKA ¥ onTumusaumeit ¢asy u amnnuty-

bl OAHOro M3 HUx noboemcst Tpebyemoit AH;

e 3arem B okHe Muranne (pa3npoBaHHDLIX peweToK paccun-

Taem TvN ¥ AnvHb Gasvpyroumx nuHWii;

e U B 3aBEpLUEHUE BKMOYMM AMHUY PACCUMTaHHON ANUHbE B MO-

nenb.

Dns anvns Tpaeepcy 0,1A pesynbrathl npuseneHy B ¢ainax
...2_05_01_dipole.gaa (Mopenb C ucTOuHukamu 6e3 nuHui),
...2_05_01_dipole_line50.gaa (Moaenb ¢ pasmpyiotummMm nuHUsIMn
50 Om) u ...2_05_01_dipole_line600.gaa {monens ¢ ¢dasupyowm-
mu anHnsmyu 600 Om).
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PesynbTars! npu paccTosHuu Mexay anemeHtamu 0, 12534 naHb
B ¢raitnax ...2_05_0125 dipole.gaa, ...2_05_0125_dipole_line50.gaa
u ...2_05 0125 dipole_line600.gaa COOTBETCTBEHHO.

DOns tpaeepcu 0,150 — e ...2_05 015 _dipole.gaa, ...2_05 015
dipole_line50.gaa u ...2_05_015_dipole_line600.gaa.

Mpn 0,20 — B ...2_05_02_dipole.gaa, ...2_05_02 dipole line
50.gaa un ...2_05_02_dipole_line600.gaa.

Ons 0,250 — e ...2_05_025_dipole.gaa, ...2_05_025_dipole_
line50.gaa u ...2_05_025_dipole_line600.gaa.

Ans tpasepcy 0,3A — e ...2_05_03_dipole.gaa, ...2_05 03_
dipole_line50.gaa u ...2_05_03_dipole_line600.gaa.

AH Taimx aHteHH Takas xe, kak Ha puc. 9.1.10 u 9.1.11. Ycu-
nexne onpepgensetca no puc. 9.1.12. Mo cyru, eaAnHCTEERHOK Nepe-
MEHHOIA BENMUMHOI, CYLWECTBEHHO MEHSIIOLLEICSH OT OMHbE Tpasep-
cbl, Byner mviub cucTtema nutamus. UMEHHO AN ee onpesencHus
u npuBepeHo cronbko ¢aitnoe. fla, nx MHOro. Ho 3aro oxun
NepeKkpLIBAIOT BECb BO3MOXHLIA AMaNa3oH AMH TPasepcobl (CM.
puc. 9.1.12). Bam He npuaetcs MoaenvpoBaTk CaMOCTOSITENLHD,
a auwb BLIGMPaTL rOTOBYID MOAENb Ana cBOEro chyyas. Ans o6-
neryeHys Takoro Bbibopa BCe A3HHLIE 110 CUCTEMAaM NUTaHua Npu-
BENEHHDBIX BbiLLE aHTEHH CBeneHb! B Tabn. 9.2.1.

U3 1abn. 9.2.1 BUAHO, YyTO B TOYKE coepmHeHus Gasupyioumx
NVHUA NONY4AETCH KOMMNEKCHBIA MMNEAAHC, TaK YTO noTpebyeTcs
npocreiwee (Hanpumep, M-06pasHoe) cornacyoulee yCTPOCTEo
(xora npu pacctosiHuu 0,20 u nuHusx 600 Om xBaTuT NOCnNenoBa-
TenbHOro koHpeHcaropa). MNopcrpoiika atoro CY Byner ckopee Bce-
rO eAMHCTBEHHOI HACTPOEYHOW onepauveil Ha BCeit aHTEHHE.

Deno B8 ToM, 4TO cuctema vu3 nByx aunoneit nNo onpepene-
HUIO NOMKHA ObiTb PACNONOXEHA HE ONEHb HWU3KO Han 3eMnei,
¥ HE CAMIKOM GAM3KO K KPYNHBIM NpoBOASLUMM npeameram. Her,
KOHEYHO, ¥ BbLICOTa Han 3emneil, u ee CBOCTBA, 1 Gnmnanexaume
npeaMeTy BAusitOT. HO HE O4YeHb cunbHO. KpoMe TOro, Bce ynoms-
HyTbie B Tabn. 9.2.1 aHTeHHb NPOLWAIOT HeBonbwme (1o +2%) no-
rpeuwiHoCTY B annHe Gasvpyouvx anHnii. AHTEHHa pearvpyer Ha
BCe BbilLenepeuyncnesHbie BO3AeRCcTBUs nulb cHuxewuem F/B
(NpuuemM, yxyaumrtb ero Huxe 1515 AOBOABHO CNOXHO) U n3Me-
HEHMEM MMNenaHca B TOYKe COenuHeHusi Gasmpyowmnx nusuii
(a TyT nomoraet noacrpoiika CY).

Ecnu euie BCMOMHUTE LLMPOKOMOROCHOCTb @8HTEHH C aKTUBHBIM
NMUTAHWUEM, TO CTAHOBWUTCS SICHLIM, MNOYEMY HA NPAKTUKE TAKUe aH-
TEeHHB! NOYTY BCErzia MMEIOT yaoBneTsoputencHyio AH. Mpocro ee
TPYAHO 3aMETHO YXyAuiuTb.

KoHeuHo, ecnu Bbl XOTUTE peanu3oBaTb ASNCTBUTENbHO BbLICO-
koe F/B (Heckonbko pecatkos AB), To TpebyeTtcs akxyparHoe npep-
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BapuTensHoe MoaenMpoBaHue Ha Tpebyemoii BhicOTe Han, 3emneit
C 3anaHHbiMu ceoiictBamu. Ecnu nonMbii uvkn npoexTuposarus
AEeNatb He XOYETCH, TO ANA Ha4ala MOXHO NONbLITATbCsi, NOMECTUB
UMEIOLLYIOC MOJENb HA HYXHOI BLICOTE M YCTAHOBUE PA3SMEPL!
9NeMEHTOB noa, sawwm TpeboBauws, novrparb AAWHOR dasnpyro-
wyx anHniA. JInbo BPYYHYIO (NPSIMO B 3aKNaOKEe AVHUA U YeTbl-
PEexnomocHUKoB), nMBO aBTOMaTHYECKO onTUMM3auueil. SToT
YNPOWEHHbI NOAXOA He BCErna AaeT XOpolme pPe3ynbTarh,
HO NONPOBOBaTL CTOMT, TaK KAk OH HAMHOrO Nerye, Yem nonHoe
NPOEKTUPOBAHUE «C HYMSi».

A BO3MOXHO N1 OT ABYX AUNONEN, 3ANMTAHHBIX aKTUBHO, NONY-
HUWUTL BXxOAHOE conporusneHdne 50 Om 6e3 CY? [la, Takoe peweHne
€CTb, ¥ NOABUNOCH OHO EUE B AOKOMINbIOTEPHYIO 9MN0XY. 3TO aHTEH-
Ha HBOCV: nea punonsi Ha pacctoskuy 0,1251. Ho avnonu Heoam-
HaKOBble, UX pasMepbl U3MEHEHY Tak, YToObL 0ba aneMeHTa uMenu
OAMHAKOBblE uUMNEefaHCH Z3. 3T0 pocTuraetcs npu pednextope
0,512 u pupexTope 0,46) (daiin ...HBICV.gaa).

Ho uMmnenaHcH Hago coenarh HE TONLKO PABHLIMUM, HO M TaKK-
MU, 4TO6b nocne TpaHcgopmaumy (GasupyioLLIMMI TUHUSIMU B TOYKE
coenmnHenus nonyumnoce 66t 50 OM. [ns 3TOM0 NpUMeHSIIOT Lwneii-
¢ ramma-cornacosanus (daiin ...HBSCV_gamma.gaa). KongeH-
Carope! B LNeitdax He HyXHY), Tak Kak Tpebyiorcs Z3 = 60 + j60 Om.

OkHO Mutanne dasupoBaHHbIX pewerok nokasbiBaeT, yTo
B TAKOM Ciyyae npy ucnonb3oBaHuu gasaupyrouiwx kabeneih 75 Om
ANVHBL NMHUIA nONXHE GbiTe okono 0,53A u 0,68A, Mpu sTom Ra
okono 60 Om ¢ HeGonbwioit peakTMBHO COCTaBnsIOWEit. To xe
OKHO NOKas3biBaeT, Yyto Npu HebOonblUO Bapuauuu AMMH AWMHWIA,
MOXHO nonyuuTb npuemnemoe Ra kak nog oCHoBHOM kabenb 75 Om,
TaKk ¥ noa 50 OmM. EcTecTBEHHO, NPM 9TOM HAPYLIAETCS TOYHOCTb
aMnnuTyaHO-$as’nBoro pacnpeneneHusi, NoatoMy F/B aHTeHHb!
HBOCV penko npeebiwaer 20 nb6. Ho ans cuctemy, CNpOEKTUPO-
BaHHOI# 6€3 KOMNBIOTEPAa, 3TO OYEHb HENNOXON pes3ynbTar.

Mockonbky cymmapHas anuHa Gasupyiolmx nUHWIA Benuka, To
KaXAYI0 U3 HUX YKOpaumearOT Ha NONBOMHBI, a ANS KOMNEHCauum
BBOOSAT Z1Ba AONONHUTENbHLIX ¢Gas3osbix casura no 180°. Mepewit
MPOTUBOMOMIOXKHBIM HanpaeneHuem wneiidoB raMMa-cornacoBaHus,
BTOPOi1 — nepekpewmeasueM ogHoi (noboil) u3 nunHuii. Wmes
B BUAY KO3pOUUMEHT yKOopoueHusi KoakcuanbHoro kabens 0,66, no-
nyyvuM, 4yTO0 Ha ¢pusundeckoit anuHe Tpasepch 0,125% nomMecturcs
0,19 anexTpueckoit AnnHBI KOAKCMANBHOIO Kabens GasuPyIoLnX
nuHnid. Ecau 3 paccumTanHoil anekTpuueckon AnnHb Gasupyo-
umx oTpeskoe euiuects no 0,54, To ocTaBwasica Anvna Kak pas
u Gyner oxono 0,194 anextpuueckoit unu 0,125 ¢usuueckoi.
To eCTs $asupyioLme NUHUKM MOXHO NPOCTO NPOBECTHU BAOAL TPa-
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Bepchl. NonyunBLIaACs KOHCTPYKUMS (BEPHEE, OANH U3 ee BaphaH-
TOB), Noka3saHa Ha puc. 9.2.3 u B daiine ...HBICV line.gaa.

Mpu nOBTOpPEHUM AHTEHHH K pasMepaM, NPUBEAEHHBIM Ha
puc. 9.2.3 (1 BoOBWE, K MOGLHIM paaMepamM aHTeHHs HBOCV, npu-
BeAeHHLIM B MOBOM nuTeparype), cnenyet OTHOCUTLCS BHUMAaTENb-
HO. Ml “nM TOYHO NOBTOPSTL MX BCE, BKMOuasi avamerps TpyBok
(xcTaty, Ha puc. 9.2.3 pasmepy faHb ans TPYGOK AvamMeTpoMm
0,23% A, TO ecTb 24 MM Ha auanaaoH 28,5 MIu), unu penarb TPy-
noemMkuit nepecuer. Ero MoxHo caenartb Tak:

e Hapucosatb aneMeHTH cO wieiidamy raMMa-cornacosaHuii

13 nnaHupyemMuix Tpybok.

e YcTaHoBUTL Aga MCTouHuka (6e3 nuHuii). AMNauTyAs pas-
Hule. dasa UCTONHMKA, HANPSHKEHUs1 YCTAHOBMEHHOIO B ped-
nexrop 135° (kak B ¢aiine ...HBOCV_gamma.gaa).

e Urpas pasmepamu 971€MEHTOB U ANMHON wneiihos ram-
Ma-cornacoBaHuii, nobUTLCA NPUMEPHO OAMHAKOBLIX Z9 =
=60 + j60 Om (nnsi dpasupyiowmx anbuit 75 Om) npu xopo-
weit iH. Ecnu F/B ynopHO NOnyyaeTcsi HU3KUMM, TO NOME-
HeIiTE MECTamy HaYano ¥ KOHEL, NPOBOAZ, B KOTOPLIA yCTa-
HOBNEH BTOPOit UCTOYHMK.

e BxkniouuTh B Momenb ¢asupyouime nuHun (kak B daiine
...HBOCV_line.gaa) » noaroHssi ux AnvHy HaiiTH KOMNpOMUCC
mexay F/B u KCB.

1.07 (50 Chm}

Puc. 9.2.3
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Kak v GONbWMHCTBO aHTEHH C aKTMBHLIM nutaHuem, HBACV or-
NUYAeTCHA 3aBUAHOI LUMPOKONONOCHOCTLIO. Mo ypoeHto KCB < 2 ee
nonoca oTHocuTenbHasi okono 4,5% (abcomorras — 1,3 My B8 pua-
nasoHe 28,5 M), a no F/B > 12 pb euwe wmpe, 10 eCTb popma
IH ot 4YacToThl OCTAETCsi OYEHb XOPOLLEiA.

Ecnu B antenHe HBOCV B kawectee ¢asmpyrowux MCNonb3o-
BaTh BLICOKOOMHbBIE NBYXNPOBOAHLIE NMHMK, TO Npu xopowem F/B
MOXHO NOAYYUTb TOAbKO OTHOCUTENBbHO BbicokuMe Ra = 100 Om
(¢aitn ...HBICVH.gaa), ¢ nocneayioweii TpaHcdopmaumeit B 50 Om
A/4 otpeskom kabens 75 Om.

Ecay xe npu BHICOKOOMHbLIX (Gasvpyroumx JIMHUAX HACTPOUTb
aHTeHHy (paamepamu wneiipoe rammMa-cornacosammnit) Ha Ra =
=50 OM, TO nNpu aTOM CcywecTBeHHO nagaet F/B (no 15...17 nb,
daitn ...HBOCVW.gaa), yTO roBopuT O 3aMETHO! HEeONnTUManbHOC-
™ TokopacnpeneneHusi. Kpome Toro, B TOUKE NUTaHusi NOsSIBNSETCH
VHAYKTUBHAA pPeaxTUBHasi COCTaBnsiiowas jXa, KoTopyio npuxoamr-
cs1 yGuparb NoCnenoBarenbHOM KOHAEHCATOPOM, TO €CTb aHTEHHA
TEPSIET CBOE eANHCTBEHHOE NPENMYIIECTBO — oTcyTCTBUE CY.

Ha moit Barnan, avteHHa HBOCV cnoxHa B HacTpo#ke, OCO-
6eHHOo, ecny He 3abbiBarb, 4TO OHA HE 06ecneYynBaeT TOYHOTrO TO-
KopacnpeneneHus, 1 B 3TOM CMbIC/IE ABAACETCS KOMNPOMUCCHOM.
MNpencraensieTcs, 4TO 3TO YPE3MEpPHas Nnara 3a OTCYTCTBUE NPOC-
Teiiwero CY u3 napy peranei.

B ceoe Bpems HBOCV 6bina OAHMM M3 Nyylumx pelueHuid, HO
cenyac, UMEsi TOYHLIE PACYETHLIE MHCTPYMEHTHI, MOXHO JIETKO
CNPOEKTMPOBATL HANPABNEHHYID @HTeHHy u3 BuBpPaTopoB nobbix
pasMepoB C TOYHbIM TOKOpacnpeaeneHuem (kax, Hanpumep,
B 1abn. 9.2.1).

3aeepuias TeMy UCTOPUHECKUX ABYX3NEMEHTHBIX aHTEHH C aK-
TUBHLIM NUTAHUEM HAZO0 YNOMSIHYTb NPOBONIONHYIO aHTeHHy ZL, onu-
cannyio ewle B 50-e rogbl npotunoro eexa G. Prichard’om, uMeBtumm
B TO Bpemsi no3bieHOi ZL3MH (ceityac aTOT NO3LIBHOI BHIAAH ApY-
roMy YyenoBexy). flga NeTneBbix AUNONs, PaCNONOXEHHBIX HA Pac-
crosiHumn 0,125, coenvHeHb OTPE3KOM NePeKpeLeHHOR ABYXNpO-
BOZHON nuHun 300 OM (puc. 9.2.4, daiin ...ZL gaa). Kak u 8 HBOCV
pedNEKTOP HECKONBKO ANMHHEE AMPEKTopa.

MNpu dasupyroweil anHun 300 OM nonyyaercsi NOYTU TOYHOE
Tokopacnpenenenue, F/B nocturaer 30...40 pb. OaHako uMnenaxc
B TOYKE NUTAHWS HE BLIXOAWUT YMUCTO axTUBHLIM. B pononHeHue
K Ra = 40...60 OMm umeeTcsi u Hebonbluasi NnonoxuTensHas jXa.
Bnpouem, k BbicokoMmy KCB 310 HE npuBOAUT, U NONyYaEMBIE pe-
3ynbTarhl cneayeT NPU3HaTh OYEHb XOPOWUMK ANl CTONb NPOCTON
KOHCTPYKUMM.
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Z=445+8630hm T SWR=1.24(500hm}
Ga=62dB

Puc. 8.2.4

Mpueeny ewe nBe mopenyu 910it aHTeHHH. B ¢aiine ...ZL1.gaa
NoKasaHa BO3MOXHOCTb NEPEKPELLMBAHNSA NMHUM HE nocepenvHe,
a HeNOCPEACTBEHHO OKONO TO4ky nuTaHusi. Mopens ...ZL2.gaa co-
nepxut Gasupyiowyio IMHWIO, caenaHHyio kak nuHusi NEC2, a He
Habop NpoBOAOE, Kak B ABYX npeabiayuwmx Asyx ¢aitnax.

Henoctarok asTeHHbl ZL (KpoMe NOBBILEHHOH KOHCTPYKTUBHOI
CNOXHOCTU) — 3aMeTHas YyBCTBUTENbHOCTL ee F/B u Za k Bbicote
noageca v ceoiicTeam 3emnu. MNpueeaeHHbie Ha puc. 9.2.4 u B MO-
Lensix Pa3Mepbl OTHOCSTCS K CBOGOAHOMY NPOCTPAHCTBY, HAA 3EM-
neil Xe XenaTtenbHO BHINOAHSTL ONTUMMU33AUMI0 PasMepoB 06oux
anemeHTOB. [powe Bcero 310 cAenarb COBMECTHO-3€pKaNibHOM
onTuMusaumeit koopavHar Y BepTUKaNbHbIX nepemMbivek (Hesasu-
cuMOo y pednexTopa u y aupexropa).

9.2.3. HaknoHHble U HEPE3OHAHCHLIE 3INEMEHTbI

Ha HY ppanasoHax OT ropusOHTaIbHLIX aHTEHH C NacCUBHLIMU
anemeHTaMu TPyaHO nobutbes xopoweit [JH. Bricota nonseca 8 A
Ha HY, xak npasuno, HeBenuka (1M3-3a GONbLLIONA ANUHL BOJHLI
HU3KOYaCTOTHLIX Anana3oHoB). CneaosBaTtenbHO, 3EMNSA OKa3biBaeT
CYLLECTBEHHOE BAMSHME HA TOKOpacnpeaenexue. U naneko He ece-
rAa BOSMOXHO CKOPPEKTUPOBATb 3TO BAMSHWME HACTPOWKOW nac-
CUBHOIO 3NEMEHTa. AHTEHHbl C aKTUBHBIM NUTAHWEM TYT BHE KOH-
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KypeHumm: Mbl KOMNEHCUPYEM BCE YTO YrOAHO CUCTEMOI NUTaHUs
BNEMEHTOB.

BosbMem nge 06biyHbIX A/2 Inverted V ¢ BHICOTOI 06emx MauT
A/4 Ha paccrosivum A/4 apyr ot apyra. Ecnu BTOpOit aneMenT cae-
narb NACCUBHLIM, TO HAL CPEAHEe 3eMneli HUKAKMMU YXULLIDEHWSI-
My He ebixoaut F/B > 8 nb, a Ga eviwe 6,7 n6. MNpumerne xe
aktusHoe nurtanue (¢daiin ...2invV.gaa, puc. 9.2.5), nonyuaem
F/B>30056 v Ga=7,206. [leno He ctonbko B anwnux 0,5 nb
ycuneHun (x0T ¥ OHU HA JOPOre He BansitOTCsi), CKONbKO B XOPO-
weM NoAaBneHuK Ha3am.

Z=515-{0992
Ga=72dBi

..SWR =1.04 (50 Ohm)

Y
-0

A Puc. 9.2.5

Ho, cnpaseanmueoCcTv pagu, HAOO cKa3artb, YTO aHTeHHa puc. 9.2.5
AOBOAbLHO y3kononocHa. Tak 8 pnana3zoHe 40 M ee nonoca no ypoe-
Hi0 F/B > 12 pb cocraensier auwb 60 kMy. NonesHo, oaHako, uMeTh
B Buay, 4to npy nonoce 100 kMu F/B 1 Ga noHuxaloTcs nvuib A0
YPOBHSI 3TOii XE€ aHTeHHb! 663 akKTMBHOro nutanusi. MOXHO cka-
3atb, YyTO aHTeHHa puc. 9.2.5 B camoM xyaueM cnyyqae paboraer
Ha Kparo AnanasoHa TaK Xe, Kak 2 anemexTa Inverted V ¢ naccus-
HbIM 9NEMEHTOM B CaMOM nyylieM cnyyae paboraioTr B cepeanHe
AnanasoHa. [naeBHas npuuynHa y3KOiA NONOCH Yy paccMarpueBaemMoii
aHTeHHb — Manas BuicoTa Hap 3emneit. Kak u y noboit apyroit
HWU3KO MOABELLEHHOR FOPU3OHTANbHON AHTEHHH, 3emns CyXaeT
nonocy, u BoobLwe, CUNLHO BAKSIET HA BCe napamerpyl. Moatomy
NaHHyi0 aHTeHHY MOXHO MOAENMPOBaTh ¥ nepecunTHiBath NWLLb
B8 pexvme NEC2 npu BKIIOYEHHOI peanbHoi semne 3ommepdens-
Bna—HopTtoHa.
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C pocTOM BHICOTH NOABECA NONOCA aHTeHHY No F/B paciunpa-
etcsi. A no KCB antenHa puc. 9.2.5 o4eHb yCTOiuMBA: HA Kpasix
nonocy 100 k'uy KCB He npesbitaeT 1,3 gaxe npu MaJioil BHicoTe
(a npyn Gonbruoit KCB eule nydiie).

Ha puc. 9.2.5 ykaszaub anektpudeckue pnunb ¢asmpyrowmx
nuHuid. TNpy ucnonb3oBaHny OO6LIYHOro xoakcuanbHOro kabensi co
cnnowHoii uaonsuveit u Ky = 0,66 duamueckue anuHb COCTaBST
0,282A u 0,380%, cooTBeTCTBEHHO. KOHCTPYKTUBHO AHTEHHA Bbi-
nonHeHa ¢ nepexnioveHuem [1H: A0 kOMMyTaropa OT 3NeMEeHTOB
unyT koakcuans no 0,282, a ponoauutenbHbiii oTpesok 0,38A —
- 0,282 = 0,098% BKNIOYAETCSH C NOMOLLLIO PENE B SNEMEHT, B CTO-
POHY KOTOPOro HaNpPaeneHo U3nyyeHue.

OnemeHTH cneaywweit aHredHol (...2el_wave_Inv V.gaa u
puc. 9.2.6) Toxe BuNONHeHH B Buae Inverted V. Ho 310 yxe anuk-
Hble BONHOBHIE aunonu. M3-3a ux pasMepos npULLNOCh NPUMEHWUTb
BbICOKME, NOYTH A/2 MauThi, a ¥3-3a BLICOKONO UMNERaHca — AByX-
NPOBOAHBIE NMHUK B KayecTee (asupyoLux.

Z=411+{11.00mm Y, SWR =1.35 (50 Ohn)
Ga=86dBi . 07

4

Brrcora 0,44

Brrcora 0,

v Pue. 9.2.6

B otnmuue ot npepbiayuieit, aHteHHa pyuc. 9.2.6 nOBONBHO LuKn-
poxononocHa: u no F/B > 12 ab, n no KCB < 2 ee nonoca B pua-
na3oxe 40 M npesocxoamt 300 klMu.

Ecnu Hanpaenenue AH aHTEeHHb AOMKHO NEPEKNoYarbecsi, TO
LAVHB NUHWHA, NOKa3aHHbie Ha puc. 9.2.6, 0Kka3bLBaOTCsi KOPOTKM-
MU Ans pasMelleHus KOMMyTaropa BHu3y. YTo6b He cTaBuTb
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HeBOMBbLLYIO AONORHUTENBHYIO MAYTY A1 KOMMYTATOPa, MOXHO Y-
amEnTb 0be nvkum Ha A/2. MNpaBaa, NpU 3TOM NOROC3 aHTEHHB
yMEHbLUAETCH pasa B Nnontopa.

Eiwe opuH npumMep pBYXSNEMEHTHON @HTEHHB N3 BONHOBbLIX o1~
nosnieit Inverted V nokasau B ¢aitne ...2el_VP2E 40m.gaa. Kak
n pBe npepbaytie, 3To aHTeHHa Toxe Ha puana3oH 40 m. Ho
B @HHOM Clyyae 3fieMEeHThl 3anuTasibl He B LEHTPpe, a B cepenmn-
Hax GOKOBLIX CTOPOH, Kak B aHTenne VP2E (nn. 4.1.6, 6.2.4).

AHTEHHa pPa3MeLleHa Ha MauTax BLICOTOW No 7 M, TO eCTb BCe-
ro 0,16A. No nosnoce ...2el_VP2E 40m.gaa sepeT ceba npumepHo
TaKke, Kak M auTenHa puc. 9.2.5, a No MakCUManbLHOMY YCUNEHUIO
CyuieCcTBeHHo, Ha 7 pb, e npourpbiBaeT. lNocnegree npoucxo-
AUT NOTOMY, 4TO aHTeHHa ...2el_VP2E 40m.gaa nany4aet ¢ Beptun-
KanbHOW nonsipuaauveil (Tak kak ee anement VP2E cam no cebe
n3ny4aeT, B OCHOBHOM, BEPTUKAJILHO MONAPU30BAHHYIO BOSIHY),
a puc. 9.2.5 — ¢ ropu3oHTanbHOM. A @HTEHHBI C BEPTUKANBHOMN
nofApu3auneil  CyleCTBEHHO NPOWTPHIBAIOT FOPUIOHTANbHBIM
(n. 4.3.5) no makcnmanbHomy Ga.

Ho ecnm cpashmBath antenn ...2el VP2E 40m.gaa n puc. 9.2.5
N0 YCUNEHUIO NOA, HU3KUMU YIfiaMKn, TO BLIIBUTCS TUNUHHAA Kap-
TvHa V npotue H. MNMpu 3eHnTHLIX yranax Beile 10° BLIUIPHIBAET rO-
pU30oHTanbHan anTeHHa (puc. 9.2.5), a npu yrnax nuxe 10° — sep-
TukanbHaa (...2el_VP2E 40m.gaa), npuuem 4em HUXE yrofi, Tem
Gonblue BHNIPbHILL.

Nocnepnan anTeHHa 3TOro naparpaga — yeenuuenHas HBSCV
(daiin ...HBICV_long.gaa u puc. 9.2.7) na mmanason 14 Mry. Bep-
Hee, yBENMUEHbl NULUb PA3Meph 3NEeMEHTOB, 3@ PACCTOSHUE MEXAay
HUMWN OCTaNoOCh NpexHum: 0,125\,

Bcs aHTEHHE N €€ OCHOBHBLIE X3P3aKTEPUCTUKU NOK33aHb Ha
puc. 9.2.7,a, a y3en nuUTanmnsa B YBEAMYEHHOM BUIE — Ha puc. 9.2.7.6.
N36bITONRYIC 3REKTPUYHECKYIO MINHY 3NEMEHTOB KOMIEHCUPYIOT
napbl KOHAEHCATOPOB, BKJNOHEHHKHIE B CEPeAUHbl 3NEeMEHTOB. 3Tn-
MU KOHOEHCATOPamMKu NPOU3BOAUTCA TOHHANA NMOACTPONRKA GHTEHHDI.

V36LITOHRYIO BANHY 3AIEMEHTOB MOXHO WCNORb30BATb ABOSKO:
Jymbo nns pocta yeunenusi, nmbo ang paclumpenus nonock. B npu-
mepe ¢aina ...HBICV long.gaa ucnonb3osax BTOPoii NyTb. Mpn
paBHOM C 0O6wuHoit HBICV (daiin ...HBIACV line.gaa, puc. 9.2.3)
ycuneHny, OTHOCWTESNBbHES TONI0C3 PacluMpeHa nouTn B nonatopa
pasa, 4,5% no 6,4%. U 310 npu TOM, 4TO B aHTeHne puc. 9.2.7
ucnosnb3oBaHb BaBoe Bonee Tonkue (B A) anemenTh. ABConIoTHan
nonoca aHtexnHb puc. 9.2.7 B gnanasoHe 14 MIy cocraenser
0,9 MI'y, no o6oum yposuam: KCB< 2 u F/B > 12 pb. Ecnn xe
aHTEHHY puc. 9.2.7 HAcCTpauBaTb H3 MaKCUMafNbHOE YCUNEeHWe,
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a) 2=509+{11.1 Chm ¥, SWR =1.25(30 Chm)
Ga=65aBi -

Konpencaropu 2 x35 n®

Puc. 9.2.7

TO MOXHO BhMrpats okono 0,5 nb B Ga (TO4HO T3K Xe, KaK n pas
AHTEHHB! C NAaCCUBHLIMU 3fieMeHTamu). Ho 310 GyneT onsiaueHo
3aMeTHBIM (NO4TU BABOE) CYyXEHMEeM NosioChl.

9.2.4. OpHonpoeoaHbie dasupyrome JIMHUKU

B n. 4.1.4 onucad punons Windom, nutaemslit No OOHONPO-
BOAHOIR fimHmm (n. 3.2.2). A B 3Tom naparpade mbi Oynem nenave
n3 apyx Windom’oB HanpaBfieHHYIO 8HTEHHY C aKTHMBHbIM nuTaHu-
em. Hackonbko MHE U3BECTHO, NEPBbLIM NPEANOXKNST TAKYIO KOHCT-
pyxumio B. MNonsikos, RASAAE.
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Mpumep Takolt anTennn ananasola 28,5 Mry npuBENeH Ha
puc. 9.2.8 n B ¢aine ...2el windom.gaa. 310 0Ba UEALHOMETA-
fiEecKNx aunons, COEAMHEHHbIE nepeMbiukoi-Tpasepcoi. Muta-
HME Npou3BOAUTCH B paspbiB TPABepPChl, TO €CTb TYT, B OTAN4ME
OT OfMHO4HO aHTeHHw Windom’a, He tpebyerca BY-3asemneHns
B TO4KE NUT3HWSA.

Z=173+]1380hm YSWR =1.20 (200 Ohm)
- Ga=69dBi .- T

2,89 m
2.66m

241 m
2,18m

Puc. 9.2.8

Kak paGotaer ava antenna? ECnn BpemMeHHO yCTaHOBUTL nepe-
MbIYKY-TPEBEPCY B LIEHTP 000MX AuNosieir, TO Npu TaKOM NUTaHuK
HU4Ero XOpowero He BuiigeT. TOK, BhIXOAA U3 KOHLOB TPasBepch,
GyneT pactexarbCa N0 NONOBUHKEM AMNONEH B pPasHble CTOPOHb!
(To ecTb B NPOTUBOGA3E) KaK B panmanax UM B EMKOCTHBIX Ha-
rpyskax (EH). Y TouHO 13K Xe, Kak He nanyuaor EH v cuctemb
pagvanos, He GynyT uany4aTb M Hawm aunonn. [ostomy nepe-
MbiHKY-TPABEPCY CMEeLLalT BOOK OT reOMeTpUuecKoro LEHTPa.

Kak nokasaHo B n. 4.1.4, eCnu npasusbHO BHBpPaTh BENUUNHY
CMEeueHns, BO3HMkaeT 6nm3koe K oBuiuHOMY pacnpegeneHme Toka
B aunose (B OfHy CTOPOHY MO BCei AnuHE), u Takoi Bmbparop
ycnewHo uanyyaeT. Nonxnioumns K 060MM KOHLIGM NEPeMbINKN-TPa-
Bepch (OH3 Xe ogHONpOoBOAHas nnkusa BO3Oyxaenms Windom’a)
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no aCMMMETPNHHOMY LIefIbHOMETANNINHECKOMY AUNORIO, Mbi 3036)’-
onm ux oba.

Urpas panHon avnoneit, PacCToSHUEM MEXAY HUMY U Bennuy-
HOI cMelLeHus TpaBepChi, MOXHO noaobpars Boree-MeHee npa-
BUSIBHOE TOKOPaCNpEAEeneHne B CUCTEMe NBYX BUDPaToOpoB, TO eCTh
noay4YnTb OQHOHaNpPaeneHHyo JH. 410 mp 1 Buanm Ha puc. 9.2.8:
v J1H no4tn Takas Xe, Kak y 0ObluHOR ABYXINEMEHTHOW aHTEHHbB,
n ycunenune, pocturawoiuee 6,9 dBi B cB0604HOM NPOCTP3HCTBE.

OpHako Takoit cnocob nuranng, Kpome MAIOCOB (MHTEepecHas
UENbHOMETANNNYECKAA KOHCTPYKUNA), UMEET 1 MUHYCHI:

1. AcummeTtpun BO3ByXaennsa gunonedi, nalnc Hebonblioe ul-
fyyeHne NMHUN-TP3BEPCH NPUBOAAT K acummerpun OH. Ecan Ha
A3uMyTanbHOM ANarpamMmmMe HanpPaBAeHHOCTH (Kak Ha puc. 9.2.8) ato
Mano3ameTHO, TO B 3eHuTHOR [IH nosBnsercs KpynHbiii 3aaHuin
AENECTOK NOA, BLICOKUMWN 3EHUTHLIMUN YTraMu.

2. Ra B TouKe nNuTakns nonyyaerca okosno 200 Om, uto Tpebyer
npumMeneHns CY ans nepexona Ha koakcuanbHuit kabenb. Takke
HeoBxonuMo xopolee YCTPOUCTBO NopaBnenns CMHGpasHoro Toka
onnetkn. Uhaue JH anTenss Byner ucnopueda uanydeHmem on-
netkn. Hanbonee pasyMHO 346Ch NPUMEHEHME TP3AHCGHOPMATOopa
Ha (PEeppuUTOBOM KOonbue ¢ 0DMOTKaMu, pasHEeCeHHBLIMU B Pa3Hble
HacTU Konbla, AN yMeHbLueHna MexobmoTouHoi emkocTu. U po-
NONHUTENBHO K 3TOMY XENartenbHO n3berarb pe3oHaHCHBIX pasme-
POB M3uTHl, HECYLlei TpaBepcCy, TaK KaK OHa HaxopurTca B OQHOMN
NIOCKOCTU C 3feMEHTamMm.

MN3amennTs Ra MOXHO CMELLEHMEM TPABEPCH OT reomeTpuye-
CKOW CepefimHbl 3feMEHTOB. Yaanesne oT 3TOro UeHTpa noebila-
er Ra no Heckonbkux coten om. B ¢aitne ...2el_windom600.gaa
nokasan npumep Ra = 600 OM. Ho kpome Bo3pactanusa Ra, pacter
N eMKOCTHaf COCTaBnsiouan — jXa, Ans KOMNEHCaUuMn KoTopoin
B TOUKY NUTAHNS NPUXOAUTCSH BKHOYETL NOCHSA0BATENLHYIO KaTylu-
ky. Tak, B daiine ...2el_windom600.gaa 310 kaTywka 3,2 MklH.

Mpubnnxas TPABEPCY K LEHTPY, MOXHO CHU3NTL Ra. Haxe #o
50 Om (paiin ...2el_windom50.gaa). jXa npu 3TOM TOXE NOABNAET-
CA, HO nosioxutenbHan. Ee ybupalor nocnenoeaTenbHbiM KOHOEH-
cartopom (80 nd B daiine ...2¢l_windom50.gaa).

Ha puc. 9.2.8 anTeHHa Noka3aHa B BEPTUKANLGHOM TIONOXEHUN,
NOTOMY 4TO B rOPU3OHTANLHOM BapUaHTe C TPaBEPCOr v 3neMeH-
Tamy u3 TPpyOBOK TaKMe aHTEeHHbI HE JenaloT. Mexanudecky aHTeH-
H3 BLIXOAMT NEPEKOWEHHOR, YTO HE CNOCOOCTBYET [OAroi U Ha-
nexHoit pabote. A ecnu caenartb LONOSHUTENLHYIO HECYLLYIO
TpaBepcy B UEHTPE, U3OAMPOB3HHYIO OT 3MIEMEHTOB, TO TOrA2 YX
pasymHee caenars HBOCV, koropas mexaHu4ecky npowe npu 1ex
e SNEKTPUHECKNX NapameTpax.
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FopusoHTanbHEIMM Takue aHTEHHbI AENAIOT TONBKO NPOBONOH-
HbIMU, C (UKCMPOBaHHEIM nonoxexnuem [1H. MNpumep nokasax
8 ¢aiine ...Double_windom.gaa u na puc. 9.2.9. 310 gea npoeo-
NOYHBIX 3NIEMEHTa Ha TenerpadHbIit y4acTok ananasoda 80 m.

Z=447+3020hm_YSWR

_FSWR = 1.01 {450 Ohim)
Ga=100

Puc. 9.2.9

Ra oko5o 450 Om. AcummerpuuHoe nutanmne RaeT o cebe 3HaTb
nepexkocom 3anHux nenectkos [H. MNMonoca aHreHH cocTaBnseT oko-
no 70 kl'y,.

9.2.5. TpexaneMeHTHast aHTeHHa

MoxHo 3anutarth aktveHo u Tpu aunons. Ho He HyxHo. Xors
TEOPETMHECKY NPK 3TOM MOXHO nosyumtb Ga > 10 dBi B ceoboa-
HoM npocTpancree (daiin ...3el_ideal.gaa), Ho 310 B Teopun.

Ha npaktuke xe obHapyxuBaercs creaymouee:

1. U13-3a HM3KOro nMNeaasca sfeMeHTos npy o6veauHeHUN nx
CUCTEMOI NUTaHKUA Nony4aeTcs o6UUA MMNESAHC B €OUHNLLL OM.
CY pnsa vakoro numnenaHca GyneT UMETb NOBLILUEHHLIE NOTEPY, CBO-
[ALUME HE HET BLIUFPLILL OT 3KTUBHOFO NUTAHUS.

2. Mpu Tpaeepcax [0 0,30 B O06LNHONE TPEXINEMEHTHO
Ypa-firn ToxopacnpeaeneHne n Tak BecbMa Ban3ko K ONTUMasib-
HOMY (CM. puC. 7.2.12), TaK 4TO nepexom Ha akTMBHOE NUTaHUE
Mano uTo [3er.

MNocneaHee NoATBERXAAETCA NPU ONTUMU3ALNN SKTUBHO 3anm-
TaHHLIX TPEX Aunonei no kputepnam Ga, F/B n WmMpuHb NoRock.
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OnTuMM3aUNS «yTACKMBAET» TPETUit SREMEHT [OBOMBLHO AANEKO
Bnepen (ysenuumeas anudy Tpaeepch o 0,4...0,451), v noka-
3bIB3ET, 4TO R3 3Toro anementa mano. A 3T0 03Hauaer {(cm.
n. 9.1.2.2), uto nutanune ero He tpebyeTtcs. Hano numub noaorHate
pasmepbl 3anemeHTa ao nonyuyenns TpebyeMoin peaxktuBHOCTH. UHb-
MU CAOBAMU, ONTUMU33UUA YKA3bIBAET, YTO TPETUIA 3REMEHT MO-
XeT BbiTb NACCUBHLIM.

V1 Takme aHTenHb (f1Ba aKTUBHBIX 3fEMEHT3, NG TpeTuniz nac-
CUBHBII) YXE MMEIOT NPAKTUYECKnii cvbicn. Mutanue [BYX 3NeMeH-
TOB OTHOCUTEANBHO HECNOXHO (CM. npeabayuue naparpadbl 3TOro
pasgena), a nobaeka TPETLEro YBENnUHMBAET YCUNIEHNE.

Ho Henb3n k paboTaouieit U1 HaCTPOEHHOM DBYX3fIeMEHTHON
@HTEHHE C 8KTUBHbIM NUTAHNEM TIPOCTO AOBABUTL NACCUBHLIN AM-
pexTop. B nOKOMNBbIOTEPHYIO 3n0Xy paamosobutenn He pa3 pena-
nn Takue nonbiTky, Hanpumep ¢ aHTtexdHoi HBICV. Ho u3 Hux Hm-
HEro XOpowero He BLILWLNO, A3 U HE MOTNo BhifiTu. Benp BBEaEHUE
TPETLErO 3fIEMEHTa CYLIECTBEHHO MEHSET MMNEeNaHCh WU pacnpe-
JEeneHne ToKa B ABYX OCTasIbHEIX. MMO3TOMY MCXOLHO HACTpOEHHas
ABYX3NEMEHTHasA aHTeHHa PacCTPauBaeTCsl, TaK YTO NPOCTHIMU Ma-
HUNYAAUMAMN C NUTAHUEM HENb3s NOAY4UTb XOPOLWNX pesynsLTa-
T0B. TpebyeTcs NonHOE HOBOE NPOEKTMPOBAHNE 3HTEHHLI Ccpasy Kak
TPEX3ANEMEHTHOfA,

Mpumep Takol KOHCTPYKUMKM avanasona 20 M nokasas B dait-
nax ...3el_dipole.gaa u 3el_dipole_line.gaa (onHa n 13 xe AHTEHHA,
HO B nocnepgHem Qaifie C RUHUAMM CUCTEMbI NUTAHWS) U HA
puc. 9.2.10. CnctemMa NUTaHKs! BLIMORHEHA N3 KOAKCUANBHBIX Ka-
Geneii 50 Om, Gonee pamnHas nukus 0,221A nepekpeuieHa. Nm-
NeA2HC B TOuke NUTaHua Z = 25 + j15 Om, tpebyeTcs npumeHeHne
NPOCTOi# Cornacyiotleil uenn. PasMeps! S5EeMEHTOB A2HL As TPY6-
Kn pnametpom 30 mm, paccrosHne R-W 3,9 m, W-D 5m, gantbi
AINHUIA — 3REKTPUUNECKUE.

MNocmorpum, 4To Ham pano akTMBHOE NUTaHME No CpaBHEHUID
€ obbiuKolt antennoi Yaa-firy, cbanaHcupoBaHHoi no pasmepam
C Touku 3peHust makcumyma Ga n F/B B nonoce (1o ectb ontnumn-
3UPOBAHHON MO TEeM Xe KPUTEPUAM, 4TO M aHreHsa puc. 9.2.10).

BLIACHAIOTCA CrieayioLMe NpemMyLecTsa aHTeHHb puc. 9.2.10;

® Boinrpbiw 0,2...0,6 n6 B ycunenuu. Mpuksem BO BCeit No-

noce;

& foAaBNeHNe Hasaa Ha LeHTpanbHoit yactoTe 25...28 nb npo-

wB 20...22 nb;

e niywwe coxpansercs ¢opma JIH B nonoce. Tak, y aHTeHHb!

puc. 9.2.10 Ha kpasix puanasona 14,0...14,35 MIy, orHowe-
Hue F/B ocraercs nyuwe 20 nb, B 10 Bpems KaK y Yaa-Siru
OHO CHuxaeTcs no 15...17 nb.
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B panHoM cyyae akTMBHOE NUTaHNE, KPOME NPSIMOro BLIUIPHI~
wa B nosnoce (3a cuet Bonee ctabunibHOrO ToKopacnpepenexus),
FAAET euwle u KOCBEHHbIN. OHO NO3BONSIET YANMHWUTL TPasepcy [0
0.43...0,5A, uto HEBO3MOXHO pas Ypa-firu u3-3a peskoro nage-
Hua F/B (n. 7.2.3.1). A yanuHeHne TpaBepchl BCErAa NONOXNTEib-
HO BAIUFIET HA LWMPOKONONOCHOCTD.

Z=237+1460hn T SwWR =152(21 Oher
Ga=90dBi

5m

Puc. 9.2.10

AnTeHHy puc. 9.2.10 MOXHO HECKONBKO YNPOCTUTb, WCKNOUME
BTOPYIO KOPOTKYIO Hasmpyiolyio nmuamio. PasMeps npu 3ToM cra-
HYT Takumu: R 10,7 m, W 9,7 M, D 9,5 m, pacctostne R-W 4,3 m,
W-D 4,6 M, snextpuneckas gnmua dasupyioweit nuann 0,406 (6e3
nepekpeumsanun). Maitn 310i anTeHHb ...3el Ga dipole_line.gaa.
O1a aHTeHHa nmeet 4yTh Gonbluee ycuneHve, HO 3aTo Gonee y3-
KONonocCHa: Ha Kpanax guanasona 14,0...14,35 MI'y ortsowenne F/B
cHmxaetcs no 16. 18 ab. Apyrum cnabpit MECTOM SHTEHHD) SIBJisI-
eTca Hu3koe Ra = 11 Om. Tem He menee, Beas cebsa no Ra n F/B
NpuMepHO kKak obbiukan Yaa-Aru, aHtenna ....3el_Ga_dipole_line.gaa
BEIMIPHLIBAET Yy nocnepseit nouty 1 ab B ycunednn. 31o 65m3ko
K NpnBaBke yCUReHNs1 OT HYETBEPTOrO INIEMEHTa, KOTOPas COCTaB-
nser 1,5 gb (puc. 7.2.18).

MOXHO CKa3arb, 4TO TPEX3fIEMEHTHAA C aKTMBHLIM NMUTAHUEM
pedrnexTopa n Bubparopa, paboTaeT NOYTK TaK Xe, KaK HeThipex-
anemeHTHas Ypa-frn.

Ananornyno Ha puc. 9.2.10 MOXHO CAENaTh TPEX3NEMEHTHYIO
aHTenHy ¢ aunonamu inverted V B kauectse 3nemeHTos. Mpumep
nokasaH B ¢aine ...3el_Inv.gaa n Ha puc. 9.2.11. 310 anTenna
nvanasona 40 M. [ina obecnenenns BO3MOXHOCTU NEPEKNIONEHUS
AH anemeHTH oaMHaKoBL M cUMMETpuunbl. Tpernii (npaswiit) ane-
MEHT BKIIOHEH NECCUBHbIM AMPEKTOPOM. Ero penaer TakoBbiM
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eMkocTb 500 nd (puanueckmn 31O TaKO#H Xe oTpe3ok kabens, Ko-
TOPbIK MOET OT NEBOrO 3NEMEHTA B LIEHTP, HO HarpyxeH na nebonb-
LWYIO NOACTPOEYHYIO KaTylKy okono 1 mklH).

2=192+881 Ohm ¥ SWR =1.56 (20 Ohm)

Mo cpaBHennIo G aByxanemenTHo# inverted V (puc. 9.2.5) nan-
Hasl GHTEHHa NpW TOM Xe BHICOTE UMEET HE TONLKO Ha 2 nb Gonb-
Lee ycuneHue, HO u 3naunTenbHo Honee wmnpokyio nosiocy: 300 iy
no ypossio F/B > 12 pB, n 100 kI'y no yposxio F/B > 20 pb. Or-
Medy, 4TO aHTenny puc. 9.2.11, kak n mobyio HU3KO PacnoNIOXEH-
HYIO FOPU3OHTAIbHYIO, HAOo cuMuTaTs n ontumuanposats B NEC2
B pexumMe peasnbHoit semnn 3ommepdensaa—Hoprona. anbHen-
wee passuTne noaoBHLIX aHTEHH PAcCMOTPEHO B pasaesne 9.5.

9.3. dasupoBaHHbIE
u3 yYerseproBosnHoBLIX GP

3amevanusi 0 monenvpoBarmm. [iea /4 GP. Tpu /4 GP. Keag-
parusie pewetkn u3 Af4 GP. C nany1eHmeM sL0/b CTOPOHbL KBaA-
para. C uanyseHuem no avaroHany keaapara. C “30rHyTelMu
¥ HakOHHBIMY SnemeHTamu. [lga snementa. Tpu anementa. Hersi-
pe snemeHTa. CUCTemMbl 3a3eM/IeHNsT.

0.3.1. 3ameuaHussi 0 MoOAENUPOBaHUN

B 3TtoM pasgene peub nonpeT o $HasnpoBaHHbIX BEPTUKASIEHBIX
uanyuyarensx. B oCHOBHOM — 4eTBEPTLBOMHOBLIX. BCe Mopenn, yno-
musaembie B pasaene 9.3, saxoaarcs B nanke ...ANT\Phased\GP\,
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a ecnun ynomsiHyT ¢aiin u3 Apyroi nankm, To K HeMy yka3as non-
Hbill NyTb.

BeprukanbHbie HanpaBiieHHbIE 3HTEHHB! (k8K M NPOCThie Bep-
TUKAAbHLIE AHTEHHB) Mbi BLIHYXAEHL WUCNONb30BaTL Tam, rpe
HEenb3s NONBECUTE FOPU3OHTanLHBLIE aHTeHHb Ha Gonbuioit (B A)
BLiCOTE. CnefioBaTensHO, Peub M3HA4ANbHO WOET O HEXBATKE Bbl-
corel. NoaTomy CuCTemMsl paananoB (CBOM MOA KaXabiM M3 3ne-
MEHTOB), K3K NPaBuii0, fIeXaT Ha 3eMfie UAM [iaxe 3aKonaHbi
B HEe.

A, KaK n3secTHO, 6onee-meHee TOHHbLIA NPSIMON YYET Taknx pa-
AManoB BO3MOXeH nvwb B nuxke NEC4. Ecnn on y Bac ectb,
npocTo nepexnicyaitte 8 GAL-ANA pexum NEC4.

Ho He oropuaiitech cunbHo, ecim nuuenaun Ha NEC4 Her. MNpak-
TUHECKN TOYHO TEKNE XE pe3ynbTaThl MOXHO nonyuuTb, €cnu
B MININEC (tTun 3emau «PeanbtHas») uan NEC2 (Tun 3emnm
«MININEC») B ochoBaHnn GP BxNIOUUTbL JONOSHUTENbHbIA Pe3nc-
Top Rn, cumynupyioumii notepy B paguanax n semne (n. 3.4.5.2).

BknoueHne Takmx Pe3nCTOPOB B H34AN0 KaxJaoro u3 Beptm-
KanbHbLIX 3/IEMEHTOB NO3BONAET KOPPEKTHO YYECTh BANSIHME NOTEPb
B 3emne Ha Ga u Tokopacnpepenexme, To ectb mMbl Moxem ObiTb
yBEpEeHb!, 570 ONTMMU3aums NCTouHnKoB ByfeT npoudseaeHa npa-
BUNBLHO. Kpome Toro, BKmMoueHne 3TUX pe3ncTopoB AaeT Z3, Bechb-
ma Bnm3kue K peanbHbim. A MaKCUManbHasl TONHOCTL B onpeaene-
HUM Z3 HEoBX0auMMa ANg NPOEKTMPOBAHNS CUCTEMBI NUTaRNA (MHa4e
pacuetHan J[IH He nonyuntca). MHaue roeopsa, Npoektmpys cucre-
MY nuTaHus, mol 6ynem yBEPEHHBI B XOpOLEeM Pe3ynbTarte npu ee
NP3KTUHECKOM BOMNOLLEHUN.

Mo3atomMy nOTEPM B CUCTEME PAAMANIOB U 3EMJIE yuuThIBaTb
B MOAensax Heobxoammo. Mimes B BUAY manylo pacnpoCcTpaHeHHOCTb
NEC4, Bo BCEx Mopensix paspena 9.3 ncnonb3osax cnocob ¢ no-
NONHUTENBHBIM PE3NCTOPOM Ry B OCHOBaHMM KaXA0ro BepTukana.

Bennunna aToro peancropa sbibpana 4 Om ans Bcex moaenein
pasgena 9.3 (3a ucknoueHnem ocoBo OroBoperHeIx cniyyaes). MNo-
Tepn 4 OM COOTBETCTBYET CUCTEME M3 HECKONbKNX AECATKOB pa-
Avanoe Ha cpepneit semne (cm. n. 3.4.5.2).

Da, aTo Hemano. Ho Benb Mbl [EN3EM CEPLE3HYIO N Henewe-
BYIO HANPABNEHHYIO BHTEHHY, U HEPA3YMHO 3KOHOMWTb Ha TOHKOMN
NPOBOSIOKE Paananos, TEpAs yCunieHne.

ECnn Bbl BCE XE€ BbIHYXOEHbL UCNONBL30BaTb MEHbLUE Paananos
unn 3emns CyweCTBEHHO OTIMY3ETCs OT CpenHell, 1o Kpome
coorBeTCTBYIOLIEro yeennienus R, (cm. n. 3.4.5.2), Bam npnpercs
33HOBO NpPOBECTU onTuMn3aLnio NCTOHHUKOB. ﬂEJ'IO B TOM, 4HTO
BEAMHMHA 3TOrO PE3UCTOPA, BAMAS HA Z3, N3MEHSET ToKopacnpe-
nenexne.
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Nmetlite B BUOY:

Ecru bl He € cunax nomecmumb OO KAXCObIH 1eMeHm O He-
CKOTbKO 0eCAmKos8 paduaios ulunu 3emns 8 Mecme yCmano6Ku 3ament-
HO omauuaemcs om cpedneil, mo OAHHbIE NO UCHIOYHUKAM U CUCme-
Me numanus GyOym HeckoIbKO OMAUYANIbEs. OM NPUCEOEHHBIX 6 IMOM
pasoerne.

Onpepennts HEOBXOAMMYIO BEANYMKY Ry B BalLEM KOHKDETHOM
cyHae MOXHO He TONbKO no rabnavue B n. 3.4.5.2, HO U N3MepUTHL
NpakTNHEeCKW. Jina 3T0ro, OTKNIOUUB BCE 3NIEMEHTH KPOMEe OaHO-
ro, namepsioT ero Ra, Ka pesoHaxce. 3arem CO343EM NPOCTedt-
WY MOAEnb 3TOr0 OAHOrO 3nemenTa (663 BCIKMX PE3MCTOPOB)
g MININEC (1twn 3emnn «Peanbhan») unn NEC2 (tun 3emnn
«MININEC») n onpenensiem pacqerHoe Ra,. V1 Haxoaum notepu Kak
Pa3HOCTb MEXAY M3MEPEHHBIM M PaCyeTHbIM CONPOTUBNEHUSIMK,
10 ectb Rp= Ra, — Ra,.

9.3.2. Aea A/4 GP

Kak nokasaxo B f. 7.5.5, HENpOCTO cOenaTbh ABYX3fIEMEHTHYIO
@HTEHHY C NACCUBHBIM 3AIEMEHTOM U3 BEPTUKANbHBIX A/4 Bubparto-
poB. [ina nofyyeHusi NpueMnemMoro F/B anemeHTh NpuxoauTcs ns-
rubaTb CTPOro onpefencrHbiM 06pasom n yCTaHaBiMBarb UX TOS-
Hble pasmepsl {puc. 7.5.16, 7.5.17, 7.5.18).

Mpy uHBIX Xe KOHGUIypaUmsax U pPasmepax 3femMeHToB (BKNIO-
uas NpocThie BepTukanbhisie A/4 GP) npu BTOPOM NacCUBHOM 31e-
MEHTe He ynaeTcs nonyuuTb xopowee F/B (To eCTb npasuiibHOE
tokopacnpenenenne). Ho MMEHHO Bns Takux criiyyaee U npuayMa-
HO 3KTMBHOE NUTAHME.

Haunem ¢ knaccuueckoin 3anaumn GHasmpoBaHHbIX aHTEHH: nMe-
joTCs B3 A/4 GP, OT KOTOpLIX Hano nofyuanTs xopolwyio [IH ¢ BbI-
cokummn F/B n ycunenunem.

WTak, nMeem iBa aKTMBHO 3anuTaHHbX A/4 GP 0aMHaKOBOIR Bbi-
COTHl HA HEKOTOPOM PaccTosHuM APYr OT Apyra. A Ha Kakom pac-
ctosumn? B nioBuTenbCckoi nuteparype NpuBOAATCS TOSIbKO [Ba
BapuanTa: A4 n /8. Y Hukakux nnsix. Moqemy?

Jeno B OTCYTCTBMM 3BBTOMATUHECKOR onTMmU3auumn B nporpam-
M3X, UCNONb30BaHHLIX aBTOPaMn 3ITMX BapuaHToB. U Kak cneacrsue,
B BbIHYXAEHHOM YNPOLIEHHOM TOKOBOM TIOAXOAE K NPOEKTUPOBaHNIO
{cm. n. 9.1.5). Bepb npu paccTosHusx A/4 u A/8 onTumanbHbie
YCTAHOBKM UCTOHHUKOB OMEBWIIHBI PABHEIE TOKW U (asoBbie CABK-
r —90° n —~135°, COOTBETCTBEHHO.

Ho se 6ynem noBTOpATb 3TOT NyTh M 3343BaTLCA BONPOCOM:
«A NpK KaKMX PacCTOsHMSX NOAY4aloTCsl NPOCTLie, NOHATHE 6e3
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ONTUMK3aAUKK, YCTAHOBKW WUCTOYHMKOB?» M3yuum uHON BONPOC,
a Npy KakOM PaCCTOSIHUK AHTEHHAs CUCTEMA UMEET MaKCVMyM YCU-
nexusn? CornacuTecb, aHTEHHA HYXHA Ham NS MakCUMAIbHOIO
M3Ny4eHUs (TO eCTb YCWAEHKS), 2 HE ANS KPACUBLIX U MOHSTHBIX
urdp B yCTAHOBKAX UCTOUHWKOB.

MposeneM oNMMMK3ALMIO NApPaMeTPOB BTOPOr0 WCTOYHMKA MO
KPUTEPUIO MakCuManbHOW W pasHoOW 3HauwuMocTn Ga u F/B, nna
paccTosHuin Mexay septukanamu or 0,1 po 0,3A. Ans nnockoim
CpeaHen 3emnu pelynbTal NokasaH Ha puc. 9.3.1. U3 aroro pu-
CYHKa chepnyer, 4yTO ONTUMaNbHLIM SBASIETCH paccTosiHue 0, 1754,
a He xopowo onucarHbe 0,125A u 0,25), KOTophe NPOUFPLIBAIOT
ontumymy oxono 0,3 ab.

3,2
3.1
3 ] M
29 Ve N
28 / \
2,7
2,6 \\
2,5 / Y
24 \
2,3

2,2
g,10 0,15 0,20 0.25 0,30

Pacctossue MeXay 3neMeHTaMu B A
Puc. 9.3.1

Ga 2-x anemeHToB A4 GP, dB

Buson:

TIpumenenue 8 oonoduanazounon cucmene uz 06yx GP paccmos-
Huil A4 1 A8 ne evizgano nuxaroil keobxodurocmeto (Kpoue ynpo-
wjenno20, be3 onmumuzayul, 6L160pa UCNIOYHUKOG) U Bedem Auulb
K nomepe yciienuA.

AHTEHHA C OnTUMasibHBLIM paccTosHreM 0,175 nokasana B ¢aii-
nax ...2GP_0.175.gaa, 2GP_0.175 line.gaa n Ha puc. 9.3.2. B ka-
yecTee asupPyloLmMX ANHKK KCNONL30BaH kabenk 50 Om. JnnHn
JIKHKA Ha pUCYHKe — anekTpuueckue. fpasas nunusa 0,033A4 ne-
pexpelLeHa B TOYKE NUTaHUS.

Ecnn Heobxopumo nepexmoueHve Hanpasnennid IIH, 1o npa-
Bas JIMHKA A0MKHA MMETL nnvHy 0,533A He3 nepekpelmBaHus, Kak
nokaszaHo B ¢aiine ...2GP_0.175_line1.gaa. KoHeuHo, BONOAHUTENL-
Hu pacxon kabens [OBONbHO BEMMK, GU3NYECKAs ANMHA NOAy-
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BOJIHOBOro otpeska cocrasut 0,5\ x 0,66 = 0,33A. Ho He Bynem
3abuiBaTh, YTO NPK MHBIX METOAAX MUTAHUSI BMECTO 3TOro xabens
notpebosanoch O YCTPOWCTBO HAa HECKOAbkux LC anemeHTax.
1 onu Bpsip, nn o6owwmmcs Ow AelueBne, Yem HECKOSbKO NECATKOB
mMeTpos kabens. OcOBEHHO ecnm yuecTs, uto LC anemenTn 06s3a-
Hbl BHIAEPXKMBATL 3HAUNTENBHYIO PEAKTUBHYID MOLLHOCTh.

Z=468+j4430hm_}, SWR=

0 11250 Ohm)
Ga=31dBi .- | .

Pac CTOARNE 0,17 Sh

Puc. 9.3.2

ApyrvM niocom aHTeHHw puc. 9.3.2 aBnseTcs TO, YTO B TOUKE
coeanHenns dasuvpyowvx kabeneld NOAY4aETCs NOYTH YUCTO aK-
TUBHLIA UMNESaHC, Bnmakuii k 50 OM, NO3TOMY [AONOAHUTERLHOFO
CY He Tpebyercs.

Nonoca anrens puc. 9.3.2 no yposwo F/B > 12 ab cocraens-
er 130 kl'u 8 ananaszoxe 40 m. Mo KCB nonoca 3HaqunTensHo umpe,
B Tex xe 130 kl'y KCB He npeswuuaer 1,3 Ha kpasix.

M3yunm Tenepb, Kak BAMAET PACCTOSHUE MEXJIY 3INEeMeHTaMu
HA3 OCHOBHHE NapaMeTpsul Apyx ¢as3uposaHHuiX A/4 GP. Orpauun-
unmen npepenamun 0,1A...0,3%, Tak Kak nNpy MeHblUX KU GORLLLINX
PacCTOsHNAX 3aMETHO NaaaeT ycunenue (puc. 9.3.1).

Peaynerathl ceeaety B Tabn. 9.3.1. Bee aHTeHHw B 310 Tabnu-
ue umelor ¢pasupyioume nunnn 50 Om. Ins Tex avtenu, roe ¢u-
3nyeckas (C y4eroMm koadpduumeHTa ykopoueHusi) fnnHa O[HOro
n3 kabeneil NONY4AETCH MEHbILE NONIOBUHL PACCTOSIHUS MEXOY
aneMeHTaMu, npuseneHsl QGaiinu U AMHUK ANs GByX BapUaHTOB.
oBbIuHOrO, U ¢ nepeknioueHnem JH (C BOnbILER ANMHOR NVHUK).
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flonocyt BW ykazsans pnast guanasona 40m, v no ypOBHIO
F/B > 12 pb (Tax kak nonocs no KCB HamHoro Gonbiue n npuso-
LUTb UX HET CMbICNA).

Ecnn npuxogmMTcst YANMHSTE KOPOTKYIO JSIMHUIO HA NONBOJHN,
HECKONLKO napaeT nonoca (nocnesHwii cronbeu, 8 Tabn 9.3.1),
13-3a TOro, 4To $az0swuiit Haber Ha Gonee ANMHHOM kabene BoiCT-
pee MEHSIeTCS ¢ YacTOTON.

Ta6nuua 9.3 1

3ABVICVMOCTL NMAPAMETPOB OBYX ®A3SUPOBAHHLIX 1/4 GP
OT PACCTOAHUR MEXLY INEMEHTAMU

Pac- Onvnal| Mnmka’
cros- Umena 1-in 2-i Za, Ga3, | BW4,
HUe, ¢ainoe Moaenein NMHUM, |  NUHUK, Om dBi iy
A A A
0,1A ...2GP_0.1_line.gaa 0,437 {x2 0,077 63 -j7 | 2,3 80
...2GP_0.125 line.gaa | 0,426 |x2 0,061 a5
0,1251 =012 692 a 55-j3 | 2.8
...2GP_0.125 linel.gaa | 0,426 0,561 Q0
...2GP_0.15_line. 41 2 4 2
0.15) ' 0 5_!ne gaa 0,412 | x2 0,047 50+j0| 3 120
...2GP_0.15_line1.gaa 0,412 0,547 110
0.175), ...2GP_0.175 line.gaa | 0,393 {x2 0,033 a7+3| 31 130
' _2GP_0.175 linel.gaa | 0,393 | 0,533 =t s
2GP_0.2 line. 7! 2 2 00
0.21 0.2 !ne gaa 0,370 | x2 0,020 aa+i6| 3 2
...2GP_0.2 _linet.gaa 0,370 0,520 180
0,251 |...2GP_0.25 line.gaa 0,333 0,490} 39 +j7 | 2,8 | 230
0,3n .2GP 0.3 _line.gaa 0,290 0.460| 36 +j8 | 2,3 | 300

Mpumeuanus ' [nMHb NUHUA — 3NEKTPUHECKUE.
2 3pak «X» 03HAYAET, 4TO NMHMS NEPeKpeLleHa
3 Ycunenue nap NROCKON cpepxeih lemned.
4 fivanason 7 Mru. Mo yposuio F/B > 12 nb.

Tabnuua 9.3.1 NoKa3bBaeT:

Onmusmaibnble CO 6Cex MOYEK 3petus, GKUONIT COMNACOBAHUE,
npederst paccmosanuit cocmasasiom 0,15 0,24, Toavxo eciu mpe-
byemcs WUPOKAs RO10CA, MOJCeN UMEMb CMBICT YEETHHUIMb paACCIOR-
e 0o AA4.

MapaMeTphl NepeKnioNeHus (YTO 3TO Takoe, CM n. 7.4 1) aH-
TenH Tabn. 9.3.1 TMNWuHLI ANs ABYX anemeHTos. A, = 68°, a AG =
=Bwn = -5 ,ELB.
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Cxema nepexniouenns Hanpasnenmin npocta. Ot o6onx anemeH-
TOB RO KOMMYTaropa MayT OCHOBHHE JIMHWMK OOMHAKOBOWM ANINHbLI
(PaBHOM MEHbILEH M3 PACCYNTaHHLIX). A OTPE3OK ANKHOM paBHOWN
pasHOCTK DONbLUeH U MEHbLUER SHWIA, BKNIOYAETCS NOcneaosa-
TEeNbHO C OBHOW U3 OCHOBHBLIX.

Mpumep ans anTeHHy ... 2GP_0.2_linel.gaa ¢ paccroaHuem 0,2n
nokasaH Ha puc. 9.3.3 (Ha 3TOM puCyHke 4Yepe3 3HaK gpobu
yKasaHm K anextpuueckas, n Gu3nueckas pnvHa xkabeneii). U3
Tabn. 9.3.1 onpenensiem, YTO MEHDBLLAS SIKHUS [0/KHA UMETb SNEKT-
puueckyio anvHy 0,37A. Jlosogym [0 KOMMYTaropa Asa TakuxX Ka-
Benn (Mx ¢puanueckas AnnMHa, C yHeTOM KOaddUUMEHTa YyKOpoue-
Hus 0,66 cocrtasut 0,37A x 0,66 = 0,2443). Bropas nuHus pokHa
bt 0,520, Ho 0,37A Mbl yxe MMeeM, NO3TOMY, 4TODH nonyunTb
Tpebyemylo ANIMHY, BKIIOUAEM NOCNENOBATENbHO OTPE30K C NEKT-
purueckoin anuHoi 0,52A — 0,374 = 0, 15A (dusnyeckas anvna 0,14).

S1.1

0,371/0,2441 s12 037102441

S BT gow e
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o f o)
E L i £ R gL Do e el g
= RG213A 50 Om I RG213A 50 Om g
N ]
e - =
A <3S 7
b3 ) ~

S2 *

=< k CY plum

wn D

—a nepefaTIHKy

oQ

& L
Puc. 9.3.3

Cxema, nokasaHHas Ha puc. 9.3.3, yHusepcanbHa Anst 60nbLmMH-
CTBA OBYX3NEMEHTHLIX aHTEHH, nuTtaembix meropom K3LC Orpa-
HUYEHWE 9TOM CXeMb SMiLb O[HO: TaK KakK KOMMYTUPYIOTCS TOMBKO
UCHTPANbHLIE XMUAbl (2 ONAETKM COE[MHEHb! NOCTOSIHHO), TO OHA
NPUrofiHa NWLWb NS HE NEPEKPELLEHHBIX KOAKCHasbHLIX Kabenen.

Ecnu xe B kadecTse ¢$asnpyionx NPUMEHSIOTCS ABYXNPOBOL,-
HbiE NIMHUM, MM NEpeKPeueHHme KoakcuanbHble kabenu, 10 He-
oBxopMMO nepexmoyaTts 06a NPoBoAa y Kaxaoin n3 nuHuin  Cxema
TaKoro KOMMyTaTropa aHanornuHa puc. 9.3.2, HO yaBOEHa, TO eCTb
norpebyercs pene HE C ABYMS, a C HETbIPbMS rpynnamMu KOHTaK-
TOB HA NEPEKNOHEHVE.

Xouy OTMETUTL, HTO XOTH Mbl O CUX NOP B KAYECTBE 3JIEMEHTa
paccMaTpuBanm peacHaHcHuie A/4 GP, Het HeoBX0AMMOCTH MCNOoNb-
30BaTb VMEHHO MUX. JIEMEHTH-BEPTUKANB MOryT BbiTb Kak KOpo-
ye, TaKk M anmvnHHee A/4. MpaBnnbHO CNPOEKTMPOBAHHASA CUCTEMA
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NUTaHWs BCE PaABHO NO3BOAUT NOAY4YuThE XOpowyilo JH. OpHako
MMMELAHC B TOHKE CoeauHeHns Gha3npylowmx kabenei nonyunrtes
npy 3aToM, CKOpee BCEro He CToNb yaobHwM, kax 8 Tabn. 9.3.1
n notpebyercs aononHutentHoe CY. Kpome TOro, Npy 3Ha4KTEsb-
HBIX PEaKTUBHOCTHAX jX3 3MEMEHTOB MOXET OKA3aTbCH BHrOoHEe
NPUMEHUTE AN $HasnpoBaHNS BHCOKOOMHBE JINHUK.

CywjecTayer TeopeTnueckas BO3MOXHOCTE npu oBoM Mex-
3NIEMEHTHOM PacCTOsiHMKM Taxk nopobpare pasMepw 3INIEMEHTOB
n dasupyloumx JUMHWI, 4TO B TOYKE COEOMHEHWUS NOMYYUTCS
50 Om. OpHako pelueHre TaKOM 3afaun BLIXOOMT NANEKO 33 pam-
KN 3TON KHWUIW.

9.3.3. Tpu A/4 GP

Ans yBenvueHus ycuneHus sIorMyHo NnocTaBuTb TpeTHA A/4 GP
B nHnio. Kak 1 8 npepmipyiem naparpade, He Oyaem nekats Mex-
QNIEMEHTHLIE PACCTONHMUS, NPU KOTOPHIX NOAY43IOTCH NPOCTHIE, NOo-
HeTHie Ge3 ONTUMKU3auuK, yCTaHOBKM MCTONMHMKOB. Hac mHTepecy-
€T MaKCUMYM YCUNEHWUS.

MpoBepem onTUMU3ALMIO ABYX KpakHUX WUCTOHHMKOE (n das,
¥ amMnNnanTyn He3aBUCKUMO) N0 KPUTEPUIO MAKCUManbHOW U PaBHOMN
3HaunmocTy Ga n F/B ons aHTeHHw Han NAOCKOi cpepHeil 3emneit.

3aBUCUMOCTL NONYHEHHOrO TakuM 06PA30M yCUNEeHWs OT pac-
CTOSIHUA MEXZY COCEOHMMKM 3nemeHTamu (oBuias anrvHa aHTeHHbL
BABOe 6onbiue) nokazaHa Ha puc. 9.3.4. U3 310ro pucyHka cnepy-
€T, YTO ONTUMaNbHLIM ABRRETCH paccrosinne 0,3M. PasymHule rpa-
HUUB: oT 0,25M (3amMeTHO MeHbiue napaet ycunewvie) oo 0,325
(toxe cHuxkeHne Ga, nnmoc pactyt BOKOBLIE NEenecTku).

5
48
46

: \
44 / A\
.z / \
. / \
38 // \\
/]
3.6 1
34
010 015 020 025 030 035 040
PaccTosHue MexXly COCeAHIMI SNeMeHTaMu, A
Puc. 9.3.4

Ga Tpex A/4 GP B nuxuio, dBi
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AHTEHHAZ C ONTUManLHBIM PacCTORHMEM nokasaHa B ¢anne
...3GP_0.3 line.gaa n Ha puc. 9.3.5. Tam xe paHa cucrema nura-
HUS (ANMHY AMHWIE HA 3TOM PUCYHKE — 3NEKTPUIECKKE).

MoCcKonbKy BCE TPU 3IEMEHTA MMEIOT PasHLIe UMNEAAHCH, TO
fpuMEHEeHa AperoBKaHas cuctema nuranus (n. 9.1.2.3). CHauvana
BO BCNOMOTATENbHYIO TOYKY CBEOEHH BMECTE NnHun (nunnn 0,461
1 0,944X Ha puc. 9.3.5) n KpakHUX 3NEMEHTOB. JnnHa 3TNX JINHWi
BLIBGpaHa TaKoit, HTOBL PHUINYECKU OHU AOTAIMBANMCE Obl 0 LEHT-
pa aHTeHHH. 3aTem BCNOMOTarenbHas TO4YKa CBOAMTCH CO CpeA-
Hum anemeHTom (nneum 0,0451 n 0,32A Ha puc. 9.3.5).

Z=194-j2540hn_T, S/
Ga=51cBi .7 07

4 w4

.0°\045}~ ‘; 500m 0,463

50 Om l
0,32% H

Puc. 9.3.5

KoMmMyTaTop HanpasneHwuit yCTaHaBnuBaeTCsl BO BCnOMOraresnib-
HOI Touke. Ero cxema nouTh Takas xe, Kak Ha puc. 9.3.3, co cne-
LYIOLWUMK  OTANUUSIMKAL

® K KOMMYTaropy uayT anHuv no 0,4643;

e fNVHA AONOAHUTENHEHOrO NEPEKIHAEMOro 0Tpe3ka COoCTaB-

nsner 0,944) - 0,464 = 0,484),;
e BXOA, KOMMyTaTtopa naet He K CY nan nepenatyvky, a K in-
Hun 0,045A.

Mo ypostio F/B > 12 gb nonoca aHTeHHw puc. 9.3.5 npesbiwa-
er 300 xlNy 8 puanasone 40 M. Kak 1 y OBYX3fEMEHTHOI aHTEeHHb!,
nonoca no yposHio KCB < 2 outytumo Gonbtile nonocw no F/B.

Ha npaxtike nofobHbIe aHTEHHH NPYMEHSIOTCS AOBONBLHO pea-
0. N3-3a nBYyX MWHYCOB:

o TpexanemenTHhie GP C NnaccusHLIMM anemeHTamm (nn. 7.5.5.2,

7.5.7) npyu NOYTH PaBHLIX 3ATPATAX Ha 3INEMEHTH, HO Npw
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cyulecTseHHO Gonee npoCToi cxeme nutaHus, obecneunsa-
10T Ga BCero nMib Ha HECKONLKO BECATHX Aeunbena meHb-
e, 4eM aHTEHHA puc. 9.3.5.

® y3Kuii nenecTok asumyTancHoi JH, B couerannm ¢ nepeknio-
HEHVEM NNWb HA ABA HAMNPABACHUS! NPUBOSMT K TOMY, HTO
WMprHA Hepabounx 30H A, (cm. n. 7.5.1) pocturaer 184°, To
€CTb Mbi TepsiemM GOnbiue NOMIOBUHLI BO3MOXHLIX a3UMYTOB.
A 370 He O4eHb PasyMHO ANs CTOMb HERELIEBOrO COOPYXe-
HUs.

HaMHOro uaile NPUMEHSITCH TPEYrONbLHME PELLETKN K3 A4 GP,
no3BONRIOWME NepeknioyaTe [1H Ha Tpy Hanpasnenus (uepes 120°),
OT4Ero HepaboumX 30H NO a3MMYTy He OCTaeTcs. B Takux peer-
Kax IneMeHTH CTOST B BEPLUINHAX PAaBHOCTOPOHHErO TPEYrONibHUKA
(puc. 9.3.7).

3 coobpaxeHnii CUMMETPUK B TPEYFONLHOM PELLIETKE Npu MIo-
60M BO3MOXHOM HanpaeBReHuw ABA aneMeHTa U3 TPeX AOMKHL NK-
TaTbCs OAWHAKOBO W UMETb PaBHLIC UMMNEAAHCH.

Kak v ana npensipylieil aHTeHHB! NOCTPOMM 23BUCHMMOCTL Ga
OT pacCTOsHUA MeXay COCEfHUMK anemenTamu. OHa noKa3aHa Ha
puc. 9.3.6 1 paccuuTaHa npu TEX Xe yCnosusix {nnockas cpenHsn
3emMNs, KPUTEPKIA ONTUMKU3ALMK: MAKCHMANbHOR W PaBHOI 3HaqK-
moctv Ga u F/B), uto v rpadumxm puc. 9.3.1 n 9.3.4.

3.8

3,6 - —
3.4 Z
32 /

3
2.8
2,6

24 —+
010 015 020 025 0,30 035 0,40
PaccTosHue Mexny cocesHuMy snemMenTamu, A

Puc. 9.3.6

Ga Tpex A/4 GP B TpeyronbHuk, dBi

N3 puc. 9.3.6 BUOHO: ONTUMANLHOE PACCTOSHME COCTABNSIET
0,24\ npu ponyctumbix npepenax 0,22—0.32.

Ycunenvne TpeyronbHoi pewerkv Ha 0,6 b Buiwe, yem y BBYyX-
SneMeHTHON aHTeHHsl (puc. 9.3.1, 9.3.2), Ho Ha 1,3 gb Huxe, yem
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y TpexanemeHTHON B nuHuio (puc. 9.3.4, 9.3.5). Mo ycunenwio Tpe-
yronsHas pewertka bGnuxe K ABYX3SIEMEHTHOI aHTeHHe. MpuunHa
TOMY CYLLeCTBEHHas: B TPRYrosnbHON peLserke Asa subparopa sKII0-
YEHB NapanfentHo (MMEKOT OAMHAKOBHIE UMNEAAHCH W YCTaHOBKW
MCTO4HUKOB), ¥ dakTryeckn paboTaloT KaK OavH BUPTYaNnbHLI BUO-
parTop, PacrONOXEHHLI NOCepearHe Mexay LBYMS peasibHbiMW.

AHTEHHA C ONTMMANLHLIM PACCTOSIHUEM nokaszaHa B ¢alinax
u ...3 triangle GP.gaa ...3_triangle_GP_line.gaa n Ha puc. 9.3.7
{ANVHY NMHKWA HA PUCYHKE — JNEKTPUYECKune).

MockonbKy ABa npaswbix (N0 puc. 9.3.7) anemMeHTa OAUHAKOBLI
KkaKk NO vMNepaHcaMm, Tak ¥ NO yCTaHOBKAM MCTOYHWMKOB, TO BCE
TPW NMHUK CXOASTCS B OAHY TOUKY. TO e€CTb npu pa3paboTke cuc-
TEMbI NUTAHUSI Mbl KMEeM 3anavy GaKTUHECKH TaKYKO Xe, KaK Ans
OBYX anemenTos. Kctartk, Ha puc. 9.3.7 no pacnpepeneHmio TokoB
OTHYETNMBO BUAHO, HTO aHTEHHa paboTaer kak ABYX3fieMEeHTHas:
B JIEBOM (N0 PUCYHKY) 3nEMEHTE TOK OOBOMIbHO BEAMK. A B KaxX-
LOM W3 NpaBbixX 3NEMEHTOB OH BABOE MEHbLLE, TO €CTb BUpTyanb-
HbIPl NPaBLIA 3NEMEHT PaCnNONOXEH TOYHO Ha OCK X MEexXay ABYMS
peantHuiMy NPaBbIMKU, @ TOK B HEM PaBeH CyMME TOKOB B [BYX
peaibHbIX ANEeMeHTax.
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Cxema kOMMyTaTOpa AN NEpeKkmiHeHns Ha TPU HanpasAeHUN
rnokasaHa Ha puc. 9.3.8.

TpebyloTcs ABa nepekniouaTens wim pene ¢ TPEMs rpynnamu
KOHTAKTOB Ha NEPEKMOIEHUE Y Kaxaoro. B nokazaHHOM Ha cxeme
nonoxeHun (06a pene 06ECTONEHbI) N3NYYeHKe uaeT B Hanpasne-
HUK OT anemeHTa 2 K CepenvHe mexay anemeHramu 1 n 3. MMpu
cpabarmBaHnk 06OMX pene aHTeHHa M3Ny4aeT OT anemeHTa 3,
K cepepvHe mexay 1 u 2. Mpur BKIIOYEHUK TONLKO pene S1: or
anemMenTa 1 K cepeauHe mexay 2 n 3. BxoaHoe [-3seH0 oBecne-
HYMBAET cornacosaHue Ha 50 Om.

T
brnox KOMMyTaIuy !

37 Om 0,2030

'?

Bxox 50 Om
|‘t—|¢.

X

g

Puc. 9.3.8

MapameTtpw nepeknioveHns anTeHns puc. 9.3.7 LOBOMBLHO BbI-
coku: A, =0° AG = -2,5pb, TO eCTb aHTeHHa obcnyxusaer Bech
a3UMyTanbHLIN KpYr ¢ noTepsimMu ycunenus He Gonee 2,5 nb ons
CaMbIX HEynauHelx Hanpasnexui. Byy = 12 gb, 10 ecTk niobyio no-
MEeXy MOXHO 0CnabuTb, Kak MUHVUMYM, Ha asa Ganna no wkane S.

9.3.4. KsappatHbie pewetxu us i/4 GP

MousTHO, yTo Ans kommyTauum OH Ha HeTbipe HanpasieHwus
notpebylotcs 4 anementa. B atom naparpade Mo paccMoTpum
KBAAPATHHIE PELLEeTKN, B KOTOPLIX SAEMEHTH PACNONOXEHH NO Yr-
nam ksaapara.

9.3.4.1. C manyyeHveM BOONb CTOPOHLI KBagpara

Mpes TaKoi peleTkm npocTa. BO3bMEM ABE aHTEHHb puc. 9.3.2
{(wnr aHanorMuHbIE), PACNONCXKUM UX PSACM U 3anUTaem cuHopas-
Ho. Ha Bupe csepxy nonyuuncs keaapar (puc. 9.3.10). Makcumym
VI3NyYeHus HanpasneH BAOML CTOPOHL! KBAAPATA, KaK U Yy UCXOA-
HOW aHTeHHH puc. 9.3.2.
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BLIsICHUM BRMSIHUE PAcCTOsHUS Mexy aniemeHTamu Ha Ga. On-
THMU3AUMS NAPaMETPOB UCTOYHUKOB NPOBOAMTCH NP Tex Xe yC-
JNIOBUSIX, NTO K AN NPEObIOYLLMX aHTEHH: KPUTEPUN MAKCUManbHOR
v pasHOI 3HaummocTk Ga u F/B, nnockas cpeanss 3emns. {lony-
YeHHLI rpaduxK nokasaH Ha puc. 9.3.9. OnTumanbHuM SIBNSETCS
paccrosinue 0,2253, ponyctumme npegent: or 0,18 no 0,26A.

YowneHne Takoii xsaaparHOi peuerkun Ha 1 406 suiue, yem
y OBYX3JIEMEHTHOM aHTeHHw (puc. 9.3.1, 9.3.2). Mouemy BCEro
Ha 1 pb, xors ato cundasHas aHtenHa? Oteer aaer puc. 6.1.8:
npu paccTosHuu Mexay artaxamu 0,225A nprnbaska ycuneHus Kax
pa3 u cocraensier 1 gb. A yBEAMYNUTDL 3TO PACCTOAHUE Mbl HE MO-
XEM, TaK KaxK aHTeHHa nepecraHeT OuiTb KBaAPaTHOI, U NoTepseT-
s BO3MOXHOCTL KommyTauun H Ha 4 Hanpasnexus.

% T 4 i
X ’

g /

<9 37

o o

e 6 36 /

g @ 35

5% 34 /

sa

x 3 33 4

‘*E 3,2

& 0,10 0,15 0,20 0,25 0,30

PaccTosiHue Mexay COCEAHVMU INEMEHTAME B A

Puc. 9.3.9

Mo cytn, Ha puc. 9.3.9. My BUAVMM pe3ynbTaT B3aUMOAENCTBUA
LBYX pa3HbiX NPoUeCCOoB:

1. YBEnuueHne pasmepa aHTEeHHbL! NO OCY Y 3KBUBANEHTHO POC-
TY paccTosHus Mexay ataxamu. [pu erc pocre po 0,625 ycune-
Hue pacrer (puc. 6.1.8).

2. Bnusiive pasmepa aHTeHHb N0 OCk X OnuCHBaeTcs rpadm-
KoM puc. 9.3.1, KOTopwii nmeer makcumyM Ha 0,175 v pnanee
BLICTPpO Nanaer.

MocKonbKy peleTka y Hac KBagpaTHas, TO Mbl BHIHYXAEHL U3-
MEHATh PazMeps aHTeHHb NO ocsiM X U Y OpuHakoso. B peaynb-
Tare Ha pvc. 9.3.9 nonyuaetcs cnepylowee:

e Jio paccrosnvs 0,175\ oba npouecca HanpasneHs BBepX, no-

aromy rpacduk BLICTPO pacTer.
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¢ Ha yyactke or 0,175\ no 0,225) sropoi npouecc (puc. 9.3.1)
HaunHaet ybbisarb. Ho penaer OH 9T0 OTHOCUTENLHO MEn-
nexHo {cm. puc. 9.3.1), nosromy Gonee BuiCcTPOPaCTYLLNA
npouecc 1 (puc. 6.1.8) nobGexpaer. Younenve Ha puc. 9.3.9
NpoAoXAET BO3PacTarTb, XOTA BCE MEANIEHHEE,

e Ha paccrosvuax Gonee 0,225) y6niBanue npouecca 1
{puc. 9.3.1) npeononesaer npouecc 2 (puc. 6.1.8), u pesynb-
TVpYIOLWas Kpueasa puc. 9.3.9 HauvHaeT nagarto.

Pewerka, nanyyaiollas BAOIb CTOPOHBI KBAAPATA, C ONTUMAfbL-
HbiM paccrosumem 0,225) nokasana B dainax ...4GP_0.225.gaa.
CospaHve cucteMbl NUTaHUS ANs Hee BLIFMSOUT NEIOM HECNOXHBIM.,
Benb napel anemMeHTOB COBEPLUEHHO OAMHAKOBLI KaK MO YCTaHOB-
KaMm MCTONYHUKOB, Tax U No umneagaxcam. MosTomy, no cytu, Hano
CBECTU BMecTe He 4, a nBa 3/UNCa, TO €CTb HE CNOXHee, YeMm
AN NBYX9NEMEHTHOW CUCTEMBI.

OnHako npy NONBbITKE pacyeTa CUCTEMBbI NUTaHus B oxke NMun-
TaHue $asMpPOBaHHBIX PELIETOK BLIICHASTCSH, YTO TOYKU nepe-
CeyeHVn annunNcoB BOoBLUE HET, TO ecTb NUuTaHue no metony K3LC
HEBO3MOXHO. 3HAUMT, H3A0 YTO-TO MEHNTL B aHTeHHe, YTOBL! No-
Ny4nTh NPUEMNEMOE NEPECEYEHUE.

Bocnonw3osaswnce pekomesaauusmu n. 9.1.2.2 nocne He-
CKOMbKUX TIONLITOK BLISICHAEM, 4TO ynoGHOe pelleHue HaxopuTcs,

Z=262 {5180hm Y SWR =1941500hn)
Ga=39dl L 0L

Puc. 9.3.10
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€cnu yKopoTUTb Kaxablii u3 GP Ha 3% OT pe3oHaHCHOro pasmepa
(ona puanasona 7 My aro ¢ 10,2m po 9,9 m). Takas aHreHHa
nokasana 8 daiine ...4GP_0.225m_line.gaa v Ha puc. 9.3.10 {(anu-
Hbl IMHUIT HA PUCYHKE — 3NEKTPpUYeckue).

CxeMa KXOMMYTatopa Ha 4YeTbipe HanpaBneHust nokasaHa Ha
puc. 9.3.11. Tpebylorcs nga pene C AByMs rpynnamy KOHTakTos
Ha NEepeKRYeHNEe Y KaXa0ro.

{ BIIOK KOMMyTAIUH | —

s1 037h

0,370

6,375. = :E1>A

Puc. 9.3.11

AHTEHHa n3ny4aeT B HanpasneHuu:
A — ecnu 06a pene 06ecToueHbl (NONOXeHre, noxasasHoe Ha
cxeme);

B — npu BKAIOYEHHOM ST;

C — xorpa ob6a pene cpaboranu;

D — ecnu BKAKOYEHO TONbKO S2.

BxonHoe [-3seHo ob6ecneuusaer cornacosaHve Ha 50 Om.

AnTenHa puc. 9.3.10 oueHb xopowa a9 nepekoueHns: A, = 0°,
AG =-1,6 nb, ona xyAwero HanpasneHus NoTepu younexust Bcero
1,6 nb6. MuHumanbHOe noaasneHre CaMoro HEeypavyHoro Hanpas-
nexus By, coctaensier 15 nb.

9.3.4.2. C vanyyeHueM no AuvaroHany ksagpara

PewueTtka ¢ uanyyeHuemM BOONb CTOPOHBbI KBAAPaTa HE ABNAETCH
onTuManeHOW: Mbl ¢akTUyeCKn yasounu (K pasmepb!, 1 3arparbl)
[BYX3NEMEHTHYIO aHTeHHy puc. 9.3.2, a Bbmrpbilt NONysunu 8Cero
1nb.

Bonbliee ycunexve aloT KBagpaTHbIE PELETKU, C U3nydeHnuem
no auaroHanu keagspara. NOHsITbL TaKyl aHTeHHY NPOCTO. Bo3bmeM
B KaueCcTBe UCXOAHOrO Mareprana TPEXANEMEHTHYIO 8HTEHHY B nu-
HUIO, NOkKa3aHHylo Ha puc. 9.3.5. 3amenum cpenHuA aNEeMeHT Ha
BUPTYaneHbIA, (GU3NYECKK COcTOswMiA U3 AByx CuHGasHbIX, Pas-
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OBUHYTHIX B CTOPOHBL! (TOMHO TaK XE, KaK ABa Npasble aNeMeHTa
Ha puc. 9.3.7). MNOHATHO, YTO Takas peweTka, NPoOUcxoas OT TPeX
GP B nuHuIO, KaK TpexanemeHTHaa avtenHa v paboraer. C coor-
BETCTBYIOLIMM YCUNEHUEM.

Haunem co cTtavpapTHOro 8 paspene 9.3 Bonpoca: Kak BnusieT
paccrosHue mexay anemeHtamu Ha Ga? YcnoBus Takue xe, Kax
u ans aHanornyHbix rpadpukos aToro pasaena: ontuMusauus no
KPpUTEPUSM MakCUManuHoit ¥ pasHol 3vauyumocTu Ga v F/B, nnoc-
Kan CpenHas 3emns.

Pesynbrar nokasaH Ha pmc. 9.3.12. BepHee, pesynerarsl. [pa-
GUKOB NONYYMNOChH ABa, B 3aBUCUMOCTI OT TOFO, YTO Mbl CYMUTAEM
3agHUM HanpasneHuem B orHowenun F/B.

5,8 ]
_E 56 7
o8 54 -’ .
-9 52 .
58 75 /
T E 48 5 = SO
< ® 46

r 4 7
B g fa
o0& 44 7
[ )
& a 4,2 /
= 4
o °
a 5 38 "_7, ——F /B B HanpasneHnt TONHO Ha384, ¥
x = 3,6 / ~—F/B B 23uMyTansHoM cextope 120 rp.
‘dl‘ [} 3,4 I
w2 32
o5
£ 317
28

0,10 0,15 0,20 0,25 0,30 0,35 0,40 045 0,50
PaccTosiHne MEMLY COCEeAHUMMN SNEMEHTAMK B A

Puc. 9.3.12

Ecnu y3kuid asumyTanbHblii CEKTOP uNK HanpasneHne TOYHO
Hasan, To cnpaseanus BepxHuil rpaduk Ha puc. 9.3.12. Ycune-
HUEe MaxcumanbHO, ogHaxo ¢opma IH He oueHb xOpowa, nouYTun
Takas xe, Kak Ha puc. 9.3.5: non asumyTanbHbiMu yrnamu +120°
n —120° nmelorcs nsa 6onbuMx 3aaHe-00KOBLIX Nenecrka, Nnoaas-
neHHbiX Bcero nuwe Ha 10...15 pob. Ecnu oHn Bac He nyraioT, TO,
caenas nepen onTuMusauveri YCTaHOBKY 330HEF0 HaNPaBNeHus! Hy-
nesbiMu, Bbl BbiWrpaere 8 ycunenum 0,6...0,8 nb. MNpumep Taxoii
aHTeHHbl Noxasax B daiine ...4GP_D_0.35.gaa.

Ecnu xe tpebyercs nMeTb rnyboxoe NOpaBnEHNE B LUMPOKOM
as’uMyTanbLHOM CEKTOpe, TO yCuneHue fNONy4aeTCst MEeHbLUe, Kak
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noxasaHo Ha HukHem rpaduke puc. 9.3.12. 3ror rpaduk nocTpo-
€H NPU TeX XEe KPUTEPUSX ONTUMKU3ALUA, HO 33HEE HanpasneHue
yKasaHo kaK a3umyTanbHelii cextop 120°. La, Mbl norepsnu npu
arom 0,6...0,8 o6 B yovinenuv. Ho 3a10 nonyyunu O4eHb XOpoLiee
nopasneHue €3aay B UMPOKOM CEKTOpe. IInsl Takux aHTeHH, BO
BCEM 3anHeM asumyTanbHOM cexTope or +120° no ~120°, F/B npe-
seliwaer 35 pb. Tpumep Takoil auTeHHbl NpuseaeH B daiine
...-4GP_D _0.35n.gaa.

CpasHuTb asuMyTanbhblie [IH ABYX aHTeHH, ONTUMUSVPOBAHHBIX
NO pasHbiM XPUTEpUNAM, NPU OAVHAKOBON CTOPOHE KBaApara pas-
HoiA 0,35X (310 yxXe ynomsiHyThie sbie daiinsl ...4GP_D 0.35.gaa
v ...4GP_D_0.35n.gaa) moxH0 Ha puc. 9.3.14 v 9.3.15.

Ana oboux BapuaHToB ONTUManLHOE paccTtosHue no Ga opu-
Hakoso — 0,35). [lonyctuMmble npenens Toxe: or 0,225\ no 0,45
NpuueMm ans sBapuanTa ¢ XopowwuM nogasnewviem F/B B LUMPOKOM
CEKTOpE ycuNieHure NoyTu He Mensiercs ot 0,25A no 0,4). Nosrtomy
13 coOBpaxeHuii 3KOHOMUY MECTa NPUMEHSIIOTCA PELETKM C pac-
crosHnem 0,25A.

Takas anTeHHa nokasaHa B ¢aitnax ...4GP_D_0.25n.gaa,
...4GP_D_0.25n_line.gaa v Ha puc. 9.3.13 (BCe ANUHbI, YKA3aHHLIC
Ha 39TOM pUCYHKE — anexTpuyeckue, sce nuHun 50 Om). MNpuy noy-
Tu pasHbix ¢ puc. 9.3.10 rabapurax 06ecneynBaeTcs ycuneHue Ha
1 nb Bbuue. la u ¢opma H 8 cmbICNE NOOABREHUS 33aQHErO
1 GOKOBbLIX HanpasnNeHui CYLLECTBEHHO Nydlue. IT1 NpenmyiLecTsa
onnaymnsaloTcs 6onee CNOXHLIMY CUCTEMaMU MUTAHUA U KOMMYTa-
LY HanpasneHuin.

Ans nuTtaHus NpUUINOCE NPUMEHNTL APEBOBUAHYIO CUCTEMY, TaK
KaKk B OfHY TOYKY CBECTU BCE NUHUM HENL3R (BEpHEE MOXHO, HO
npu 3amerHom yxymwenun [OH). Cucrema xoMmyTauun Hanpas-
neHuid BeCbMa CNoXHa, U NpUBOAUTL €€ TYT He Byny, Tak Kak 310
BCe Xe KHUra He 10 CXemMoTexHuke, a no aHrenHaMm. MNpeanonara-
€TCH, YTO €Cnu Bbl 3aMaxuBaeTeCh Ha QHTEHHBLIE CUCTEMB! TakO
CNOXHOCTH, TO paspaborTka KOMMyTaropa He AOMXHa CTark AJN
Bac HenocwnbHOI 3apaveit. Hrobwl ee oBneryntb, NpuBeny napy
nonesaHbix 0COGeHHOCTEN NUTaHust aHTeHns! puc. 9.3.14:

® ecnu pononHuTensHylo nuHno 0,148\ nepekpectuTs B Touke

nuranug, Yo OH aHTeHHb passepHeTca Ha 180°;

® AN YMEHbLIEHUS! NOTepb AnuHHylo nubuo 0,8 mMoxHO 3a-

MeHUTL NuHneid 0,3), nepexpecTs NOCAGAHION.

MapameTpbl NepeknoueHyst aHTeHHs puc. 9.3.13: A, =0°, AG =
= -2,6 pB, MUHUManLEHOE NOAABNEHNE CAMOTO HEYAA4YHOro Hanpas-
nexus By = 25 nb.

AHTEHHa2 C onTMManbHON CTOpOoHOU xBagpara 0,351 n makcu-
ManbHbIM MOAABNEHMEM U3NYYEHUA Ha33j B LUMPOKOM CEKTOpEe
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Y
Z=206+i1020mn Y, SWR=255(50 Ohm)
0,252 Ga=45 ki R

0,253

0,25\

Puc. 9.3.13

Puc. 8.3.14
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nokasana 8 ¢aitnax ...4GP_D_0.35n.gaa, ...4GP_D_0.35n_line.gaa
1 Ha puc. 9.3.14 (Bce AJMHBl, YKa3aHHbI€ H2 3ITOM PUCYHKE —
anekTpuyeckue, sce nuHum 50 Om).

Buirpbill B YCUAEHUM MO CPaBHEHMIO C NPEAbAYLENR aHTEH-
HOI Hesenuk, Bcero 0,2 pb. 3aro Bce nivHuy cBegeHbl B OfHY TO4Y-
KY, NTO OLLyTUMO YNpOLIAET KOMMYTaLMIo Hanpasnenuit. MNapamer-
Pbl NEPEKNOYEHUS TAKUE XK€, KaK 1 Y aHTeHHbl puc. 9.3.13.

AHTEHHA C ONTUMAnbLHOW CTOPOHOIl xBaaparta 0,35\ u Maxkcu-
MAfbHbIM MOOABAEHMEM M3NYYeHUst Ha3a[ B HanpaBfEHWX TOHHO
Hasan noxasawa B ¢ainax ...4GP_D_0.35.gaa, ...4GP_D_0.35_
line.gaa 1 Ha puc. 9.3.15 (BCe anvHbI, YKA3aHHLIE Ha 3TOM PUCYH-
ke — anexTpwieckue, sce nukun 50 Om).

2=871+i1.360hm Y SWR =574 (50O
Ga=57cBi .-~ O

Puc. 8.3.15

Kax yxe yromMuHanochb Boiwe (puc. 9.3.13), 1akan aHTeHHa nMe-
er Ha 0,7 nb 6Gonbwee ycunexue, 4eM ee aHanor Ha puc. 9.3.14,
HO ONNIAYMBAETCH 3TO HEBAXHLIM NOA3BNeHueM 3anHe-60xoBbIX
nenecrkos. TeM He MeHee, Koraa Tpebyercs MakCumanbHoe ycu-
JIeHne, TO BbIMrpbily NOYTY Ha 1 0B OKasbIBaeTCs peLuaoLliuMm.

Cucrema nuTaHust aHTeHHbl puc. 9.3.15 nouru Takas xe, Kak
1 Ha puc. 9.3.13, OTAMYAIOTCH NULLE ANVHB AVHUA. TOYHO Tak xe,
KaK v y aHTeHHb puc. 9.3.13 moxHo pesepcuposarts IH nepekpe-
LUMBAHIEM KOHLIOB KOPOTKOW nuHuy 0,0154.
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NapameTpr NepexnioyeHst aHTeHHb puc. 9.3.15 ne oueHb Bbi-
coku: A, =48° AG =-4 pb, MmuHuManbHOE nopasneHue camoro
HEY[A4YHOro Hanpasneunst By, = 15 pb.

9.3.5. C usorHyTtaiMu
U HaAKJIOHHBIMU 3NEeMEHTaMM

AHTEHHB, ONMCaHHBIe BO BCEX MPEAbLIOYLIMX naparpacgax 3Troro
paspena, xopouin BCEM, KPOME TOFr0, 4TO TPEBYIOT HECKONLKO Bbi-
COKUX MaMT. A 3TO NOPOFrO U HE BCErna BO3MOXHO. NoarTomy, TOM-
HO TakXe Kak 1 B Hanpasfi€HHbIX BEPTUKANBLHBLIX aHTEHHAX C nac-
CUBHbIMU anemeHTamu (paaaen 7.5), 4acTo MCNOoNL3YIOTCH PELUeHIs!
C U3OrHYTHIMK N/MIIU HAKNOHHLIMU 9NIEMEHTaMU. DTO NO3BONRET
COKpaTuTb BLICOTY 1 KONMNECTBO MayT. HO ycnoxHseT pacuer. Bep-
HEE, paHblie YCNOXHAN0, KOrAa pacyeT OCYLWECTBASNCS «HA Nafb-
uax», N0 yNpOLLEHHON TOKOBOW meToauke (N. 9.1.5). HuiHe xe as-
TOMaTnYeCkoit onTuMu3aumny 6e3pPasNUYHO, IAe UCKaTL YCTAHOBKM
UCTOYHKMKA: B NPOCTOM BEPTUKAILHOM SNEMEHTe UNU B CHOXHOM
M3OTHYTOM 1 HaxnoHHOM. Pewenne Gyper Hailneno 8 mobom cny-
Hae 1 aaxe NpUMEpPHO G OUHAEKOBOW CKOPOCThIO.

B arom naparpade nve Gyny npoBoanTs U3LCKaHWii N0 ONTH-
MU3auvu pasMepos 1 paccTosHUN, a NPOCTO NPUBEAY HECKONBLKO
XOpOLWO 3apexoMeHnoBaBuIx cebs KOHCTPYKLMIA.

Bce mopenu, ynomunaemwbie 8 n. 9.3.5, waxonstca B nanke
...ANT\Phased\GP\Slope\.

9.3.5.1. OBa anemenra

HaurheM C aHTeHHb! KOHCTPYKTUBHO Camoii NPOCTOI: ABYX Ha-
KJIOHHBIX NPOBOAOYHLIX A/4 GP, BHINONHEHHBLIX Kak paCTsdkKu Of-
HOM, OTHOCUTENBHO Heswcokoii (0,19A) MauThl.

(loX0OXyI0 aHTEHHY, HO G NACCUBHLIM SNEMEHTOM, Mbl paccmar-
pvusam 8 1. 7.5.5.1 v BbiacHUNK, 4TO Ans peanusauvn Xopowero
F/B B Heih Tpebyerca CTporo onpeaenexHas TEOMETPUS, B YaCTHO-
ct1 Gonbwoe (0xono 2 MeTpoB anst AuanasoHa 7 Mr'u) paccros-
HUE Mexay BepumHamy anemeHTos. lNocnepnee Tpebyer nu6o
3aMETHOrO YBEMMYEHUS! BLICOTH Ma4Ts!, NMGO YCTAHOBKYU Ha ee Ma-
KyLLKE AONONHUTENLHON TPABEPCHI, YTO BLISLIBAET QYEBMAHLIE TPY/-
HOCTU. [pK NOMBITKE e CBECTU BEPXHUE KOHLLI NPSMO K BEpLUM-
He MauTbl NPy NacCUBHOM fvTaHuu Nagaer F/B, TO eCTb HYXHOrO
TOXOpacnpeneneHus He Nony4aeTcs.

Ho kak pas ans vakoro cayyas NpUayMaHo akTMBHOE NUTaHue.
PasmMecTum S1eMeHTLI-pacTHKKY KaK 970 ynoBHO HaM U3 KOHCTPYK-
TuBHBIX CoOOpaxeHuii, a TpeGyemoe ToxopacnpepeneHue (o ectb
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F/B) ycTaHOBUM NpaBufibHbiM NUTaHnem 060ux 3NemeHTos. Pesynb-
Tar noxasad 8 ¢aine ...2¢el_slope_GP.gaa v Ha puc. 9.3.16 (nnm-
Hbl NIMHWUA, YKA3aHHBLIE HA 3TOM PUCYHKE — anexTpuyeckue, BCe
nvanmn 75 Om).

Z=673+261Chn I} SWR = 1.35 [50 Ohm}
Ga=24dBi . -

H=0,190

Puc. 8.3.16

MNMonoca aureHHbl puc. 9.3.16 no yposhio F/B > 12 pb cocras-
nser 100 «I'y 8 auanasone 40 m. No KCB nonoca wupe, B TEX Xe
100 xI'y, KCB He npesbiaer 1,5 Ha xpasix.

CpasHugan NpUBEAEHHBLIC XapaKTepUCTUKK C NONHOPasMEepPHO
cuctemoit asyx A/4 GP (cm. puc. 9.3.2), BunHO, 4TO HamHoro 60-
nee NpoCTas KOHCTPYKTUBHO aHTeHHa puc. 9.3.16 nmeer rakoe xe
ycunexue u nuuis vemuoro (100 x'u nporus 130 k'u) npourpbisa-
er 8 nonoce. Kpome T0ro, pacocMarpusaemasn aHTeHHa HYXAaeTcs
B npocreiluem CY B TOuke coeguHeHus xabeneir. B npuHuune,
MOXHO obBoiTuck u 6e3 Hero, HO BCe xe KCB 1,4 B cepeaune
AnanasoHa 370 MHOroBarto.

CuctemMa xOMMyTaUMY Takas xe, kak Ha puc. 9.3.3 (c coorTser-
CTBYIOLLEI KOPPEKLMEN ANUH 1 BONHOBOTO CONPOTUBNEHUA NUHWIA).
Mapamerpsbl nepexaldeHnus (ux onpeaenexust cMm. 8 N. 7.4.1) He
CRMILKOM BLICOKM: A, = 40°, a AG = Byy = -4 0b. Ho He 3a6ynem,
4YTO KOHCTPYKTMBHO aHTeHHa puc. 9.3.16 nuute HEMHOTUM CNOXHEe
npocToro, HeHanpaeneHHoro A/4 GP.

Hano ormeTuTs, YTO aHTeHHa puc. 9.3.16 Tpebyer He3aseMeH-
HOW MayThl. He 06s3aTtensHo NONHOCTHIO U3 N3ONSUMOHHOrO Mare-
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puana. LOCTaTONHO METanNMYEecKOW, HO OTKAIOYEHHOW OT 3emnu
n3onsropom. FoCKONLEKY MauTa He NpuHumaer yuactust 8 pa6ore
AHTEHHbI, TO OHa MOXeT ObiTb pasopsBaHa U30NATOPOM HE TONBKO
Ha ypoBHE 3emnu, HO 1 B Mobom ynobHOM MecTe A0 €€ rnonOBUHbI
BbICOTHI.

MNonbiTk UCNONBL30BATL MauTy KaK TPETUI 3NEMEHT B AAHHOW
KOHUrypauumy H1 K Yemy xOpoLeMy He npusoasaT. B nyqwem cny-
Yae HEMHOrO pacClUMPSIETCH NONOCa, HO CROXHOCTU C MNUTEHMEM
Npy 3TOM HaMHOr0 BO3pPacTaloT, NPUMEPHO, KakK fN0Kas3aHO Ha
puc. 9.3.5. Ho ecnu B TOM cayyae aru TpyoHoCcTu Gbinu onpaspa-
Hbl BO3pPACTaHMEM YCUMNEHUS! (TaK KaK BEPTHKASbHbLIE TPY 3NEMEH-
Ta CTOST [OBONBHO AANEKO APYr OT Apyra), TO B HAWeM cnyvae
HaKAOHHBIX 3JIEMEHTOB UX HENL3R CYLLECTBEHHO pasHecTu. MpocTo
NOTOMY, 4TO KpallHUE 3MEMEHTbl CUJILHO HAKNOHSIOTCS, aHTEHHA
Ha4MHAET u3ny4yaTb 8 36HUT U B 3eMII0, NAKAET yCuneHue.

ABYX3NEeMEHTHYI0 aHTEeHHY u3 [-06pasHbix 3neMeHToB (No-
NOBUHKA OT NpAMOYronbHUKa MokcoHa, cm. puc. 7.5.17) obb4HO
HE [EenalT C akTuBHbiIM NuTaHueM. [Npu npocroii 1 yno6HOR KOH-
CTPYKLIMI XOpOoLwme pe3ynbTartk! NoNy4alTcs 1 Npy NacCKBHOM M-
TaHun. AKTUBHOE NUTAHUE TYT MOXET UMETb CMbICA, €C/U YTO-TO
rHoe, Yem coobpaxerHus xopoweit [H, BbiHyxXaaeT ¢$rUkCMpoBaTh
pasmMepel. Hanpumep, UCronb30BaHUE YXe MMEIOLLIMXCS MayT u/unu
TOYEK NoAgeca.

OpuvH 13 BapUaHTOB TaKOro BLIHYASHHOTO PELUEHV NOKasaH
B ¢aiine ...2el ShortGP.gaa u na puc. 9.3.17 (anuHb nuHWIL, yxa-
3aHHBLIE Ha 3TOM pucyHke — anexTpudeckue, nuium 50 Om). Cuc-
TEMa KOMMYTaLMK Takas xe, Kak Ha puc. 9.3.3 (¢ cooTBETCTBYIO-
e KOPPEeKUreid AnvH NuHui).

3t1a NpoBONoYHas AaHTEHHa Bblna pacTaHyTa Mexay NBYMS! UMEB-
WMMUCH OM3NEKTpUYecKuMK onopamm {Hy yx He Gyny ctonb odu-
UMaNnbHLIM: BCEro NULLbL MeXAay CTONGOM-Onopon Kakon-T0 AMHUKN
1 NOABEPHYBLUMMCS AEPEeBOM) BLICOTON BCero no 0,11A Ha pac-
crosHum >0,3\. MNapamertps! nepexnaiouerus: Ay = 0°, a AG = Bun =
=-2 nb.

B npuHumne, antenHa puc. 9.1.17 ¢pusndecky ykopoyeHa (usru-
60M), OTHErO ee yCUneHue HeBeNUKO. YKOPOYEHHbIE 2HTEHHB! G aK-
TUBHBIM NUTaHueM Mbl Byaem paccmarpmBare NO3nHEE, B pas-
nene 9.6. A B aTtoM naparpade BEPHEMCS K NONHOPA3IMEPHLIM
AHTEHHaM U NOCMOTPUM, KaK MOXHO CAENarb TaKyld aHTEeHHy U3
M-06pasHbiX 3NEeMEHTOB.

B xayeCtse aneMeHTa uCNONb3YEM MONOBUHKY AHTEHHb
puc. 6.2.6, TO ecTb [iBa NEPEeBePHYTLIX 1 cuHdpasHbix A/4 GP. MNo-
Ny4eHHan aHTeHHa nokasasa B8 ¢dannax ...2el semiquad.gaa,
...2el semiquad _line.gaa 1 Ha puc. 9.3.18 (anuHb 50-OMHBIX nu-
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HUIA, yKasaHHble Ha 3TOM pUCYHKE — anekTpuyeckue). Cuctema
KOMMYTaLMI TaKas Xe, Kak Ha pyric. 9.3.3 (C CoOTBETCTBYIOLLEA KOP-
pekumein AnuH NuHWA).

Z2=61.7-i26.4Ohm

 SwWR=1.67(500hm}

Z=523+i1630hm Y SWR=1.06(500hm)
Ga=53¢Bi ol

Puc. 9.3.18

HwmxkuHue KOHLIb!I 9NEeMEeHTOB [OMKHb! 6bITb BhiLUE ypOBHﬂ 3emnun
x0Ta Obl HA HECKONBKO % A. ECTECTBEHHO, OHU HE COEAVHEHb!
C 3eMnei, NOSTOMY NPOTUBOBECH HEe TPebyloTcs. AHTEHHA UMeeT
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BeCbMa BLICOKOE ycuneHue, asaasack cHbasHoi cuctemoit s napsi
ABYX3NEMEHTHbIX (Ha3UPOBAHHLIX BEPTUKANOB. TaKyild KOHCTPYKLMIO
yAoOHO pacTsHyTs Mexay nomamu. Xors usnydexve BGOK Mano,
HO BCE Xe HE CReAyeT pacnonaratb M3nyuyalouwme BepTUKanbHee
HacTu (FOPU3OHTANBHLIE, TOMHO TAK Xe, KaK U B UCXOOHOM Ofu-
HOYHOM 3fiEMEeHTe HU4Ero He uanyualoT) Gsmxe YeTBepTU BOSHLI
K CTEHaM BOMOB.
Napamertpsl nepekmouenun: A, = 224°, a AG = By = -9 ob.

9.3.5.2. Tpu anemeHTa

B 3tom naparpade paccMoTpuM AnLib OAHY, HO O4€Hb YAOBHYIO
Ha NpakTnKe, aHTeHHY. KOHCTPYKTMBHO OHa npeacrtaenser coboi
OHY HEBLICOKYIO (0,2A) AnBNEeKTPUHECKYIO 1iKu U3ORUPOBAHHYIO OT
3eMAN HECYUIYI0O MaNTY. OREeKTPUNECKU MauTa He UCNOoNbL3YerTcs,
SNEMEHTaMM CIYXET TPU PACTAXKU BEPXHEro Apyca, BKNIOYEHHLIE
KaK HaKNOHHLIE A/4 GP 1 CHAOXEHHLIE BHU3Y HOPMANLHLIMIU CUC-
Temamu 3azemnenvsi. BHuay pacTaxku vayT k Toukam 3emsnm, 06-
PasyIolUM PEBHOCTOPOHHUIA TPEYTONLHUK.

Takan aHTeHHa nokazaHa B daiinax ...3el_slope_GP.gaa,
...3el_slope_GP_line.gaa v na puc. 9.3.19 (mwHL nuHWiA, yKasas-
HbI@ Ha 3TOM PUCYHKe — 3nexkTpuueckue). CTopoHa TpeyronbHUKa
cocrtaensier 0,285\,

2 =270-2260hm .. SWR =234 (50 Ohm)

H=0,1852 °

a=31dBi

Puc. 9.3.19
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Ota KOHCTPYKuMa ABnseTcs mopndukauuei aHteHHs puc. 9.3.7,
HO BLINORHSETCH ropaspo npowe: ogHa mauta 0,2h npoTme Tpex
no 0,25\. A B youneHUn Mbl Npourpany coBceM HemHoro: 0,5 nb.

Ecny Bbl XOTUTE Ha ONHOW, HE CAMULIKOM BLICOKOW MauTe 3a-
KpLITh BCE HaNPaeseHus, To aHTeHHa puc. 9.3.19 npeacraesnnercs
onHuM n3 Haubosee noaxopsawumx petlieHuii. Ee napametps nepe-
KMOYEHNSI NPaKTUHECKN Takme Xe, KakK y Y aHTeHHs puc. 9.3.7.
CucteMa KOMMYTauuu Takas xe, Kak Ha puc. 9.3.8 (c cooreer-
CcTBYIOLE KOppexkuMein anvH nuanii v nenu -cornacosannn, Ko-
TOpOE JOMKHO OBITh nepecunTaHo Ha Z = 27 — j22 Om).

Ecnu B Ka4eCTBE HECYLLE UCNORL3YETCH LefbHOMEeTann4yecKan
3a3emMneHHasl MauTa, TO Ans ydera ee Bnaunahua Tpebyercsa ontu-
MU3aLua C BKIOUYEHUEM MaNThl B Moaens. MoaenvposaHue 1 npak-
TUKE NOKA3LIBAIOT, 4TO A1 KOMNEHCAUVK BAUSHUS MaYTHI (TO €CTb
nonyyeHus xopoliero F/B) 6onee pavHHLIE nMHum NPUXORNUTCS YKO-
pPaNvBaTL HA HECKOMLKO NPOLEHTOB.

9.3.5.3. Herbipe 3nemeHTa

AHanormyHo aHteHHe puc. 9.3.19 MOXHO caenarb 1 HeTLipexane-
menTHY10. Takan aHTeHHa nokasana B ¢aiinax ...4el_slope_GP.gaa,
...4el_slope_GP_line.gaa v Ha puc. 9.3.20 (AnuHL AUHWIA, yKa3aH-
Hble HAa 9TOM pUCYHKE — snekTpuueckue, Bce nuunn — S0 Om).

Z=329-1420m ¥ SWR=1.72(500mm)
Ga=49GBi .

H=0,18%

Puc. 9.3.20
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CropoHa KBafpata, B yribl KOTOPOro PacTAHYTH 3NEMEeHTH!, COCTaB-
nser 0,28\, ona KBaAPATHON PELIeTKU U3 HAKNOHHLIX 3/IeMEHTOB
C M3ny4YeHueMm no ANaroHany 3TO ONTUMYM NO YCUNEHMIO.

Ota KOHCTPYKLMA aBnsieTcs moaudukaumen aHreHHs puc. 9.3.13,
HO BHLINOSHAETCH HAMHOrO NPOLLE: OAHA MayTa NPOTUB HETbipex.
A B ycusieHU Mbl HUNETO HE noTepanu.

A B yem Torpa nonsox? Hy He moxet xe ObiTb, 4TOOL HaMHOFO
6osiee NpOCTan aHTEHHa HYU B 4eM He npourphiBana. [la, He mo-
xer. B paHHOM chiyvae Mbl 3ameTHO Tepsiem nionocy no F/B. Tak,
aHTeHHa puc. 9.3.13 B nuanasone 40 m umeer nonocy 260 ki, no
ypoenio F/B > 12 nb. A antenHa puc. 9.3.20 npu 1€x xe ycnoem-
ax — 1tonbko 100 xNy. MpwirHa fAcHa: pasHuua B paamepax.

MapameTps nepeksioyeHns paccMarpuBaeMoil KOHCTPYKUnK
NPaKTUHECKUN TaKUE Xe, KaK ¥ Y aHTeHH puc. 9.3.13.

9.3.6. Cuctemsl 3a3eMneHvs

B =3aeepilenue pasgena 9.3 xoren 6b obparuts ocoboe BHU-
MaHue uutartens Ha cucremy 3asemnenus. Ho cHauana eule pas
nepeuutaiite n. 9.3.1. Bce, HanucaHHoe B HEM O 3a3emseHuy ane-
MEHTOB-BEepPTUKANOB, CnpaBenineo.

Onpenennmcs, HACKONLKO BAUAET CONPOTUBAIEHUE 3a3eMsieHnn.
Ana atoro Bosemem aHtenHy ...ANT\Phased\GP\40m 4square_
line.gaa. 310 4 A/4 GP, uany4alowme no AMaroHanm v crosime no
yriam KBaapara co cropoHoi 0,251, Cuctema nuTaHa MMEHHO 9TOoi
anTeHHs 6uina npueenena Ha puc. 9.1.9. Mpu conporveneHun NOTepb
3a3eMAEHUS N0, K&XALIM 13 SNIeMEHTOB NO 4 OMa (Kak B GOMbLUMH-
CTBE Moaesielh 3Toro pasaena) aHreHHa obecneuvsana 66 ycunenve
5,3 dBi (cM. puc. 9.3.12, NOCTPOEHHBIA UMEHHO Ans Takoro Rp).

Ho B mopgenm ...40m 4square_line.gaa 3anoxeHs! pe3anctopsl no-
Tepb He no 4, a no 5 Om. Kazanocb 66, MUHUMANBHAN PA3HULIA.
Ho ee xsataer, 410661 Ga cHuaunoch o 4,9 dBi. Ecnu xe ysenu-
yutk Ry RO 10 OM, TO ycunenue ynaaer ewe Ha 1 ab, no 3,9 dBi.
A ecnu R = 20 OmM, 10 Ga craHoButca Beero 2,4 dBi.

Takoe xe yeenuienne RpB oguHouHOM A/4 GP paeT noHnxe-
Hue ycuneHus ecero Ha 0,12, 0,5 u 1,4 pb. A B HanpasBReHHOR
petletke Mul Tepsem 0,4; 1,4 v 2,9 ab, COOTBETCTBEHHO. JTO O4€Hb
MHOTO, ¥ CPaBHUMO C notepeii OaHOrO U3 3NEMEHTOB.

Takum 06pa30M, A9 HANPABAEHHLIX PELIETOK Ka4YEeCTBO 33a3EM-
neHus (TO eCTb KONUYeCTBO 1 BLICOTa NPOTUBOBECOR) AOMXHO ObiTh
3aMETHO Ayylle, YeM ofif OAMHOYHOTO BepTuKana.

dusnieckn ato OOBLACHSIETCS NPOCTO: CONPOTUBREHUE U3nyue-
HUA BUOPATOPa B PELLETKE OLYTUMO HUXE, Y4EM Y OANHOYHOIrO Bep-
Tukana, a KNA onpenenserca ¢opmynoit 3.1.8, koropas no cym
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ONUCHIBAET PE3NCTUBHLIN AenvTesib MOLLHOCTH MeXay COnpoTUB-
AEHVSIMY NOTEPb U U3JTYHEHUSA.
Mpaxktnyeckuit BoIBOA:

Ecau evr He xomume mepsime 60aee 3 05 (mo ecmv nonoguner
MOUHOCM) 8 3eMmae, Mo @ Hanpaeientbix pewtemrxax us A/4 GP ne-
06x00umo docmueame Ry < 15 O

Hna deilicmeumenvro xopouteii pabome! pevutemku u peaiusayuy
HOTHOZO ee Ycunenws Kpatine sceramenvo umems Ry < 5 Om.

Kak poctnub Takmx umdpp? Ecnu paamans nexar Ha NoOBEepPXHOC-
TV cpeaHen 3emnu, 1o Tabsn. 3.4.1 nokaswiBaer, 4TO peyb MOeT Kak
MUHUMYM O 12-nosHOpasMepHbIX paauanax (nog Kaxasim u3 ane-
meHToB). A pna R; < 5 Om papvanoe DOMKHO ObiTh YXe HECKONLKO
necarkoB. Ha xopotleih 3emne atv undpsl HUXeE, a Ha NNOXoW
Bbitle. Ho B mobomM cnyyae Ha paauans yiiner o¥eHb MHOro npo-
BOIOKU, MUHUMYM HECKONLKO BfIVH BOAHH.

Cy11eCTBEHHO CHU3UTL HUCNIO PAAVANOB NPU Tex xe Ry MOXHO
€ANHCTBEHHBIM 00pa30oM: NoaHATL ocHoBanHua GP un camu pagva-
nbl Hap, 3emneii. Mpaduku puc. 4.2.1 1 4.2.2 nokasuviBaloT ObICT-
poe cHuxenve R, no mepe ypanenus ot semnu. 30eCh YMECTHO
NPOLMTUPOBATL OKOHYaHue n. 3.4.5.3: «y1066l Hag cpeqHesi 3em-
nieii ynepxarts ConpoTusaeHne noreps B npegenax 5 Om, gnsa Af4
wreips npu seicote noaseca 0,082 A40cTaroyHO seTwipex A/4 npo-
TUBOBECOB. A 4TOOBL! MOAYYNTL Ty X€ BEINHUHY MOTEPL fIPU Bbi-
core nogseca 0,014 norpebyercs yxe 10 wryk A/4 nporusose-
coB, a npu eeicote 0,003A — Gonee TpuALaTH Takux xe MpoTUBO-
BECOB».

MNoatomy npu Maneitiuei BO3MOXHOCTH CTAPaIRTECH NPUNOAHATL
panuasnbl: 8TO MHOFOKPETHO CHU3UT PAacxXOh, NPOBOSIOKU HA HUX.
Kpome toro, nogbeM OCHOBaHWiA SNEMEHTOB AacT nOonosHUTESb-
Hbli NPUPOCT ycuneHus 3a cueT oBLero pocTa YCUneHns BepTukana
C BLICOTON (CM. puc. 3.4.8) u3-33 MEHbLLUErO 3aTyxaHus noBepx-
HOCTHO BOJIHbI.

3akansiBaTh pagvans! peleTkm, Aaxke Hernyboko, KpaiiHe He pe-
koMmenayertca. [oTepu B cnoe rpyHTa, nexauiem Ha paauanax, 3a-
METHO yBemMunBaloT Ry, U Ana COXpaHeHus ero HU3KUM Konuue-
CTBO pannasnioB BO3pactaer A0 coreH. Tak, ON4UN pexkomeHayer
B TaKOi CuTyauun KIacTb paauansl C YriOBBIM LIATOM BCEro
3...4° {4].

Bo MHOrMX petlietkax pacCTonHMe MeXAy 3INEeMeHTamy MeHb-
we AnvHbl panuanos. [osTtoMy cuctems pasuanoB Pa3HbiX ane-
MEHTOB nepecekaloTcs. B 3TomM cnydae nNOCTynalT Tak, KaK NoOKa-
3aHO Ha puc. 9.3.21 (Ha 3TOM pUCYHKE NOKa3aHa CUCTEMa pagnanos
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Puc. 9.3.21

ABYX3/IEMEHTHOM aHTEeHHH puc. 9.3.2). B TouKax nepeceveHus pa-
BNaibl PA3HLIX 3NEMEHTOB COEOMHAIOTCA BMECTe U Aansilie He nNpo-
LORXA0TCS.

9.4. dasupoBaHHblE
M3 PaMOUHBLIX 3JIEMEHTOB

[LlByHanpasnenHas anrenHa. HanpasnenHas U3 aByx paMok ¢ re-
pumetrpom A. MNepexnioyaemasi Ha 4 HanNPasfeHusl C BEPTUKANLHOA
nonsipyzaymeid. MHOrosnemMeHTHas aHTernHa.

310 6yner nebonbuioit paznen. MpocTo NoTomy, NTO pamoyHas
8HTEHHa C NepUMETPOM OKORo 1A HEe UMeeT NPUHLIVMUANBHBIX OT-
AVYNIA OT TOPUIOHTANBHONO OMNONA Vnu BepTukana (B 3aBMCUMO-
CcT¥ OT cnoco6a NUTaHns pPamku).

Bce mopenu, ynoMuHaeMsie B 3T0M paspene, HaxoAaTcs B Nan-
ke ...ANT\Phased\Loops\.

9.4.1. AByHanpaBnE€HHash aHTEHHA

B atom naparpade coenaem aHanor aHTEHHbLl, ONUCAHHOM
B n. 9.2.1. HO n3 paMo4HbIX 31EMEHTOB.

B nn. 4.3.5 n 5.1.1 Mbl BUOenu, 410 ropu3OHTANILHAEA PaMOHHast
aHTeHHa npu Boicote noageca mexee 0,3...0,5\ usnyvaer, B OCHOB-
HOM, B 3eHuT. M 310 ewe nonbens. bepa B TOM, 4TO BHU3, B CTO-
POHY 3EMAU TAKXKE HANPaBfieH MaKCUMYM uanyuyenms Ho B adup
3T0 nanyyenue He yxoaut. OHo GecnonesHo rpeer rpyHT nog, aH-
TeHHol, cHuxaa KMNA v younenve.

Ona ycTpaHeHnms 310l npobnemMbl BOCAOAL3YEMCA pPEeuenToM
n. 9.2.1. pa3mMecTuM psaoM B aHTEeHHb!, M3nyyawume «B noto-
NOK», U 3anUTaem ux NpotTueoda3sHo. ManyyeHrne BAONb BepTUKAb-
HOM OCY OT PAa3HLIX INEMEHTOB Oyner B3aMMHO KOMMEHCUPOBAThL-
ca. Mostomy [IH B BEpTMKANGHOM MAOCKOCTU CTAHET HAMHOIO
nyHtle, a 3a CHET CHUMXeHUs noTepsb B 3emne Boipacrer obuee Ga.
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Takas aHTEHHA V3 ABYX FOPUSOHTANLHBIX TPEYTONLHUKOB (KaX b
c nepumeTpoM 1) nokasaHa Ha puvc. 9.4.1 u B Qaiine ...2loop.gaa.
TONKM NUTAHUA TPEYrORBHUKOB COeAMHEHbL! B LEHTPE nepexkpect-
HO, 4T0OH 0b6ecneunts npoTusodasHoe BO3IOYXAEHUE NONOBUH aH-
TEHHb!.

Z =51.0+{3.20 OISWR = 1.07 {50 Ohm)
Ga=33dBi

Puc. 9.4.1

He cnewmrte CKentryecky yCMexaTbCcsi HeOONbLIOMY YCUEeHUIO
noa, MansiMY 3eHUTHLIMU Yriamu. AHTEHHa CMOAERUPOBaHa Ha Bbi-
coTe Bcero nuius A/8. [ns rOpU30HTASILHOW BHTEHHL TaKaa BLICO-
T8 nogpeca kpaiiHe Mana. TeM He MeHee, aHTeHHa puc. 9.4.1
B AnanasoHe 3eHutHsbix yrnoe 10°...30° npourpsiBaeT nosHOpas-
MepHOMY A/4 BepTukany Bcero okosnio 2 ab. 370, KOHEYHO, He ny4-
LWIMIA BApUaHT, HO NPU NPOEKTMPOBaHWM NONABNAETCs BbIGOp: oaHa
BLICOKaN MauTa uiy YerTbipe HU3KKUX.

CucteMa nuTaHns aHTeHHs puc. 9.4.1 npocta. MNpormeodas-
HOCTL 0DECNeNMBaeTCa NEPEKPECTHLIM NOAKMOYEHNEM PAMOK K TOY-
ke nutanug. Tem He meHee, nutaHre MOXHO eule Gonee YNpoc-
TUTb. DakTnieckn Ha puc. 9.4.1 CBEpHYT B CAOXHYIO PamMKy NPOBOL,
anuvHoit 2. Caenas n3 Takoro npoBoaa NPOCTyO rOPpM30OHTANILHYIO
pPamMKy CO CTOPOHOW A/2, Mbl OOHaPYXuM, 4TO Ans NPOTMBOGhAE3HO-
rO BO3BYX/E€HMS NPOTUEONONOXHLIX CTOPOH He TpebyeTcs Boobue
HUKaKNUX younwii. JlOCTAaTOYHO MPOCTO 3anvTarb Takylo ABYXBOA-
HOBYIO pamky B moBoit Touke. 3T1a aHTEeHHa noka3aHa Ha puc. 9.4.2
n B dantne .2loop2lambda.gaa. BricoTta noageca takke Bcero A/8,
JH B 36HMTHO NNOCKOCTM T2Kas Xe, KaK U B Npeabiaylieil aHTeH-
He. B aHTeHHe puc. 9.4.2 napsl NPOTUBONONOXHBIX CTOPOH pabo-
TaloT 1 kKaK npotueodasHo BO3OYXgeHHbie A/2 Aunosnu, n Kak
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dasupyiowan nuHua, obecneunealoLLas npaBnnbHOE BO3OYXneHve
APYroit Napsl CTOPOH.

Takum 06pasoM, paMka C nepuMeTpom 22X MOXeT GbiTh pac-
CMOTpEHa U Kak NpocTan aHTeHHa (Msl 310 gesamm B n. 5.1.1),
¥ KaK age npoTnsodhasHo BO3OYXAEHHBIE BONHOBLIE DaMKU.

Z=188-296 OhSWR = 3.87 (50 Ohm,
Ga=34dBi—" Y -

Puc. 9.4.2

Ho BepHemcs k aHtenHe puc. 9.4.1. Y nee ectb euie ogHo no-
NIe3HOE npuiMeHeHue. Ecnv pacnonoxuts ee BEPTMKANLHO (NpPo-
BEPHYTL BAONL ocy X Ha 90°), T0, nepexniovan (hasupoBKy PaMoK
B TO4KE nuTaHua (NpotneodasHo — cuHMA3HO), MOXHO nepexso-
yate [1H B asumyTtansHoil nnockocTy. 310 NOKa3aHO B dannax
..21.gaa u 72.gaa COOTBETCTBEHHO (OOHA U T3 Xe 8HTEeHHa, HO
npy pasHOM nutaHuu). «BocbMepKa» a3uMyTanbHOW OMArpammbl
NOBOpa4MBaETCa Npu nepekmoyeHun Ha 90°. KoHewHo, Ha xopo-
Ly10 aHTeHHY C nepexnoiennem [1H aro He Tanetr Ho nopxynaert
npocrora peanuzaumun. Bocero opHo pesne B TOuKe nuUTaHus, 3at0
NOABNSETCHA ONepaTMBHAR BOSMOXHOCTb XOTh KaK-10 ynpaenats JH.
B uHbIX Cny4asx 3T0 MOXET AaTh BHMIPHILI HA HECKONbKO AeLm-
6en B OTHOWEHMM CurHan/nomexy.

9.4.2. Hanpasnennas u3 paByx pamok
C nepumerpom A

MNpoBONOYHAS ABYX3AEMEHTHAN PAMOYHAS AHTEHHA C MACCHEB-
HbIM PEPEKTOPOM YXXE MMeeT ontuMansHoe no Ga u F/B toKO-
pacnpegefneHue, ynyuiars KOTOPOe 8KTUBHBLIM NMUTAHMEM HE334EM
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v Hekypa. Tpadux puc. 7.6.6 ato noareepxaaer: 6ECCMBLICIEHHO
NUTaTb 8KTUBHO ABE NPOBOIOYHLIE PAMKU.

Ho ecnu Mul Ha puc. 7.6.6 npucMOTPUMCA K rpaduky Ans Ma-
Tepvana 6e3 noTepb, TO YBUAWM, YTO MaKCVUMYM YCUREHUS npuxo-
OUTCS Ha paccrosHue mexay pamkamu 0,09A. A 310 paccrosHue
yXe He cooTBeTcTBYeT ontumymy no F/B npu nacCcvBHOM nuTaHumn.

3HauuT, ecnu noTepy B Mateprane pamok Mansl (To ectb pam-
KU HE NPOBONONHLIE, & U3 OTHOCUTENLHO TOACTLIX TPYOOK), TO aK-
TUBHOE NWTAHUE HEKOTOPbLIA CMBLICA uMeeT. YCTAHOBUB PaccTos-
Hue mexpy pamkamu 0,092, Mbl BHIFraaaeM HECKOSIbKO AEeCAThIX
nonei peumbena B yousneHun (cm. puc. 7.6.6). A axTuBHOE nUTa-
HUe NOo3BOAUT NOCTUYL Xopotuero F/B.

Ha KB nopob6usiii $oKyC nuuien cMeicna. HepasymHo npume-
HATL TAXENBIE U KOHCTPYKTUBHO Heyno6HbIe paMKku 13 Tpy6ok paau
npubaeku 0,2...0,4 pb ycunerusa. Bbinyu NONLITKKU KUCNORBL30BaTbL
KOMOMHUPOBAHHBIE PAMKU: rOPU3OHTASIbHBIE 4aCTn U3 TPYBOK, BEp-
TUKaNbHLIE — N3 NPOBOsIOKU. HO nony4aemMasn OB4YMHKA HE CTouna
BLIAEAKU: NPOBOSIOYHLIE HACTU BHOCWAM NOTEpU, NOSTOMY BLIUT-
PHILLA B YCUAEHMU NONTY HE NOAYYaNnoCh. A 3aTparbi M KOHCTPYK-
TUBHBIE CHOXHOCTU Obifiv Bhille, 4eM Yy OObINHOrO NPOBOJIOYHOIO
«BOMHOTO KBaApaTa» C NaCCUBHLIM PEpIEKTOPOM.

A BOT Ha YKB, roe BLINOfHEHUe pamMkuy Lesivkom us Tpyokn uam
TONCTOrO ANOMUHUEBOTO NPYTKa He BL3LIBAET CNOXHOCTEN, akTuB-
HOE NUTaHWE ABYX PaMOK MHOrpa npuMensiercs. Tam peansHo Bbi-
WrpaTh HECKOANBLKO AECATHIX nonei neuubena B younenuu. Ana yn-
POLLEHNA CUCTEMBbI NUTAHWUA B TAKOW aHTEHHe CepenuHbl HUXHUX
ctopoH 06oux KBaapaToB uarnbalTca 1 CBOAATCA BMECTE, KakK no-
Ka3aHO Ha puc. 9.4.3 un B daiine ...2el Quad.gaa. 310 ABa KBAA-
paTa C aKTMBHLIM MUTaHWMEM Ha auana3oH 144 Mru.

PaccTosHvie MeXay PaMKamu 3TOI aHTeHHb onTumaneHoe, 0,092,
NO3TOMYy YCUReHMe MakcumansHo, noutv 8 dBi B ceoboaHoM npo-
cTpaHcTBe. M3-3a TOro, 4TO LEHTPaNIbHLIE HUXHME HacTu X-06pa3-
HO M3OTHYTH NONIBASIOTCA [Ba AOBOSLHO OOnbiLMX 3aaHE-OOKOBbLIX
nenectka (cMm. nn. 7.3.2 n 7.7.4). HO noCKOAbLKY M3OTHYTH Nuilib
HUXHUE CTOPOHLI, 8 BEPXHWE OCTaBAEHH NPSMLIMU, TO YPOBEHL
3TUX Napa3nuTHLIX fenecTkoB man, —15...~-17 ab.

Pasuuua nepumeTrpoB paMoK aHTeHHs puc. 9.4.1 #OBOSILHO
senuka: 10% (a y NpoCToro «ABONHOTO KBaapara» scero 2...4%,
CM. n. 7.6.2). Pamkun BuinonHeHw un3 Tpybok avamerpom 8 mm,
a Tak Kak A = 2 M, TO OTHOLLIEHUE AUEMETPE NPOBOLAHVKA K nepu-
MeTPy pamMku nosyyaetcs 4 x 10-3, T0 ecTb oueHb Gonbimm. MoaTo-
My KO3(PUUMEHT YANVHEHUun Takxke Benuk (Cm. 1abn. 4.3.1) u co-
craBnger =1,12. YunthiBaa taKke, 4TO U30THYTbie PaMKN JOSXHbL
OBITh HECKORNBKO [A/IMHHEEe NPSMLIX, HAC He YOMBUT, 4TO NepuMeTp
LMpEKTopa aHTeHHb! puc. 9.4.1 cocraenser 1,121, a pednextopa —
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1,22). Npu ykasanHbx pasmepax obecneunsaercs JOBONLHO TOM-
HOE TokopacnpeaeneHre No 3AEMEHTaM NPU NPOCTOM BCTPENHO-
napannesnbHOM COeIMHEHUU TONEK NUTaHus obenx pamok.

Fostomy Hactpoiika Ha MakcUMmym F/B (takoBan TpebByercs
KpaitHe penko, Tak Kak nosoca no AH aHuTeHHs Benuka, u npu
NPAasURLHOM PACHETE U USrOTOBAEHUM NPOMAaXHYTECA HEBO3MOXHO)
NPOU3BOAWTCA NepuMeTpammu 3nemeHToB. Mpuuem, B otnnuve ot
06bINHOrO «ABOIHOTO KBappara», raoe ans Makcumyma F/B napo
MEHATL nuilib nepumeTp pednexkTopa, B AAHHON aHTEHHE s xO-
poten IH HeOo6XOAMMO NPEBUALHO YCTAHOBUTS nepumerpn obe-
ux pamok.

Z=128+i0.288 (SWR = 1.03{12 Chm)
Ga=79d8 g

_\ Puc. 9.4.3

Kak opraHu3oBaTh NUTaHME AByX AKTMBHLIX Pamok? B mobu-
TeNbCKON siMTeparype BCTPeuaeTCn PEKOMERIALMS COBOMHUTE BCE
HUXHME TPYOKK BMECTe, & NUTaTb PAMKU NO ABYM LUNEiidaM ram-
Ma-CornacoBaHun (B Kaxaylo pamky CBOM wneiid). HaswBsaercs
TaKas KOHCTPYKUMS «ABOiHOW kBappar» HBOCV. Ho npusoaurts ee
He Gyny (6onee Toro, crep ns GUBAMOTEKN MMEBLLMIACS daiin mo-
[env TaKoi aHTeHHb!). W nenaTte Tak HUKOMY HE COBETYIO.

MNpuunHa B TOM, 4TO «ABOIRHON KBaApaT» HBICV nouty Heeos-
MOXHO HOPDMankHO HACTPOMTL HM HA MOMENY, HU HA NPaKTuKe.
Uineiid ramma-cornacosaHus BHOCUT B HacTpavBaeMbiii 3neMeHT
OONOSHNTENbHYIO PEaKTUBHOCTL (M. n. 3.5.10). MpocToit aHTeHHe
aro GespaamuuHo. Ho ecnm B «ABOMHOM KBanpate» HBOCV My pe-
rynupyem umgieid, nbitancb OOCTUML COrnacoBaHun, TO U3-33 13-
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MEHEHUS! BHOCUMOI PEAKTUBHOCTU Mbl OAHOBPEMEHHO U3MEHSIEM
ToKopacnpegeneHue nNo anemeHdTam. A sHauur, n [H v B3auMHO
HaBeneHHwe conporuenenuna. OpgHa perynupoeka (wneiid ram-
Ma-COrnacoBaHna) OOHOBPEMEHHO BAUAET HA ABE pasHbie Beln:
ToKopacnpegeneHue (10 ects 1H) u cornacoeanue (KCB). No3ato-
MY HUNEro XOpOoLWero 3 HacTpoWku AByMs wWwnendamu BLIRTH
He MOXET: nonyvyaetcs cobaka, FOHAIOLLAACA 32 CBOWUM XBOCTOM.
Mpuuem, roHaowanca ¢ HapacTaowen owmbkon. YTobbl BLINTK U3
3TOr0 NOPONHOTO KPYra Ha0 OAHOBPEMEHHO C HACTPOWKOM LWnei -
$OB MEHATL U NEPUMETD PAMOK, HO TPYAOEMKOCTb 3TOr0 Npouec-
ca penaet ero 66CCMbLICNEHHBLIM.

HamHoro npoule COeAvHUTL TONMKM NMUTaHUA PAMOK BCTPEYHO-
napannensHo. Mpu 9TOM, NpaBaa, B TOHKE NUTAHUS OAHY U3 TPY-
60k npuaerca U3ONVMPOBATL OT MauThl. ViIMnesaHc B 310 TOYKe
NONy4YaeTca KOMMneKcHuin Z = 13 + j70 Om. CornacoBarb €ro MOXHO
nobbIM cnocobom (TokopacnpeneneHue no paMkaMm Npu STOM
He Hapyiaetcs). Hanbonee npocTo BKIIOYMTL B TONKE MUTaAHUNA
HeBOMLLLON NOCNENOBATEsNbHLIA KOHOEHCATOP, KOMNEHCUPYIOWNIA
+iXa, a 13 Om npeobpa3zoearb B 50 OM A/4 TpanchopMarTopom
C BORHOBbLIM conpoTtuBneHueM 25 Om (aBa 50 Om kabGens B na-
pannenb). Mpy 9TOM HACTPoOiKa CBERETCH K YCTAHOBKE €MKOCTU
konpeHcaropa no muiumyMy KCB. M HyKakmux B3aUMHBLIX 3a8a30K.

Nrak, Ha KB akTMBHOE NUTaHVE OBYX KNacCU4ECKUX napassient-
HbiX paMok GeccmbicnieHHo. Takas aHTeHHa U C NacCUBHLIM ped-
NEKTOPOM XOPOLLUA HACTONLKO, Y4TO aKTUBHLIM NUTAHUEM €€ He Yiyu-
wutb. HO 310 cnpaeennvBo, TONBKO AN NapannefbHbiX PamOoK.

Ho ecnu BcerpaliHaa HEXBATKA MeCTa (nnu pPoCT A/ivHbl BOSHbI
Ha HY puanasoHax) BuiHyXAaeT HAC 3KOHOMUTb, CBOAR BEPUIMHbLI
obenx paMoOK BMeCTe Ha ofHy MauTy, TO ABOWHAA pamka ¢ nac-
CUBHLIM pedneKTOpOM OKasbiBAETCA HWMKYAA HE ToAHOK. He cny-
YAAHO B 4-11 4aCTU KHUMM TaKux aHteHH HeT. Mpy ykasanHoh $op-
Me Y aHTeHHH C NacCUBHLIM pednextopom F/B He npessiliaer
HECKONbKuX neumben v He NOAHVMAETCA HUKAKUMKY YXULLDEHNUAMMN.
Benb nNpu nNacCUBHLIX 3ieMeHTax aaneko He npu moboi reomer-
pun MOxHO ofecneunTts NpaBuiLHOE TOoKopacnpenenexue. A npu
aKTUBHOM nutaHum — npu moboii (n. 9.1.1).

AKTUBHOE NUTaHWE OBOMHOIO TPEYronbHUKa C BepLimHaMu, cBe-
[OEHHBIMM BMECTE Ha OfHYy MaMTy, OKAa3blBaeTCH CnacuTesibHbIM
CpPELCTBOM, NO3BOAAIOLLMM NOAYYUTL Xopoulylo ¢opMy [OH npwu
BbIHYXOEHHO HEONTUMANLHOW TEOMETPUN aHTEHHbI.

Mpumep nokasan Ha puc. 9.4.4 u B daiine ...2¢el_delta.gaa. 310
[BYX3JIEMEHTHLI NPOBOMOYHLIA TPEYFOAbHUK HAa SSB y4acTok ana-
nazoHa 80 M. AHTEHHa pa3melaeTcs Ha oaHoi maute 21 M. Umen
B BuAy Crtonb HEBORbLWYID BLICOTY BepxHeil Touku (BCero A/4),
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pamMKy BKIIO4EHB! C BEpTMKanbHO nonsipusaumein (n. 4.3.5). Mo-
CKOJIBKY HWXHUE rOPU3CHTANBHLIE NPOBOAA WAYT Bcero B 3 mer-
pax Hap 3emneii, mopenuposartb ¢aiin ...2el_delta.gaa cnenyer
TONbLKO NpU BKMOYEeHHOI 3emne ommepdensaa—Hoprosa.

2=405+{1300nn H SWR =103 {400 Chm)
H=2lmM Ga=31B1 . o

Puc. 9.4.4

AxTNBHOE NMUTaAHUE NO3BONSIET NONYYUTL Xopowyio JH. Ha ueHT-
panbHoii yactote 3,75 MI'u F/B pocturaer 20 pb. MNonoca no
F/B > 12 pb cocrasnsiet 100 xI'y, To0 ectbs nepexpuisaercs SSB
y4actok 3,7...3,8 MI'y. @asupyioupme nusumn umetor Zo = 400 Om,
ISIMHB! HA PUCYHKE 3nexTpudeckue. MunumansHas anusia 18 m Bbi-
6pana Tak, 4yTobbl ¢ yyetom K03 PULMEHTa YKOPOUEHWS IUHUS AOC~
T1asana 6bl A0 OCHOBAHUSA MayThl, IO PACNONIAraeTCs KoMmMyTarop
Hanpasnenunin. Cxema KommyTaLuM Takas Xxe, Kak Ha puc. 9.3.3 co
CNepyioLMMY U3MEHEHUSIMU

® TaK KaK BMECTO Koakcuana, kak Ha puc. 9.3.3, ucnonbayercst

ABYXNPOBOAHAS JIMHUSI, TO KONUYECTBO KOMMYTUPYIOLLMAX rpYNn
yasauBaetcs. Kaxapiii u3 npoBopoB JIMHUN KOMMYTUDYETCSH
TaK xe, KaK LeHTpansHas xuina Ha puc. 9.3.3;

® COOTBETCTBYIOLLAST KOPPEKLUSA pa3MepoB: NepeknioyaeTcs oT-

pesox nusun anusoil 41 — 18 = 23 M.

BxoaHoe conpoTtuBiEHUE B TOYKE CoOeauHeHust NMHUA Ra =
= 400 Om. KCB B npepenax 3,7...3,8 MI'y Huxe 1,3. Mpu macuira-
BuposaHUM aHTEeHHbL! HA pyana3oH 40 M oHa nepexkpuisaeT 200 xI'y
¢ xopotwium F/B npy epuHCTBEHHONW MayTe 11 M.

KOHCTPYKTUBHLIA HIOAHC: HEeCYtast Mauta porkHa bbiTe usonm-
posasia ot 3eMnu u/unm pasbura usonsatopom B cepeaute. MHaue
oxHa 6yper pescHuposath (ee pasmepb 6nusku k A/4 GP) v ans
KOMMNEHCAUUKY ee BIMAHUSI NPUAETCH HECKOJIbKO KOpPPeKTUPOBaTh
ANUHBb QAasUPYIOLLMX JTIUHUIA.
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Ecnu Bbl umeete A/4 GP Ha 40 uwnn 80 m (Mnu riaHupyete ero
NOCTABUTL), UMEET CMBICH 3aMEHNTL €0 aHTEHHOI puc. 9.4.4. Npu
MONTH TOI XEe BLICOTE MayTe M NIoWaiu no 3emne (ydurbisas
pagmanst GP) peanuayeTcs BuMIphill B ycuneHun Ha 3 Ab, Xopo-
uwias ¢popma OH 1 nepeknioveHue Ha ABA HANpPasJIEHUst.

MapameTtpbl nEepekmoyeHusi aHTeHHb puc. 9.4.4 crneayouive:
A, =64°, AG = Byn = 4,5 nb.

9.4.3. Mepexknioyaeman Ha 4 HanNpPaBNeHUSA
C BepTUKanbHOII nonspusauuei

Yurarteneil, BHMMATENIbHO M3YHUBLLUX 4-10 4acTb KHUMM, 3aro-
nosok naparpagda cmyrTut. Bens B n. 7.7.4 HENBYCMBICNEHHO yKa-
3LIBAETCS: HEBO3MOXHO CO34aTb aHTeHHs! ¢ V noaspm3aumeid no
onMCaHHOMy B 3TOM naparpage npuHUmmy (kommytaumu Ha 4 Ha-
npaenenns). [lpy NONBITKE COEAMHNTL BBEPXY TOYKM Makcumyma
HanpsxeHuit (a y V pamok 3T Touku BBEpXy) paboTa aHTeHHb!
nonHocTeio Hapywaercs, v [H nepecraer 6biTs HanpasieHHOA.

B camom pene:

1. Ans komMyTauMy Ha 4 HanpasneHust KOHCTRYKUMSt 0JDKHA
NOBTOPSTL Camy cebst npu nosopaTe Ha kaxawe 90°.

2. B cny4ae paMoyHOil @aHTEHHB! 3TO O3HAYAET CBEAEHNE B LIBHT-
pe BCEX HEeThipeX NoJlypaMoK Kak BBEPXY, TaKk W BHW3Y.

3. A npu NUTaHUM PamokK NOR, BERTUKATbHYIO NOJISpU3auuio B 9TvX
TOYKAX MOAYHAOTCS MAKCMMYMbl HanNpspkeHust. FlpudemM Hanpspxe-
Hust Ha BuBpatope n pediekTope pasHbie. W, ecrecTBeHHO, npu
NOMBITKE COEOAMHUTL MX BMECTE OHWY CTAHOBSITCS OAMHAKOBLIMK. ITO
NOJNHOCTBLIO MCKaXaeT npasunbHoe TokopacnpeaeneHue (10 ecTb
OH) v NnpuHLMNUANbHO AWLLEET BO3MOXHOCTWM NMonyinTb ero (mmo-
BbiMy cniocoBamu, BKIIOYAs aKTUBHOE MUTAHUEe).

Ha nepebiit B3rNag, mexay nyHkTamu 2 v 3 CyLecTByeT Hepas-
pelmMElid aHTaroHnam. 31o AeCTBUTENBHO Tak. Ho Tonsko B cny-
Yae, ECAY 3NEMEHT BLINONIHEH KaK LenbHas, 3aMKHYyTast pamMka.

BCNoMHMM, Kaxk Mbl OEAaNM paMKy G BEPTUKaNbLHOW nonsipyusa-
umedt (n. 4.3.3). Mbl B39an [Ba M30MHYTLIX A/2 avnons (C ABYMS!
WCTOMHMKAaMM), 3anuTaHHbiX cundasHo (puc. 4.3.1,6). U, ncxops
U3 TOro, YTO HA UX KOHUAX PaBHLIE HANPSXEHUSi, COEOMHWM UX
napannennHo B BOJHOBYIO PamKy, MOMYTHO BLOpOCHB BTOPOWN MC-
TouHMK (puc. 4 3.1,8). DTO ynpocTHAC NUTaHKE.

Ho cei4YaCc MMEeHHO MOoCAeOHui wWwar He AaeT HaM CoeiuHUTDL
BMECTE CepeiuHbl JIBYX 3NEMEHTOB BEPTMKANLHOM nonsipuaauved.
CnepoBatenbHo, ero HAL0 OTMEHUTB: UCTIONBL30BaTL «PaMKy», NCKa-
3aHHy10 Ha pMc. 4.3.1,6. CobcTBeHHO, 3To ewle n He pamka (no-
3TOMY 3TO GAOBO M B3STO B KABLINKM B MPEALIAYLIEM NPEANOKEHNN),
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a pBa CUHGA3HO 3aNWTaHbl U3OrHYTLIX aunonst. Ho napamerpo
TAko «pamku» HUYEM HE OTNUYAIOTCS OT APUBLINHON BONHOBOWN
pamku. [a, notpebyloTes ABa UCTOYHUKA, BMECTO OIHOFO (HO B T1aBe
006 aKTVBHOM NWUTaHWKM HAC 3TO He MCNYraet), 3aro ucyelaer me-
LIABLUMA Ham BNIEKTPUYECKUIA KOHTAKT B LIGHTPE.

Tenepb B ABYX3NEMEHTHOW @HTEHHE C BEPTMKANLHOW nonsipy-
3aumeil mbl Moxem CBecTU Onusko eMecte (yero Tpebyer cum-
METPUST NEPeKIiOYeHUsT), HO He COEIUHSITL ANEKTPUNECKU BCE 4Ye-
Thipe nonypamku (4ToOL He ucnoptuth OH). Cummerpust yepes
90° nonyuutcsi 683 ANEKTPUYECKOro KOHTaKTa CepenmH.

Mo onuceiBaeMoMy NPUHUMNY CAENAHA aHTEHHA, NOKA3AHHAS Ha
puc. 9.4.5 u B daiine ...4lcop.gaa. 310 He roToBasi NPAKTUHECKast
KOHCTPYKLUS, @ Ninitb WHIKOCTRAUNST ONMCAHHOTO BLILLE APUHLMNG.

Z=144-1400hm fg SWH =1 44100 Ohm)
< 0

Hertbipe usorHyTeix A/2 Avnons obpa3yior ge «pamku». Beepxy
¥ BHU3Y KOHUbI aunonei ceeneHbl Gnv3ko ppyr K Apyry, ofHako
HE coepuHeHsl. Mexay HUMU OCTaeTCs 3a30p HECKONLKO CaHTUMET-
pos.. UCTO4HMKM nonapHO OMHAKOBL, Kak NokasaHo Ha puc. 9.4.5.
Kaxaast ua nap CuHQasHbix UCTOMHMKOB BMECTE CO CBOUMM AW-
nonsimu o6pasyer CBOIO «pamKy» (Cnesa v cnpasa OT ocu Z Ha
puc. 9.4.5). Takum obpa3oM, aHTEHHA N0 NapamMeTPam SKBHBANCHT-
Ha OBYX3JNIEMEHTHO PamoOYHOW BHTEHHE C BEPTUKANbHOW Nonsipuy-
3auven.

Anst nonydeHusi opHoHanpaenenHot H Tpebyercs coorteercr-
BYIOLLIEE TOKopacnpeaeneHve B «pamkax». Moa3tomy ycraHasnusa-
I0TCSt pasHbiMKy pasel ¥ aMNIMTYAL! NEBOV U NPasoii (No puc. 9.4.5)
nap OAMHAKOBbLIX UCTOYHUKOB.
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Takas aHTeHHa MOXET MepeKmoyaThCst Ha 4 HanpasneHus, Tak
KaK BCE AMNONU-NOAYPaMKn opuHakosbi. OAHAKO NPY NONBLITKE pac-
CcHUTaTh NPAKTUHECKYIO KOHCTPYKLUMIO Ha OCHOBaHuu puc. 9.4.5, Bbi-
SACHAETCH, YTO CUCTEMA AUTaHUS He cnuiikom yaobHa. Bo-nepsbix,
B Kauwectse ¢asupyiotimx noTpebyioTcs ABYXNPOBOAHLIE JINHUKN
450...600 OM. Bo-BTOpbIX, OHWU AONY4HAIOTCH AOBOJILHO JJIMHHLIMU,
Bonee A/2 kaxpasi. B TPETLUX, NEKTPUYECKAES CXEMa KOMMYTaTO-
pa nonydaercs Henpoctoil. Ecnv atu TpyaHOCTM BAac He nyraior,
To BOT daiin Takoi aHTeHHs! ._.4loop_line.gaa.

MNMonpobyem ynpocTUTL NUTaHUe U KoMmMyTaumio. A s 3Toro sa-
LaayMCst BONPOCOM: a 3a4yeM Ham NoHano6unucb CTOYHUKA B ne-
BOIl «pamker-pednektope aHTeHHb puc. 9.4.5? lleno B TOoM, 4TO
TEOMETPUST 3TOV AHTEHHbLI HEONTUMANbLHA C TOYKM 3PEeHUst UCNoJib-
30BaHUS NIEBOW «pamku» naccueHbiMm pednexropom. Toatomy To-
KopacnpeaeneHue 3a CHeT CBSI3M NO NOMIO NONYYAETCH HEe NyuLinum,
U ero NPUXOAUTCS NOANPABNSTL aKTUBHLIM NUTaHKEM pedriekTopa.

MNonbiTaeMcs CAENaTh TAKylo FTEOMETPUIO aHTEHHD!, YTOOL ped-
nekTop He TpeboBanoch NUTarb akTMBHO. Knaccuyeckas reomer-
pUsi ONTUMANBLHOTO TOKOPAcNpeaeNneHust 3To ABE MJIOCKUEe pamki,
napannensHbie apyr Apyry. Ho B faHHOM chyyae 310 petleHue
He nopaxoaut. V3 yonoBusi KOMMYTaLUK Ha 4 HanpaBneHust aHTeH-
HA AOIDKHA NOBTOPSITLCS MpY NOBOPOTE HA Kaxawe 90° soxpyr
ocy Z. 3HauuT, HAZo UCKaTb UHYIO FECMETPUIO.

PesynbTaTh! 3TVMX NOUCKOB NOKa3aHb 8 daine ...4loop2_line.gaa
U Ha puc. 9.4.6. Tyr yxe oT pamok octanoCb mano. Ho, kak Hu

- Z-533+170n ¥ SWR=127(500hm)
H-118M e e R A

Puc. 9.4.6
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cTpaHHo, paboTaer ara KOHCTPYKLUUSE UMEHHO KaK [BYX3JIEeMEHTHast
pamoyHas.

AnTEHHA paccunTaHa Ha pyanasoH 40 M U KOHCTPYKTUBHO Pas-
MELLaeTcst Ha OAHOW MauTe Bbicaton 12,5 M C KpectoBuHO 3 X 3 M
Ha Buicote 11,8 M. KpecroeuHa HyxHa nns toro, 410bb passectu
BEepPXHUE KOHUL nonypamok. A 31o notpebosanoch Ansg naccus-
HOro pediekTopa {ABe nessie nofypaMky no pvc. 9.4.6). Huxuue
KOHLbI RONlyPaMoK pacnoJyiokeHbl N0 CTopoHam keaapara 1 x 1 m,
4YTO HYXHO N0 TOW Xe npuyuHe. Bee koHub aunoneit o6sa3aHbl Buith
XOPOLLO U30/IMPOBAHHLIMU, HA HUX MAKCUMYMbi HANPSDKEHUST.

Bce dasupyouive nuuuu umeior Zo = 100 Om 1 duanuecku
BLINOJIHEHB! KK ABA NPOJNIOKEHHBIX AAPAMNENBHO, HO COEAUHEHHBIX
NOCNEA0BAaTEJILHO (ONNETKU COEAUHSIOTCA BMECTE U Aanee He Uc-
NONb3YIOTCHA, LUEHTPanbHbie Xunbl oboux kabeneii — sbiBOAB JN-
HUM) TOHKUX KoakcuanbHbix kabeneit 50 Om RGS58. Otux kabeneii
AOCTATONHO [axe NPy MOLLHOCTM B aHTeHHe OGonee kunosatta.
B camom perne, kaxaas JiMHUS COCTOUT U3 ABYX TOHKKUX kaBenei,
a subpaTop NUTaeTCst NO ABYM Takum NuHusM. B peaynetare Ha
KaXAbiA U3 kabeneit ApMXOAUTCS JiMLLL YETBEPTL MOLLIHOCTY nepe-
Aaryuka.

Heobxopnmebie mHpyktueHoctu (~ no 1,7 mkl'H) 8 nonypamku
pedrexTopa BHOCST PA30MKHYTHIE Ha KOHLIE KOMMYTATOpa fBE Jie-
Bbie JIMHUK.

JBe npasbie NMHUKM NUTAIOT NPABLIE NONYPAMKM — HALL «PaMOY-
Hbil» BUOpaTop. B ToYKe NOAKMONEHUS 3TUX NMHUIA BXOOHON
MMAENAHC KaXKA0W M3 NABYX NOJIYPaMOK YMUCTO aKkTUeBeH u 61130k
k 100 Om (Hu3ko BUCSTILAs V pamka umena 661 Ra = 200 Om, co-
racHo puc. 4.3.12, B 1aHHOI Xe aHTeHHe OH NPOCTO AGANTCH NOo-
noyiam mexay NOJIOBUHKaMU «pamMku»). TloatomMy nMHumM cornaco-
BaHbl. Y KOMMYTaTopa OHU NPOCTO COESAMHSIOTCS MAPANENbHO, YEM
pocturaetcs HU3kui KCB 6e3 pononHutensioro CY 8 oCHOBHOM
nutaiowiem kabene 50 Om.

XapaxkrepucTnku Becbma cTabunbHbl NpY U3MEHEHUW YacToThl, No
F/B > 12 pb nonoca cocraensier 250 kl'y (avanason 7 MIw), npw-
4yem oT1 7,0 po 7,1 My F/B > 18 nb. KCB < 1,5 8 nonoce 600 Iy,

AnTenHy puc. 9.4.6 MOXHO MPEACTABUTL M KaK BAPWAHT KBaf-
PaTHOI PeLLeTkn U3 YETHIPDEX BePTUKANOB C U3Ny4eHneM BOONb CTO-
poHb kBaApara (n. 9.3.4.1), Tak KaKx B PACCMaTpPUMBAEMOI aHTEHHE
U3NYHAIOT JiMb BEPTUKANBHO-HAK/IOHHHIE 4acTy.

A ToKM B HeTbipexX rOPU3OHTANbHbIX, HU3KO PacnonoXeHHbIX NPo-
BOAAX pasHbl U NPOTUBOGE3HLL. FIPUMEpPHO Tak e, Kak U B 0bblu-
HbIX NpoTMBOBecax opuHoqHoro GP (npaepa, TaMm MakCcUMyM Toka
B LEHTPE, & B HALLEM CAy4ae Ha JaNbHUX KPasx HO Ha B3aWMHYIO
KOMMEHCauMIio 310 MaNio Bavsier). Y HMXHUE rOpPU3OHTANBHLIE
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APOBOAA AHTEHHB! pyc. 9.4.6 NOYTH HUNEro He M3NYHAIT TOYHO Tax
Xe, Kak npotusoseck 06eivHoro GP (n. 3.4.1). CneposarensHo,
He onacasicb nageHust KMNJ moxHO pasmeiyars HUXHUE nPosBoaa
aHTeHHbI puc. 9.4.6 posBonbHO Bnu3ko Kk 3emne. B Tabn. 9.4.1
npueeseHa 3asucumocts Ga oT BLICOTHI 3TMX NPOBOAOE Haf pe-
anpHOW CpeaHeit semsieid (Avanason 7 M),

Ta6bnvya 9.4.1

Buicota, m 0,05 0,1 0,2 0,5 1 1,5
Ga, dBi 2,4 2,5 27 3 3,3 3,6 3,6

BuaHo, uto yxe ot sbicotht 0,5 M (To ects okono 1% A) cko-
POCTb USMEHEHUSI YCWIEHWSI C BLICOTOW ymEeHbLIAeTCs (hnanoHe-
Mt poct o6YCNoBJIEH yXe NPOCTO yBENUYEHWEeM BLICOTH BCE
a@HTeHHb! Hag 3eMneid, Kak Ha puc. 3.4.8).

NonesHo cpasHuth AavHbie Tabn. 9.4.1 u rpaguka puc. 9.3.9
(ycuneHue keagparHoit pewetkv A/4 GP). OT4eTnuBO BURHO, YTO
npu Beicotax 1...5% A paccmarpusaemast aHTEHHa NPOUrpLIBAET
scero 0,3...0,9 nb ksaaparHoii peweTke BepTUKANOB C U3NYHEHUEM
BA0ONb CTOpoHL (puc. 9.3.10). Ho pacxopkl Ha aHTenHy puc. 9.4.6
MHOIrOKparHo HUxe:

® OHA MAaYTa NPOTUB HETLIPEX;

® He HyXXHb paavans.. Boobuie. A B peLLeTkax BepTukauioB Tpe-
ByioTCst OTAENBHBIE U XOpOLIME (IECHTKM NPOTUBOBECOR) NOL,
KaxfbiM 9nemeHToMm (n. 9.3.6).

Jeno paxe He B BORONHWUTEALHOM PACXOAE NPOBOJIOKU HA MHO-
XecTBO paavanos (xors M OoHa He GecnnarHa), a B HeobxoanMoii
ans aroro nowaay semnv. CpasHum:

e AntenHa puc. 9.3.10 npu A/4 paavanax norpebyer ons CBO-
€ro pasMeLeHus (BKIIDHast pafvantt) KBagpartHOro yyactka
3emnn pasMmepamu MuHumym 0,654 x 0,65A. Jns aAvanasoHa
7 MI'y, 310 28 x 28 m.

e A anteHHa puc. 9.4.6 npu BhicoTe HUXHErc nponera 1,5 m
(4TO [ACT MPaKTUYECKWU TAKOE XE YCUABHUE, KaK y aHTEHHbI
puc. 9.3.10) nomectutca Ha y4actke 16 X 16 M (yunThIBaS
TOHKN KPENNEHVS PACTHXEK HUXHUX YITIOB), TO €CTb Ha BTPOE
MeHblel rutowann. Ecnv HWXHWI Kpaii paccmarpuBaemor
aHTEHHb! NOAHSTL Ao 2,5...3 M (47O OTKPOET CBOGOAHLIN NPO-
xon nog Hen), 1o ee Ga Bwipacter no 3.6 dB1 310 noum
COOQTBETCTBYET MakCUManbHO BO3MOXHOMY YCUAEHWIO Ang
peweTkn BepTukanos (cm. puc. 9.3.9) Fpu atom Tpebyemas
naowande yBenuuurcs ao 21 x 21 M, 410 NOYTH BABOE MEHL-
e, 4eM Ans HYEThIPEX BEPTUKANOB.
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flapameTpbl NepekNioYeHUst aHTEHHb! PUC. 9.4.6 04YeHb BLICOKU:
A.=0° a AG=-1,5naB, Byy=-12 aBb.

Cxema kommyTaropa HanpassieHu nokaszaHa Ha puc. 9.4.7. Tpe-
GyioTCH pABa pene ¢ AByMS rpPyNnaMu KOHTakTOB HAa nepekioyeHue
kaxaoe. B ykazaHHoMm Ha puc. 9.4.7 nonoxenun (oba pene K1
M K2 BHIKMOUEHB) U3NYYEHUE UAET B HANPABJIGHUU, YKA3AHHOM
CTpeNkol, mexay nonypamkamu A u D,

N

[Monypamka A

IMonypamka D

Ilozypamka B
2

Bxon 50 Om

Ilonypamka C

Puc. 9.4.7

B 1abn. 9.4.2 paHbl BCe NONIOXEHWSt KOMMyTaTopa.

Tabnunya 9.4.2

HanpasneHnne nanyyeHus A—D A—B C—B C—D

Mexny nonypamxkamm

Monoxenvie pene K1 n kK2 Kt Bxn., K1 n K2 | K1 Bukn.,
BBIKIT. K2 Boikn. BKN. K2 BKkn.

O6patute BHUMaHve Ha cobniopeHue ¢asupoekn nuuuria. Ou-
nonm, obpasyiowme pednektop v Bubparop, obsizaHbl ObITh NO-
napHo cuHdasdb. Ecnu opHa v3 nuHuiA oMBOYHO OK2XETCs ne-
PEeKpeLweHHon, To aHTeHHa paborate He Bynet. Ha puc. 9.4.7 touku
NOAKMOYEHUST NAMHUIT MapKUpoBaHb! uudpamu. [ing BCcex aunonen
NPOBOA JIMHUM, AOAKMOYAEMbLIA K BEpPXHEeMy nJieyy AOMMXEH WATW
K OfINHAKOBOMY HOMEPY Ha KoMMyTatope (Hanpumep, 1).
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Ecnu BApYr Npu HacTpoiike sbisichurest, uto KCB seicok, a AH
He xenaeT ObiTb HanPaBNEeHHON|, To nepsBoe NOAO3PeHue, ACIDKHO
6biTb HA OWMOKY B (HAsUPOBKE SIMHUR, MAYLIMX K AUNOISM subpa-
Topa. Ckopee BCero, opHa U3 HUX Cny4anHo NepekpelteHa, To ecte
HEBEPHO MOAKMIOYEHA K KNemmam KoMmmytaropa.

Kcraru, o HacTtpovike. OHa coCcTouT U3 ABYX 3Tanos.

Ha nepsom:

e OTKMOYAIOT BCE NUHUM OT AuNoNieil, 1 BPEMEHHO Pa3cpBas
TOUKW AOAKMONEHUS NIMHUWIA y Tpex punoneit (4ToObl OHU He
BAMSIAM), pasmepamy HaCTPauBAOT HETBEPTHIA HA HaCToTy,
npumepHO Ha 2% Bhillie Tpebyemoit cepeAnHB avanasoHa.

o [IOBTOPAIOT TO XE CamMoe CO BCEMM OCTANbHLIMU BUMNONAMW.
TyT OuEHb BAXHO NONY4MTL OAMHAKOBLIE PE3CHAHCHbIE YacTo-
Tol BCEX HeTuipex aunoneil. Y13-3a BnMsHUS HECUMMETPUYHO
pPacAONOXEeHHbIX MECTHbLIX NPEAMETOB AaxXe NPy UAeanbHo
OfMHAKOBOI reoMeTpuu, NONYPaMoK PE30HAHCHLIe HacTOoTol
MOryT OKa3aThCst HECKOJILKO PasHbIMU. [laHHbIA STan HACTPO-
KW AOIDKEH 3TO CKOMNEHCUPOoBaTh.

Ha BTOpOM 3Tane HaCTPOKKM NOAKMOYAIOT BCE JMHMU W KOM-
MyTarop. Vi3MeHsst 0R/HOBPEMEHHO ASIMHLI ABYX JIMHWA, AOAKIMO-
yeHHbIX K pednexTopy, Aobusalotcs makcumyma F/B. Jror sTan
APV NPABUITLHOM MORESIUPOBAHUM HE HYXeH (ROCTaTo4Ho yoepuTs-
C#, YTO NONYYWIOCh xopotuee F/B), Ho moxer notpebosarscs, ecmm
NPaKTU4ECKast peanvaaumst 3aMeTHO GTIMYaeTcst oT Moaenu. Hanpu-
mep, Ky ucnonsayemoro xabenst cyuleCTBeHHO He COBMafjaeTt ¢ 3a-
noxeHHbim B pacuyer (c RG58 3ro cnyyaeTcst, Tak KaK ero Buinyc-
KAIOT QYeHb MHOMO pasHbix Apoussopurteneit). Ecnm aamHb nuHwi
pednekTopa NpUWNoCh KOPPEKTUPOBATL, TO U3MEHUTE TOYHO Tak
e U MHb TuHKIG BUOparopa.

Bropoii atan HaCTPOKW MOXHO CAENaTh ele APoLle, ecnm yc-
TaHOBUTL AAWHLL nHun 0,42...0,44A. Mpu 3TOM UX ASIMHY MEHATH
HE Hano, a HeoBxoaMmyld PEakTUBHOCTbL NOJYHAIT, NOAKNOHAs
K UX KOHUAM B KOMMYTATOPE CABOEHHbI NEPEMEHHbIA KOHAEHCA-
Top (C M3CAUPOBAHHLIMU APYT OT Apyra u kopnyca poropamu). Ho
APUAETCS COOTBETCTBEHHO YCNOXHUTL CXEMY KOMMYTaropa. Mak-
cumyma F/B B atom cnyqae aobusaloTcs nNpoCTo BpaleHuem 310-
ro KoHzeHcaropa.

Mopenb Takoit aHTeHHb! ¢ nuHusimu no 0,425A u HacTpoeYHbIMY
koHpeHcaropamu okono 130 n® pana e danne ...4loop2_line+C.gaa
(KOHAEHCATOP B MOAENM ONWCAH, KaK PeakTMBHOCTb, NOAK/MOYEH-
Hasi K koHUam nuHuii pednextopa). MNopcTpoiikoii koHaeHcaropa
MOXHO nEepemellats YacToty makcumyma F/B 8 wimpokux npe-
aenax.
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Hecyiilyio Mauty aHteHHn puvc. 9.4.6 MOXHO HE M30AMpOoBaThH
ot 3emny. Pasmepbl MayTbl AANeKkU OT PE30HAHCHbIX, NO3TOMy ee
B036yXaenue v siusHue Ha JH Hesenuku (CM. MOAENL C MauTo
...4loop2_line_tower.gaa).

Xorsa B arom naparpade onucaHa akTMHecku OfAHA AHTEHHaA,
HO OH nonyduncs Gonbiim. W He cnydailHo: aHTeHHa puc. 9.4.6
saenaevcst abCoOMOTHLIM NIMAEPOM CPEAU BEPTUKANBbHBIX HANPABJIEH-
HbIX aHTEeHH NO COOTHOLIEHUID (pesaynbTaTtul + KavyecTso)/(3arpa-
Tbl + CROXHOCTU).

Ecnu y Bac ewle HeT onbita B CO34aHUM aKTHMBHbLIX PELLIETOK U3
BEPTUKANOB, COBETOBAN Obl HAYMHATL MEHHO C 3TOW aHTeHHb. He-
obxoarMocCTb 4yTh 60JIee BbICOKOI KM NPOYHON MayThl C JIMXBOIR
UCKYNaEeTCR OTCYTCTBUEM Panuanos, MUHUMANLHON NINOLLAAbIO,
LLIMPOKOA NONOCOM, 1 cTabunbHbiMKU, NOBTORPSIEMLIMU NapameTpa-
MU, MANo 3aBUCHLLIMMU OT CBOVCTB 3eMJIU.

9.4.4. MHOrosneMeHTHas aHTEHHa

TeopeTUHecky MOXHO 3anuTaTtb aKTUBHO M TPU pamky. Ho npak-
TUHECKM TaK He AEeNaioT, NOTOMY 4TO:

1. B Touke coepuHeHUs NMUHUIA OT 3NEeMEeHTOB NOJyHaTCst HU3-
Kkuii obwwmin mmnenauc. CneposarensHo, CY Gyaetr UMETL NOBbi-
LLIEHHLIE NOTEpPU, CBOASILLME HA HeT HeGonbLoi Buiurpeit B Ga ot
aKTUBHOIO ANTAHUSI.

2. B OObMHOM TPEX3NEeMEHTHO PaMOYHOW aHTEHHE C NACCUBHBI-
MU 3rieMeHTaMK ToKopacnpeaeneHue u tak secbma 6nmsko Kk on-
TaMmanpHomMy (0. 7.6.5), Tak 4TO nepexop, Ha aKTMBHOE AUTaHWe Mano
4TO paer.

Ontvmusaums no kputepusim Ga, F/B rosopur o Tom xe: B Tpex
aKTUBHO 3anNUTaHHLIX PaMKax OHa NokasbiBaeT, yTe R3 nocnefHe-
ro 3NeMeHTos mMano. A 310 o3nadaer (cm. n. 9.1.2.2), yro ero nu-
TaHue He Tpedyetcs (n. 9.1.2.2). Hano nuiib noaorHars pasmephl
3nemMeHTa, 0 nosiydeHust Tpebyemoit peakTuBHOCTU. ViHbiMK Cno-
BaMK, ONTUMU3ALUSI YKASHIBAET, YTO TPETWUI 3NIEMEHT MOXET ObiTb
NACCUBHBIM.

B 4eTLIpEX3NEeMEHTHO! XEe aHTEHHE CUTYaLMsT HECKONbKO UHas.
Her, nuTaHue BCcex 4YeThLiPeX paMoK BCe PABHO OKa3biBAETCSt Ye-
PECUYP CNOXHBIM AN NPAKTUYECKOro oCyLLEeCTBieHns. Ho Bens BCce
paMku nuTaTh U HeobsizatensHo (n. 9.2.5).

OtnoxuM BpeMeHHO akKTUBHOE NUTaHWEe, U MOCMOTPUM Ha
Tabn. 7.6.3, B KOTOPO## CBEAEHB! NAPaMETPL MHOMO3JIEBMEHTHLIX pa-
MOYHBLIX @HTEHH C NAaccUBHbIMU 3nemeHTamu bBpocaercs B rnasa
y3Kas nonoca Takux aHteHH no KCB, 6eicTpo ybuiBatowlast ¢ poc-
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Tom yucna aneMeHTos. Mpuyem nosoca no F/B (To ects ctabunb-
HOoCTb ¢opmbl JIH B NONIOCE) B TAKUX aHTEHHAX 3aMEeTHO nyulle,
4em nonoca no KCB.

C ppyroii CTOPOHLI, Mbl 3H3EM, HTO O/IHUM U3 rJaBHbIX Ape-
UMYLLIECTE aKTUBHOI ABYX3NEMEHTHOW BHTEHHb! SIBNISIETCH €€ XOo-
powas nonoca no KCB. Oujyrumo Gonee tmpokasi, Yem y aHTeH-
Hbl C MACCUBHLIMK 3anemenTamu (n. 9.1.4).

Ham octanoch TONbko 06BLeoMHUTH LLMPOKYID nonocy no F/B
MHOIO3/IEMEHTHBIX aHTEHH C NACCUBHLIMU ANIeMeHTamu U GoNbLLYIO
nonocy no KCB akTvBHOM [1BYXxaNeMEHTHOI aHTeHHb!. 115 aTore Hano
33aMEeHUTL OOVMHOMHBLIR BUOPATOp 4BYyMS aKTUBHLIMU 3INIEMEHTaAMMK.

OTtmedy, 4TO HeJb3s K paboTaiolleil 1 HaCTPOEHHOo AByxane-
MEHTHONM aHTeHHe C aKTMBHbLIM nuTaHvem (n. 9.4.2) npocto poba-
BUTL NACCUBHLIE pedrekTop v avpexTop. Huyero xopotuero u3 Ta-
KO NonbiTk¥ BLIAeT. Benb BBEAEHUE NACCUBHLIX 3NEMEHTOB
CyLECTBEHHO MEHSIET UMMNEAAHCHI U pacnpenesieHue Toka B AByX
aKTUBHO 3anuTaHHbiX. [O3TOMY UCXOAHO HACTPOEHHAsT ABYX3/IEMEH-
THast aHTEHHa PacCTPauBaETCH Tak, YTO NPOCTbIMU MAHUNYJALMSMN
Henb3s NONYYNTL XOPOLLUX peaynsratos. Tpebyercs NOnHoe HOBOe
APOEKTUPOBaHWME AHTEHHBLI CPa3y CO BCEMMU (M aKTUBHBLIMUK, W NAC-
CUBHbLIMU) BNTIEMEHTAMMN.

fpuMep TaKoii KOHCTPYKUMK Ha AnanasoH 20 M nokasaH B ¢ai-
nax . .4 el Quad.gaa u ...4 el Quad_line.gaa (oaHa u 1@ xe aH-
TeHHa, HO B naciiegHem ¢aiine ¢ NUHWUAMU CUCTEMBI NUTAHUS)
1 Ha puc. 9.4.8. Cucrema NMTaHMs BLINOJIHEHA U3 KOAKCWMANbHOTO

Z =288+ [0.395 OhySWR = 1.03(28 Ohm)
Ga=99dBi—~ " o

N

223

........
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kabens 50 Om. [UimHa nuHUmM Ha PUCYHKe — anekTpuyeckas. Mm-
nenaHc B Touke nutanuns 28 Om, tpebyercs cornacosauve A/4
TpaHcdopmatopom 37,5 Om (gea kabens 75 Om B napannens).

Mpu pnnve Tpasepcsl 0,4A goctvraercs yeuneHue 9,9 dBi B ceo-
GOAHOM NPOCTPAHCTBE Y OTHOCUTENbHARA Nonoca 2,3% no yPOBHIO
KCB < 2. 370 xopowue umdpps. OaHAKO eCnv Mbl NOCMOTPUM Ha
4-10 CTPOKY Tabnuupbi, TO YBUAMM, NTO MPaKTUHECKK TaKue Xe na-
pameTpul NONY4AI0TCA ¥ Y NETHIPEXANEMEHTHOro Keaapara ¢ nac-
CUBHBIMM 3NEMEHTaMM, HO Npu gnune tpasepcsl 0,5A.

Taxum 06pa3oM, aKkTUBHOE NUTAHWME ABYX 3NEMEHTOB K3 HETHI-
pex nossonseT nubo npu paeHbix NapameTpax yKopoTWTbL Tpasep-
Cy npumepHO Ha 20%, nub0 NpM TOW Xe TPaBepce N yCrNeHUU
pacumputs nonocy no KCB B 1,2...1,4 pasa.

Mui 3aBepumnyn paccMoTperHmne $asupoBaHHLIX aHTEHH W3 pa-
MOYHBLIX 3nemeHToB. OpHako npuem, MCNONL3OBaHHLA B nocne-
DBHE KOHCTPYKUUK (B MHOTO3JIEMEHTHOIR GHTEHHE C NaCCUBHBIMY
SNeMeHTamy 3aMEeHMTb OAMHONHLIN BUBPaTOp CUCTEMOIT U3 nByx
8KTUBHBIX 3NIEMEHTOB) HaCTONLKO NONE3eH, YTO Mbi NOCBATUM €My
WU3PRAHYIO HaCTb CRedyIoWero pasaena.

9.5. Jloronepuoanyeckue aHTEeHHbI

Antennsl Yaa-Sirvi ¢ AByMsl akTUBHLIMY 3NeMeHTaMu. YeTsipex-
anemenThHpie. lNate n Bonee aneMeHToB. TpyHUMIT TOCTPOEHWS /10ro-
nepuoguyeckux anrenH. Mogenvposanve JIMA. Koncrpykuwn JITA.

B atom paspene mu 6ynem paciuvpsTbh NONOCY HaNpPaBneHHbX
aHteHH. CHavana 3alimemMmCs 3T¥M B npeaenax oaHoro avanasoxHa.

9.5.1. AHTeHHB Yaa-flrm ¢ psyms
aKTUBHBIMM 3NEMEeHTaMn

Bce mopenu, ynommuHaembie B 3TOM naparpade, Haxoastcs
B nanke ...ANT\Phased\Log_vibrator\, a ecan ynomunaetcs dain
1“3 OPYroi Nanky, TO YKa3blBAETCH MNOJSHLIA MyTh.

Wnen, nexawas B ocHOBE aHTeHH 3T0ro naparpada yxe 6bina
03ByyeHa B nn. 9.2.5, 9.4.3: B MHOrO3NeMEHTHOI aHTeHHe C nac-
CHBHbIMKX 3NIEMEHTAMM 3aMEHMTb OOMH BMOpaTOp Ha ClcTeMy M3
HBYX aKTUBHbLIX BUWOPaTOpORB.

B camomM pene, B aHteHHax Yna-fru ¢ Bonbwimm (0T 4) YuCnom
BNEMEHTOB, CMPOEKTUPOBAHHBIX HA MAKCMMYM YCUAEHWS. nOsoca
no F/B Hamuoro wupe nonocel no KCB (n 7 2 4) AxTeHHa umeer
xopowyo J1H B OBONBHO LLMPOKOI MONOCE HACTOT HO UCNONbL30-
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BaTb 3TO B NONHOI MEPE Mb HE MOXeM. EQMHCTBEHHI BuGparop
aHTeHHbl YAa-9rn 1ak pe3ko MeHsiet CBO# UMAEAaHC OT 4acToThl,
4TO FIpUeMNeMOe COrnacoBaHue ¢ xabenem MOXHO NOAy4nTL NNLlb
B 4aCT¥ TOW NONOCHI, FAe aHTeHHa nmeeT xopouwyio JH.

NonpoByem pacwuputs nonocy no KCB. B n. 9.1.4 nokasa-
HO, NTO @HTEHHBLI C aKTUBHBLIM nuTaHvem 60nee LWPOKONONOCHH
no KCB, weM ux aHanorv ¢ naccusHbiMyi 3aemenTamy. Ho B aH-
TEeHHe ¢ 6GONbLIMM HUCAOM SNEMEHTOB TPYAHO Coenarb BCe 3ne-
MEHTHI akTUBHbBIMK. OveHb CnoxHas n HeynobHas cuctema nura-
HUs nonyyaeTcs.

Moutiem Tpetuii NyTh. Bo3bMeM HEGONLLYIO NBYXSNEMEHTHYIO
@HTEHHY C aKTMBHLIM MUTaHWeM BCEX 3nemeHTos. C wmpokono-
NOCHOCTLIO Y Hee Byner BCe XOpOoLLo, @ BOT C YCUNIEHNEM HE ONEHb.
ANeMeHTOB ManoBarto.

Ins nopHsaTMR ycunehns no6aBum k Hawel aKTUBHOW aHTeH-
HE NacCHBHLIE SNEMEHTLI: OAMH pednekTop 33U ©» HEeCKONLKO
(no TpebyemMoro ycnnewurs) naupexkTopos crnepeny.

Monyyunacbk NPOMEXYTONHAs KOHCTPYKLMA MEeXAy «4UCTOi»
Yna-frk ¢ n2aCCUBHbIMX 3NEMEHTAMU YU BHTEHHON C aKTUBHbIM NM-
TaHuem scex anemeHtos. OT Yaa-firm ¢ naccuBHbIMK 3N1eMeHTamMn
nonyNeHHas aHTeHHa otnuuaerca Gonbuteli nonocoit no KCB (nsa
AUTAEMbIX 3NEMEHTa YeCTHO oTpabaruiBaoT), NPn NONTK TAKOM Xe
ycuneHuu. A OT MHOFO3NEMEHTHOW C aKTMBHLIM NuTaHnmem BCeX
3NEMEHTOR HalLa KOHCTPYKLMS OFTnuyaercs HamHoro Gonee npoc-
TOI CUCTEMON NUTaHRS.

AHTEHHB!, «<MCTOPWUIO BO3HUKHOBEHUS» KOTOPLIX Mbi TONLKO HTO
NPOCNeAuNY, HA3LIBAIOTCH aHTEHHAMIK C HECKONLKUMIY 2KTUBHbIMM
3NEMEHTAMI WA aHTEHHAMK C aKTUBHOW Auelikoii. flon TepMmrHomM
«aKTUBHAR RYeiika» NOHUMAIOTCH aKTUBHO 3arnuTaHHbie SNEMEHTDI,
HaxOARLLMECs B OKPYXEHNN AOMNONHUTENLHbIX NACCUBHbIX.

K Takum aHTEeHHaM Mbl YXE HECKONbKO pas noaxonunu Brnov-
Hy10. B n. 9.2.5 onucaHbl TPEXSNEMEHTHLIE @HTEHHbI® 182 aKTUB-
HBIX + NaccueHbii aupekTop (puc. 9.2.10 n 9.2.11). A n. 9.4.3 —
HETHIPEXBNEeMEHTHas C NacCuBHbIMKU PedNeKTOPOM U NRPEKTOPOM
(puc. 9.4.4.).

9.5.1.1. HeTbIpexaneMeHTHbIE

Haunem aHTeHHbl 3TOro naparpada c daitna 4m gaa Bep-
Hee, C nsyx $hailnos OaHOMR K TO Xe HETHPEXINEMEHTHON AHTEH-
Hbl. YNOMSIHYTOrO, N €ro aHanora ¢ nAnHUgMn NEC2 4line.gaa.
Ota aHTenHa gnanazoHa 14 M nokasana Ha puc 95 1 Ee Bxop-
Hoe conpotueneHne Ra = 112 Om, cornacosaxme ~/4 OTPE3KOM Ka-
Gensi 75 Om
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MNpw anuHe Tpasepcw 0,44 oHa oBecneNnBaeT NPakTUNEcKn Ta-
KME XEe NnapaMeTpsl No LWKYPOKONONOCHOCT Kak OBLINHAR HeThpex-
anemeHTHas Yna-drm .. \ANT\HF beams\Uda-Yagi\4el_WB10m.gaa
(10-5 ctpoxa B 1abn. 7.2.1). Ho nocnepHss awteHHa anuvHyee (Tpa-
Bepcet 0,54) u npourpeieaetr no ycuneuwo okono 0,2 nb. Kak Bn-
[AVM, BhIMTPBIL aHTEeHHB puc. 9.5.1 HeBenuk, HO OH eCTb.

Z=110-4.90 S\Q/J'R =1.05{112 Ohm}

"’ Ga=133dBi
AR 23w ®
34m ~
10,44 m HepeKpemennas
ﬂull)lflﬂp270 OXM

Puc. 9.5.1

Jpyroii BapuaHt T1akoi aHTeHHbl nokasaH B daiine ..4line
200.gaa. Mpw 70l Xe AnvHe Tpasepchl, HTO 1 Ha puc. 9.5.1 ycn-
NeHue CHUXEeHO N0 ypoBHR auteHHu ..\ANT\HF beams\Uda-
Yagi\4e!_ WB10m.gaa. Ho 3at0 nonoca umpe e nontopa pasa: 3,2%
no KCB < 1,5 npu Ra = 200 Om.

Vizyuas npusenenHbie Boile MoOAenn, MOXHO caenarh Nepsbie
BbIBOZIbI O MHOMO3MEMEHTHBIX QHTEHHAxX C aKTUBHOWM NBYX3NIEMEHT -
HOI |YENKOMR:

1 . Towca numaHus PUCROTIONCEHA HA 31eMenme, Haxodﬂu;aucx ne-
Ped HepebiM NACCUBHBIM OUPEKMOPOM.

2. Pazuep oamozo yiemenma nauvenviauii. On daxce menvue cie-
OYIo1y€20 3Q M HACCUBHOZO OUPCKMOPU.

3. DPazupyromas aunus nepekpelyena.

3aberas uyth Briepen, CKaxy, 4TO 310 o6wMe CBONCTBA Takux
aHTEHH.

Da3upyloLas nuHUS NOYTU BCErAa BLINOAHAETCSt BO3LYLLHON
nsyxnposoaHon. Ee BonHoBOe conpoTuenerne Zo o4eHb KPUTUYHO
(TpebyeTcs TouHas NOAroHKA ZO NOA, RAHHYIO aHTEHHY) U OTHOCU-
TENLHO HeBenuKO T103TOMY ee TPeByeTcs BbINOMHATL M3 TOACTBIX
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APOBOAOE (NPYTOK, BHELLHSS ONAeTka TONCTOro Koakcnana) Ha He-
6onbLIOM paccTosHuy. [ing nepekpewmuBatns ydlmne pesynsrarthl
1aeT NNaBHLIi NOBOPOT NUHMM BOKPYr CBOE ocy no anuxe. fpas-
[a 3TO HENPOCTO KOHCTPYKTMBHO (TpeByercs MHOro pacrnopok no
AAWHE NKXHKK), MNOSTOMY Nalle NPUMEHSIOT NPOCTYIO NIMHWI0, 3a-
KpenneHHy1o BAONL TP2BEPChl, @ NepekpelmsaHve AenaioT KopoT-
KAMM POBOAAMMY B TONKE NOAKMONEHNE O[HOIO M3 2KTUBHLIX ane-
MEHTOB.

CaMblii CyLLIECTBEHHBIA HEAOCTATOK AHTEHH C aKTMBHON suei-
KOM — 3TO CROXHOE NPOeKTUpOBaHue.

MeTtonuka rakoea:

1. M3o6pa3ute akmmMBHYIO Aueitky. 3NeMeHT, B KOTOpbIi BKMO-
yeH nctouHuk, (A1) ycraHosure gnmHoi 0,41...0,43L. Bropoir ak-
TUBHBIA anemeHT (A2) — gaunHHee Al Ha 5...10%, Ha paccTosHMr
0,1A. CoeaunnTe nx nepekpelyeHHol nuHuei ¢ Zo = 300 Om n ann-
HOIA, PaBHOI PaccTORHWIO MexXay anemeHtamu (yctasoeue 0 B 3a-
knaake Jinumm rnasHoro okHa GAL-ANA).

2. [lo6aesTe naccusHbiii pednextop (R) » avpektop (D). On-
TUMU3UPYS MX Pa3Mepbl 1 PACCTOsHWE N0 aKTUBHON sueikn, [Oo-
Geittech Tpebyembix Ga, F/B » nonockl no F/B (TO ecib coxpaHe-
HUR npuemnemoit popmbl JH B 33naHHOR NoOnoce).

3. 3arem, He Tporas R u D, uamenss pasmepamu Al, A2 n son-
HOBOE CONpPOTHBNEHNUE NuHun Zo, nobeiTech CornacosaHus n ycr-
paunsasoteit nonocet no KCB.

4. B npouecce BLINONHEHUs 3-ro NyHKTa MOXET cHnautscs F/B.
MNonwiTaitTec, BEPHYTL €r0 HAa MECTO Clierka n3MeHsst paccTosHue
mexay Al n A2,

Hro6bl 06nerynTs NPOSKTMpPOBaHKE, NPUBELAY 3aBUCHMOCTY BIMR-
HUIA B TAKOW aHTEHHE:

1. MaccueHbie R 1 D, kak o6biyHO, BIMIOT Ha F/B 1 youneHune.
Ho He Tonbko. Takke 32MEeTHO OHM BAMSIIOT H2 BXOAHOW UMNENaHC
N peann3ayemoCTb aKTMBHOR SYEKu.

2. YKOpONEHUE anemeHTa, B KOTOPbIfi BKOYEH UCTOYHUK, (A1)
npu OAHOBPEMEHHOM YAJIMHEHUM BTOPOrO aKTUBHOIO BNEMEHTa (A2)
pacLUMPRET NONOCY aHTEHHbI N CHUXAET younexue.

3. Yeenmuenune Zo dasumpyrowieit nuHur n/unn yBenuueHne ee
OANYHB NoBLILLIAET Ra M yBENMUMBAET €MKOCTHYIO COCTaBNSHOLLLYIO
iXa (T0 ecTb NPUBOANT K POCTY MOAYNR OTPUUATENLHOro jXa).

4. YmeHblieHne Zo $asuvpyiowleii u/unn ymeHbleHne ee ann-
Hbl CHUXaeT Ra n ysennymeaeT MHAYKTUBHYIO COCTaBASIOUYIO jXa.

5. YanuHeHune BTOPOro akTmBHOroO anemexta A2 0encTByeT aHa-
NOrUYHO NYHKTY 4, YKOPOYEHUE — aHANormyHo n 5.

6. YKopoyeHre nepBOro akTMBHOro anemeHta Al yBenuumsaer
Ra n yBENMYMBAET MHAYKTUBHYIO COCTABNSIOWYIO jXa, yANnuHeHne —
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CHxaet Ra 1 yBenuuuBaeT EMKOCTHYIO COCTaBNSIOLLYIO jXa (T0 ecTb
NpYBOAUT K POCTY MORYNS OTprUarensHoro jxa).

Ha KB cnenyet 3agaBars BxOAHOE conporuenexue Ra = 112 Om
(cornacosaHue A/4 orpeskom kabenst 75 Om) nim 200 Om (corna-
coeaHue tpaHchopmaropom 1:4, vanpumep, U-koneHo n. 3.6.5.3
vnu depputossiMm n. 3.5.6). [leno B TOM, HTO BXOQHOE COMNpOTUB-
fneHne aHteHHsl nonydaetcs B 1,5...3 pasa Huxe BONHOBOro CO-
NPOTMBAEHNR ZO UCNONb3YEMbIX NuHRrA. Vimes B Buay, 410 ZO npu-
AEeTcs Npy NPOeKTUpPOBaHMKU NOArOHATb, TO asupyiowas NruHNS
nonxHa 6bitb camonenspHoit. Mostomy, ecny 3anasars Huskue Ra,
TO NoTPebyIlTCR ABYXNPOBOAHLIE NrHUKM ¢ ZO0 = 70...150 Om, u3-
roraBnmearb KOTopnie Ha KB OueHb HeynoBGHO KOHCTPYKTHBHO
(n. 3.2.2).

B KauecTBe a1eMEHTOB aKTUBHOM SHEKi MOXHO MCNONbL30BaTh
1 netnesuie BMGparopel. Hanpumep, B daiine ...40 m Log yagi.gaa
nokasaHa NPOBONOYHAR HETHIPEXANEMEHTHaR aHTeHHa puana3oHa
7 MINy. AkTuBHas syelika BLINONHEHA M3 NETNEeBbIXx BUOPATOPOB,
Ra = 112 Om, nonoca no yposHiw KCB < 1,5 nocturaer 300 kI'y,.

9.5.1.2. Ma1b v Honee anemMeHToB

NaTusneMeHTHan aHteHHa Yna-$irv ¢ akTuBHOI ABYX3NEMEHT-
HOI R4EAKON NPOEKTUPYETCH NO TaKVIM XE NPUHUUNAM, KaK 1 ye-
ToipexanemeHTHas. Ho, koHeuHo, nonydaetcs Gonbliee ycuneHuwe.
Mpumep npueeneH B daiine ...5lel_20_line200.gaa u Ha puc. 9.5.2.
Moyt Takas monens, HO C MHUEMK, N300PAKEHHBIMY OTAENBHLIMI
nposoaamM nokasaHa B daiine ...5el_20.gaa. 31o aHTeHHa puana-
30Ha 14 MMy nmeer Ga = 9,6 dBi (B cBOGOAHOM NPOCTPAHCTEE)
¥ OTHOCMTENBHYIO nonocy 3% no KCB < 1,5 npu Ra = 200 Om.

OnuH 13 BapuaHTOB LLECTMANEMEHTHON aHTEHHHI AvanasoHa
14 MINy noka3ax Ha puc. 9.5.3 u B danne ...6EL_201line.gaa. You-
neHue 310 aHTeHHs! B CBOGOAHOM NpPOCTPaHCTBE AOCTHraer
10,4 dBi. 370 CTONLKO X, CKONLKO Y CPABHMMBIX NO AAMHE TPa-
BEpPChHl OOBLINHBLIX LWECTUBNEMEHTHBIX aHTeHH Ypa-Sfrm .. \ANT\
HF beams\Uda-Yagi\6el_15mZ.gaa u ...\ANT\HF beams\Uda-Yagi\
6e_200WA.gaa (4-1 u 5-1 cTpokm B T1abn. 7.2.3). Ho nonoca no
KCB < 1,5 y anteHHn puc. 9.5.3 cocrasnser 4,8%, 4To B nonropa
pasza wupe, yem y ob6enx yrnoMsaHyTHiX NPoCThiX Yaa-fArn. Ha kpasix
nmanasoHa 20 m KCB aHTeHHs puc. 9.5.3 He npeswiwaet 1,15,
Ra = 200 Om.

Jpyroii BapuaHT LWECTUSNEMEHTHOM aHTEHHb! AanasoHa 28 MIy
npuseneH B daine ...6el_10_1.gaa. Ha npuBbuHOoM yxe Ra =
= 200 Om pocturaetcs nonoca uenbix 5,5% no yposHio KCB < 1,5.
fMpaBpa, nnaroi 3a 310 (KPOME BKTUBHOIO NUTaHUR) SBNAETCH NO-
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Z=193-i0.253 SWR = 1.00 {200 Ohm}

1m 23
2w 2
8,77m
10,7 m 9,53 m
m eHHaA
nﬁ?;;p;’m Om
Puc. 9.5.2
2=203-j0.327 SWR =1.01 (200 Obm}
Ga=104 dbi 4 .
21
\pw 2D
10,9m nepexpemennas aEHust 270 On

Puc. 9.5.3

BONLHO HW3KOE ANs WEeCT SNEeMeHTOB ycunexwune, Bcero 9 dBi
B CBOGOAHOM NPOCTPaHCTBE.

MpoBONONHAR ceMuaneMeHTHan aHTeHHa ananasoHa 40 m, npu-
seneHa B daiine ...40 m Log yagi 7el.gaa. U3-3a 6onbworo yucna
SREMEHTOB YAANoch CHu3auTL Ra no 50 Om. Ha kpasx apana3oHa
(7,0 n 7,3 MI'u) KCB noaxumaercs no 1,6. Younehne 9,7 dBi.

Bce momeny n. 9.5.1 BecbMa YyBCTBUTENIbHEI K pa3mepam. [ing
fepecHeTa ux Ha ApYryto 4acToTy u/mn nmamerp TpyOOK cnenyer
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NONL30BATLCH PeKOMEHAaUNsMK n. 7.2.5. Mpyr CylEeCTBEHHOM 13-
MEHEHUY AraMETPa 3NEMEHTOB, MOXET NOTPebOoBaATLCR NOArOHKA
(B 3aknanke Jiuumu rnasHoro okHa GAL-ANA) BONHOBOro conpo-
T™MBREHus $a3npyolen NuHuM.

9.5.2. AHTeHHm Ypa-9rn
C TpeMs aKTUBHLIMM JNEeMEHTaMN

Bce monenn, ynomuHaemulie B 3TOm naparpade, HaxonsTcs
8 narke ...ANT\Phased\Log_vibrator\, a ecnn ynomuHaercs ¢aiin
13 ApYyroi nanku, TO YKa3nIBAETCH MONHLIA MyTh.

VIHTYyWTUBHO NOHATHO, NTO €CMY NIBA aKTUBHLIX BNEMEeHTa pac-
LLAPSIOT NONOCY aHTEHHB! Yaa-frv, To Tpu yBenuuar ee ewe 60nb-
we. 3aberas Bnepen, CKaxy, NT0 MOXHO NONYYUTh OTHOCUTENBHYIO
nonocy 10...20% no KCB < 2.

Ho Hapo nourmars:

Hpu 3a0annex pazmepax mpasepcsl pacuuperie no1ochl onna-
YUEaemcs nadeHUeM YCIleHUs.

3710, KCTaTH, YHMBEpPCANLHOE NpaBwno. V1 otHOCKTCS OHO He
TONBLKO K @KTMBHOMY NUTaHWIO.

B npensinyuiem naparpade npy AByx aKTUBHBLIX 3NEMEHTAX Mbl
yXe nocrurny® OTHOCUTENLHOM nonocsl 5,5% no yposHio KCB < 1,5
©n 7% no ypoBHi0 KCB < 2. B moBuTensckoil npaxkTike ST0 03Ha-
Haet nepekpeitue ¢ 3anacom moboro ananasoHa (kpome 80 M, HO
TaM HanpPaBNEHHLIE aHTEHHb!I PEAKOCThL).

MNosTomy WLKpOKONONocHsLe Yaa-Arn ¢ TpemMs aKTMBHLIMU 3ne-
MeHTamu mobutensmy nouTn He npuMeHsoTea. OAMH AuanasoH
MOXHO fepekpuith Npoule, a gng ABYX COCEAHWX ARana3oHOB
Yy paccMarpyBaemMbiX aHTEHH NONOCHI €LUe He XBAaTaeT (UCKmoue-
HYe AnanasoHsl 12 n 10 M, KOTOPLIE MOXHO NEPEKPbITE OLHON aH-
TEHHOI G OTHOCKTENLHON nonocoit 6onee 17%).

Tem He meHee, aHTEHHY YNa-5ry C TpEMR aKTUBHBIMKA BNEMEH-
Tamu Mbl 30€Cb PAcCCMOTPUM. Yxe x0Ta 6sl NoTomy, 4106 6e3 Hee
TPyAHO Oyner nousTs npuHUMn paGothl CBEPXLLNPOKONONOCHLIX
norornepuoanieckux anterH (n. 9.5.3).

Mpumep npusenen B daiine ...5et 3ac_28 200.gaa u Ha
puc. 9.5.4. 310 aHTeHHa puanasoHa paboraer ot 26 oo 31 My
no KCB < 2 (a no KCB < 1,5 or 26,5 MI'y no 29,7 MlNy, 10 ectb
oTHOCcuTenbHas nonoca 10,6%), n umeet BxOnHOE CONPOTUBNEHUE
200 Om.

JmmHa Tpasepcb! Boero 0,54, 310 Mano ans TpaamumMOHHON Ns-
TUSNEMEHTHON aHTeHHb.. Ho B 1aHHOM cnyvae Tak Hano ans pac-
wnpeHns nonocel. YcuneHue Ga okono 7 dBi (B cBOGOAHOM Npo-
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CTPAHCTBE) TAKXE ONEHb MAJIO AJIR NATA INEMEHTOB. (DakTuiecku,
7 dBi 3TO YpOBEHb XOPOLLEH NBYXSNEMEHTHOM aHTEHHL! (puc. 7.2.2).
HO © ycuneHuem Mbl NOXEPTBOBANI B yroAy nonoce. A OHa O4eHb
Benuka: 16% no KCB < 2. 310 Beigaiowancs uudpa aaxe gns Tonc-
TOro oayHoyHoOro subparopa. Hanpumep, Ha Tex xe yacrorax Ta-
KYI0 Xe noJiocy umeet A/2 gunonb, w3 TpyOul paguycom 80 mm.
Ho anemeHThl aHTeHHsl puc. 9.5.4 B 50 pa3 ToHswe. Oxu BuINON-
HEHBI U3 NPOBONIOKK AMamMeTpom Bcero 1,6 mm.

Z=186+i349 SWR =1.21 {200 Ohm}
Ga=69dB b4

% nepekpelyenHas
nunng 300 Om

12m

39m
4,72m
5.67m

572m HEPEXPELICHHAN
nugfmp:iﬂo Onm

Puc. 9.5.4

Pazbepemca: noyemy Takas wmpokas nonoca? [ns 3T0ro no-
CMOTPUM Ha pacnpeneneHme Tokoe Ha puc. 9.5.5. BepHee Ha To,
KaK 3T0 pacnpeneneHne MeHReTcs OT 4actoThl.

XOpoLo BUAHO, HTO Ha Kaxa0h HacTote paboTaloT TONbKO TpY
anemeHTa. Mo HUM NPOTEKaEeT OCHOBHOI TOK, a OCTalbHbie NBA
BO30YxaeHs cnabo ¥ Mano BAnSIOT Ha GOPMUPOBAHKE N3NYHEHNA.

e Ha Hikuem kpao nonoct (26 Mry) paboraior Tpy NeBwix ane-

MEHTa. 3TO €CTECTBEHHO, OHK Cambie ANnHHbIE. VX pasmepsl
COOTBETCTBYIOT OOLINHOM TPEXaNEMEHTHOI Yaa-fArm Ha nau-
HY10 HacToTy. VX uMnenaHc Ha 31Ol HacToTe Masl B akTUBEH,
NO3TOMYy OH¥ NOTPEONRIOT OCHOBHOI TOK 1 ¢dopmupytor JH.
[sa npasbix 3nemeHTa CNMWKOM KOPOTKn gns 26 My, wmx
UMRENAHC Ha STO YacToTe BbICOK, NO3TOMY TOK B HMX NOYTU
He 3arekaet, v Ha JH oun sanssor cnabo.

e B cepenuHe nonockt (vacrota 28 M) B pabore toxe Tpu

anemeHta. Ho 3710 yxe Tpu cpepnHmwe anemeHta Pasmepoi
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NAacCUBHOrO pednekTopa CAnWKOM BENMKM, a NacCUBHOIO
ARPEKTOpa CAULLKOM Masibl gns Bo3OyxaeHus. Mo3ToMy OHKM
nouTv He pabotaor, ¥ [H onpenensetcs Tpemst cpegHnmn
anemMeHTamu.

e Ha BepxHeit HacToTe CANULLKOM ANMHHBIMK OKa3bIBAIOTCH OBa
NEBbIX 3NeMeHTa. A KOPOTKMIA NpaBblii NACCMBHBI SNEMEeHT,
HanpoTB MOXET adhdekTBHO paboTarb Ha STON YacToTe KakK
avpekTop. Jlnarpamma HanpaBneHHOCTY ONpenenseTca Tpe-
M5 NPaBLIMU SNEMEHTaMM.

26MIy |

»/xx’m’/)

BHEA 30HA

AKTMBHAA 30HA

Puc. 9.5.5

Takum 06pa3om, NONyYaeTcs CAeayiowlas KapTuHAa: akTMBHAas
(M2KCMarbHOrO TOKa) 30Ha € POCTOM 4acTOThl NEepPenguraeTcs no
AHTEHHE cneBa Hanpaepo. Y nonoca Takoh aHTeHHb akTuyecku
paBHa CyMME NOnoC Tpex OObIYHBIX TPEXINEMEHTHBIX 1LNPOKONO-
NOCHBIX (OTCOAA HA3KOE YCUAIeHne) anteHd Yna-4Hrm

Ho 1yT BO3HMKaeT Bonpoc. B tpex obbiuHbix Yaa- Arv Gynyrt tpu
TOHKM nNuTaHns. B Tpex pasHbix Mectax A B aHTeHHe puc. 9.5.4
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TONKa NUTaHus oaHa M OHa UKCMpoBaxa. Kak xe nponcxogur no-
CTaBKa 3HEpPruyn OT HENOABWXHOIO UCTONHUKA B NEPEABUraIoLLYIO-
€S aKTUBHYIO 30HY? [leno B aktmsHOM nutaHum. Paabepemcs, kak
3TO BLIFNKAXT NO HacTOoTe.

e Ha BepxHem kpaso nonocbl (31 M) nBa nNpaBbiX aKTUBHLIX
BNEMEHTa NOrnOWAOT U3 ANHUM CTONBKO 3JHEpruu, 4YTo Ha
NEBLI AKTUBHLINA 3NIEMEHT €€ YXe NOYTK HE OCTaeTcs. AH-
TeHHa paboTaeT KaK TPEXSNEeMEHTHAA C ABYMS aKTMBHbLIMA
anemeHTamu. VICTONHUK pacrnonoxeH Tam, rne emy M nono-
XEHO ObITh — HA 4YeTBepTOM (CamoM NeBoM) u3 paboTaLmx
aKTUBHLIX 3NE€MEHTOE.

e B cepenvHe nonock (28 MIw) paGoralor Tpu cpeaHmx ane-
MEHTa. VICTOUHMK NO npee AomkeH BuiTh pacrnonoXeH B cpen-
HEM anemeHTe. MOXHO CKa3ath, NTO OH TyAa U NOAKMONEH,
HO 4epe3 OTPe30K NuHuK (npaeas ¢asupyowan). Ha nepsniii
B3rNs4 37Ta NMHUS Kaxercs HEeCcOornacoBaHHoii: ee Zo =
=300 Om, a Ra = 200 Om. Ho 310 Ha nepesiii. NoakmoueH-
HbIE K NIXHMK KOPOTKKE NONOBUHKKA YETBEPTOrO 3NEMEHTa yBE-
JMYUBAIOT €e eMKOCTL. A no dopmyne Zo =JL/C (n. 3.2.1)
3TO 3KBUBASIEHTHO CHUXEHWIO BOJIHOBOrO ConpotueneHus. Mo-
3TOMY OTPE30K NVHWUY MNOMNYYAETCH COrNacoBaHHbIM. Takum 06-
pa3om, ¥ B CepeanHe AManasoHa MCTONHUK NOAKIIONEH KYAd
Hano, HO Yepe3s OTPEe30K COrnacoBaHHON NUHMK, COCTOSRLLENR
13 COGCTBEHHO NPABO NUHUKY N eMKOCTH HETBEProBOro ane-
MEeHTAa.

e Ha HuxHeM Kpao nonocsl (26 M) BcTouHrK AonkeH Onith
BKJIIOYEH BO BTOPOI anemeHt. OH TyAa n BKONEH Yepe3 ABa
OTPEe3Ka COrnacoBaHHOM NuHUK. TONLKO B JAHHOM Cnyuae ee
BONHOBOE COMNPOTUBAEHUE NOHUXAIOT DO HYXHOr0 €mMKOCTH
TPETLENO U HETBEPTOrO SNEMEHTOB.

Takum o6pasom, C 4aCTOTO BOONbL TPABEPCHI ABWXETCR He
TONBLKO FIONOXEHWEe AaKTUBHOWN 30Hb!, HO ¥ BUPTyanbHas TOuKa noa-
KONEHUR ncTodHuKa. TOT ¢akT, NTO B Havane u B cepeaynHe nma-
nasoHa puU3nNecKn UCTONHUK OKA3LIBAETCS NOAKIIONEHHbIM Nepe3
OTPE3KM COrNIACOBAHHLIX NIMHKMA, CYLLECTBEHHOIO BIUAHUS HE OKa-
3bIBaeT.

NmenHo noatomy, nonoca nogoBHbix aHTEHH NONYYAETCs O4EHb
GONLLLON, Aaxe NPU TOHKUX 3NEMEHTAaX.

Ons Toro yrobul gna BCEX YacTOT B npefenax Nofockl Haxoar-
nuck Obl akTueHble paboTanouive anemeHTbl Heobxoaurmo, YTobbl
pasmepsl NOCNEOHNX AONXKHbL NOAYNHSTECS NeOMETPHECKOR Npo-
rpeccuw. BarngHute OTHOWEHNE pa3MepoOB AKTUBHDbIX 3NEMEHTOB
Ha puc. 9.5.4: 567 M/4,72m = 4,72 /3,9 M= 12 Camblii annk-
HbIl aKTUBHBIA 3NEMEHT MNOYMTK AOCTAraer pasmepa NacCUBHOrO
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pednekropa, camblii KOPOTKUII — 3aMETHO KOpo4e crieayowero 3a
HUM MacCUBHOIO AVPEKTOPA.

BxoaHoe conportuBsnenuve anTenHst Ra B OCHOBHOM 33BUCHT OT
BONHOEOro cConpoTmeiienns ¢asupyioumx JmHuii Zo. Ra nonyua-
ercs ke Zo B 1,5...3 pasa. TeopeTtuuecku, npyu npoeKTUPOBaHMM
MOXHO 3anasarb moboe xenaemoe Ra, ekniouas 50 Om. Mpaku-
HeCKu Xe, uMmes B BUly KOHCTPYKTUBHYIO BO3MOXHOCTb M3rOTOB-
neHus nuHuin n yno6cetea cornacosammns, Ha KB nouytw Bcerpa
3analotr Ra = 200 Om (cornacosaHue U-konenom 1. 3.6.5.3 unu
¢epputoseiM LWINT 1:4 n. 3.5.6). OaHaKo BO3MOXHO U Henocpen-
CcTBeHHOoe nonyyeHue Ra = 50 Om. Mpumep npusenen B daiine
...5el_3ac_28_50.gaa. 310 Ta Xe camas aAHTEHHA, YTO U Ha
puc. 8.5.4, Ho ¢ Ra=500M u dasuvpyiowumm nuHmsmm ¢ Zo =
=112 OM. Buinonuurs ABYXMPOBOAHYIO NMHMIO C TakuM ZO He-
NPOCTO, HO BCE Xe MOXHO. Hanpumep, ucnonb3ys B KayecTse
NPOBOAAHMKOB NIMHMM BHELUHME OMAETKU TONCTOrO KO3KCUaNbHOro
kabens.

W3 nn. 9.5.1 n 9.5.2 crieayer, 4TO POCT YUC/TA aKTUBHBIX Bne-
MEHTOB, YBeNnn4nBaeT nonocy. JIOrMyHo NPeanonoXuTb, YTO 3Ta
TEHAEHLMS COXPAHAETCs U NP GONbLUOM YUCIIE 3KTUBHBLIX SIEMEH-
T08B. MNocMoTPpUM Ha puc. 9.5.5. OyeBUaHO, YTO €CIU Mbl npoaon-
XUM CTPYKTYPY aKTUBHOW s4yeiiku BNeBo 6onee AAMHHBIMUK 3/1eMEeH -
Tamu, a Bnpaso Gonee KOPOTKMMM, TO MONOCA AHTEHHBI Pac-
wupuTcs. Torna ans 6onee WUPOKOro AMana3oHa YacToT Ha HALLET
8KTUBHOM CTPYKTYpe HaleTcs MEecTO AAs aKTMBHONM 30HLl. Wnu
MHBIMU cnosamu, ans 6onee KOpoTkux U Gonee ANMHHLIX BONH Ha
Halllell aKTMBHOI CTPYKTYPE MOSBASIOTCS PE30HAHCHBIE SNEMEHTHI.

AHTEHHBI, NOCTPOEHHBIE MO TAKOMY NPUHLMIY, HA3LIBAIOTCS JO-
ronepuoanyeckumm. Mx nonoca oueHb Benuka. OHU MOryT COXpa-
HATb CBOU XaPaKTePUCTUKN NPYU M3MEHEHUM YACTOTHI B HECKONbKO
pa3. Takne aHTeHHb! Mbl U PACCMOTPUM BO BCEX cneaylowmnx na-
parpadax sToro pasgena.

9.5.3. Mpuxuun nocrTpoenus
NoronepuoanYecknx aHTeHH

Yrny6umcs B UAeI0, M3NOXEHHYID B MOCHEaHUX CTpokax npe-
Aeloyuwiero naparpaga. Pacnonoxum BAONb TPasepchl MHOTO ak-
TUBHBIX 3NEMEHTOB C YOLIBAIOWMMU PA3MEPaMit 1 NepPeKPeLLEH-
HBIMU NUHNAMU Mexay HUMK. Tak, 4yToBbl Ons Kaxaoi 4acToThl
MOXHO Gbino 6b! Halith 2...3 anemenTa ¢ pasmepamn  6IN3KUMU
K PEIOHAHCHBLIM. [lpuyem 3Ty BnemMeHTbl AOMKHB!I HAXOOWUTLCS Ha
paccTosHum 0,06...0,22% npyr ot gpyra (Ans nonyueHus OfIHOHA-
npaeneHHoit [H). Ho A, ectectBenHo, Mensercs ¢ yactotoli Mo-
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3TOMY BMECTE C U3MEHEHUEM pa3Mmepa aneMeHToB ob6s3aHo me-
HATLCH U PACCTOSHUE MEXAY HUMMU.

WHbiMu cnoBamun, HEOBXOoMMO, YTODb! HA HalleM AAMHHOM Ha-
6ope aKkTMBHLIX SneMeHTOoB ana moGol YacTOThl B Mpenenax 3a-
AaHHOK nonochl MOXHO Guino Obl Nokasats paBoTaloLlyio Ha 3ToM
4acToTe 2...3-3NEMEHTHYIO aHTEHHY C aKTUBHLIM NuTanuemM. U cka-
3artb: «Bor OH, HeBGonblioit KyCouek aHTeHHbl, paGoTaowuii Ha
A3HHOW 4acToTe. A OCTanbHbLIE 3NEMEHTbl Ha 3ToM AnuHEe BOJHEI
HEe UCNONbL3YIOTCH U cToNAT 6e3 aAena».

Takum 06pasoMm, B noronepuoavyeckoi auteHHe (JINA unu
B aHrnoa3biyHON nutepartype LPDA — a66pesuatypa ot log-periodic
dipole array) Ha ogHoil 4acToTe Bcerfa paboTaeT nulllb Manas ee
qacTtb. [NO3STOMY He cnefyeTr yauBAATLCSH, YTO KOPOTKOBONHOBLIE
JINA, nmes Gonbluoe uncno anemenTos {Ha KB obuiHo ot 6 fo 20),
No yCUREHUIO AOTArUMBAIOT B NyYlLEM CRyYae A0 YPOBHS OGLINHON
TPExX-4eTbipEXaNeMEeHTHOR Yaa-Hrn. Ho roesoputs 06 ycunenuu Ham
ewe pano. CHayana Hapo BuiGpaTth pasMepsl M cnocob paccra-
HOBKU QNEMEHTOB.

Ham Hapo, 4tobbl Npy poCTe 4acToThl, pPasMepbl 3NEMEHTOB
B ANNHAX BONH OCTaBaNuCh 6bl HEM3MEHHEIMU KakoMy 3aKOHY M3-
MEHEeHMs UX PasMepoB 3TO COOTBETCTBYET? BCNOMHMM, YTO Ha BCEX
rpadukax, roe BeNMYuHa MEHSIETCH CUNLHO, UCAONL3YIOT norapud-
Mudeckuii macwrab. Mpocto ans T0ro, 4106 OOMHAKOBO BULETH
U3MEHEHUs Kak NMPY O4EeHb ManblX, TaKk U NPU O4YeHb BonbLUMX 3HA-
HYeHUsax. ﬂMHeﬁHblﬁ MaCl.LITaG XKEe CUNbHO CXUMM3ET Masbie 3Hade-
HUg, HEe NO3BoNAs B HUX 4TO-nnbo paccMoTpeTs (3To, KCTaTH, rias-
Has npu4mrHa, novemy s orobpaxenus [1H UCNonbL3yeTca TONbKO
norapudmuyeckunii unu nonynorapmdmmuydeckuii ARRL macwitab).

3uauuT, yTO6BI AHTEHHA PABHOMEPHO Bena CeBsi B OYEHb LUM-
pokoii nosioce, Hapo, 4TobkI ee CTPYKTypa OCTaBanach HEM3MEHHOMM
MPpY U3MEHEHUM 4aCTOTHI A0 norapudmmMyeckoMy 3akoHy (oTciona
M HA3BaHue: aHTEeHHb! C norapudmMUYecKoil NepUoanHEeCcKon CTpyk-
TYPOii, Mnu Ans KPaTKoCTU — noronepuoavyeckue). 310 COOTBET-
CTBYET FEOMETPUHECKUIA NPOrpeccun, OQHO M3 CBOMCTB KOTOPOIA:
norapudmMbl YNEHOB reOMETPUYECKOI Nporpeccun obpasyioT nm-
HEIHYIO apUhMETUYECKYIO MPOTrPECCUIO.

Takum obpazom:

H3 coobpascenuii odunarkosocmu cmpykmypst aumeHHsl Ha RiO-
boii vacmome pamepor a1emenmog JITIA doaacrbr 0Bpazoseieams 2eo-
MEMPUYECKYIO NPOZPecCUro.

Nepuon aToli nporpeccumn (10, HA HTO Mbl YMHOX3EM MHY
npeabayLIero aneMenTa, YTobbl NONYYUTh A/IMHY CAELAYIOWIEro 33 HUM)
WUMEHYETCH T 1 SBNSETCA OAHUM U3 BaXHENLLUX napamerpos JIMA.
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ECnu 0TMETUTb PE30HAHCHLIE Y3CTOThl SNEMEHTOB Ha rpadwuke
G norapupmmieckum Macirabom YacToTbl, TO PACCTOSHUE MEXRY
COCeAHUMUI YaCTOTaMM HUMKU GyaleT NOCTOSHHBIM 1 paBHbiM log {1/1).

PaccmoTpum aonyctumble rpaimubl T. C OfIHOM CTOPOHbL, Nepu-
oA scerpa AOMKeH GbiTb MeHble 1, MOCKONbKY Kaxablii cnenyio-
LMii anemMeHT nomxeH ObiTb KOpoYe npeabayLLero (npu t=1 BCE
SNEeMEeHTbl NoNy4yaloTCn oAHoro pasmepa). C apyroi CTOPOHLI,
T HE A0NXeH ObiTb CAULIKOM ManbiM, MHavye pazMepsl 3NEMEHTOB
GynyT MeHaTbCs CAMKoM GLICTPO fiNst TOrO, YTOOBI HA Kax ol
43CTOTe Halwnack xoTa 6kl napa 6onee-mMeHee PE3oHUPYIOWMX arie-
MEHTOB.

Cpashute, B 06bMHOM TPEXINEMEHTHOM aHTenHe Yaa-§firv, pas-
Mepol pednexktopa Gonblue BuGpaTopa Ha HECKONLKO %, a pa3me-
Pbl ANPEKTOPA Ha TE Xe HECKONbKO % Mexblue. To eCTs MHOXU-
TeNnb U3MeHeHus pasmepa (Nepmos) B TAKOH aHTEHH COCTABRsieT
0,97...0,95. Takoii (BepHee, Y4yTb MeHblUe U3-332 HEKOTOPOrO BRUS -
HUS COCEAHUX SNEMEHTOB) T NPMMEPHO U TpebyeTCcs o8 Toro, YTo-
66l B JIMA Ha Kaxpoi 4yacToTe NONHOLEHHO pabotanu Tpu ane-
MEHTa, 1 4TOObl ee yCuneHue NPUMEepPHO COOTBETCTBOBANO Gbl
OObINHOIA TPEX3nEeMEHTHOW anTeHHe Yaa-firn. Ho cTonk HeBonbiuoe
M3MEHEHWE PA3MEPOB OT INEMEHTA K 3NEMEHTY NPUBEIET K TOMY,
4TO ANst LWMPOKO NOROCKI MX NPUAETCS CTaBUTb OYEeHb MHOFO. Jlo-
NYCTMM, HaM HanE, YTOOLI Pa3Mepbl BNEMEHTOB U3MEHSINMUCL BABOE.
Npu 1=0,92 pna storo notpebyeTcs 9 SNEeMeHTOB, Tak Kak
0,92° =~ 0,47. [eBsaTb 3NEMEHTOB ANS TOro, STOGLI U3 HUX pabora-
N BCEro TPU — HAKIZOHO BLIXOOMUT.

3aberas Bnepes, CKaxy, 4TO AEBSTYU SNEMEHTOB npu T = 0,92
HE XBaTUT AN ABYKPATHOrO NepekpeiTvs no yactore. Bo-nepsbix,
nocneaHuii pegnektop AonxeH GwiTb AnMHHEE CaMoil AAMHON
NONYBOJHLI, 3 NOCNEAHUIA AUPEKTOP — KOPOUE CamMOil KOPOTKOW No-
JyBONHLI. BO-BTOpEIX, €CTb Takoe NOoHATME, KaK KO3(PPUUMEHT uC-
nonb30BaHMs akTuBHOW obnactu, ewe Gonee paclmpsiowee Tpe-
Gyemoe namenenme pasmepos. B oBuiem, ytobut JSINA nepexpuisana
ABYKPATHBI [Mana3oH 4acToT ¥ npu 3toMm umena Ga, cooTeBeT-
CTBYIOLIEE TPEXaneMeHTHON Yaa-Sru (8...9,5 dBi B ceoBoaHoM npo-
CTPaHCTBE, B 33BMCUMOCTU OT PACCTOSIHUSI MExay SNEeMEeHTamu),
notpebyercsa 10...12 anemeHTOB. MHOroBaTo nonyyaercs.

Noatomy 1 cTapaloTca cHMxXaTb. HxHas AOnycTuMmas rpaHuua
7 = 0,8. Mpu MEHbLLUX T PA3MEPLI BNEMEHTOB HAYMHAIOT TaK PE3KO
OTNU4aTBLCH APYr OT APYra, YTO O HanpaslieHHbIX CBOWCTBAxX U yCU-
JNIEHUUN BHTEHHBI rOBOPUTL YXe He npuxoautcs. Kpome Toro, 60onb-
LIOE OTNIMYUE B pa3mepax COCEIHUX INEMEHTOB NPUBOAUT K POCTY
KCB mexay 4actoTamu, Ha KOTOpPbIX PE3OHUPYIOT 3N1eMEHTh
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Takum obpazom, ponyctumbie rpasmuel 0,8 <1< 1. C poctom 1
cHmxaercs KCB u ynyuuiaeTcs ero paBHOMEPHOCTb B noJioce, pac-
Ter Ga, HO OZIHOBPEMEHHO BbICTPO YBENUYINBAETCH ANMHA TPpaBep-
Chl U YUCMIO SNEMEHTOB. TaK YTO T BLIGMPAIOT U3 KOMITPOMUCCHBIX
cooBpaxeHuii Mexay YACNOM SNEMEHTOB (TO €CTe pasMepaMu aH-
TEHHbI) M BNEKTPUHECKUMM XapaKTEPUCTUKaMU (yCUneHuem, cra-
6unsHocTuio KCB B nonoce).

LpyruM BaXxHERLLMM NapaMeTPOM, 3343BaEMbIM KaK NCXOOHBIA,
npu paspabotke JIMA, aBnseTca ¢ — PaccTosHue MexXay aNeMeH-
Tamu B A. Ho A meHsieTcs B JIMNA ouenb cunbHo. OT Kakol MMEHHO
OnMHbE BOnHbE BepeTtcs o7 [enaercs TaK: MULETCs 4acToTa, Ha KO-
TOpOi NepsbIii, Camblit ANVHHBLIA SNIEMEHT NBNKETCS MONYyBOHO-
BbiM. JLNMHa BONHLI, COOTBETCTBYIOLLASR STOI 4acToTe, YMHOXaeTcs
Ha ©, NOAy4aeTcs PaccTosHue A0 BTOPOro anemeHTa. [anee sce
NOBTOPSETCS, TONLKO BMECTO nepsoro aneMenta Gepercs pes3o-
HAHCHAS [OAMHA BOJiHLI BTOPOro. IOCKONbKY 3NIEMEHTeI C POCTOM
MX HOMEPA YKOPauMBAIOTCH, COOTBETCTBEHHO YMEHLLUAIOTCH u (u-
3UYEeCKMUe PacCToaHUS MEXAY HUMM. 3TO OTBE4AET HALLEMY UCXOA-
HOMY yCniosuio: ans moboii 4acToThl B npefienax paboyei nonocs!
MOXHO HaitTu 2...3 anemeHTa C pasmepamu, OnM3kuMM K pezo-
HAHCHBIM, U PACCTOSHME MEXay Humu OyaeT Bcerzia noCTOsH-
HbIM (C), ecnu M3MEPsTb B [LIMHAX BONH 3TOW 4aCTOTh!.

C HEKOTOPOI HATSXKONA MOXHO CKa3aTb, YTO YUCNEHHO C noKa-
3LIBAET TO XE CaMOoe, YTO OTNIOXEHO NO ropU3OHTaNbHOK OcU rpa-
¢duka puc. 7.2.2 (paccTosHue Mexay 3nEMEHTAMU OBYX3NEMEHT-
HOI Yna-$iru) vnu nOnoOBMHY 3HAYEHUs MO TOPUBOHTANbLHON OCH
rpadumka puc. 7.2.12 (anuna TpaBepckl TpEXANEMEHTHOW Yaa-5irm).
Kak cnepyer na aTMX PUCYHKOB, pasyMHble mpefaenst paccronHus
MEX/Y COCenHUMM anemeHTamu coctaensiot 0,05...0,22. Ans JINA
a3t umdpsl OCTaTCS cnpasennusbiMu. CreposarensHo, AonyCcTu-
muie npepensl: 0,05 <o < 0,22,

Kak y B 0ObiuHbIX aHTeHHax Yaa-frm, ysenuuenne paccroaHus
(1O ecTb ©} Mexay anemenTamu B JINMA NpUBOAUT K POCTY yCUNEHUA
u 6onee crabunsiomy KCB B nonoce. YMEHbLUEHUe xe {To ecTb
[AVHBL TPABEPCHE) K NAAEHWIO yCunenus U K Gonblueli peakTMBHO-
cmm (cootBetcTeeHHo, KCB). Tak kak JIIA copepxuT MHOro ane-
MEHTOB, TO AAMHA TpasepcCh nonyyaertcs 6onbiior OuesnaHo, 41O
oHA NPSMO MPonopuMoHanbHa o©. FosToMy GONblME 3HAYEHUA G
ucnonb3yioTcs Tonbko Ha YKB, roe ¢m3anyeckas nnmHa Tpasepcot
Hesenvka. Ha KB e ¢ nouTu nukorna He 3agatoT Gonbise O 1.

Teopetuuecku, npu nocTpoexumn JINA ykasaHHbIM BbiL€ Crno-
coBOM, €€ nonoca MOXeT ObiTb CKONb YroaHO LWMPOKOW (OTBne-
yemecs ot npobnem ¢ duanyeckon peanudaumeii 6onbLIOro KoNU-
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4ecTBa 3NeMeHTOB). TpakTMYeCKn Xe OKal3eliBaeTCH, HTO Npu no-
neiTke cpenatb auanaloH JINA 6onee YeM AeCaTUKPaTHLIM, CyLue-
cTBEHHO yxypuaetcs ¢dopma [H (uanysenue B6OK v Ha3ap) Ha Bep-
xHuX paboumx wactorax. NO3TOMYy OTHOLUIEHME BepxHel paBoueir
qYacToTel JIMA Kk HuxHel He npeswiluaer 10. Ho n 310 orpomHas
undpa, HEAOCTUXMMAN Ans APYrMX TUMOB aHTEHH {axe NpPoCTbIX,
HEHanNpPaBneHHblX, CM. . 4.1.3.2 n 4.2.8).

9.5.4. Mopenuposanuue JiINA

Bce moaenu, ynoMuHaemele B 3TOM naparpade, Haxopatcs
B narnke ...ANT\Phased\Log\.

Kak caenats mogens JINA? Kak OOLIMHOM aHTEHHBI: 4TO-TO «Ha
rnasok» HapucosaTh B OkHe MNMpaBka, a 3aTeEM N0 Pe3ynsTaTaMm pac-
4eTa noaAnpaBuTb BPYYHYIO MM onTumMu3aumein? lNposepeHo —
HUYEro XOPOoLWero He BeliiaeT. B nyywem cnayyae, noTpatue MHOIO
CUN U BPEMEHM, Bbl MONYHYUTE MOAENb XOTs U Kak-To paboraio-
LyI0, HO He onTuManbHylo. Benbp pasmeps JIMNA aonxkHbL noayYm-
HATLCH CTPOrMM MaremMaTuyecKMMm 3I3KOHOMepHocTaM. U Bepost-
HOCTb MON3naHus B HWUX NPU PYYHOA MNIKM aBTOMATUYECKOW
ONTUMU3aUUKM KpaliHe Mana. Yxe xorts Obl MoToMy, 4TO Npu RIo-
6oMm uamenenun B JIMA ee xapakTEpUCTUKU HAZO MPOBEPSTL BO
BCeli paboueit nonoce, 2 3T0 OYEHL TPYAO- U PECYPCOEMKO.

B obiuem. pazmepst JIMA Hapo cpaly 3aaasaTb TakumMH, Y4ToOL
OHK COCTaBASNIN FEOMETPUYECKYIO MPOrPeCcCHIo AN 3a[3HHLIX T U O.
To eCTb, NPEeaBapUTENIbHO PACCHUTHIBATL UX.

...HyTb OoTBnekycb oT Tembl. C aHTenHamu Aeno 06CTONT NPUMEPHO TaK
xe, kak ¢ LC dunbrpamm B paauoTexumke (KCTatv, 3Ta aHanorus He CAy-
YaliHa — aHTeHHbl 3TO aefb ToXe HaBopPb! KONEGAaTesbHLIX KOHTYPOS, TONLKO
pacrnpefenerHblX B NpocTpaHcTee).

Ecnn dunsTp y3kononocHbitt, MOXHO 060HTUCH 6€3 ero TONHOTo Npea-
aapuTesibHoro pacveta. KoweywHo, AyHllie paccumrarb, HO U 6e3 MaTeMaTUKu
FICHO, 4TO MOXHO BPYNHYIO HACTPOUTL BCE KOHTYPH! GULTPA HA 33[aHHYI0
CPEAHIOIC HaCTOTy, a Urpas BEMNMHON CBA3U MEXY HUMU, NONYYUTL 3a-
Aanuyio nosiocy. NpuMepHO Tak xe, Kak B OHOAMANA30HHON AHTEHHE
Yna-frn.

Ecnu xe GunbTp f0MKEH UMETE O4EHDb LLUMPOKYIO NOAOCY U MaKCUManb-
HO Nnockyio AYX B Hell, TO TYT yXe HUKAKUE BOJSIBHOCTM C PYYHMOD Ha
CTPOYKO#H HE NpoNayT. KOAMNeECTBO cTeneneit cBoBoabl Tak BEAVKO 4TO,
[axe UMes U3MEPUTESTb aHanu3aTop, MFHOBEHHO TNOKassiBawowmii AYX
dunabTPa, HacTpPoUTL GUABLTP Kak Haflo HE ypaeTcs (Tak, Gonee-meHee OT-
AaneHHble NPUBINXEHNR).

LLUvpoxononockble GUALTPL BENZI0TCA NO- UMOMY' TOYHLIM MpefBa-
pUTENbHLIM PACHETOM U NOCREAYIOWEN YCTAHOBKOM [ETANEN C PACHETHbI-
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MM HOMMHanamu. Hactpoiika cBogUTcst K npoBepke AYX, U ecnNi 4To-T0
HE B Nopspke, TO vwetcs owmbka MouTaxa, noabopa HOMUHANOB WK
pacueva.

Tak BoT, JIMA — aHanor WMPOKONONOCHOro ¢dunsTpa. U pabo-
TalOT C HUMKU TOYHO TaK XE: CHayana PacCHMTLIBAIOT MX TOYHbLIE
pasMepbl, a 3aTeM yCTaHasnUBAIOT UX B MOfEeNb, U yBexnaloTes,
YTO BCE B NOpsifIKe.

®Dopmynsl pacyeta paamepos JINA npuBoauTL He 6yny. Mpo-
CTO HE BEepIO, YTO OHU KOMY-TO NOHAnoBATCa ans PydHOro pacuye-
Ta. Beab 8 GAL-ANA uMEETCs OKHO CO303HMSt rOTOBbBIX 3HTEHH,
BhinonHsiiowee pacyer JINA asTomatuyecku. MpoCcTo HaXMUTE KHOMN-
Ky Co3patb rovoByio aHTEHHY Ha NAHENN MHCTPYMEHTOB rABHOro
OKHa u BbibepuTe Tun JIMA. B oTkpbiBILIEeMCs OKHe pacueta JINA
3apalite: Tpebyemble HIDKHIOI U BEPXHIOD YaCTOTH Fuvn ¥ Fyax,
T U © (4TOBbl Bel CMOMNIM STO rPamMOTHO CAENATb, U GbUT HANUCAH
n. 9.5.3) u Tpebyemoe BxoaHoe conpotusnenue Ra.

Mo aTum ycnosusm B rnaBHOM Oke ByaeT aBTOMATMYECKU CO-
3HaHa roTtosas Moaens JIMA ¢ npaBunbHLIMK PA3MEPaMM BNEMEH~
TOB, nuHUsMKU Ga3npPoBaHMs, NCTOYHUKOM. Bam oCTaHeTcs) TOnbko
ee nocuuTartb. M coxpannte, ecnm oHa Bac yctpamsaer. A ecnm He
YCTpaunBaeT, BepHyThCa B OkHO Cosnath roroeyio aHtexny — JIMA
1 caenatb HOBYIO Moziens JIMA, uaMeHMB HayanbHuie napameTpel
pacuera.

HeGonbuioe 3ameuanve o suibope Ra B okHe Cozpam rovo-
By10 aHTeHHy — JIMA. KOHeuyHO, 0ng CTOMb LWMPOKONONOCHO!H aH-
TEHHBI Kak noronepuoanyeckas ynobHee scero umets Ra = 50 Om.
Onrako, kak ynomuHanocs B n. 9.5.2, npu 9TOM BONHOBOE CONpo-
TUBneHve ¢asmpylouen nuHMM Zo MOXET CTATb HACTONbKO HU3-
KUM, 4TO peanu3oBartb Takyld ABYXNPOBOAHYIO nunuio Ha KB cra-
HOBUTCS HEPEanbHLIM.

B aTom crnysae npuaerce swibpars Zo = 200 Om (cornacosa-
Hue LUNT 1:4). Ha stom MoxeT noacteperartb Apyras 6ena: pac-
4yeTtHoe Zo nonyuurca seilwe 650 OM. Peanuzosats TaKY0 NMHUIO
Ha KB Henb3a n3-3a cnulikoM 6onbLIOro paccTosHus MEXARY Npo-
BOAHMKaMU. K TOMy e, nMHUSI C OYeHb BiICOokMM Zo Gyaer umern
3ameTHoe usnyyenue B BH yactu nonocet (n. 3.2.2), ucKaxaioree
OH anTtenHoi cuctembl. Y4T106bI M36GEXATh aTHX HENPUATHOCTER,
MOXET NOTPeBOBATLCS M3MEHUTL T U G, TAK KAK OHU BAUSIOT (x0Tt
1 B Hebonbwwoii crenern) na Zo. MonesHo 3HaTh, yTo npu ¢ukcu-
poBarHOM Ra BO3paCTaHue T HEMHOrO ymeHbwaer Zo, a pocT G
noaxuMmMaeT Zo A0BOMIbHO 33aMETHO.

Otmeny, yTo pacyeT Zo B okHe Co3parth FOTOBYIO AHTEHHY —
JINA penaetcs ynpoLLEHHO, NO3TOMY B FOTOBOIA MOAEAM MOXET
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VMETb CMbLICH noAorHaTe Z0 $asupyiowlinx NMHUA N0 MUHUMYMY
KCB B nonoce.

Npumep TpuHapuammanemenTHoit JINA 13,5...30 MIu ¢ © = 0,92
n o=0,08 npusepen B daiinax ...13el_Log_20_10_line.gaa,
13el_Log_ 20_10.gaa u Ha puc. 9.5.6. [lnuna Tpasepcs 14 M, ca-
MblA ANMHHBLIR 3nemenT 11,1 M, camblii kOpoTkuii 3,8 M.

13,5 MI'n,
Puc. 9.5.6

Ha puc. 9.5.6 nokasana mogens 13el_Log_20_10.gaa, B kOTO-

poit nuMHMKM onucaHn He nuduamu NEC2, s HaGopom nposonos.
KoHeyHo, 0Bbi4HO Tak Mofienyu He fenaloT (B0 ouYeHb TPYNOEeMKOo),
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mvHuamn NEC2 ropasgo npoue v ynobHee ans cosfaHus u pe-
Aakmposanus. Ho B AaHHOM Chydae 8T0 cAenaHo CrieumansHo,
4TOOBI U3YUnTL PacnpeneneHne TOKa He TONbKO B BNEMEHTAx, HO
1 B dasupylowmx nuuusx (NEC2 He nokasblBaeT TOKU B JMHUSX,
CO3MaHHbBIX KK YeTHPEXMOMIOCHUKM ).

Wrak, aemHetcs chmuldy BBepx no vactoTe M puc. 9.5.6. One-
MeHTel 6yneM HymMepoBaTh C/iesa Hanpaso.

Ha 30 MIu aktiBHas 30Ha nOAKMONEHA NMPSMO K NCTOYHUKY
¥ pacrnonaraerca Ha sanementax 11, 12, 13. Jleeee 11-ro anemenTa
TOK B uHuK GuiCTPO y6eIBIET, a nesee 10-ro npakTMyecku OTCyT-
CTBYET.

Ha 24 MI'y aktuBhaa 30Ha CMeLWZeTCs Ha aneMeHTbl 8—11.
12-% n 13-i1 aneMenTBl yXe He BO36yxaeHbl. TOK No NMHUM Mexay
STUMU INEMEHTaMM NPAKTUNECKU HEUBMEHEH M0 aMnnuTyze, STo
roBOpUT O Gerylueii sBonHe B NuHUM Mexay 12-M u 13-M snemex-
Tamn. Jlesee 7-ro 3NEMEHTA TOK B JIMHUU OTCYTCTBYET, YTO FOBOPUT
O MONHOM NOTNOWEHUN MOLLHOCTU NEPeAATYNKA AKTUBHOW 30HOIA.

Ha 19 MI'y akTuBHas 30Ha yxoamT Ha anementsr 5—8. Otuert-
NMBO BUBOHO, YTO NuHMS OT 8-ro A0 13-ro aneMenTa CornacosaHa,
TOK B HEli HEeU3MEHHbIA. TIEPBLIE YEThIPE BNEMEHTA He BO306yxaa-
107CH. TOK UCTONHMKA [0 HUX MPOCTO He AoXxoamT. OH NepexeaTwi-
BAETCs aKTUBHON 30HOW U U3NyYaeTCs B aup.

Ha 16 Mry, Bce, B npuHUMnE TO *e camoe, HO MEHSIIOTCS HO-
Mepa anemeHToB. B pabote Haxoastcs anemeHTsl ¢ 3-ro no 6-it.
Ot 6-ro oo 13-ro anemenTa B NUHUK Geryiuas BONHA, a B subpa-
TOpbl TOK HE 3aTEKAeT TaK KaKk OHU C/MILKOM KOPOTku. Mepsbie
ABa ANEMEHTa U NUHUM K HUM NOAKNIOYEHHbIE OCTAIoTCS 6e3 TokKa.

Yactora 13,5 MI'u — 3TO HUXHUI KPal $aCTOTHOrO AMANAz0-
Ha. MNoaTOMY aKTUBHAS 30HA PACMONOKEHA HA CaMBIX ANMHHLIX SNe-
MeHTax G 1-ro no 4-ii. AnemenTsl ¢ 5-ro no 13- He Bo36YXAEHHbI.
A B NMHUM, NPOXOASLUEN YEPE3 HUX pexum Geryluei BONHb: noy-
T Hem3MeHHas aMriMTyaa Toka. Ewe pas obpatum sHuManve Ha
Kaxyuieecs HeCOOTBeTCTBUe: Z0o camux Gasupyiowmx nuHUi
cocTasnser okono 400 Om, a Gerywias BONHa nony4aeTcs Npu Co-
npoTusneHun nctodHurka 200 OM. Ho oumbBkun HeT: noaxioueHHbIe
K NIMHUN KOPOTKME MONOBUHKU KOPOTKUX (B JAHHOM cayyae ¢ 5-ro
no 13-i) SNeMEeHTOB YBENUYUBAIOT €€ NOrOHHYIO EMKOCTL, HTO 3K-
BUBANEHTHO CHMXEHUIO BOSIHOBOrO CONPOTMBAEHUS BCEI CTPYKTY-
pu (da3upylolme nuHuM + anemenTs) B uenom (n. 9.5.2) no
200 Om, NOSTOMY ¥ NONYYAETCs XOPOLLEe COrnacoBanue.

K nepsoMy anemMeHTy, KpoMe NUTAIOLLEH NUHUM, SOMONHNTENb-
HO NMOAKAIOH3ETCS KOPOTKO3AaMKHYTHIA OTPE30K nuunu Ha puc 9.5.6
OH rOKa3aH 3arHyTblM BHU3 M HA3a4 BAONb TPABEPCH! (KOHCT-
PYKTMBHO OOLMHO Tak U BunonHsercst) Wamensis ANUHY 3TOro
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0Tpe3Kka MOXHO YnydlMTb cornacoBanme u F/B B HuxHel yactu
paboyeii nonocel.
3asucumocts KCB o1 4acToThl @aHTeHHbl puc. 9.5.6 nokasana
Ha puc. 9.5.7.
Mpu Ra = 200 Om nonoca cocrasnser 13,5...30,5 My, no ypos-
Hi0 KCB < 2, npuuem ot 14 no 29,5 My, KCB Hu B opHOIl Touke
He npessiuaer 1,3.
Kak u y nioboit wmpokononocHoi antennsl, KCB JIMA B nonoce
He paseH CTporo 1, a HemHoro konebnercsa. B JIMA 310 cea3aHo
C TEM, YTO NpY NNABHOM M3MEHEHUM YACTOTH! YCHOBUS BO3BYXae-
HMUS HEMHOIO MEHSIIOTCS. Ha Kakux-TO 4acToTax AAvHA OOHOro U3
SNEMEHTOB TOYHO PE30HAHCHAas, TO TaMm Gyaer mMuHumMym. Ecnau
CABMHYTBLCS MO HAcTOTE B CTOPOHY, TO MO NyTY K PE3OHaHCY Cre-
AYIOUWEro 3SNEMEHTA BO3HUKAET CUTyauus, KOraa npeasbiaywimii
3NEMEHT YX€ BHILLEN U3 PE30HAHCA, a CReAyIoLMil 3a HUM eLUe He
Bowen B Hero. MNosToMy HepaBHOMEPHOCTL rpaduka KCB ot uac-
TOThl JIMA HOCUT NPUHUMNUMANLHEIR Xapaktep U He MOXeT ObiTb
MOSIHOCTLIO YCTPaHEHA.
HepasnomepHocts KCB ymeHblaeTcs npu:
® YBENNYEHUN T U CBA3AHHLIM C 3TMM POCTE YUC/ia SNEMEHTOB.
Pa3mep 3aneMeHToB npy STOM MEHSAETCA MEpNEeHHeEe, CneaoBa-
TENLHO, YMEHBLLAIOTCS NPOMEXYTKM MEXAY MX PE30HAHCAMU;

e BO3PaCTaHUM G 1 CREQYIOWUM 334 3TUM YI/IMHEHUEM TPaBeEp-
Cbl. 31O npossneHue obuiell aakoHomepHocTU: Bonee AnH-
Hbl€ aHTEHHBI MMEIDT Bonee cTabunbueii KCB.

Ecnu npu umpokoit NONoCe KORMYECTBO 3NEMEHTOB HEBENUKO
(13-3a manoro t), vo Mmakcumymel KCB B nonoce moryrt fiocturarb
2...3.

Hepepnxo JIMA Gyzer pabortats He BO BCel NOnoce Henpepbis-
HO, 2 NUUlb B €€ OTAENbHBIX, Y3KMX y4acCTkax (Hanpumep, niobu-
TEeNLCKMX AnanasoHax). B atom cnyyae, ecnv OMH U3 MakCuUmy-
Mo KCB nonapaer Ha paboumnii y4acToK, MMEET CMBICR CMECTUTL
ero. Jlna aT0ro HEMHOFO NOACTPaMBAIOT pasMep BO3BYXAaIoumx-
Cs B 3TOM y4aCTKe 3neMeHTOB. Tak, B aHTeHHE puc. 9.5.6 paszme-
pel aneMeHToB € 8-ro no 11-W HEeMHOro NEAOrHaHLl Tak, STOOK
nonyunts MuHuMymel KCB Ha 21 u 25 My (mobutensckue pva-
nazods 15 1 12 m).

dopma asumyTtanbHoi [H, kak u nonoxeHo JINA we 3asucut
OT 4acToTh!, Yeunexnmne okono 8 dBi (B ceBoboaHOM npocTpaHcTee).
3aBucumocTs F/B OT 4acToTel aHTeHHBl puc. 9.5.6 npusenena Ha
puc. 9.5.8. Bo BCeli nonoce noaasBneHne nanyyeHus Ha3ap npe-
eeitaeT 25 aob. CHuxenue F/B na rpaduke or 24 no 27,5 My
BEpOATHO SBUIOCH CAEACTBUEM U3MEHEHUs Pa3MepOB 3fIEMEHTOB
8—11 npu nogroxke mMunumymos KCB Ha 21 u 25 MITu,
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Hano 3ametutb, 4T0 nonysenve Buicokore F/B B JINA BoBce He
rapaHTupyercs aBromarmuecku. OHO 3aBUCUT OF T U ©. [pn Heko-
TOPLIX 3HAYEHRUAX 3TUX NapameTpor F/B nonyuaercs xopoimm, npu
HEKOTOPLIX — HE OYeHb. HanpumMep, npu Manbix 3HAHYEHUSX T U ©
(06a napamerpa BOGMMSY HUXHMX JONYCTUMLIX rpaHul) F/B Hese-
AUKO ¥ COCTABNSIET BCErO HECKONLKO aeuuben Ha HWXHen yacTo-
Te, nogHumasnce A0 10...15 ob Ha BepxHeit (pacter Bchencteue
BKPaHUPOBAHNS HU3KOYACTOTHLIMY ANEMEHTAMM).

9.5.5. Konctpyxuuu JINA

Bce mopenu, ynoMuHaembie B 31oM naparpade, Haxonsrcs
B nanke ...ANT\Phased\Log\.

NokasaxHas B KayecTBe unmocTpaumwn Ha puc. 9.5.6 JIMA, a1o
paboyasn, rovosas koHcTpykuus. Ho, koHeuHo, e xnacc HIA
HE ucHepnuIBaeTCs. JIoronepuoavieckue aHTeHHL! HACTOMBKO Pas-
HOOGpasHL! NG NpumMereHusM (0COBEHHO B nPOdECcCUoHaNLHOM
PanUOCENA3UN) 1 KOHCTPYKUMSM, HTO NO HUM MOXHO 6btno Obi Ha-
nvucare OTAENbHYIO KHUry. HO Hac Bnepenn XAET eLe MHOro vH-
TepecHoro, noatomy He Gypny rnyboko 3akanuieathes B Temy JIMA,
v B 3TOM naparpacde npueeny Nullib HECKONLKO YOAYHLIX aHTEHH.

Ha KB pna pagvomoGureneit npencraensior unvepec JINA,
nepekptiralowme sce BY pguanazonbt ot 14 no 28 My, OpHa us
Takyx aHTEeHH NOoKa3aHa Ha puc. 9.5.6. ITC XOPOoLLIAs KOHCTPYKLUS,
¢ Huskum KCB u Buicokum ana JIMA ycunenvem. Ho v3rotoButh
1 YCTaHOBUTL ee TpyaHO: 14-merpoeas Tpaeepca, 13 anemMeHToB
13 Teneckonuyecknx Tpyb, pacxop Tpyb Ha anements okono 80 m.
Takue unudput 3aCTaBAIOT 33yMaTLCH O CHUXXEHUM Pacxonos. Mep-
BOE, 4TO NPUXOAMT HA YM: YMEHBLLUTL YMCNO 3NEMEHTOB U [INHY
TPABEPCh, NOHUXAA T U G 0 MUHUMYMA.

Ha puc. 9.5.9 v B daiine ...7el_Log20 10.gaa nokasana cemu-
anementHas JIMA 14—30 MMy, Alnuna ee Tpasepcul Bcero 4,5 M.
U xo15 ee anemeHTL! TOXE BLINORHEHL K3 TpyD, aAng peanusauymu
TPebyerca HaMHOrQ MEHbLLLE CPEACTE U MECTA, YEM ANS AHTEHHB
puc. 9.5.6. Yem 32 3TO NPULLAOCHL 3aNAaTUTL?

o CHusunock ycuneHue. Ono Mensiercs or 4,8 dBi va 14 My,
no 5,7 dBi no 29 My, 370 ypoBeHb BCEro nuiilb OOLMHOMN
{npuyeMm, paneko HEe RyHILEH) ABYX3NEMEHTHOM aHTEHHb
Ypa-Hru (n. 7.2.2).

o KCB B nonOce MEHSETCs AOBONKHO CUILHO, AOCTUras Ha He-
KOTOPLIX Yacrorax 2,5 (Ra = 200 Om).

o lopaenenue wanyyenus Hasap He pagyer: Ha 14 MMy F/B
cocraenaer Bcero 7 pb, a Ha 29 My F/B = 14 nb.
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; 2-262-2660mm T SWR =1.34 (200 Ohm)
i Ga=56c8i

10,95 M Y
Puc. 9.5.9

Apyroi BapuaHT otHocuTensHo HebBonkwon SIMA na nonocy
14—29 MI'y nokasax B ¢aitne ...log14_30.gaa. 310 wecTaneMeHT-
Hag aHTEeHHA C AnuHOW Tpaeepchl 4,9 M. Bepnee, aByx Tpasepc.
Ana nonyvenus BxopHoro conpotvenerus 50 Om dasupyiowias
RUHNS UMEET OdeHb Huskoe Zo =70 OM. U BuiNORHEHA OHa Kak
ABE napanhenkLHbie AOBORLHO TORCTHIE TPYOuI-Tpasepcht, pacno-
ROXEHHLIE Ha ORM3KOM paccTosHuM oaHa Haa opyroit. Heobxoou-
MOE NEepeKpeMBaAHNE TOYEK NUTAHUSE AOCTUIAETCs TEM, H4TO NO-
ROBUHKY 3REMEHTOB NOOKMOYAIOTCH K BEPXHER U HWXKHEN TPaBepce
B wWaxmarHom nopsinke. KCB or 14 no 29 My He npeBwitliaeT 2,5.
Ycunenue pacter ¢ wacroroi ot 4,7 no 6 dBi, F/B rakke Bospac-
Taer ¢ Yacroroit or 6 no 12 dB. B ofuiem, noyty Takve xe napa-
METPHI, Kak ¥ Yy NPEeabAyLeit aHTEHHbI.

B obwem, napamerpst KOpoTxoii SIMA ¢ HeBGORbLLWM YYCIOM 3ne-
MEHTOE ¥ ABYKDATHBIM NEPEKPLITUEM NOC YacTore He GnewyT. You-
ReHVe HuXe nByxanemeHTHOW Ypa-firn, nesaxHoe F/B, KCB no
2,5 B nonoce. W Gonbluoit pacxop, Tpyd Ha 3NEMEHTH 1 TpaBepCy.

Ho okaswiBaercs B SIMA moxno oboiituck BooGwe Ge3 Tpyo.
bornee voro, Tak walue BECero ¥ nocrynalot. BCcnoMuum, 3ayem Mot
VCNONRbL30BaANWU TORCTHIE TPYOUATHIE 3REMEHTH B OOLIMHOW aHTEHHE
Ypa-fru?

1. U3-3a HU3koro Ra v CBSA3aHHLIX C 3TUM OGORLLUMX TOKOB
B 3anemMenrax (n. 7.2.2). Ho B JINA tmnnuroe Ra = 200 Om. Moato-
My UCNORb3OBAHUE NPOBOROYHLIX YNEMEHTOE HE NPUBEOET K 3a-
MEeTHOMY CHuxeHuio Ga.

2. U3-3a HeobxoanmMocTy pacumperua nonock. Hy, 06 aroM-1o
B noronepuoauyeckoit anreHne saborurbcs ne Hapno. OTrHocu-
TenbHas nosoca JIMNA M3MEpsIeTCcs He NPoueHTaMu (Kak y OObiu-
HbIX Ypa-¢ru), a pasamu. NMPOBOROYHBIE 3REMEHTH U C ITON TOYKU
3PEHUSt HAYEMY HE NOBPEONT.
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3. U3-3a TpeboBaHus NapannenbHOro PaCNOROXEHUS SNEMEH-
TOB, HYXHOFO ANs NPaBWAbHOTO Tokopacnpenenenusa. Ho B JIMNA
NUTaHWE IREMEHTOB aKTUBHOE. TokOpacnpeneneHue Mbt YCTaHaB-
nuBaeM dasuvpylolmmMn avAusMu. [Roc 1o 06CcToATENLCTBO, HTO
OFpPOMHAs NONOCA ROFONEPUOANHECKOR AHTEHHLI «NPOCTUT» U30-
FHYTHIE BREMEHTLI.

Ja, A0 cvux Nop Mbi PACCMATPUBANKU ROTONEPUOOUNECKUE AHTEH-
HBl C npaMmbiMy 3neMmenTamu. Ho onu Boece He 06sa3aHLt Oblth
uMenHo Takumu. [lpumep nokasan B daline ...10el_Log30_
10m_wire.gaa 1 Ha puc. 9.5.10.

Pacnopka 13,5 M
Ty~ s TlonuMepuas pactixka
——

S —
S

N
e
Ay / ‘\ 1

iy OnMMepHas pacTxKa

Puc. 9.5.10

3r10 pecatuanementHan npoeonouHasn SIMA 9,8...29.8 My c t =
=0,87 v 6=0,06. nmna Tpasepcut 10 M, Ra = 200 Om, Zo =
=400 Om. B nonoce ot 10,1 po 29 My KCB He npestiuaer 1,7.
W3-3a MuHuManbHOro 3HadeHus o = 0,06 ycuneHne HEBERUKO:
3.9 dBi na 10 MlNy, 5,2 dBi Ha 14 My, 1 5,9 dBi na 28 MIy. F/B
Takxe nebonuioe: Bceso 4 b Ha 10 MMy (ckasancs V-06pasnuii
3arub anemenrToe), 10 dB na 14 My, 1 15 dB 1a 28 MINy. 370 Tu-
NUYHLIE 3HAYEHUS NPU CTORL LUMPOKOI NOROCE 1 HebonbwoM (AnA
TaKOW NOROCH!) YUCne 3NEeMEHTOB.

Hawn6onee unrepectbiv B anteHHe puc. 9.5.10 SBRIETCH KOHCT-
PYKTUBHOE pewenne. Tpebyetcs Bcero Tpu Tpybn. OpgHa Ha vpa-
BEPCY, APYFras HA ANUHHYIO PACNOpKy, MEPNEHAVKYNAPHYKD Tpa-
Bepce (13,5 m, nokazana cepbim Ha pyuc 9.5.10) K3 Tperben Tpy6bi
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BbIMORHAETCS NOCNEAHUA 3NEMEHT. A BCE 3REMEHTH U (a3upyIo-
LLME RUHWUY BLINORHEHL! U3 NDOBOROKM.

Mexay koHuamMuy pacnopku v NOCNEAHErO SREeMEHTa PacTaru-
BAIOTCS TORCTHIE NORMMEPHLIE LLHYPL!, K KOTOPLIM NOABASLIBAIOTCS
KOHLbI BCEX 3NEMEHTOB, KPOME NepBoro. Kowtst xe Nnepeoro sne-
MEHTA KPENATCA YEPE3 U3ORSATOPLI K KOHLIGM Pacnopku, OOHOBPE-
MEHHO urpas porsnb pacTaxek u obecneymBas YCTOMUMBOCTL BCEM
KOHCTPYKUMKW. AAns NPUAGHUSA XECTKOCTY KOHUbL NOCNEnHero ane-
MEHTA PaCTAHYTH LIHYpPaMu Ha TPABEPCY, KOTOpas KOHYAETCst He-
CKORbKO Aanblle NOCHEAHErO SREMEHTA.

PacxoAb Ha Takylo KOHCTPYKUMIO SHAYUTERLHO HUXE, YEeM npy
BLINORHEHUY 3NEMEHTOB U3 NapannensHblX TPYD, a pesynbrarthl
NORY4aKOTCs NpakTuyecku Taxue xe. Mo aton npuurHe nouty BCe
BPALLAIOLLMECS KOPOTKOBORHOBLIE JITTA BLINORHAOTCSH NPOBONOYHLL-
MU C KOHCTPYKUMER, aHanorvuyHoOW antexHe puc. 9.5.10.

Ecnu JINA ponxHa uMeth oaHO (rkCUPOBaHHOE HanpaeneHue
U3RYYEHUS, TO KOHCTPYKLMIO MOXHO ewte 6onee ynpoctutb. Xopo-
wee pewenve nokasaHo Ha puc. 9.5.11 v B ¢aiine ...13el_Slope_
10g20_10.gaa. 370 NPOBONOYHLA ananor aHTeHHb puc. 9.5.6. Paa-
Mepb 1 xapakTepucTuku (nonoca 13...31 My, t= 0,92 u ¢ = 0,08)
NPaKTUYECKN Takue Xe, HO 3arparbl 3HAYUTERbHO Huxe. Tpeby-
€TCSl TORbKO NPOBOROKA U TPW MauThl. [puyeM BMECTO AByX Hau-
GonbIIMX MauT MOXET MCNONL3CEATLCA CTEHA A0MA, TakK KakK W3-
nysyenmne JHIA B Ty CTOpOHY Mano, nosTOMY nOTEPM B AOME
NPAKTUYECKU HE CHU3AT YCUREHWE, a BOT F/B nOBLICAT. 3neMeHTbl
AHTEHHB PACTAHYTHI MEXAY ABYMSI TPOCAMU, MAYLMMU OT BhiCO-
KUX MauT K HU3KOMA.

Mpu Ra = 200 Om nonoca cocrtaensier 13. .31 My no ypoBHIO
KCB < 2, npuiem ot 14 po 29,5 My KCB nu B OaHOM TOYKE
He npesbittaeT 1,6 (HECKONBKO Xyxe, Hem y JIMA puc. 9.5.6 us-sa
6onee TOHKUX 3REMEHTOR ¥ HAKNIOHHOTO PACNOROXEHUs ).

dopma azumyTanbHo [H, kak v y Beex SIMA, He 3aBucur ot
4aCTOoTHl, YecuneHue okono 7,5 dBi B ceobonHoM npocrpaHctee. F/B
pacrer ot 13 pb Ha 14 My, no 22 nb na 18 My v pansiie avLb
HeMHOro konebnercs BOkpyr 3101 LdPL NPU POCTE HACTOTH,

Haknonnoe nonoxenue JIMA puc. 9.5.11 npunopHuMaetr Bep-
TUKaNbLHBIA YIOR u3nydeHus, HO 3T0 HeusOexwHas nnarva 3a ype-
LLIEBREHME KOHCTPYKUMW. BripoueM, nnara He CAMLLIKOM BLICOKA, Npu
yKasaHHbIX Ha puc. 9.5.11 pasmepax MakCUMyM WU3RY4eHUsl B 3e-
HUTHOW NNROCKOCTU HanpaeneH non yrnoM 16°, 4ro cnepyer cuu-
TaTt OYEHDL XOPOLLMM PEIYNRLTATOM.

3abaeHbiM ¥ peaM CBOMCTBOM aHTEHHBI puc. 9.5.11 asnaer-
CSsl HE 3aBUCALLMIA OT 4acTOTh BUA, [IH B 3EHUTHOK NROCKOCTY  AK-
TUBHAs 30HA, NEPEMELAACh C HacTOTON, B NAHHOW KOHCTPYKLMKW
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dusuieckn nepemMeLiaeTCs u No BLICOTE (BAO/L HAKIOHHOR RUHAN
BooOpaxaemoit Tpagepchl). B peayRLTare BLICOTA AKTUBHOM 30Mb!
HaL 3eMnei, U3MEPEHHas B ANMHAaX BONHbI, OCTAETCA NOCTOAHHOMW
npr U3MEHEHUK YacToTL.. A NOCKONEKY 3enutHaa [H onpepnenser-
CH UMEHHO BLICOTO? NOABECA B A, TO OHA TAKXKE HE MEHSETCS.

Z=203+2360mn SWR=1.05
Ga=11.808i M @00

Maura 13 M
Maura 13 M

Maura 3 M

Puc. 9.5.11

Ecnu B Hanuyumu Rutib ofiHa Mauta, 1o JIMA MOXHO BLINORHUTL
TakK, KaK nokasaHo Ha puc. 9.5.12 u B daiine ...4el_Log40m.gaa.
Mpaena, Tpebyercs Gonblas CBOGOAHAA NROWALL 3EMAN.

3710 verbipexaneMeHTHaa npoecnounas SIMA avanasoHa 40 m.
Aa nepekpuit Bcero oavH ayanason. Ho kak! BcnomHnm, B 4-i yac-
TV Mbl nonydanu Ha 7 MMy nonocot 100...200 kT'y 1o ypoOBHIO
KCB < 2. Axtenna xe puc. 9.5.12 umeer nonocy 400 kI'y. Ho no
ypoeHioO KCB < 1,5. A or 7 MI'y no 7,3 My KCB He npestitia-
et 1,3. BxoaxHoe conpotuBReHue aHteHHut Ra = 200 Om. dasu-
PYIOLLIAA AUHUA BLINOJHEHA U3 TOFO XE NPOBOAA, YTO U 3NEMEHTL!
v uMeer Zo = 400 Om.

KoHCTpYKTUBHO arHTeHHa TpebyeT OnHOM TOYKK Kpennenus (Mau-
Ta unu cteHa nomMa) Ha eeicore 20 M. Ot 310l TOUKK noa Hebons-
M YTROM MAET NORAUMEPHLIA LLHYD, UIPAIoLMn PONb TPasepChi.
KOHUB NPOBONOYHBLIX 3NEMEHTOB PACTSHYTHI K 3€MNE TaKXe nonm-
MEpPHLIMY LLIHYpamy (nokasaHbl CcepbiM LBETOM Ha puc 9.5.12).
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Puc. 9.5.12

Younerve antenHsl okono 6 dBi (B ceo6onHOM NPOCTPAHCTEE),
HTO COOTBETCTBYET XOpOwweit nByxanemMeHTHol Yaa-Hry ¢ naccue-
HbIM 3nemenToM. Ho nonoca HaMHOrG Lwumpe. Mockonbky uspsn-
Hast 4aCTk aHTEHHbL! PACHOROXEHA HWke A/4 Hapn 3emnel, nocnen-
HAL O4EHL CUNBHO BRWSIET HA BCe Napamerpst (He 3abymbre
B MOOEnU BKNIOYMTL 3emmio 3ommepdensaa-Hoprowa). Noaromy
PE3yRLTaTH aBTOMAaTHECKOrO pacyeTa B okke Coaparth roTOBYIO
aHTeHHy — JIMA npupertcs owtytumo KOPPEKTUPOBATL B 3aBUCK-
MOCTH OF BLICOTHI NOABECA HAL, 3eMReli U CBOWCTE NOCNEaHE.

F/B neBenuko (y nusko PACTNOROXEHHbIX FOPU30OHTANLHLIX HA-
NPABREHHBIX aHTEHH BOOOLUE TPYAHO NOMYMUTL XOPOLLEE NOAABRE-
HUE Ha3aj Hap peanbHOW 3emnei, cM. n. 7.2.2.2), 3ato crabunb-
HO BO BCEW nonoce v coctaenser 13 nE.

Antenna puc. 9.5.12 xopola Bcem, Kpome Toro, 4ro Tpebyer-
CHl TONKA KPEnneHust Ha BLICOTE A/2 v Oyens GORbLWAS NROWAND
3eMnu nepen Heil. Ha pmanasore 80 M 310 yxe NPaKTUYECKu
HepeantHo. 16-ataxHbiit AOM BLICOTOIM OkoRo 40 M HaiiTu eLe Mox-
HO. Ho Bov 4r06 nepep, HuM okasanoch nycroe ¢dyrbonsHoe none,
oXupauee Bawe aHTEHHL! — 3TO BPSL An Moatomy nocryna-
10T TaK, Kak BCErAa B CRYYa€ HEXBATKU BLICOTL! B A — nepexonat
C FOPU3OHTANBbHON NONSPUSaLMK HA BEPTMKANBHYIO

Jlo cux nop mul paccmarpusany JINA TonbKO 13 NONYBONHOBLIX
Awnonei. Ho 310 BOBCE HE OBsizatenuHoe ycnoeve Bcriomuum,
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paz6upas npuHumn paborbt JIMA B N. 9.5.3 mbt rOBOpUARY O PE3O-
rupyiowmx anemerTax. QueBMAHO, 4TO KPOME A/2 punons pesoHn-
pPOBaTb MOXET ELE Kak MUHUMYM A/4 GP. U BCe paccyxaenust
n. 9.5.3 oTHOCATCH ¥ K BepTukanaM T1oxe. To ecCte MOXHO NOCTPO-
UTL NOrONEPMOAVNECKYIO aHTeHHy U u3 A/4 GP, npumensn ve xe
caMble NpUHLUNBE! PACYETa, 4TO U ANR AUNONLHBLIX NNA.

Mpumep ROronepuoaMYECKON aHTeHHb! U3 2/4 GP nokasaH
B ¢aiine ...6el_GPLogB0m.gaa v nHa puc. 9.5.13. 310 wecTuane-
menTHas nipoeonoynan SINA guanasora 80 M C yXe NPUBbMHLIMU
HaM Ra = 200 Om 1 Zo = 400 Om.

Monoca no ypoerio KCB < 2 cocraenser 450 k', a ov 3,5 My
no 3,8 Mry KCB ne npeeuiaet 1,6.

= = = =
- [ =] oy
- y 3 w
S st = = -
ek

Puc. 9.5.13

KOHCTPYKTUBHO aHTEHHA Pa3BEleHa Ha U30NMPOBaHHOM TPOCE,
PacCTaHYTOM MEXAY OBYMS MauTaMu unu CTEHOI 1 MaduTon (CO CTO-
POHbI PEe(dREKTOPA UINYHEHWE ManN0 U TaM MOXeT ObiTh AOM,
B HaMPaBREHUU XE M3NYdeHUst AOMKHA BblTh TONLKO y3Kas Mayra).

F/B cocrtaenseT 25 A6 B Hauane nosock!, ¥ CHINKAEeTCs A0 15 nb
B koHue. Buicokoe F/B na 3,5 My AOCTUrHYTO NOACTPOIKONA KO-
POTKO3AMKHYTOrC OTPE3Ka RUHWY, ACNORHUTENBHO NOAKMOHEHHO-
rO K NEPBOMY IREMEHTY NOAKINONEHHOTO

Autenna pwuc. 9.5.13 eourpuBaer 4..4,5 065 (3aBucur OT
CEOICTE 3eMRu) y oauHouHoro A/4 GP.

Kak # BO BCEX MOAENSAX C BEPTUKANaMu, KaCcalwmuMucs 3eMnu,
noTepy B FPYHTE CMMYAMPOBaHE! PE3MCTOpamMu NO 5 OmM, BKMOHEH-
HbIMY B OCHOBaHWM KQXA0ro 3nEMeHTa.

Mon KaxpeiM 13 3NEMEHTOB IOSXHA [EXaTh CBOS cuCTeMa pa-
[MAN0B, PE3OHMPYIOLLIMX HA TOW XE 4acToTe, HTO U JTOT SNEMEHT.
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310 o3HAYAET, YTO PaaWanbl PasHLIX INEMEHTOB ByayT UMeTb pas-
HYIO pnuny. Takxe nepeuutaiite n. 9.3.6, Bce ckasanHHOE B HEM
OTHOCUTCH U K cucTeme 3asemnenus SIMA.

Ha arom mbr 3aBEpLIMM K3yveHWEe KOPOTKOBORHOBLIX ROFrONe-
pUIOAVNECKNX AHTEHH. XOTA MLl pACCMOTPESIM Aullib Manylo 4acTb
BO3MOXHBIX KOHCTPYKUWIA, HO re-TO BCE PaBHO HAn0 NPOBECTU
rpaHutly mMexay RIobutensckumMut U NPOGECCUOHANBHLIMK AHTEH-
HaMy ¥ OCTAHOBUTLCA.

Hutarens, nyxpaiowierocs B 6onee rnybokom usyueruu SINA,
MyCTb YTEWMT TO, 470 OONLILYIO 4aCTh HE YNOMSIHYThLIX B pasfe-
ne 9.5 norapudMuyecKrx aHTeHH (O6beMHbIE, TPaneuuuaanbHbe,
C OByMsl TpaBepCamu, NROCKME LUIMPOKUE CTPYKTYPH, C BUOPaTO-
pamu #“3 OAHOrO MPOBOAA) MAAHMPYIO ONKUCATb B COOTBETCTBYIO-
wem paspene YKB anvenH. Npuauna Npocta: panKa Bonrb. CROX-
rbie JIMA nmelor 6onblime PasMeptt B A, KOTOPHIE AERAIOT CIULLIKOM
CROXHON W/uRu nOporocronwein ux peanusaumio Ha KB. A na YKB
A mana, 4ro nenaer 3tv cnoxxue SINA Bnonne peanusyembie 6e3
Gonblanx sarpar.

9.6. YKOpouYeHHble
$a3upoOBaHHBIE AHTEHHbI

fimocel v munycel. C ropu3oHTansHod nonsipusauuein. C sep-
TUKanbHOK nonspusauvei. fepexnoyaemsie Ha ABa HANPABICHUS.
C nepexmoveHvem Ha Tpy Hanpasnaerys. [lepekmnoyaemople Ha YeTbi-
pe Hanpasnenvs. lNpuemHsie ¢asupoBaHHbie. Pa3nupoBaHNe aHTEHH
besepenxa. HarpyxeHHble pamku B kavecree anemeHra. Cucre-
Mbl 13 KOPOTKUX BEpTUkanos. [pubops noaaeneHUs noMex

9.6.1. NMNmoCchl U MUHYCDBI

B rnaee 8 Mbl rOBOpURY G FRABHOM HEAOCTATKE YKOPOHEHHLIX
HaNPaBREHHLIX AHTEHH ¢ NACCUBHBLIMYU 3NEMEHTAMW — Y3KOiA NO-
noce. MNpounTupyio Baxnutid dparmMent n. 8.1.1: «..npasuneHoe...
pacnpeneneHue Toka ro anemeHTam o0ecneyuBaercs 3a cyer
casura paspl Ha PYX naccuBHOIro 3neMeHTa, KOTOPbIA MOXHO pac-
CcMaTpuBare Kak konebarenbHblil KOHTYP. A Yy KOPOTKOIrO anemeHTa
ACOPOTHOCTL BHILIE, YEM Y NONHOPa3MepHOro. Tem Boiiue, Yyem
CUIBHEE YKOPOYEHUE. ...3HauuTt, ¢asoBbiii CABUI N3MEHSIETCST pe3ye
npuy U3MEHEHUY 4acroTel. [103TOMY B YKOPOYEHHOM HanpaBneHHoN
8HTEHHE G NacCUBHBLIMY 3NEMEHTaMUN NPaBUbHOE PacNpeneneHmne
TOKa “pacceinaercs” npy MEHbUIEH PAcCTPoNKe, yeM B NOJIHOpas-
MEPHOR»,
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A B Hauane rhaBbl 9 Kak OIHO U3 AOCTOMHCTE aKTUBHOIO nUTa-
HMA ynoMuHanach wvpokas nonoca. Euie ogHa yurara (na npoc-
THY MEHS PEBHUTENM TPAAULMOHHOIO U3NOXEHUA CO CCbIKaMu, HO
HE BEPIO, YTO, pas3bupasncs, B CNOXHOM Marepuane, Yyurarenb Kax-
Apit ab3ay, GyAeT AacTars MHOMO CTpaHWL, Ha3asn v UcKatb B 60nb-
wom naparpacde HyxHbit absay). Utak: «..akTmBHOE nutanve
NO3BOJISIET YAYHILUNTE YCTOUYUBOCTL NapamMerpPOB aHTEHHDI ... K U3-
MEHEHUIO 4acTorsl. MpyuvHa: B aHTeHHE C NaCCUBHbLIMU 3/1eMEH-
Tamuy NPy PacCTPOMKE 3AEMEHTA ... MEHSIETCS CBSI3b MeXay ane-
MEHTaMu, ¥ NOITOMy NPEBUALHOE PAacNpPeneneHNe ToKoB BbICTPO
vckaxaercs. [py aKkTUBHOM Xe NUTaHuy TOKopacnpeneieHue 4o-
NOAHUTE/ILHO YAEPXVBAETCS 3a CHET NUTAIOLNX JIMHWIA, MeHee noa-
BEPXEHHbIX BHELUHUM BJ/INSIHUSIM».

CyMMUpYSt BHILLECK33aHHOE RErkKQ MOHATL: YKOPO4EHHLIE Ha-
NPABNEHHBIE AHTEHHb C aKTMBHBIM NutaHuem Gonee WwMpokono-
ROCHbLI, Y€M C NACCUBHLIMKY 3REMEHTaMu. [lpuyeM BbiUrpbILL 3K-
TUBHOMO NUTaHVS NO LWMPOKONOROCHOCTY TeM BOoNblLe, 4EM CURLHEE
YKOPOUEHA aHTEHHA.

PacnpeneneHue ¥OKa rno 3NEMEHTAM B AHTEHHE C aKTUBHBLIM
NUTaHWEM ONPELERSETCA ABYMA NpOLIeccaMu’

1. CBsI3bi0 NO NOMO, 32 CYET B3aMMHO HABEAECHHbLIX TOKOB. Tou-
HO TaK Xe, Kak ¥ B OObIMHOI aHTEHHE C NACCUBHBLIMY 3NIEMEHTAMMN.

2. PacnpeneneHvemM B BUHUAX CUCTEMBL! NUTAHUA.

CBsi3b NO MOMO C YKOPOUEHUEM INEMEHTOB NENAETCHA MEHEE
CTabuRLHON 1 yMEHbLLAETCS NO BEmuvHE. Benp paccToaHmua Mexzay
BNEeMEHTAMV NPU YKOPOUYEHWM MEHSIOTCS Mano, a pasMepbl ane-
MEHTOB YMEHbLLUAIOTCA CURbHO. MPOCTO yMeHbLLIAaeTCs nAoLaaL oas
BE3aMMOIECTEUSE TOKOB B MPOCTPAHCTBE. EChu noittv 10 Roruue-
CKOro 3aBepLUEHUA STOW MLICHY U UCTIORL30BATh KPOXOTHLIE IRE-
MeHThl 1...2% A (370, KCTatu, HE TEOPETUHECKUE YNPAXHEHWS,
a NpaKTUYeCKuh ChRyvait NPUeMHON aHTerHb!, cM. . 9.6.4), 10 no-
HATHO, 4TO B CURY HUYTOXHOCTH MX PAa3MEpOB CBA3L MEXAY HUMU
no nono 6yaer GRKM3Ka K HYRIO.

A BOT pacnpepeneHve B CUCTEME NUTAHWUA MOXHO cAenartb OT-
HocutenbHo crabunbHbiM. Mpuyem 31a cTabunbHOCTE 3aBUCUT,
B NEPRBYIO OYepenb, OT UMNEAaHCa 3REMEHTOB U Ero yCTOMINBOC-
T/ B ROROCE.

Ecnu BXOAHOM uMnenaHc GAU30K K aKTUBHOMY U COBCEM HE 3a-
BMCUT OT 4aCTOTh! (M CHOBA, 3TO HE NYCTOE TEOPEeTU3npOBaHue,
a Chyuail NPUEMHBLIX aHTEHH B BUAE HarpyXeHHbX pamok, nn. 4.5.4
v 9.6.4 v wTipei ¢ noeToputensmu, n. 9.6.4.3.), 1o pacnpenene-
HUEe B RURUSX NUTaHWs OT pasMepa INEMEHTA BOBCE HE 3aBUCUT
M TokopacnpeneneHve Yyepes RvHUM NuTaHus (2 cneaoBaTtenbko,
v F/B anteHHbl) Byner ovens crabunbHO B LUMPOKOW nonoce
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Ecnv xe nuHuy cucTeMb! NUTaHVs NOAKIICYNTE HANPSIMYIO K KO-
pPOTKMM anemeHTam, Ra KoTopbix mano, a |jXa| sennko, cucrema
nuTaHus cama no cebe CTaHeT oYeHb Y3KONoAoCHOoR. Bonbluas jXa
KOPOTKOro aneMeHTa npmsenet K BuicokoMy KCB B nuHunax cucre-
Mbl NMuUTaHusa. A 310, KPOME BO3pPaCTaHWA MOTEPb, SKBUBAIEHTHO
BO3PaCTaHMIO HArPY>XeHHOW AOOPOTHOCTY AVHUK, MOBLILLEHWIO KPY-
T™3Hbl ee AHYX u OYX. Creposartensho, Tpefyembie amnamtya-
HO-(A30BbIE COOTHOLIEHNA GYAYT BLINOAHATLCH B 3HAYUTENLHO 6O-
Nee y3koii nonoce. N Takas aHTeHHa nonyksaetcs aaxe 6Gonee
Y3KOMONIOCHO, YEM €€ aHanor C NacCUBHLIMY 3IEMEHTAMU.

Y1060 u3bexars atoro 6esobpasvs, HEOBXOAMMO YCTPannTb
€ro npyuyuHy: 60NLLIYIO PeakTMBHOCTL |jXa] BxoaHoro nmnepanca.
[lns aT0ro B aneMEeHT nnn BKIMIOHAIOT KaTYWwKy (YKOPOYEHNe WHAYK-
TUBHOCTBIO), WM [OTSIMBAIOT jX3 A0 HYAS €@MKOCTHBIMW Harpy3ka-
My (YKOPOYEHUE EMKOCTBIO), WY MHYT NOAHOPA3MEPHBIA 3NEMEHT
(ykopouenne n3armboM v nanoMomM), unu KOMOBUHUPYIOT 3TN METO-
ael. Fpn atoMm pacnpepenenvie Yepes NMHUM NUTAHUS CTAaHOBUTCS
OTHOCUTENBLHO CTAOWABHBIM, W NOAOCA @HTEHHbL! NONYYAETCH GOMNb-
e, YeM y ee aHanora C nacCyBHbIMYK 2NEMEHTAMU.

BriBOabI:

1. Ilpeumyryecmea axmu6HO20 NUMAHIsL RO ROIOCE HA YKOPOUEH-
HbIX INEMEeHmax peqnusyemcst moavko € cayuae, ecau |jXs| < Ro.
Huaue uz-3a evicorkoeo KCB ¢ nunusx cucmemsl numanus oHa cma-
Hosumcsl upezvepro ysxkonoiochoii. Henvss coerams xopouyio yxo-
POMEHHYIO HANPABREHHYIO GHIMENRHY, He KOMREHCUPOBAE NPed8apUmeiv-
HO (M06bLM CHOCOGOM) pearmueHOCb ee ITeMEHMOE.

2. o mepe yropouenus anemenmos, 8 obujem moxopacnpedene-
HUU GHMEHHbL 6o3pacmaem 001 cucmemsl numanus. A pacnpedere-
HUue 30 cuem CBA3U NO NOMIO CMAHOBUNICSL 6ce bonee HecmabunbHbIM
U Manbim U e20 doaa enuAnul Ha obugee moropachpedenenue é au-
menne ymenvuiaemces. Ipu ouenv kopomxux anemenmax co cmabiio-
Hoim R (nanpuvep, ihaaeu, anmenner Beeepedaca, u m.n.) moxopac-
npedenenue @ GHMEeHHE COBCeM HE 3A8UCUM OMm CEA31U NO NOIIO.

U3 Cka3aHHOro BbILIE MOHSATHO, MOYEMY CUAbLHO YKOPOYEHHbLIE
MHOrO3fIEMEHTHBIE HANPaBAIEHHBIE aHTEHHB! (HAaNPUMEpP, NPYEMHLIE
C HU3KMM YCUAEHWEM, HO XOpOWieii aAnarpaMMol HanpaefEeHHOC-
™, TO ecTb C BbiICOkMM RDF) nenaioT ToAbKO C aKTUBHBIM NUTAHU-
€M anemeHToB. MNpPOCTO € NACCHMBHBIMN INEMEHTAMU TaKYIO0 @HTEH-
HY HE CAenaellb 13-3a ONeHb Manon y KpalHe y3KOonOoAOCHOA CBSA3V
no nomo.

Bripouem, n npu OoTHOCUTENLHO HEGOMBLLIOM YKOPOHEHUW (Ans
Nepefalowvx aHTeHH) aKTMBHOE MUTaHWe MMeeT Cmbich. [la, Mbl
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HUYEro He NpuobpeTeM B yCuieHun, HO 3aTO BLIMIPAEM B MOAOCE.
Ho onnaueHo 210 6yneT yBenuyeHreM TPyaHOCTER NpOEKTMpOoBa-
HUS 1 HEOONBLUMM KOHCTPYKTUBHBIM YCAOXHEHWEM aHTEHHbI.

Mepen TeM, Kak ABUHYTHCS fanblie, xoren Obl pasgenarbcs
C NpeppaccyaikoM, BCTPeHalowvmcs y paguwoniobuteneii. 3eyunt
OH Tak: «Jleckarb, aKTMBHOE NMWTaHVe MNOBLILLAET yCcwuseHwe, 0COo-
6EHHO B YKOPOYEHHBIX 8HTEHHAX».

Ha camoM Xe pene akivBHOe NuTaHue camo no cebe He Ao-
6aBnseT HY Kannm ycuneuvs (MOXET fiaXe CHW3WTb, 33 CHET Mno-
Teps B AnHuaX (asnposanusa). OHO Auwb No3sonseT Ao0OuUTLCH
ONTUMANBLHOIO TOKOpacnpeneseHus B aneMeHTax. Ecnm reometpms
AHTEHHbl TAKOBA, YTO ONTUManbLHOE TOKOpacnpeaeneHue aocTura-
€TCH TONLKO 33 CHET CBA3KN NO NONO (TO ECTb NPY NACCUBHbLIX 2n€-
MEHTax), TO BBEAEHWE B TaKyD aHTEHHY aKTUBHOrO NWTAHWSA He
A3CT Hukakoro apgekra. Mbl 31O BMOENN, Hanpumep, B N. 9.4.2:
OObIYHbIA [IBOMHOV KBaApaT HUYEro HE BhMIPLIBAET OT aKTWUBHOIO
NUTaHWs BTOPOrO 3NEMEHTA.

CMbICA NpUMEHEeHNs aKTUBHOIO NWTAaHNA MONBASETCH AWLIbL TOr-
A3, KOrAa TONLKO 3@ CYET CBS3W NOo NOAKD HEBO3MOXHO obecne-
4MTb ONTUMANILHOE TOKOpacnpeaeneHue (Npexae BCEro, XOpoLyko
IOH v Bricokoe F/B) n ero crabunsHoCTs B nosioce (To eCTb Wwupo-
KOMOMIOCHOCTL). A aT0 GhIBAET NVILL NPU HEOMTUMATLHOW FreoMeT-
pwn antensbl. Koraa yro-1o 3actasaseT Hac pacnosnararb 3eMeHTh
HE TaK KaK Hano Ans ONTUMAIBHOTO TOKOpacnpeneneHws, a Tak
KakK NOAY43ETCH 13 WHbLIX OOCTOATENLCTE.

A 310 Kak pa3 cAayyai YKOPOHYEHHBbIX aHTeHH. Mul 6bt v panbt
HOpMabHbIE 3NEMEHTH NOCTaBwuTb, Aa Mecta HeT [puxoaurcs
npucnocabanBaTbCa K UMEIOLLIEMYCH NPOCTpaHCTey. MoHATHO, 4TO
B 3TOM cayyae 06 ONTMManbHOCTM FEOMETPUM MOXHO 3albbiTb,
N TyT aKxTMBHOE NWUTAHWE OKa3bIBAETCH MNAMOYKON-BbIPYYaN0YKON.
CucreMoii nuTaHns aNemMeHToB Mbl AOTSINMBAEM TOKOpacnpegene-
HME A0 ONTUMANLHOro (TO eCTb A0 NoAyyeHus xopowero F/B).

Ho nockonbky ycunenve B nepsyio ovNepeab 3aBUCUT OT pasMe-
POB 3NEMEHTOB ¥ PaCCTOAHUIA MEXAy HUMK, TO NpW pasHbIX pas-
Mepax YKOPOuYeHHas HanpasBfAeHHas aHTEHHa C NAaCCUBHLIMK 2fe-
MEHTaMV uMeeT TOYHO TakKoe XE YCUNEeHue, Kak U G aKTUBHbIMW.
Noatomy BCe rpadmkn rnaews 8 o cesa3n Ga u koadpuumneHTa yko-
pouenus Ky OCTaloTCs, B LENOM, CNpasenBLiMU U A aKTUBHOIO
AUTaHus.

MoAabITOXUM, YTO A3ET aKTMBHOE NUTAHUE 2/IEMEHTOB B YKOPO-
YEHHbIX HANPaBNEHHBIX AaHTEHHaxX A0 CPABHEHWID C TaKVMW Xe aH-
TEHHAMK C NACCUMBHLIMW 3fIEMEHTaMM:

1. Pacwmperue nonocsl. Bumrpoits tem bonswie, vem Hmke K,
Mpyn manbix Ky MOXHO peannacsBarb TONLKO aKkTUBHOE NUTaHKE
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2. BO3MOXHOCTb [OCTUIHYTH BHICOKOE F/B npy BbiHYXOEHHO
HEONTUMAIBHBIX (DOPME INEMEHTOB U PACCTOSHUY MEXAY HVUMM.
Aaxe npu Takoii reoMeTpum, KOrAa aHTeHHa C NACCUBHLIMM 3fie-
MeHTamy He ByneT UMETh HUHENO NOXOXEro Ha HanpasneHHyio OH.

3. V3 npepbiayulero nyHkKTa Crnefyet, NTO MOXHO YSE/umTh
PACCTOAHNE MEXLY INIEMEHTaMM N0 ONTUMaNbHoro no Ga. YKopo-
HEHHas aHTEHHA C NAaCCUBHbIMU 3MIEMEHTAMKV NPW 3TOM NOTEpsieT
B F/B. Hanpotus, aktmBHoe nutanme BepHeT F/B Ha mecTo
n B 3TOM cnyuae. MNonyuaetcs, spoge Gl aKTMBHOE NUTaHVe yBe-
Munno ycunedve. Ho 310 Ha noBepxHOCTHLIA B3rAsa. Ha camom
Xe pene ycuneHne yBenmunsio He aKTMBHOe NuTaHue, a Bo3pacTa-
HWE PaCCTORHVA MEXAY aNeMeHTaMu. A akTUBHOE NUTaHve Aullb
NO3BOASET NOAY4YUTLH NpU 3TOM xopowee F/B, 4To 6bIN0 HEOOCTH-
XUMO MNPy NaCCUBHbLIX 2NEMEHTAX.

4. CywecTseHHO BO3paCTaIOT TPYAHOCTM NpoeKTupoBanus. Kak,
BNpoyeM, ans no6oit aHTEHHBb! C aKTMBHLIM MTanveM (nn. 9.1.1—
9.1.3).

5. KOHCTPYKTUBHO aHTEHHA CTaHOBMTCH CHOXHee. XOTa n He-
HAMHOro.

9.6.2. C ropusoHTanLHOi nonapusaumii

Bce mopgenw, ynomunaembie B aTom naparpacde, HaxoasTcs
B nanke ...ANT\Phased\Short\.

FOp130HTaNbHLIE YKOPOHEHHBIE HANPABEHHLIE AaHTEHHBL! C aK-
TUBHBIM NMUTAHUEM AEenaloT penko. MNpuunn ToMy aBe:

1. JioBas aHTeHHA C rOpV3CHTANLHON NOASpU3auMel ans xo-
POLLETD U3NYYEHVS NOA HU3KNMK 3EHNTHBIMY yrnamm paGoTsl Tpe-
6yer n3pspHoit BeICOTH noaseca (n. 4.3.5), of 0,4A u Beiwe. Ha
HY nuanasonax (@ 210 ocHOBHas 06AaCTb NPUMEHEHUS YKOPOYEH-
HbIX @HTEHH) MauTa TakoW BLICOTH Mano peanbHa. A na BY guana-
30Hax 4acTO OKA3bIBAETCH BbIrOAHEE YANVHUTHL SAEMEHTH! A0 Non-
HOPa3MEPHbLIX, YEM CIKOHOMMTb HECKONbKO MeTpoB Tpy6, HO
noayunts B OOMEH MEHbLIYIO NMOAIOCY, YCWIEHWE W CAOXHOCTY
C NUTaHUEM.

2. MNpy 3HAYUTENLHOM YKOPONEHWW MCTIONL3YIOTCH TOALKO EM-
KOCTHbIE Harpyskm (n. 8.1.2.2). A ¢ EH gaxe npn manbix K, po-
CTUraeTcs onTMMasibHble TokopacnpeseneHne n 6e3 aKTMBHOTO Nk-
TaHuA.

MNoatomy aHTeHHb!, 0603HAYEHHbIE B 3ar0fIOBKE 3TOrO Naparpa-
¢da, penaior Tonbko € Hebonbumm ykopouenwem (K, < 0,6 0,7).
Komnencauuio peaktMsHOCTH 3AIEMEHTOB OCYWECTBASIOT NGO Ka-
TYWKOW, nubo kombuHaumen katywky + uarmba (VAU manedn-
kux EH).
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LsyxanementHas aHTenHa Yaa-Sfru amnanasona 14 My, ¢ Ky =
= 0,8 nokasana B ¢aiine ...2_04_dipole.gaa n na puc. 9.6.1.

DNEMEHTHI YKOPOUEHB MHAYKTUBHOCTBIO. YANVHAIOIME KaTyLu-
K1 (N0 Nape B KaXAOM 3NEMEHTE, A CYMMETPWK) pacnonoXeHbl
B yeHtpe. Dasnpyiowlan AByXNpoOBOAHANA KNS [JIMHHEE PacCTOos -
HUSI MEXAY 3NEMEHTaMW, €€ W3NMILKW CKpyYeHbl B GyxXTy OKono
TOYKM nuTaHnsa. MCTOUHUK BKIHOYEH B fIEBLIA NO PUCYHKY SNEMEHT.

Ouenum, 4TO Mb! BbIMIPANN B AaHHONW KOHCTPYKUMM OT aKTMB-
Horo nwtanwms. MNonoca antenHs! pyc. 9.6.1 no yposHio F/B > 12 nb
cocrasnser 350 k'y. Mpu pasiom Ky v gnametpax aneMeHToB
nonoca ABYXaNeMEHTHON aHTEHHb! C NACCUBHLIM 2AEMEHTOM RO TO-
MY Xe YPOBHIO He npesbicnt 250 kM HU Npy KakoWi AnuHe Tpasep-
Cbl. Takum 06pasom, NEPEXOA, K aKTUBHOMY NUTAHWIO [AN HAM NvL-
Hve 100 kT'y (wnm 0,7%) nonockl. Pasiuua noywTy B noatopa pasa.

Z=129¢B220m |, SWA=169[120Mm)
Ge=GIBi . o

Puc. 9.6.1

No ycunenwo antenHa puc. 9.6.1 He BLIMIPLIBAET Y CBOEro aHa-
Niora C NACCUBHBIM 3NEMEHTOM. MNPUYNHLE 3TOr0 ONUCAaHEI B KOHLE
Apepbiaywero naparpadga. Npu oaMHakoBO# reoMeTpmnyu aKkTMBHOE
nuTaHsue camo no cebe Ga He yBeamumsaet.

Apyras nByxa/eMEHTHas YKOPOYEHHas aHTEeHHA C ropu3oHTaNb-
HON nonspu3aumeil u aKTUBHbIM NWTAHWEM 3MEMEHTOB NOKa3aHa
Ha puc. 9.6.2 v B ¢aiine ...short Yagi 40m.gaa. 310 NpsMOYronbLHUK
avanasona 7 My (cm. n. 7.3.1) ¢ pononumrenbHbiM YKOPOYEHUEM
VHOYKTUBHOCTBIO. AHTEHHA PacnofOXEHA HA NPAHULLE MUHUMAaNbHO
LONYCTUMOW ANA TOPU3OHTASIbHBIX aHTEHH BbiICOThl — 16 M (0,384)
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1 ykopoueHa c K, = 0,8. dnemeHTbl BLINOAHEHB! U3 TENECKONNYe-
CKknx Tpyb. YAnuHsiowme Karywku (BCE OAMHAKOBLIE) BKMOYEHD!
B Yrnbl NPSIMOYrofibHyKa. JTO NOBLILAET TOK B uentpe (n. 3.7.2).
dasvpyiowme nvnmn 50 Om coenmusoTe B LeHTpe. Bonee anunn-
Has nunva 0,226) nepekpetuena. Jnmbbl Aveui Ha puc. 9.6.2
BNEeKTPUYECKHE.

HecMoTps Ha cunbHOE YKOpOuYeHue, aHTeHHa puc. 9.6.2 vmeer
Hennoxylo nonocy: 150 kl'y, no yposHio F/B > 12 pb » 130 kl'y, no
ypoBHi0 KCB < 2. TeM He MeHee, O4YeBUAHO, YTO MOAOCa HE Ha-
CTONbLKO LUMPOKA, 4TOObB! NPY U3roTOBAEHWW aHTEHHb! 060iTUCE 623
€e NoACTPONKN.

Z=523-3850hm
Ga=981d8 T

9.5 mxlH

Puc. 9.6.2

A Kak 310 coenartb HacTpOWKy Ha npakTuke? TpaavumoHHas Ha-
CTPO#Ka aHTEHH, YKOPOYEHHBIX UHAYKTUBHOCTLIO (MOACTPOKOA ya-
NUHSIOLMX KaTywlek) B AaHHOM chyuyae KpavHe Heygobna KOHCT-
pykTuBHO. Flpo6neMaTMuHo Ha BbICOTE 16 M TSHYTLCS HA HECKOABLKO
METPOB B CTOPOHY OT MauThi, 4FOOL! AOCTaTh KaTywky. Ho B paH-
HOIA aHTeHHe 3Toro ¥ He norpebyercs.

Oka3b!BAETCH, MOXHO HACTPanBaTh aHTEHHY A/MHONW (asupyio-
LMUX NINHUIA, HAXOOSCh HECKOMBLKO HWXKE BEPLUVHY MauyTbl U HUKYAA
npy 2TOM He TAHYTLCH. B aHTenHe puc. 9.6.2 (daiin ...short Yagi
40m.gaa) ¢puanueckne oyviHbt kabeneit coctasar 4,7 v 6,03 M co-
OTBETCTBEHHO (Npy NOAUSTUNEHOBLIX Kabensx ¢ KoahduumeHTom
ykopouenus 0,67). BeeneMm B Mofiens NOrpewLHOCTY U IOCMOTPUM
KaK nNpy STOM U3MeHATCH anvHbl Kabeneit. B ¢aiine  short Yagr
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40m1.gaa nokasaHa Ta Xe Camasl GHTEHHa, HO Ha MEHbLUEH BLICO-
Te 14 m.

Ana Boccrauosnenws xopowero F/B notpeboeanvcs kaGenn
AnvHoi 4,36 v 6,37 M. B ¢aiine ...short Yagi 40m2.gaa nokasana
Takasl XXe aHTEHHA TOXe Ha BbiICOTE 14 M, HO CO BCEMM KaTyLLIKamm
no 9,8 mkl'H BMecTo 9,5 MkIH (AONYCTMM, Mbl OLMGANCH B M3ro-
TOBNEHWUM UHAYKTVBHOCTE#). [Ins xopoweii [IH B atoM cny4ae no-
TpebyioTes Anvnbl kabeneii 4,55 u 6,05 m.

Jlerko aamewTb, Y4TO HEGONLLIVE NOrPELIHOCTU N3rOTOBAEGHMS!
(vnas BLiICOTa, 3emns, menkve owmbku B pasMepax) KOMMEHCM-
PYIOTCA COOTBETCTBYIOUMMN WU3MEHEHUSIMU AAnH  (asnpyIoLumnx
kaGeneii. MOITOMY KOHCTPYKTMBHO CMCTEMA NUTaHWsi BLINONHE-
Ha Tak:

® O7 KaxJI0ro 3AEeMenTa BAOMb TPABEPCH K MayTe u penykTo-
PY vAeT koakcuanbHblii kabens 50 OM ¢u3nyeckoit pIMHOM
4 M. Opun u3 kabeneit y anementa nepekpetleH. Ha koHLax
kabeneit y MauTh! YCTAHOBAIEHb! PA3LEMBI.

* K atmM pasbemam noaknoNa0TCs 1BA NOACTPOEYHBIX KYCKa
AnVHOE 1o 2,5 v 0,85 M. A K TOYKE COEAVHEHN 3TUX KYCKOB
HEGONLLION KOHTPOMbHLIA NPMEMHVK (HanpUMep, MPSMOro
npeoBpasoBanus).

® pMHYMaa CuUrHan Masiyka C 3aHEro HanpasfeHus (MasyoK
HaAoO OTHECT MUHUMYM Ha 2...3)\ OT HACTPaANBAEMOIt aHTEH-
Hbl), NOACTPOVKOM ITUX KYCKOB [IOBMBAIOTCH MAaKCUMATLHOIO
NnoAaBneHnsi Hasan. f NOHMMAID, YTO 9TO Caenath TPYOHO.
Ho 210 HaMHoro nerve moGbiIX NOACTPOEK HENOCPELCTBEHHO
Ha aneMeHTax Ha paboueii BbicOTe.

* 3aMeHsIOT M3PE3aHHBbIE NPY NOUCKE MUHUMYMA NnoACTPOeY-
HbIE KYCKN KaBens HOBbIMW TAkKOW Xe ANVHLIL.

® B touke coepuHervs kaBeneii ycTaHaeameaioT npocreniee
I-o6pasnoe CY Ha LC, 4T06kt nonyuuts KCB = 1.

9.6.3. C BeprukannbHoit nonapusayvin

Bce mopenu, ynomuvaemoie B atom naparpade, HaxogsTes
B nanke ...ANT\Phased\Short\.

B ornnune oT ropusoHTansHbIX, BEpTUKANbHLIE YKOPOYEHHbIe
@HTEHHb! C aKTUBHEIM NUTAHVMEM NPUMEHSIIOTCS 4acTo. MOToMY YFo:

1. BepTvkansHble aHTeHHb! BOOGLUE NPUMEHSIOTCH B OCHOBHOM
Npy HEXBATKE MECTa ¥ MATepuasioB Ha BLICOKYI0 MayTy C ropm-
30HTaANLHON AHTEHHOW Ha HEWN.

2. Ina panbHewuen SKOHOMWUU XEenaTenbHO MMETb HE He-
CKONbKO MauT, a OfiHY C HAK/IOHHbIMK 3nemeHTamMu. Ho npu nac-
CVBHBIX 3Ne€MEHTax 3To HenpocTo. Jina xopowero F/B npuxoautcs
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OCTaBNATh 3HAYNTENIBHOE PACCTOSHUE MEX/Y BEPLUMHAMU 3IEMEH-
ToB (nn. 7.5.5, 7.5.6). A ato TpebyeT Gosnee BLICOKOM 1/uau Gonee
NPOYHOW, CNOCOGHOW HECTU Pacrnopku HABEPXY MauyThl. AKTUBHOE
Xe nuTaHune, Kak Mbl MOMHUM, NO3BONSET NOAYYMTL xopoiyio [H
npu N0GOM PaCnoNCKEHNN NEMEHTOB. B A3HHOM cnyuae, 3To 03-
Ha4aeT, YTO MOXHO CBECTN BEPXHUE KOHLbI NPOBOSIOYHBIX 2/IEMEH-
TOB HA BEPLUMHE MayThl, YTO CYLECTBEHHO YNPOLWAEeT ee KOHCT-
PYKUMIO.

Bo Bcex antenHax n. 9.6.3 TOYHO TaK Xe, Kak v B nonHopas-
MepHbIX (Ha3vpoBaHHbIX BepTukanax (pasaen 9.3) notepu B cucTe-
Me paavianoB noa KaxAbiM 3NEMEHTOM CUMYIMPOBAHL! PE3VUCTO-
POM, BKMIOYEHHBIM B HAaYano anementa. Benwuvna atoro pesuctopa
sbibpana 4 OM (Takas xe, kak v B n. 9.3.1). 910 COOTBETCTBYET
CUCTEME U3 HECKOMIbKUX HECHTKOB Paavanos Ha cpefHedi semne
{cm. n. 3.4.5.2). Bce 3ameuanus nn. 9.3.1 u 9.3.6 o0 cucteme 3a-
3eMneHys CAPaBeM VBBl 1 A1 aHTEHH 3TOro naparpada.

9.6.3.1. Mepexknoyaembie Ha [Ba HanpaBneHus

Haunem ¢ npocTtetiweii, HoO BeCbMa YA34HON KOHCTPYKLMK, NO-
KasaHHol Ha puc. 9.6.3 n B ¢aiine _..2el_slope40.gaa.

OT0 pBa HAK/IOHHBIX YKOPOYEHHBIX UHAYKTUBHOCTLIO NPOBOAOY-
HbiX A/4 GP puanasona 7 MIL, BbINOAHEHHBIX KaK pPacTaXKy BEpX-
Hero spyca mauts soicotoni 7,5 m. Ky = 0,8, yaavnsiowme karyu-
Ky MO 4 MkI'H BKNOYEHB! B OCHOBAHWE KaXOOro U3 3INEMEHTOB.
B xavectse dasvpyiowmx nmHmii ucnonsaoba kabens 50 Om. Onu-
HA NUHWIA Ha pUCYHKE — anekTpuyeckas. BeicoTa mMauthl cocTae-
nser scero 0,17A.

Z=431+i3.90hm Y SWR = 199{50 Ohm)
Ga=2BcBi -

AMKIH - . .
...... i3 ¥ Prev pattem

AwmxlH T 5 M
o 0,228 0,459
50 Om 50 Om
Puc. 9.6.3
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Monoca anteHHb puc. 9.6.3 no yposnio F/B > 12 nb cocrtaens-
et 100 kM'y B ouana3oHe 40 M. B Touke coeauvHenus kaGeneit
Tpebyetca CY. Nocne Hero B Tex xe 100 kl'y KCB He npesbiwuaet
1,5 Ha kpasx.

KommyTatimsa nanpasnenuii 1enaercs no NpUHLMNNanLHon cxe-
Me puc. 9.3.3 C COOTBETCTBYIOWEH KOPPEKIMEr AnnK 1 TUNos Ka-
6eneii. Mapametpo nepexmouenus (N. 7.4.1) TMNuuRL Ans OByX
anementos: A, =40° a AG = Byy = -4 ab. Kak n y nonxnopasmep-
HOro aHanora, aHteHHbl puc. 9.3.16, mauta paccMarpusaeMon
KOHCTPYKUMKN nonxHa ObiTb M30NMpOBaHa OT 3emMnu.

Ana paclumpenus NosioCh N/MAN CHUXEHUSA BbICOTHl MauTbi
MOXHO VCMOAb30BaTh TOACThIE 3neMeHTs. Mbl He NpuMeHsnn nx
B aHTEHHaX C NAaCCMBHbIMK aneMeHTamMn. U He Mornn NpyUMEHNTh,
TaK Kak AOOpPOTHOCTE TOACTOrO 3AEMEHTA HUXE, U, COOTBETCTBEH-
HO, HakNoH ero GYX 6onee nonoruii. NO2TOMY HE YAAETCH NORNY-
4uTb Tpebyemblii ansi OAHOHANPABNEHHOTO nanyuyerus casur ¢a3s
Ha TAKOM 3/IEMEHTE TONLKO 3a CYET CBA3W no nonio. Ho ceivac-t1o
y Hac nuTanme aktmsHoe. He nony4yaercs 3a c4eT CBA3N NO NOMo —
caenaem Yepe3 CUCTEMY NUTaHWS.

MpuMep Tako#i aHTeHHbl NOKasaH Ha puc. 9.6.4 u B daine
...2el_slopeGP.gaa. 3710 A8a HAKNOHHbLIX U3OrHYThIX A/4 GP anana-
3oHa 3,8 MI'y. B kaueCTtBe asuvpyiowmx AMHWA NCNoAbL30BaH Ka-
6enb 50 Om. [lnuHa AMHUA HA PUCYHKE — 2AEKTPUYECKAS.

H=13M Z-643+2780hm
: Gama?oBi -

6,25 M ) OM - - 350 OM 6,25 M Puc. 9.6.4

Kaxgbith U3 21eMEHTOB BLINOSIHEH B BUAE NPOBONOYHOIO BLITH-
HYTOrO YETHIPEXYronsHNKa. NuTaHne NOAAETCA MEXAY HUXKHUM yr-
JIOM 3TOrO HETHLIPEXYTOSLHMKA N 3EMAEN — CUCTEMOW pPaauasios.
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Takum 06pa3oM, aTo He netnesori GP, a oBblyHbIA, TOABKO LIMPO-
KW, CAENaHHbIA 13 ABYX [ANEKO PA3HECEHHbIX, HO 3EKTPUHECKN
BKJIIOYEHHBIX NapanfensHO NPOBOLOS.

Bbicota aHteHHb Bcero 13 M, npotve 19 M NOAHOPa3MEPHOro
A/4 GP atoro gpvanazoHa. TeM HE MEHee, WVPOKNE 2NEMEHTLI
¥ aKTUBHOE NUTaHMe NO3BOAKIOT NOAYuUMTL nonocy 55 kf'y No ypos-
IO F/B > 12 pb. 370 Hemano, OTHOCUTENbLHan Noaoca npy 3TOM
1,5%. CTOnbKO Xe, CKoMbko Yy B 1,4 pasa (uamepss B A, a He
B MeTpax) Gonbluei aHTeHHb! puc. 9.3.16.

3asucumocTts KCB OT 4acToThl aHTeHHs! pyc. 9.6.4 numeer nio-
60NbITHYIO OCOBEHHOCTL: OHa OYEHB MEANIEHHO HapacTaeT npy pac-
cTpoiike BHn3. Tak, Ha 3,8 MI'y (Bepxuss rpasmuya no F/B) KCB =
=1,6; na 3,77 My — 1,28; na 3,75 (Hmxusig rpanvua no F/B) —
1,2. Mpw pansHeREM NOHWXEeHN 4acToTw F/B 1 ycunenve GbiCTpo
nanaior, Ho KCB gocturaer 2 Tonbko Ha 3,6 MIu.

Moaromy aHTeHHy MOXHO MCronL3oBaTh BO BceM SSB yuactke
3,6—3,8 MI'y, ananasoHa 80 M. B okHE ans BHYTPUKOHTUHEHT&b-
Hbix QSO (3,6—3,7 MI'y) ona GyneT paboTars nvilb HEMHOTMM Nys-
we o6bNHOr0 OAMHOMHOrO BepTtukana. Ho no mepe nosbieHns
4YaCcTOTh €€ HAMPaBMIEHHbIE CBOWCTBA yAyuwaioTcs, n 8 DX ydacTtke
3,75—3,8 MI'y, 870 yxe cepbe3Has HanpaBAEHHas aHTEHHA G XO-
powen popmont H.

Konctpyktmerno Bepxnue nposopa 11,8 M BbINONHEHBL! Kak OT-
pPEe3Ku BEpPXHEro spyca pacTsiXek MauTbl BoicoTo# 13,5 M, TO ectb
Bcero 0,17A. Huxnwe nposoga no 7,7 M CNyCcKalOTCH BEPTUKANIBHO
BHM3 OT pacTaxek K ToukaM nuTauus anemedtoB. Cornacyioilee
YCTPOWCTBO B TOYKE CoefvHenus ¢asuvpytoumx kabenei He Tpe-
6yetcs. Xors muHumyM KCB npu atom okono 1,2, HO Noaocy [aH-
HOIA aHTerHbt onpepenseT He KCB, a F/B, kOTOphili CoxpaHseTcs
XOPOWMM AVLUb B y3KOM OkHe 3,75...3,8 MIu.

KoMMmyTaLma HanpasfaeHwi 1 u3onsuus Mautel OT 3emMnu gena-
I0TCH aHanorMyHo npeawiaylled aHteHHe puc. 9.6.3. MNapametphb!
nepexmoyenus: Ay = 50°, a AG = Byn = —4.,5 8B

09.6.3.2. C nepexmoyeHMEM Ha Tpu HanpasneHua

B atom naparpage pacCMOTpUM Avllb OAHY AHTEHHY — YKO-
PONEHHBIV aHaNor KOHCTPYKUuK, onucanHor B n. 9.3.5.2. Oxa no-
ka3ana B ¢aiine ...3el_sloped40.gaa v na pwuc. 9.6.5. 310 Tpu
HAKJIOHHBIX YKOPOYEHHBbIX WHAYKTMBHOCTBIO NMPOBOAOYHbIX A/4 GP
pvanasona 7 My, BbIMONHEHHBIX KAK PacTsXKu BEPXHEro sipyca
MauThE BRICOTOM 7,5 M. TOUKM KpenneHus pacTsiXek (To eCTb Hayana
2NEMEHTOB), OTCTOST OT OCHOBaHusl MauTbl Ha 6 M xaxaas v ob-
pa3yloT Ha BUAE CBEPXY PABHOCTOPOHHWIA TPEYrOAbHYK.

158



Ky = 0,8, yanunsiowme karywky no 3,5 MKIM'H BKJIIOYEHB! B OC-
HOBaHME Kaxporo u3 aneMeHToB. B kavectse dazmpyioumx nvHni
vcnonk3osad Kabens 50 Om. [nvHa AvHW HA PUCYHKE — 3NEKT-
puueckas.

Monoca antenn puc. 9.6.5 no ypoeHio F/B > 12 nb cocrasns-
er 80 kl'y B pwanasone 40 M. B Touke coepunenns ka6enei Tpe-
6yerca CY (wMmnepaHc Za = 30 - j10 Om). MNocne Hero B Tex xe
100 k'u KCB ne npeseinuaer 1,5 Ha Kpasix.

H= Z =293 -{1080khm M SWHR =1 8250 Ohmj
6,5 m Gae26 .- ¥

Puc. 9.6.5

Kak n B antennax n. 9.6.3.1, ueHTpansHylo MauTy Hano u3onun-
poBate OT 3emMm. Unu penartb NONHbIA NEPECYET CUCTEMbI NUTa-
HUSA C YYETOM BAIUAHUS 3a3€MAIEHHOI MauThI.

Cuncrema koMMyTaumMy Takas xe, Kak Ha puc. 9.3.8 (¢ cootBeT-
CTBYIOLE KOPPEKLUVE anvH nunuii 1 tlenu M-cornacosaHuns, ko-
Topoe AonkHO BbiTk nepecuuntano Ha Z = 30 - j10 Om).

Mapamerpnl nepekmoyenus: A, = 0°, a AG = -2 ab, Byn = -9 0b.

9.6.3.3. C nepexsioueHneM Ha yethipe HanpasBreHus

$ICHO, 4TO pacTskek BEPXYLIKN MauThl MOXET ObiTh He 3, a 4.
U CTONb Xe NOHATHO, YTO VX MOXHO MCMNONL3OBATL B KAYECTBE Ijie-
MeHTOB. Takas anwTeHHa pmana3ona 160 M nokasana B aiine
-.-4el_slopeGP_tower.gaa 1 na pvc. 9.6.6 (onvHbI Avkwii, ykasau-
HbIE HA 3TOM PUCYHKE — 2NEeKTpuuYeckne, Bce NuHnyu — 50 Om).
Ky = 0,73, yonmnsionme Katywiky no 15 MklH BKIIOYEHB! B OCHOBA-
HUE KaXA0ro n3 251eMEHTOB.

Mockonbky 910 aHTeHHa auanasona 160 M, TO B Mofens cpasy
BBEJEHA 3a3emAeHHas maura 25 m. Mpu Takux pasmepax ee n3o-
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NMPOBaTh OT 3EMJIN TPYAHO, A3 U MEXAHUHECKYIO NPOYHOCTL U30NSI-
TOp CHWKaeT. J10 He Hebonblume maute 7,5...13 M U3 apyx npe-
Abpyumx naparpados.

- Z=636+{1020hm y SWR =8.23(50 Ohmj
H=25u Ga=24Bi e

Mayta25m

15 Ml Puc. 9.6.6

Ksagpar, no yrnam kOToporo CTOSIT aNneMeHTbi, UMEET HEMa-
Nyto CTOPOHY — 25 M. HO 13-33 60nblwONn ANMHBI BONHBLI CTOPOHA
nonysaercs scero 0,15A.

Kak cneayer w3 cpasHerus puc. 9.3.12 u 9.3.9, petuerka ¢ uz-
ny4eHWEM no auvaroHanu keagpara npu ctopoHe 0,15A BeMrphisa-
€T B ycuneHuw Bcero nuuib 0,3 nb y pelwsetku, usnyyaiowueii BAonb
CTOPCHBb! KBaapata. Ho cuctema nUTaHusi U NepekslioieHusl Ha-
NpaBneHui y nocnepHeit ropasgo npowe (cpasHure puc. 9.3.10
v 9.3.13). Moatomy ans Hawelh aHTeHHB puc. 9.6.6 npumeHeHa
6onee npocTas cucTeMa NUTaHWS ANSi U3RYYEHUS BAONL CTOPOHBI
ksaAapara. lNnaroit 3a npUMeEHEHVE OTHOCUTENBLHO KOPOTKUX Pasu-
pYIOLLMX nvHUA (GU3MYECKH, ABA NPaBbLIX KOAKcUana eisa aocra-
10T A0 OCHOBAHWS MayThbl) SIBASIETCS HU3KMA U HeynobHbI ans co-
rnacoBaHusl UMNEAaHC B TOYKE coepauHeHus Za = 6,3 + j10 Om.

YcuneHve antenHnl puc. 9.3.6 Bcero nvub Ha 0,3 ab Huxe you-
NeHWs1 NONHOPa3MEePHO KBaAPATHOW PELLeTKU, uanyyaioweii BAOnL
CTOPOHBI KBaApara (Npu pasHbix pasmepax cTopoHbl 0,151). Ho pac-
XOAB MHOroKparHo mexbiue. OpHa mauta 25 M, BMECTO HeThipex
no 38 m.

MNonoca no yposHio F/B > 12 nb coctasnsiet 45 kfy 8 puana-
30He 160 m. 310 C 0AHOI CTOPOHBI HEMHOFO, a C APYroii nepe-
KpeiBaeT Becb DX yyacrok 1810...1855 kly, B KOTOPOM npoBOAST-
CS1 MEXKOHTUHEHTaNLHBIE CBSA3W.
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Cuctema KoMMyTauMmM Takas xe, Kak Ha puc. 9.3.11 (c coor-
BETCTBYIOLLEN KOppekuvei nnvH nuavii u nenu [-cornacosanus,
KOTOpOE AOMKHO 6biTh nepecynTaHo Ha Z = 6,3 — j10 Om).

MapameTpbl NEPEKIOYEHUNA: LUMPUHA Hepabouux CEKTOPOB
A, = 0°, Ang XypWero HanpaeneHus norepu ycunenvs AG = -1,3 nb,
MUHUMANLHOE NOAABNEHUE CAaMOro HEYAAYHOrO HanpasneHust
Bun = —~12 pb.

JApyras ykOpovyeHHasi aHTeHHa ¢ nepeknodeHvem AH Ha 4 Ha-
npaeneHus nokasaHa Ha puc. 9.6.7 v B ¢aiinax ...4loop1i.gaa
(c yeTbipbMs MCTOYHUKaMu) U _..4loop1_line.gaa (C dpasupyowmmmn
nVHUSIMKM). 3TO YKOPOYEHHBI 3arvioM BEPXHUX OTPE3KOB BHYTPb
aHanor aHrewHnl puc. 9.4.5. AHTeHHa, nokasaHHasi Ha puc. 9.6.7,
paccuutaHa Ha TenerpadHblii yyactok pmanasoHa 80 m. lNonoca
no yposHio F/B > 12 pb cocrtasnsier 75 k. 3170 MHOrC Ansl yKo-
POYEHHOW KOHCTPYKLMK.

Z=144+$3240Chm ... SWR=353(500hm}

Puc. 9.6.7

N3-3a YKOPOUEHUS U CBENEHUS BEPXHWUX NPOBOOOE BGNU3KO npyr
K ApYyry Ham yxe He 0 NacCUBHOrC pednekropa, Kak B aHTeHHe
puc. 9.4.6. ina xopoweii OH npuxoputcs nutatbh BCE YEThIPE 3a-
rHyTeIX punons. o3ToMy U CXeMa KOMMYTauuu NOAy4aeTcs CnoXx-
Hoii, u CY B TouKe coeavHeHus kabenei HEOHBXOOVMO.

BricoTa Hecyweli mautel 6nu3ka Kk A/4. Toatomy ecnu mauta
He U3oAVPOBAHA OT 3EMAM U/ unu He pasbuTta U3oNSTOPOM, TO B MO-
nenv HeoHXoAMMO yuuThiBaTh ee BnusiHue. Kak oBbiNHO, OHO MO-
XET OblTb KOMNEHCUPOBAHO COOTBETCTBYIOWMM USMEHEHUEM [JIMH
¢asupyloumx nuHui, Kak nokasaHo B ¢aiine ...4loop1_tower.gaa.
MapameTpu nepexmoyeHus: A, = 0°, AG =-2,7 pB, Byn =-11 ab.
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9.6.4. Da3upoBaHHbIE NPUEMHBIE

Bce mopenu, ynomuHaemsble B aTOM naparpade, HaxoasiTes
B nanke ...ANT\Phased\RX\.

B konue rnaeb 8 onucaHo, 4To caenark NPUEMHYIO HANPasnEHHYIo
AHTEHHY C NacCUBHLIMW 3NEMEHTaMK HEBO3MOXHO. M3-3a manbix pas-
mepos u Kl cunbHO YKOPOYEHHBIX 2NEMEHTOB CBSI3b MEXAY HU-
MU 1O MNONIO NONY4aAeTCH KPAAHE MAanNEHbKOW U O4YEHL HECTABWILHOMA.

A B n. 9.6.1 NOKa3aHO, YTO AKTUBHOE NUTAHUE KOPOTKUX BNEMEH-
TOB [3ET XOPOLKE PE3YNbTaTbl TONLKO NpU cTabunbHOM U C¢ Ma-
NOW PEaKTUBHOGCTLIO UMNENAHCE 3NEeMEHTa, TO ecThb |jXa| < Ra.

lNocneanemy yCROBMIO OTBENAIOT NULUL CREAYIOWME NPUEMHDIE
@HTEHHBI:

1. besepenxa (n. 4.5.2).

2. Pa3nuyHble CURbHO YKOPOYEHHBLIE PAMKM, 3alllyHTUPOBAHHbIE
pesucropamu: aHTeHHbl-gnarn, EWE (n. 4.5.4).

3. OueHb kopoTkuii GP ¢ LUMPOKONOROCHLIM ByhepHBIM ycunu-
TeNEeM NPSIMO HA aHTEHHeE.

B Takoit nocneaosarenbHOCTU Mbl MX M paGCMOTPUM. HanomHio,
4TO CUHG}A3HBIE NPUEMHBLIE AHTEHHLI MbI PACCMOTPenu B n. 6.2.5.
B atom naparpade paccMarpuBalOTCSi TONLKO NPUEMHBLIE AHTEH-
Hbl, B KOTOPbIX ¢$asbl TOKa B ANEMEHTAX HE OAIMHAKOBHI.

9.6.4.1. dasuvpoBanuvie aHTtenH besepefmka

AntenHy Besepenxa (AB) HeT cmbiCha UCNONBL3OBATL B Kaye-
CTBE 3NEMEHTA aHTEHH NPOAONLHOrC U3Ry4eHusl (TO ECTh pacno-
narate OTAenbHbie AB B IMHWIO ApYr 33 Apyrom). XoTsa ycuneHwe
npu arom pactet un [1H cyxaercs. Ho TouHO Takoro xe adodekra
MOXHO AOCTUYb HAMHOrO nerye, npocTo YANMHUB €OMHCTBEHHYIO
AB no Toro xe rabapwura, KOTOpLI 3aiiMyT oTpensHbie Ab-ane-
meHThl. Cam anvHHbIl nposop AB o6ecrnedunBaeT NpaBUnbLHOE BO3-
6yxaeHue camoro ceba npu nioboii anuHe (n. 4.5.2). Utak:

® curiHdasHble aHTEHHBI U3 AG MBI YXXEe paccmorpenu B n. 6.2.5;

® aHTEeHHb! NPOACALHOrC uany4eHus 3 Ab anemenToB HE pe-

nawor.

A 4TO TOrfa MOXHO COENaTh U3 HECKONbKUX AB? Benb HUKaKux
VHBIX NpUHUWNOB $asupoBaHUs B 3TOI KHUIE A0 CUX NOP HE pac-
CcMaTpuBanoCh. HO U3 3TOro BOBCE HE CNEAYET, HTO UX HET.

Celivac Mbl BNEPBLIE BCTPETUMCS C UHBLIM NpUHUMNOM ¢asu-
pOBaHMSI, KPOME ABYX BLILEYNOMSIHYTbIX. Bnepebie, KOHEYHO, He
BoOOLie, 2 nUlib B AAHHOI KHUre. A U3BECTEH OH AaBHO, Bonee
nonyseka. HanpasneH aToT NPUHLMN HE HA YBEAWMEHUE YCUNEHUS
u poct RDF, a Ha cYeHb rnybokoe nNopasneHne 3aaHUX nenecrkoB
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B LUMPOKOM TENECHOM yrny. B psine cnyyaes (Hanpumep, npuem,
KOrAa HeEpaneko G3aaM nocTosHHO paboTaloT Ha nepepavy apyrue
aHTEHHBI) 310 TPpeGOoBaHWE OKA3LIBAETCS PELLAIOWMM,

3T0T NPUHLMN 3BYYUT TaK:

Ll mozo, ymobu obecneuume 2aybokoe ocnabnenue 3a0Hux u Ho-
KOBbIX 1€NeCKO8 HAOO:

e Pacnonoxcums 08¢ O0UHAKOBHIE HANPABIEHHBIE AHMEHHB Na-
PAIIENHO HA HEOOTBULOM PACCMOSHUN, U COBUHYMb X HO OAuUHE
omnocumensho opy2 opyea Ha Al4.

® 3anumame ux co cosuzom ¢haz 90°.

310 yHUBEPCANbHLIA NPUHUKI, OTHOCSAWMIACS HE TOABLKO K npu-
€MHbIM aHTeHHaM. MoppobHe ero mul erc 6Gynem paccmarpusath
nospHee, B 6-i1 Yyactu kHurn, nocesiwieHHol YKB aHteHHam. A 3nech
pa3bepem ero cpasy Ha NPUMEPE FrOTOBOI AHTEHHBI.

Pacnonoxum pse 350-meTtpoBble aHTEHHbI besepepxa avana-
3oHa 1,8 My napannensHO ppyr Apyry Ha pacctoshuu 10 m, HO
co casuirom Ha A/4 — 38 M. TonyumBLLASICS KOHCTPYKLMSI NoOKasa-
Ha B ¢aiine ...Beverage-3.gaa v Ha puc. 9.6.8.

3504

Puc. 9.6.8

Aduarpammbl HANPaBAEHHOCTU 3TOW AHTEHHbI B CPABHEHWU
¢ OH ob6biuHOM, 0auHOYHOUM AB Takoi xe AnnHbl NPUBEAEHLI HA
puc. 9.6.8. YepHbiM ULBETOM nNOKa3aHa Juarpamma aHTEHHbI
pvc. 9.6.8, cepuim — oBbMHON AB (TOT e cambiii ¢aiin ...Beve
rage-3.gaa, HO opHa u3 AB oTkmioyeHa yctaHoskoli B O paaouycos
€€ nNpoBOAOE).

Xopowo BUOHO, 4TC nuiiHue 350 M NMpPOBOACKU MBI UCTPATUAWN
He 3psi: v Ga BLIPOCNO NoYTH Ha 3 ab, U YPOBEHL 33OHUX NENECT-
kOB noHuauncs Ha 10...15 pb.

YcuneHue yBERAMYMNOCH, NOTOMY 4HTO NAOCWagu packpbisa
(n. 4.3.2) AB mankl U npu paccrosHuu mexay Humu 10 M He ne-
pecekaiotcs. CnenosarentHo, kaxaas ua asyx AB cobupaer cur-
Han HE33aBMCUMO OT BTOPOro anemeHTta. W3-3a casura Ha A/4,
cUrHan, vaylmii C HanpaBneHusi TMaBHOro NENecTka, B BEpXHEH
(no puc. 9.6.9) Ab nosBNSETCS HA YETBEPTb NEPUOLA PaHbLIE, HEM
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B HWXHEN. A onepexeHne Ha YETBEPThL NEPUOAa cocTasnsier +90°
no ¢ase. Cucrema nuTaHus aHTeHHsb! puc. 9.6.9 ycrpoeHa Tak, 4To
BepxHas AB nutaetcs co capurom ¢as okono -90°. MNoatomy
B TOYKE COeAUHEHUs (asupyIoWmX NUHUIA CUrHanNbl ¢ Hanpasne-
HUS1 rNaBHOrO NEnecTka, NpuHsTeie 06eumu AB, OKa3LIBAIOTCS CUH-
¢asHbimu: +90° - 90° = 0°.

OTmeny, 4TO B DAHHOM Cnydae pOCT YCUNEHWs MOEeT He U3-3a
cyxeHus [1H, a 3a CYeT MeHbLUMX OMUYECKMX NOTEPL (TaK Kak Asa
pesucrTopa Harpy3ok Ab ¢ Touku 3peHuss SMB BKAoueHbl napan-
NENbHO, TO MEHbLUE MOLIHOCTU TepsieTcsl Ha ux Harpes). dopma
FRaBHOrO nenecTka, a cneaosarensHo, 1 RDF ocTalorcs noutu T1a-
KUMU XE, KaK U Yy OAMHOYHOW AB. 3T0C HeyaMBWMTENLHO, BTOPOI
BNEMEHT, PACMNONOXKEHHbI BCEro B HECKONLKMX % A OT nepsoro,
HUKaK HE MOXET CKONbKO-HUBYAbL 3AaMETHO CY3UTh MNaBHbIN nenec-
TOK OH.

A BOT CUNILHO NOAEBUTL 334HWIA NENECTOK MOXET. TTocMOoTPpUM,
Kak 3aTo npoucxoput. AMB unywas c3aam (cnesa no puc. 9.6.9)
B BEpXHE AB nosensieTcs Ha YeTBEPTb NEPUOAA NO3XKE, YEM B HUX-
Hel (13-3a cABUra anemMeHTOB Ha A/4). 3anasabiBaHue HA YETBEPTL
nepvopa osHavaer ~-90° no daze. Eue Ha —90° nosopaumsaeT dpasy
curHana eepxHeii Ab cuctema nuranus. B pesynbrare B TONKE CO-
envHeHus Gasupyloumx NMHWA CUrHanbl C HanpasBneHus) 330Hero
NENECTKa, NPUHATLIE 06enmun AB, OKa3LIBAIOTCSI NPOTUBOQA3HBbIMU
~90° - 90° = —180°, 1 B3aUMHO KOMNEHCUPYIOT ApYr Apyra.

Kak 1 npu nio60oit ppyroi B3aMMHON KoMNeHcauumn (Hanpumep,
B aHTEHHE YAa-Aru, unu B paaMoTEXHUHECKOM BGanaHCHOM yCTpOii-
cTBe) ocnabneHve MOXET AOCTUraTh HECKONLKUX NECSTKOB AEuM-
6en. MNpuyem, B AaHHOM Ccnyyae, aTO0 NONOAHUTENLHOE ocnabne-
HUE CBEPX TOro, YTO UMEET oavHOYHas AB.

Ha npaktuke okasbiBaeTcsi 60onee BaxHbIM MMETb XOpoLLee
ocnabneHve B LLMPOKOM iMANA30HE a3UMYTANLHBIX U 3€HUTHBIX Y-
NOB, YEM OYEHb rnyboKoe, HO TONLKO B Y3KOM CEKTOpe. 3anyCctum
onTuMM3aumio Gas3oBoro CABUIa MEX/y 3NEMEHTAMM NO KPUTEPUIO
makcumyma F/B B pranasoHe asumytanbHblx yrnoe 120° u 3eHuT-
Hbix 60°. OtBeT: npu ¢daszosom casure —122° F/B > 30 pb ons nio-
60ro HanpaBneHWst BHYTPY 334aHHLIX YrNOB. A BO BCeli 3aaHeii no-
nycdepe (BepHee paxe B ewe 6onblueM TenecHoMm yray: 200° no
asumyty u 100° 3eHuty) F/B > 20 nb.

Cucrtema nuraHusi aHTeHHbl puc. 9.6.9 npocra. B Touke nura-
HUS Kaxaoi ua Ab yctaHoBneH O6biuHLI GEPPUTOBLIN TPaHC-
<¢opmarop, noHwkaiowuii conpotusneHue no 50 Om. Tak Kak CBs3b
no NOMO MexAay 3NeMEeHTaMKu NONTH OTCyTCTBYET, To Ra kaxgoro
13 3NEMEHTOB CTABUNLHO M HE 3aBUCUT OT PACCTOsiHUA 1 cnocoba
nUTaHUs BTOPOroc 3NEeMeHTA.
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Noatomy 06a aneMeHTa NUTAINTCS NO KoakCUanbHbiM Kabensim
50 Om ¢ KCB 1 B kaxA0OM, a HyXHbIh anst nuTaHust $asoBblii CABUT
MOXHO YCTaHOBUTL NPOCTO pasHuuei anvH atmx kabenen. Kabenb
BepxHero (no puc. 9.6.9) anemeHra aAnvHHee Ha 122°, 4TO COCTaB-
NSET 2MEKTPUYECKYIO ANVHY A x (122°/360°) = 0,339A. [ins pua-
nasoHa 1,8 My v TMIMYHOTO ANs NONMATMNEHOBLIX Kabeneit co
cnnowHon usonsumnen K, = 0,66 ara pasHuua cocrasnser 37 m
PUINYECKOA ANUHBL.

Nockoneky kabenu CornacoBaHbl, TO B TOUKE COepUREHUs 0B0o-
ux kabeneit nonysaercs R =25 OM, KOTOpOE TpaHchOPpMUPYETCS
8 50 OM npocreniumm M-06pasHbim CY.

9.6.4.2. HarpyxeHHbie pamMky B KauecTBe 3neMeHTa

ManeHbkme pamku ¢ kappuoupHo# [1H (n. 4.5.4) B oTnvumne OT
AB yno6HO NPUMEHSITL KaK 3NEMEHT aKTUBHOW aHTEHHbI NPOACHb-
HOIO U3ny4eHusi. A UCNOMBL3OBATb NPUHUMN NOA3BNEHUS 330HEro
NenecTka, onucaHHbliA B npeasiayiieM naparpade, Hanpotus, 6ec-
CMbICNEHHO. OH NPUMEHVM nKLLbL B CNy4asx, KOrna Kaxawii U3 ane-
MEHTOB Cam no cebe SBNSeTCs HaNPaBneHHON aHTEHHOW. A pamku
C xapawoupHoii [1H Hassarb TAKOBLIMU MOXHO Nuilb C OYEHb 60NbL-
LLIOI HATSKKOMA.

Noatomy 6yneMm CTpoWTb M3 HUX OBbLINHYIO AHTEHHY NPOAOAbL-
HOro usnyyeHusi. Kak cnegyeT us puc. 7.1.3, onTMManbHO paccros-
HWUE Mexay ABYMS aKkTUBHbIMWU anemeHTamu coctaBnsier 0,07A.
Bosbmem pee pamku-dnara, pacrnonoxum KX Ha yKasaHHOM pac-
CTOSIHUM BAOAL HanpasneHus uanyyeHus. Nopbupas $pazy opHoro
U3 UCTOYHUKOB, MOXHO MOonyuuth OAHOHanpasneHHyio OH, axvano-
TUYHYI0 OBLINHOIN NBYX3NEMEHTHOIN aHTEHHE NPOACALHOrO U3nyye-
Hus. Peaynbtar nokazaH B ¢aine ...Flag DL2KQ 2 el.gaa v Ha
puc. 9.6.10. AvanaaoH 1,8 My,

MonyuuBLIAACH AHTEHHA NOXOXA HA CAMYIO NEPBYI0 AHTEHHY
NPOAONBLHOrO U3NYYERUS U3 ABYX AUNONEN, PACCMOTPEHHYIO B 3TOM
KHure (cm. puc. 7.1.1). U pacctosHueM Mexay anemeHramu, u ¢a-
30BbIM caBurom, v supom OH. 310 He cnyyaiiHoe CXOACTBO. AH-
TeHHbl puc. 7.1.1 1 9.6.10 MAEHTWYHBLI NC NPUHLKUNY NOAYHEeHUs
HanpaeneHHo#n OH.

OTnuive TonbkO B BUAE 2NIEMEHTA; Y a@HTEHHBbI puc. 7.1.1 310
A/2 punonsb, a y puc. 6.9.10 — HarpyxeHHas pamka-dnar. Ho ato
NPUBOOMT NULLbL K u3ameHeHwio Ga, a He PpOopMbl anarpammbl Ha-
npasneHHoctv. CpasHure [H Ha puc. 7.1.2 v 9.6.10: paznnuus
MUWHMMaNbHBI.

Ho Ha puc. 7.1.2 nokasaHa auarpamma HanpasneHHOCTU ABYX-
ANEMEHTHOW NONHOPA3MEPHOH AHTEHHbI NPOAONLHOIC U3NYYEeHUSs

166



167

01'9'6 "ond

W
L hoo0s......... omm_ 0 008
) e X
.1|..I.|.|l||‘|l unh E o " W.N
EW.N “.—.AWN —.AW»F
= - T WGL
WGl

g e g gty
(W40 008 011 = s bt wyg L +Bla=Zz

[



A Ha puc. 9.6.10 — coBCEM ManeHbLKOW aHTEHHBI C AnMHoMi 0,137A
U BLICOTOW MeHee 2% A. [a, ycuneHwe o4eHb mano, scero —45 dBi,
Ho 3aro RDF pocturaer 11 ab, uto B amanasoHe 1,8 My coor-
sercrByeT AB pnuHoit 200 m (puc. 4.5.3).

O6parute BHUMaHue, PasupoBaHUE ABYX HArPYXEHHBIX PAMOK,
B OThuune oOT ayx AB, cHwxaer obiuee ycuneHue. Y aHTeHHbl
puc. 9.6.10 Ga = -45 dBi, a y opHoro ee anemeHTa —-36 dBi. Xo-
powas ¢opma [1H o6epHynaces notepeii uenbix 9 o6, Yrobbl ckom-
NEHCUPOBATL 3TO NEPUMETPLI GNAHroB NPUXOOUTCS YBENWHUBATD.
Ycunenue aHteHHbl puc. 9.6.10 pocturaer yposHsi —40 dBi Ha
1,8 My, npu nepumeTpe xaxaoro us ¢naros 24 m (daiin ...Flag
DL2KOm 2el.gaa). A Ga = -30 dBi nony4aercs npu nepumerpe
40 m. Ha a10 Hemano nposonoku. W noTpebyiotca ABE MauThl Bbl-
COTOWM HECKONbKC METPOB Ha pacctosHuu 18...25 M apyr OT ppyra.
Ho He 3a6biBaiiTe, YTO NPV NPaBUNBLHOM NUTAHUKM NOCTUITAETCs Ta-
kon xe RDF (10 ectb npuem), kak npu 200-meTtposoii Ab.

MNMpu cosgaHun cuctemMsl NUTaHus (NOAPoBHEE O HEll HKE) HADo
TWATENLHO BLINONHSTL BCE Mepbl N. 4.5.4 nO nopasBneHuio napa-
3UTHOrc npuema onnerkamu kabeneii. NMpuuem K aToMy BONPOCY
HaA0 NOAXOAUTL eule Gonee KPUTUYHO, YeM OnucaHwo B n. 4.5.4.
Bepb ycuneHue ABYXaNneMEHTHOW aHTEHHbl HWUXE, COOTBETCTBEHHO
yXectoualoTcsl TpeboBaHus K NoOfaBReHuI0 cMHGA3HOro Toka.

Ho sepHemcs k ¢popme OH. RDF = 11 pb aHTteHHa puc. 9.6.9
(v eli nonobHble, HO ¢ GonbLUMMKU NEPUMETPAMU 3NIEMEHTOB) UME-
€T Ha YpOBHE 3eMnK (HWKHUI NPOBOA HA BLICOTE BCErQ NONyMET-
pa). Ho ¢ poCTOM BLICOTbI Ha4 3eMneil, Kak ormcaHo B n. 6.2.5,
RDF ¢nara pacrer, 3a cuYeT cyxeHusi [IH B 3eHUTHOIM NAIOCCKOCTU.
B 1abn. 9.6.1 gaHa 3asucumocTe RDF aHTeHHbl puc. 9.6.9 ot
BbICOTHI U ANsl cpaBHEHUS paHa anvHa AB, ofecneuvsaiolyein Ta-
ko xe RDF (Ab eCTecTBEHHO, HE NOAHVUMAETCS! BBEPX, @ HAXOOUTCS
Yy 3emnu, n. 4.5.2).

BoicoTa cuuMTaeTcs Ot HbKHerc nposogna dnara.

Ta6nuya 9.6.1

Bucota Haa semneit RDF, Jnuna AB, akeueanentHoi no RDF, m
B A aHTenHu puc. 9.6.10 ne {(ann pranasona 1,8 My, cm. puc. 4.5.3)
0,3% 11,1 200
5% 11,2 210
15% 12,1 265
25% 12,7 310
33% 13,3 360
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BuaHo, 4TO TakmM 06pasoM Ha Kpbille ropoaCKOroc AoMa MOX-
HO CAenaTb NPUEMHYIO AHTEHHY, He yctynawowyio no RDF xopo-
weii AB 3a ropopoM. OBYMHKA CTOMUT BbIAENKU. XOTS, KOHEYHO, Npu-
HETCA CEPLE3HO 3aHMMATLCH CUCTEMON NUTaHWs, Tak Kak:

® 13-3a HU3KOro Ga HeoBXxoaMMO OYEHL XOPOLUEE NoaasnexHne

napasuwTHOro Npuema onnetkoi (n. 4.5.4);
® 110 TOI Xe npuyvHe Ha 0Ba anemeHTa noTpebyioTcs yeunu-
TENN.

Heobxoaumniii ¢pasosulit capur 185° npouie BCEro ycraHOBUTH
B ABE CTyneHwu:

1. 180° nony4uTh UHBEPTUPOBAHMEM OOBMOTKM COrnAacyiowero
TpaHcdopmaTopa UM BbIXOSA YCUIUTENS OLHOrC U3 3NEMEHTOB.

2. OcTtaBumecs 5° coenarb pasHOCTLIO AnvH Kabenei OT ane-
MEHTOB 10 TONKY UX NApannenbHOro COEAUHEHUS.

Takoi#t cnoco® NUTaHUS NO3BONSIET NOAYYUTH CYEHL YCTOWNM-
Byi0 ¢popmy [IH, npu nameHeHuu 4acToTbl B HECKONbLKO pas. [leno
B TOM, 4YTO C BO3PACTAHWEM YaCTOThI, onTMManbHuii no F/B ¢a-
30BbIA CABUI MEXAY 3neMeHTaMmu pacTer. Tak, ponsi aHTEHHBI
puc. 9.6.10 oH cocTasnsieT

e 185°Ha 1,8 Mlu;

e 190°Ha 3,6 MIu;

e 200°Ha 7 MIy,.

Ecnu Mul BbINTEM U3 3TOMO paAa NOCTOSHHLIA casur 180° (uH-
Bepcusi passbl B TpaHCcPOPMATOPE UNU YCURUTENE HE 3aBUCUT OT
4acTOoThl), TO NOAYYUM, YTC AONONHWUTENbHLINA CABUMN HA PA3HOCTU
AnmH kabeneil nomkeH COCTaBNSThb:

e 5°Ha 1,8 MIly;

e 10°Ha 3,6 Mly;

e 20°Ha 7 Mlu.

To ects ¢pasosas pmHa 06si3aHa nMHEMHO BO3pacTaTtk C 4ac-
TOTOIt. HO Benp MEHHO TakK BeneT cebs NOCTOSHHLIA No AnuHe
OTPE30K NUHUYU. [OCTATOYHO YCTAHOBWUTL PasHOCTb OJWMH NUTAIO-
wmx kabeneih 1,5M (C yveroM TUINIMYHOIO AN NONU3TUNEHOBLIX
kabeneir co cnnowHot uzonauuedt K, = 0,66), kak onTMmanbHbIi
daszosmin capur (yutait, xopoisee F/B) 6yaet nonysartsca aBTOMa-
TUYECKM AN BCEX TPEX AMANA30HOB.

Y1o6bl HE CHWXAaTb NMOnOCY aHTeHHbl, CY B TO4KE CoeamHeHus
ob6oux kabeneii nyywe BLINOAHUTL KaK peppuUToBbiii TpaHcdopma-
TOp, NOBLILLAIOWKMI conpoTvBneHue ¢ 25 no 50 Om.

B cMBICRE LWMpOKONOAOCHOCTK aHTeHHa puc. 9.6.10 npencras-
NSIET NPUSATHOE UCKNIOYEHVE U3 OBILEro Ans aHTEHH C AKTUBHBIM
NUTaHUeM npasuna o4HOAMaNa3oHHOCTU. Tpy yKas3aHHoi cucteme
NATaHUsi U NEPUMETPE paMok no 25 M oHa 6e3 BCAKUX NEepexmo-
yeHuit obecneumnsaer nonocy 1,5...7,5 M. HuwxHss ee vacrorta
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OrpaHuyeHa TONbKO nafneHuem ycuneuus, a ¢popma JH coxpaxs-
€TCA BNAAOTb A0 A/MHHLIX BORH. BepxHas wacrora onpepensercs
W3 yCnoBus: NepumeTp anemeHTa-¢hnara He A0/MKEH npesbitlaTb
Ha Hen 0,6...0,7A.

M3 aByx aHTenH puc. 9.6.9 MOXHO cpenath OBYX35EMEHTHYIO
CrHGpA3HYIO aHTEHHY (Kak OnuCaHo B n. 6.2.5). Takas KOHCTPYKLMS
nokasaHa B ¢anine ...Flag DL2KQ 2 elx2.gaa. Mou 3aHvmMaemMoi
nnowany 100 x 23 M WMpPKHA FNABHOFO NIENECTKA asuMyTasbHOM
[H Bcero 45°, a RDF = 14,5 pB, yto COOTBETCTBYET AB AnMHON
500 meTpos.

OnucanHbiM B 3TOM naparpade cnocoBOM MOXHO CAEnaTh Ha-
NPaBNEeHHYI0 aHTEeHHY M3 MobOoI pamku ¢ KappmonaHoil JH: K9AY,
EWE (n. 4.5.4).

Bce anTenHbl aroro naparpadpa umeror oguH obwmil HepocTa-
ToK. Vix AH Heso3amoxHO nepexmouarthb. MpuumHa; HarpyXeHHas
paMka, ucnonb3yemasi B KaueCTBE 3MeMEHTa, He 06nanaeT LeHT-
pansHOi cumMeTpuei. Hu B KOHCTpykumm, Hu B [H. Mosromy npu
NEePEKHOYEHUM CTOPOHBI OKA3bLIBAKOTCH HEPABHbLIMU.

9.6.4.3. CuicTeMbl U3 KOPOTKMX BEPTUKANOB

M3 okoHuanus npepbiayiero naparpada cnegyer, yTo npu-
E€MHYIO 8HTEHHY C NEePEeKoyaemoi [uarpaMmoi HanpasneHHOCTY
HaAo CTPOMTL M3 BNIEMEHTOB, MMEIOLUMX LIEHTPANBHYIO CUMMETPUIO
B KOHCTpyumu u [H. 3tomy TpeboBaHunio yaoBNeTBOPSIET KOPOT-
KU BEPTVKAM OH BLIFASAMT M NPUHUMAET OAMHAKOBO CO BCEX
CTOPOH.

Ho Za Takoro Beptukana Hukypa He rogutcs: Ra — NECATLIE
Bom oMma, jXa — HecKonbko kusioom Paktmyecku, no MMNEAAHCY
O4eHb KOPOTKWiA BepTVKan BepeT cebs Kak KOHAEHCAaTop Hebonb-
WO (HECKOMbKO AECHATKOB nukodapan) emKocTu. ECTecTBEHHO,
noaKmo4aTb K Takomy Za $pasupyiolime fnvHUK Henb3s. BbiCOoKui
KCB B HMX 1 OrpoMHas peakTMBHOCTb Xa NpMBEAYT K MOJHOM He-
paboToCnoCco6HOCTH aHTEHHBD.

MNostomy Heyno6oBapumbiil MMMNERAHC KOPOTKOrO BEpTUKana
HaA0 npeobpascsBaTe B CTaGUIILHOE, AKTUBHOE WM YaCTOTHO HE3a-
Bucumoe conportusneHre 50 OM. B gaHHOM cnyyae nacCMBHBIMK
CY (pa3nen 3.5) £0CTUYb BTOFO NPUHLMAMANBHO HEBO3MOXHO M3-33
6onbiuoro oTHoweHus Xa/Ra.

Ho y Hac aHTenHa npuemnas. C mansiM curHanom. Ero sce pas-
HO NPpMAETCs yocuimearb. BOT v nocrasum ycunutenb NpsMo Ha
AHTEHHY.

Ham Hapo, 4To6bl NOYTH BCE NPUMHHATOE aHTEHHOW HanpsXxeHue,
£OoCTMINO BXoAa ycunurens. [lns 3roro moaynb BXOOHOrO vMne-
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AaHca younuTens |Zex| pomxeH, kak munumym, B 10 pas npesbi-
wartb |Xa| antennn. Torpa koaddMUMEHT nepepauv AenmTens
|Zzex|/(]Zsx| + |Xa|) nonysaercs 6imaxkum x 1 U NO4YTH HE 3aBK-
CALWM OT 4aCTOThi. 3HAYMT, ECAM NPSIMO K KOPOTKOMY BEpTMKANY
Mbl NOAKNIOUYMM youamTenb G |Zex| cocrasnsiowmii HECKOMEKO Be-
CHTKOB KMJIOOM, TO Ha Bbixoae ycunutens 6yneT nouTy BCe NpuHS-
TOE aHTEHHOI HanpsbkeHue. Vicnonb3yem anepuoamieckwii ycunm-
Tenb C ero BbIXOAHbIM conpoTtusneHneM 50 Om.

C Toukn 3penusi GasnpyioLLIMX NMHUIA Takas cuctema (KopoT-
xuii GP C BBICOKOOMHbBIM LUMPOKOMNOMOCHBIM YCUAUTENEM) SKBUBa-
JIEHTHA LUMPOKOMNOMOCHOMY 3/IEMEHTY C conpotuenennem 50 Om.
A 3TO Kax pas Ta aHTeHHa, KoTopas Ham TPebyeTcs Ans NEpekmo-
YaemblX NPMEMHbLIX PELLETOK.

Ml He paccmaTtpvBany TaKylo aHTEHHy B paspene 4.5. U we
3ps. OpuHOuHbIA kopoTkuit GP nouTu HUKOFAA HE MNPUMEHSETCH
KaK ApUeMHas aHTeHHa (pa3sBe YTO B NOPTaTUBHbLIX MPUEMHUKaXx).
310 6ecocmbiCneHHo n3-3a HKu3koro RDF v kpyroBsoit asmmyTanb-
Hoih [4H.

Ho Kak anemMeHT CROXHOM aKTUBHOM PELUETKU, C nepeknioyae-
MO Avarpammoil HanpasfeHHOCTH, xopotkuii GP ¢ peancropom
B TOYKE NUTaHUS NpMMeHseTcs C ycnexoM. OObYHO 4ns AManaso-
Hoe 160 1 80 M kopoTkuii anemext GP umeer BbicoTy 4...6 M. lNpu
MEHbLUE BbICOTE pacTeT |Xa| v 3areHeHWMe aHTEHHbl MECTHLIMU
npenmMetamu, npu GosblIeit — YBeAMUMBAIOTCH KOHCTPYKTUBHLIE
cnoxxocTh. TNpolle BCEro ucnonb3osarb NAACTMKOBOE yAWAMILE
C NPOBOAOM BAOL Hero. JhoGonwiTHas 0COBeHHOCTb: (hasa Hanps-
XEHUS B 3/IEMEHTE HE 3aBUCUT OT €FO BbICOThI, TaK KaK BXOAHOE
HanNpsXEHME ONPEAENsTCH HE BLICOTOM SNEMEHTA, a8 BXOAHLIM VM-
NepaHCoOM YCURUTENS.

Paauarsisl He 06S3aTeNbHb, HO XenarenbHbl. M3-3a Buicokux |Xa|
u |ZBx|, BKMIONEHHBIX NOCREAOBATENbHO, COMPOTUBJIEHNE 3a3EM-
nenns 6e3 3amMETHOro YXYALUEHMS MOXET AOCTMFaTb COTEH OM.
JlocTaTouHOo NpOCTOro 3a3eMneHus u/unu 3...4 CUNLHO YKOPOHEH-
HbIX (TaKoM Xe A/IMHbI, KaK U BEpTUKan) NpOTUBOBECOB.

O603HauuM TPeBOBaHMSA K YCUNUTENIO:

e [lns obecneueHus Bhicokoro |Zex| ofias BxoaHas eMKOCTb
younutens He AOkHa npeebiwate S nd (umeiorcs B BUAY
AnanasoHbl 160 1 80 M). YunThiBas, 4TO B 3Ty undpy BXOLAAT
M @MKOCTM MOHTaXa, 1 eMKoCTb n3onstopa GP, Ha cam you-
nvTenb ocraercs 1...2 nd.

e AxTuBHOE BxomHOe conporuenerme >100 kOm.

e YCUAEHME NO HANPSHKEHWIO MOXET OTCYTCTBOBAaTb. OObINHBIA
NOBTOPUTENb 3AECH BHOMHE BOCTATO4EH. Mbl YCUIMBaeMm He
HanNpsHKEHKe, a MOLWHOCTL curHana.
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e CrabunbHoe BhixogHOE conpotmeaenue 50 Om. Vinu 75 Om,
€Cnn Bbl U3 BKOHOMMM PELLMTE NPUMEHSTL B KauecTee ¢a-
BUPYIOLMX NIMHWIT HEAOPOFME TENEBU3UOHHBIE KOAKCUanbl.

e Manbiii k0ahbhUUMEHT LIYMa. 3TO BCE-TAKy BXOA, NPUEMHMKA.

¢ Bricokas nMHERHOCTL NO TOM Xe npuuMHe.

e Mannit dazosbilt Haber B paboumx puanasoHax. Mol xe By-
aem ¢$asnpoBaTb 3TW BAEMEHTbl, AONONHUTENbHBLIN CABUF
dasbl B younurene byaer mewarb. [03TOMY BEPXHSISI H4acTo-
Ta younuTens BOmkHa ObiTb, Kak MuHuMymMm, B 10 pas sbiwe
MaKCUMaNbHO! MPMHMMAEMOIl 4YaCTOTb!.

e 3awmTa BXOfa OT CTATUNECKOFO 3IEKTPUHECTBA M HABOMOK
OT NEepPeaaoLmMX aHTeHH.

MpuHuMAManbHLIX CXEM ycwimTeneil npusoamtb He Bypy (3Tto
HE TeMa NaHHON KHUrY, Ja u Tak yxe npobnema ¢ ee o6LEMOM).
3amevy TOMbKO, YTO YKa3aHHbIM TPEBOBaHWSM COOTBETCTBYIOT
OGbIYHBIE MCTOKOBLIE MOBTOPUTENMM HA MONEBLIX TPAHSUCTOPAX M/Wam
CTaHAAPTHLIE MUKPOCXEMbl OydhepHbix NoBTOpUTENEi B TUAOBOM
Bk/MmoueHun. Hanpumep, s mcnonbsosan GydepHbie NoBTOpUTENN
MAX4201 u MAX4178 (Hu3Kue LyMbl, BLICOKAd AMHEHOCTb, Npo-
CTeitlas KOHCTPYKUMS) B TMNOBOM (M3 Nacnopra) cxeme, nuilb Ao-
Gasnss ans 3awmTh BXOAE NOCAEnOBaTENbHLI peauctop 200 Om
v napy AvOAOB (Ha NUTAHWE) M pasBs3biBaAIOLWMIT TPAHCHOPMATOP
1:1 Ha BbIXOpE.

BbiGOp MMEHHO 3TMX MUKPOCXEM 6bil AOCTATOYHO CAY4AEH.
OHu NpoCTO HAUUMCh NOR pykamu. Bbl e MOXETe MCnonb30BaTh
moboii M3 MHOFMX AECATKOB By epHLIX younuTeneii nosTopureneil,
BhifTyCKaeMblX B LIMPOKOW HOMEHKIATYpe MHOrMMu $upmamu.
Mnu camocTosTensHo cobpath NOBTOpUTENb Ha AMCKPETHLIX ane-
MEHTax.

B o6wem, Haw OfMH 3NEMEHT AOMKEH BLIFMSAETh NPUMEPHO
Tak, Kak noxasaHo Ha puc. 9.6.11 (uenu pa3Ba3ky YCAOBHO HE MO-
KagaHbl). VI3 Takux 3nemMEHTOB Mbl U Bypem cobupartb APUEMHBLIE
peweTkn ¢ nepexkmovaemoit [H.

K coxanennio, GAL-ANA BxnoueHve B Moaenb younuteneii-no-
BTOpUTENEH HE MOpAEPXKVBAET (BO BCAKOM CAy4ae, Ha BPEMS Ha-
nucaHmsa 3tux Crpok). MNosromy mbl GypeM mMoaenupoBaTtb Taknue
peweTxy 6e3 nuHUiA, yctaHaemuean Tpebyemyio ¢asy TOALKO MCTOu-
HMKaMu HanpsxeHms. KOHEeYHO, pacqeTHbI MMNesaHC 3neMeHTOB
MoAenu OymeT xpaitHe hnanexk OT PeanbHOro BLIXOAHOFO CONPO-
TuBsIeHMA nosToputenei (50 Om). U pacuetHoe Ga He Gyper yumThi-
BaTb YCUREHUE NO MOLWHOCTK B nostoputensx. Ho emg [H v Be-
numnHbl HA30BbLIX CABUFOB OYAYT KOPPEKTHLIMMU.

KeaaparHas pelerka ¢ NepexnioueHuem Ha 4 HanpaesieHns No-
KasaHa Ha pmc. 9.6.12 v B daitnax ...4short RX-160m.gaa u ...4short

172



Beptukan 4...6 m

[Cox< 5 n® Rey> 100 kOm
)KU =1 RBle= 50 Om
Vi

Gdasupyotlas nuHus
kabens 50 Om

3azemMneHue unu cuctema paguanonB

Puc. 8.6.11

RX-80m.gaa (opHa v Ta Xe aHTeHHa, HO YCTAHOBAEHL! pasHbie ¢a-
30Bble CABUIM, COOTBETCTBYIOLME onTiMymamM [IH no avanasoHam).

RDF antenHm gocrturaer 11,2 pb, 4to cooreercreyetr AB gnum-
Hoit 200 m B pranazoxe 1,8 My (cm. puc. 4.5.3). Mapamertpo ne-
pekmoueHuss xopowme: A, =0° a AG=-1,7 B, Byn = -19 0B.
M BCe 3TO AOCTMIHYTO HA KB3[PATHOM Y4aCTke 3EMAK pasMmepamm
scero 18,4 x 18,4 m (TO €CTb C guaroHansmu no 26 m).

[Nnaroih 3a BCE 3TV NPEMMYLLIECTBA ABJISETCH CAOXHAs cuctema
NUTaHMUS ¥ NEPeKIioHeHUs.

Bo-nepBblx, B 3TOM (M BCEX MOCHAEAYIOLLMX AHANOFMU4HbIX pe-
weTkax naparpada) TpebyioTcs NOUCTUHE Ype3BbiualiHbie Mepbl No
YCTPaHEHUIO Napas3uTHbiX curHanos. Makcumym [H aHTeHHbI CO-
oreercTBYyeT curHanam Ha 20...30 pb meHblM, YeM y nonHopas-
MEPHOI aHTeHHbl. A GOKOBOE M 33HEE HANPAaBEHUS NOAABNEHbL
ewe Ha 20 pb. CnepoBaTtenbHO, NAapasuTHbIE CUFHanN C YPOBHEM
Ha 50(!) b Hwxe, YeM Y NONHOPA3MEPHOW AHTEHHb! B AAHHOM Cny-
Yae owyTuMo nognoptut [1H Hawel pewerku.

Mpexae Bcero, HAno 60OPOTECH C MNAPa3UTHLIMK CUrHaNaMmu,
NPVHYMAaEMbIMY MPOBOLAMMK YNPABMAEHUS M NUTAHMA, @ TakxXe on-
NEeTKaMu KoakcuansHbix kabeneii. Mpuuem ocnabnats MX HaOO Ha
Te xe 50 gB, TO ecTb oueHb cunbHO. MNoaToMy BCE npoBopa nura-
HUMS, BK/HOYAs KOPNYCHOM NpoBOA, C 00EMX CTOPOH (M Y 3/1IEMEHTa,
u y 6noka ¢pasvpoBanms-NEPEKNicCHEHNS) NOAKMOHAIOTCH K SMEMEHTY
yepe3 6bonbwme, 1...3 MMH, gpoccenu, obnagaioLme MNEnaHCOM

173



21'9'6 *Ond

< o 41 60%
¢ pINOE A
5 N gl dity
R
Wel e
: &,m..\,..,,,.aﬁ
2.

W § = H rremudon 20g

174



HECKOJIbKO [ECHTKOB KMIOM Ha paboueii yactore. Onnerka xoak-
cuanbHOro Kabens He MCNOML3YeTCH Kak HyneBoW nposof 6nmoka
nvTanmus. OHa NOMHOCTLIC OTBR3aHa OT Kopfyca (KaK y anemeHTa,
Tak 1 y 6noka ¢$asmpoBaHMA-NEPEKMOYEHUS) Yepe3 pa3Ba3biBalo-
e TpaHchopmMaropb 1:1 CO CBA3bIO MexAy 0OMOTKaMu TOJMBKO
4EpEe3 MarHUTHbI NOTOK.

Bo-BTOpbiX, pewerka AomkHa ObITb OTHECEHA NopasnblLe OT fe-
peuanyHaiowero Metanna (CMm. n. 4.5.5), B nepsyio ouepeab — OT
fepeaaoLLLeit aHTEHHb (KOTOPYI0 06A83aTenbHO HAAO BOMOMHUTENLHO
paccTpavBarb B pEXUME npuema).

B 6noke ¢asmpoBaHUs-NEPEKHOYEHUs, K KOTOPOMY uAYyT BCe
yeteipe xabens paBHOM JUIMHBI OT 3MEMEHTOB, O6ECNEYMBaETCH
nepekmoyeHue, Tpebyembiii caevr ¢as u CyMmMnpoBaHmne.

Cxema artoro 65n0ka [OBOMLHO CAOXHA, paccmarpusarb €e TyT
He 6yay, a TO Mbl COBCEM YAIMMCS OT TEMbl aHTeHH. OTmeudy
TONbKO, 4TO dasosbii casur —105° penaercs NPOCTO Kak AOMOs-
HUTENLHBIM OTPE30K KOaKCHanbHOro kabenss COOTBETCTRYIOWEH am-
Hbl. A caBur +105° BLINONHAETCS MCX0Oa M3 TOro, YTO A9 CUMHYCOM-
nbl +105° ato TO Xe camoe, 4to 105° — 360° = -255° (BCe npouecchl
B Nepuoanyeckom xonebaHuu noeTopsiorcs yepes 360°, nosTomy
K mo6oit ¢paze mMoxHo npubasnsaTe unm BuuuTars 360° 63 name-
HeHus paboTel). A yxe —255° nerko BuINOMHWTL Kak —180° + (—75°),
TO €CThb Kak MHBEPTMPYIoLWmii TpaHcgopmarop 1:1, aaowmit —180°,
M DONOSHUTENbHLIN Kabenb anuHol —75° nocne Hero. Mopgpo6Hoe
ONUCAHME CXEMbl M KOHCTPYKLUMM aHanoruuHoro 6noka paHo B [5].

KomneHcaumeii 3a MHOXECTBO TpyaHocTelh ¢ 6nokom dasmpo-
BaHUs-NEPEKIIONEHNS SBNSETCH OTHOCUTENbHAas cBoboaa B pasme-
pax pewetxu puc. 9.6.12. CropoHa xeaapara, no yrnam xoToporo
CTOSIT 3/IEMEHTbI, MOXET nexatb B npepenax 0,12...0,25\ (koHeuy-
HO, C COOTBETCTBYIOLWEH koppekumeli ¢hasosbix casuros). BeicoTa
CaMux 3MIEMEHTOB, KaK yXe Obii0 OTMEYEHO BbILLE, HE O4YEHb KpU-
TuuHa. Bo sesikom cnydae, He Tpebyercst koppexums $Has3oBbiX CABK-
FOB MPU WM3MEHEHWUM BLICOTHI SIEMEHTOB. XOTs M3 coobpaxeHwn
MEHbLLIE YYBCTBMTENbHOCTM K NapasnTHbLIM curHanam OT coenu-
HUTENbHbBIX NPOBOAOB U NEPEU3NYHEHMA OKPYXaIOLEro MeTanna ee
Aydlwe BuIOGUpPaTh MaKCMMaIbHO BO3MOXHOM.

Bonee cnoxHas BOCbMWYFOfibHAs pELIETKa C MNEepPeKHoYeHn -
eM Ha 8 Hanpasnenuit nokazaHa Ha puc. 9.6.13 u B daiinax
...8gp80_30.gaa u ...8gp160_30.gaa (opHa v Ta XE€ aHTEHHa, HO
YCTaHOBMEHb pa3Hbie ($a3oBbie CABUFK, COOTBETCTBYIOLLME ONTU-
mymam [1H no auanasoHam).

RDF antenHn pocturaer 12,3 pb Ha 1,8 My 4Tto COOTBETCTBY-
et AB anuHoit 270 m (cm. puc. 4.5.3). B ananasoxe 3,6 My RDF
noewiLaeTcs o 13,4 b, uto cooreercTByeT AB anuHol 4,5A.
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MapameTpbl nepexmodeHns xopowwm B 060Mx ananasoHax. Ha
160m A, =0° a AG=-1,1pB, Byy=-26 g5. Ha 80m A, =0°,
a AG = -1,9 gb, By = —-23 nB. Y BCe 3TO AOCTUFHYTO Ha KPYrioMm
ydacrtke 3eMnu gyameTpom scero 30 m.

Ecnn Het paxe 30 M, 10 B ¢hainax ...8gp80_20.gaa u ...8agp
160_20.gaa (opHa u Ta Xe aHTEeHHa, HO YCTaHOBEHbI pasHbie ¢a-
30Bble CABMIM MO AManasoHam) npuBeseHa aHanOrMyHas aHTeHHa,
ymeuaiowascs B kpyr anamerpom 20 M. KoHeuHO, 31O npueeno
K HEKOTOPOMY YXYALEHUIC XapaktepmcTuk. RDF aHTeHHb pocTu-
raet 11,6 a6 na 1,8 MIu yro coorsercreyeT AB pnmnoit 210 m (cm.
puc. 4.5.3). B auanasone 3,6 My, RDF noebiwaercs no 12,8 ab,
41O cooTBETCTBYET AB onuHol 3,51, MapaMeTpbl Takol aHTEHH Ha
160mM Ay=0° a AG=-1pB5, Buyy=-26 a5. Ha 80m A, = 0°,
a AG =-1,5 ob, By = -21 BB.

Ecnum e MecTo MMEETCH, TO Ha yYacTke guameTpom 60 M MOXHO
BLINOMHUTL BOCBMUYFOMBHYIO PUEMHYIO petueTky Ha 1,8 My (ans
avanasoHa 3,6 My anametp 60 M yxe 4pe3mMepHO BEMMK, U Tam
aHTeHHa paborars He Gyner). Takas pelweTka nokasaHa B ¢aine
...8gp160_60.gaa. Ee napamerpn Ha 1,8 MMy COOTBETCTBYIOT @H-
TenHe puc. 9.6.13 B ananasone 3,6 MI'y: RDF = 13,4 nb, A, =0°,
a AG = -1,9 pB, Byx = —23 gB. ViMEHHO Takyio aHTeHHY nogpoBHO
(c 6nokom aauposaHus-nepekmoyeHus) onucan Lee Strahan,
K7TJR B pabore [5].

Bce onucaHHbIe BhILLE A5 KBaApPATHOW peleTkn npoobnemb
C NOJAaBMiEeHMEeM MNApPasUTHLIX CUTHAN0B OCTAIOTCH aKTYasibHbiMU
¥ O BCEX BOCbMUYFOMbHbIX peteTok. OHM faxe CTaHOBATCA elle
6onee oCTpbiIMU, TaK KaK C pocToM RDF aHTeHHbl BO3pacTaioT Tpe-
6oBaHMa M0 NOAABIIEHUIO HEXENATENbHbIX CUFHANOB.

DakTUHECKHM, UMEHHO OCTaBLUMECS HENOAABAEHHbIMU NapasuT-
HbIE CUrHaNbi OrPaHNYMBAIOT MAKCUMANBEHO BOCTUXUMBIA Ha Npak-
Tvke RDF. Mo paHHbiM [S] paxe nocne NPUHATUA BCEX MbICAMMBIX
MEP NO NOOABNEHWMIO NApPa3uTHbIX CUFHANIOB OHM OFPaHWUYMBAIOT
peanbHbiit RDF Bceit koHCTpykumn po 12,5...13 o6 (€CTECTBEHHO,
€Cnu aHTeHHa cama no cebe umeer pacueTHbiit RDF Bhitle 31O
uudpbi).

0.6.4.4. Npubopsl NOAABAEHUA NOMEX

Yacto npu npueme Ha HY ananasoHax Ha NpoCTble BCEHa-
MPaBNEHHBIE AHTEHHB BO3HMKAET 33Ja4a rMoaasuTb NOmexy G on-
peneneHHoro asvmyrta. Hanpumep, OT 3aB0Aa, NEPEAAIOLLErO LEeHT-
pa, vckpsiei JI3MN, rposbl B OTAANEHMM, cocena-paamonioburens
nr.n. Ang a1oM 334034 BOCTATO4HO MMETb aHTEHHY C Kapauo-
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upHolt [1H (n. 4.5.4). Ho sta [IH pomxHa MMETH BOSMOXHOCTb
ONepaTUBHOFO BPALLEHNS, YTOObI MOXHO ObIO HABECTH MUHMMYM
IH Ha nomexy.

MHorpa npocro mexaHunuecku Bpaiuaior ¢nar (n. 4.5.4), ycra-
HaBAUBan ero BAO/b TPABEPChl BPALAEMOM HANPAaBAEHHOM aHTEH-
Hbl Ha BY ananasoHs. OpHako pelleHme 310 HE HA30BEeLb Hi npoc-
ThIM, HW AeLEBbiM. Kak MUHUMYM, Ha[IO YX€ UMETb BPALLAIoLLYIOCS
@HTEHHY Ha BY.

HamHoro Gonee npuenekarenbHolt BHrASauT uaes anexTpuye-
ckoro BpauieHus [1H. CobcTseHHO, Mbl yxe Bpaianu NPUEMHYIo
LH B npeppiayiiem naparpadge. Ho tam norpe6osanucb oTnens-
HbI€ NPUEMHbIE PELLIETKN 1 BECbMA CRIOXHbLIE YCTPOicTEa ¢dhasnpo-
BaHuA-NEpeKioyeHns. IT0 HeM3OEexXHan MniaTa 3a ANEeKTPUHECKOoE
BpauieHve HanpasneHHoh [JH ¢ sbicokum RDF.

B aTom naparpage peumm 6onee npocryio 3ana4y: Mbl Gypem
AnekTpuyecku Bpawarb cnaboHanpaBneHHyio xapamMougHyio [H.
MoHATHO, 4TO NpK WIMPOKOM nenectke U HuskoMm RDF Taxoi OH
BpalieHue GyieT CBOAUTLCH K MEPEMELLEHO MO asuMyTy nosno-
XeHusn npoeana B [H.

B npuemHoii cuctemMe Uz AByX aNEMEHTOB RPOLLE BCEFO nony-
WTb MMHUMYM [H, pyKOBOACTBYSICb cRefyiowmmu coobpaxenns-
Mi. B pa3HeCeHHbIX B NPOCTPAHCTBE 3NMEMEHTAX OAHA U Ta xe SMB
OT NOMEXK HaBEAET pasHbie No aMmnMTyae u ¢ase Toku. PasHocTs
$as 3aBUCUT OT PACCTORHMS MEXZY INCMEeHTaMu, HanpasneHus
npuxopa CMrHana U B3aumHO PaChONOXEHUS 3AEMEHTOB, OTHOCH-
TENbHO 3TOFO HanpaeneHusi. PasHuua amnnutys — OT pa3mepos,
CTENEHN COrNnacoBaHWs NMEMEHTOB U UX COBCTBEHHbIX [H.

Ecnm B 6n0ke 06paboTku BLIPOBHATL aMAMUTYALI CMIHANA NO-
Mexu, NpuHATON OGOMMM 3neMEHTaMK, a 3aTeM [OBEepHyTh (hasy,
TaK 4TOOb OHU CTanM B TOYHOCTM NPOTUBOGA3HLI, TO npu cnoxe-
HUK B Cymmarope npousoiper komneHcaumws. Crenedb ocnabne-
HUS 3aBUCMT AMLLb OT TOYHOCTM GanaHca ¢$as u aMNAMTYA U IErKo
MOXET AOCTUFaTb HECKONbKO AecATKoB geuuten. ToyHO Tak xe,
Kaxk B moB0i aHTEHHE C aKTUBHLIM MUTAHUEM.

MNonesauble xe curkankt, NPUXOARLUME C APYFOrO HanpasieHUs,
MMEIOT YXE MHOE COoOTHoweHue ¢a3 Ha anemeHTax. M npu npo-
XOHEe N0 TOMY XE MNyTH yXe He BYRYT B TOYHOCTU KOMAEHCUPOBa-
Hbl, 1 OCNABGATCA HAMHOrO MEHbLIE. BLIMFPbIL! B OTHOLEHMM GUF-
Han/noMexa Ha BLIXOJIE CYMMATOpa COCTABASET OT HECKONbKMX A0
30...40 nb (33aBUCUT OT PACNOAOXKEHUS BNEMEHTOB OTHOCHTENBHO
a3uMyTa NPuxoaa NOMEXU).

B Tpex npepbiaywmx abaauax ApYrMMU COBamu OMUCAH yxe
M3BECTHbI HaMm NPuHUMN HOPMUPOBaHUN HanpaeneHHol [H: cae-
nare GANAHCHYI0 KOMNEHCALMIO M3NYYEHUS (MMM B IAHHOM Cry4ae
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npuema, no NpUHUMNY B3aMMHOCTH, STO BCE PAaBHO) OT ABYX 3ne-
MEHTOB B KaKOM-TO OMNPEAENEeHHOM HanpasneHuu. Mbi noapo6HO
pasbupanu ero B nn. 7.1.1 u 9.1.1. Ho B Tex naparpagax peub
uina o nepepaloiix aHTeHHax ¢ BbiIcokumM KM v duxcuposanHoli
(anextpuuecku) [H. MNoatoMy Tam dasbl M amMAAKTYAL UCTOMHM-
KOB YCTaHaBIMBANMCh (MKCUPOBAHHLIMU, UCXOAS U3 FEOMETpUN
BNIEMEHTOB.

B AaHHOM Xe chy4yae Mbl MOXEM OﬂepaTVlBHO MEHATbL aMiuin-
Tyos v dassl B ONOKE ynpaeneHus, KOTOPbIYi GONblLE W3BECTEH
pagmomobuTensm nog, HasBaHuaMu NPMBopa NOAABAEHUS MOMEX
(v HasnpoBaHUs NPMEMHBIX aHTEHH). OYEBUAHO, 4TO MpU 3TOM
6yAeT MEHATLCH M NONOXeHne MuHumyma JH.

ApyruM nmocom onepaTMBHON PEryiMpoBKM amnamuTynHo-¢a-
30BOFO pacnpepfernieHns No fAByX 3NEMEHTaAM SBASETCH HEKPpUTUY-
HOCTb K TWUMY W COrflacoOBaHuIO aneMmeHToB. B camom nene, ecnum
€CTb 3aMnac No PerynupoBKE aMmMnaMTyas v ¢asb B npubope, To
HE O4EHb BAaXHO KakKMe CUrHanbl LAI0T 3neMeHTh. Bepb HacTpoit-
kamu npnbopa MOXHO GYEEeT CKOMNEHCMPOBATb PA3HULY aMMu-
TYH n pobUTbCA TOMHOW NPOTMBOGMASHOCTM [JIN CMFHANOB C Ha-
npaesieHns, NOANEXALUEr0 NOAIBACHWIO.

Kak npasuno, B ka4eCTBe NepPBOro 2NEMEHTA UCMOMb3YIOT UMEIOo-
LLYIOCH MEepeaioulyio aHTeHHY. A B KaueCTBE BTOPOro — BCE, HTO
NOABEPHETCH NOA, PyKy: CBOBOAHYIO aHTEHHY APYroro avanasoHa
(Mbl MOMHUM, COrNAcOBaHME HEKPUTUNHO) WM HEGOMbLLIYIO OTAEsb-
HYIO PUEMHYIO aHTEHHY.

He xouy, 4To6bl Y YMTaTENs CAOXUAOCH BAEYATNCHME, YTO BTO-
po#i snemeHT moxeTt 6biTe mobbiM. JT0 HE Tak. [la, ero pasmep,
YCUREHUe u COrnacoBaHwe C NUTAIOLEeH NMHMEN HEBAXHbLI (XOTS,
KOHEYHO, Ha Bxope npubopa CUrHan OT HEro BOMKEH YBEPEHHO
npesbiwark COOCTBEHHBLIE LWYMbI ApUeMHMKa). HO BOT noAoXeHue
BTOPOrQ 3/IEMEHTA HE MOXET OblTb COBEPLUEHHO NPOWM3BOSILHbLIM.

B nepeyio ouepenb BaxHa nonspusauus. OHa obs3aHa GbiTh
TaKoit Xe, KaK 1 y NepBoro anemexTa. Benb 06a anemexTa pomx-
Hbl fpUHMMaTb ofHy u Ty xxe OMB. MNoaromy, ecnu nepepaiowlas
8HTEeHHAa (N0 COBMECTUTENLCTBY — NEPBbIi SNEMEHT Hawen npu-
€MHOII CUCTeMbI) paGoTaeTr C BepTuKanbHOl nonspusauuel, To
¥ DONOMHUTENbHAA nNpueMHasl (BTOpPOW 3MeMEHT) Takke obsizaHa
umMeTs V nonspusauwvio. Mpu ropm3oHTANbHON NepenaiotLel aHTeHHE
B KauecCTBE€ BTOPOrO 3NeMeHTa 06s3aHa ObiTb Takke aHTEeHHa
H nonspusauum. MoneiTka MCNOML30BaTh AHTEHHLI G PA3HO NONs-
pusauvedt He Oonee paszyMHa, YEm UAEs MOBEPHYTb B AHTEHHE
Yna-firu oouH 3 3MEMEHTOB BOKPYr Tpasepchl Ha 90°.

llpyrum napamMeTpom, OrpaHMYMBaIOILMM NOAOXEHME BTOPOrO
BNIEMEHTA, ABMFSETCH PACCTORHME OT HEro A0 NEPBOr0 3EMEHTA.
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3TO OrpaHUYEHNE HE CMLLKOM XECTKOE. MNyBOoKnii MuHuMyM B Cym-
mapHoit [JH ynaetcs nonyumTb Npy PACCTOSHUYU MEXAY SNeMeHTa-
mu ot 0,05...0,5A.

Tpetuit kpuTepuii BHIGOPA NONOXEHUA BTOPOro 37IEMEHTAa: 3TO
AOMxHa GbiTb NONMHOLEHHAR MPUEMHAR AHTEeHHA, fPUHUMAIOLLAR
noneaswbie cnabbie curHans He mMeHee 3¢hdEKTUBHO, HEM MEpBLIi
SNEMEHT. A HEe «LYMOBAs AHTEHHA», KaK €€ uHOraa ouwmbo4HO
Ha3bIBAIOT. HepasyMHO pa3MeuaTb BTOPOK INEMEHT BHYTpU 34a-
HUS, B6IM3Y AOMALUHErO MCTOMHUKA nomMex (Ckaxem, TB unu xom-
nblotepa). Kpome 3Tux nomex {kotopbie yaactcs cbanaHcuposaTb
% NoAasuTbL NPUBOPOM), OH NPUMET AONONHUTENEHO MHOMO PasHO-
06pasHOro AOMALIHEro 3NEKTPOMArHUTHOroO «Mycopa», KOTOpbie
nopasuTL 6yneT Henbas. BuIrnaanT 310 TaK, Kak OyATO MCTOYHUK
fIOMEX, C KOTOPbIM Mbi GOpPEMCSH, U3paaHO cnabeeT, HO 3aTO NoAB-
NAETCR MHOrO APYyrux fioMeX, OTCYTCTBOBABLUUX paHee.

Takum 06pazsom, BTOPOIt SNEMEHT XOT U MOXET ObiTb HEOONb-
LLKUM, HO Pa3MELLaTLCS OH AOMKEH HEMNOAIEKY OT OCHOBHOM aH-
TEHHB! U UMETh COMMACOBAHHYIO C HEI NONAPU3aunto.

Kak ¥ B ODOBbMHBIX AKTUBHBIX ABYX3NIEMEHTHBLIX @HTEHHAX, CBO-
6opa Buibopa reomeTpuu Benuka, HO He abconmioTHa. AsumyTans-
HbIE YIMMbi, HA KOTOPBIE MOXHO HAcTpoiikol npubopa «HasecTu»
muHumym [H, 3aBUCAT OT B3auMHOrO pacrioNnoXeHUs 3NEeMEHTOB.
OBbiYHO NONOXEHUE MUHUMYMa MOXHO MEHSTb HE Gonee 4em Ha
+30°...40° OTHOCUTENBHO OCU, COEAUHSIOWER LLEHTPB!I SNEMEHTOB.

Tunuuxbii npuMep nokasad Ha puc. 9.6.14. 310 HECKONLKO BO3-
MOXHBIX NONIOXEHWA cymmapHon [H cuctembl U3 yKOPOYEHHOIA
nepepaoLeit BePTUKANbHON aHTeHHb Ha 160 M u ManeHbKoi npu-
EMHOIF paMku co cTopoHoM 1 M. PaccrosHue mexay aHTEHHaMu
20 m, amnanasox 1,8 M, ¢aitn mopenu ... TXGP+RX_loop.gaa. Bua-
HO, 4TO B CexTopax wupuHOM no 60° cnepeau u €3aau MOXHO
nopasuTh NoByio nomexy rnyoxe, yem Ha 30 pb.

Takum 06pas3oM, C OQHON AOMONHUTESILHOR NPUEMHOR aHTEeH-
HOV (BTOpbIM 3NEMEHTOM B Hawel JIBYX3NEMEHTHOW CUCTEME)
MOXHO pBuratb MuHumym [OH no asumyry B npepenax 2 X
x 60°...80° = 120°...160° (MHOXUTENb 2, TaK Kak ABa CeKTopa, Bne-
pes v Ha3ad). A pns TOro, 4Tobbt NEPEKPLITL BECh a3VMYTASIbHbIR
KPYr K BCEHANpaBneHHOW nepepalouleit aHteHHe (Hawemy fepBo-
My 3NEMEHTY NPUEMHOMR CUCTEMBE) NOTpebyeTes 2...3 aononHuTenb-
HbIE MPUEMHBIE AHTEHHB! (BTOPBIE SNEMEHTH! NIPUEMHOV CUCTEMLE),
pPACNONOXEHHLIE PABHOMEPHO 110 a3uMYTy BOKPYr flepealoiei.

O6partuTe BHUMAHUE:

B cucmente uz 08yx (puUKCUPOBAHHBIX 31€MEHMOE HEb3A 08U2AMb
nonoocenue munumyma bonee vem na ¥30°...40° omrocumevho ocu,
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Puc. 9.6.14

coedunstioujeit anemenmeol. Cred06amenbHo, Hit NPU KaKux Oeyx ane-
MEHMAx U UX G3QUMHOM PACNOTONCEHUN HEIb3sl 6blpe3amb NoMexu
¢ awbozo nanpasnenus. Toneko u3 06Yx cexmMopoe WUpPUHOLL o
60°...80°

B onucanuu npubopos ¢asuposaHus 3TOT MOMEHT OOBLIMHO
HEe OMEHb akUeHTUpPYIOT. HO BaM HaZO uMETb 8 BuAly, 4TO AOMXHA
ObiTb BO3MOXHOCTb B Ka4ecTBE BTOPOro 3/IEMEHTA aHTEHHbI UC-
fIONb308BaTbh HECKONbKO Pa3HbiXx aHTEeHH (10 oiepeny, €CTECTBEH-
HO), BbIOUpas OfHY W3 HUX MEepeKNoYaTeneM, 8 3aBUCUMOCTH OT
a3umMyTa KOHKPETHOR noMexm.

Mpu paspaboTke 1 MOAETMPOBAHUY TAKUX JBYX3NEMEHTHBIX CUC-
Tem 8 GAL-ANA HeOGXOAMMO HaMpPSXEHUE UCTOMHUKA MEHbLIehR
aHTenHb! yeenuuutb 8 10...20 pa3. A HanpsxeHue UCTodHuka 6onb-
Wweit aHTeHHb! yMeHblunTh 8 Te Xe 10...20 pa3. 310 Heobxopumo,
4TO6B! CKOMNEHCUpOBaTh pasHuuly 8 Ga anemenTtoB. Ha npakTuke
3tum Oyper 3aHumarbes npubop dasuposanus (ycTaHOBKOM npa-
BUJIbHBLIX KOSMOULUMEHTOR yCUNEHUNA-3aTyxaHus no oboum kaHa-
nam), a 8 MOAENU MPUXOAUTCS YCTAHABNMBATL HAMHOIO OTAUYAI0-
LMECS aMIUTUTYAb UCTOUHUKOB.

lMNocne 3Toro NPoBOAUTCS U ONTUMU3AUVA N0 aMnuTyne u dase
UCTOMHUKA NOAKMOYEHHOIO K MEHbLUENR aHTeHHE 1o kpuTtepuio F/B
8 HanpasneHuu TOYHO Hasag. [puuem, 8 OkHE ONTUMU3ALUK H3NO
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BPYYHYIO YCTAHOBUTL BEPXHIOK TPaHULY U3MEHEHUS HAMNPAXKEHUS!
WCTOYHUKA 8 HECKONBKO Pa3 BbiLE €0 TEKYLLETO 3HAYEHUs (uHaue
ONTUMU3ALUN MOXET He XBaTUTb fPENENOB PerynupoBku B npo-
LEeCCE BLIPaBHUBAHUSA 1 GanaHCUpOoBKYU nonei).
PeaynLTatoM npasunbHOR ONTUMU3aALMY 6ynyt asnarbes OH,
noaobueie npuseneHHbiM Ha puc. 9.6.14. Ipyrme BOSMOXHBIE AH
MOXHO NOCMOTpeTb 8 daine ... TX_InvW+RX+oop.gaa, 8 kKoTopom
nokasaHo ¢asuposaHue nepepaoulei Inverted V u ManeHbkoit npu-
€MHOIA pamku 8 avanasoxe 3,6 Mo,
MuHumymsl [IH Ha NpUBEAEHHBIX CKPUHLLIOTAX XapaxKTepusyioT
HE KaiecTeo npubopa $asmposaHus, a CBOIRCTEA KOHKPETHBIX fpu-
EMHbIX aKTUBHBLIX [BYX3NEMEHTHLIX CUCTEM. Py UHBIX aHTEeHHax
U UHOM UX PACroNnoOXeHuu rnybuHa MNoNaABNEHUS MOMEXU MOXET
6biTb Kak GOMbLUEH, TAK U MEHBLLEH.
CxeM u KOHCTPYKLMK npubopos Ga3nupPOBaHUS NPUBOANTE HE
crany. Caepxycb. W60 Tema STa BeCbMa HEManas, HO HE aHTEeH-
Hasl, a cxemoTexHu4eckas. A OObEM 3TO YacTh U Tak yXe Ha-
CTONBbKO BHIWE PA3YMHBIX MPEAENOB, YTO MNPUXOAUTCS COKPaaTh
HEKOTOPLIE AHTEHHBLIE TEMBE.
Tem He menee, napy abaaues npuGopam ¢dasuposaHusa sce xe
oTeefly. Xots Obt pig TOro, 4To6b! Bbt MOMMM MX FPAMOTHO BLIGPATHL
U NIPUMEHSATD.
Takux npubopo8 HEMANO BLINYCKAIOT PA3NUYHLIE dbupmbt, HO
¥ CaMOCTOATENbHO U3rOTOBUTL TaKy0 KOHCTPYKUMIO HE OYEHb CHOX-
HO [6]. OGpatuTe sHuMaHue, NpuGop GbaKTUNECKU ABASIETCR BXOAOM
NPUeMHUKa. Ero aKTUBHLIE 3NEMEHTH! 4AlLE BCErO MOAKNIONEHb
Kk 06euM aHTeHHaM HanpamMylo, 630 BCAKOM YaCTOTHON dbunbTpa-
umn. INoatomy, 4Tobb! HE 33COPUTL BLIXOAHOR CUrHan NPoOAyKTaMu
VWHTEPMOAYNALUY OT MHOXECTBA CUrHanos, K npubopy dasuposa-
HUR NIDEALABNKIOTCA Cnefyiowme TpebosaHus:
® MUHUMANBHOE YUCAO AKTUBHLIX U/UNU HENUHERHBLIX 3NEMEH-
T08 8 npubope;

® MakCumanbHas NUHENHOCTb BCEX KaCKaOos;

® MUHUMANLHOE YCUNEHUE OT BXOAOB AO BhixoAa. Jlyuule sce-
ro, 41066 OHO BOOGLLE OTCYTCTBOBANO, YN XE€ GLINO TONBKO
8 KaHane ManeHbLKOro 8TOPOro 3NIEMEHTa C HU3kumM Ga;

® 4TOOb! HE yXyAlMTb C Takum TPYOOM [OGLITOE B SNEMEHTAX
NnoAasneHue NoMexu, 83auMHas pas3ea3ka MEeXay KaHanamuw
npubopa gonxHa Gut He Huxe F/B Ha pacCYnTaHHbix OH.

MNocne Toro kax npu6op euibpan (unu CAENnaH) U ycTaHOoBIEH,
C HUM Hano HayuuTbes paborark. A 3T0 HenpocTto. Tpebyercs uHau-
BUAYyanbHas U CroXHas HaCTPOlKa Ha NOAABNEHWE KAKNOHK NOMEXU
MNpuiem, Hano pabotatb MUHUMYM TPEMSi OpraHamm ynpasnexus
(ABa amMnMuTYyAL M pas3HoCTb $as Mexay xaHanamu). K TOMY Xe
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3TU PEeryvuposkn, Kak npaswno, HEMHOrO B3auMO3aBuCuMbi. Ha-
npumep, 8 NpocTeix ¢azospawarensx sMecTe ¢ Ga3on MEHAETCH
¥ aMnauTtyaa. HeMHOro, HO JOCTATONHO A TOro, 4TOOL! Npy uame-
HeHnun (a3abl Tpebosanack NOACTPORKA yCUneHus.

DakTU4eCcKu Kaxabiii pa3 Haa0 BPYHHYIO, OPUEHTUPYSCH TONBKO
HA CAyX, BbINONHATL NMONHYIO fpoUenypy HaCTPOWKY NByX3NEMEHT -
HOIW HanpasneHHOW aHTeHHbi Ha MakcumyM F/B pns Tpebyemoro
8 AaHHbIA MOMEHT HanpasneHus. ToyHee rosops, BCAKuiA pa3 3a-
HOBO CO3aBaTh TaKyild aHTEHHY U3 UMEIOLLMXCH ABYX 3NIEMEHTOB.
Mpouenypa 3Ta O4EHL TPYAO- M HEPBOEMKAR, No3aTomy ans Gonee-
MEHee MOCTOSHHbIX UCTOMHUKOB nomex (3ason, J13I, cocen) nme-
€T CMbICR co3naTh Tabnuuy HACTPOEK, KyAa 3anuchiBaTb yaa4Hbie
NIOJIOXEHUS OPraHOB HACTPOEK.

Ho urpa ctouT ceeu4, u fgocTuraemetiti 3¢bdexT 8 ynyuwieHuu or-
HOLUEHUN curHan/nomexa MoxeT OblTb O4EHb BENWK U [OCTUraTh
20...40 pb. 3sykosuie npumepkt pabotet Npubopa MOXHO focay-
warb Ha cTpaHuue [6].

Teopem4ecku [OKA3aHO, 4TO NPU TPEX NPUEMHLIX 3NEMEHTax
Ha OMCbIBAEMOM MPUHLUNE MOXHO fIONYyYnTbL ABA HE3AaBUCUMO Y-
pasnsembix mMuHumyma IOH. MNpu detsipex — tpu, u T.4. Oanako
fIPAKTUYECKas peanu3auus Takux CUCTEM OKa3anaCb HACTONLKO
CROXHOM’, 4TO OHM TaKk ¥ OCTanucCb Teopueit. Bo BCAKOM cny4ae,
MHE HEU3BECTHO HY OO OZHOM CAYYae uX NPaKTU4ECKOR paboThbt
(xOT8 monbiTkN ObiNK, BKNIOYAS CUCTEMb! NOA, YNPAaBAEHUEM KOM-
fbIoTEPA).

9-9 rnasa 3asepweHa. [a, oHa nonyuunace 6onbiuoit. Ho da-
3UPOBAHHBLIE CUCTEMb! C AKTUBHBLIM MUTAHUEM BCEX 3/IEMEHTOB —
3T0 camas 3yboppoburtenbHas Tema B0 BCEit aHTEHHOR TexXHUKe.
Bce, yto panbiue, 6ynet npowye.
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10. CUHOA3HBLIE CUCTEMDbI
N3 HANPABJIEHHbIX AHTEHH (CTEKW)

B 310it rnase uayunM cyuHO}a3HBIE aHTEHHB! (AHANOMYHBIE ONK-
CaHHbIM 8 rnase 6), 8 Ka4eCTBE EOVHUNHBLIX 3NIEMEHTOB KOTOPBLIX
UCTOMbL3YIOTCR HANPABNEHHLIE AaHTEHHK (rnaskt 7 u 8). Takue cuc-
Tembt Ha KB Ha3wiBaloTcs ctexkamu (or anrn. stack up — pacnona-
rarte OAHO Hag, APYyruMm).

Hassanue 310 He cny4aitHo, ubo Ha KB 8 HBosbiumHcTse cayya-
€8 UCIIONb3YETCH BEPTUKANBHOE PACTONOXEHUE 3NEMEHTOB CTEKA.
Aeno 1yT 8 Tpebyemoit popme [H.

Ha KB oueHb y3kas OH 8 a3umyTanbHO# MIOCKOCTH CKOpee
8penHa. AHTEHHY NPUXOAMTCSH 4acTo Bpawarb, MNOSbIUAETCH PUCK
noTepyu CTaHUMu, PaCNONOXEHHOR YyTb B CTOPOHE OT MasHOro ne-
nectka. Hanpotus, 3enuTHyi0 JH MOXHO u XenartenbHo Cyxartb.
Ans ceA3eit Ha NpepenbHbBe PacCTOSHUA HAC WHTEPECYET NWLib
AManasoH 3eHuTHbX yraos 1...30° (n. 3.1.9.2). Noatomy gns cy-
xenust [1H 8 36HUTHOM NNOCKOCTH SNEMEHTH! CTEKA PAaCrlonaraiot
no septukanu (n. 6.1.2).

310 byAer cosceM maneHbkas rnasa. CTEKu HEe uMeer NpuH-
UANUANBHBLIX OTNMUK OT OOBLINHBIX CUH(A3HBIX aHTEHH. A nocnep-
HUe NoapoGHO PacCMOTPEHL! 8 rnase 6, nepesunTarb KOTOPYIO BECH-
Ma XenartesibHO fiepesd Tem, KaK npucTynuTb K 3Toit rnase.

Bce aHTeHHb!, ONUCHIBAEMbIE B 3TOI rNase, HAXOAATCS B narnke
...ANT\HF Stack\, a ecnu ynomunaetcs daiin mogenu ua ppyroi
flanky, TO K HEMY yKa3aH fONHbIA fyThb.

10.1. NpuHumn paboThl
M ob6nacre UCNONIL3OBAHUSNA

B cBoboaHom npocTpaHcTee. Han peansHoii 3emneii. Ocoben-
HOCTU nipumeHenus; cTekoB Ha KB. YCTpoiicTea nuranus u koMmy-
Tayun KB crexos.

10.1.1. B cBOGOAHOM npocCTpaHcTBe

Creku npuMEHsIOTCS s yBenuuenus ycunenus. BraoueHue
BTOPOI aHTEeHHb! CuHGDA3HO PRAOM C nepeoit aaet npubasxy Ga
no 3..4 06 (nn. 6.1.2, 6.1.3) 8 33aBUCUMOCTY OT PACCTOAHURA.
B npuHuune, 8 aHTeHHe Yaa-Arv yAB0EHUE yuCna 3i1EMEHTOB TOXE
ZI3eT NPUMEPHO TakoW Xe pocT ycuneHus (puc. 7.2.18). Ho ectb
pasnuMua 8 TOM, K KakvMm uameHeHusm OH npusogut poct ycu-
nenus. ECnn 310 aHTeHHa NPOAONBHCIO U3nyyeHus (rnaewt 7...9),
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TO so3pacTanne Ga wneT, 8 OCHOBHOM, 33 CHYET CYXEHUS a3umMy-
TansHoi [H. N yxe npu 7...8 sanemeHTax rnasusii nenecrok cra-
HOBUTCS CRMLLIKOM Y3KUM MO a3uMYTy. AHTEHHA nonyYyaeTcs Heynob-
HOW 8 pabote Ha KB, ee Hago CAMWLKOM 4acTO KPYTUTL M ONEHb
TOYHO HALLENUBATL HA KOPPECNOHAEHTA.

B sepTuxanbHOM xe cTeke npubaska yCcunieHust uAeT 3a cuer
CyXeHust 3eHuTHOR [IH. A a3aumyTanbHas OCTaeTCs TaKoit Xe, KakK
¥ O/HOro snemexTa. MoaToMy C Touku 3penus dopmbt [JH Ha KB
pas’syMHee BMECTO OAHOR WECTUBNEMEHTHOR aHTEHHB! UMETL CTEK
U3 [ByX TPEX3MEMEHTHbIX, BMECTO ORHOIA BOCHMUSBNEMEHTHOR —
CTEK U3 [IByX YeThIpeEx3nieMeHTHbIX. [py pasHOM pacxoae marepua-
na u aHanoruyHoM Ga crexk Byper umeTb Gonee LLIMPOKYIO A3UMy-
TanbHyio OH, ynobHyio Ha npaktuke.

B cso6ofHOM NPOCTPAHCTBE ONTUMANBLHOE PACCTOSHUE MEXOY
3Taxamu Ofpenensiertcs TOMbKO NAowaabio packpeisa (nn. 3.1.7
# 6.1.5) OAVHONHOR aHTeHHb! cTeka. Mpu ONTUMAaNbHOM PaCcCTos-
HUY rnowianu packpbiea OAUHOYHLIX aHTEHH KacaloTcs Apyr Apyra,
HO HE MEPEeKpLIBAIOTCS.

Hrobbl He BA3BATLCA B CNOXHLIE rpacduku u GOPMynb, ONTU-
ManbHOE PAcCTOsIHUE NPOLLE BCETO BLINUCIUTE B PEXUME aBTOMA-
TUHECKOR ONTUMUIALIUY N0 KPUTEPUIO Makcumyma Ga. [ins aHTeHH
Ypa-Aru pe3ynbrat nokasad 8 tabn. 10.1.1.

Tabnuuya 10.1.1
ONTUMAJIBHOE PACCTOSHVE B [IBYX3TAXKHOM CTEKE 113 AHTEHH YOA-SIU

Yucno aneMeHToOB B OMHONYHON aHTeHHE 3 4 5 6 7

PaccrosHue B A 0,680,86{1,02 [ 1,17 11,25

Jannbte Tabn. 10.1.1 Hapo paccmarpusaTh nutlb KaK OPUEHTU-
POBOMHBIE, TAK KaK YCUNIEHWE OAUHONHOM aHTEHHb! (3 cnenosarenb-
HO, ¥ ee MAoWAaab PackpbiBa) 3aBUCAT HE TONLKO OT 4ucna 3ne-
MEHTOB, HO ¥ OT X HACTPONKK U PACNONOXEHUS BAOMNb TPABepChl.
OueBNAHO, 4TO C POCTOM YCUSIEHUS OAMHONMHOR @HTEHHbI (HEBAX-
HO MPOMCXOAUT NU 3TO OT HACTPOIKU SNEMEHTOB HA MaKCUMYM
Ga, unu OT poCTa UX YMCAA) ONTUMANLHOE PACCTOSHUE MEXIY 3Ta-
XamMu cTeka pacrer.

Kpome ontumusauum no pacctosHuio Mexay staxamu, 8 CTeke
HEOBXOAVMO NPOBOAUTL HEGOMBLLYIO KOPPEKLMIO PA3MEDOS 3NEMEH-
TOB ¥ paccTosHuii Mexay Humu no kputepuio F/B. M60 AOBONBHO
HacTo BCTPEYaeTCH cneayiolias oumobka: 6epyTcs Ase xopolume no
F/B antenHbt Yoa-iru u npocto o6beavHsioTest 8 CTeK. A notom
obBHapyxmusaetcs, 4To F/B CTeka nonyumncs OLWyTMMO XYXE, 4EM
ucxonHoe F/B opuHOUHOR anTeHH. MoueMy STo npoucxoaut?
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BCrnoMHuM, 4TO NoaaBneHne uany4¥eHus Halas OCYLLECTBASET-
Csl YCTaHOBKOR NPAasuibHOrO TOKOPACNPENENEHUs 1o NEMEHTaAM.
Takoro, 4To0bl FONs BCEX 3NEMEHTOB B HANpPABNEHNUN Ha3aj, npak-
TUHECKMN MNONMHOCTLIO KOMMeHcuposanu Gul apyr apyra (pasgen 7.1).
To ecTb 06biHan GanaHCHas KOMMEeHcaums.

BepHeMCs K UCXOQHO XOPOLUEH OAUMHOMHOR AHTEHHE HAWEero
creka. Ona NPoeKTMPOoBanach UMEHHO KaK OAMHOMHAs, MO3TOMY
TOUHLIA GanaHC NOAaBNEHUS B HAMNPaBneHuu Has3an AOCTUTHYT
UMEHHO NIl TaKOro KOJIMHECTBA, pPacnoNOXEHUs u pasmepa sne-
MEHTOB.

Tenepb caenaeM M3 ABYX TakKuxX AHTEHH ABYXITAXHLIA CTEK.
B wanpasnewnu snepes rnaBHbie nenectkm cnoxartcs B ¢dase,
u ycunedue so3pacreT Ha 3 Ab (n. 6.1.3). A BOT 8 HanpasneHuun
Ha3aj BCe He Tak xopowo. Mt Beab Ganancuposanu (nobusanuce
8bICOKOTrO F/B) Kaxayto U3 aHTeHH B NPEAfioNOXEHUY, YTO OHA OfHA.
A B naHHOM cnyvae fobasnaTCa Nons Of 3NEMEHTOB BTOPOro 3Ta-
Xa. XOTl OHN B HANPABNEHUU HA3AA U HEBENIMKM, HO OHU HE CKOM-
NEeHCUPOBaHb! — 3TUM f10Ka HUKTO HEe 3aHumancs. [o3Ttomy usny-
4EHUE HA3aA CTEKA OKA3LIBAETCS OLYTVMO BHILUE, Y4EM Y OOVHOMHOM
AHTEHHbBL.

Peuent 60pbbut ¢ 3TUM yka3au sbilie. HeobXOaMMO yXe 8 CO-
cTase Creka MpoBOAUTL HEGOMbLLYIO KOPPEKUMIO pasMepos 3ne-
MEHTOB ¢ UX MNONOXEHUs Ha Tpasepce 1o kputepuio F/B. UHbimn
CROBaMU, HAAO0 YTONHATL BANaHCUPOBKY BCEro CTEKA LIEAUKOM.

MosicHio sbituecka3anHoe npumepom. OAMHONHAR YeThipexane-
MEHTHas aHTeHHa Ypa-fru ... ANT\HF beams\Uda-Yagi\2_4el_15m
V4.gaa puanasoda 15 M umeet xopowee F/B = 33 g6. Pasmepnt
ee snemeHtos cnepyvoume: R=7,15M, W=6,72 M, D1 =6,57 m,
D2 =6,33 m.

ECau 13 nByx Takux aHTEHH CAAENarb CTEeK C ONTUMAanNbHLIM Pac-
cTosHUEeM Mexay ataxamu 0,85, 10 okaxercs, 4to F/B CHU3UnocCh
no 19 b (¢aitn ...2_4el_15m V4.gaa).

MNposens onTumusauuio PasMepPoOB 3NEMEHTOB B CTEKE, nony-
YMM, YTO MOXHO HEe TONbKO BepHYTs F/B K uCx0OHOMY COCTOSIHMIO,
HO A2Xe nosuicuTh ero 1o 38 pb, npu cnenyouwei koppekuuy pas-
mMepoe sneMeHton: R=7,37mM, W=6,74m, D1=6,57m, D2=
= 6,46 m (daiin ...2 4el_15m V4_m.gaa).

Kcratn, 06 wusnyuenuun wazan. OH crexa scerpa umeet
HECKONbKO 3afHux nenectkos (TunuuHas [IH creka nokasaxa
Ha puc. 10.1.1). MNpuiem Kak B a3suMyTanbHoik, Tak ¥ B 3EHUTHOIA
nnockocTax. Kak npasuno, NpUCyTCTBYIOT 3aMETHLIE fieNecTky nog
BbICOKUMU 36HWUTHLIMK yrnamu {CM. npasyio yacTb puc. 10.1.1).

NosTtomy npu ontuMnzaumu 1o F/B B CTeke MMEeT CMbICH 3a-
Aasarb B yCTAHOBKaX NPOrpaMMbl O4EHb LUMPOKUIT TENECHHN yron
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- X

Ch' 127 d8d
FiB: 24.85 dB; Ten: A3um. 120 sp, Dnesaupta 60
F14.050 My

Z 66.672 +j52020m

KCB. 11{75.00M),

Elev. 1p_: 0.0 rp. {CaobopHoe NpocIpaHcTBo)

T e Puc. 10.1.1

HANPABNeHus Ha3aa. A 3eHUTHLIA yron yBenuumusaTbh [A3XEe CBepX
90°, po 100°...120°, 4tobnt onTumMusauus sunena Gonbuuve ne-
NECTKU fOA BLICOKUMU 3EHUTHLIMU YIrNamu OaXe 8 nepeaHeit no-
nycodepe.

10.1.2. Hap peansHOr 3emnei

MpuseneHHbie 8 npeapiAyleM naparpade [aHHbie 1o onTu-
ManEHOMY PACCTOSHUIO MEXAy 3TaXamMu OTHOCATCH K cBo06oAHOMY
npocTpaHcTay. Onu Baxwbt anst noHumManus. Ho Ha KB HUXHUMIA 3TaX
CTEKa NOABEPXEH CUITbHOMY BIMSHUIO 3€MIIM U3-32 TOrO, 4TO B A
BLICOTA HUXHETO 3TaXa Hapn 3eMrneit HesenuKa.

MostoMy ons NpaKxTUHEecKux KOHCTPYKLMA CTEKO8 ONTUManbHOe
paccTosHue Mexay 3Taxamu Ofipenensior no-uHoMy, Yem 310 cae-
nano 8 n. 10.1.1.

HaunHaTb MMEET CMBLICHT OT MAakCUManbHO Peanu3yemoil Ha
fIPAKTUKE BLICOTH MauTki. VIMEHHO OHa ONpPenenseT 8biCOTY BepX-
Hero 3Taxa crexka. CnuuikoM MHOro TyT He ObiBaeT -— 4YeM Bbitue
aHTEHHAa, TEeM Nyyule.

BhLICOTY BEpXHEro 3TaXa 8 MOAENu CheAyeT 3adukcuposarb,
4yToOb! Npy AanbHereit oNnTUMU3aumMK BbICOTA MauThl HE MEHSA-
nacb. Anst STOro MCXOAHYIO OAMHOYHYIO @HTEHHY, U3 KOTOpOit CO-
3[3€eTCA CTEK, B MOAENU Cpa3dy YCTaHABNUBAIOT HA BbICOTY Ma4Thbi.
A 3atem npu cosparum creka 8 okHe Co3gatb CTek 8 rpynne
Moaviua No BepTMKanyu OTMEYAIOT none AHTeHHa ¢uKcuposa-
Ha, CTeKk BHM3. B peaynbrare, npu onTuMmu3aumum pacCcTtosHUs Mex-
Ay 9TaXaMu MEHSETCR TOMbKO BbiCOTA HUXHEro 3Taxa.
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Tenepb MOXHO fepexoauTb K onTumusaumu. Boicota MauTsi
Ha KB 06bivHO He npesbiaer 1...2). [Mo3TOMY fipu nonsiTke
NOCTasuTb MEXSTAXHOE PACCTOAHWE ONU3KOEe K YKA3aHHOMY
8 Tabn. 10.1.1 HUXHUIA 3TAX CTEKa OKA3LIBAETCS CAULLKOM BNnako
K 3eMne. ITO CHUXKEET ero YCUNEHUE U NOBLILLAET 3EHUTHDIA Yron.

MNMo3TOMY BLICOTA HWXHENO 3TaXa SHIBUPAETCH ONTUMU3ALMEN
U3 AByX NPOTUBOPEUNBLIX COOBpakeHWii:

1. [py ee ymeHbEeHUN pacTeT PaCCTOSHUE MEXLY 3TaXamu,
npubnuXanch K ykasaHHomy 8 1abn. 10.1.1, u ycunenme creka Toxe
pacrer.

2. Ho ypesmepHoe npubnuxeHue K 3eMne HUXHETO 3TaXa CHU-
XaeT ero ycunenue (CM. puc. 7.2.5 u 7.2.14 8 npeppiayuieii yacm
KHUIN).

lse pasHoHanpasneHHbie TEHASHLUUY AaloT ontumym. Ero se-
NW4UHA 3aBUCUT OT:

® BLICOTHI Ma4ThHi;

® CBOICTB 3eMNy;

® 4ACTOTHY;

® TUMN2 aHTEHHb!, U3 KOTOPLIX CocTasneH ctek. MNpexpe scero,

OT €e yCunenums.

Takoe KONMUYECTBO NEPEMEHHBLIX UCKTIONAET OfHO3HAYHbLIE 06-
ume pekomMeHaauumn. B kaxOoOM KOHKPETHOM Cny4ae 8aMm npuaeT-
Cst ONTUMU3UPOBATL CBOW CTEK N0A, UMEIOLLMECH yCcnosus. Tem He
MEHee, Anst OPUEHTUPOBKY NpUBeay HEKOTOPLIE rpaduku napamert-
PO8 CTEKOB Han peanbHOK CpenHeit 3emMneis.

Kak nokasbisalor pacuerst, CTEKU HAYUHAIOT UMETb CMBEICH TOMb-
KO Npu mauyte sbicotoit or 0,75\, Ha puc. 10.1.2 nokasaHo, kak
MEHAETCH OT BbICOTE! MauThi ONTUMANLHOE PACCTOSHUE MEXAY 3Ta-
XaMuy 05151 TPEX PAsSAUYHBIX ABYXSTAXHBIX CTEKOB:

1. U3 nByx TPEXsnemMeHTHbIX aHTenH Yaa-5rv auanasoHa 14 Miu.

2. 3 psyx 4eThLIPEX3NEeMEHTHLIX aHTenH YAa-firu amanasoda
21 Mru.

3. V13 nByx RSTMINEMEHTHLIX aHTerH Yaa-Srv ananasona 28 M.

MNpy Manoii BLHICOTE MauTh! ONTUMANLHOE PACCTOSHUE TAKKE Ma-
no. Ono poctvraeT uudp, Gonee-MeHee COOTBETCTBYIOWMX CBO-
6onHoMy npocTpaHcTey (126n. 10.1.1), TONbKO NPy BLICOTE MAYTHE
1,5...2A.

Bnusnue 3emny BO3pacTaer C NOBLILEHWEM 4aCTOTH U MNO-
LWaau packpbiBa OAUHONHON aHTeHH (TO ecTb ee Ga). Barnshute,
ecnu ans creka 14 My U3 Asyx tpexanemMeHTHuix Yaa-fru ontu-
ManbHoe 3nadeHne pocturaet 0,6\ (v aanee pacteT HE3HAYUTENDb-
HO) npu maute 1,4A, TO Ans cTeka 28 MIy, ua faByx NATUSNEMEHT-
HbIX Yaa-firm onTumansHoe paccrosiiue pocmraet 0,9 (v panee
pacTeT HeaHauuTensHo) npu mayrte 1,9

188



Fpaduku puc. 10.1.2 roBoOpAT Ham, 4TO NapameTpbl CTeKa cra-
BUNUanPYIOTCs ¥ NPUBIMXKXAIOTCH K TEOPETUIECKN OXUAIEMBIM TONb-
KO Npyu O4EHb BbLICOKUX MauTax. Cnepyiowmii puc. 10.1.3 noarsep-
xaaer 3to 6onee aBHO. Ha 3TOM PUCYHKE NROKa3aHs! rpaduku
npupocTa ycuneHust npu pobasneHun BTOPOro (HWXHEro) creka.
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Mpoue rosopsi, Ha puc. 10.1.3 nokazaHa pasHuLa B yCuneHun
MEeXAY CTEKOM U OOMHOYHOM BEpPXHEeW aHTEHHOW 3TOro Xe cTexka,
TO €CTb 3ahdeKT OT HAMX YCUNNIA NO YCTAHOBKE HUXHEro STaxa.

BuiBoab! u3 rpadgmkos puc. 10.1.3:

Cmex na KB umeem cMbieil mMOTbKO MPH O4EHb GBICOKHX MAYMGX.
Ha maumax nusice 1A amo wepazyumeili pacxod cun u mMamepuana.

Hanpumep, npu madre 0,75 Beivrpoiltl coctaBnaeTr He Gonee
1,5 pb. Ho Takoit xe npnbasku Ga MOXHO AOCTVUYL HE BTOPON HUX-
HEel aHTeHHOol, a NpubaBkoil AVPEeKTopa K OOMHOYHOM BEepXHER aH-
TenHe (cm. puc. 7.2.18).

Oxwnaembiii OT CTeka TeOPETUYECKU NMPUPOCT youieHus +3 b
Ha KB peanu3yem To/bkO npu Mayrax Buicoroit or 2h.. W aro npu
OTHOCUTENbHO HU3KMX YacTtotax u Hebonbwom Ga OOMHOYHBLIX aH-
TeHH cteka. C pocrtom o6enx aTUX BeanuuH pacrer u tpebyemas
BbLICOTA MauThl. Tak gns antenHsl 2 Ha puc. 10.1.3 (ctek ns aeyx
YETLIPEXINEMEHTHLIX aHTEHH Yaa-fru Ha auanasod 21 Mly) npu-
6aeka ycunenms +3 nb AOCTUrAeTCa TONLKO NPY MayTe BLICOTONR 3A.
A pns cteka pnanasoHa 28 My — npu maure 4.

B mrobumensckux ouanazonax npu pusuyeckoil evicome Maumel
Hudce 15 m (Ona 28 MIy) ... 20 m (Ona 14 MTy) npumenenue cmexa
beccmbicnenno. na deficmeumenvno xopoweii pabomut KB cmexa
HYXCHb! Maumel ésicomoil 25.. 40 m.

MoryT BO3pa3uTts, 4TO CTEKV NPUMEHSIIOT HE TONLKO ANs poCTa
ycuneHus, HO v ans ynyyqwenns seuutHon OH. Tyt Bce 3aBueuT or
TOrO, YTO NOHUMATbL NOA YAYULLIEHUEM:

e Ecnv cyxeHue nenecrka, To OHO OIHO3HAYHO CBA3AHO ¢ POC-
TOM ycunerus., U npu manoit npubaeke Ga CyxeHve nenecrka
Oyner Toxe HebonbWUM.

e Ecnu cHuxenvie yrna makcumyma usnydexus, To cneuty pa-
304apoBarh: npy no6aBneHM BTOPOro (HUXHEro) sraxa aToT
yron nogxuMaeTcs, rno CPaBHEHUIO C OQUHOYHOM BEepPHeit aH-
TEHHON.

rNocnenxuit apdekT nokasaH Ha puc. 10.1.4. OmyeTnuBo BUA-
HO, 4TO B CTEKE 3eHUTHLI yron ebiwe. Hemuoro, na 1...2°, HO
Buie. Ho gna KpynHeix contest craHumii (OCHOBHLIE NOAL3OBA-
TENU CTEKOB) Npyu 60NbLMX BLICOTAX MauT, 3TO MOXET OKa3aTbCs
Gnarom.

Deno eot 8 Hem: B Te€CTE BOMbLIOE KONWYECTBO CBS3EN C rycro
HaceneHHbiMK pervoHamn (HanpvMep CLUA) ve meHee BaxHO, yem
DX-cBszn. U y BbICOKO NOABELIEHHOW OAWHOYHOM aHTEHHBL! 3EHUT-
HbIlA Yrosn MOXET 0Kas3arbCal CANLLKOM HUSKUM ANs YBEPEHHON 06-
paboTkn Taknx PEernoHoB.
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Puc. 10.1.4

Hanpumep, w3 uerrpansHoiit EBponsl 1o CLUA 0kono 7 TeiC. KM.
OnNTMMAanbHbLIE 3EHUTHLIE YrAbl ANA TAKOil TPACCbhl COCTABASIOT
8...15° (cm. puc. 3.1.4 » 3.1.5). A y OAUHOYHOM aHTEHHbLI NPYU Bbl-
cotax nopseca 6onee 2\ MakCUMyM 3EHUTHOTO U3NY4YEHUS AEXUT
Huxe. U takas aHtenHa, Gyayun OueHb XOpowlen, Ans CeBA3eit Ha
paccrosHus 6onee 10 Tuic. kv B CLLUA moxeT npourpuisars Gonee
MPOCTO# U HA3KO NOABELLEHHON. TTosHATUE 3EHUTHOro yrna B cre-
K€ Ha 1...2° MOXET ynyuLlnTs cUTYyaumo.

Kcraty, o contest craHuuwsx.

10.1.3. OcoBeHHoCcTM npumeHeHus cTexKoB Ha KB

Ha KpynHbIX KONNEKTUBHBIX CTAHUWAX OTAESALHLIE aHTeHHL! 3Ta-
XEW CTeka, KaK npasuno, UCNOoML3YI0TCS MHOrOMAaHOBO: Kak BMEG-
Te, B COCTaBe CTeKa, Tak U KA 3Tax No OTAENLHOCTY.

Kak mbl BUgleny B KOHUE npeasigyuiero naparpada, n1oraa tpe-
Byercs HE OHEeHb HU3KUI 3eHUTHBIA yron. B takux cnysasx ucnonb-
3Y10T OAHY aHTeHHY HMWkHero staxa. Oxa bnvxe K 3emne, u noTo-
My u3nyuyaer soiwe. Hanpotme, Tonbko ans DX ceaseii ucnonb3ayor
OAVHOYHYIO aHTeHHy Yaa-Hrv sepxHero araxa. W Tonsko korga Tpe-
b6yerca pabora B creke, 06e aHTeHHbI NOBOPAYUBAIOT B OAHOM Ha-
npaBaeHUM N BKIOHAOT cruHdasHo.
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Ha puc. 10.1.5 nokasano cpasnenve OH cTeka us OBYX YETbI-
pex3anemMeHTHbIX aHTeHH Yaa-Arm guanasona 14 My Ha mMayTe Bbi-
COTOR 25 M U oTgensHbix [H TONbKO HUXHErD U TONBLKO BEpPXHEro
araxeit (OH1 n 1H2 cooteeTcreeHHn).

Ans paspensHOro Mcnonb3oBaHma aHTeHH PasHbIX aTaxken, oHn
BOMKHEL UMETH HE3ABMCUMLIE NOBOPOTHBIE YCTPONCTBA. Jnsi Bpa-
LLEHUA HUXKHero araxa TpebyeTcs [0BOALHO CAOXHOE KOALLEBOe
NOBOPOTHOE YCTPOWUCTBO, NOSBONSIOWIEE BPALLEHNE BOKPYF MpPOX0-
Asulell HaCKBO3b ¥ HENOABMXHOIW Mauthl. Takue ycrpoicrea no-
POroCTOsALUN, FO3TOMY HEPEAKO BHTEHHY HUXHEro STaXa cTeka Kpe-
nar  ¢dukcupoeaHo, B Haubonee xenarenbHOM HanpaeeHun
{ckaxem, Ha Te xe CLUA). AuTeHHa xe BepxHero sraxa Bpalyaer-
€51 0GbIMHLIM NOBOPOTHLIM YCTPOWCTEBOM BO BCE CTOPOHDI.

Kak 4ncThift cTek Takas KOHCTPYKLMS paboTaer TonLKo nNpu no-
BOPOTE BEPXHEro 37aXa B TOM Xe HanpaefieHuy, B KOTOPOM 3a-
KpenneHa aHTeHHa HUxHEro sTaxa. Bo ecex ocTanbHbix cnyuasx
Tpasepce! 060ux aTaxen He napannensHel. Usyuum, KaKk MEHSETCs
LH B 3aBncumocTyu or yrna noeopora MEXAY TpaBepCamm 3TaxXen.

ECn1 MCNonL3yeTcst TONBKO OfHA aHTEHHA OOHOrQ aTaXa (BTO-
pas OTKMOYeHa), TO B3aUMHOE BAUSHUE AHTEHH MUHUMANBLHO.
B KB creke B3aumHoe «OCBeLLeHME» aHTeHH pas3HbIX 3TAKER HEeBe-
vko. MNMo3TOMy ecnu OTIUIONUTE OauH U3 arTaxeil, To BTOpOI pa-
6oTaeT npakTUYEcKn Tak xe, Kak ecim Gl BTOPOro araxa He 6o
BOBCE.

Ecnm xe avtenHn o6oux ataxeii cuHDA3HO NOJKMOYEHE! K ne-
PenarTivky, 70 Npy BpaleHUM BEPXHErD 3TAXA OTHOCUTENLHO HEMO-
ABMXHOIO HWXHEro sosvukaior JH, nokasandble Ha puc. 10.1.6.
Ha atom pucyHke BunHO, Kak menseTcs cymmapnas IH creka
B 33BUCUMOCTU OT asuMYTanLHOrO Yrna Mexay TpaBepcamu aw-
TEHH BEPXHEr0 U HUXHEro aTaxen. [l nonyyeHuna conocTaBuMbIX
Pe3ynbTaroB BCe [1H Ha 3TOM PUCYHKE NOCTPOEHB! MO 3EHUTHBIM
yrnom 18°.

BVAHO, Y4TO aHTeHHY BEPXHErD 3TAXa MOXHO OTBOpaYnBaThL Or
HWxXHEA Ha +20° npakmueckm 6e3 notepu youneHus (metHee 1 gb)
v ¢opmel OH. TMocnenHss npu srom NOBOPAYMBAETCH NPUMEPHO
Ha TaKoW xe yron.

Mpu ganeHenem oTeopoTE BEPXHEro 3raxa ycunexve GuicTpo
nanaer, a IH pacumpserca. 310 MoxeT GbiTb NONE3Ho ona o6-
30pPHOro pexuma.

Takum 0Bpasom, 9Taxu CTeKa AOAKHB MUTATLCH yepes Kom-
MYTarop, KOTOPLIl NO3BOANET KaK COBMECTHOE, TaK M OTaAeMbHOe
UCMNoNL30BAHUE KaXOOro u3 atakel. Mpuuem 310 OONXEH GuiTb
HE NpOCTO KOMMYTarop, a yCTPo#iCTBO, KOTOpOe obecneuvnBaer
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Puc. 10.1.6

cyvHpasHoe penexHne mowHOCTU npu pabore creka M cornacosa-
HUWe Npu Bcex NepexnoyeHnax. MMeHHO TakumMy yCTpoRcTBaMy Ml
u 3aliMemcs B crneayiowem naparpade.

10.1.4. Ycrpoicrea nutaHus
u kommyTtauum KB crexos

B kavectee araxeit creka Ha KB noutu uCKMOMUTENLHO MCMONb-
3YI0TCAl aHTeHHbl CO BXOAHbIM conpotuenexHuem 50 Om. Moatomy
Ang NUTaHUA ABYX3TAXHOro creka tpebyerca passeTsutens Ha asa
BLIXOAa C BXOAHLIM U BbIXOAHLIM CONPOTUBAEHNSIMU NO 50 OMm.

B npuHumne, MoxHO MCnonb30BaTh PA3BETBUTENN, NOKA3AHHLIE
Ha puc. 6.1.13,a, 6. OaHaKo Ux BXOAHOE CONPOTUBAESHUE GO CTOpO-
Hbl 0Bulero xabens e 50, a 56 Om, 4To noeuiwaer KCB cucremsi.
Takue passeTBuTeny BrosiHe NPOXOAAT B NPOCTLIX CUHA3HLIX aH-
TeHHax (rnaea 6). Ho KB ctekn — ycTpoicrea cepbesHbie u [opo-
rue. M B Hux nyuwe ncnonb3osark Gonee COBEPLUEHHLIE Pas3BeT-
BUTENN, MEKLLME BXOAHOE CONpPOTUBAEHUE ToYHO 50 Om.

Mmetorcs roToenie 6ok (HasbiBaeMbie CAUTTepamMn) Ha dep-
PUTOBLIX LIMPOKOMONOCHBLIX Tpanchopmaropax (LUMT). 3to roro-
Bblii cMHGa3Hblil passeteutens 50 Om Ha 2 snixopa no 50 Owm.
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Cnnurrepnl BbiNyckaloTCcs B BUAE roToBbix 610k0B ¢ BY-pasvema-
mu. JIOCTOUMHCTBA TaKoro crnauTrepa:

® LUKMPOKas Nonoca;

e maneie rabapurhl.

Hepocrarku:

® orpaHnyeHne MoWHOCTY GEPPUTOBRLIMK CEPACUHNKAMU;

o HebGonblMe AONOAHUTENLHLIE NOTEPU B (eppuTe.

Jpyroi BapuaHT cnaurTepa, UMEIOLLEero BCE CONPOTUBAEHUS
TO4HO NO 50 Om, peannsyercs Ha OTpesKax ANHWUIA C AONONHUTENb-
HbIMYK KOHAeHCaTopamu. INpuHuMnuanbHas cxema 3Toro yCrponcrea
nokasaxa Ha puc. 10.1.7.

0,19883,

"Kabenb 75 OM

Bxopn 50 Om

Beixos, 1 50 Om
Beixos 2 50 Om

Puc. 10.1.7

Vpes 3T0ro cnantrepa OCHoBaHa Ha TOM, YTO OTPE30K kabe-
na ¢ BOSHOBLIM CONpOTUBAEHNeM 75 OM 1 anekTpuyaeckoin aamn-
Hoit 00,1988\ TpaHchOpMUPYET YUCTO aKTUBHYKD Harpysky 50 Om
B Z =100 + j25 Om Ha apyrom koHue. Bkmoume nocnepnoearensHo
C 3TUM KOHLIOM KOHAEHCATOP C PEeakTMBHLIM COMPOTUBACHUEM
~-j25 OM, mMbl NOAYYMM YUCTO aKTMBHOE conportuenenne 100 Om.

CoepuvHvie napannensHo ABE TAKMX UENKM, Mbl NOAYYUM YUCTO
aktueHoe conporusnenne 100/2 = 50 Om, 10 eCcTb cuHdasHbin ae-
nutens 50 Om Ha gea eLixoaa no 50 Om.

Ha pwuc. 10.1.7 neewii orpe3ok kabens n xoHgeHcarop C1
TpaHchopmupyor 50 Om ¢ nepeoro Beixoga (3raxa) 8 100 Owm.
Mpaebiii OTpe3ok kabenst u C2 pgenaot TO Xe€ CaMOe CO BTOPbIM
BbIXOAOM (3T1axom). B cpepHelt Touke napannenbHoro coeguHe-
HUs aByx conpotusrniennii no 100 Om nonyuaercs 50 Om — 3710 BXO4,
cnnuTTepa.

Crnsnurrep prc. 10.1.7 SBASETCH NPUHLUMNKANEHO OAHOANANA30H-
HbIM, TaK KaK 3feKTpuyeckas mannHa TpaHCQOpMUPYIOLWLMX OTpes-
kOB kabeneil u peakTMBHOE CONPOTUBAEHNE KOHAEHCATOPOB 3aBU-
CSIT OT 4acCToThI.

Tem He meHee, B npepenax OAHOrO AManasoHa nonoca ycr-
poiictea puc. 10.1.7 oueHb Benuka. Tak, B guanasove 20 m (Ppu-
3uueckan amHa kabeneit npy Ky = 0,66 cocraensier 2,8 M eMKOC-
1 koHpeHcaropor C1 u C2 no 448 nd) umpwHa nonock! TPORHMKa
no ypoeHio KCB < 1,1 cocraensier 3 My (ot 12,7 po 15,7 Mlu).
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Mpu +5% pasbpoce BCcex HOMUHANOB: KOHOAEHCATOPL!, BONHOBOE
conpoTtueneHne kabeneil, Mx AaMHA (XOTS MHE HE BEPUTCH, 4TO
MOXHO AonycTuts owmbky 14 cM, ormepss kaGenb 2,8 m) KCB
or 14 po 14,35 My He npeesicut 1,1 Npu camom HeGnaronpuaT-
HOM coYeTaHuy napameTpoB pas3bpoca. IT10 03HA4AET, 4TO Ha-
cTpoiika cnnutTepa He Tpebyercs.

Monxasi cxema ycTpoIiCTBA NMUTAHUS 1 KOMMYTaUUK ABYX3TaX-
HOro creka ¢ aHrenHamu no 50 Om nokasana Ha puc. 10.1.8.

2 2
E . Cnnurrep % E
50 O OM
o d Bbix1 Bbix2 o
- B &~
o X0/, o
x x
5 S2 50 OM S3 5
£ » £
aQ aQ
v L v
S1
K nepeparuuky
Puc. 10.1.8

CocTosHue KOMMYTUPYIOLLMX nepekmouarteneil unu pene 4aHo
B 1abn. 10.1.2.

Ta6anuya 10.1.2
KOMMYTALIUST YCTPOMCTBA, NOKA3AHHONO HA PUC. 10.1.8.

Crex Tonexo 1-it arax Tonbko 2-ii atax
St Bkn.! Bl Bkt
S2 Bkn. Boixs1. Bkn.
S3 Bxs. Bxu. Bbixn.

Npumesanue. ! Ha puc. 10.1.8 Bce NEPEKNICYATENM B NONOXEHUN «Bxte,

10.2. KoHctpyxuun KB crTekoB

B sTtom pasnene npueesy HECKONBKO rOTOBLIX KOHCTPYKLMIA
AByxaraxHbix KB cTtekos.

Haunem co cteka ppuanasona 14 My, cocrosiuero us AByX twn-
POKONOAOCHLIX LWIECTUSNEMEHTHEIX Yaa-HArn. 31a anTenHa onucaHa
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B ¢aiine ...2_6el 20.gaa v nokasaHa Ha puc. 10.2.1. Mcnonb3yetca
MayTa BLICOTOM 22 M, HWKHWIA 3TAX PacnonoxeH Ha Beicote 12,5 m
Han peansHON cpepHeln 3emneii. Bce anemeHTbl BLINOAHEHb U3
TEAECKONUYECKNxX TpyDoK, X pasmepsl CMOTPpUTE B daiine mopenu.

H=11,5m™
Puc. 10.2.1

XapakTepucTuku 3TOM aHTeHHbl nokasadsl Ha puc. 10.2.2. KCB
B nonoce 14,0...14,3 My He npesoiuaer 1,15, a F/B > 20 pb. Co6-
cTBeHHO, Bonee yem Ha 20 o5 NOAaBNEHO HE TONLKO U3NY4YeHUe
Hasag, HO BOOOWE BCE NENecTku, Kpome OCHOBHOro. MNocnepnnii
UMEET MaKCUMyM B 3€HUTHOW mnockocTh npu 14° u umpuHy no
ypoBHi0 — 6 06 or 4,5° no 27°, TO €CTb aHTEHHa O4YE€Hb XOpoLua
KaK O AanbHWUX CBSISEN, TaK M Ha OTHOCUTENLHO Hebonbume (ana
HanpaBAEHHOI aHTEeHHbI) paccTosHusa B 3...5 ThIC. KM.

Apyroii ctek ananasoHa paboTaer B gnanasone 21 My u Toxe
COCTOMT M3 ABYX WIMPOKOMOAOCHLIX WECTUINEMEHTHbIX Yaa-Hru.
Ota aHTeHHa onvcaHa B daiine ...2_6el_15mZ.gaa n nokasaHa Ha
puc. 10.2.3.

Ucnonb3ayetcs Mauta BuICOTOW 17 M, HMXHWIA 3rax pacnono-
XeH Ha BbicoTe 10 M Hap peanbHOi cpepHeil 3emneit. Bee ane-
MEHTHI, KaK W y Npeabiayuieil aHTeHHbl, BeINOAHEeHbLl N3 TenecKonu-
qeckux TpyboK, MX pa3Mepsl TaKXe MOXHO Haitth B daline moaenm.

XapaktepucTukn 3TOM aHTeHHbl nokasaHsl Ha puc. 10.2.4. B or-
nmyue OT npeabiayuieil aHTeHHbl gaHHbii CTeK UMEeeT HE CTonb
wmpoKyto nonocy. Noaromy ero ycunenne euiwte Ha 0,9 gb, a KCB
€ero yyTtb xyxe: or 21,0 no 21,25 KCB < 1,15 v Bo3pacraer gao 1,4

197



¢'2'01 'ond

(WSW)O'S = puol 0'¢l = iC] DIANININ PUNCID
(WO 0 08) P31 = HMS

wyo gL il + epep =7

Bep 0'GY = iBuB AQ|]

(Bul 1aNQ) 1gP €6°GL = BO

ZHNOSLPL=d

son DIANINIAN asx

198



L

JAZM

Puc. 10.2.3

Ha 21,45 Mflu. F/B > 20 gb BO BCEmM pgmanascHe ot 21,0 mo
21,45 Mru.

Crek guanasona 28 My, COCTOAWMIA U3 NATUSAEMEHTHLIX aH-
teHH Ypa-firu, nokasan B ¢aine ...2_5ei10Om_K8CC.gaa n Ha
puc. 10.2.5. B ornnune OT ABYX NpEAbIAYUMX CTEKOB 3AECH UC-
MNoNL30BaHbl AHTEHHLI C Y-COrnacoBaHueM.

XapakTepuCTuku 3TOI aHTeHHb! NoKasaHwl Ha puc. 10.2.6. Bo-
nee BLICOKas (B ONWH3aX BOAH) mMauTta, Yem Yy npeabiayuiyix CTeKoB
3TOro pasgena No3sOMsET PasfiBUHYTh 3TaxXu nouth Ha 1A u nony-
4uTh OueHb Beicokoe Ga = 18 dBi. KCB or 28,0 no 28,6 KCB < 1,2
v BOspacraeT go 2 Ha 28,8 Mly. F/B > 20 b or 28,0 no 28,8 Mlu.

13-3a BLICOKOWM MauThl U GONLLLIOrD PACCTORHUA MEXAy aTaxa-
mn ctek puc. 10.2.5 nmeer makcnmym B 3€HUTHOW MNAIOCKOCTY Npyu
9°, 4TO OuEeHb XOPOLLO IR AanbHUX ces3eit. Ho yxe npu yrne 20°
Haxogmtca raybokmit (ocnabnerve Gonee yem Ha 20 ab) muxu-
mym. U Boilue 3TOrO yrna uanydexue mano. Nostomy Ha 6nanKHUX
1 CpeaHnx Tpaccax paccMarpueaemulii ctek 6yaer paborark oveHb
NIOX0, NPOUrPLIBas faxXe 06LIYHOMY OAMHOYHOMY Anunomo. fins 0b-
CNyXMBaHusa 3TUX TPACC BbIrOAHEE UCNOL30BaTh TOMLKO OfAHY a@H-
TEHHY HMXHEro araxa, kak onmucaxo B nn. 10.1.2—10.1.4.

B puanazotve 28 MIy, dnsnueckme pasmepbl yMEHLLIATCA Ha-
CTONbKO, Y4TO CTAHOBUTCH BO3MOXHLIM MCNOMb30OBATb B KayecTee
anemMeHTa CTEKa He TONbKo Yaa-fru, HO U aHTEHHbLI BLITAHYTHIE NO
BEPTUKANKU, HANPUMEP PaMOYHLIE MHOrO3/IEMEHTHLIE.

Ha puc. 10.2.7 u B daiine ...2xQQ.gaa. 310 ABYX3TAXHLIA CTEK
13 OBbLIMHLIX NPOBOMONHLIX «ABOWHLIX KB3APATOB». BLICOTA BEPXHErO
araxa (TOYHEee rosopsi, BhICOTA TPABEPCHI UNN «€Xa» BEPXHEN aH-
TeHHbl) 16 m, HUXHero — 8,8 m.
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Mockonbky pamka ¢ nepumeTpom okonce 1A cama no cebe sB-
nserca cuHasHoh anreHHol (n. 4.3.1), To OH paccmarpusae-
MOrO CTEKa B 3EHUTHOW TNOCKOCTU NONY4aeTcss OuYeHb Y3KOit
(puc. 10.2.8). Ho Becbma NpakTM4HOIR: O ypoBHIO ~6 o6 ee wm-
pwHa or 4,5° no 20,5°. Euie 6onee npaktvuHa [H B asumyTanbHoi
NAOCKOCTU: CHA TOYHO Takas Xe, KaXk U Y OAWHOYHOrO «fABOMHOro
kBanpara». 1o yposHiO —3 gb ee wWMpuHa COCTABASET LENbIX 74°.
A paBHas N0 YCUNEHUIO OAVHOYHAS LLECTU...CEMUBNEMEHTHaA aH-
TeHHa Ypa-firn vmeer owytumo 60nee y3kuii a3umyTtanbHbil ne-
necrok — 52°. 3T0 03HAYaeT 4TO, HECMOTPS HA BECbMA BLICOKOE
ycuneHve creka puc. 10.2.7, erc He tpebyerca 4acTto Bpawarb,
npyuenvBasick Ha xoppecnonpenra. KCB B nonoce 28,0...28,5 My,
He npesbiiaer 1,3, a F/B > 15 gb (Ha 28,3 My F/B > 20 gb).

C [AnbHEALIMM YMEHBLLIEHUEM AIMHB! BONHBLI PACILIMPSIOTCA BO3-
MOXHOCTU PEanm3aummn CNOXHbIX CTEKOB U3-33 YMEHbLLIEHUS UX (pU-
3UYECKUX pa3MepoB.

Tak, B guanascHe 50 MMy, B Ka4eCTBE 3N1EeMEHTA CTEeKa MOXHO
WUCTIONbL30Barb [AOBOMbHO BLICOKUE MHOFO3NEMEHTHLIE PaMOYHbIE
AHTEHHb! C 3NEeMEHTaMU B BUAE OBOWHLIX TPEYyronsHWKoB (n. 4.3.6,
puc. 4.3.18). Takasi XKOHCTPYKLUA U3 YETLIPEX3NEMEHTHBIX AHTEHH
nokasaHa Ha puc. 10.2.9 n B ¢aitne ...2x4eltwin_H_delta_6m.gaa.
Bbicora Tpasepch! BepxHEit ataxa cocraensier 12,5 M, HUXHero —
7,1 M. KOHCTPYKTUBHO HAK/IOHHbIE 4aCTW PAMOK BbINONHEHb! Kak
3aKpernneHHble Ha TpaBepce TPYOKW, FOPU3OHTAILHLIE — ANOMU-
HWEBaA NPOBONOKA, COEAVHSAIOULIAs [ANBHUE KOHLUb! TPYOOK.

Ja, marepnana Ha Taxyl0 aHTEeHHY PacxXxopyercs MHOro. Ho
WV pe3ynbrarsl Bnevarnsior. Hap peanbHol cpepHeit 3emneit Ga =
= 18,7 dBi. Cronb BbICOKOE yCuUneHue NO3BONSIET UCNONL308BaTh Ta-
KYIO aHTEHHY paxe ans cealei yepes JlyHy. Bnpoyem, s yBnekcs
n 3abexan snepep,. Ces3n yepe3 JlyHy — 310 yxe YKB, 10 ecrtb
TEMA CREAYIOWIE HACTU KHUIN...

Ho BepHemcs k anteHnHe puc. 10.2.9. Ee [IH v OCHOBHbie Xa-
PaKTepUCTUKUN nokazaHb! Ha puc. 10.2.10.

O nonocax aHTeHHb! B puanal3oHe 50 My roeoputs 6eccmbic-
neHHo. Jiobas aHreHHa Oyner UMEeTb NONOCY WHPE Pas3peLLleHHbIX
B 3TOoM guanasoHe 280 xI'y (rak B M'epmanun). Tak, paccmarpuea-
emast aHTeHHa TONLKO no ypoeHio F/B > 20 nb o6ecneunBaer 6o-
nee 0,5 My,

Mo ycunennio anrenHa puc. 10.2.9 cooTBeTCTBYET OANHOYHOIR
JDBEHaAUATW... TPUHAAUATUINEMEHTHOK aHTeHHe Yaa-fru. Ho ee H
B a3UMYTaNbHOI NNOCKOCTW BABOE WWMpe, 4YeMm Yy ABeHanuarnane-
meHTHOI Yaa-9irm. OCHOBHOI pocT ycunenust creka puc. 10.2.9
WAET 3a CHET CyXEeHusi 3eHUTHO JH.
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Beno B TOM, 4TO 3TOT CTEK ABNAETCH ABYX3TAXHLIM TONLKO (Oop-
ManbHO. (PaKTUNECKU Xe, TaK KakK Kaxaas U3 TPeYronbHbX BONHO-
BbIX PAMOK HBASIETCS ABYX3TaXHON cuHdasHoii aHTeHHol (n. 4.3.1),
TO aHTeHHa puc. 10.2.9 0OKa3bIBAETCH BOCBMUATAXHbLIM CTEKOM.
IMoatoMy 1 CTOnbL BENWKO €€ YCUNEeHME npu OTHOCWUTENBHO tWMpo-
KXol asumyTtansHoi [H.

Met BepHEMCA K 60nbWLMM CTekam B 6-it HacTM KHUIM, B rnase

npo YKB crexu. B ornnuve or KB, Ha YKB mn3-3a manoit anvHbi
BOJNHBI BNOMHE PEANNIYEMbI O4EHb CNOXHBLIE KOHCTPYKLMU.
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11. MHOTrOAMANA3O0HHDbIE
HANPABJIEHHbBIE AHTEHHbI
C NMACCUBHbBLIMAN 3JIEMEHTAMU

B nepsom NpubanxeHnn 3Ta fNaBa SBNSETCH PE3ynbTaroMm ne-
PEMHOXEHUSI NBAOXEHHOrO B rnaeax 5 n 7. Mu 6epemM ussecTHbie
npMemMbl CO30aHUSE MHOroANana3cHHOCTU (13 rnaebl 5) v npume-
HSIEM WX K OQHOAMANA30HHLIM HANPABNEHHbIM aHTEHHAaM, ONUCaH-
HbiM B rnaee 7.

MosToMy HauHy ¢ oBWMpHO uuTaTsl M3 Havana rnasel 5. «Mecra
o aHTeHHOE osie HUKOraa He XBaraer (a ecnay BaMm ero [ocra-
TOYHO, 3HAYNT, Bbl €LYE HE 3aHS/VNCh BCEPHLE3 CBOUM AHTEHHbIM
XO3sIICTBOM ¥ HE rpumMmenHsiere MHoOro 6onblunx avrenH). Ons yc-
newrHoi paborsl BO BCcex KB awanaszoHax Tpebyercsi HECKO/LKO
aHreHH. ECTecTBEHHO, BO3HUKAET XeNnaHne UCronbL308ars OfHY aH-
TEHHYIO CUCTEMY B HECKOJILKUX ANanasoHax...

...BBITYeT MHEHue, 4TO MHOroANana30HHas aHTeHHa Bcerga Xyxe
0aHOANanNasoHHON. 310 BEpHO nulub ordacTy. C OnHOM CTOPOHDI,
rPaMOTHO BLINOJIHEHHAs ¥ COFNacoBaHHas MHOrogmana3oHHas aH-
TEHHa MOXeT ObiTh HE TOJBKO HE XyXe, HO gaxe u ny4we (no Ga,
Hanpumep) oaHOANaNa3oHHOR aHTeHHbl. C Apyroi CTOPOHb, €CAu
LONyCTUTL HEOOBLUNE YXYALLEHUS] B YCUNIEHUN ¥ COrnacoBaHuy,
TO HEPEAKO YAAETCsl NOAYYNTH OT TO# XE aHTEHHB HECKONBKO A0~
NOAHUTENBHBIX AWANAa30HOB (M 4aCTO TaK NoCTynaior).

YuusepcansHOro peuenta MHOroauanasoHHoOCTu HeT. Kaxaoe
peLueHne nMeeT ceou AOCTOMHCTBA u Heqocrarky. B 3aBucymoc-
T¥ OT KOHKDETHOH cutyauuy, sxiOupars npugercs sam. fpuknaoy-
HYI0 OLIE€HKY MHOroamanas3oHHOR @HTeHHBl MOXHO Moy4uTs, OTBE-
Tus (camomy cebe) Ha cnenyoLme BolpoChH:

e FloMeIyaeTcs Ny aHTEHHa B UMEIOLEECs! NPOCTPaHCTBO?

e Ycrpausaior nu napamerpsl (evg [H, Ga, KCB) Ha kaxaoMm
13 pabounx auana3oHoB?

e Moxere ny Bbl NOBTOPUTH KOHCTRYKLMIO MMEHHO 3JTOH aH-
TeHHbBI?

o BLIMOAHUMbBI 1Y B BALLMX YCa0BusiX TpebyeMbie Mephl 1o nu-
TaHWMIO aHTeHHb! (YCTPOMCTBE COrnacoBaHusl, NepexioyeHns,
110A3BACHMST NNYHEHUST INHUY TUTaHuns)?

Ecnu yetoipe “na’, 1O 318 aHTeHHa Ang eac. Ecav xe xors Obl
ofHO “HET”, TO HaRO MCKare APYroe PEeLIeHue uy ymepsatb ai-
nerur (B wucne awanasoHos, [IH v Ga, NMpOCTOTH KOHCTPYKUMH,

pPasmMepos)».

207



HeobxoaMMoCTs nonyunts paboTy B HECKONbLKMX AManasoHax
ANst HANPABAEHHBLIX @HTEHH CTOUT OcTpee, 4YeM ans nNpocTbix. Jleno
8 TOM, YTO NOMUMO BCEr0 YNOMSHYTOrO B BbilLIENPUBELEHHOR LN-
Tare, ANs HANPABNEHHOW aHTEeHHBb! Tpelyerca MexaHU4ecKu npot-
Has MaNTa C NOBOPOTHLIM YCTPONCTBOM (POTOpOM), cnocobHas HEC-
T1 HaBepxy GonblLylo U TRXEnylo HAaNPaBNeHHY aHTeHHy. Maurta
WU pOTOp — BElM BECBMA Heaellesbie. He ncnonb3oeath WX B He-
CKONbKUX AMANa30Hax — O4EHb PACTONUTENBHO.

Noaromy GONLWMHCTEO BpawaOMXCH HanpasneHHbix KB aH-
TEHH AEenaloT MHOroAManas3oHHbLIMU. A 3TO HAMHOFO TpyQHee, HeM
CAEenaTb MHOrOAMaNa3oHHOI NPOCTYI0, CraboHanpPaBNEHHYIO aHTEH-
Hy, B KOTOpOit Hano obecneunTs NUb COrnacoBaHue (rnasa 5).

~ A B HANPaBNEHHOW MHOrOAMAaNA30HHOR aHTEHHe, KPOMe corna-
coBahus subparopa, Hago ewe obecneuuTs NPasunNEHoe (HyXHOe
Anst oaxoHanpasneHHoi [H) pacnpepeneHne TOKOB NO 3INEMEH-
Tam B K2KAOM U3 AMAna3oHOB. A AU 3TOro rpaMoOTHO BuiGparb
YUCAO, PacnonOXeHe U CnNOCOO BLINONHEHUS 3TUX 3NEMEHTOB.
U He 3abbiTh yuecTts X B3aumHOoe BRvsiHUE. 334a4a 3Ta CNOXHA,
NO3TOMY NPOEKTUPOBAHUE HANPABNEHHBIX MHOrOAWANA30HHbIX aH-
TEHH CNpaBEANVBO CHUUTAETCA OAHOM U3 TPYAHEMIIUX AHTEHHBIX
3apaq. Eio Mbl v 3alimemcs B aTOIR rnaee.

A B 3TOM NpeauMcnoBMyM OCTANOCh TONbLKO OOBLACHUTH, NOYEMY
3Ta rNaBa OrpaHuyeHa TONLKO HAaNPaBNEHHLIMU AHTEHHAaMu C nac-
CUBHBIMU 3/IEMEHTaMM, U HE PACCMATPUBAET MHOrogManasOHHbIE
HaNpaBNEHHLIE AHTEHHbLI G AKTMBHBLIM NMUTAHMEM BCEX 3JIEMEHTOB.
IMpocTo noToMmy, 4To NpY Kaxyweincs NPocToTe (BO3bMEM aBa 3ne-
MEHTa, 3anUTaeM UX aKTUBHO, @ HYXHbIE B KaXZ0OM ANanasoHe TOo-
KopacnpeaeneHusi ycraHoBum kabenbHoit cucremoit nuraHus, ne-
pexnioyas NOCREAHIOID NO AMana3CHaM) aTO pELLeHUE OKa3biBaeTCA
O4YEHb CNOXHBLIM KaK B pacyerax, Tak U B peanudaumu. Her, Takve
AHTEHHB! NPUHUMNUANLHO BO3MOXHBLI U CyLeCcTByIoT. HO Hago xe
rAe-TO NPOBECTU rpaHuLly Mexay nioburensckumn v npodeccro-
HanbHbIMWY 330a4aMu...

11.1. CoBMelleHVe HEeCKOALKUX
ONHOAVNANA30HHLIX AHTEHH

MpuHymune 1 TPYAHOCTH coBMeweHusl. COBMELIEHHBIe aHTEeH-
Hbl YAa-Sirn ¢ otgensHbiMy vHusMY nutaHus. COBMeELYEHHbIe pa-
MOYHBIE GHTEHHbI € OTAENBHLIMU NUuHUAMY nuTaHus. Muorogma-
Na3soHHbIE «<BOVHbIE KBapparst». MHOroawanasoHHbIE «TpOoMHbIe
KB3ApaThi». COBMELUEHHBIC @HTEHHBI C NapannefibHbiM BKHOYEHU-
em. lNapannenpHoe srmoyeHne ubparopos. [uana3onHvie CY
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C napannenpHeiM BkMoseHuem no sexony. OaHo CY Ha HECKonLKo
Anana3oHoB. CoBMeLeHHbie aHTeHnbl ¢ Open Sleeve Bubparopom.
Apyrue npuemsl cosMmeLyieHyst.

Bce mogeny, ynoMUHAEMbIE B 3TOM paspene, HaxoasaTca B nan-
ke ...ANT\Multibands beams\combined\.

11.1.1. NpMHUMNBLI U TPYAHOCTU COBMELUCHUS

Mpocreiiwee peweHne No CO3AaHMIO MHOFOAMANA30HHLIX Ha-
NPAaBNEHHBLIX CUCTEM HanpawwmeaeTcsi camo coboit: BO3LMEM He-
CKONbKO OfHOAMANAa30HHbIX HANPABNEHHbLIX aHTEeHH W COBMECTUM
mx. Ecnn 310 nnockue kOHCTpykuun (Bpone Yga-firu), 1O Ha op-
HoOIt TpaBepce. ECnM BLITAHYTHIE NO BLICOTE (pPaMOYHbie, HanNpu-
MEpP), TO B OAHOM KOHCTPYKTUBHOM ObObeme.

Pewenue xopowee. Bonee 10ro, 60LILMHCTEO HANPABNEHHBIX
MHOroavanasoHHbIX KB aHTEHH BLINOHAETCH WMEHHO KaK HECKOMb-
KO COBMELLEHHBIX OAHOAMANA30HHbLIX. OfgHAX0O NPOCTOTa TaKoro
noaxopa kaxywascs. I'lpu coemeilueHnn obHapyxuBaeTcs Hemano
NOABOAHbLIX KAMHE#R, KOTOPLIMU Mbl U 3aiiMeMCS B 3TOM naparpade.

B uyeM OCHOBHAs CNOXHOCTb NPOEKTUPOBAHUS COBMELLEHHBIX
MHOrogvanascHHbIX HaNPAaBNEHHbIX aHTeHH? Bo Bnusiiun Ha pabo-
Talowe Ha AaHHOM AVana3cHe 3/1EMEHTbl NACCUBHLIX 3NEMEHTOB
ApYrmx amana3oHOoB.

B camom gene, BOCNONbL30BABILWCH ONBITOM FNABbl 5, MB! U3~
rOTOBUM UM COrNacyeM MHOrOguanasoHHbIR BUOparop (xopowo nu,
NAOX0 Nu — APYroid BONPOC, rnaBHOE U3BECTHO Kak 3TO caenarb).
Daxe ecnn takoit Bubparop 6ypeT COCTOATL U3 HECKONbKUX (Ha-
npumep, napannensHo BIIOYEHHBLIX nu Open Sleeve) ux B3aum-
HOE BNnsiHMe Jpyr Ha Apyra manc NoBAvsieT Ha cymmaphyio JH
HanNpaBREHHOW AHTEHHb!, TO ecTb Ha ee F/B u Ga.

A BOT nNaccMBHbie 3NeMeHTb! (PedneKTopbl ¥ AUPEKTOpPL) No
OnNpeAeneHnIo HyXHb! Ham ans GOpMUPOBAHUA HanpasneHHo OH.
M penalor OHW 3T0 33 CYET TOKOB, HABEAEHHbLIX B HUX Nonem BuO-
paropa. lNpuyem 3TH, HABEOEHHbIE B NACCUBHLIX 3MIEMEHTax, TOKU
BOXHBI UMETB CTPOrO onpeaeneHHue amnnutTyay n ¢asy. Toneko
B 3TOM Cay4ae nony4daercs cbanaHcupoBaHHas cuctema (10 eCTb
nNPpaBsunNbHOE pacnpeaeneHUe HYXHBIX TOKOB B NPOCTPaHcTee), obec-
Ne4YnBaIow,as NOAABAECHUE USJYYEHUSI HA334A M KOHLUEHTPauMIo ero
Bnepen (rnasa 7).

A Tenepb NPUKMHEM, HYTO NORYYUTCA, €CNU BHYTPL NEPBON XO-
POLLO HACTPOEHHON O/HOANANA30HHOMW HANPABNEHHOR aHTEHHbI Mbi
no6aBym BTOPYIO HAMPaBNEHHYIO aHTEHHY APYroro amanasoHa. Bep-
Hee, 3TC MB! CHUTAEM, YTO A00aBNsieM aHTEHHY. A Nepeast aHTEHHA
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“YBUAMT», 4TO B ee OnuKHIOI0 30HY A06asvnm kakue-To MPoBOLa
(anemeHTB BTOpPOIA aHTeHHbl). 1 OHa CTaHeT HaBOAUTL B HUX TOKM
TOYHO TaK Xe, Kak ¥ B CBOUX «POOHbLIX» pednektope u aupekTo-
pax. lNone nepsoit aHTEHHBI HE MOXeT pa3oBpaThes roe «CBOW»
NAcCCUBHLIE BNIEMEHTLI, & rAe «Hyxue» (OT BTOPO AHTEHHHI).

EDVHCTBEHHBIM KDUTEPUEM PA3NNHNS SBNSIOTCA PE3OHAHCHLIE
4acTOThl 3NEeMEHTOB. HYem panbiue no YacroTe BTOpas aHTeHHa OT
Nepeoi, Tem MeHbWME TOKM HABENET B €e INeMEeHTax none nep-
BOW aHTEHHbl. HO HyneebiMu 3TW TokM He GyayT Hukorga. U ouu
VICKA3AT UCXOAHO cGanaHCMpoBaHHOE TOKOPAcNpeneneHue nepeoi
aHTeHHbl. A Kak OoTmedeHo B n. 7.1.3, naxe HeGonwbiume mameHe-
HWA TOYHOrO pacnpeneneHus Tokos yxyawaior F/B.

Y1066l BepHYThL TOKOpacnpepenexve K npasuneHOMY (TO ecTb
nony4Th xopolee F/B) B kaxaom 13 avanasoHos TpebyeTcs HoBoe
NPOeKTMpoBaHne KaxAoh U3 OTAEnbHLIX aHreHH. C yueTom Bnusi-
HU$ TOKOB, HABEAEHHDLIX B 3/IEMEHTAxX BCEX OCTaNbHbIX AUANA30HOE.
Pa6Bora a1a cnoxHas (npuxopuTcs NpPoGerars HECKONLKO KPYrOB:
NONpaBunu OAHY AHTEHHY C YYETOM BNUSAHUS BTOPOI — MOCMOT-
Peénu BTOPYIO C YHETOM MEpBOi — BLILLIO HEXOPOLLO — NONPAaBu-
7" BTOPYIO — BEPHYNUCL K NEPBOii, a OHa paccTpovnack — U T.4.)
¥ BANEKO He BCeraa rapaHTUpyioLas nosyyYeHne npuemnemsix pe-
3yneratoB. Ho MMeHHO 3TMM Mbl U 3aliMeMcs B 3TOM pasgene.

-Takum oBpasom:

Hpunyunuabho HeBOIMONCHO ROTYUUMD XOPOWUE PE3yTbIMANbL,
npocmo e3sie 2...3 xopoue 00HOOUANA3ORNbIE HANPAGTEHHbIE AHIMEH-
Hbl U coemecnug ux & o0HoM obveme. Heobxodurto Hoeoe npoexmupo-
8aHUE KAJICOOH 13 OUANAZOHHBIX GHIMEHH, C YYemoM GIUIHIL GCeX 1e-
Menmos Opyeux duanasonos. H max dns xaxcoozo duanasona. H no-
EMOPAMb MU YUKITbI HACMPOTIKY 6CeX OUANA30H06 NO HECKOTbKO Pas.

Kak mbi 3Haem 13 rnaesl 7, s aHTeHH mobutensckux KB gua-
MAa30HOB MakcumansHan paccrpoiika pednektopa (R) v aupekTo-
poe (D) moxer pocmvrare +5%. CneposartenbHO, pasHOC YacTor
Mexay CoCenHuMi AManasoHaMy B HANpPasieHHOW aHTeHHe pon-
XeH npesbiwate 10% (a nyuwe 12...15%). UHaye ampekTopa Hux-
Hero avanasoHa GyayT Bectu cebs kak pedneKkTopsl Ha BEpXHEM.

Aonycium, mMbi nbiTaemMcs COBMECTUTL Ha OBHON Tpasepce nse
TPEX3NeMEeHTHbIE aHTeHHb! Yaa-9rm Ha avanasonsl 12 v 10 m. Ou-
PexTop nepsolt aHTeHHbl HacTpoeH Ha 25,9 MMy, (Ha 4% Buiwe
cpepiHeit YactoTe). A ans puanasona 10 m 310 Gyner yxe ped-
NEeKTOp, HAaCTPOEHHLI Ha 8% HuXe cpepHel 4acToTH 3TOro aua-
nazoHa. B pesynwrare Ha 28 MI'y Bubpatop «yeupur» aga ped-
nektopa ¢ obeux cTOpoH OT ceba. Peaynebrar fiokasaH Ha
puc. 11.1.1. Hu 0 kakom NpasunsLHOM pacnpepeneHut TOKOB peyu
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uam yxe He moxer. AH wa 28 My pacceinanacbk NONHOCTLIO
W cTana HeHanpasneHHoi. MNMone subpatopa «3aXaro» ¢ ABYX CTO-
poH pednekTopamu (Cnesa CBOMM HOPManbHbIM, cnpaea — na-
pPa3vTHLIM, KOTOPLI Ha CamMoM fierne aupexTop puanascHa 12 m).
3710 nouTu pexum KopoTtkoro samsikaHun. MNocmorpure Ra Ha
puc. 11.1.1 — OHO KpaiHe HU3Koe.

W3 3TOro NpoCToro npvmepa Cnepyet cpasy HEeCKOSbKO Bax-

HbIX Ha NPaKTVKe BbIBOJOB:

e VICXOOHO WHPOKONOAOCHBIE HANPABNEHHDIE GHTEHHb! PasHbiX
AMana3oHoB TPyAHee coBMewars. NoToMy 4TO y HUX OTHO-
cutensHasa paccrpoiika R v D 6onbiue. COOTBETCTBEHHO, pe-
30HaHCHLIe 4YacTtotel R v D «pacnon3alorcs» no CTOpOHam
Mpe ¥ OKasbisaloTea 6nuxe K Apyrum avanasoHam.

e Bcerga Gonviwe crpagaer BepxHuii avanasod. o cnepyio-
WUM NpuNUHaM:

1. OnucaxHoe Bbilue npespatteHne HY-gupektopa 8 BY-ped-
nektop. O6parHoe xe enuaHue (BY-pednektopa Ha HY an-
TeHHY Kak pononuutrensHoro HY-gupekTtopa) mano noro-
My, uto BY-pednektop okasbieaetca c3any HY-subparopa.
A Tam yxe CrouT «pogHoii» H4-pednektop, ocnabnswowumii
none y orpaxaicimii usnyseHuve snepen. Hasmuve B 3Toit
o6nacTy NapasuTHOro avpexkTopa (KOTOpLifl Ha camom aene
BY-pednexTtop) mano Bnuser Ha 3ToT nNpouecc.

2. Bropas npwuvHa paboTaeT aaxe npy o4eHb 60nLWom pas-
HOCe 4acToT avanal3cHos. bonee Toro, oHa Tam, B OCHOB-
HoM u nposenserca. lpuunHa Boitexaer u3a obuwero as-
TEHHOIO MNpPaBWNa: Yem KOPOYEe aHTEHHA, TeM OHAa XyXe
(pasgen 3.7). Hdonyctum, ecni Mbi COBMELLAEM Ha OAHOW
Tpasepce «ksapaTbl» ananas’oHoB 7 u 28 MI'y, To noHaT-
HO, 4TO TOKM C HacToToil 7 MI'y nouTh HWYEero He HaseayT
8 pamkax 28 My, Cnviwkom mane! B AiMHax BONHL 40 m
Te pamku ¢ nepumerpom 10 m. A BOT TOKM C 4acToTOoN
28 My & pamxax avanasoda 7 My Haseayy MHOro: pam-
Ka ¢ nepumeTpom 40 M — 3TO BMOSHE Cepbe3HbIli uanyya-
Tens ¥ Ha 28 M.

e Yem BoNbLIE SNEMEHTOB B UCXOAHOW OAHOAUANA30HHOM aH-
TeHHe, TeM TpyLHEe ee COBMEeLaTh ¢ ppyroli (Gonslwe peso-
HAHCHBIX 4acToT).

e M3-33 Manoro 4YacToTHOro pasHoca HEBO3MOXHO obecneynTs
KayeCTBEHHOE COBMELLEHUE HTeHH Cenyiowumx mobvrens-
ckux aunanasoHoB: 28/24,9 Mly, 24,9/21 My, 21/18 Mly.
Ecny HApO COBMECTMTH MMEHHO 3TW AVMAnasoHbi, NpuxoauT-
CA MATU HA BLIHYXAEHHOE CyxeHue paboueli nonockl B Kax-
OOM Y3 AVana30oHos.
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MOXHO ChOpPMYNUPOBATL OBLUME NPURLNN:

V cosmewaemorx aument He QOAxCHbBL COBNA0AMd (1t N0 80IMONC-
Hocmu By pazHecensl nOO@IbILE) Pe3CHAHCHBIE HACMOMbL HUL 00-
HO20 U3 27eMEHINOB.

A 3TO He TONbKO ONMUCAHHLIN Bbllue CAy4Yai asyx 6nm3kux gua-
nas’oHoB. MOryT COBNacTb He TONBEKO OCHOBHLIE PE30HAHCHLIE Yac-
TOTH, HO ¥ raApMOHUKU.

Hanpumep, npyu cosmelleHuy «gBOWHBLIX KBapgparos» Ha 14
n 28 My okasmBaeTcs, 4T0 paMky gvanasoHa 14 Min pesonu-
pYIOT Ha 2-ii rapMoHuke B6nu3m 28 My, Yem OLWYTUMO CHUXAIOT
F/B B 3atom guanasoHe. TonbITkKa COBMEWIEHWA aHTEHH Ypa-firm
Ha 7 v 21 MIYy HE MOXET KOHYMTLCS HUYEeM XOpotumMm: A/2 amnonu
ovana3oHa 40 m Ha wactote 21 My pesoHupyiloT Ha 3-# rapmo-
Huke, yem noptar [H aHteHHs 21 M.

CoemelueHue oAHOANAaNa30HHbLIX aHTEHH B MHOTOAManasOHHYIO
cnenyer HauvHaTh ¢ Tabnuubl, B KOTOPO#H BLIMUCAHLI PE30OHAHCHbIE
4YacTOTH! U UX FAPMOHUKM (AN SUNONeil — TONLKO HeYeTHBIE) BeeX
3NEeMEHTOB.

Ecnn 2TV 4aCcTOTH! NONYYUNUCH PA3ANYHBIMKU W 0ANEKO OTCTOs-
WMMK ApYr OT Apyra, To npobnem ¢ coBmetleHvem He Bynet. Ecnm
Xe OHU Bnu3ky Ny paxe ecTb COBNAASHWA, TO B UCXOOHLIX aH-
TEeHHax HaOO 4TO-TO MeHaTh. Hanpvmep, M3MeHsTbh AnuHbE AUpeK-
Topos HY aHrTeHHbl, 4TO6GH OHW nepectany OmTh pednekropamu
Ha BepxHem avanasoHe. [la, npw 3T0M yxyawarcs napamerps HY
AHTEeHHbLI, HO 3TO Ta NNAara, KOTOPYIO NPUAETCH OTAATL 3a BO3MOX-
HOCTb COBMELLEHUS.

Mpv ananuse Tabnuubl Pe30HAHCHBIX YaCTOT BCEX 3JIEMEHTOB
HaZ0 UMETb B BUAY, NTO NapasuTHbii pednexrop onacHee napa-
3uTHoro aupexkropa. fovemy?

Monyuusliniica nNapas3vTHbIi AupexTop (HanpuMep, OH nony4a-
eTcs u3 pednextopa 28 My npu pabore B ananasone 24 Miy)
HA M3ny4eHne, KOHeHHO, BnmseT. Ho ero snusHue nubo:

e Cnaboe. 310 npovcxoauT B TOM Haubonee pacnpoCTpaHeH-

HOM Cliydae, KOrfa Nnesee ero CToMT HOpManbHbli pedrek-
Top (Kak Ha puc. 11.1.1). To ecTh Napa3uTHLI OVPEKTOP
Haxoaurcs cnesa (no puc. 11.1.1) ot subparopa. B Haxops-
tueiica psaom nape R—D Bcerpa «noGexpaer» pednektop.
Ero BnusiHue OkKasniBaeTcsa CUNbHeEe.

o Moxer BbiTh CKOMMEHCMPOBAHO HACTPOIKOA. Tak npoucxo-
IOVT B TOM Chyyae, korga BY aHreHHa cunbHO cmetleHa no
Tpaeepce BNpaso ¥ ee pednexTop (ABNSIOWMACA napasvr-
HBIM AVMPEKTOPOM Ha BEPXHEM AManasOHe) OKaskBaeTcs npa-
see (no pwc. 11.1.1) subparopa. BY aHtenHa npu arom
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«BUOUT» [OMONHUTENLHBI aumpektop. OH ee, KOHEYHO, He-
CKOJILKO paccrpavsaeT (HO 3TO MOXeT ObiTh MCMPaBneHo Ha-
CTPOMKOI OCTAMBHBIX 3NIEMEHTOB 3TOW aHTEeHHH). 3aTro npu
3TOM YBENWNMBAET YCUIIEHUWE.

Takum o6pasom:

TIde 6o Hu Haxoduacs napa3umuwbLil QUpexmop: cresa uil Chpasa
om eubpamopa, MOXCHO J0DUMbC HOPMATEHO20 QYHKYUOHUPOBAH
OCHOBHOII AHMEHHBL.

C napasutHbeim pednektopom (Hanpumep, OH nonyyaercs
u3 puvpexktopa 24 My npu pabore B guvanasone 28 My no
puc. 11.1.1) geno o6CcToUT XyXe.
o Ecnv napasutHbiti pednexTop pacnonoxeH cnpasa or Bub-
paropa {(cutyauust puc. 11.1.1), 10 418 BUNOABLHBIX 3/1@MEH-
TOB HUKGKUMY YXULLPEHUSIMY C HACTPOUKOA HEBO3MOXHO [0~
O6uTLCs pA6OTH OCHOBHOW GHTEHHBI B 3TOM AM3na3oHe. XOTs
LISt PAMOMHbBIX 3N1IEMEHTOB 3TO He Tak CTpawiHo (n. 11.1.3.2).

e Ecnu xe ero pacnonoxutb cnesa or eubparopa, T0 OH O0-
NONHAET MY 3aMeHsieT «poaHO» pednexTop AaHHoro gua-
f1a30Ha U aHTEHHA MOXeT ObiTk HacTpoexa. Takas curyaums
BO3MOXHA, €CAM OfHA M3 aHTEHH pa3BepHyTa Ha Tpasepce
Ha 180°, 1O eCTb B pasHblX AVanasoHax wanyydeHue waer
B pPa3Hblie CTOPOHbL. 370 OAMH U3 npuemoB cosmMeweHun. foa-
pobBHee O HUX peyb B crnepywolem naparpade.

Mpwv 3anonHeHuy Tabnuubl PE30HAHCHBIX YaCTOT BCEX 3NeMEeH-
TOB HALO BHOCUTBL U 4ACTOTHLI BCex BubpaTopos. Bo3pasar: HO Beab
OHM 10 ONPEeAENneHVIo HEe NONafalT B Apyrye AuanasoHs. 310
npasga. Ho Toneko 00 Tex nop, noka subparop cornacoBaH ¢ nu-
Huel nuranusa. A B COBMELLEHHbIX CUCTeMax 4acTo MConb3yerca
NUTaHVE KaXR0ro M3 AVanasoHHLIX subparopos no ceoemy, OTaenb-
HOMy KaBenmo. A uto OBLINHO AENalnT BHU3Y Y TpaHcuBepa ¢ kabe-
nem HepaboTarwWero B AanHuii MOMEHT avana3oHa? Vinu orknio-
4alT BOBCE, WM 3aKopaqumBaioT. TpaHCchOpPMUPYSCh K BEPXHEMY,
aHTEHHOMY KOHUY 3TO, CKOpee BCero, naCt pPeaKTUBHLIA UMNeanaHc.
Mouemy «ckopee rcero»? fla noToMy, 4T0 faxe ecnu aT0T Kabent
YMEeT DNeKTPUYECKYIO [NVHY, PABHYI0 UenoMy Sucny A/2, HO no-
NYBOAH-TO OCHOBHOM, paboyel Yacrorel. Ha yactore gpyroro gua-
nasoHa (To eCTb Ha APYroil AnvHe BOMHbY), rAe AaHHblii kabernb
OTIJNIONEH, ero InekTpudeckan anvHa Gyaer ApPyroil. Yxe He kpar-
HOW nonysonHe, a ApobHOI, TO ectb TpaHCchopPMUPYIOLLEH KOPOT-
KOE 3aMbIKaHUE Mnu XONOCTON XOp, B NOYTU YUCTYIO PEeaKTUBHOCTL
(n. 3.2.4). W 3ra peaKTMBHOCTL, BHOCACHL B TOYKY nutanus subpa-
TOpa, BONHE MOXET CABUHYTb €0 PE30HAHCHYI0 4acToTy Tak, 4To
MUPHLITA, B HOPME PE3CHUPYIOLLMIA COBCEM B APYrOM Mecte BuG-
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parop, «BNeTuT» B ApYyroi avanasoH. Y1 yem OH Tam cTaHeT: napa-
3UTHBIM AUPEKTOPOM vnu pednexTopomM OQHOM AAUHE NOAKNIOYEH-
HOro K Hemy kabena u3BecTHO.

Moaromy:

Hpu 3anonnenuu mabnuys! pe3OBAHCHBIX YACMOM 6CeX INEMENNOs
HGOO 6HOCUMb U HACMOMY! 6CeX 6UBPAMOPOG € y4emoM peakmusHoc-
meil, BHOCUMBIX 8 HUX OMKTIOYEHHBIMU JTUHUAMY RUMANUS BPU pabo-
me Ha opyeux Ouana3oHax.

11.1.2. CoBMelieHHble aHTeHHbl Yaa-firmn
C OTAENbHbLIMM JIMHUSAMM NUTaHURA

B arom naparpade msbi pacCMOTPUM Camblii NPOCTOM cnydaii:
COBMELLEHVE Ha OAHOM TpaBepce ABYX OAHOAVANA30HHBLIX AHTEHH
Yna-firu. fMpyyem pe3oHaHCHbIE Y4aCTOTbi BCEeX 3NEMEHTOB He CO-
BNafaioT, a sMbparopbl PasHbLIX AUANA30HOB NUTAIOTCSt KKALIA No
CBOEMY, OTAENBHOMY Kabemo.

Mpocreiiumii (HO, Tem He MeHee, BNOJNHE NPaKTU4ecKuii) Bapu-
aHT TaKoro peweHuws nokaszaH B ¢aiine ...20m3-15m4.gaa u Ha
puc. 11.1.2. 310 coemelieHHble 3 anemeHTa Ypa-firv Ha 14 My
4 Ha 21 MIy.

B atom ¢aiine (kak ¥ BO MHOIMX APYIYMX MOAENAX 31O [NaBbl)
YCTAHOBMIEHB! 3NIeMEeHTH! NOCTOAHHOrC paavyca. Ha npaktuke xe
NOYTY BCErha UCNONbL3YIOTCA TENeCcKonuyeckue anemexHTol. Ho Ta-
kue (c panuycom —1) anemeHTbl YBENUYMBAIOT YUCNO CEerMEeHTOB
B MOAEM, U, COOTBETCTBEHHO, Bpems suiuncnexuii. OcobeHHo, yum-
ThiBaR TOT (aKT, YTO MHOIMOAMANA30HHLIE HAMPABNEHHLIE aHTEHHbI
TpebyioT AnMTEenbHOl MHOrowarosoi ontummsauvu (n. 11.1.1).
MiMeHHO NO3TOMY B MOAENsX TakuX aHTEHH, B OCHOBHOM, WCNOJb-
3YI0TCSH 3NEMEHTH C NOCTOsHHLIM paguycom. [poekTuposars UX
GuicTpee, a nepecyer Ha Apyrue Tpyows (kak onucaHo B n. 7.2.5.1)
Tpebyerca noutu Bcerfa npv niobwix paguycax 3nemeHToB. Pa-
IMYChbl TPYO, MMEIOLUMXCS B HANVWYMW, PenKo COBMANaioT ¢ Temy,
YTO YCTAHOBNEHL! B YYXOi MOAENW.

Ho BepHemca K paccmarpmeaemMoi adTeHne. Ha pyuc. 11.1.2 ona
paboraer na wyactore 14,15 Ml'y. PacnpepeneHve TOKOB Ha 3TOM
PYICYHKE MOKAa3LIBAET NMoYTY naunnuio. PaboTalor TONLEKO 31eMeHTh
ananasoHa 14 My, a anemeHTbl gvanasoHa 21 Miiu noyt He BO3-
Gyxaaiorcs (Tok B Hux 8 20 pa3 meHbwe, Yem B8 paboraioumx). Ec-
Y B MOAENY BPEMEHHO BbIKMOUUTL (YCTAHOBKOM paavycos B 0) Bce
anemenTsl 21 MY, 10 B gMana3oHe 14 My xapakTepyucTuku aHTeH-
Hbl NOYTU He uameHsarca: Ra so3pacrer Ha 1,5 Oma, jXa novru ve
meHsercs, F/B nogHumaeTtcs Ha 1 ob, TO eCTh MEHbLUE, YEM HUYEro.
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Ho Ha 21 MI'y BCce He Tak npocro. XapaKTepucTUKM aHTEHHb
B 3TOM pAvana3oHe W pacnpefeneHne TOKOB MNOKa3aHs Ha
puc. 11.1.3. 3aeck yxe Toku B Bubparope v avpektope 14 Miy
BeCbMa 3HaunTenbHbl 1 CPABHMMbBI C TOKaMn B «POAHLIX» 3NemMeH-
Tax 21 Mru. Toneko pednexTop 14 My npaktuyecky He BO36yX-
Aaerca. Ho 310 NOHATHO — OH HaxoauTCs B MUHUMYME u3nyde-
HUR, U cTonuwii nepen Hum pednexrop 21 My nepexearsisaer
GonbLuyio HYacTb U3Ny4eHns, uayuiero Hasaa. Bnpouem, He OH OAMH.
Mocmorpure, Tokn 1 R21 1 B W14 noyty paeHbl NO aMninury-
pe. MNMoaromy 06a 3Tux anemeHTa paboraioT pednexkTopamu: R21 —
«popHO», W14 — napasutHblii. Bpepa ot napasutHoro pednek-
TOpa, PacnonoXeHHOro nesee embparopa, Het (n. 11.1.1). Tonbko
HeBonbluas NoNL3a — HEeCKONBKO yBenuuveaerca F/B.
A BOoT pupektop 14 My B guwanazcHe 21 My Beger ceba
crpaHHo. C OfHOI CTOPOHL, OH HU pednekTop, HY aupekTop (pe-
30HAHCHAR 4acToTa paneko). C ppyroii, OH HaxoAUTCA B MaKCUMY-
Me U3NTyHeHUN aHTeHHb. W1 fOBOALHO BNM3Kko K aupekTopam 21 My,
MNoaTomMy, HECMOTPS Ha 3HAYUTENBHLIA PA3HOC YACTOT, TOK B HEM
HaBogutcs Bonbluoii. Barnauure Ha puc. 11.1.3: Tok B D14 cpas-
HUM C TOKOM BO BTOpPOM aupektope 21 Miy.
ECTecTBEeHHO, AONONHUTENLHbIA NPOBOLHUK CO CTONbL GONbLUINMM
TOKOM B AVPEKTOPHON CTIPYKTYPE AHTEHHbl YAa-fru He mOXer
HEe 0Ka3arb CUNILHOIO BAUSIHWA Ha amMnnutyay v ¢asy Toka B Co-
CeOHUX C HUM «pPOAHbIX» avpekTopax. Ecnu B mogeny BpemeHHO
BLIK/IOYUTL (YCTaHOBKOM paauyca B 0) D14, 1o B amanasone 21 My
XapakTepuCTMKN aHTeHHBI U3MEHSTCA CYLLECTBEeHHO: jXa Bo3pac-
ter Ha 120m, a F/B ynager Ha 13(!) ab. 310 nokasarens TOro,
HACKOJIBKO CUJIBHO APULLINOCh U3MEHUTL PAasMeEpht OAHOAMANA30H-
HOI aHTeHHb! 21 MMy, 4TOo6L CKOMNEHCUPOBATL BNvsHUE Bpoae Obt
He paboTalowmx B 3TOM anana3oHe anemeHToB 14 Miu.
MapasuTHblii TOK, HaBOAUMLIA B 3nemeHTax He paboraioLmx
B A3HHbIi MOMEHT AVana3oHOB, 33aBUCUT OT:
® pa3HOca COOCTBEHHBLIX PE30HAHCHLIX YAaCTOT 3JIEMEHTOB
(n. 11.1.1);

® pAcCTOsHUS MEXAY 3IAEMEHTaMW PasHbiX AManascHOB. JTO
NMOHATHO: YeM Bavxe figa napannenbHbLIX NPOBoAa, Tem 6oNb-
Lie TOKOBas HaABOAKa OT OAHONO Ha APYrow.

U3 nocnepHero cnenyer:

Huskovacmomnan aumenua, eHympu komopoil mul 6yoem pacno-
nazame 6oiee 8bICOKOHACMOMHYI0, 00IXHCHA uMems barvuioe paccmos-
Hue mexcdy subpamopoM u nepeeiM OUPEKMopoM, 4 MaKice Mexicoy
gcerty OUpPEeKMmopanMiL
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Tonbko Npu BLINONHEHUW 3TOrC TPeboBaHus BMEGpPATOP M An-
pektopa BY aHTeHHb! ypactes pasmMectMTb HEe CAvMkKom 6nmnako
K anemeHTam HY aHTeHHbI.

B wHOM cnyuyae, npu patore Ha BY puanasoHe, TOku B cnvii-
KoM 6Gnu3kO pacnonoxeHHolx HY anementax GyayT YpesmepHo
Gonbmmu. U Hukakumm noacrpovikamu BY anemeHToB He ypacr-
cs nony4uts npuemnemyio [1H Ha BY puanasone.

Moartomy B xayectese HY aHTEHHB! XenarensHO UCNONb30BaTh
HE LUMPOKOMNONOUYHLIE Yaa-Arv ¢ ux OTHOCUTENLHO MasblM paccTon-
HUEeM MeXxay avpexkTopamMu (pasaen 7.2), a aHTeHHY C MAKCUMAIILHO
LAAVHHON TPaBEpCOH ¥ MUHMMANbLHBIM YYCIOM 3NEMEHTOB, TO ECTb
Y3KOMNONOCHYIO.

Cnegyiowan aHTeHHa: cosMmelleHHble 4 anemeHta Ypna-frm
Ha 21 MI'y u 5 Ha 28 MI'y nokasaxa B ¢aiine ...15m4-10m5.gaa
" Ha pyc. 11.1.4. Ha 31OM puCyHKEe NoKasaHo pacnpeneneHve 10-
KOB U napameTpbl aHTeHHb! B CBOBOAHOM NPOCTPaHCTBE B Avana-
30He 28 MIu.

3nementol 21 MMy BO36yXaeHb AOCTATOYHO CUILHO (OCOGEH-
HO W21 u D2 21). Tem He meHee, COOTBETCTBYIOLe HACTPOMKOM
anemeHTOB 28 ML AOCTUraIOTCA XOPOLUME XapaKTEPUCTUKU B 3TOM
AvanasoHe.

Kak onucaHo BbilLe, Ha HUXHeM auana3oHe (B AaHHOM cnydae,
21 MI'y) BnuaHue anemeHToB BepxHero (28 MIy) avana3soHa mano,
¥ AHTEHHA VMMEET NOYTU TAaKUE XapaKTepuCTUKW, Kak opHoauana-
30HHas 21 M.

MOXHO (XOT ¥ CROXHO) CcOBMewaTh U LUMPOKOMONOCHLIE
aHTeHHbl. TIpUMEPOM CNyXUT Cneaywouas, Xopowo npopaborax-
Ha9 KOHCTPYKLMS. 3TO COBMELLIEHHBIE LUMPOKONONOCHbIE 5 aneMeH-
108 Ypa-fAru Ha 14 My v 21 My, AdteHHa nokasaHa B ¢aine
...20m5-15m7.gaa v Ha puc. 11.1.5. Ha 3TtOm puCyHKe nokKasaHo
pacnpegeneHve TOKOB U napamerpsi aHTEeHHb! B CBOBOOHOM PO~
CTpaHcTBe B guanasoHe 21 Miu.

AHTEHHQ VMEeT BLAIoWUECH XapaKTepucTuikn no wmMpoKono-
nocHoctv. B auanasone 14 My no yposHio KCB < 1,5 nonoca co-
crasnser 480 kl'y, a or 14,0 no 14,35 MI'u KCB ne npesbiuaer 1,3.
B avanasone 21 My no yposHio KCB < 1,5 nonoca cocrasnser
640 kl'y, a or 21,0 no 21,35 My KCB He npesbiiaer 1,2.

HAocTuraerca Takan nonoca He B NOCASAHICIO OYepenL TeMm, 4TO
nepsble AVPEKTopH 06OMX AMANa3OHOB NPUABUMHYTH 6nM3Ko K B1G-
paropam. Mepstiii anpekTop obpasyer BmecTe C pednexTopom Wwi-
POKONMONOCHLI BUBpaTop U3 AByx aunoneii. Nosromy nepswie ou-
pexktopa ycuneHus He nobaenaior. OHYM HyXHb! NVlb ANA pacuim-
peHus NMonock. A No ycuneHuio aHrteHHa puc. 11.1.5 pabotaer nviib
KaK YeThipexaneMeHTHas B auanasode 14 My v wectuanemeHTHas
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B aunanasoxe 21 Miu. BenuuuHb YCUNEHUS 3TO NOATBEPXAAOT.
B ceBoGonrom npoctparctee Ga = 9,2 dBi va 20 m, v 10,8 dBi Ha
15 M. Cpashute 3TV Lvdphl ¢ AanHbIMY Tabn. 7.2.1 n 7.2.3.

EcTs ewe oavn cnoco6 coBMeLLIeHUs 0gHOAMANA30HHBIX AHTEHH
Yna-firn. KopoTKo ero MOXHO HasBaTh: «KTO HAM MELLAET, TOT Ham
NOMOXET>».

Benk 4T0 Ham MewaeT cunshee Bcero? SnemeHTol HY aHTeHHb,
pacnonoxennsie npasee BY Bubpatopa. OtHocutensho Gonbluve
HABE/AIEHHbIE TOKU B HUX CYLLECTBEHHO BAUSIOT Ha JH BbicOKOYAC-
TOTHOM aHTeHHb. Hy Tak capuHem BY anrenHy no TpaBsepce pane-
KO Bnpaso. Tak, ytobul nocneptuii avipektop HY anTeHHb okaszan-
ca mexay Bubpartopom n pednektopom BY aHTEHHbI {xaxk Mbi
BLIICHUAW B N. 11.1.1 B 3TOM NONOXEHUM OH He MELaeT, a paxe
nomoraet, ysenuuusas F/B). Bubpatop u ampektopa BY aHTeHHb
OKaxyTcsi B HMCTOM npocTpaHcTee. M BY anTenua BGyanet paboTtaTth
Tak, kak 6yaro HY aumTeHHbl BOBCE HeT. Aaxe HeMHoro nyuwie.
Pacnonoxennbie nesee BY pednextopa anementt HY aHTEHHL! CO-
30aNyT NONONHUTENEHOE 3aTeHenue Hasag, yeMm yeenuuat F/B ha
BY auanazone.

Ha HY puanasone B makcumyme uanyueHus OKaXyTCH BCe
anementhl BY aHTeHHbl. Ho, kak Mbl noMuum ma n. 11.1.1, gaxe
B 3TOM CNy4ae HaBEAEHHLIE TOKM B HUX Manbl U OULYTUMOrO BAWSI-
HUA Ha cymmapHyo [IH anterns Ha HY He okaxyT.

BeixoauT canowsas uaunnvs? Yewl, €CTe U KPYMHBIA HeaocTa-
TOK. [invHa TpaBepchl NOYTM yaBauBaeTcs: cHavana vaeT HY al-
TEeHHa, a cneaoM 3a Hew npaeee — BY antenna. Mostomy uc-
NonbL3YeTCH Takoe pewexHue penko. Mo cytm paBotw M gnvne
TPaBEPCHI OHO NPUBANXAETCH K NOFONEPUOAVYECKUM AHTEHHAM.
B JIMA Take Ha ogHoM auvanasone paBoTaer TOneko 4acTb ane-
MEHTOB, a OCTaNbHLIE PACNOAOXKEHB! NEBEE WY NPABEE, HO HE MEX-
ay pabotaioummu (nn. 9.5.3, 9.5.4).

fipumep Takoro peliedusi nokasax B ¢aiine 15m4-10m4.gaa
v Ha puc. 11.1.6. 370 coBmelleHHbie 4 3neMenTta Yaa-Sirm wa
21 My, 1 4 Ha 28 My, Bubpartop v AVPEKTOPLI aHTEHHB 28 MMy,
pacnonoxenbl nesee anementoB 21 MIw. Moatomy nocneguve npu
pabote Ha 28 MI'y noutm He BO3BYXAAIOTCH (370 XOPOLUO BUAHO
Ha puc. 11.1.6) n He MewaOT. A Aaxe NOMOraIoT, 3Kpanvpysa u3s-
flyyeHue Ha3ad, TeM cambiM nosbiuwas F/B.

B auanazone xe 21 My anementol 28 My pacnonoxers
B Makcumyme manyuenus. W3-3a cBoux Kopovkux ans 21 My, pas-
MepoB OHu BO3OyxpaatoTcs mano. Ho BCe-TakM HeBONLLION TOK
B HUX €CTb. M 310 TOXE OKA3LIBAETCH NOMNE3HbLIM. Byayuu pacno-
noXeHbl Npagee nocneaxero AMpekTopa 21 Mru, snementnt 28 My
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CO cBOVMM HeBonbLLMM TOKOM paboTaloT Kak AMpeKkTopsl. EctecTeen-
HO, KaK OYEHb nnoxue pvpekTopbl. Y pasmepbl panekv OoT onTu-
ManbHbIX, ¥ TOKW Manbl. HO BCe e COBMECTHLIX ycunuin 4-x ane-
MEHTOB AmanasoHa 28 My okaswbiBaeTcs A0CTaTouyHO, YTOObI
noBwicuTs Ga B guanasoHe 21 My va 0,9 ab. A 310 nUWE HEMHO-
UM MeHbLlIEe, 4eM OT BBEAEHUS] NOMHOLEHHOrO NSITOFO 3nemMeHTa
(To ecTb TpeTero avpexTopa) 21 MIy, cm. puc. 7.2.18.

B sToM maparpade Mbl paccMmoTpeny TOAbKO ABYXAUANA30H-
Hble CuCTEMbI. B npuHuMne, MOXHO COBMECTUTb Ha OBHONM Tpa-
BEPCE M TPU OAHOAMANA30HHLIX aHTEHHb Ypa-frm. Toneko npu
3TOM yXe He NOAKMOoYalOT Kaxablit BUOPATop no OTAEnbHOMY Ka-
Beno (HeynoGHO), a MCNONL3YIOT OAMH MHOFOPE3OHAHCHLIN BUG-
paTop ¢ oaHvM obiwmm kabenem. Takme aHTeHHBI Mbl PACCMOTPUM
HUXKe, B 0. 11.1.4.

11.1.3. CoBMelyeHHble PaMO4YHbie AHTEHHbI
C OTAENLHLIMM JIMHUAMM NUTAHUS

MhoroauanasoHHble HANPABNEHHEIE @HTEHHb! C PAMOYHLIMU 3ne-
MEHTaMu MMEIOT NYYLLYIO Pa3BA3KYy MEXAY AManasoHaMu, YeM MHO-
roamanasonHsie Ypa-dru.

MNpuynta 3TOro SBASIETCH MEHLLLIAS TOKOBAS CBSI3b Mexay pam-
KamMyu pasHbiX AuManasoHoB. 3TO Cneacreue He KakvMxX-TO Maruye-
CKV CBOWCTB paMOK, a Ux KOHCTpyKUuW. PaMkv Beab, B OTAWYUE OT
AVNONEiA, UMEIOT NPOTHKEHHOCTL NO BLICOTE. 3a CYET 3TOF0 BOA-
PaCTaeT MUHUMANbLHOE PACCTOSIHUE MEXAY 3EMEHTAMU.

B antenHe Ypa-Sirv MexsnemenTHoe paccTosHue onpeaensieTcs
TOMEKO NONOXEHWeM BAOML TPaBEpChl (FOpM3OHTanNbHLIM). B pa-
MOUYHBIX € aHTeHHax K HeMy nobGaBnsieTcs eue n BepTUKaNbHOE
PacCTosiHne No BLICOTE, KOTOpoe B MOBOM cny4ae He ouyeHb Mano.

Mpumep

Umeem nse BonHoOBLIE pamku 14 v 21 Ml'u. flaxe ecan Mbl BNOXUM
OOHY pamKy B Rpyrylo (Hynesoe ropu3oHTaNbHOE PAcCTOSHUWE No Tpasep-
ce), To pU3nyeckn Mexay nonoTHaMy pamok Gyaer (5.3-35)/2=09m
BEPTUKANLHOIO PacCTORHUA. 310 B XyAIUEM CAy4ae (Npu ropusoHTaNsHOM
cpsure pamox BAoONL TpaBepcul obliee paccToRHWe BO3pacTeT). A Ans an-
TeHHb Yaa-fru 14/21 paccrosnue uenbix 0,9 M SBNRETCR BECLMA Xenae-
MbiM 1 He O4eHb NPOCTO AOCTUXMMBIM (CM. Hanpumep, puc. 11.1.2).

Takum 06pa3oM, 3a CHET TOro, NTO PaMKW PasHECEHH MO Bbi-
€OTe, MOXHO BuIGMpaTh MoBoe NONOXEHUE 3NEMEHTOB BAOAb Tpa-
BepCul. B TOM uncne 1 1akoe, KOTOPOE HEBO3MOXHO AsI Ypa-Sru:
OAVHAKOBOE UMM O4eHb BNM3Koe K anemMeHTaM Apyrux AManasoHos.
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B camom gene, B MHOroaAMana3oHHOW aHTenHe Yaa-fru ume-
10TCS1 «MEepTBbLIE 30HbLI» BONU3WM KaXAROro M3 3NEMEHTOB, rOe pac-
nonarartb SNEeMEHT OPYroro AVana3oHa Henb3fl, HeB3upasi Ha Mmo-
60if 4acTOTHLIV PA3HOC — HABEAEHHLIE TOKU CTAHOBHATCS CAULLKOM
Benvkn u3-3a manoro obuiero paccrosiHusi. A pnsi paMOYHLIX aH-
TEHH AaXE NPV HYNEBOM FOPU30OHTANbHOM PACCTOAHUU NO Tpasep-
ce obiiee pacctosiHue Mexay NPOBOAAMU 3NEMEHTOB OCTaHETCH
00BONLHO BONLLUWM, 33 CYET BEPTUKANBHOIO PACCTOSIHUSA.

Mosatomy B3aMMHOE BAUSIHUE BNEMEHTOB PAa3sHbiX AVanasoHoB
B PaMOYHOM aHTEHHE MEHbLie, a NPOEKTUPOBAThL U HACTPauBaTb
TaKue CUCTEMBbI HAMHOrO NPOLLE, YEM MHOFOAMaNasoHHbLIe Yaa-Aru.

11.1.3.1. MHoroamanasoHHbie «BOWHLIE KBanpartbl»

Mbi goGpanuck no, noxanyit, camoi NonynsipHO#A U pacnpocT-
pPaHEeHHON MHOTOAVMANA30HHON HANPABNEHHON AHTEHHBbI: «ABOMHLIX
KBaOpaTOB» C OTAENbHLIMU NVMHUAMW AUTAHWUA ONS K&XA0ro Ava-
Na30Ha.

«[AsoiiHon keagpat» (QQ) oveHb NopxopsLasl aHTEHHA ANsl CO-
BMELUEHUST HECKONBKMX ANana3oHOB. Benb B HEM HET AVMPEKTOPOB,
OYEHb YYBCTBUTEMLHLIX K HANWYNIO PSAOM NApasuTHLIX 3NEMEHTOB.
A K napasvTHeIM 3neMeHTaM, pacnofioXeHHbIM nesee BubparTopa
(To ectb B cTOpOHY pecdnekTopa) mobasi MHOroaVana3oHHas aH-
TeHHa pearupyet cnabo. A yx «aBoOiHON kBaapar» B 0cobeHHoCTU
{(nogpoBHOCTU HKXE).

Mpocreiwui  asyxavanasonHbin (21/28 MI'y) QQ noka3sawx
B daiine ...15m-10mQQ.gaa v Ha puc. 11.1.7. Pacnpeaenenme
TOKOB U XapaKTepPUCTUKM AHTEHHbBI HA 3TOM PUCYHKE OTHOCHATCH
K amanazoHy 28 Mu. Paccrosinve mexay paMmkamu Kaxporo ms
AmanasoHos ontumanshoe — 0,15\ (n. 7.6.2.). Pasbepemcs ¢ B3a-
MMHBLIMU BAUSIHUSIMU B 3TOW aHTEHHE.

1. PaBoTta Ha 28 MIy (cnydai, nokasadubii Ha puc. 11.1.7).
Keagpathl amanasoxa 21 My Bo3byxnaaiotcs cnabo (cpashute
c puc. 11.1.4 1 11.1.5, roe npu Te€X Xe YCROBUAX TOK B 3NEMEHTaX
21 My 3uauutensHo 6Gonbwie). Mpuuem HEMHOrO BO30YXaaercs
s W21, B R21 TOK npaktuyecku OTCYTCTBYET.

Mo3TOMy OCHOBHOE BAUSIHUE OKA3LIBAETCS HA BXOOHOW umne-
paxc. be3 pamok 21 My antenHa 6wl umena Ra= 115 Om. Ho
n3-3a HAaBEEHHOTO ToKa B W21 BXOAQHOE CONPOTUBNEHNE NOHUXA-
ercs ao 90 Om.

EcTb 1 cnaboe sansinme ot R21. Ero 6bl Aaxe HE CTOMNO YOMu-
HaTb (OHO Mano), ecnu Bbl OHO He Bbino nonesxbiM. JononHuTens-
Hoe 3areHsowee aekicrane R21 wa 28 ML, npueoavT K HeGonbluomy
pacLMPEHUIO NONOCHI aHTeHHb no F/B. Y ogHoavanasoxnHoro QQ
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Ha 28 MI'u (aHTenna puc. 11.1.7 ¢ BpeMeHHo YAUIEHHBIMKU paMKa-
Mu 21 MI'u) nonoca no ypoenio F/B > 12 ab cocTaensieT 1,2 My,
A npwm BiOuEHUM pamok 21 My oHa Bo3pactaer go 1,4 Mlu.
Menoub, a npusitHo.

R21 w2l Z=639+2590hm ¥ SWR=1.25(1120hm)
1492 R28 W28 1436m Go-74ci . 0

11,\33:\10,64 u-§\

JN

025 025w

Puc. 11.1.7

2. PaBora va 21 MINu. 3geck kapTuHa oBpaThHas: HEMHOro BO3-
Byxnaetcs R28, n nouyTy HeT Toka B W28. MNostomy yaanewue pa-
Mok 28 MINy 13 Mogeny NpakTUyYeckm He BAvsieT na Ra, oxo oc-
Taerca okono 115 Om (HO HemHOro mensiercs jXa, Tpebyetcs
noacTporika W21).

-Ha pednektop Ttakoe ypanenve BAMSIET CUABHO. Bo-nepBbix,
yXOOMT BBEPX €70 PEe30HAHCHAA 4acToTa. 3TO NOHATHO, yAaneHue
NPOBOAOB, HAXOASALMXCSH OKONO MakCUMYMOB Hanpsbkenusi (cepe-
Avnbt GOKOBBLIX CTOPOH KBaapata), MewsieT KOHLIEBYIO €MKOCTb.
CTpalHoro B 3T0M HUYEro HeT, HeBonbuioe YBEMMUEHUE NEPUMETPA
R21 sosepawaeT Bce Ha Kpyru CeosI.

A BoT BTOpOE BAMsHME R28 npu paBote na 28 My ropasno
Bonee HeOXMAAHHO M HenPUATHO. MaNAeT NONOCa AHTEHHbI MO F/B.
Baavmopaeiictene noneanbix Toko B R21 ¢ napasutHeiMm B R28
OKasbiBaETCs Takum, 410 pednektop 21 ML MoXeT BbINOAHSITL
CcBOU yHKUUKM nub B Bonee y3Koi NOAoce 4acToT.

Tax, npu otcyTcTBUM pamok 28 MU noncca no ypoBHio F/B >
> 12 pb B Avanasone 21 My, 750 k. Bkaoyenve pamok 28 My
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B MOgenb CHWXAET yKasaHHyiO nonocy no 560 kl'u. 3710 BavsiHue
BbiCOKOYacTOTHOrO pednektopa (R28) Ha HmakouyacToTHbif (R21).
HenpusiTHoe siBneHue, 4To U rOBOPUTD.

Ho v y Hero ecTs CBOM CBETNLIE CTOPOHLI. OKa3LIBAETCH, €CNKN
napasuTHbiit aneMeHT BHYTpU pabortaouiero pednekTopa Kopoue,
yem BMOpAaTOp TOro Xe AManasoHa, TO HACTPOWMKON «popHoro» ped-
neKTopa BCEerpa MoxHO nobeavTs BAVSHWE NapasuTHON paMku.
W yctaHoBuTh Beicokoe F/B. MNMpuyiem paxe B COBEPLLUEHHO BUKOM
W HA NpakTWMKe HE BCTPEYAaloWEMCA Chy4ae, Korha nepumerp na-
pa3vuTHON PaMKW TAkKoB, 4TO OHA paboTtaeT kak aupexTop. M paxe
B 3TOM Cy4yae aHTEeHHY MOXHO HacTpouTb Ha Bbicokoe F/B.

Ho 3arta BcesigHOCTL ONNaqYvMBaETCs CcyxeHueM nonocw no F/B.
Tem 6Gonee CywECTBEHHLIM, YeM OnuMXe NepuMeTp NapasvuTHOM
pamku k paboraioiemy pednekropy.

Mpumep

Kak yka3biBanocCb Bbillle, 0gHOAMANA30HHLIA QQ 21 My (aHTeHHa
puc. 11.1.7 ¢ ynanexnHbiMmn pamxkamu 28 MIMy) umeeT nonocy 750 xl'y no
F/B > 12 pb.

Bcrasum BHYTPL 3ToM antentbi QQ Ha 28 MINy (antenna puc. 11.1.7).
Npu stoMm nonoca Ha 21 MMy chuaurcs go 560 xTu. Tak npossur cebs
pednexTop 28 MI'y ¢ nepymerpom 11,3 M.

Ecny BCcTasnsiemas aHTeHHa «ABOMHON kBaapar» Oyner He Ha guana-
30H 28, a Ha 24,9 MIu (nepumerp pedrnekropa 12,8 m), To nonoca Ha
21 My ymenbwurcsa no 300 k.

CpenaeM Tenepb COBCEM HEBEPOSITHOE HA NPaKTHKE: BCTAaBUM BHYTDb
R21 napaautnyio pamky nepumerpom 13,6 m. 310 YnCTON BOALI AMPEKTOD
ans 21 My (nepumetp 0,971). AHTEHHa BCE PaBHO NPORONXMT paGortaTs,
HO nonoca ynaaet no 140 klu. Ho He 3abypem, 3TO cayk4ai Havxyawwi,
¥ fpy BMEHsieMOM pa3paboTumKe HEBO3MOXHbI.

Jlerko BUAETH Manoe B3auMHOE BNUSHME HA pasmepax pamoK.
Tak, ons antennsl puc. 11.1.7 R28 umeer nepumertp 1,067A, W28 —
1,005A, R21 — 1,055, W21 — 1,007A. 31 umdpbl AOHTU HE OT-
NWYAIOTCH OT OAHOAMANA30HHOrO Bapuarta: R — 1,064, W — 1,011,
MHbiMu cnoBamu npu coemetitenunn otaensHbix QQ Tpebyetcs nub
oueHb Hebonblan (aecatoie poonu %) KOppekuus pasMepos ane-
meHToB. B otnnuue ot aHtenH Yaa-§ru, B KOTOpPLIX aHanornyHas
no Wenu Koppekuvs nonyuyaercs Bonslie, U MOXET poCTUrarL eam-
Huy, %.

BuiBOAL ANs MHOroauanasoHHoro QQ:

o HY aumenna eausem na B4 cuuncenuest Ra u neboavuuwey pac-
wupenuer nonocel no F/B. 9mo cosepuento HeCyujecmeeHHo
npu numaruu no omoeavrvim kaberan. CY na 0gyx ompeskax,
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BKIOYEHHOE 8 KANCOYIo u3 Runut, mpancopmupyem moboe
Meicnumoe Ra k 50 Oy (em. n. 7.6.2.3.3 u maba. 7.6.1).

e BY gumenna enusiem na H4 Ymenvuenuem noaoce no F/B. Ipu
Hebonvwom pasnoce wacmom (nanpumep, napa 21/24,9 MI'y)
SMo cyicerue moxcem Oelnb IHAYUMETbHBIM.

® Ho 6 yenom, ezaummoe enusnue ouanasonos ¢ Q0 nauumens-
HO Menvue, wem 6 Yoa-Seu.

M3 stux BhIBOpOB cnepyer, 4TO, B OTnuume ot Yaa-9ru, roe
naxe 3 AManasona COBMECTUTL -— LiENoe UCKYCCTBO, 13 QQ BRonHe
BO3MOXHO CO34aBaTh KOHCTPYKUMU C GONbLUMM YUCAOM AManaso-
HOB 1 BRONHE NPUANYHBIMY NApPaMETPaMU HA KaXA0M u3 Hux. Ta-
KNMU GHTEHHaMKU Mbl CEMYAC M 3aiiMeMcsi.

Hauxem co craswero knaccuuyeckum TpexauanasoxyHoro (14, 21
v 28 MI'u) «aeofiHoro KBaapara», nOKA3aHHOrO B ¢anne ... Triband
QQ.gaa u Ha puc. 11.1.8 (Ha aTOM pUCYHKE aHTeHnHa paboTaer
B ananasoHe 21 MIy, npu Beicote 8 M Hapg, peanbHOn cpeaHeit 3em-
neit). CepbiM UBETOM NOKA3aHL! UBONUPOBAHHBLIE pacnopku, Ha Ko-
TOpbIX KPENsiTCs paMku BCEX ANanasoHOB. JNeKTPUYecKoe paccTosi-
Hue mexay pamkamu ontumansHo no F/B u cocraensier 0,155\

Ri4 Wi4 s sa.7s20m .. SWR=113

224 M 214n Ge-T8E -

Puc. 11.1.8
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(n. 7.6.2) pnsi kaxporo v3 guanasoHos. Ectectsexno, 3TO COOT-
BETCTBYET Pa3HOMY PUIMHECKOMY PACCTOAHUIO, BeAb ANMHA BOM-
Hbl MEHSIETCS OT AMana3oHa.

MapameTpul aHTeHHbl puc. 11.1.8 B cBOGOAHOM NPOCTPaHCTBE
{Tak yaoBHee Ansi NOCNEOYIOUEr0 CPABHEHUS C APYIMMU GHTEHHA-

MU) IO Avana3oHaM nokasawsl B Tabn. 11.1.1.

Tabnauua 11.1.1

Ra, | Ga. Makc. MNonoca no yposHio
JlvanaaoH om | aBi F;E, F/B zrl 2 pb, KCBK;uLS. KCErz 2,
14 My | 120 7.4 25 440 400 900
21 MIy | 951 7.4 25 550 470 850
28MIu, | 801/ 7,4 25 1100 420 800

KOHCTPYKTMBHO aHTeHHa puc. 11.1.8 BbinONHEHA Ha «exXe»
{n. 7.6.2.5). 310 no3BORSIET aBTOMATMYECKW BbiASpXVBaTE Tpebye-
MOE pacCTOsHUE ANsi KAXA0ro 3 puanasoHos. Boobite, KOHCTPYK-
TUB «exa» (puc. 7.6.17) HACTONBKO NOAXOAUT ANSi MHOIOAUANA30H-
HOM aHTEHHbI, 4TO oaHoamanasoHHbii QQ Ha HEM npakTUyeckmn
Hvkorpa He genaoT. CavwkoM pactouutensHo. Bens ans seeae-
HUS aHTEHH BbLICOKOYACTOTHLIX avana3oHoB B QQ, BLINONHEHHLIA
HA «EXe», A0CTATOYHO NULLL PA3BECUTbL COOTBETCTBYIOLLNE NPOBO-
NIOYHLIE PaMKM HA Yxe vMelowmxcs pacnopkax. ¥ pobasuts nu-
HUWU AUTAHUS MW KOMMYTATOP OAHOW NIMHUM HA TPU GHTEHHLI.

Ecnu e MCRONb3yeTcs HEecyulass KOHCTPYKUMSA C TpaBepcown
(cm. puc. 7.6.18), To yCTaHaBNUBATL PAMKU KaXA0r0 U3 auManaso-
HOB HA CBOE paccTosHue CTaHoBUTCH HeyaoBHo. Beak Ttoraa nop
Kaxaylo pamxy notpefyeTcsi CBOS OTAEeNbHasi KpecTosuka. YTobw
u3bexarb 3T0ro, BCe pamMkil yCTaHABAVBAIOTCH HA OOHOM U TOM XK€
pacctositum (pyc. 11.1.9). Torna TpebyeTcs BCEro ABe KPECTOBUHbI
C pacnopkamu, TO €CTh HECYWIAsi KOHCTPYKUWSA MHOrOAVAanasoHHO-
ro QQ nonyyaercsi TOYHO TAKOM Xe, KaK M Yy 04HOAUANA30HHOTO.

Takoit TpexauanaszoHueit (14, 21 n 28 MI'y) «pBOHOMN KBaAa-
part» nokasaHn B ¢daiine ...M2CQ.gaa v Ha puc. 11.1.9 (AH v na-
paMeTpbLl Ha STOM PUCYHKE COOTBETCTBYIOT Auanasony 21 Mlu,
cBoGogHOEe npocTpaHcTeo). CepbiM LBETOM NOKa3aHbl TpaBepca
M V30MUPOBAHHBIE PACHOPKU, HA KOTOPbLIX KPENSITCH paMKu BCEX
AVana30HOB.

PaccrosHue mexgy pamkamu 2,2 M ontumansHo no F/B (0,1554)
anst guanasona 21 M. Ins guanasona 14 My ato 6yaer 0,14,
a nns 28 My, — 0,2\ Ha ycunenue Takon (ot 0,11 no 0,2)) pas-
6pOC 3NEKTPUYECKOrO PacCTOAHUA MEXAY PaMKamu CKasbiBaeTCst
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Mano (CM. puc. 7.6.6). X0OTs KOHEYHO KOPOTKas Tpasepca Ha 14 My,
NpUBOAVT K nageHuio ycunenva Ha 0,2 pab.

F/B nony4aerca BbICOKMM TONbKO Ha 21 Mly (ontumansHoe
paccronnue, cM. puc. 7.6.8) u 28 MINy (nog, Bnvsxvem HY pamok).
A 14 MFy u3-3a Manoro paccrosHus yAaerca gorsHyts F/B nuwws
£0 20 ab. Ho He ebiwe, cMm. puc. 7.6.8.

Z2=910-81780hn
R14 T W14 Ge-73a .

22m \ 213m
R21 \ w21

14,84 m /14,24u :
R28 w28

1144 m v 10,64 m
~J

SWR =1.01 (90 Obm}

/

p==T]

S —

Puc. 11.1.9

Haubonee cunbHoe BnuaAHME pasHas 3NeKTPUHECKAs [UIMHA
TPpaBepcCh! NO AManasoHaM OkasbiBaeT Ha Ra v nonockl. 3u gan-
Hbl€ aHTeHHb! puc. 11.1.9 B cBOBOLHOM MPOCTPAHCTBE MOKA3aHb!
B 1a6n. 11.1.2. BUgHo, KaK TpaBepca AnvHOI BCEro 0,1A Ha 14 MIy,
NPUBOANT K CHUXXEHUIO Ra 1 CyXeHuio BCex nonoc.

Tabnuya 11.1.2

) Ra, | Ga, Makc. Flonoca no ypoetio
Lvanaszon om | aBi F/B, F/B> 126, KCB< 1,5, KCB < 2,
fit) xy xy Ky
14 MMy | 80| 7,2 20 350 180 350
21MMy | 901 7.4 25 550 440 560
28 MMy [120] 7,5 25 1600 850 1600
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Hanporue, paccroaHue mexay pamkamy 0,24 Ha 28 MI'y nosst-
waet Ra (HeCcMOTPSs Ha BIUgHUE PaMOK ApYrux AvanasoHOB, MoHu-
xatowmx Ra) v CyleCTBeHHO pacluvpaeT nonocs.

Tabnuua 11.1.2 nokaswiBaeT, HECMOTPS Ha COBMELLEHUE B Of-
HOM O6beme pamMoOK Tpex guanasoHoe, QQ vmeer BrnonHe yaos-
NETBOPUTENbLHYIO LUMPOKOMOAOCHOCTL. A 3TO 3HAYUT, HYTO MOXHO
COBMECTUTL Gonblue AYanasoHOB — Mbl IMEEM 3anac no Nonocam
(2 OHU Cy3ATCHA C YBENMYEHUEM KONUYECTBA AUATa30HOB).

«1BOiHOR KBanpar» Ha nats (14, 18, 21, 24,9 n 28 Mlu) pva-
na3oHOB nokasad B ¢aiine ...5 band QQ.gaa u Ha puc. 11.1.10.
KOHCTPYKTUBHO aHTEHHa pasMelleHa Ha Tpaeepce 2,2 M C asyma
KpEeCTOBMHaMM.

Yeunenve auvtenHst puc. 11.1.10 no puanasoHam CoOCTaBnaeT
7,2..7,5 dBi (B ceoboaHoM npocTpaHcree). F/B Ha makcyumymax
3ameTHO npesbiluaet 20 Ab ana Bcex avwanasoHoB, kpome 14 M,
FAe paccTosHue mexay pamxamy nonyyaerca scero 0,1A. Mpu 1a-
KoM paccroasum F/B pocturaer nuus 20 ab (puc. 7.6.8).

MNMonocet ¥ BXOAHOE CONPOTUBAEHUWE HA PE30OHAHCE aHTEHHb!
puc. 11.1.10 B cBO60gHOM MPOCTPaHCTBE NO AManas3oHam nokasa-
Hbot B Tabn. 11.1.3.

Ta6bnuua 11.1.3

Ra, Ga, Maxc. Monoca no ypoeHio
Ovanazon ou | dBi IZ!EB F/B znlf nb, KCBK:ul,S, Kcsri 2,
14 My 60 | 7.2 20 240 130 300
18 My 60 | 7,3 25 300 250 500
21 My 60 | 7,4 27 450 270 650
249 My | 60| 7,4 27 240 230 700
28 My 70 1 7,5 27 1200 450 851

NHTepecHoit 0cobeHHOCTbIO aHTenHst puc. 11.1.10 aensaerca
nouTy nocrosHHoe Ra no gyanasoxam. Ha 14 v 18 My OHO Hua-
Koe 13-3a HeGONLILOIO ANEKTPUHECKOFO PACCTOAHVA MEXAY pam-
kamMu. A Ha BY gmanasoHax OHO CHWXAETCs MNOA BO3AERCTBUEM
pHewHux HY pamok.

Monock! NONYSMIMCh MEHbLLLE, YeM Yy TPEXAUana3oHHON aHTeH-
Hbl. Takoe KOMWYECTBO PaMOK HE MOTyT HE CyauTb NONoCcy apyr
npyra. Tem He Mexee, aHTenHa puc. 11.1.10 uxrepecHa ¢ npakm-
4eckoit Touky 3penua. Tonbko ¢ QQ MOXHO no3sonuts cebe poc-
KOLLIb O6BLEOUHUTL NSTHL AMANA30HOB C XOPOLLMM ycunenvem v $op-
moit OH B Kaxaom.
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NopobHan xe aHTeHHa, HO BLINONHEHHAs Ha «E@Xe», MnoKasaHa
8 ¢daitne ...5b_QQ_spider.gaa v Ha puc. 11.1.11. Cepbim uBETOM
NOKa3saHbL! U3ONUPOBAHHLIE PACNOPKM, HAa KOTOPLIX KPENATCH paM-
K BCEX AUanas3sOHOB. JNEKTPUYECKOE PACCTOSHUE MEXZy paMKa-
My ontumansHo no F/B u coctasnser 0,155) (n. 7.6.2) ans kax-
J0ro Y3 puanasoHoB. Duanyeckoe pacCToaHUe MexXay paMkamu
yKasaHo BHu3y puc. 11.1.11.

NapameTtpb! Takoit aHTeHHb 6n13ky K nNpeapiayiieit. Ouy othm-
Jalorcs b 6onee crabunsHeiM younenvem u F/B no amanaso-
HaMm 1 3ameTHbiM yMeHblueHnem Ra ¢ uwactoroit (npumepHO Tak
Xe, KaK B aHTeHHe puc. 11.1.8).

11.1.3.2. MHorogranasoHHble «TpoinbIE KBaaparb»

«TpoiHOI KBappar» ornuyaerca or QQ HanvuueMm aupexTopa.
3HauuT, B MHOFOAMaNa3OHHOM BapuaHTe cnpaea or subparopa
(B CTOPOHY OCHOBHOIO Y3fyNeHUs) NOSBATCA NaPA3UTHLIE 3NEMEH-
Tb! — AVPEKTOpa APYyrux AUManas3OHOB.

A 310, KaK ykasbiBanocb B n. 11.1.1, He oueHb xopowo. B ca-
MOM fiene, Hanvune Kakvx-To NOCTOPOHHYX NPOBOAHVKOB B NPOCT-
paHcTee GOPMUPOBAHUS FNABHOFO NENECTKa aHTEHHb! HE MOXET
He npueecT K 6onbluMM TOKam B Hux. [lone-T0 B 3TOM MecTe
BENVKO.

Ana pynonsHbix 3nemMeHToB (N, 11.1.2) Mb! BCauecky nsberany
HaMMuUa NapasuTHbIX 3NEMEHTOB cnpaea ot Bubparopa. Ecnu Ta-
KOBbIE OKasbiBaAMICh, TO AaXe NPy HEPE3OHAHCHLIX UX pasMepax
APUXOAUNOCH OLLYTUMO KOPPEKTUPOBATL pasMepb! AUPEKTOPOB
v Bubparopa Apyrux AUanasoHOB. A yX ecny napasvTHoii ane-
MEHT OkasbiBancs pednekropomM, To aHTeHHa YAa-fr B Takux yc-
noBusax paborartb oTKasLBanach npyHUMNUansHo (puc. 11.1.1).

MuoroguanasoHHblid «TpORHOM KBappar» Beper ceba B 3TOoM
CMbICNe HaMHOro nyuwie, yem Yaa-9ru. Ox ropasno cnabee pea-
FYPYET Ha NapasuTHLIE 3NeMeHTh cnpasa oT eubparopa.

bonee TOro, oH NepeHocUT Aaxe Hanuuue NapasuTHoOro ped-
nextopa (!) B HanpasneHuu rnaBHOrO U3y4YeHUs, pearvpys nuilb
CyxeHvem nonocst. lNpasaa, ana Toro, yrobul aHTeHHa nepeHecna
Takoe 6e306pasue, ee 0CHOBHOI pednekTop He aonxkeH 6biTh UG-
NOpuYeH MNapasuTHLIM AUPEKTOPOM.

3Jvo, BNpoYEeM, NOHSTHO. «TPOAHOK kBagpar» (Kak u nobas apy-
ras aHTeHHa) Tenenarveit He Bnageer. YTo6b! NOHATL, YTO Mb! CuYU-
Taem rNaBHbiM HAaNpaslieHNEM V3ny4YeHUna, OCHOBHOM pednexrTop
(zapatoumit HanpaeneHue) gonxkeH ObiTh «yuCTHIM», 6€3 napasuT-
HBIX 3NEMEHTOB, PE30HUPYIoLMX OKONO pabouero ayanasoHa. Tor-
[A aHTEeHHa «NOHUMAET», Ky[Aa el HANo v3fiyyarb, U B [NIGBHOM
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HanpasBneHuy u3 napbl OCHOBHON AMPEKTOp — NapasutHetit ped-
NexTop — DEenaeT NpaBvnbHbit BHIGOD.

CyMMupys 310 C U3nOXeHHsM B n. 11.1.3.1 npo snvsHue na-
pPasuTHOrO AMPEKTOPa BHYTPM OcHOBHOrO pednektopa QQ, a Tak-
xe ¢ gaHHbimy n. 11.1.2, MOXHO Caenarts Cneflyloume BulBoaw Ais
1PEX- N 60/Ee 3/IEMEHTHBIX MHOTOANANIA30HHBIX GHTEHH:

e Ecnu cnpaga (B CTOPOHY rnaBHOro Nenecrka) or subparopa
yMeeTcs napasnTHeili pediexTop, TO aHTeHHa Ypa-Sirv pa-
601ars OTKAXETCs NOMHOCTLI0. MHOro3/1EMEHTHBIN «KB3Apar»
B Takux xe ycnosusix Oyser paborocrnocobeH, ecnu BHYTPY
OCHOBHOro pedrnexropa He Oyner napasvTHoOro AMPexTopa.
Ecnu xe TakoBOIt Bce-Taky Oyner, TO aHTeHHa nepecraHer
6biTh HarpasneHHoit. B camom fiene, nocrassTe ceba Ha MEC-
10 Bubparopa B Takoit cutyauuu. Cneesa — OCHOBHON ped-
NexKTOp + NapasuTHbiA  AUPEKTOp, CNpaBa — Napa3uTHLIA
pednekTop + OCHOBHOI AWpeKTOp. HO 3TO Mbl CYUTaeM 4TO-
TO OCHOBHbIM, @ YTO-TO napasutHbiM. Bubpatop xe Bugut
CYMMETPUNYHO PaCnONOXEHHLIE OAUHAKOBO pPEe30oHupYyolwme
SnemMeHTH KaK CReBa, Tak U cnpasa. Kak emy y3Harh, Y4TO Mbl
CYYTaEM rNaBHbLIM HaNpaBneHvem?

e Ecnv cnesa (B Hanpasnenww 3agHerc nenecrka) or subpa-
TOpa MMEETCSs NapasvTHLIN AVPEKTOP, TO aHTeHHa ypa-Srv
6yner paborars, norpe6oBas auilb MNOACTPOHKY OCHOBHOIMO
pednexropa. «Keagparu» Toxe 6yayT paborars, npuyem ro-
1pebyor MeHbLIEH NOACTPONKY PepnexTopa.

Takum 06pa3oM, NPOEKTUPOBATH MHOIOAMANA30HHBIE MHOTO3E-
MEHTHLIE PAMOUYHLIE BHTEHHb! HAMHOTO Mpote, Yem Yaa-dru:

o PaMOuHbie 3nemMeHTbl nyulle pas3BA3aHst Apyr OT ppyra
(cm. Havano n. 11.1.3).

o MHOTO3NEeMeHTHLIE «KBagparb» 6onee TepnmMo OTHOCATCA
K HANMNUIO NaPasyTHLIX 3NEeMEHTOB BHYTpY ceba. Ouy moryt
nepeHocUTs (pearupys N1Llb CYXXEHVEM MONOCH!) aaxe peso-
HUpYIOLUE NapasuTHLi avpexTop nosapy subpartopa v na-
pasuTHLil pednekTop Bnepeny Hero (HO TONbLKO He OpHO-
BPEMEHHO).

e Ouy npouwiaoT 6onbluve NOrpeLtHOCTY B U3TOTOBREHNN U Ha-
CTpOiiKe.

Mo atym NpyuMHaM MHOTOOMANA30HHLIE MHOTO3NEMEHTHLIE pa-
MOYHblEe aHTeHHbl HaMHOro 6onee ynobHL AnA CaMOCTOATENLHOO
NPOSKTUPOBAHUA U U3rOTOBREHVA. Hanpotue, MHOrOANANa3oHHbLIe
anTeHHb! Yaa-fAry 1pebyioT TaTtensHOro nNpeasapyuTensHoro Mo-
[EenypoBaHus, NO3TOMy uYatle nNpuoBGpeTalnTCa FOTOBLIMY, YeM ne-
NatTca CaMOCTOATENLHO.
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OcobenHo 3ameTtHa 31a pasHvua 6uina B LOKOMNLIOTEPHYIO 9M0-
XY, KOria pacyer CNOXHOW aHTeHHu paamonioburenem Gbin Aenom
MpaKkTMYeCKy HepeanbHbiM. Toraa noaxoa «Caenarb BCe pamku npu-
MEPHO KaK y OOHOAVANAa30HHOW aHTEeHHb!, a NOTOM JONFO HacTpa-
uBatt» Obinl ONpaBaaH (XOTs HAaCTPOKa MOrna 3aHAaATb O4YeHb MHO-
rO BpeMeHy, 0COBEHHO, yuUTHIBAA CyXeHUe MOnockl U3-3a BAUAHUA
APpYrux AnanasoHOB). A MHOroavanasoHHyio Yaa-fry Metoaom
«MPaKTUYECKOr0 3MNUPUYECKOrD ThiKa» HacTpoutb GakTtuuecky
HEBO3MOXHO. BO BCAkOM Cny4ae, 310 TpeboBano ropasgo 6onbuie
CYN 1 BPEMEHU, YeM HACTPONKa BHTEHHb! C PaMOYHbIMY 3NEeMeH-
Tamu. U 6e3 npensapyTenbHOro pacyeta BOBCE HE rapaHTvpoBa-
No pe3ynbrar.

B Hactosnuee Bpems, 6narogaps KOMMLIOTEPHOMY MOOENMpPO-
BaHWIO, 3Ta pasHyLa HUBenupoBanacs. W «kBappatsl» u Ypa-Aru
Han0 NpenBapuTenbHO MOpENMPOBaThb. M Npy KOpPpEKTHO Moaeny
HacTpoiika ¢aktruuecky He Tpebyercsi. TONbKO aKkKypaTrHO BOMNO-
THTb MOAENbL B METann.

Tem He mMeHee, ecny peanbHas OOCTAHOBKA OKONO AHTEHHbLI
OLLYTUMO OTAMHAETCH OT PACYHETHON (uyXue npoBOAA, PACTAXKM,
LpYyrue aHTeHHb!, ¥ T.4.), MHOrOANaNa30HHbIE MHOMO3AEMEHTHLIe
PaMOYHbLIE @HTEHHB! OKa3bIBAIOTCA NPEANOYTUTENbHEE LAXE npy
CaMOM TwaTeN:EHOM MOpenvposaHuy. Bepbs B momeny, kak npa-
BUNO, TPYOHO UNY BOBCE HEBO3MOXHO onuvcarb 6nu3ko pacnono-
XEHHOE OKpyxeHue (4TO, HanpuMmep, Npukaxere nenats B MOAEeny
¢ 6nM3KO pacnonoxeHHOW NUGTOBOW GyAKONR, U3 KOTOPOH BLIXO-
OAT HEU3BECTHO K Yemy MOAKMOYEHHbIe NpoBoaa?). Mo3romy Mo-
xeT noTpeboBarsCa NOACTPORKA «NO MECTY». Y TyT pamouHbie ane-
MEHTH C X HAacTpoeuHbiMy wineidamy, pacnonOXeHHbIMY BHU3Y
(Hy, BO BCSKOM Cnydae, Ha A/8 HuXe Tpasepcs!), OkaswuisaloTes 60-
nee npakTyHbIMU, Yem TpybuaToie AMnonsHbLIe 3neMeHTw: Yaa-9ru,
KOTOpbiE NPUAETCA NOACTPaVBaTh Ha NOMHOMR BLICOTE.

«TpOWAHOIK ¥kBaApaT» BHIFORHO OoTAudaerca or QQ 1em, YTo ero
Ra 6e3 ocobbix npobnem MOXHO cpenats 50 Om (n. 7.5.6.5.2),
TO ectb oboituck 6e3 cornacosanusi. KOHCTPYKTUBHO MHOrOOMa-
Na30HHLIA «TPONRHOI KxBaAPAT» BHINONHAETCA TONLKO HA TPaBepce.
«Ex» B AAHHOM Cnyuyae HenpuroaeH.

MNepBaa aHTeHHa B 3TOM nNaparpade 3T0 ABYXAVaNasOHHbIA
(18 v 21 MI'u) «TpoiiHoit keappar». OHa nokaszaHa B daiine
...3el_17-15QQ.gaa v Ha puc. 11.1.12 (OH v napameTpsi Ha 3TOM
pUCyHKE COOTBETCTRYIOT AuanasoHy 21 My, ceobogHoe NnpocrpaH-
CcT80). KOHCTPYKTMBHO aHTeHHa pasMeileHa Ha TpaBepce [/IMHOR
5 M ¢ gBYMA KpecToBUHaAMU.

OnexTpuyeckre NapaMerpb! aHTEeHHb! B KaXAOM AYanasoHe
MoYTY COOTBETCTBYIOT OAHOAVANA30HHLIM «TPOWHLIM KB3ApaTaM»,
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Jiuue Ha 18 My nonoca no F/B HemHOro cyxaetcs. Ho Tak kak
OHa B NOGOM CRy4yae OCTaeTcs LWMpe PaspeleHHOR MNOnoCH!
B 3TOM AUanNasoHe, TO MPakTM4ecKkoro 3HauyeHus 3T0 He uMmeer.
MNMonoce! aHteHHb! B pManasoxe 21 My COCTaBNSIOT: MO YPOBHIO
F/B > 12 pb — 600 kI'y, no ypoeHio KCB < 1,5 — 230 kM, no ypos-
Hio KCB <2 — 460 k'u (Bce umdpb: ana cBO6OOHOrO NpOCTpaH-
CcTBa).

Ho BCero pgsa pyanasoHa Ha OfHON TPaBepce — 3TO CAULLKOM
pacTounTensbHo. Kak npaBuno, eCnv OCHOBOR KOHCTPYKLUMY CRYXUT
«TPOIHOW KBaOpar», TO AenaioT Tpu avanasoHa. O6uuHO ato 20,
15 u 10 M. Ho TyT BO3HuKaeT cnepnyowas npobnema: anexktpuue-
CKaa [IMHA TPABePCh! MEHRETCA MPONOPLMOHANIBHO AIUHE BONHLL,
TO eCTb OT 14 o0 28 MIy, oHa meHseTcs BaBoe.

Jonyctum, mbt Boi6EpeM ONMUMansHyio AMuHY TpaBepch! Ans
Tpex pamok (0,38A...0,52A, cm. 7.6.5.2) B avanasoxe 21 MInu. Torpa
Ta xe caman dusnueckan anvHa B amanasode 14 MMy 6yger
0,25A...0,34A.

Ha HuxHem npeaene (a TpaBepCy BCE-Taky XOHETCH UMETb KO-
poue) 3TO Mano An9 TPEX 3NEMEHTOB, HO CIMLLKOM MHOMO nA AByX.
Kak cnenyet u3 puc. 7.6.8, npy paccrosHum mexay pamkamy 0,254
F/B cHuxaeTtcs no 17 gb. A 310 Mano ans xoOpoLleit aHTeHHb!.

Noatomy, ecny NpepnonaraeTca KOHGUrypauma fBe paMku Ha
14 My v 1py Ha 21 MMy, 10 cBOGOAM! B BLIGOPE ANVHLE TPABEPCH!
noyty Het. OHa pomkHa 6uite AyMHOR 4,4...4,7 M. ToRbKO Npy Ta-
KOt TpaBepce MOXHO OQHOBPEMEHHO nonyuuts F/B > 20 nb u xo-
poLiee ycuneHue BO BCEX aMarnasoHax:

e Ha 14 MI'y nony4aerca paccrosuue 0,21...0,22)\. mexay nBy-

Mf  pamkamyu. 3TO COOTBETCTBYET BepxHemy npeaeny
(pvc. 7.6.7. u 7.6.8) pna QQ. Yyt pavnree — u F/B craner
menbuie 20 gb. Ra npy TakoM paccTOSHUM NONYYAETCa BLHICO-
Kum, okono 150 Om (puc. 7.6.1.2), Tpebyerca cornacoBaHve.

e Ha 21 My pnuna Tpasepcst nonyyaerca 0,31A...0,33A. na
«TPOMHOTO KBaapara» 3ro Manosaro (puc. 7.6.23 u 7.6.24),
OCOBEHHO ecnu uMeerTcs B Buay nonysuTs Ra = 50 Om. Tem
HEe mMeHee, HeOONLLIOR PACCTPOIKOI NACCYBHLIX 3NEeMEHTOB
MOXHO nogHaTs Ra no 50 Om. Mpaega, 310 onnauvsBaeTcs
napesvem F/B (Ho oo octaerca sbiwe 20 aB) u ycunenus
Ha 0,5 nb.

e Ha 28 MI'u pnuHa aHrenHst coctasur 0,411...0,44). 310
B CepefuHe vHTepBana ONTUManbHuiX anvH (n. 7.6.5.2), no-
3TOMy aHTEHHA UMEET MaKCUMAUIbHLIE NN «TPOMHOIO KBAA-
parar» xapakrepucmky y Ra = 50 Om.

Takan aHTeHHa ¢ gnvHOR Tpaeepcst 4,5 M nokasana B daiine
...M2-3cqw.gaa v Ha puc. 11.1.13 (xapaktepucriky u OH Ha atoM
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puUCyHKE COOTBETCTBYIOT pyanasony 21 MI'u). Mapamerpul aHTeHHb!
puc. 11.1.13 B cB0G0gHOM NPOCTPAHCTBE NOKasaHu! B Tabn. 11.1.4.
LLiupokasi nonoca B avanasoxe 14 My oGusicHseTcs Gonsuion (ans
2-X 3neMeHTOB) ANUHON Tpasepchl U BLICOKMM Ra.

Tabnuua 11.1.4

Ra, | Ga, Makc. MNonoca no ypoekio
HAwarnasox om | aBi ZE F/B :r,lz a6, KCBK:ui .5, KCEr: 2,
14 Mffu [ 140 | 6,9 20 380 600 900
21 My { 50| 8,6 22 400 300 490
28MINny | 501 9,4 22 1200 290 520

Ecnu xe Mb! HE OYEHL OrpaHUyeHB! IUIMHON TPABEPCH, TO UME-
€T CMBLICH YIUMHUTbL €€ TaK, 4Tobul Ha 14 My nomMectunuces Obi
TPU paMmku. Kax Mbl BUOENU HECKONLKUMM CTPOKaMu Bbille, 3TO
Tpebyer MUHUMANLHON Anvnbl 0,314, 10 ecTb 6,6 M.

Ha 21 MI'y aro coctasur 0,467, 4TO NO3BONSET PEANU30OBAThL
KaK Tpu, Tak 1 4 anemMeHTa.

Ha 28 MI'y 6,6 m coorsetcrByer 0,62). 310 yepecuyp MHOro
nna 3-x 3nemenToB (n. 7.6.5.2), no3roMy mns STOro AvanasoHa
AOJKHBI UCNONL3OBATLCS 4 PaMKU.

13 KOHCTPYKTMBHEIX COOBpaxXeHuii B aHTeHHE C Tpasepcoit 6,6 m
npuMeEHsIOT 4 anementa Ha 21 My, Kak Hu crpanHo, 310 peanu-
30Bars npoule, 4em 3. Lleno B TOM, HTO NPU YETHIPEX INEMEHTax
Ha 21 MI'y oum MoryT GbiTh COBMELUEHR! (TO €CTh PaCTAHYTH Ha
TeX Xe KPecroBuHax) ¢ anemeHrtamu 28 MI'y (kpectoBune 14 My
LUl 3TOrO He NOAXOA[T u3-3a uU3nuiHe GONLLIOro PaccTosiHUS).

A B Cnyyae TPExaneMeHTHOI aHTeHHn Ha 21 MI'y ee suGparop
HE COBNagaer No NOJSIOXEHMIO Ha TpasBepce Hu C Bubparopom
14 Ml'u, Hu ¢ BUBpaTopoM unm NepesiM AupexkTopom 28 M. Mo-
3TOMy noTpebyercs ewle onHa KPecToBuHA.

Taxas anrenHa nokasana B ¢aiine ...344.gaa v wa puc. 11.1.14
(xapakrepuctuxu u [IH Ha 9TOM pUCYHKE COOTBETCTBYIOT Auana-
30Hy 21 MIy).

NapameTpbl aHTeRHb! puc. 11.1.14 B cBOGOAHOM NPOCTPAHCTBE
noxkasaunl B 1abn. 11.1.5. Y3akaa nonoca B auanasone 14 My
obbsAcHAETCs Manoit AN1st TPEX SNEMEHTOB AAVHON TPABEPCH U OT-
HOCUTENLHO HU3KUM Ra.

Ho6asus k aHTenHe puc. 11.1.14 gBe pamkun Ha 7 MI'y, MOXHO
NONYHUTL XOPOWYIO YETHIPEXAMANA30HHYI0 aHTeHHy. Mpu 5ToM no-
TpebyeTcs ymib MUHUMANLHAS KOPPEKUMSi paMoK Auanas3oHa
14 MI'u, octansHeie BH-paMku octanytcsi 663 nameHeHuii.
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Tabnuuya 11.1.5

Ra Ga Makc. Flonoca no yposxio
Awanason | | e, [FB>1246 | KCB < 1.5, KCB < 2,
Om | dBi
nb 'y iy 'y
14 My | 45) 8,8 20 350 130 280
21 MIny 501 9,7 27 500 180 420
28 MIny | 50 (10,4 32 1200 350 590

CywecTsyi0T MHOTOAMAanasOHHBIE HANPaBREHHBIE PAMOYHBIE
AHTEHHB! C euie GonbLMM KONMYECTBOM ananasoHos. MNpu mwmHe
Tpasepcw 6,6...8 m peanuayiores paxe cemupmanasonswe (7, 10,
14, 18, 21, 24 v 28 MI'y) xoHcTpykuun. OfHAKO NpoEKTUPOBaHue
M HaCTPOiIiKa Takux CUCTEM 3afaya OTHIOLb HE MACCOBasi, NO3TO-
MY ONUCBIBATL UX 30ECH HE CTaHy.

11.1.4. COBMEILLEHHLIE AaHTEHHb!
C NAapannenbHbIM BKRICYEHHMEM

Antenns nn. 11.1.2, 11.1.3 TpebByioT OTAENLHOM AMHUM NUTaHUS
K BuBparopy Kaxgoro nvanasona. 310 He GAMOE [IelLEeBOe peLle-
Hue. BoamoxeH Apyroi BapuaHT NUTaHMS TakKUX aHTEHH C MEHb-
wmm pacxoaom kabensi: oamH obwwmii kabenb OT pagvocTaHuuM
L0 TPABEPCh! AHTEHHbI, @ OANEE KOMMYTATOP Ha HECKONLKO BUB-
paropos. Bnpouem, BiopxeTHbIM Takoil BapuaHT HasBaTs TPYHAHO.
Mouxsie BY-pene 1oxe Hepewessl, fa u kabens ynpaBReHnsi KOM-
MYTaTOpOM TSHYTb NPULETCS.

EcrecTBenHo, BO3HVKAET XEnanue caenars MHOropManas3oHHYIO
HaNpasSiEHHYI0 aHTEHHY, NUTaeMylo onHuM oMM kabenem Ges
LOMNONHUTENLHBIX YCTPONCTB. Peanuaauvein 310ro Mol u 3aiiMeMcs
B 9TOM naparpace.

Ho uem onnavuBaercs takoe yno6CTBO opHOro kabensi Ha Bce
AmanasoHsl? CylecTBeHHEIM BO3PacTaHneM TPYAHOCTER NpoeKTu-
posanus. Bepb, Bo-nepBLIX, HAAO0 PUINYECKN CBECTU BMECTE TOY-
KU NuTaHus BubparopoBs pasHLIX AManasoHoB (CNeaoBaTENLHO, HET
oco6oi ceoboapl B BLGOpE nonoxenusi Bubparopos). Bo-sTopeix,
obecneunts onvHakosoe Ra =50 OM B KaxAoM U3 AVanNa3oHOB.

11.1.4.1. NapannencHoe sKMoueHne subpatopos

Ha nepeuii B3rnan, haubonee o4eBUOHBIM NPEACTABASIETCS Pe-
LWEHNE BKAIOYUTL BUBPATOPBHI PasHBIX AMAanNa3OHOB NapannenbHo.
AHanornyHo TOMY, Kak 310 onucaHo B n. 5.2.1. Ho kpaiine penko

242



Haubonee O4MEBULHOE SBASIETCSI ONTUMANLHLIM. AHTEHHH B 3TOM
CMBICJI@ — HE UCKJIIOHEHUE.

Haunem ¢ Toro, 4To 6nm3ko pacnonoxuTs Bubparopsl BCe pas-
HO He yaacTtcs. Y aHTeHH Yaa-fru 310 CyuiecTBeHHO uaMmeHuT Ra,
a TakkKe NPUBEAET K HEOOXOLMMOCTU OTHOCUTENLHO BRM3KO pac-
nonarark NACCUBHLIE 3MIEMEHTH! PAa3HBIX AUManNa3oHOoB. A MHOropua-
NA30HHLIE “BOJIHOBLIE KAHAJIbI» 3TOFO OYEHL HE NINGAT.

Y pamOyHBLIX A@HTEHH, AAaXe Npu PacnonoxeHuu BubBparopos
B OLHOI NJIOCKOCTU MEXAY TOYKAMU NUTAHUS, OCTaeTCst paccTos-
HUE B IECATKU CaHTUMETPOB.

CriepoBarensHo, KaKk MMHUMYM, OAuH U3 BuBparopos Gyner noa-
KMmoyeH kK Kabenio He nNpsMo, a YEPE3 OTPE3OK BO3AYLLHOW ABYX-
NPOBOAHON NUHUU (HM3KOOMHKI Kabens Ans coenvHenus Bubpa-
TOPOB HE Nouoiiner ua-aa GonbLLWOoN NOroHHOK EMKOCTM — NpU
pabore Ha npyroM AMana3oHe OHa OYHET LWyHTUPOBATL TOYKY NU-~
TaHus).

A KOpOTKUIAF OTPE3OK BBICOKOOMHOW NUHUU 3TO LAONONHUTENL-
Hasl MHAYKTMBHOCTL. Mo3roMy BxoaHO uMnepanc subparopa, nog-
KNIOYEHHOTO 4epes3 Takylo NiMHuIo, nomkeH Obitt 50 Om — jXa, rae
MOLYNb OTpuLarensHoii jXa o6si3aH ObiTb PaBeH NOROXWUTENLHON
pPEaKTMBHOCTU, BHOCUMOI WMHAYKTUBHOCTHIO COEOMHUTENLHOW nn-
HuKn. CnenosarensHo, AaHHL BUBpaTop AomxeH OuiTh cnerka ¢pu-
3UYECKM YKOPOUYEH IUISi OTPULATENLHOM jXa. 3Hauut, Gyayym ewe
HE YKOpPOHEHHEIM, OH 00%i3aH uMmeTs Ra Heckonbko Beiwe 50 Om
(Npu yxopouYeHuu OHO ynager no TpebyemMoro).

Ons OByX... U TPEX3NEMEHTHBIX aHTEHH Ypa-Hru nonyyuurs
Ra > 50 OM npu xopoiwem F/B HeBoamoxHo (n. 7.2.2, 7.2.3). Jlo-
ctuus Tpebyemoro Ra npu xopoweit ¢popme [IH MOXHO TONLKO
B LUIMPOKONONOCHBIX aHTeHHax Yaa-fru ¢ uncrnom snemeHTos Gonb-
we Tpex (n. 7.2.4). Ho 1uMpoKONONOCHKIE <BONHOBLIE KaHANL!» MJIOX0
BCTPaMBAIOTCst B MHOTOAUAaNa3oHHYI0 KOHCTPYKuuio. Mo3TomMy npo-
CTOE napannensHoe coepmMHeHne BUGpaTopoB PasHLIX AUana3oHoB
B @HTEHHax YAa-$irn He uCnonb3yeTcsi HUKOrAa.

Xopowo. Y «BONHOBLIX KaHanoB» Hu3koe Ra, mewaouee nx na-
pannensHoMy BKAIOYEHUIO. HO y paMouHBIX aHTeHH Ra Bcerpa Bbiue
50 Om. Ja. OnHako UMEHHO 3TO OBCTOSTENLCTBO U MELLAET MX Na-
panensHOMy BKIKOYEHUIO. TyT YUTarenio caMoe BpeMsi BO3MYTUTb-
csi: «Jla 4to xe 3710 rakoe! Menvwe 50 Om nnoxo. U Gonvwe
50 Om — TOXe nnoxo. I'pe noruka?».

Ona na mecre. ns Bubparopa nogknio4aeMoro 4Yepes orpe-
30K ABYXNPOBOSHOM NMHUM (M NO3TOMY YKOPOHEHHOro) Ra (ewe 5o
YKOPOUYEHU$) NOIXHO BhITh HECKONLKO Bhiwe S50 OM. 3xecy pamoy-
Has aHTEHHA Ha mecTe. MoxHO cHu3uTL ee Ra om 1o 60-Tu, oco-
6EHHO NPU KOHCTPYKUMU C TPABEPCON HA HWXHUX AUana3oHax, rae
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anexTpuyeckoe paccrosiHue R-W nonyyaercst mansim (puc. 11.1.10
v Tabn. 11.1.3).

Ho y Hac senys umeercs Bubparop v apyroro auanasoHa, noa-
KNIOYEHHEIA K obuemy xabenio npsimo. U ero Ra Hano umerts Tou-
Ho 50 Om. A pns QQ ato Tpebyer cHuxenus paccrosHus R-W o
0,07...0,1A. Yto raHer 3a coboii nanenne F/B po 10...12 gb
(puc. 7.6.8) 1 CywecTBEHHOE CyXEHUE Nonock. Henpuemnemo
CTONb CMALHO YXyAUIaTL napameTPbl HANPABNEHHON aHTEHHB! JLLL
DAasi COrnacoBaHusi,

A ocrasnats Ra «aBoitHOro ksaapara» 60...80 OM no nuanaso-
Ham ¥ poeonbCcrBOoBarscs KCB na munumymax 1,2...1,6 — 310
KaK-TO HEPA3YyMHO A5 Cepbe3HOoit u A0POrocTosLel aHTEHHO cuc-
TEMBI.

BOT B Tpex... U YETLIPEXBNEMEHTHBIX PAMOYHBLIX AHTEHHAX MOXHO
6e3 ocobbix npobnem nonyumTs Ra Kkak TouyHOo 50 Om, Tak u He-
CKONMBLKO BbiE. FO3TOMY TORLKO Y TPEX... U HETLIPEXINEMEHTHEIX
«KBaAParos» BUGPATOpb! MOTYT GbiTh BKAOYEHB! NAPANENLHO C XO-
powMMKU peaynsTataMu.

fpuMep Takoro asyxauvanasonHoro (21 v 28 MIu) «TpoiiHoro
KBapgpara» nokasan B ¢aitne ...3el_21_28 quad_fcoax.gaa v Ha
puc. 11.1.15 (AH cooreercreyeT guanasony 21 Miy).

OCHOBHBEIE NapaMETPL! 3TOI AaHTEHHLI B CBOBOAHOM NPOCTPaH-
CTBE NoKasaHw B 1abn. 11.1.6. OHM TUNWUYHB! ANSI TPEXSNEMEHT-
HBIX paMok. Tonbko nonoca B auanasoHe 21 MMy HECKONLKO MEHL-
we. 3T0 NPOMCXOAUT 3a CHET NaPaNNIENLHOTO COEANHEHUSI PAMOK
{cm. n. 5.2.1, c. 216). Bubparop 21 MI'y uyTs yKopoueH u3-3a co-
EAVHUTENLHOW IMHUK, KaK ONUCAaHO BhbilLe.

Tabnuua 11.16

Ra, | Ga, Maxkc. MNonoca no yposHio
Huwanason om | aBi F/B, F/B > 12 pb, KCB < 1,5, KCB < 2,
ab My My xy
21 My | 50 | 8,7 20 590 210 420
28MIly | 50 | 9,3 20 >1000 250 480

A 4TO penars C NapannenbHBIM COBAMHEHMEM MIOBLIX ApYrux

HAaNpaBAEHHLIX @HTEHH, KDOME TPEX... U YETLIPEXINEMEHTHBIX «KBa-
paros»? TOnLKO cornacoswiBaTh. Beaws paxe ecnu 3akpwits rnasa
Ha noBbiLEHHBI KCB Ha pesoHaHcax npu npocToM napannens-
HOM CO€AUHEHUN, TO OCTAETCH BERb ELe M 3aBMCUMMOCTbL Ra or
BBLICOTH! NOABECA.
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U B mo6om cnywae fas komnescaumm pacxoxaenus Ra no aua-
NasoHaMm (HaCcTPOeK, BHICOTHI, ANEKTPUNECKOrO PACCTOSHUS MEXAY
3neMeHTaMu) NPULETCH YTO-TO Aenars.

B camom npocTom € 370l TOUKM 3PEHUS CRyyae, B TPEX... U He-
THIPEXINEMEHTHBIX «KBapparax» noporHars Ra no 50 Om B TO4KE
NoAKMoYeEHNs obwero kabensi MOXHO pasMepaMu SAEMEHTOB.

BO BCEX OCTaNbHBLIX @HTEHHAX ATOT NYTb 3aKPLIT. TONLKO NOA-
CTPOVKOIA 3neMEHTOB J0CTUYL Xopotuero KCB B kaxnom auanaso-
HE He yaacTcs (passe YTo, COBCEM WUCTOPTUB AHTEHHY, CHUXEHUEM
F/B 1o 10...12 gb, HO 3TOT NOAX0A AAXE PACCMATPUBATL HE 6yny,
HE 3aTEM Mbl LienaeM CEPbe3HyID CucTemy, 4Tobbl nopTuts [H).
CrneposarensHo, HeOBXOOMMBI [ONONHUTERLHLIE cornacymoume
ycrpoiictea (CY), koropwie npeoGpasyioT nonyyuBLMECS (kakve
Bbin) Ra no puanasonam B 50 OM B TOUke Nopxnodenus obue-
ro kabens.

CoGcTeenno, 310 cranpapTHas 3anaya moGoro CY. Ho B nan-
HOM Cry4ae OHa OTArouieHa Tem, 4TO CornacoBaHue Tpebyercsi BO
BCex pabounx auanasoHax aHTeHb. CAenars STO0 MOXHO ABYMSi
cnocobamu;

1. Bkaounte otaenshoe CY B kaxabii U3 BubBparopos, a Bxo-
Ak auanas’oHHpx CY noaknioumts K oBuiemy kabenio.

2. Cpenars opnHo obwee CY, TPaHCPOPMUPYIOLLEE UMNENAHC
Ha Kax/AoM AuanasoHe Tak, Kak Ham Tpebyercs.

B rakoit nocnenoBarensHOGTY Mbl U paccMoTpum 3TN Cnocobb!
B CreAyloumx AByX noanaparpacgax.

11.1.4.2. Anana3oHHbie CY
C NapannensHbiM BKJIIOYEHUEM MO BXOMY

Ha Gernwii B3rnan unes, 0603HAYEHHAs B 3arONOBKE naparpa-
da, Burnaaut Hecnoxkoii. Kaxaoe ua amanasoHHbx CY npeobpa-
3yer umnepaqc onHoro Bubparopa 8 50 OM. A Bxoaw Bcex CY noa-
knualTes K obweMy nutalowemy kabemo napannensHo. Ho
MMEHHO C nocnesHuM (NapannenbHeIM CoeavHEHMEM BXOaoB CY)
BO3HUKAIOT KpynHeie NpoGremel. Mpowe ux noHsTs Ha npumepe.

fyCTb MBI UMEET ABYXAMANA30HHYIO aHTEHHY 14 n 21 Ml . Ml
paBoraem B suanasone 14 MIy. CY aroro auanasona TpaHcoop-
MupyeT nMnenaHc subparopa 14 My B 50 Om. Bee xopotwo? Her.
Benp k kabenio ewe noaxmoven sxon CY ananasona 21 Mr u. Ero
BXOAHON nMneaaHc Ha 14 My noutu YncTo peaxkrveen (BuGparop
21 MI'y na sactore 14 My umeer BBICOKYIO PEaKTUBHOCTL M Ma-
510€ aKTUBHOE CONPOTUBAEHUE, ITO YCYryBRfieTCst NPOXOA0M Yepes
paccrpoenHoe Ha paHHoii yactore CVY). To ecrs, napannensHo
50 omam paboraowero CY 14 My nogxmouaercs napasuTHeiii pe-
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AKTUBHBLI UMNERaHC jXpe OT HepaboTalwero, HoO NOAKNIOYEHHOIo
CY punanasona 21 MINu. jXn.- paspywmr cornacoesanue Ha 14 My,
O6wumii kabens «yBUAUT> NONONHUTENLHYIO PEAKTUBHOCTL jXmap
u orpearvpyeT Ha 310 poctom KCB.

Y106 CKOMNEHCUPOBATL BPELHOE BAUSAHUE jXpap, MB!I JOJFDKHBI
Tak nepectpouts CY pmanasona 14 My, 4toBwl OHO Ha BLIXOOE
naBano 6b! PeaKTUBHOCTSL jXxomr, KOMNEHCUPYIOLLYIO BPEAHOE BAUSI-
HUE jXpa. HO 3TM peaktuBHOCTU (napasuthasi or CY 21 Mlu,
¥ KOMMNEHCUPYIOWas ee, oT CY 14 MI'u) nony4anTest BKAKYEHHBIMU
napannensbHo. O6paszoBasumMiiCs napaiensHblil KonebarensHbiin
KOHTYp NOBLILLIAET aKTMBHOE conpoTtusnenue R,,, Bojnasaemoe CY
14 MIy. To4HO TaK Xe, KaKk 3T0 NPOUCXOAUT Npu COrnacoBaHun
napannenbHoil peakTuBHOCTLIO (Nn. 3.5.8). Hackonuko BO3pacter
B pesynsrare 310l TpaHchOopMaummn akTMBHOE CONPOTUBAEHNE, 3a-
BUCUT OT OTHOWEHUS jXwomn/Ris.

Takum o6pasom, CY 14 My Hapo npoexktmposark Tak, YTo6b!
Ha ero ewixosie 6binu 6b! HEe YucTo akTuBHbie 50 OM, a uMmnenaHc
Ris — jXkomn, TOE:

® —jXyomn — PEAKTUBHOCTL KOMMNEHCauuwn peakTUBHOrNoO CO-
nporusnennst Bxona CY puanasona 21 My wa uacrore
14 Mlfy;

e R,, — Takoe aKTUBHOE CONPOTUBIIEHNE, KOTOpOoe Bynyun BKIO-
YEHHLIM B NapPaNeNbHLIl KOHTYP C PEAKTUBHOCTLIO —jXmap,
Tpaschopmupyercsa B 50 Om.

Ho nonyyaercsi 3aMkHyThi Kpyr. Mbl HE MOXEM 3apaHee cka-
3arb, KakuMm Bynet jXo.e, @ CRenoBarensHo, yu jXioun. MPoOCcTo no-
ToMy, uto CY avanazona 21 MMy npu pabore B CBOEM AuanasoHe
VMEET TOYHO Takue xe npobnemul. EMy HARO KOMNEHCUPOBATL NA-
pasuTHli Ha 3TOI 4acTOTE PEaKTUBHLIA UMNEAaHC yxe or CY
14 Mfu. Koropeii B CBOIO OYEpent HEU3BECTEH, NOTOMY HTO 3a-
sucut or CY 21 MIuy. Takas xe 6ena ¢ Ry, — ur0o6bl y3Hars ero,
HAA0 3HaTL Xcomn — U (CM. HA4ano atoro absaua) Kpyr cHOBa 3aM-
KHYJICSi.

PasopBars €ro MOXHO TONLKO OAHOBPEMEHHOW 4YMCREHHOMN
ontumusaumeit napamerpos oboux CY cpasy B OByx AuanasoHax.
C atum npobnem Her. GAL-ANA ontumuauposars ymeet. Ho ne-
pen TeM Kak nepeiitu K 3Toii npouenype, chopmynupyem tpebo-
BaHus K auanasoHHomy CY.

Ra MoxeT ObiTh Kak 6onbiue, Tak U MeHslie 50 OM. Ha Beixope
CY akinBHasi 4aCTb UMNEAAHCa A0xHa OuiTt HUXe S50 Om (napan-
NENBLHBIY KOHTYP E€r0 NOBLICUT).

jXa subparopa 6nu3ko x 0. 370 B Teopun. Ha npakTuke xe
BO3MOXHBI NOrPELLIHOCTU, NoaHUMAaloWMe jXa. YCTpaHsars ux pas-
Mepamu Bubparopa HepasymHo. Y Hac xe CY ectb. Moartomy OHO
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06513aHO BbITL PACCUUTAHO HA HANMYME HEGONLILON PEaKTUBHOCTU
B Harpyske. BbixoaHasi peakTMBHOCTb Xeown CY — napamerp ca-
MLl HEONpepeneHHuit. B 3aBucumocTtu ot jXp. MOXET ObiTbh
mo6oro 3Haka u NoGoit BEANYUHLL Xeomn.

Cnenosarenpro, CY fomkHO TpaHcdhopmmuposars 6imM3Koe K ak-
TUBHOMY (HO C BO3MOXHOII PEAKTUBHOCTLIO) CONPOTUBNEHUE BUO-
paropa Ra (xotopoe mOxer ObiTb Kak MeHble, 1ak u Gonsiile
50 OM), B KOMNAIEKCHBIE MMNEOAHC C akTUBHONM CoCTaBasiowei
<50 OM u noboit peakTUBHOCTLIO, KOTOpas norpebyercs B npo-
uecce ontumuaauvn. ECTecTBEHHO, 4TO B NPOLECCE BCEX HACTPO-
E€4HLIX onepauuii (T0 eCTb ONTUMU3aLIMK) KOHCTPYKLIUSE U/uNn CXEe-
Ma CY He ponXHb MEHsSTLCA. HOMuHANL, pasMepnl — CKOALKO
yrogHo. Ho He noctpoenue. U3 npoctuix CY ykasaHHbM TpeGosa-
HUSiM OTBEYAET TONLKO Y-cornacosanue (n. 3.5.10). Mensisi pnuny
LWYHTA U EMKOCTb KOHIIEHCATOPa, MOXHO NOAYYUTL HA BLIXOAE NIO-
601 MbICTIMMBIT MNEAaHC.

flocMmoTpUM, Kak 3TO BHIMASIANT B COCTABE MHOIOAMAanNasOHHOM
KOHCTPpyKuuu. Bossmem aHrenny puc. 11.1.2 u po6asum x suGpa-
Topam 14 v 21 My wnelidw y-cornacosanms ¢ KOHAEHCATOPaMM.
Bxoaw CY coeavhum napannensHo. 3anycTum CAOXHYIO ONTUMU-
3aumi0 OHOBPEMEHHO NO ABYM yYactotam 14,15 u 21,2 My no
Kputepuio muhumyma KCB. Mo3BonuM MammHe MEHATb OAUHBI
wneitdos (ABUras NepPEMBINKY KaXA0ro ua HMX, COBMECTHO MO KO-
opamHaram Y1 1 Y2) n eMKOCTU KOHLEHCATOPOB.

Mocne MHOXEeCTBAa KPYroB MOLENMPOBLMK BbLAACT OTBET, NO-
KazaHHwii B ¢aiine ...20m3-15m4_1coax.gaa u Ha puc. 11.1.16
(TO4YHEE HA 3TOM PUCYHKE B YBEAUMEHHOM BUAE fIOKA3aH TONLKO
Y3€en NUTaHusi, BCe OCTANbHBIE PA3MEpPHl TOYHO TAaKUEe XE, KaK Ha
puc. 11.1.2). Xapaxtepuctvku v [1H na puc. 11.1.16 cootBercrsy-
10T avanasony 14 Mlu.

2=472+01520hm

. SWR =106 (500hm)
Ga=B3B .\ )

Puc. 11.1.16
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Mockonbky daiin ...20m3-15m4_1coax.gaa Conepxvur coeanHe-
HUSi KOPOTKUX NPOBOAOB PAa3HHIX PAgUYCOB, TO HE Cleayer aaxe
nuITarbcst cumtars ero B NEC2, Kortopbiii K TakuM 33aa4aMm COBEP-
LweHHO He npucnocobneH. Tonsko MININEC3 B manHOM cnyyae faer
KOPPEKTHLIE PE3YynLTATHL.

Teneps, UMEA rOTOBLIAE OTBET, MBI MOXEM NONIDGONBITCTBOBATD,
KaKuUe NOMYHYUNINCHL UMINEAAHCH Ha BLIXOAE Kaxaoro ua CY 6es3 ysera
BAUSIHUST BTOPOrO, MOAKAIOYEHHOrO NapamniensHo, Ho Hepabortalo-
wiero B faHHoM auanasoHe CY. Ortknioyas B Moaenu no o4epe-
oy wnetips 21 v 14 My, nonyyum, 4To Y-cornacosaHue auana-
3oHa 14 MMy npeobGpa3syer ucxopHuii umnesavc Wi4 22 Oma
(puc. 11.1.2) B 32 + j22 OM. A y-cornacoeanue nuanasona 21 My
BbgaeT Ha csoem sxopne 12,6—20,5 Om. Y10 BECHLMA pAaneko or
50 Om. Ho napannensHO NopKAloYeHHas jXne apyroro (Hepabora-
IOLUErO B AAHHBLI MOMEHT AvanasoHa) npeobpas’yer yKa3aHHbIE UM-
NeaHcsl B YUCTO akTuBHbie 50 OM. MonyyeHHbie napameTpbl Co-
rnacoBaHus npuseneHbl B Tabn. 11.1.7. OHn Mano oTAMYaOTCs OT
cnyyast pasaensHoOro NUTAaHUst KAXH0M U3 aHTEHH.

Tabnuuya 11.1.7

Ra Ga Makc. MNonoca nNo yposHio
Jvanason ’ "I B, [FB>1245 | KCB< 1,5, KCB < 2,
Om | dBi n6 Ky xig Ky
14 My | 50 | 8,3 20 600 225 450
21 My | 50 | 8,6 20 >1000 370 >1000

Jpyroe Knaccu4ecKkoe NPpUMEHEHWUE ManasOHHbIX Y-Cornacosa-
HUiiT B MHOroAMana3OHHOW aHTeHHe — Tpexauanasonuwit QQ
puc. 11.1.9 u puc. 11.1.10. 3t1a, B obweM, xopoiwuasi, aHTEHHa
B oBGoux BapuaHTax umeer Gonwwoit pa3bpoc Ra no pavanasoHam
(tabn. 11.1.2).

Noctasue Ha kaxauit subparop no umneiidy y-cornacosaHus
U COEIVHUB MX BXOAb NapamNensHo MOXHO nonyyuts 50 OMm Ha
BCEX TPEX Anana3oHax. Bnpouem, Bbl yxe 3HaeTe, CKONLKO npobnem
CKpbIBAETCSi 3a Takoi Kaxyuweiica npocroroir. daiin ...M2CQ_
1coax.gaa, B KOTOPOM NOKas3aH Tpexanana3oHHeiln QQ puc. 11.1.9
nuTaeMuiil ogHUM Kabenem, onTuMu3auusi COrnacoBbiBANa NOYTH
yac. Peaynbrarel, nokasanel Ha puc. 11.1.17. Y oHu He ouyeBuaHb.
Tak, cambiM KOpPOTKMM oOkasancs wumeiidp He 28 Mlu, a 21 Mlu.
EMKOCTU KOHOEHCATOPOB TOXE OTHIOAL HE NPONOPLMNOHANLHE [~
HaMm BOnH. OCHOBHLIE NaPaMETPbl aHTEHHL puc. 11.1.17 B cBOBON-
HOM NPOCTPaHCTBE NoKa3awbl B Tabn. 11.1.8.
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Tabnuuya 11.1.8

Ra, | Ga, Makc. Nonoca no yposHio
IuanasoH om | dBi F/B, F/B > 12 pb, KCB < 1,5, KCB < 2,
nb Ky kly Ky
14 My, | 50 | 7,1 20 310 250 800
21 My | 50 | 7,4 23 650 490 1000
286 Mfu | 50 | 7,4 25 >1700 1100 1900

Monock! cornacosaHust NONYYUNUCHL OYEHb LWMPOKUMK (OTHOCK-
TensHo Hebonbwas nonoca no F/B v cHuxenmne Ga B AvanascHe
14 MMy 06BLACHAETCS MAbIM PACCTOSHUEM MeXay paMkamu, Bce-
ro 0,1A).

Takoe MHOropmMana3OHHOE Y-COrnacoBaHUE NPaKTUHECKU He-
BO3MOXHO HACTPOUTbL «HA FNascK, NO MECTy». Yero rpexa tamthb,
B NPOCTOM OFHOOMAnNa3OHHOM Y-COrNacoBaHum HacTpoiika 6e3
npepsapuTenLHOro pacdeTa penaetcs Hepenko. BeespgHocTb y-co-
rnacosaHus 3Tomy cnocobeTeyet. PakTuyecku nobdas aHTeHHa MO-
xeT 66Tk cornacoBaHa N3MEeHEHNEM BCEro OBYX NapaMeTpos: Am-
Hbl Wneitga u eMmkocTy koHpeHcaropa (n. 3.5.10). Ecan umeetca
3anac v B TOM 1 B APYrOM, TO MOXHO «noOeavTb» Kakoi yropHo
UMNELAHC AaHTEHHD!.

B cnyyae xe napasnenbHoro CoeaMHEeHUsi BXOAOB HECKONbKUX
wneiidoB STOT NyTh 33KPLIT. JENno B TOM, 4TO U3MeHeHue nobdoro
napamMeTpa COrnacogaHus OOHOro U3 AVanasCHOB CUJILHO BNusET
HA COrMacOBaHUE OCTANbHbLIX Auanas3cHoB. lpuyem, B oTnnune ot
OONbLWMHCTBA APYIrvX CNy4aeB NMOMCKA ONTUMYMA MO HECKONLKUM
KpUTEpUSIM, 30ECb BOBCE HE FapaHTUPYETCst CXOOUMOCTL KPYroB
HacTpoitku. MyTb: «NoACTpOMM oauH Wneiid, NoTom Apyroi, cne-
AOM TPETUIA, BEPHEMCS K HA4asly ¥ NOBTOPUM BCE C YMEHbLIAIO-
Lieiica aMnMTYAO», HacTO OKAa3bIBAETCA HENpOXOAUMBIM. Amn-
NUTYAB! NOACTPOEK BMECTO YMEHLLUEHUSsi PasroHsioTCst OT Kpyra
K KPYrYy ¥ K PEWEHUI0 MOryT HE COATUCD.

MNoatomMy nyylle paxe He NNaHUPOBaTb BCIO HACTPORKY Ha aH-
TenHe (C GOoNbLoA BEPOATHOCTLIO Bbl HE MONYYUTE VUHOTO Pe3ylb-
Tara, 4eM GecnonesHas noreps CUn v BpemeHw), a Aenatb Tula-
TENBHYIO HACTPOKY U ONTUMM33ALMIO Ha Mopensx. 31o Tem Gonee
HEeoOXOAMMO, HTO Pa3Mepbl, NoKasaHHble Ha pyc. 11.1.17 oTHoCAT-
csi K cBOoOOAHOMY NPOCTPAHCTBY, NPOBONOKEe anametpom 1,6 mm
M paccTosHuIo A0 wneitdpos 7 cM. A B Balwem cayyae 4To-1o Oy-
et vHoiM. Kak mMuHuMyM, BbicOTa (XOTS npy BbLICOTAX TPasepChl
>10 M Hapn peanbHoit 3emneit KCB npy pasmepax, ykasaHHbiX Ha
puc. 11.1.17 He nopnmmaetcsa 1,1 Ha pe3ocHaHCaXx).
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OnTuMn3auma COrnacoBaHVs AHTEHHbI puc. 11.1.17 penaetcs
cnefyioumm obpasom. B TaGnuue MctouHMKkM no puanasoHam
YKa3blBaAIOTCs Cpasy Tpu 4actothi: 14,15, 21,2 u 28,3 M. B 1a6-
Mue U3MeHsieMblX NapaMeTpPoB NO OYEPEenM 3anUCHLIBAIOTCH BCe
TPY pManasoHHbIX cornacosanus. 1o TpYU CTPOKM B KaXAOM: OBE
33483107 pnvHy wneida (BUrarte NEPEMbINKY KaXO0ro U3 HUX, CO-
BMECTHO no koopauHatam Y1 u Y2), TpeTtbsi — €MKOCTb KOHAEHCA-
TOpa.

Ecnn B npouecce ontumuzaumn KCB Ha OAHOM U3 AMana3cHOB
YNOPHO «BbINETaeT» BBEPX, TO OCTAHOBUTE ONTUMU3ALMIO U yKa-
XKnTe NEepBOoiA HacToTy STOrO AIManasoHa B TaGnvue MerouHuku no
AuvanasoHam,

11.1.4.3. OpHo CY Ha HeCKONbKO AMAanazoHOB

B npeppioyiiem naparpage Mbi BLISCHUM, 4TO HECKONBKO na-
pannensHo BkaodeHHbIX CY X0Ts U A2l0T XOPOLME pesynbTaThi, HO
O4YEHb TPYLHLI B NPOEKTUPOBAHUM M HACTPOMKE.

Monpobyem 3aitT ¢ npyroit ctopoHbl. CoeanHumM BCe Bubpa-
TOpbi NapannensHo. Mexay 3Toit Toukoit u o6LmM Kabenem BKIIO-
4uM opHO, obBuwee CY, KOTOpOoe Ha KaxXAOM U3 AManasoHOB TpaHc-
dopmupyeT 50 OM 8 MMNERAHC COOTBETCTRYIOLLEIO subparopa.

MpocTeitwnit Bapnant Takoro CY — WMpPOKORONOGCHbIiA ¢dep-
puToBkIit TpaHchopmartep (LLUMT) 1:2,25, npeobpasyowmii 50 Om
B 112,

Teneps Hano nonyunts Ra= 112 0M B Kaxaom AuanasoHe
B TOYKE napanienHoro coepviHeHuss eUGPaTOPOB pasHbiX OUa-
Na3oHOB. 3TC MOXHO [OCTWHb, UCNONL3YS «OBOMHLIE KBaApaThbi».
B n. 11.1.3.1 noxasaHo, 4T0 y MHoroguanasoHHoro QQ BxopHOE
CONpOTUBNEHNE KaxXOAO0ro U3 BUGPaATOPOB BMNONHE MOXET ObiThb
112 Om. OcTaercs coepuHUTL BCE BUBPaTOpLI NapasnensHo.

Cron, ckaxer BHUMATENbHLIA YnTaTenb. A noyemy 3TO aBTOp,
pacckasbiBaBLIMiA BECh Npeabaylmii naparpad, KaKk CUNBHO BIMSIOT
napannensHo coeavHerHbie CY npyr Ha apyra v Kak TPYAHO uX Ha-
CTPOUTb, 30ECL (A2 1 He TONBKO 3Aeck, Ha puc. 11.1.5 TOXE) BAPYr
CNOKOIAHO BKAIOYAET NAPAENEHO PAMKM Pa3HBIX AMAanasoHoB? OHu
HTO, pA3BE He OKA3LIBAIOT BMAHUA APYr HA apyra? Beak no Bxoa-
HOMY MMMNEAAHCY 3TO TakMe Xe Pe30HaHCHbIe ueny, Kak u CY.

Bce npasunbHO, NapannenbHo BISHOYEHHLIE PAMKU B3AUMHO
BIUSIOT HA UMNEAAHCH ApYr ApYyra GU3NHECKU TaK Xe, KaK U na-
pannensHo BkilodeHHbie CY. Ho k cyacTbio, umeetcs pasvuua
8 umdpax. PeaktmeHocte ot CY gpyroro amanasosa cocragnser
OECATKU OM. A PEaKTMBHOCTb PaMOK APYIOro AMana3oHa — MHO-
TWe COTHM U faxe ThICA4M OM (KPOME CAy4Yast KpaTHbIX Mo 4acToTe
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pamMok). Pedb npet 0 peakTMBHOCTW, NOAKMOYaEMOik napasinensHo
OCHOBHOMY umnienaHcy. [osTomy, 4em OHa Bbille, TEM MEHblue
npo6nem. BoicoKas napannenbHas +X — 3TO nNpocTo ApOoCcCerb.
Bonblwas no MOgynio napasnensHas —jX — ato He6onbLWas KOHCT-
pyKTUBHast eMKOCTb. OHM, KOHEYHO, BNusOT. HO HE HacTonbKo cunb-
HO, 4yTOGbl NOACTPOIiKa npeBpatanack B rOACBONIOMHYIO MNOrOHIO
33 COBCTBEHHOIR TEHLIO.

Tak, pnga aHTteHHsl puc. 11.1.15 npu pabGote B pmanasoHe
28 MI'y, otkmoueHue subparopa W21 nullb MeHsieT Ha napy Om
Ra, a Ha jXa ¢gaktuueckm He snusieT. FpuumnHa nexuvt B uMneaau-
ce paMku guanascHa 15 m Ha yacTtore 28 MI'y: 1180 + j2800 Om.
NapannencHoe NOOKMOYEHUE CTONb BLICOKONO UMMNEaHca 3amer-
HO NOBMUSITL HE MOXET.

Y TOit Xe aHTeHHbl Ha uactote 21 My ortkniodeHne W28
MeHsieT uMnesaHc cunbHee. Yuctoie 50 Om npespauwialorcs
B 55 — j29 Om. 370 yxe oulyTMMo, HO ¥ TyT HeGonbloi NoACTPO-
kot W21 moxHo BepHytb KCB k 1. MprunHa Gonblwero BnamsHus
B uMmnepaHce W28 wa uactore 21 MIu. On coctaenser 23 —
— j680 Om. 3TOro AOCTATOYHO, YTOBLI BNMAHME CTano OLLYTUMbIM,
HO He xBaTaeT, 4ToOb NPY HACTPOIAKE NOSBUIMUCL HENPUSITHOCTY.

HO OHM BO3HUKHYT, €CNMY MMnegaHc HepaboTalowero Ha AaH-
HOM AuanascHe BuOpaTopa CTAHET HU3KUM. A 3TO npousoihper,
ecny nonbiTatbCa 3anapannenuts BuBpaTopbl KPaTHLIX Auanaso-
HOB, Hanpumep 14 n 28 Ml'u. Pamku Benb UMEIOT HU3KOE BXOJHOEe
CONPOTUBIEHNE HA KpaTHbiX Hacrorax (n. 5.4.2, Ta6n. 5.4.1).
NostoMmy npu paborte Ha 28 My pamka gmanaszoHda 20 m Gyper
pPE3CHUPOBATL HA BTOPOH rapMOHUKE M CUNBHO 3allyHTUPYET Brb-
patop 28 MIru. U ato nonbegol.

Hactosuwana 6epa npomsoitper ¢ ¢opmoit IH n ycunexmem
B avanascHe 28 Mlu. PesoHupyioumit Tam W14 u3-3a cBoero Hus-
KOro COnpoTUBNEHNs oTOEpeT 3ameTHbiA TOK OT UCTOYHMKA. Tok
no 6onbWoit 20-METPOBOIA paMKe yXe HE MOXET BbiTb NONHOCTLIO
KOMNEHCVPOBaH BABOE MeHblMmM pednextopom. Totomy paclum-
puUTCS FNaeHbliA nenectok, ynaayt F/B n Ga. OcobeHHo ycunenne —
Ha 2...3 pb.

Mo3TOMy HENOCPEACTBEHHO BKIOHATL NAPANNENLHO PaMOYHbLIE
BuBpaTOpL! KpaTHbIX AManascHoB (Hanpumep, 14 n 28 MIMu) Henb3g.
Baxe, ecnm Bbl HE UcnonbayeTte Hukakoro CY ¥ mupuTech ¢ rnosbi-
wenHbiM KCB, noaxmovas napannensHo COeMHEHHbIE PAMKU Npsi-
Mo K obuiemy kabenio.

CoOBMELLEHHbIE PAMOYHLIE AHTEHHbLI HA KPaTHbIe AYanasoHbl
MOXHO COYEeTaTb, TONLKO ecny BMBpaTopbl STUX ANAnascHOB Ka-
kum-To obpasom paseasarb apyr or apyra. [pocTeiiweit Takoi
pa3Ba3Koit ABNKETCH nuUTaHue Bcex BUGPATOPOB MO OTAENbLHLIM
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xabensm nnu nepeknioyeHve obuiero kabens Yepes AManNa3oHHLI
kommytatop. Moatomy antenHbl n. 11.1.3 nerko couetalotT 14
u 28 MIu.

Bonee cnoxHoit fBNAETCS pe3cHaHcHas pasesska, 4epes aua-
nasoHHble GunbTpbl. Ee npumep nokasa wa puc. 11.1.17. Wneit-
&bl AMANABOHHLIX Y-COTNACOBAHMIA HE TONLKO COMMACOBLIBAIOT, HO
1 paboTaloT KaK PE3CHAHCHLIE MOCNefoBaTenkHLe KoHTypa. fo-
CnefoBaTeNbHbliA PeaKTUBHLIR UMNeaaHc wneiida auanascHa 20 m
Ha qacTtoTe 28 My HacTonbko Benwk, 4To Tok 28 MIL yepes Hero
noytM He 3arekaet 8 W14, MHoroaManasoHHOE y-cornacoBaHue
paboTaeT OKA3LIBAETCH €lle M KaK PE30HAHCHLIA nepeknoyaTens
subparTopos.

Mocne cTonb AONTOro OTCTYRIEHNS BEPHEMCS K TEME naparpa-
da u Toit 3apaye, Ha KOTOPOiA Mbl OCTAHOBUNUCH B €ro Hauane.
Cnenaem ppyxamanasonsbit QQ ¢ Ra = 112 OM B KaXaoM u3 ana-
NasoHOB.

Takas antenHa Ha ananasoHsl 21 n 28 Ml nokasaHa B ¢aiine
...15m-10mqqg_1coax.gaa v nva puc. 11.1.18 (xapakrepuctvikm n OH
Ha STOM pUCyHKEe COOTBETCTBYIOT ananasoHy 28 Mlu). Bubparop
21 MI'u noakmoueH K Cornacyiolemy Tpancopmaropy Yepes oT-
PE3OK ABYXNPOBOAHOM NUHUM, MMEIOLLEH UHAYKTUBHOE CONpPOTUB-
nenwme. fostomy nepumerp W21 ymenbwen v cocrasnsier 0,98A.

NapameTpbi aHTeHHL puc. 11.1.18 cooreeTcTRYIOT o6bMHOMY
«ABOMHOMY KBaApary», Hanpumep asTeHHam puc. 11.1.7 v 11.1.8.
Kakoe ewe CY, kpome LUIMT, MOXET OAHOBPEMEHHO paboTtatb
B HECKONbkUX AmanazoHax? O6biyHbIA NoCnenoBaTenbHblif 0OTPE30K
nuvxvn. [la, ero TpaHcGOopMupyIioLmMe CBORCTBA 3aBUCAT OT 4acTo-
Tol. HO BEAb M MMNEOAaHC Halleit aHTeHHbl TOXE MEHSIETCs C Yac-
ToTOl. Bonee Toro, Mbt camm MoxeM noaroxsTe Ra (paccrosHuem
MEXLY pamkKamu U HaCTPOMKOW NacCUBHBLIX SNEMEHTOB) M jXa
(nepumetpom BuGpaTopa).

Mpotie ecero paso6parsca Ha npumepe. Bo3bMeM OTPE30K Ka-
6ena 75 Om ¢ snexrpuyeckoit anviHoit 2,6 M. B 3asucumocty ot
HacTOThl OH TPaHCHOPMUPYET B 4UCTO akTueHbie 50 Om cnepyio-
time UMNEeOaHchbI:

® Ha 28,2 My B Z = 112 + jO Om (A/4 Tpancdopmarop);

® Ha 24,9 My B Z= 107 — j18 Om;

e Ha 21,2 My 8 Z = 93 - j28 Om;

e Ha 18,1 MIlu e Z= 82 - j31 Om.

3HaunT, ecnm aHTeHHa umeet Takue Za no AuanasoHaMm, To Ha
LpPYroM KOHLEe Hawero oTpeska kabens OynyT 4MCTO akTMBHbLIE
50 Om, To ecTb Bypet o6ecneyeHe MHOrOAManNasoOHHOE COFNaco-
BaHue. A UMNEAAHCHI, NPUBEAEHHLIE B IAHHOM CNUCKE, NErko f0-
ctwxumbl anst QQ. Ra next B npegenax 82...112 O, 4To TMRUYHO
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Dns «OBOWHbIX kBaaparos» (n. 11.1.3.2). A oTpuuarensHas jXa no-
nyyaetcs HeGonblWUM yKopoveHveM eubparopa.

AHTEHHA, peanu3ylouas ONUCAHHOE COornacoBaHMe, noKasaHa
B ¢daine ...15m-10mqgqg_75coax.gaa u Ha puc. 11.1.19 (xapaxTe-
puctukun 1 JIH Ha STOM PUCYHKE COOTBETCTBYIOT AvianasoHy 21 MIu).

Bes cornacyiolwero orpeska aHTeHHa uveert Za = 112 + j0 Om Ha
yactote 28,2 My, u 93 — j28 Om Ha uactoTe 21,17 Mlu. A ¢ Ta-
KM OTPE3KOM nonyuatotes umctbie 50 Om B o6oux pranasoHax.

Menbwee Ra Ha 21 My BOCTUNHYTO MEHBLUMM 3EKTPUHECKUM
pacCcTosHUEM MeXLy paMkaMu (TO xe camoe ¢uanyeckoe, 41O
n gng 28 My, Ho pnmHa BonHbl pacTer). A TpebyemMbie —28 Om —
ykopouenviem W21. Cpasnute, Ha puc. 11.119 suGpatop 21 My
eLye Kkopode, 4Yem Ha puc. 11.1.8, roe oH yXxe ykOpo4YeH Ans KOM-
NEHCaun BIMAHNSA UHOYKTUBHOCTY COEAVIHUTENBHOR nuHun. 3peck
xe notpebGosanock ewe Gonbwee ykopoueHue, 4Tobbi nonyurTb
UMneaHc, HeobxoaUMbIR ang cornacosaHvs OTpeskom kabens.

B stom (11.1.4) naparpade Mbl NOYTU HE PacCMarpuBaIM aH-
TeHHb Yaa-fAru. [leno 8 TOM, 4TO napannensHoe coegmHenvie A/2
snBpaTopoB (kak HeNnocpencTBeHHO, Tak u dYepe3 CY) noutv Hu-
Korga He npumeHsiot. NoTomy 4TO png punoneit nmeetca Gnuskoe
no ¢pusndeckoit cyty, Ho Gonee ynobroe pewenue: Open Sleeve
(n. 5.2.2). Ero mbl ¥ paccMoTpyM B cnegylowem naparpade.

11.1.5. CoBmeuieHHbIe AHTEHHbI
¢ Open Sleeve BuOGpaTopom

Open Sleeve subparopb! (n. 5.2.2) oyeHb yaobHb B MHOropua-
nasoHHbLIX aHteHHax Ypa-fArun. C Touky 3peHus pacnpepeneHus
3HEPIUU NEPEeLaryvka, 3TO NONTU SKBUBAIEHTHO NapasnenbHoMy
BKJTIIOYEHNIO. A Napas’vuTHOE B3aMMHOE BIVSIHUE HAMHOIO MEHbLUE.
Ecnu k aTomy ewe npuGaBnTb ¥ BO3MOXHOCTL COrnacoBaHus slave
(S) BuGpaToOpOB U3MEHEHVEM PacCToAHMUa A0 nuTaemorc (master
wnn M) Bubpartopa, 1o npeumyuiecrsa Open Sleeve cTaHoBaATCA
HEOCNOPUMBIMU.

Takoe cornacosaHve No3BONSET B LWIMPOKUX NPeaenax MeHATb
Kak R, Tak u peaktMBHoCTb (CM. puc. 5.2.4). N Hukakux aononHm-
TensHbix CY He Tpebyetrca. Ha gmanasonax S-subparopa Ra =
=50 Om pocturaeTcs noAroHkoit paccroavms M—S n WmpuHoii
S-subpartopa. MNpryem 50 OM MOXHO nNonyunTb BCErAa, BHE 33Bu-
CMMOCTI OT HaCTpOVKN NAacCUBHLIX 31eMeHTOB, paboTalowmx B au-
ana3soHe S-enbpatopa. 370 obnervaeT ee NPOEKTUPOBaHNE, NO3B0O-
nas pobuBarbcs ontumanbHoit popmebl [IH v wmnpokononocHocTy,
He ofpauas BHUMAHUA HA NONYYaIOWMIACA NpU 3TOM UMNEAAHC,
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TaKk Kak HacTpoiikoi S-subparopa MOXHO cornacoeats nobyio
NPaKTUYECKYIO aHTEHHY.

EnvHCcTBEHHOE OrpasHvdeHme sroro cnocoba Bo3byxaeHuss —
Open Sleeve He NpUMEHNETCs C paModHbiMy BuBpaTopamu. MNpu-
YuHa Ta XEe camasn, KoTopas OOLACHAET MEHLLLEE B3aUMHOE BNvs-
HME pamOoK pasHbix puana3cHos (n. 11.1.3): HaMHOro MeHbLas To-
KOBas CBA3b MEXY PaMKamy, TaKk Kak y4acTKM C MaKCUMaSbHbIM
TOKOM pPa3HECEHb! NO BLICOTE HA [ECSATKU CaHTUMETPOB. A ans
CWNbLHO TOKOBOW CBSI3n, NBNSIOLLEICs OCHOBOIK npuHumna Open
Sleeve, Tpebyiotca paccTosHua mexpy M n S BubGparopamu scero
5...25 cm (cm. puc. 5.2.4).

OueBngHO, 4TO B CAaMOM HM3KOYACTOTHOM puanascHe (B KOTo-
pom paboraetr M-eubparop) Ra = 50 Om Hapo nonyyarte pasmepa-
M1 U HACTPORKOIR NACCUBHBLIX 3NEMEHTOB 3TOrC Anana3oHa. Huka-
ke gononnutenbHele CY B [aHHOM CNy4ae HE NPUrofHbl, Tak Kak
OHK Hapyuwaior npuHuvn Open Sleeve.

AeyxguanasonHan (14 v 21 MI'u) TpexanemenTtHas Ypa-firu
c Open Sleeve Bn6paTtopoM nokasaHa B ¢aitne ...21-14.gaa u Ha
puc. 11.1.20 (xapaktepuctvku u JIH Ha 3TOM PUCYHKE COOTBETCT-
BYIOT Anana3oHy 14 Miu).

OCHOBHbIE NapaMeTpbl 3TO aHTEHHL B CBOBOAHOM NPOCTPaH-
CcTBE nokasaHbl B Tabn. 11.1.9.

Ta6nuuya 11.1.9

Ra, | Ga, Makc. flonoca no ypoBsHiO
Iuanason om | dBi F/B, F/B > 12 nb, KCB < 1,5, KCB < 2,
nb kly x'y xy
14MIny | 50 | 7,5 20 >1000 440 840
21 My | 50 | 7,3 28 750 240 500

bonee y3kme nonocel Ha 21 MI'y o6wacHsetcst Open Sleeve BO3-
6yxnexuem. B ananasoxe S-enbpatopa nonoca Bcerja yMmeHbLa-
etca (n. 5.2.2).

Becema nonynspHa tpexamanasoHHas Open Sleeve Ypa-firm
C YMEHbLIEHHOIR AnmHOK Tpaeepckl. Fockoneky BO rnaey yrna TyT
CTaBuTCA KOPOTKas Tpaeepca, To Ha 14 My yMeuwaeTcs ToNbKo
pBa anemeHTa. ina Open Sleeve BxopHOE CONPOTUBNEHNE HA HUX-
HEM AuanascHe AonxHO Obitb 50 Om 6e3 pononHutenbHbix CY.
A pns pByxanemenTHoit Yaa-frn nonyuutb Ra = 50 OmM mMoOXHO
TONLKO ynnunme Ttpasepcy 80 0,15...0,20 v BKMOYMB NACCUBHLIA
anemMeHT pednektopom (prc. 7.2.9). KoHeuwHo, 310 NpUBERET K Cy-
uiecTeeHHoMy napnewvio F/B no 10 gb (puc. 7.2.4), HO B8 faHHOM
cnyyae aTo HeuzbexHaa nnara 3a noebilweHue Ra pno 50 Om.
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Job6aemte B gpyxanemeHTHyi0 R-W Ypa-frm gauanason 21 MIy,
MOXHO TOABLKO TOXe, KaK 2 R-W anemenra. MNpocTo HeT cMmeicna
BbiTarvears D21 B gpyryio cropony or R14, HAMHOFO yanuHss Tpa-
Bepcy. Nostomy n B ananasone 21 MMy F/B Takoil aHTeHHb! nony-
4aeTcs HeBLICOKUM, Te xe 10 gb.

A Bor ¢ 28 MI'y yxe ecTb BHIOOP: UM CAERaTk TaK Xe, KaK
u c 14 u 21 MI'y (c Takxum xe naoxum F/B), um, yomuue tpa-
BEPCY MPUMEPHO Ha METP, YCTAHOBUTL AvpeEKTop 28 Ml 1 tem
cambiMm noesicutb F/B no 20 gb. B pa3Hbix KOHCTPYKUMSX UCHOSbL-
3yloTcs 06a aTux BapuanTa. Mbl X€ B Ka4eCTBE NpuMMepa pacCcMoT-
PUM TaKylO aHTEHHY C AUPEKTOPOM Ha 28 MIu.

Ora Tpexavanasonnas (14, 21 n 28 Mlu) Yoa-8rm ¢ Open
Sleeve Bubparopom nokasana B daiine ... JPT.gaa n na puc. 11.1.21
(xapakrepmctuky 1 JIH Ha 3TOM PUCYHKE COOTBETCTBYIOT Auana-
30HY 21 Mly).

OcHoBHbIE napameTpb! aHTeHHbl puc. 11.1.21 B cBoGoaHoM npo-
CTPaHCTBE Nokasaxkl B 1abn. 11.1.10.

Tabnuvuya 11.1.10

Ra Ga Makc. Monoca no ypoBHIO
DIvanason | | FB., {FB>12n5, | KCB< 15, KCB < 2,
Om | dBi nb xfy iy Ty
14 MIy, 50 | 6,4 10 — 400 800
21 My, 50 ]| 6,4 10 — 200 350
28 My, 50} 64 25 >2000 350 700

Apyraa TpexauanasonHan (14, 21 n 28 MI'y) Yaa-Arm ¢ Open
Sleeve Bubparopom, GonblLuel OAAVMHOW Tpaeepchl U BoICOkMM F/B
HAa BCEX AuanalcHax nokasaxa B ¢aiine ...Uda14-21-280S.gaa
y Ha pmuc. 11.1.22 (xapakrepyctmkm v [1H Ha 3TOM pUCYHKE COOT-
BETCTBYIOT AnanasoHy 28 Mln).

OcHoBHble napameTpbl aHTeHHbl puc. 11.1.22 B cBoBoaHoOM npo-
CTPAHCTBE nokKasaHbl B 1abn. 11.1.11.

Tabauua 11.1.11

Ra, Ga, Maxc. Monoca no ypoBHiO

JAwvanasoH om | dbi F‘[/lg F/B ir.lz nb, KCBK:u1,5. KCEr: 2,
14 MIy, | 50 | 6,9 22 >1000 630 >1000
21 My, | 50 | 7,1 22 500 200 >1000
28MIy | 50 | 7,8 22 900 300 650
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11.1.6. Opyrve npuemMmsl COBMELLEHURA

B arom naparpade Mbl paCCMOTPUM HE YMNOMSHYTbHIE BbilLE
MPUEMBI COBMELLIEHUS] HECKOJIBKUX OOHOAMANAa30HHbIX aHTEHH B 04~
Hy ODLLYIO KOHCTPYKLMIO.

MepBbiii N3 HUX (HABEPHOE, 1 B UCTOPUHECKOM CMBICNE OH Bbin
nepBbIM) AOBONLHO O4eBuaeH. PasHecem ABe COBMEWAEMBIE aHTEH-
Hbl Ypa-frm no eeicore. [la, norpebyercs 6onee BbLICOKasA U Npoy-
Has MayTa, HO 3aTO B3aWMHO HABEOEHHLIE TOKM CUALHO YMEHbL-
uiarcd. Begb HaNpPsXXeHHOCTb nons B 6avxHeNn 30He (a npocTpaH-
CTBO BOOAL TpaBepchl Yaa-Arm — 310 4UCTOl Boab GAvHNs 30Ha)
NafaeT npornopLmMoHanbHo KBaapary paccrosuus (n. 3.1.1). Cpae-
HWUTE, B MHOTOLMAMNA30HHLIX PAMOYHLIX AHTEHHAX BAEMEHTH! pas-
HECEHb! BCEIO HA HECKOMLKO AECATKOB CAHTUMETPOB, @ HACKOALKO
nonyyaloTcs npoule Tpeboeanma No CoBMeteHmio pamok (n. 11.1.3).

Ecmm Mmbl pasHeCceM TpaeepChbl COBMELLAEMbIX aHTEeHH Yaa-7rm
x0Ta 6bl HA METP NO BLICOTE, TO TPeboBaHusl NO COBMELIEHMIO yn-
POCTATCH [O YPOBHS PAMOYHBIX @HTEHH. A €Cnv pasHecTU MeTpa
Ha 3, TO COBMEUATb MOXHO, BOOBLUE HY O 4em He 3aborack. He-
A0CTATOK Takoro MOAXO[Aa TOMbKO B pacrodmTensHOCTU. Ecam Ha
KaXALI AManasoH MauTy Hafo Hapawmearb Ha 2...3 M, TO HuKa-
KOW BBICOTHI HE HanaceuiLcs.

MNo3atoMy Tak 06bIHHO COBMELLAIOT YK€ ABYX... TPEXAMANA30HHLIE
antennsl. Hanpumep, B daiine ...10_15_20.gaa nokasaHo CoBme-
LLIEHME B BEPXHEM 3TAXE ABYXAMANA30HHLIA (TOXE COBMELLIEHHOMN,
HO HA OQHON Tpasepce) aHTeHHb Yaa-Arm va 21 v 28 MI'y, (4 ane-
meHTa gna 21 MMy n 5 — ana 28 MIN) ¢ osHOAMANA30HHONR HETHI-
pexanemeHTHOl Yaa-Am amanazona 14 My B HMXHEM 3Taxe.
MeX3TaxHoe paccTosiHme 3 M CBOOMT B3aMMHOE BIIMAHUE K MUHU-
mymy. Camoe onacHoe BavsiHve 3neMeHToB auanasosa 14 Ml npy
pabore Ha 28 MIy, Buipaxaercs avuib B uamerHenun F/B Ha napy
aeumben. MNapasuTHbIl TOK, HABOAUMBLINA B anementax 14 My npu
paborte Ha 28 MI'u, B 20 pas MeHbLIE TOKa B «pOgaHLIX» BMBparto-
pax 28 MI'u. B obuiem, BCe XOpoLo, KPOME AULLHUX 3 METPOB Bbi-
COTbl MaYThl.

OB6bLMHO NPUMEHAIOT Bonee PauMoHANLHOE PeLIEHne. SAEMEHTD
BbICOKOYACTOTHBIX AMANA3CHOB BLINCAHSIOT MPOBOAOHHBIMU, V-06-
pPasSHBEIMM, KAK HYACTN PACTMKEK, NOAAEPXKMBAIOWMX TPYBYaTHIE HUS-
KOYACTOTHBIE 3AEMEHTD!.

MNpumep Takol aHTeHHb nokasad B ¢aiine ...rbSim.gaa n Ha
puc. 11.1.23 (napameTtpbl 1 [1H Ha 3TOM PUCYHKE COOTBETCTRYIOT
auvanasoHy 21 Mlu).

310 TpexamanazonHan (14, 21 u 28 MI'y) koHCTpyKums no 3a-
Tparam ¥ CNOXHOCTM NWLLBL HEMHOFO MPEBOCXOANT OAHOANANA30H-
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HYIO TpexanemeHnTHyio Ypa-aru Ha 14 M. CoBCTBEHHO, MMEHHO
Taxkasi aHTeHHa u3 TPyBuaTbix SAEMEHTOB U SIBNSIETCS OCHOBOW KOH-
CTpyKUMK.

Ha 21 u 28 Ml'y paboraioT no 4 NnpoOBOACYHBLIX dneEMeHTa. Bee
OHU PACTAHYTh! HA JOMNOAHUTENBHBLIX CTOMKAaX AnMHOIA no 1,2 m, yc-
TaHOBAEHHbIX NEPNeHANKYRAPHO Tpasepce. Tpu anementa 21 My
(pednexTop u 0b6a AMpeKTOpa) SIBNAIOTCA YACTAMM OTTSXKEK, nog-
nepxuveaioumx Tpybu anemedTor 14 M. ins eubparopa 21 My
yn BCex anemeHToB 28 Ml ycTaHOBAEHb OTAEAbHbIE CTolkM. n-
TaHME KAXAOro auanasoHa no orpentHoMy kabenio. 21 n 28 Mly,
yepes A/4 orpe3kmn annmnii 37,5 Om (aBa kabens no 75 Om B na-
pannens). Bubparop 14 My ypobHee nurark uepe3 y-Cornaco-
BaHue.

OcHoBHbBIE NapameTpbl aHTeHHsl puc. 11.1.23 B ceobooHoM npo-
CTpaHCTBE nokasaHu B Tabn. 11.1.12.

Tabanua 11.1.12

Ra, | Ga, Makc. lMNonoca no ypoBHIO
Ivanason Om dBi F/B, F/B > 12 b, KCB < 1,5, KCB < 2,
nb kg iy xy
14Mry | 28 | 7,6 27 >700 240 500
21 Mry, | 28 | 7,9 25 >700 330 600
28 MIy, | 28 | 8,56 20 >1400 100 660

B ACKOMMLIOTEPHBIE BPEMEHA PEKOMEHAOBANOCH HE TONBKO pas-
HOCUTb ZIBE TPABEPCHI MO BLICOTE, HO U NOBOPAYUNBATL UX NEPMEH-
AVKYASIpHO Apyr apyry. NoHsATHO, 4TO 310 eue 6onee ymeHbuiano
B3aUMHO HABEAEHHBLIE TOKM U BIIMSIHME @HTEHH PAasHbIX Auanaso-
HOB gpyr Ha gpyra. HO yBEANYMBano KOHCTPYKTUBHBLIE CNOXHOCTU
1 MapycHOCTL., A Takxe AoCTaBasino Heypobcrea B pabore. One-
paropy Hapo ObIIO MOMHUTBL, Y4TO OOHA U3 AHTEHH CABMHYTa MO
asumyTy Ha 90° OTHOCUTENLHO BPYFON.

Ceiiyac Takoe pelieHue MEpPecTano UCNOAbL30BATLCH, TaK KakK
MOCAE NOSAIBAEHUA KOMMBIOTEPHOIO MOAESAUPOBAHUA CTano Hecyule-
CTBEHHBIM €50 FAAaBHOE NPEMMYLLECTBO: BO3MOXHOCTb OOLEAUHATL
FOTOBBIE OHOAMANA30HHLIE aHTEHHB 6€3 KOPPEKTUPOBKU pasme-
po.. A Heypo6CTBa OCTaNMCh.

Bo BCSKOM cAyyae, 3a MOCNegHve rogbl BUAER TOAbKO OfHY
KOHCTPYKLUMIO C NEPNEHAUKYASPHBIM PACMNOAOXEHNEM aHTEHH pas-
HbIX puanas’onoB. M 1o, coenaHo 810 6bINO He U3-33 pa3BasKu,
a s AYHLero NCNoNk30BaHUS MMEIOLLErocs NPOCTpaHcTea. BHyTpb
«ABOVIHOTO kBaapara» ¢ Tpaesepcoit puc. 11.1.9 nepnexHankynapHO
BCTaBneHb 6 xkBagparoB Ha 50 MIw.
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Aeno B TOM, 4TO pnAuHa aHTeHHbol puc. 11.1.9 B Hanpaesnexun
U3NYYEHUS «ABOMHOIO KBaapara» Heeenmka. Beero 2,2 M. 370 amuib
0,37A Ha 50 My v 3TOM ANMHEI MANO AAS MHOFOSNEMEHTHOW aH-
TEHHbI C BbICOKUM YCUAEHUEM.

A BOT nonepek HanpaeneHus U3NYYEHUs «OBOWHOIO KBaapara»
pasmep aHTeHHbl puc. 11.1.9 cocraenser 5,57 M Ha 50 My, aro
0,93\. Takoil AnvHbl XBAraeT HAa LIECTUSAEMEHTHYIO AHTEHHY
50 MI'LL C BBICOKUM YCMAEHUEM.

MNpu pa6ore B agupe Hepenxo GuieaeT HEOBXOAUMO HECKONLKO
pa3 NoBepHyTb aHTeHHy Ha 180°. Hanpumep, BLISICHAS MAET N1 CUr-
Han Mo AAWHHOMY MAX NO KopoTkomy nym (n. 3.1.9.2). O6wit4HOE
MEXaHUYECKOE BPALLEHUE HA NMONoBuHy oBopoTa 3aHMMaeT OECAT-
KU cexkyHg. A aTo gonro, ocobeHHo uMmes B BMgy, 4TO nepuog 3a-
MUPaHUA MOXET BbiTb MeHblue. U Bbl HE MOXeTe ObiTh YBEPEHH,
ynan ny ypoBEHb M3-32 HENPaBWILHOIO A3UMYTANLHOFO HAanpas-
AEGHVS MK Xe, NOKA aHTEHHA MOBOPAYMBANACH, CUTHAST YMEHBLLUIWICA
n3-33a 3aMMPaHniA.

NosrtoMy AaXe Ans BpaLaemoil Mexanuiecku Ha 360° aHTeHHb
BECHMA XEAATENbHO MMETb BO3MOXHOCTL BHICTPOro anexkrpuye-
CKOrO nepeknioyeHns Mmakcumyma 1H na 180°. B tpexanemeHTHON
HaNPaB/IEHHON AHTEHHE 3TO AENaloT, NEPEKIIoNas SAEKTPUHECKYIO
AAMHY NACCUBHLIX SJIEMEHTOB TaK, 4Tobb pednekTtop CTaHoBUIICSH
OMPEKTOPOM M Haobopor (CMm. Hanpumep, puc. 7.3.8). ina Takoro
peBepcuUpoBaHns Makcumyma J1H aHTenHa gomkHa 6bith 3epKanbHo
CUMMETPUYHOM OTHOCUTENbHO CepeauHbl KOHCTPykumu (nn. 7.4.1,
7.4.2).

B aiine ...Switch 3Q14_21_5Q_28.gaa n Ha puc. 11.1.24 (xa-
paxkTepucTvkm n [JH Ha 3TOM pMCYHKE COOTBETCTBYIOT AMANasoHy
28 MI'n)) nokasan Tpexamanasoxubiil (14, 21 n 28 MI'y) «ksaapar».
Ha 14 u 21 My paboTaiotr no Tpy anemeHTa, Ha 28 MMy — nsThb.

B auana3sonax 14 n 21 My, aitenHa paboraer oamHakoeo. n-
TaHMe NOJAETCA B CPEOHME PaMKy, a NEPEeKnioHalnTcs MecTamm
pedneKTop M OMPEKTOP BKIIONEHWEM B PaMKy JIMpPEKTOpa ykopa-
umBalowero xouaencaropa (50 n 35 nd, na 14 n 21 My coorser-
CTBEHHO). )

Ha 28 MI'y anvna Tpaeepchl 8,8 M BHIHYXAAET MCNONL30BaTb
5 anemenrtos. Cpeanvii anemMenT Ha 3TOM AMana3oHe scersa pa-
6Goraer nepebiM AvpekTopoM. A pednexrop n Bubparop npu ne-
PEKMIOYEHNN MEHSIOTCSI MECTAaMU CO BTOPbIM M TPETbMM AMPEKTO-
poM. Mo3TOMY YKOPaYMBaIOWMA KOHAEHCATOP BTOPOro AMpeKTopa
BLINONHAETCH KaK 3aMKHYTBIA Ha KOHUE oTpe30k kabens 50 Om ¢m-
audeckoil anuHon 2,3 m {npu Ky = 0,66), nayliuii go koMmyTaropa
OCHOBHOIO Kabensi nvTanus guanasoxa 28 Mlu,.
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Tabnuua 11.1.13

Ra, - Ga, Makc. MNonoca no yposHio
JOunanazon ow | dBi IZE. F/8 :rlz nb, KCBK:HLS, KCEI_: 2:
14My | 281 9,1 27 450 175 308
21MIy | 50| 9,0{ 30 >600 190 400
28 MI'y | 50 |10,8| 22 >1000 180 480

OCHOBHbIE NApaMeTpbl aHTeHHB! pyc. 11.1.24 B caoGo.u,HOM npo-
crpchrae rnokasasnol 8 Tabn. 11.1.13.

11.2. AHTEHHb!, B KOTOpbIX
Kaxnabii anemeHnTt paboraer
Ha BCeX Aaumana3oHax

Crioco6ul peamusaymm. Mym;mpesonaHCHue anemenToi. C Me-
XaHNYECKYN NSMEHSEMBIMY DasMEDamMu. YnpasneHme aneKkTpuyecKoid
LTNHOMN 3NEMEHTOB. JNEMEHTH! YNPasnsieMoif 3neKTPUYECKOi 4nm-
Hbl B coyeTanuy € (OyUKCHpOBaHHLIMN 3JIEMEHTaMH.

Bce mopenu, ynoMMHaeMble B 3TOM Pasfene, HaxoaaTca 8 nar-
ke ...ANT\Common element\.

11.2.1. CnocoGul peanusauum

B npeabipyuwiem paspene Mbl BUOENM, HTO NP COBMELLEHUU
HECKONbKUX OQHOAMANA30HHLIX AHTEHH 3NMEMEHTH PasHbix auana-
30HOB 3aMETHO BNAMSIOT APyr Ha Apyra. A 310 NPUBOAUT KO MHO-
MM HENPUATHOCTAM: uckaxeumio OH, chuxennio F/B, Heobxoam-
MOCTH B3aMMHOIN KOPPEKTUPOBKU Pa3mMepoB.

Mpvunna 370it Npobnemul B TOM, YTO B COBMELLEHHLIX aHTEH-
Hax Ha KaxAOM puanascHe paboTaeT TONLKO YaCTb U3 UMEIOLIMX-
Cst 3NEMEHTOB. A OCTaNbHLIE CTOST 6e3 aena. laxe xyxe, He Npoc-
TO CTOAT, a MewaioT paboTaioimmM 3neMeHTaMm. XoTa Mbl MHoraa
WU ABLITAMMCH Kak-TO MCNONbL30BaTh Hepabouyne anemeHTn (Hanpu-
Mep,.Ha puc, 11.1.6 ana yeennuenus F/B), HO 310 GbINO COBCEM
HEe3d(PEKTMBHOE UCNONbL30BAHNE.

.3roT ropames yaen pybutcs nop KOpeHs B MHOrOauanasoHHbIX
AHTEHHAX, YCTPOEHHbBIX TaK, YTO KA U3 SAEMEHTOB MCNONL3Y-
E€TCA Ha BCEeX AuanasoHax. Takue aHTeHHb U ABASIIOTCA TeMOW STOro
paspena. MNapasuTHeX 31eMEHTOB, HE paboTaloumx Ha KakOM-TO
AManasoHe, B HUX NPOCTO HET (COOTBETCTBEHHO, HMKaKMX Npobnem
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C UX BAUSIHUEM He BO3HMKaeT). 1o TOW xe npuuMHe pacxos mare-
pMana u BEC aHTEeHH, B KOTOPLIX Kaxawlii anement paboraer wHa
KaXAOM AManasoHe, B HECKOABKO pa3 MEHbUIE, YEM Y COBMELLEH-
HbIX aHTEHH. ’

B 3TuUX aHTeHHaxX YMCNO aKTUBHBLIX SNEMEHTOB HA KaKIOM Ama-
nasoHe pasHo O6LieMy 4MCAy 3neMeHTOB. B ornvuve OT coBme-
LEHHBLIX GHTEHH, TAE HA KaXAOM M3 ananas3oHoB paboraer nvuib
Manasi 4acrb M3 ux obuiero ymcna. Tak, ecam Bbl CnbiLmTe B 3dU-
pe Ha 20 M: <Y MEH CEMb 3AEMEHTOB», TO 3TO BMOAHE MOXET
0Ka3aTbCs COBMELIEHHas aHTenHa Bpoge puc. 11.1.2, u Ha camom
fene B AaHHLIN MOMEHT paboTaioT ML TPU IAEMEHTA M3 CEeMU.

Ecnu xe paboraer, HanpuMep TPEX3NEMEHTHAs aHTenHa Ha 14,
21 1 28 Ml C MCNONL30BaHNEM KKOOFO 3MIEMEHTA HA BCEX Ana-
nasoHax, TO 3T0 ByfIET UMEHHO TPEXSNEMEHTHAs! aHTEHHA Ha KaX-
aom auanasoxe. Nockonbky HepaboTaIoMMe 3AEMEHTH OTCYTCTBY-
10T, TO PAcxofbl Mareprana Ha Takylo MHOFOAMaNa30HHYIO aHTEHHY
AMUIb HEMHOTO BbILIE, YEM HA OAHOLNANASOHHYIO.

Cywecreyer Tpu crocoba peanu3auym 3AEMEHTOB ANIA TakuX
AHTEHH!

1. MyNbETMPE30HAHCHBIE 3AEMEHTHI, PE3CHUPYIOIMNE OAHOBPE-
MEHHO Ha HECKONbKUX vYacrorax. B paspene 5.3 onucaxo, xak BKNO-
yeHue LC-KOHTYPOB B AMMOAL UAU PAMKY NPUBOAUT K NOSBNEHMUIO
HECKOABbKMX PE30HAHCOB. HUKAKUX AOMOAHUTENBHBIX YCUMAMIA NO
NepeKnIYEHNIo ANanasoHOB He Tpebyercs. AHTEHHA cama «nepe-
Knioyaerca» no 4actore. Cnoeo «NepeknioHaeTCs» B3ATO B KaBbi4-
KM MOTOMY, 4TO HMKAKOrO NMEPEKNIOHEHNA Ha CaMOM AEne He Npo-
VCXOOMT. AHTEHHA U €€ BAEMEHTHI YXXe 32PaHEE U OAHOBPEMEHHO
MMEIOT PE3OHAHCH Ha BCex Tpebyembix 4actoTax.

2. MexaHn4ecKkoe M3MEHEHVE OnvHbl SAEMEHTOB NO Avanaso-
HaM. B ornmume or npegpayuiero cnocoba, asToMaruduecku 370
He npoucxopuT. PasMep anemexHTa cam no cebe He N3MEHNTCH,
€ro NpMAETCa NEepeKnioyarbL Cka4kamu (pene) unm MeHsATb MIaBHO
(waroebimu asurarensmm). lNorpebyetcs 6a0K ynpaBaeHys v BME-
UIATEeNbCTBO ONEPAropa: pyvHast HacTPOHka AN KOMaHAa BLI30Ba
n3 namstm 6noka ynpaeBneHusi 3apaHee COXPaHEHHbIX HacTpoex
[AaHHOro pmanasona. B atom cnocobe B KaxAblii MOMEHT BPEMEHN
KaXAblii 3NEMEHT UMeeT TONLKO OAHY PE3OHAHCHYIO 4acTOoTYy.

3. YnpassieHwe SAEXTPUHECKOI AMHON 3NEMEHTOR MO 4acToTe.
Tpebyercs HE TONLKO 3AEMEHT, C NEPECTPaMBAEMON 3MEKTpUHE-
CKM PE30HAHCHON 4aCTOTOl, HO M y3en nepecTpoitku (Hanpumep,
LMCTaHLIMOHHO YNpasnisieMblii NepeMeHHbiil koHgeHcaTtop). Bee oc-
TansHoe (6NoK ynpasneHusi, BMELLATEALCTBO oneparopa, OgHa
pEe3cHaHCHast 4acToTa B fAaHHbINA MOMEHT spemeuu) Taxoe Xe, KaK
¥ B npeabigyiiem cnocobe.
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B Takom_nopspke mMb M paccMOTPMM BCe TpM cnocoba B cre-

Aywouwx naparpadax (N0 0 AHOMY B KaxXaom).
~ Ho no Toro, ykaxy OCHOBHBI@ HEOCTATKM AHTEHH, B KOTOPLIX
Kaxablit anemeHT paboTaer Ha BCEX AMANA30HAX:

. 1. OpgvHakosoe (HU3MNECKOE PACCTOSHWE MEXAY INEMEHTAMM
NpUBOAMT K TOMY, HTO 3REKTPUNECKOE PACCTOSHME MEHSIeTCs no
AManasoHam nponopuMoOHaNbLHO ANMHE BOSHL. JTO CYLLECTBEHHO
orpaniuumMeaeT ceobony B BHIGOpPE ANMHL TPABEPCH U MONYYEHUE
OAVHAKOBOr0 BXOAHOrO COMNpOTHBAEHMUS NO auana3onaM. Kpome to-
rO, NPUXOANUTCH CHUXATb YCUIIEHME Ha HM3LIKMX Avanasonax. B ca-
MOM [ene, Ha BepxHeil 4acToTe Fy., TPaBepca He MOXET ObiTh
AfvHHEe Npefena, Bhilie KOTOPOro pesko nanaeT F/B. A Ha HU3Lwei
yactote Fyy Ta xe caman duanueckas mnmHa TpaBepcH 3NexT-
puyeckn okaxercs kopoue B Fuu/Fun Pas. W 1akoe ykopouenne
BNEKTPUYECKO ANKHLI TPABEPCH MPH HEM3MEHHOM YKC/IE 3NeMeH-
TOB NpUAETCs oNnaTuTsL nagedmem Ga M NoOnoOCH.

2. Ecnu He nCnonb3yercs MEexXaHMYECKoe UBMEHEHWE [UMHE Sne-
MEHTOB, TO NPU CMeHe ANana3oHa U3MEHSIETCH KX JNEKTPUHECKAas
ANvHa. JTO TAKE CMNLHO OCNOXHSET AOCTUXEHNE PABHOMEPHOFO
Ra B pa3Hbix aManaszoHax..

-1.1 .2.2. MynbTMPE30HAHCHLIE JNEeMEeHTb!

B paspene 5.3 paccmotpero, kak BkmoueHnem LC-KOHTYpOB
caenarb AvNONib MU PamKy C HECKOJIBKUMWM PE3OHAHCHLIMKM Hac-
TOTamu.

. Ha nepsuit B3rnna, cozpaHre MHOrOAMAana3OHHON Hanpas-
NIEHHOW aHTEeHHH U3 MYNLTUPE30HAHCHHIX 2NMEMEHTOB BHIFNSAWNT
HeCNoxXHo 3anaveit. Caenaem BubGparop, pe3oHupyloumii 8 ce-
peanHax HyXHbIX AWana3OHOB, U MACCMBHLIE SNEMEHTH, PEe3OHU-
Pyloupe Ha Heckonbko % Huxe (ecnu 310 pednexTop), wnu BoilLe
(eCnu AMpexTop) CpeaHnx YacToT AvanasoHos. U pa3MecTuM STv
BneMeHTbl Ha Tpaeepce. . .

Ho, Kak ato 06LNHO M 6uBaeT HA NpPaKTUKe BO3HWKAIOT TPYA-
Hocm. K 061mmM npo6nemam Takux aHTeHH (cM. OkoHuaHme npe-
AbIAYLIEro naparpada) 8 faHHOM Cnydae NpuGaBnseTcs eLe oaHa.
Benb MYNbTHPE30HAHCHHIA aneMeHT. ¢ LC-konTypamu (kak napan-
NeNsHBIMY — TpanaMmu, TaK v NOCASAOBATENLHLIMM) HA HDKHUX AMa-
nasoHax ykopoueH (paspen 5.3). fpryemM HavxXynWwmrm U3 BCEX BO3-
MOXHbIX CNOCOGOB YKOPOYEHNS — MHAYKTUBHOCTHIO. _ ;

" Ykopouenue, KpoMe O6LIero CyXeHusi NORoCH u nageHus ycm-
NieHus1, NPMBOAUT M K M3MEHEHWMIO ONTUMANILHOIO PACCTOSHUS mexay

aneMeHTamu, a Ans IBYX3NEMEHTHOM aHTeHHB NAXEe TUNA Naccue-

HOro anemenTa (CM. rnaey 8).
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Fo3TOMY aHTEeHHB C MYRLTUPE30HAHCHLIMM ANEeMEHTaMu BCe-
raa KOMAPOMKUCCHE. FpoekTupoBanue takux aHteHH Tpebyer oa-
HOBPEMEHHOIO CBEAEHUS NMPOTUBOPEUMBLIX TPEOOBaHUIA U CUNBHO
HanNOMMHAET NOroBOpPKY: «HOC BHTaWWn — XBOCT yBsA3». Fipuxoaurcs
4EeM-TO XEepPTBOBATL: WK YCUNIEHUEM, Unu cornacosarmem, wim F/B.

Jpyroil HepOCTaTOK AHTEHHB C MYNIETMPE30HAHCHBIMK SNIEMEH-
TamMu — HeoBX0AMMOCTL Y4MUTLIBATh NAPA3UTHLIE PE3OHAHCH ApY-
rux auanaloHoB. HO BeAb 3AeChb ke HET SNEeMEHTOB APYyrvx aua-
Na30HOB? JNIEMEHTOB HET, a PE30HaHCHl APYrux AMana3OHOB eCTh.

Mocmorpute Ha puc. 11.1.1. FMokasanHas Tam xapTvHa «pac-
cuinanus» JH Ha 28 My HKMKaK He U3BMEHWTCSt B Ny4llylO CTOPOHY,
€CAK BMECTO ABYX OTAENLHLIX AMPEKTOPOB 28 u 24 MINy Mb ycTa-
HOBMM [BYXNACTOTHBIN AUpekTop 24/28 MIu. C TOouku 3pexHust nonsi
BuOparopa 28 My Bce paBHo, 4TO cnpaea ot Hero (no puc. 11.1.1)
DENCTBYET KaK NapasuTHbiit pednexTop 3T0ro AvanasoHa: otaenb-
HBIA aypexTop 24 MIy vinu ABYXNacToTHuIA 24/28 Mlu,.

HawGonee pacnpoOCTpaHeHbl MyNbETUPE3OHAHCHBIE TpanoBbie
aHTeHHbl. Kak onucano B nn. 5.3.1—5.3.4, aneMeHTH C napannensb-
HeiMu LC dunbrpammu-npobkamu (Tpanamm) MOryT pe3OHMpOBaTh
B HECKONbKMX AMana3oHax. Tpanw AEWCTBYIOT KaK PE30HaHCHLIN
nepeknioNaTenb, OTKOYAOLWMIA U3BHITOUHYIO (C TOWKM 3pEeHust A0-
CTMXEHMS Pe30HAHCAa) HA AAHHOM Auana3OHe HacTbk AMMHL ane-
MEeHTa.

OtmMedy, NTO Tpanb OAHOro Anana3oHa BO BCEX 3feMeHTax
(R, W, D) gomXHb HaAcTpamBarbCa HA CPESHIO HacToTy AaHHOro
avanasoHa. He cnepyetr wacrtpavBars Tpanb pednekropa v aou-
peKTopa, OPMEHTUPYACH HA PE3OHAHCHHIE YacToTHl anemeHToB. Ped-
NEKTOP PE30HUPYET HA HECKONBbKO % HUXE CpenHeil HacToThi Ana-
nasoHa, a AUPEKTOp — Ha HeCcKonbko % soile. HO ¢uamieckn
B aHTEHHE HEeT TOKOB, COOTBETCTBYIOLLMX 3TUM HactoTam. 1o Bcem
.BNEeMEHTaM NpOTEeKalOT TONBLKO TOKM C YacToTOi AaHHOro auxana-
30Ha. Ux 1 Hapo orcekars Tpanamm, HaCTPOEHHBLIMM Ha 3Ty YacTo-
Ty. A pasHbie Pe30HaHCHBIE HacToT R ¥ D 03HavaloT nvilib Bpems
3apepxkn (T0 ectb ¢da3y) TOKOB C HaCTOTO paccMaTpusaemMoro
AuManasoHa. -

Knaccuueckan TpexauanasonHas (14/21/28 MI'u) tpanosas aH-
TeHHa Ypa-Sru npusepena B daiine ...3e ITriband Yagi.gaa v Ha
pvc. 11.2.1 (AH u napaMeTtpbl HA STOM PUCYHKE COOTBETCTBYIOT
avanasoHy 21 M), Moao6Hbie aHTEeHHB! BHINYCKAIOTCHA nog, pas-
HLIMM Ha3BaHusIMK, Hanpumep A3S.

OCHOBHbBIE NapameTpbl aHTeHHW puc. 11.2.1 B ceo6oaHOM Npo-
CTpaHCTBE NMOKa3awu B Tabn. 11.2.1.

N3 aToit Tabnuubl XOpOLWO BMASH KOMMNPOMMCCHBI Xapakrtep
AHTEHHBI.
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Tabnuua 11.2.1

Makc. flonoca no ypoBHIO
KCBs, Ga,
Lwanasox . | /B, | F/B > 12 gB,| KCB < 1,5,] KCB < 2;*
Ha pesoHaHce dBi .
: nb xfu ky Ky
14 My 1.3 6 | 17 400 120° 250
21 My, 1,1 6 22 - 250 150 270
28 Mry 1,1 76| 20 1500 400 ~ | 1000

Auanaszon 28 MIy. PaboTalor TONLKO BHYTPEHHME 4acTy ane-
MeHTOB. Bee ocransHoe oTpesaHo Tpanamu. Jnvna Tpasepch 0,4A.
3710 npepenpHoe 3Havenne ana F/B = 20 ab. JaneHeiiwee yonm-
HEHWE TPaBepch OLLYTMMO cHuxaeT F/B Ha 28 MI'u. Bonbtuas anu<
Ha TpaBepcChHl MO3BONSAET NErko NONyYuTh LIMPOKME NOJIOCH Kak no
F/B, tak  no KCB. Vix paxe He OYeHb NOPTAT NOAKMOYEHHHE Ye-
pe3 y3KOMOJIOCHHE TPanb! BHELLHME HacTy 9neMeHTOoB. B atom aua-
na30He aHTeHHa onTuManbHa (Hy, passe 4to F/B He OGneller ua-3a
JANVHHOIA TPaBepCH!).

Auanazon 21 MrIy. Pabotalor BHYTPEHHME HacTh SNEMEHTOB
NAIOC NOOK/MOYEHHHIE Yepe3 pacCTPOeHHBEe Ha 3TOoM AuanasoHe
Tpanu 28,3 MI'u cpeatxme vactm (no tpanos 21,2 MIu). Snexrpm-
qeckas AnvHa Tpasepch ymenbiuaercs 10 0,3M. He npeacrasnsier
Tpyna nonyunts xopotuee F/B 1 Ra 6nmzkoe k 50 Om.

Ho BoT ¢ nonocamu B aToM auanasone 6epa. Bo-nepsbix, pa60—-
TaloWMe YacT SNEMEHTOB yKOpoueHH Tpanamu 28,3 M, pa6o-
TAOWMMK B 3TOM AMana3oHe KaK KaTyllkn MHAYKTUBHOCTU. Koad-.
duumeHT ykopouenust nonydaetrcs 0,8. MNpu takom Ky nonoca tpex-
aneMeHTHOI Yaa-9irm ymedbiwsaercs 6onee uem-B 1,5 pasa, no
CPaBHEHMIO C NONHOPA3MepHOii (puc. 8.1.2).

OkOHYarenLHO AOGMBAIOT NONOCY B 9TOM AMANa30HEe BHELLHUe
HacTH 3AEMEHTOB, NOAKNYEeHHHe yepe3 Tpany 21,3 MIu. Tpanw
BEAb Y3KONOJOCHBE. U npu paccTpoiike yxe B ASCATKM KMnorepy,
BesflyT cebsi He Kak M30MISTOpH, a Kak peaxtmBHOCTb. K coxane-
HUIO, B AAHHON aWTeHHe wa 21 MMy, ST0 NpUBOAUT K 3aMETHOMY
CyXeHuio nonocu. OHa He npesbisaet 300 kfy aaxe NO camMbim
MSNKUM KpUTEPHUAM.

Aunanason 14 Mly. Pa6Goraer Bcs AnvHa sneMeHToB. 3a cuer
karywwek Tpanos Ky = 0,7. 310 AOBOALHO MHOFO, HO TaK KaK K Aasib-
HUM KOHLLGM GOnblie HUNEro HE MOMAKMONEHO, TO OTHOCUTENbHAs
nonoca nonyyaetcs paxe wmpe, 4em Ha 21 MIy (abconiorHas
HEMHOIO yXe).
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3nexTpudeckas AnvHa Tpasepch Mana, 0,2A. Kpome Hera-
TMBHOTO BAMSIHUA HA MOJNIOCY, 3TO MELIAeT nofywutk Ra, 6nuskoe
K 50 Om. MNpuxoantcs paccTpaMBar SNEMEHTH, yBOAS MX OT Mak-
cumyma F/B. Onyctms Takoit paccrpoiikoit F/B no 17 ab, ynaer-
cn nonyunte Ra = 37 Om, 4T0 naet KCBjy = 1,3. Ynyuumrts KCB
B 9TOM AManas3oOHe MOXHO TORBKO 3a cyeT yxyawenus F/B u na-
060pOT. - ’

Dns ynyuisenns antenHs B ayanasode 14 My, MOXHO OTOABM-
HYTb AUPEKTOP noAanesilie Ot BuGparopa rak, 4tobut 06wan anvna
Tpasepcu aocturna 6w 0,3...0,35A. Mpu atom Bo3pacTtaer Ra no
50 Om, F/B yxoaout 3a 20 ab, a nonoca paciumpsercs.

.- Ho npu atom Bear Ha 28 Ml pnvHa TpaBepchl OKaXercs ue-
neix 0,6...0,7\. 310 Yepecyyp MHOrO Ana Tpex snemenTos. MosTo-
My YMCMIO SneMeHTOB Ha 28 u: 21 MMy npuxogutcs yBenuumearb
Ao vethipex. las 3toro-mMexay obumm BUOparopoM # KpanHum
npasbiM AMPEKTOPOM (KOTOpLI paboraeTr Ha BCex Tpex Auanaso-
Hax) BCTaBASIOT NOBYXWACTOTHHIE AMPEKTOp. (TOXe :¢ Tpanamwu)
21/28 MI'u. fonyvaetcs 3 snemeHta Ha 14 MMy 1 no 4 — Ha 21
v 28 MINy, 1O ecTb NpPUHUMN MCNONB30BaHUA KAXAOro 3neMeHTa
Ha KaXA0M AMana3oHe TyT Hapywsaercs. OauH 3 AUpEeKTOpoB Ha
14 My He ucnone3yeTca.

Takan aHTeHHa MMEET XOpoLLME XapakTepmcTvky Ha 14 1 28 My,
onHako Ha 21 MI'y, nonoca no-npexHeMy oCTaeTcsl y3Koit.

= C NOMOULLIO TPANOB MOXHO CAENATh ABYXAWANA30HHLIM K «ABOM’-

HOIt kBaapats. Ha BepxHeM guanaszoHe 370 oObiuHbiE QQ, passe
YTO paccTosHue Mexay pamkamm suibupaerca 6onbile 0OLNHOrO,
okono 0,2\.-Ons Toro yrobbl NONY4MTL PE3OHAHC HA BTOPOM, Go-
nee HM3KO4acTOTHOM Auana3soHe, kK ob6emm pamkam aoGasnsorcs
€MKOCTHHIE Harpy3kn. A qroﬁu OHU HE BRKSIAK HA BerHMM avana-
30H, KX OTCEKAIOT TPanam. :

Mpumep Taxkoro aByxomanasoHHoro (14 u 21 Miu) «agoitHoro
KBaapara* npuseneH B ¢aitne ...QQ21-14short.gaa v Ha puc. 11.2.2
(OH ¥ napameTphw Ha 3TOM PUCYHKE COOTBETCTRYIOT AWANa3oHy
14 Mly). OcHOBOI aHTeHHb ABASETCA OObMHEI QQ Ha 21 MMy,
B KOTOPHIi Npw MOMOLIM TPANOB (PacnNONOXEHHbIX O6bINHBEIM 06pa-
30M, B NY4HOCTSIX HANPSIXEHUS) noﬁasnmorca €MKOCTHBIE Harpy3a-
kit Ha 14 MMy, - ’

Mapamerpul anteHHu! puc. 11.2.2 B c8060AHOM NpoCTpaHcTse
nokasans B Tabn. 11.2.2. B auanasone 21 Ml ovM COOTBETCTBYIOT
OOLMHOMY «p,sounomy KBaaparvy» C YANMHEHHOI Tpasepcoil. A Ha
14 MIN'y nonoca aHTeHHb oqenb y3|<as| v ycuneHme mano. YKopo-
YeHue pano cebs 3Harth.
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Tabnuuya 11.2.2

KCBs, nocne Ra. | Ga Makc. flonoca no yposHio
Dwanason | cornacyrowero ' " | F/B, [F/B> 12 aB, |KCB < 1,5, | KCB < 2,
Om | dBi
orpeska kabens b kl'y kfy Ky
14 My 1,1 8539} 21 100 70 160
21 My, 1,4 150 (6,9 20 800 230 1000

Cornacoeanne aHTenHw puc. 11.2.2 caenaHo oTpe3koM Kabe-
na 75 0m ¢ onexTpuueckon AnmHolt A/4 Ha 21,2 ML, paiowem
BXoAHOe conpotuenerne 112 Om. Ho Ra = 150 Om, noatomy KCB
Ha pe30HaHCe He O4YeHb xopow — 1,4. Ha 14 MMy Tot xe kabene
vmMeeT anextpuueckyio pumny 0,1670 u npeobGpasyer 50 Om
B 85 +j31 Om. CrepnoBarensHo, OH cornacyet Za = 85 —-j31 Om
(TO eCTb KOMNNEKCHO-CONPSIXEHHBI uMrenaHc). AKTUBHas 4acTb
BXOAHOFO MMMNeaaHca B 3T1om amanasone 6nuaka k 85 Om, a 1pe-
Gyembie -j31 OM nerko nonyunTte HeGORbLLIMM YKOPOYEHHEM €M-
KOCTHBIX Harpy3ok. I'IosTomy KCB Ha 14 My, nony4aeTcs HU3KUM.

Y 3neMeHTOB C Tpanamv OTKIIOYEHHbE Tpanamu 4acTn He uc-
nonb3YylOTCA HA BEPXHWMX AManasoHax. A 3ps, M3OHITONHYIO AnvHY
MOXHO KOHBEPTUpOBaTh B ycunenue. HO ana 310ro Hago, 4robw
Ha BCex AuanasoHax pabotana BcA AnvHa snemexta. Jo6uThbes
3TOr0 MOXHO TOALKO BKtoueHueM CY B TOUKM MaKCUManbHOrO TOKa
KaXaoro u3 sanemMeHToB.

B n. 5.1.5.1 onucaHo, 4TO napannenbHbit LC-kOHTYp B TOuKe
nuWTakiua pabotaer Kak AsyxamanaszonHoe CY [lpu 3T0M oauH -
nonb MMeeT ABa pe3oHaxca. Ha BepxHem auanasoHe auMnonb Noa-
KIIONEH K MCTOYHMKY Yepe3 eMKOCTHOEe —jX KOHTYPa, Ha HUXHEM —
qepes3 uHAYKTMBHOE +jX KOHTYpa. Flo3TOMY Ha BepxHeM Anana3oHe
AMNONb YANMHEH, @ HA. HWXKHEM YKOPOUYeH. §ICHO, 4TO M3 Tpex Ta-
KuX AMroneii MOXHO CO34aTkb Tpexanememuylo Asyxp.uanasonnybo
aHteHHy Ypa-drn. . =

Takas aHteHHa Ha AManas3oHs 14 u 21 Mru. nokasaHa B ¢aiine
...3el_14-21LC.gaa u Ha puc. 11.2.3. duanueckme pasMeps BCEx
3NEeMEHTOB aHTeHHH puc..11.2.3 oauHakosw. “Heobxomumbie pe-
30HAHCHLIE 4aCTOTH BMEMEHTOB YCTaHABNMBAIOTCS HAGTPOMKOM
KOHTYPOB (OtaensHo L 1 C), B HUX BKMOYEHHBbIX: R HacTpausaer-
cs na 13,94 u 20,8 MMy; W —14,15 u 21,2 Mry; D — 14,69
n 21,74 MIny.

JIH u pacnpenenenne Tokos Ha puc. 11.2.3 cooTeeTcTBYET AMa-
nasony 21 M. BupoHo, 4TO B OTnMuME OT TPANOBLIX AHTEHH pa-
Gotaet Beca AnvHa anementa. Bes pena He npocTavsaer Hu OfUH
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Kycouvek. Ipubaska ycvnenms Ha 21 Mk OT 8TOro, xoTs U HeBe-
nvka (M ymeHbllaeTcs 1M3-3a notepb B LC-KOHTYpax), HO nMmeeTcs.
OnexTtpyueckas AnMHA TPAaBEePCH HA 3TOM AMANa3oHe ONTUMANbLHA
ANs TPEXANEeMEHTHON aHTeHHH 0,35M.

B ananazove 14 MIy anemeHTs ykopoueHs ¢ Ky = 0,8. 370,
KOHEYHO, yMeHbluaer Ga, nonocy v Ra. BHOCMT CBOIt BKnian v yko-
poOuEHHEe 3NEKTPUNEecKo AnuHb Tpasepck no 0,23)h. Ra camoii
aHTeHHus Ha 14 MI'y nonywaetcs okono 28 OM ¥ noOBLHICMTL €ro
He ypaercs.

CornacoBanue B 060MX guanasoHax AENaercsl OTPEe3KOM Nu-
Hun 37,5 Om (aBa kabens 75 OM B napannens) SAEKTPUNECKO#R
pwHoit 5,4 m. B auanasode 14 MI'y aro coctasnsietr 0,26\ m no-
Bbiuaet 28 Om no 50 Om. Ha 21 MI'u anextpuueckas onuHa co-
rnacywiowero orpeska sospacrtaet 1o 0,37A. Takoi OTpesok corna-
cyer Ha 50 Om nmnepaic 36 — j10 OM. Ha 511 3Hauenms n gonxHa
ONTUMK3NPOBATLCH aHTeHHa B Auanasone 21 Mliu.

OcHoBHbIE NapaMeTpy aHTeHH puc. 11.2.3 B cB060AHOM Npo-
CTPaHCTBE MoKasaHu B tabn. 11:2.3.

Ta6nauuya 11.2.3

KCBs Ga, Makc. Ronoca no ypoBHio
LvanaaoH dBi F/B, |F/B> 12 pnB6,{KCB < 1,5, KCB <2,
Ha pesoHance § 6 Ky Ky Ky
14 Miry, <1,1 65| 22 400 230 350
21 My, <1,1 8 22 700 180 310

CpaBHUM UX C aHANOrMYHLIMK 3HAYEHNSIMK aHTeHHu puc. 11.1.1,
KoTtopas umeer Gauskue (HO wyTb MeHbl.uMe) pa3MepH ¥ pasHOe
YMCRO 3NEMEHTOB:

e Ycunenuve paccmarpusaemou aHTEeHHb Bbille B Oo6OMX aua-
naszonax. Ho 14 M Ha 0,5 AB (MeHbilee YMCNO Karytiek
CHUXAET Mnotepy B HUX, MMOC ypAMHEHMEe Tpasepch). Ha
21 MI'y, anrenHa puc. 11.2.3 suinrpbisaet MHoro. Lientix 2 ab.
MpuuKHE TE Xe camble U eilye A00asNAeTcs NONHOE UCNONb-
30BaHME ANMHBL SNEMEHTOB.

® F/B nprvMepHO paeHbi. Jlyylliee nopasneHme nany4eHns Hasan,
y @HTEeHHH puc. 11.2.3 ca3aHo ¢ Gonbluel AnMHO Thasepchl
u cnoco6GoM cornacoeaums (Ham He Haao BuiTaArMBark 50 Om
CaMoil aHTEHHOIA, Kak Ha puc. 11.1.1).

e [lonock paccMarpMBaeMoOl aHTEHHH 3aMeTHO wupe. Mpas-
na, no KCB B gvanasone 21 My HEHAMHOro, HO HEe Hano
3a0biBaTb, YTO 3TO MpPU BLUIMIPHILLE yeunenus 8 2 Ab.
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B obuiem, aHteHHa pmc. 11.2.3 uMeeT OueHb XOpoLiMe napa-
METPH ANS ABYXOMana3oHHOM cucTembl. A Yem 3TO yAOBONLCTBME
onnaunsBaerca? BecbMa CAOXHOI NpoUenypoit NPOEKTUPOBaAHUSA
M HacTpOWKu. ’

JanHble LC-KOHTYPOB 3aBUCSAT OT 3NEKTPUNECKOW ANMHLI Bne-
MeHTa. A cneaosarensHo, OT ero AnvHb, paauyca u cnocoba Ta-
fepUpOBaKKsl, BLICOTH Had 3emneit. [OSTOMY nyThb «CAenars Bce
1 Kk 1, KaKk B on1caHumus» CKopee BCero He cpaboTtaer.

Her, ecnv BH ncnonbayete TpyOu anaMeTpom 25 MM # NOSHK-
METEe aHTeHHY Haf, 3eMneil Builue NONYBONHLI, TO NOBTOPEHKME MO
paHHbBM puce. 11.2.3 pact xopowme pe3synerark. Ho ecnu tpybw
OynyT HMHLIMKM, TO NPUMAETCA HA MOAENU NMOArOHATH HE TONbKO MX
pasmepbl, HO ¥ 3Hauennst L 1 C kaXxaoro U3 KOHTypoB. B camom
Aene, eClv BH MEHsieTe PaguyC 9N1EMEHTa, MEHSIETCS €ro NoroHHas
MBAYKTUBHOCTL (Aa 1 BooOLLe, pa3max xapakrepucTtuku jX(f) cm.
puc. 3.3.3—3.3.6) n s HACTPOIiKK ero Ha 3afaHHbie HacToTH Nno-
TpebyloTca yxe apyrue 3Hadenns L u C kaxaoro M3 KOHTypos.

Mpuyem, B OTAMNKE OT TPanNoB, Npyw TakOit HAaCTPOIKE HE CTOUT
o6pawars BHUMAHWA HA PE30HAHCHYIO0 4acToTry KOHTyposB. Ha
puc. 11.2.3 oHa npvBeaeHa Tonbko ana cnpasky. Flpu MHbiX paavy-
Cax 3MEeMEHTOB PEe30HAHCHBLIE YacTOTH KOHTYPOB BrOAHE MOFYT
meHsiTbesl. Kerary, noaromy TpeboBaHusa no 3NeKTpUNecKOi npou-
HOCTM K B2aHHbIM LC-KOHTYpaM HamMHOrO HUXe, YEM y Tpanos.

Brnipouem, CUNbHO pafoBarLca 3TOMY He cnenyet, Tpebosanus
no AOGPOTHOCTH OCTAIOTCH BLICOKMMM. Befb CONpPOTUBAEHUS MNO-
TEPb KaTYLIKM B KOHAEHCATOPA BKAIOWEHH NOCNeR0BaTe/IbHO C UG-
TOYHUKOM u Gecnone3Ho OTOMpalOT MOLUHOCTbL MOCAEAHEro Ha
Harpes, cHuxas obuiee youneHne awteHHbl. Ho BepHeMcs K Ha-
CTpoiiKe. .

OpMeHTUPOBATLCA NPK HEelt (Kak Ha MOAEnu, Tak U Ha NpPakTu-
Ke) Hago Ha Tpebyemuie PE30HaAHCHLIE YACTOTH 3NEMEHTOB, NMpHU-
BeZeHHbE Buiue (Ha C. 276). A nocne TOro Kak OHW [IOCTUIHYTHI,
TO4YHO noporHath F/B v Ra B kakaoM ananasoHe.

MpoGneMa COCTOMT B TOM, NTO Kaxawit u3 anemeHTos LC-KOH-
Typa OOHOBPEMEHHO BavsieT Ha 06a auana3oHa. XoTa uameHexHve L
BnamMsieT B GonblieM Ha HU3WK anana3oH, a C — Ha BHICLLMNA,
HO HACTpOKa Kaxporo aneMeHTa TpebyeT HECKONbKUX KPYroB
(n. 5.1.5.1).

MOXHO NpUMEHUTL ONUCAaHHLIA NPUEM ¥ Ans «OBONHOrO.KBaa-
para». HO Ha HUXHEM Auana3oHe Pe3ynbTartbl NOAYYaloTCH HEeBaX-
Hule. He mobat QQ yxopouenns uHAyKTUBHOCTBLIO (n. 8.1.3). Ho ana
MONHOTH KapTHHB pacCMOTPUM Takyild aHTenHy. OHa npuBeaeHa
B ¢aitne ...14-21LC 2 el quad.gaa u Ha puc. 11.2.4. MNapameTtpo
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¥ pacnpegeneHve TOKOB Ha 9TOM PUCYHKE COOTBETCTBYIOT nuana-
30Hy 14 My,

OcHoBHbIE NAapaMeTpbl aHTeHHs puc. 11.2.4 8 ceoﬁo.u.uom npo-
CTPaHCTBE NOKa3aHL! B Tabn. 11.2.4.

Ta6nuﬁa»11.2.4

Ra. | Ga Makc. flonoca No ypoBHio
Ovanazon | 1 F/B. |F/B>1216, | KCB< 1.5, KCB < 2,
Om | dBi .
nb Ty 'y KTy
14MIMy | 901{ 4,8 20 120 g0 - 180
21 My | 260( 7,3 20 600 800 1300

bpocaiotcs B rnasza nnoxue napamerpul 8 guanasoHe 14 Mru.
Ycunenus scero 4,8 dBi. 3to mano ana HanpasneHHOR aHTEHHD.
Moxto Hemuoro (po 5,2...5,5 dBi) nogHsTs younenve, nosbiuas
nobporHocts karywek o 300...400 (8 mogenu ...14-21LC 2 el
quad.gaa ycrarosneHa no6porHocTs 200). Ho Takue katyiuku ume-
10T OLWYTUMBI BEC, @ paMku y Hac NPOBOSIOYHBIE. MexaHudecku
Heyno6HO nonyuutcs. M gaxe npy OYEHL XOPOLIMX KATYLUKAX Mbt
HUKYOA HE LEeHeMCsl OT y3KOi nonockl. Maktuyecku aHTeHHa Be-
net ceba kak HanpasneHHas nmwb B nonoce 120 kM. U crons ne-
HanbHbll Pe3ynsTar NoayvyaeTca Npu OTHOCUTENBHO HeOONbLLLOM
ykopoueruy, Ky = 0,8.

B pvanazone 21 My anrexna puc. 11.2.4 umeer napameprl
XOpOoWero «OBOMHOTrO kBaaparar. OpgHako Gonbwoe (0,2X) pac-
CTOSIHME MEXAY paMKamy U Ux GU3N4ecKoe y/iHeHVe NPUBOOANT
K u36bITOHHO BbicokOMy Ra = 260 Om. CornacosaTtb ero KOHEYHO
MOXHO. Ho He opHoBpemeHHo ¢ 90 omamy BXOOHOrO ConpoTuBne-
Hua Ha 14 M. MNoatomy TpebyeTca euwle v nepexknioyeHre corna-
CYIOWEero yCTpoiicTBa No oyana3oHam. ;

B n. 5.1.5.1 onucaHo, 4TO BKIIONEHWE B NY4HOCTb TOKA ,qsyx
LC-xorTypos paeT Tpy pe3oHaHCHBIE YaCTOThl TAKOro anemeHTa (CM.
moaens .. \ANT\HF multibands\Ant+tuner\14-21-28 LCdipole.gaa)..
Mo vnee, u3 Takvx 3MEMEHTOB MOXHO CAENATb TPEXANANAZOHHYIO
HanpasneHHylo aHteHHy. Vimelotcs paxe onucanuwa B moGurens-
CcKkoii nuteparype. Ho, k COXaNeHWO, TPYAOEMKOCTL HAaCTPOitku Ta-
KO## @HTeHHbI NPEBOCXOAVT BCE MBICAMMbIE NpEefend. B kaxaom
13 3NEMEHTOB UMEIOTCA NO 4 Perynuposku (OBe KaTyluku, Aga KOH-
feHcartopa), NpuyYeM KaKAas U3 3TUX PEryIMpoBOK BAusieT Ha BCe
AuanasoHbt cpaldy. MoaToMy npakTUyeckas HacTpOWka Takoi aH-
TeHHB Ha pabouyeit BLICOTE NpeaCTarRnaeTCcs Aenom noytu Geana-
AexHbiM. Bo BCAKOM Cnyuae, MHE Ha npakTvke Takve AHTEHHB! HN
pasy He BCTpeuanuchb.
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- oo - 11.2.3. C mexaHu4ecku
M3MEHSIEMbLIMU pasmepamm

‘B npeapioywiem naparpade Mbi yGeoMnuco, STO NONYYUTbL He-
CKONBKO PE30HAHCHBIX YACTOT OT O4HOIO 2NMEMEHTa METOAAMU YKC-
TOW PAOVIOTEXHVKU HENPOCTO. A Pe3ynbTaTtel NONYYAIOTCA XYXE, Yem
y O4HOAVANA30OHHLIX AHTEHH, OCOBEHHO B 4acTu NONOCH NPonyc-
KaHus. -

Aa, 6e3ycnoeuo, B CMbicne ynobcTea ANns oneparopa aHTeHHb!
C MYNbTUPE3OHAHCHBIMY 3NIEMEHTaMyU O4YeHb npaxkTuyHbl. C HuMKy
BoobLle HUYero He Hago penarb Apy cMeHe auwanaisoda. Ho onna-
yuBaeTca aToT KOMGOPT CHuxeHrem Ga Ha HU3LLUX OUana3oHax
¥ NONOC NPONYCKaHWS.

Hro Mbl MOXEM BLIraAarb, €CNv NOpy4vm Oneparopy ynpas-
NATL CMEHOM ManasoHoB B aHTeHHe? OTBET Ha 9TOT BONPOC Pac-
cmarpueaeTca B 3ToM M B cregyiowem (n. 11.2.4) naparpadax.
B panvom naparpade mMbl pacCMarpuBaeM MEXAHUYECKOE U3MEe-
HEHME PA3MEepPOoB INEeMEHTOR, a B n. 11.2.4 — anekrpuueckoe.

NamenaTs ¢manyeckre paaMmepbl 3NeMeHTa MOXHO ABYMS CRO-
cobamu:

1. OmckpeTtHo, npy nomowm pene. Tak, kak onucaHo B n. 5.2.3.2
v nokazaHo Ha pmc. 5.2.10. NMpv nepexope ¢ H4Y pnanazoHa Ha
cAeayiowmii BBEpX N0 4acToTe, BLICOKOBOMNLTHLIE (HA KOHLiAx Ouv-
AONA MaKCMMyMbl HanpsXeHWs) pene OTKMoHAIOT HeHyXHble Ha
3TOM AManas3oHe 4acTu gunons ¢ oBeux cTtopoH. Ha narwaovana-
3onHHbiA (14/18/21/24/28 MINy) anemenT TpebyeTtca 8 pene. A Ha
TPEXSNEMEHTHYIO aHTEHHY M3 TakKux SNEMEHTOB — 24 pene.

2. MnaBHO, BLITArMBas-HamMaTHIBas MOTOPamMy METa/MHYECKYIO

nenvy. MpumepHo Tak xe, kak B o6GbmMHOM, mepHOW pynetke. Ha
puc. 11.2.5 nokasaHo $OTO LEHTPANLHOIo ysna LVNONA aHTEHHE!
StepplR, peanuayioweit aToT cnNocob.
" B kadectse marepuana aneMeHTa ucnonL3yeTtca ynpyras nep-
¢opuvpoBaHHan MeaHas -nexHta. MCx0pHO OHa HaMovaHa Ha pByx
GapaGaHax (cnpasa suuay pmuc. 11.2.5) npumepHO Tak Xe, Kak
8 pynetke. [lga Warosbix ABUrATENs CBOMMU BLIXOAHLIMY LHECTE-
petkamy (Ha $OTO B LEHTPE) TAHYT WM TONKAIOT NEHTY, B 3aBU-
CUMOCTI OT TOroO HaL0 YKOPOTUTH MM YANVHUTL 3NIEMEHT.

O6a koHLa neHTHl Yepe3 Hanpasnsiome (6ensie nmnacTuHbt
B u,eu'rpe) pasnaloTcst B pasHbie CTOPOHBI B CTEKNOMNACTUKOBYIO
Tpy6y (Ha pumc. 11.2.5 oHa cnesa), BHYTPU KOTOPOW, COBCTBEHHO
M ABMXETCA NEHT3, MeHss pasmepbl anemexta. Crexnonnactuko-
pas Tpyba v]meet HeBoNbWO auaMeTp M He AaeT neHre neperv-
6arbca v ceuBarbCs. Kpome TOro, oHa mexaHuyecky NoOANemKMBaeT
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NEHTY B FOPU3OHTANILHOM COCTOSHUY U 3aUMLLIAET ee OT npespar-
Hoctel noroapt. Floatomy pasmepst TPYOH cooraercreylor Makcm-
M&UILHO BO3MOXHON ANVHE aNnemMeHTa.

I‘Iepep. Gapabanamu K NeHTe NOAKNIOHEeHb! TOKOCHEMHUKMU. ECcan
anemeHT UCNoNb3yeTcst Kak BuBparop, OHU MCNONL3YIOTCS KaK TO4-
¥ nuMTanvs. B naccuBHbix aneMeHTax 06a TOKOCLEMHUKA nepe-
MKHYTHI / : R

;

Tedt .

Puc. 11.2.5

Kakx Bl yxe noHanu, o6a atvx cnocoba He ABNSIOTCS HY APOC-
ThiMK, HU OEeBbiMK. A YTO Mbl nonydaem B3ameH? To, 4ro aH-
TEHHA B KaXObIi MOMEHT BpemeHr paboTtaeT nouTn Kak oaHoava-
naszoxHasn. CnenoBarensHo:

o KapannanbHo pelwaerca npobnema ¢ NapasuTHbIMU Pe30oHaH-

camu. OHy NpOCTO OTCYTCTBYIOT. Kakablid aneMeHT B Kax-
Dbl MOMEHT BPEMEH MMEET €VHCTBEHHbI pesoHanc. Mo-
BTOMY B OfJHO KOHCTPYKLIMKM MOXHO peanmaoaarb Aaxe Oqub
6nuakve pManasoHHL. -

o OBecnedvBaeTcs MakCUMANLHA MOAoCa B KaXAOM mana-

3oHe. Takas xe, KaK ¥ Y OQHOLUANA30HHOM aHTEHHHL.
- & He Hapo TepaTh yeumnenve na-3a yKOposeHusi 3neMenTos. Oum
MONHOPA3MEPHLIE HA NOOOM AUana3cHe. )

Monyyaerca nownnna? Her, ectb M MuHychl. 'He 3psa sbiue
OTMEUEHO, NTO aHTeHHa paboraer ‘He B TOMHOCTW KaK opHoaua-
Na3oHHAas, a NOYTK TaK. Belb MEXaHWYECKW M3MEHSIIOTCH pasme-
pbl TOABKO 3AEMEHTOB. A MEXaHW4eckas AnvHA Tpasepcbl ocTa-
erca HeuameHHOW. [103Tomy 3anekTpuyeckas pivHa Tpasepchl
MEHSIeTCS C 4aCTOTOi, a 3TO NPUBOAUT K Henpmmuocmm onmcaH-
Hum B 0. 11.2.1.
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..Ha HmxHeMm pvanasoHe Tpasepca 3NEeKTPUHECKU noJyHaeTcs
cnmuKOM KOPOTKOW (NTO CHuXaer Ra, Ga v nonocy), a Ha sepx-
HEM — CNULLKOM OJIVHHOM (4r0 yxymuaer F/B).

.Chnxenrie Ga ¢ NOHWXEHVEM HACTOTH MOXHO npocTUTL (y 60)1!::—
umucma MHOrOAYaNa30HHBIX HANPABAEHHLIX AHTEHH TaK)

_A BOT Huzkoe Ra Ha HuxHeM pvanasoHe oauaqaer 4TO TaKywo
aHTeHHy HEBBIrOHO npoektupoears Ha 50 Om. I‘Iommy YTO M3-3a
KOPOTKO# Tpasepchl nony4nTts 50 OM HA HUXHEM AMAna3oHe HeBO3-
MOXHO. ONTUMaNbHBIM ANS TPEX3NEMEHTHOW MHOTr0AVaNa3oHHOM
aHTEHHB C U3MEHAIEMBIMK Pa3Mepamm 3NeMeHToB asngerca Ra =
=25 OM. A 310 TpebyeT WPOKONONOCHOTO ¢eppmoeoro TpaHc-
d)opMaTopa B TOYKE NUTaHVA.

MNanenve F/B ¢ nosbiLieHUEM 4aCTOTbl U3-33 POCTa ANEKTPu-
Yeckot AnmHb! TPaBepCH aHTeHHY KOHeWHO He ykpawaer. OnHako
ycuneHuve pacrer ¢ 4acTotoi u xopotiee Ga oxa3pisaeTcs BaXHEE
rny6okoro nogaenenva Ha3an. O6bMHO nayT HA chvxenve F/B Ha
BepxHem pvanasoxe 0o 10...12 06, Mut yxe npusbikiv k 60nb-
wum undpam F/B, HO He Hapo 3abbieath, 4ro 10...12 aB 3T0
10...16 pa3 no mowHOCTH, TO eCTb Hemano. W (uto cywecrsen-
Hee), NoAyCKan Takoe CHWXeHWe, CTAHOBUTCA BO3MOXHBLIM pea-
NU30BAaTLb aHTeHHy, NEepeKpHBaoWYI0 BCE Anana3oHs oT 14 no
28 MINy. Takyio KOHGTPYKLMIO Mbl CEAYac M pacCMOTPUM.

310 06LINHAA TPEXINEMEHTHan aHTeHHa Yaa-firv ¢ AnvHoii Tpa-
sepctl 4,9 M, ¢ oaMHakoebiMu paccTtosHusimu R-W u W-D, no
2,45 M. AHTeHHa NPOCTa HACTONLKO, YTO AAXEe PUCYHKa NPUBOANTL
He cTany. Kro He moxet 6e3 pmcyHka — NnocMoTpuTe Ha puc. 7.4.6,
TONLKO Y HAC pas3Mepsl BYOyT VHLIMUA.

.. Paameputl n xapakrepuctuku no BCem 5 puanasoHam npmeese-
He! B ¢aiinax ...SR14. .gaa, ...SR18.gaa, ...SR21.gaa,....SR24.gaa,
...5R28.gaa v B Tabn. 11.2. 5. Vimeetcs B Buay csobogHoe NpocT-
paHCTBO KaK BUOHO w3 STOM Tabnvuel, Ga [OBONLHO BHICOKOE
M pacrer ¢ vactoroi or 7,3 no 9,3 dBi. . .. .

. Ra =250wm pocruraerca Ha BCEX [LvianasoHax, noaromy XOpOo-
L ¢eppmroebm wnT COrnacyer aHTeHHY BO BCEX AMana3oHax
{aror Tpauc¢opmaTop Ha puc. 11.2.5 suareercs cnpasa BBepXxy).
Ho, kpome cornacosanus, LIAT OrpPaHVHUT MaKCUMANbHYIO MOLL-
HOCTb, NOABOOVMYIO K aWtenHe. OH camoe cnaboe mecro B aTom
CMbICNe (ecnu MCNONL3YETCS peneiiHoe nepekmoyeHve, To HANo
CAEOMTL M 33 NPOGMBHBIM HANPSKEHUEM MEXZY WX KOHTaKTamy,
TaK KaK OHY Haxo[ATCa B MYYHOCTU HAanpskeHms).

" Or 14 po 21 Mru F/B octaetcs CTabunbHO BHICOKUM, 25 Ob.
Ho' ¢ AaaneMU.MM POCTOM 4YACTOTH! BNEKTPUHECKan anvHa Tpa-
BEPCHI CTAHOBMTCH HPE3MEPHOi Ans rnyGokoro ocnabnenvs Hasaf,
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FoaromMy OHO cHuxaeTca no 16 ab na 24,9 My v scero po 10 a6
Ha 28 Mlru.

Monocol, npmeeaeHHbe 8 Tabn. 11.2.5, posonbHO wvpoku. Ho
VHTEPECYIOT OHY HAc TOALKO B CNy4ae, €CAN aHTEHHA BbiNONHAET-
€8 C peneitHoil kommyTaumeit. B cnyyae xe nnasHOM perympoBKv
LUMH 3/1EMEHTOB aHTeHHa moxeT GbiTb HacTpoeHa Ha nobyio Yacro-
Ty, ¥ ee LMPOKONONOCHOCTL BAMSIET NULLb HA TO, HACKONBKO 4acTo
npupeTcs ee Nepecrpavsarb No YacToTe.

Ta6bauya 11.25

lMNonoca no yposHio
[vanasom Ra, |Ga, | F/B,| R, w, | D,
Om!{dBi| n6 | om o™ |om F/B > 12 b, | KCB < 1,5,|KCB < 2,

Iy xly 'y
14 My, | 2517,3] 25 (1076|1034 {986 700 180 410
18 My | 25|7,9| 25 | 828} 798|764 750 190 450
21 My | 2518,3| 25 | 700 676 |646 900 290 520
24 MINy, { 2518,8| 16 | 590| 570546 750 320 590
28 My, § 2519,3{ 10 512| 492480 — 300 570

Paamepbi 3neMeHToB, NpuBenenHuie B tabn. 11.2.5, coorrer-
CTBYIOT TOHKOI NeHTe (nnaBHas NEpeCcTpoiika) wvpuHoi 15 MM nnn
TpybGkam (peneinas kommyTauus) guametpom 8 mm. Ectectsen-
HO, Npy apyrvx Tpybkax pasmepbt NpyUAETCa nepecynTarb.

Mpy NNaBHOM U3MEHEHVM PA3SMEPOB 3NIEMEHTOB aHTEeHHA uMme-
eT nonesnyo GyHKUMIO: Tak Kaxk paccroaHua R-W u W-D ogmHako-
Bbl, TO oBmeHoMm pazmepoB R v D MOXHO GLICTPO 2NEKTPUHECKN
pEBEpPCUPOBATL HAaNpaBneHue U3Ny4eHus, He BPallas aHTeHHY Me-
XaHUYECKW.

Ecnm B antenHe rabn. 11.2.5 ucnonb3yetcs naasHoe U3MeHe-
HVe Pa3MEPOB, TO BO3HVKAET €CTECTBEHHOR XenaHue nosyuuTs elle
v nvanason 50 MIfu. Beab anement nerko ykopauvsaiorca. Ho
ONVHA TpaBepcht 8 3ToM auanasoHe gocrturaer 0,823 u HUKakuMu
YXMUWPEHUSIMU C pa3mepamu He ygaerca poburtscs F/B Gonbwe
2...3 b, na v ycunenve nagaert scero Ao 5...6 dBi.

Mpobnemy yaaerca pewuTtb fobaeneHuem GUKCMPOBAHHOTO
NepeOro avMpeKTopa sToro avanasoHa. Ha Bcex octanbHeix KB gya-
NAa30Hax OH HUKAKOrO BIMSIHWS HE OKAaXET, CAULIKOM man. A Ha
50 MI'y, o nopgHvmaet F/B no 20 nb.

Takoit BApUAHT aHTEHHB C M3MEHSEMbIMK PA3MEPaMK anemMeH-
TOB, HACTPoeHHoM Ha 50 My nokaaaH B ¢aine ...SR50.gaa u Ha
puc. 11.2.6. Ona puanasora 50 My MexaneMeHTHule pacCcTosHua
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BLIFNGAST CTpaHHORato. HO pocturaerca kak xopoulaﬂ dopma OH,
TaK v Bbicokoe Ga = 9,5 dBi.

ECTECTBEHHO, BBEAEHWE [LOONONHUTENbHONO JOUpeKTopa Ha
50 MMy, penaer aHTeHHy B 3TOM Ayana3oHe HEeCUMMETDUYHON OT-
HOCUTENBLHO Oocy Y. A 3TO UCKIOHAEeT Ha AAHHOM [Uana3oHe BO3-
MOXHOCTb GbICTPOro anekTpuieckoro passopora OH Ha 180°, 6e3
BpaweHus TpasepCl TONLKO- mameHeHmeM pasmepoB nepecrpav-
BAEMbIX NEMEHTOB.

11.2.4. YnpaBneHue 3NneKTpu4eckKoi
OJIVHOW 3NEeMEHTOB

MexaHuyeckoe MameHeHue NnVHbE 3NEMEHTOB, KPOMEe o4YeBug-
HbiX NMIOCOB, UMEET ¥ MUHYCbI:

o JIBUXyLIMecs 4Yacty UMEIOT MEHBLWIVIA CPOK CAYXOEE U HapexX-

HOCTb, YeM HENOABWXHbBIE. ’

® AHTEHHY C NNABHbIM V3MEHEHVEM MEXaHUYECKUX pa3mepoB
3NEeMEHTOB HEepealbHO U3TOTOBUTL CaMOCTOSITENBHO. TORbKO
KYNUTb.

e Bnpouyem, v aHTeHHY C NeperioyeHemM Pa3mMepos 3NEMEHTOB
C NOMOLLBIO pene CAENaTh TOXe BeCbMa CNOXHO. 15 anekTtpu-
HEeCKMX Pa3pbuiBoB TPYO (AnA TPEXSNEMEHTHON aHTEHHbE), KaX-
[blii N3 KOTOPBLIX AOMKEH ObiTk O4YEHb NPOYEH MEXAHUYECKW.
OT0 fANEKO HETPYBUANBEHAA KOHCTPYKTUBHAA 3anaua.

o Ha BepxHuMX puanazoHax MCMNONb3yercs He BCA [OCTynHas
DJAVHA 3NEMEHTA, a NULWL 4acTb ero (A/2 avnonb Ha AaHHOM
[AManasoHe). A 3TO Hepa3yMHO B CMLICAE NOTEPY YCUNEHVA.

MpakTuyeckmn BCEex STUX HEeOoCTaTkoB (Kpome HeoBGXOAMMOCTH
NOKYNaTb HEKOTOPbIE TOTOBLIE Y3/Ibi) NULLIEHB aHTEHHb! C ynpasna-
EMbIMU INEKTPUHECKUMY ANINHAMW SEMEHTOB (KOHEUHO, Y HYX eCTb
CBOM HE[OCTATKW, O KOTOPLIX HUXE).- -~

MpuHumn paGoThl Takux aHTeHH onucad B N. 7.3.4. Tonbko Tam
ONUCaHbl OAHOAMANASOHHLIE AHTEHHBL U3 (PUBNYECKU HEPE3OHaHC-
HBIX AMNONE, NOCTPOEHHBLIX A0 PEe30HaHCa KarTyllikoi, KOHAEHCa-
TOPOM MM PEaKTUBHOCTLIO Wwneitda B HeHTpe. A B 3TOM naparpa-
de mbl 3anmemcs aﬂanormquumm ~HO Muorop.manaaouublmm aH-
TEHHaMu. . .

B TakuMx aHTEHHaX OT CUCTEMbl «HENOABWXHbLIF 3NEMEHT + pe-
AKTUBHOCTL B LIEHTPE» HAA0 NOAYYATb HECKONIbKO PE30HAHCHBLIX Hac-
TOT (pna kaxaoro pmanasoda). flpowe scero arto caenarb, AWC-
TaHUMOHHO ynpaenaa senuuuHamu L m C (nepekmoveHuem wmm
ANABHO), PACNONOXEHHBIMY B LieHTpe anemeHTa. [lpyn aToM MeHs-
€TcA pe3oHaHcHas laacrora, TO eCTb BNEKTpYNECKan AfMHa ane-
MeHTa.
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- MHoropvana3soHHble aHTeHHB! C yNPaBNfEMO 3neKkTpuye-
CKOI ANUHONA aneMeHTa SBNSIOTCA JaNbHEeRWM passuTueM uaeuv
BKNIOYEHUN B TOHKY NYYHOCTU TOka napannensHoro LC-kxoHTtypa
(n: 5.1.5.1 v BTOpPan nonosuHa n. 11.2.2, puc. 11.2.3). Toneko Tam
ABE PEe30HAHCHLIe 43CTOTbl NOAYYaNUChL aBTOMATUNECK#, a 34ecCh
HaMm APUOETCH YNPaBNATb BPYHHYIO.

~ B n. 7.3.4 noka3saHo, 4T0 HanpaBNEHHAA aHTEHHA U3 HEepeso-
HaHCHbIX QU3NYECKU 3NEeMEHTOB NONy4aeTcs nNpw pasmMepax no-
cneanvx ot 0,25 no 1,25, T0 €CTb BO3MOXHA NATUKPATHASR 2N1EKT-
puYECKas nepecTpoiika 3nementa no vactore. OpHako, namatys
O HeuaMmeHHOI ¢du3vyeckoit anvHe -Tpaesepck (n. 11.2.2, 11.2.3)
M CBA3AHHOM C 3TUM 3NEKTPUYECKVM W3MEHEHUEM ee pPa3MeposB
0 4acTote (NpUYeM B HEHYXHYIO HAM CTOPOHY, POCT C 4acTOTOM),
cAenyeT NPUaHaTh, YTO OTHOLIEHWE BEPXHER YaCTOTH AHTEHHbI
K HMXHeii Byner He Gonee 2. -

Hy xopouwio, Tpebyemuie peaoHchHue yactote pednexkropa
U OMPEeKTopa Mbi, BKNIOYUB cooreetcTayioume L m C, o6ecneunm.
A 4yto 6yAET C BXOAHLIM conpoTueneHmem suGparopa? C uum Bce
nnoxo. Beap mneaarc Bnbparopa HEN3MEHHOM AIWMHBI O4YEHb CUAb-
HO. meHseTca no sacrore. Mpuyem, kak R, Tak v X (n. 3.3.2,
puc. 3.3.3—3.3.6). Noatomy Ha kKaXALIK AMANA30H NPUOETCA CTa-
BUTb OTAENLHYI0O COrNacyiowyld Henb U KOMMYTHPOBATb ux. Mnu
ABTOMaTUYECKVIA aHTEHHBIA TIOHEp.

lNpyumep Takoit TpexsneMeHTHOM aHTeHHbt Yaa-$irm Ha pwana-
30Hbt 14, 18, 21, 24 » 28 MI'y npuseneH 8 dannax ...SW14.gaa,
...SW18.gaa, ...SW21.gaa, ...SW24.gaa, ...SW28.gaa (mogenv of-
HOM U TOI Xe aHTeHHbt No AvanasoHam, ¢ pasHbimu L u C) v Ha
puc. 11.2.7. OH, pacnpepeneHve TOKOB, NApameTrpbi aHTEeHHb
U NONOXEHWE pene Ha 3TOM PUCYHKE COOTBETCTBYIOT AMana3oHy
21 Mru.

AnTtenHa puc. 11.2.7 no paamepam npeacrasnser cob6oit 06biy-
HYI0 TpexanemeHTHyio Yaa-srn na 18 Miru. Ons paGotbt Ha 14 MIy,
B pednextop M AVPEKTOP BKMOYAIOTCA KaTywku, Ha 21, 24
n 28 My, — KOHAEHCATOPL.

.Nockonbky B8 gaHHOM cnyyae, B OTAMuMe aHTeHHb! n. 11.2.3, Mbl
He orpaHvuyeHbt TPEGOBAHNAMM NO BXOAHOMY CONPOTMBASHUIO HA
14 MI'y (TIoHep cnpaswtcst C NIOGBHIM MMAGAAHCOM), TO MOXHO
YMEeHbLUTL ANVHY TpasepCh [0 4 meTpoB. A 310 nosbiwaeTt F/B
Ha 28 MI'y 4acrote no 17 AB, 4T0 BLIFOOHO OTAUYAET KOHCTPYK-
LU0 OT aHTEHHH NpeabiAyLero naparpada.

Napamerpbl autenHs-puc. 11.2.7- 8 ceobogHoM npocTpaHcTBe
cseaeHb B Tabn. 11.2.6. 2

Wa 1abn. 11.2.6 cnenyer, 4T0 anexTpuyeckue NapameTphl KOH-
CTpyKuuu puc. 11.2.7 npakTMyeckn Takue Xe, Kak W y BeCbma
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CROXHOIA aHTeHHK N, 11.2.3 ¢ MEXaHUYECKN N3MEHAEMBIMI Ine-
menramu. Mla, notpebyerca 10 xopoluvx pese n asToMarTnyecKuin
TioHep (wnun 20 pene + GUKCUPOBAHHHIE UENK COrMacoBaHus Ha
Kaxapiit ananasox). Ho a1o npoue, HaaexHee n He nopoxe (310
€CNnY NOKYNaTh aBTOMaTUHECKUiA TIOHED).

Tabnwua 11.2.6

0)8 [ I_I
IS, I8, lonoca No ypoeHio
Bva- | Ra,| jXa, {Ga, [F/B| §5 5| 23

nasod |Om! Oum |aBi| o6 §55 ng:,;,g F/B>12 n6,|KCB*< 1,5,|kCB*< 2,
o23a58| v | W | W

14 M| 18{-187 17,0120} 2,1 2,2 400 270 350
MKIH | MKTH

18 M| 27 0{75{20| K3 K3 750 455 700

21 Mu| 27] 163{8,1125| 52 51 900 200 400
nd | nd |

24 Mru j 115] 429(8,3{25} 185 | 12,2 1500 600 1100
no nP

28 My | 318] 968{9,2| 17 |8 nd | 5 n® 1700 500 1000

anMe-uam«e. * Nonocw No KCB nocne CY.

Hacrpoiika aHrenHst pnc. 11.2.7 cB0aMTCA K YCTGHOBKE HYX-
HBIX PE30HAHCHLIX 4aCTOT pednekTtopa n snbparopa (To ecTb Mak-
cwmansHoro F/B). B apnanazoxe 18 My 310 pnenaerca pasmepamu
BNEMEHTOB, B OCTANbHLIX — coorseTcTsyiowmmn L wim C. KoHaeH-
carop aupekropa 5 nd, ucnonb3ayemulit Ha 28 Ml,— 3TO KOHCT-
PYKTUBHAS EMKOCTE MOHTaXa. KOMMYyTUpYIOUIME pene A0KHE BhiTh
PAcCCUNTaHB H3 MaxkCUMANbHyl0 amrmTyay Hanpsxenua 680 B
npy mowHocTK nepeparymka 100 Bart n Ha 2 xB — npu xunoeary-
T1e. Takue HanpsxeHus passusaloTes Ha 28 MM, Ha ocTanbHBIX
AManasoHax HanpPsHKEHUN HIDKe.

Antenna puc. 11.2.7 xopowa scem, kpome HeobxooumocTn
WUMETb TIOHED 8 TOYKE NUTAHWA. JTO MM JOPOro (EeChn TIOHEp as-
Tomaruyeckuil), nan Tpebyer mHoro aeraneil (ecnm orpenbhme LC
CY wHa kaxapii ananasod n 10 KOMMYTURYIOLLMX WX pene).

Monpobyem cpenare TakO NEPECTPAUBAEMLIA SNEKTPUHECKN
snbparop, uToOr Ra sceli aHTeHHH Nony4anock BsM3kuM K 50 OMm.
Kak #1 ¢aHTacTMiHO 3TO 3BYYWT, HO OKA3KBAETCA TaKoe PeLIeHue
803MOXHO. Mbi ero paxe yxe paccmarpusamn. B n. 7.3.4 na
puc. 7.3.20 npueeaeHa aHTeHHa, cO wneidamMn Y-Cornacosaxms.

290



Ncnonb3yloTes oHn 1 ans cornacosaHua subparopa, v Ans sHece-
HUS HYXHBIX PEAKTUBHOCTEN B N3ACCUBHLIE DNEMEHTHY.

B n. 3.5.10 onucano kak wneitd y-COrnacosanlna MOXET BHO-
CUTb MPaKTUHECKW MOGYI0 N0 BENWNMMHE W 3HAKY PE3KTUBHOCTL
8 anemeHT. B Hallem Cnyyae STO 03Ha4AET, HTO TaKo#i Lneitd Mox-
HO MCNONBL30BAaTb ANA HACTPOIkN pednexTopa u subparopa Bmec-
TO KarylleK 1 KOHAEHCATopOoR. faccueHbe 3neMEHTH AAaXe HE no-
Tpebyercs paspuHBaTh 3MEKTPUHECKUN B8 UEHTPE (Kak Ha puc. 11.2.7).
OHn Moryt ObiTh LENLHOMETANNNMNECKUMHW, YTO ropa3no ynobuee
KOHCTPYKTUBHO.

Bonee toro, okasmsaercs, MOXHO noaebparb Takue pasmepn!
BAEMEHTOB W LUYHTUPYIOLMX UX wneirdos, 4TO NP BpaLleHnn
EAUHCTBEHHOrNO NEePEMEHHOIO KOHAEHCATOPa B BUOPaATOpE MOXHO
aoctib KCB < 1,2 8 kaxaom pwanasone 663 npumeHeHws po-
nonHutrenbhbix CY. Mpn atom subparop toxe Oyner uenbHbiM,
N HE HYXA3IOLMMCH HW B KaKWX U3onaTopax.

Taxkas TPEXSNEMEHTHAn aHTeHHa Ypa-fAry Ha awanasoHn 14,
18, 21, 24 n 28 MIny npusepena 8 daitnax ...222_14.gaa,
...222_18.gaa, ...222 21.gaa, ...222_24.gaa, ...222_28.gaa. IJ10
MOLEenW OAHO ¥ TOIA XEe aHTEHHH!, HO C P33HOIR BEAWNWMHOW Ha-
CTPOENHBIX KOHAEGHCATOPOB SMEMEHTOB N0 agwanasoHam. [anHasi
@HTEeHH3 NOKasaHa Ha puc. 11.2.7 (napameTpbi 8HTEHHbI H3 STOM
PMCYHKE COOTBETCTBYIOT ananasoHy 21 Miu).

Tabnuwya 11.2.7

lNonoca No ypoBHIiO
Oua- |[Ra, Ga,[F/B,| Ct,| C2.| CS3,
nason |Om KCB;o dBi| p6 | n® | n® | nd F/B > 12 b, [KCB < 1,5, KCB< 2,
iy iy iy
14 My {42 | 1,2 |6,9| 20 [26,2]124 |16,6 500 210 340
18 My {45 1,1 |7,4( 20 |71 |52 |34 600 190 420
21 My {45} 1,1 |7,5| 25 {26,5[{19 [16,7 750 680 1000
24 My |42} 1,2 17,9} 20 {12,4{10,6} 9,6 800 280 600
28 MI'u {45} 1,1 1889|171 7,1 6,4| 59 700 240 470

MapamMeTpn aHTeHHw puc. 11.2.8 8 ceoboaHOM NPOCTPaAHCTBE
N EMKOCTV KOHAEHCATOPOB SAEMEHTOB NO AMAnasoHam CsefeHbl
g 1abn. 11.2.7. -

AnekTpnyeckas NepecTPoiika aHTeHHH OCYLLECTBNAETCH spatlie-
HWEM TPEX NEPEMEHHLIX KOHASHCATOPOB C M3KCUMANbHOR eMKOC-
Tbi0 70 n®. Ecnv penath 3T0 LLArosbLiMKU Asurarensmn (Kovopnie
WMEIOT OHO3HAYHOE COOTBETCTBUE MEXAY KONMMHECTBOM MMNYNb-
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COB W YrnospiM NONOXEHNEM POTOP3) C peAYKTopamu, To 8 Gnoke
YAPaBREHNst MOXHO 3aNOMHWTb KOAH, COOTBETCTBYIOLUME ONTUMANb-
HHM HACTPOKaM KaXxaoro M3 amana3cHos. Ui 8 ganbHeilueM npm
NEPEKNIOYEHNW ANMANa30HOB BH3LIBATL U3 NAMATH STU HACTPONKMN.

310 ypobHee, yem NPOCTO ANCTAHUMOHHO KPYTUTh MEepeMeH-
HEE KOHAEHCAToPLI, opueHTupyack Ha dopmy JIH w KCB, 1o ectb
Nno CyTu, BCSKWIA PA3 NPOBOAWTbL HOBYIO HACTPOKY aHTEHHLI. Tem
bonee 4TO HET MOHOTOHHOIO COOTBETCTBUA «EMKOCTb — 4aCcTOTa».
Maxcumanbtne emMkocTu Tpebyiotca Ha 18 My (pasmep sneMen-
ToB O6MM30K K pe3oHadcHoMy, oM. puc. 3.5.8, rpaduk emkocTH
Y-cornacosaxun). A emxocTy ananasoHos 14 n 21 My 6:imskn ppyr
K ppyry. B obuwem, senmunun C1—C3 no awanasosam He ABnA-
10TCA OYEBUAHBIMMN.

Ho 8 octanbHOoM aHTenHa puc. 11.2.8 OueHb ynobHa. Vimesn
SNEKTPUMECKME XBPaKTEPUCTUKN aHANOTUYHEIE ABYM NPEALIOYLINM
SHTEHHaM, OHA 3HAYUTENbHO NPEeBOCXOSMT UX 8 yAnoOCTBE KOHCT-
pyxumnn:

® HEMNOABWKHHE 3NEMEHTH U3 anioMuHueswx Tpyb (pacter Ha-
AEXHOCTb W CPOK 3KCnayaraumny;

® UENTbHOMETAININYECKNE SNEMEHTH, MOHTUPYEMBIE NPAMO Ha
Tpasepce;

e NepecTpoiika No AVMana30oHaM HE BHICOKOBONMLTHLIMW pene,
a NepeMEHRHBIMN KOHIAEHCATOPaMn.

Onnatoii Takux yno6CTB ABNAIOTCS CReAyiolmMe npuHLMNWab-

Huie ocobenHocTu:

e B ortmune ot 60MbLUMHCTBA APYrUX aHTEHH, 30EeCh HET CBO-
6oppt eri6opa B8 AvaMeTpax NEMEHTOB W LUYHTOB Y-COrna-
coBaHusi. TORbKOo Npy pasmepax, 6AM3KMX K yKa3aHHbBM HAa
puc. 11.2.8 MOXHO NOAYYUTL NPUEMAEMOE COFNIBCOBAHNE BO
BCEX AManasoHax. A

e AHTEHHA NNasHoO NEPECTPaVBaeTcs Mo Hacrore B ydacTkax
13,9—15 My n 17,8—30 Mfy. Ho B yyactke of 15 go
17,8 My oHa He moOxeT ObiTh HACTPOEH3 yKa3aHHHM CNOCO-
60M, Tak Kak pPasMepPbl 68 3NEMEHTOB CTAHOBATCH PE30HaHC-
s, Biiwe 30 ML aHTeHH3 He mOxeT ObiThb HAcTpoewa,
TaK KaK ans aroro TpebyloTea emxocTn <5 nd, 4TO HEepeann-
3yEeMO KOHCTPYKTUBHO. HuxHiolo yactory 13,9 My orpasn-
YNBAIT GUINYECKME PASMEPH INEMEHTOB.

e BriCOKOE HANPAXEHWE HA HACTPOEHHbLIX KOHAEHCATopax. 3a
ucKmoueHneM auanasona 18 Milu OHO nNpumepHo Takoe xe,
KaK Ha aHoae namnogoro PA, Bmpalowierc MOLHOGTL, NOA-
B8EAEHHYIO K aHTeHHe. OPUEHTMPOBOYHO aMNIMTYAA HANPSHXE-
HUA Ha KoHAeHcaTope subpartopa (Ha pednekTope n apexTo-
pe oxa Huxe) coctasnser 1 kB npn 100 Bt, u 3 kB npn 1 kBr.
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11.2.5. 3nementt ynpasnsiemoit
ANEeKTPUYECKONH ANMHbLI B COYETaHUM
C (UKCUPOBAHHLIMM BNEMEHTaMM

B atom naparpade mbl pacCMOTPUM KOMMREKCHLIE AHTEHHDI.
B Hux Ha BCex anana3oHax paoTaioT He BCE NEMEHTH, a TONbLKO
KaKan-T0 Ux 4aCcTh. OCTANbHHE XE 3NEMEHTH SENAIOTCH duxenpo-
BaHHLIMKW, Kaxabii U3 WuX pPaboTaeT AL 8 OOHOM AManasoue.

~ TaxvMe aHTEHHH! MPOTUBOPEYAT HA3BAHWIO BTOro paspena (rtak
KaK HE BCE BNeMEeHTbl paboTaloT Ha Beex ANanasoHax) u ABANIOTCH
rmbpnaoM NoAXoAa, OMMCAHHOIO BO BGEX OCTANBHBLIX naparpacax
JAAHHOrO pasnena, » COBMELUEGHUN OJIHOAUANA30HHMX aHTEHH, ONY-
CaHHoro 8 pasgene 11.1.

Ecnn mbl BCE 3MIEMEHTHI CAERAEM MYNLTUPE3OHAHCHBIMU I
NEPECTPaNBAGMBIMK, TO NONYYUM aHTerH nn. 11.2.1—11.2.4, B ko-
TOpLIX BCE 3neMeHTHl PaboTaloT Ha BCEX Auana3oHax. Ecnm xe mbl
coscem He Gynem 06beaVHATL BMECTE 3NIEMEBHTLI KXAOr0 ayana-
30Ha, TO NOny4nm aHTEHHL pasnena 11.1, 8 KOTOPBIX Kaxauii n3
anemenTos paboTaer ML Ha OAHOM AManasoHe.

Mexay aTumMu [BYMS KPAAHOCTAMM NEXAT GHTEHHLI AAHHONO
naparpada. HacTb 91eMEHTOB 8 HUX MHOFOAUANA30HHA, @ YaCTb —
0AHOAWANA30HHA.

Bo scex aHveHsax Ypa-firw paspena 11.1, 8 KOTOpbiX 8nbparo-
PB! PasHbiX ANANasOHOB Pacnofioxedb 6AM3KO Apyr K Apyry, Mol
MOXEM 33MEHWTb HECKONbKO OAHOAMANAasOHHLX eUBpPaTopos of-
Hum. Ox ponxeH OuiTb WM ¢ Tpanamm (Kak Ha puc. 11.2.1), wnn
CPEeAHWX PasMENOB C TIOHEPOM (MEPEKNIONAeMBIM WA NepecTpan-
BAEMbIM) B TOYKE NuTanus (Kak Ha puc. 11.2.3 n 11.2.7).

PaccMoTpuM peanusaumio 5TOr0 NPUHLUMNG HAa NPUMEPE aH-
TenHn puc. 11.1.20. CHauana 3aMeHnM 8 3TOI [BYXANANA30HHOM
(14 » 21 Mly) TpexanemenTHOl anTeHHe YHa-Srv neoitHoi Open
Sleeve subpatop Ha OAMHOuHLIR C Tpanamw. Pesynbrar nokasad
8 ¢aine ...21-14trap.gaa » uva puc. 11.2.9 (xapakrepuctiku n OH
Ha 3TOM PUCYHKE COOTBETCTBYIOT AManasoxy 21 Mrw).

OcHoBHBIE NBPAMETPB! ITOM aHTEeHHB 8 CBOBOAHOM NPOCTPaHCT-
8€ NoKasaHsl B vabn. 11.2.8.

Tabnuwna 11.2.8

; R G Makc. MNonoca no yposHio
RAnanasox O?" dg; F/B, F/8 > 12 p6, KCB < 1,5, KCB < 2,
) nB Iy Ky My
14 MMy | 45§ 7,3 23 >1000 280 530
21 My | 45 | 8,1 28 750 360 600
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Kak suamm, pe3ynbrarnt oueHb ONM3KY K WCXOOQHOW BHTEHHE
Cc Asyma smbparopami. 3a UCKIIYEHNEM HECKONbKO Bonee y3kux
nonoc 8 ananasoHe 14 MMy (uro nowaTHO, TyT 8ubparop cnerka
YKOPOHEHR KaTYLLKaMKW TPAMNoB) W YyTb MEHBLLUErO yCUREHMA (nore-
py 8 Tpanax).

B paccmarpmsaemoil XOHCTPYKLMW N0 CPABHERWIO C 3HTEHHOI
pyc. 11.1.20 Mt cakoHomum 7 M TPy, yCTpaHue oTaenbHbiii BUG-
parop Ha 21 My, C yueTtom CNOXHOCTE H3 YyCTaHOBKY OBYX Tpa-
nos 310 He 6oNbLLAs SKOHOMMWS, HO 33TO Y KOHCTPYKTOpA NOSBnsi-
erca ceobona ewibopa.

Apyroii 8apWaHT 3TOI XXE CAMOIl aHTEHHH UMEET ABYXYACTOTHRYA
8n6parop ¢ LC-KOHTYPOM, YCTAHOBJIEHHEIM B TOUKE MUTAHWA, aHaNo-
rvdHo purc. 11.2.3. 3T10T BapnaHT nokasan 8 ¢aitne ...3el_14-21
LC.gaa v Ha puc. 11.2.10 (xapakrepmctnku n [H Ha atoM pucyH-
Ke COOTBETCTBYIOT AnanasoHy 21 Miy). Cornacosanne Ha 50 OM cpe-
NAHO avanormyHo aHreHHe puc. 11.2.3 — otpesxkom nuunm 37,5 Om
(nBa kabens 75 Om 8 napannesnb) INEKTPUHECKOI LINHOR 5 M.

OcHoBHbIe NapaMeTprt aHTenns puc. 11.2.10 8 ceoBoanom npo-
CTPaHCTBE NoKasawbi 8 Tabn. 11.2.9.

Tabnupa 11.29

R G Maxc. Monoca no ypossio
Dvanason | 2 2 F/B, |F/B>12p6, | KCB< 1,5, KCB < 2,
Om | dBi
nb Ky iy iy
14 My | 50| 7,1 23 >1000 170 300
21 My | 50 | 8 28 700 115 230

K coxaneumio, Takoi Cnocob NUTaHms OLLYTUMO CyXaeT Nono-
cui no KCB, ocobenno 8 inanasone 21 M.

FMOHATHO, YTO W C NACCUBHLIMW BNEMEHTAMW PA3HBIX ANANA30HOB
MOXHO npoaenath TOT Xe ¢oKyC, KOTopwit Mpt Npoaenany ¢ snb-
paropamm aHtexHn puc. 11.1.20, TpancdhopmMnpya ee B KOHCTPYK-
umm pyuc. 11.2.9 n 11.2.10. C naccueHbiMW snemeHTamm 5710 cae-
narb gaxe npowe. B ornmume ot subpartopa Tyt He Hano 3a60-
TUTLCS O BXOOHOM CONpOTMBIIEHWW. B cuny oueswgHOCTU Takoro
npuema paxe NpUMepoB NPUBOAUTL He Oyay.

3amevy niLlib, 4TO €CNM NPU COBMELLIEHWN HECKONbKWX OOHO-
ONaNAa30HHbLIX aHTEHH NACCUBHLIE SNEMEHTH! KAKUX-TO AVMana3coHOos
Nony4aloTCH HEAANEKO APYr OT Apyra (TaK, 4TO TOKW, HABEAEHHHE
Ha SNEMEHT APYroro awanasoHa, CTAHOBATCA BUAOHK HA pacnpe-
OENEHWN TOKOB), TO UMEET CMEIC/ 3AaMEHUTH TAKUE SNEMEHTH Of-
HUM MYNbTUPE30H3HCHLIM WK NEPEKNIOHAEMBIM.
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Crepnyouian anTeHHa NOKA3LIBAET, KaK cAenaTh nepecTpansae-
MBI N0 43ACTOTE pamoyunii BubpaTop. 3TO HE Tak NPOCTO, Kak
C punonem, TaK Kak paMka 370, No CyTu, gse CuHGA3HO BO3OYX-
AeHubie nonosuuky (n. 4.3.1).

Ecnv pamka pe3oHaHCHasa, TO NUTaTh €8 MOXHO B OAHOIA TOY-
xe. B sTom cnyyae cama pamka Wrpaer posib HE TONBbKO BHTEHHL,
HO W CUCTEMBI NUTAHWA AN CUHGA3HOro BO36YXAEHWN NONOBUHOK
(Gokoepe CTOpOHH PAbOTAIOT KaK NOYBONHOBAA NMHMA-NOBTOPU-
TENb).

Ecnn xe nepuMeTp pamky 3aMeTHO OTIMNAETCH OT O/iMHE BON-
Hbi, TO NPV NUTaHUN B OAHOK TOUYKE TOKW BEPXHE W HWKHEH no-
NOBUH PAMKN OKA3HIBAIOTCH Pa3Hbimun (CM. Hanpumep, puc. 11.2.4).
Flpn aTOM pamKa Tepser CBOE NPEUMYLLIECTBO CYXEHUS BEpTUKAb-
Hoit 1H » cBA33HHOr0 ¢ 3TMM poCTa yeunenus.

MNo3TOMy HEpe3OHaHCHYIO PBMKY Hafno NWTaTh 8 OBYX TOYKAX
MakCUMYMOB TOKa. A-cuctemy CuHbpA3ZHOro nNUTaHus aenaTb OT-
DENbHO, TaK KaK Cama HEePEe30H3HCHas PaMKa U1 3TOro He ro-
awtcs. Hanwbonee ynoOubiii 8 nauHoM cnyuae cnocob nokasad ua
puc. 6.2.9,6. Ham octaercs nullib 3aMenuTL awnomm puc. 6.2.9,6
H3 MONOBMHKUN PAMKU.

Peaynbrar noxasas 8 npasoi yacm puc. 11.2.11. Pombuueckas
pamka nepumetpom 15,2 M 3anurana AsyMa BO3AYLUHLIMU ABYX-
NPOBOAHLIMY INHUAMKY, COSOWHEHHHIMM NAPANNENbLHO 8 LEHTPE
pamin. TioHep (nepeknioyaeMbiii UK aBTOMaTMYECKWil) cornacyer
TaKo# pamMouHbiii enbparop eo Bcex amanasoxax or 14 po 28 Miu.
MNpuieM B8 kaxaom u3 HMx subpartop paboTaeT UMEHHO KaK pa-
MOYHEA aHTEeHHa C CUHGODA3HBIMU TOKaMN B BEPXHER N HWXHE NOo-
NOBUHKAX, W CBA3AHHBIM C 3TUM MNOBBILLEHHEM YCUIEHWEM, CBOIA-
CTBEHHEM PAaMOYHbIM aHTeHHam (n. 4.3.1).

Y1001 coenath U3 TaKoi pamkn nATuguanasoxuyio (14, 18, 21,
24 » 28 MI'n) HanpasnenHylo aHTeHHy, K Heit Hano nobasuTb 5 co-
oTBeTCTBYIOLMX pednexTopos Ha paccroaHun 0,15 AnuHb BORHL
Kaxnoro w3 AmanasoHos. Pe3synbrar Takoih onepauwn nokasad
n 8 daiine ...2el Quad14-28.gaa n Ha puc. 11.2.11 (xapaxrepnc-
™M W [IH Ha 3TOM pUCyHKe COOTBETCTBYIOT amanasony 21 MIy).

Mo npyuHumny paboTh 3Ta aHTEHHA 3HANOrUYHA NATWANANAZOH-
Homy QQ, nokasanvomy Ha puc. 11.1.11. Otanume cocTonT nuLib
B TOM, 4TO Ha puc. 11.2.11 8MECTO NATU OTAEBbHLIX PE3OHEHCHBAX
8ubparopos UCNORBL3YETCS OfIMH, NEPECTPansaeMbLii No 4YacToTe
TIOHEPOM B TOKE NuTauua. NapamMerpol aHTEHHK puc. 11.2.11 8 cBo-
6oaxom npocTpatcTee ceefieHt 8 Tabn. 11.2.10. Onmn cooTeeTcTay-
10T o6biNHOMY OfiHOAManasoHHoMy QQ BO BCEx Ananasowax, Kpo-
me 14 My, Ha HuxHem aManasose nonoca v yCUNEHUe NOMy4VnmMChb
noMexblie, CKa3anoch ykopoueHwe snbparopa.
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Tabnuua 11.2.10

_ Maxkgc. Fonoca no ypoeHio
Nuanason | T Pa, | Ga g F/B>12 pB, |[KCB*< 1,5, KCB*< 2,
Om OmMm dBi 6 T Wy o
14 My 7,5 25| 6,4 30 350 140 270
18 My 40 193 6,9 25 400 620 >1000
21 My, | 510 700 7,3 25 600 640 >1000
24 My | 185 |-385 7,4 22 240 240 500
28 My, 42 |-136 7,8 25 >2000 650 1300

Mpumeuanue. * Nonocy no KCB nocne CY.

CpaBHuUM aHTeHHbt puc. 11.2.11 u puc. 11.1.11 (Toxe natnana-
nasoHHui QQ, HO C OTAENBHLIMKU BUOpAaTOpamMyu Kaxacro w3 ava-
na3oHoB). C nepsBOro B3rnAQa aWTeHHas cuctema puc. 11.2.11
KaxeTcs cnoxHee u gopoxe. B Heii noTtpebyerca nubo asromaru-
4ECKUIA aHTeHHb TioHep, nnbo 10 pene n 5 LC CY. Ho Bear QQ
¢ otpencHbiMu Bubparopamu puc. 11.1.11 Toxe notpebyeT narb
CVY (ero Ra He 50 OM) 1 nepexnioueHusa ux BxonoB (Ha 4To yAReT
5 pene) wwm naTu OTAEnbHLIX kabenei nuTaHua (U onsTbL Xe Ux
nNepexo4eHus).

Tak 4TO ACNOAHUTENLHBIE PACX0OAK HA aHTEHHY puc. 11.2.11 no
cpaBHeHuio ¢ puc. 11.1.11 cocTaeaT BCcerc 5 pene (nopwmo4arh
BbixoAH CY k obuwieit Touke nuranus). HO 3ar0 Mbl 3KOHOMUM OKO-
no 50 M NPOBOA2 U NONOBUHKY «€Xar. A STO HE TONLKO CHWKEHUe
UEeHB, HO U Beca. HYTo B CBOIO Ouepenb ynpowaer TpebGoBaHus
K MauTe ¥ NOBOPOTHOMY YCTPOKCTBY.

11.3. C YKOPOUEHHLIMU JNIEMEHTaMMU

Yxopoyenne nsrnboM. MuoraauanasoxHpifi Spider. .onpouerme
emxocrHuMM Harpysxamu.

Vlsaequaﬂ npobnema HexBaTku Mecta He oboluna CTOpOHOVI
1 MHOrOaMana3CHHBIe HaNPaseHHBIE aHTEeHHb. B HUX ykopauusa-
10T 3AEMEHTbl CaMOro HU3KOYacTOTHOrC awanasoHa. Kpome oue-
BUHOTO yMEeHLIUEeHUs rabapuToB KOHCTPYKLMKU, TakMM cnocoBom
no6Gasnsior pononuuTenbHuii HY aManasod B yxe uMmetowmecs aH-
TEHHH!.

Mbt yxxe HauMHanM pacCMarpuBaTb MHOrOaMana3oHHLIE Hanpas-
NIEHHBIE YKOPOYEHHBIE aHTeHHe B n. 11.2.2. HO Tam ykopoueHue
RBAANOCL NOGOUHBIM CNEACTEBUEM AOCTUXEHUSA HECKONBKUX pPe30-
HAHCHBIX 4aCTOT B OQHOM 3n€MeHTe. A B 3TOM pasfene paccmar-
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pPUBAIOTCS AHTEHHRBL, B KOTOPbIX YMEHbLUEHWE duanueckux rabapu-
TOB ObINC UCXCOHOH LEAbI0 NPOEKTUPOBAHUS.

Bce Mopenun, ynoMMHaeMbule B STOM pasfene, Haxoasrca B nan-
ke ... ANT\Multibands beams\Short\.

11.3.1. Yxopouenue uarubom

Lns yKOpO4YEeHUs MHOroAManasOHHBIX HANPABAEHHBIX AHTEHH
06LIYHO MCNOAL3YIOT AMILL ABa cnocoba M3 uyeTnipex (CM. pas-
nen 3.7): u3rmboM n eMKOCTHBIMU Harpyskamu. YKOpoHeHue uH-
OYKTUBHOCTLIO ManoadgdexktueHo {nn. 8.1.2.1, 8.1.3 un 8.2.1),
4 YKOpPOUYEHUE U3NOMOM HEAANEKC yUUC T uHAyxTuBHOro (n. 3.7.5).

OpHO# U3 Hanbonee NPOCTLIX U NPU STOM MaNo yCTynalowmx
NONHOPA3MEPHBIM AaHTEHHAM KOHCTPYKUMIE SBASETCS NPAMOYronb-
Huk Mokcona (n. 7.3.1). [ing MHOroguana3oHHOro BapUaHTa TaKoih
AHTEHHb! BaXHLIM NPEUMYLLECTBOM SIBASETCH OTCYTCTBUE AUPEK-
TOpOB. A cneaosatentHo, u npobneMm, onucaHHbiX B pasaene 11.1,
TO €CTb HEXENATENLHOrC BAUSIHUS NApPasUTHLIX AUPEKTOPOB.

MpocreiilumM, HO BecbMa 3hGdEKTUBHBIM pelUeHUEM SBRAETCs
COBMELLEHVE HECKONbLKUX NPSMOYFOnbHUKOB MOKCOHA C napannesnb-
HbBIM COEOMHEHVEM TOueK nuraHusi BuGparopos. BxopgHoe conpo-
TUBneHue, 6muskoe x 50 OM Ha kaxaOM avanasoHe, He Tpebyer
CV (a, 3HauuT, yCTpaHSIIOTC TPYAHOCTH, OnUCaHHbe B nn. 11.1.4.2
un 11.1.4.3). A 6onblLOE PEaKTUBHOE CONpoTUBNEHue A/2 punons
B Hepabouux auana3oHax NO3BOASET He 3a60TUTLCH, O BAUSHUU
Ha Ra HepaboTailoumx B paHHbiA MoMeHT BubGparopos. Touwee,
He TO 4ToOb coBCEM HE 3a60TUTLCH {HEOONLLUCE B3aUMHOE BNUS-
HME UMEETCS, KOHEYHO), 2 HE UMETb C STUM KPYNHBIX Npo6neMm,
nonoO6HLIX onUcaHHbiM B nNn. 11.1.4.2 n 11.1.4.3.

Mpumep TpexawanasoHHoro (14,18 u 24,9 MI'y) npaMoyrons-
Huka MokcoHna noxasad B daiine ...20m_17m_12m_MOXON.gaa
wn Ha puc. 11.3.1 (napaMmeTpnl HA PUCYHKE COOTBETCTBYIOT aAuana-
30Hy 14 MI'u). OcHoBHBle napaMmeTpbt aHTeHHe puc. 11.3.1 B cBO-
60AHOM NPOCTPaHCTBE NOKa3aHb B Tabn. 11.3.1.

Tabnuya 11.3.1

Makc. Flonoca no ypoeHio
KCBs, Ga,
Buanason pesorance | dBi F/B, | F/B > 12 p6,| KCB < 1,5, KCB < 2,
nb Ky Ky 'y
14 My <1,1 58 35 500 480 >1200
18 My <1,1 561 28 500 110 240
24,9 My <1,1 52| 22 500 180 350
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AHTEHHA BHELWHE BLIrNSAUT BECbMa YACOHOH: paanyc NoBopo-
Ta BCEro 4,1 M, nerkas NPOBONOYHAA KOHCTPYKLIUSA HA YETHIPEX U30-
AAUMOHHBLIX wecTax. Ho BOT nonockt no KCB Ha BepxHux auwana-
30Hax He CTOoNb npuBaekarenbHbl. KoweyHo, 240 kly Ha 18 My
1 350 kT'y Ha 24 MI'y, 6onee yeM AOCTaTOYHO AN9 3THX yakux WARC
Anana3cHoB. HOo ecnu Mbt NoNbLITAEMCS CAENATH TAKYIO aHTEHHY Ha
14, 21 n 28 MIy, 1o y6emmmcs, yto ang 21 u 28 My nonockt
NOAYYaTCH HeAoNYCTUMO Y3KuMU. COBCTBEHHO, STO AIBNSIETCH rnas-
HO NPUYUNHOI TOrC, YTO B KauecTBe ABYX BEPXHUX AWANa3oHOB
aHTeHHut puc. 11.3.1 exbpaHkt y3skue auanasoHsl 18 u 24,9 My,
a He wupokue 21 n 28 My,

Apyrum HenocTaTtkoM aHTteHHu puc. 11.3.1 sBnseTcs ceoiicT-
BEHHasn BCeMm {(faxe OAHOAMANA3CHHLIM) NPSMOYroAbLHUKAM MOK-~
COHAa CACXHOCTb B HACTPOiike, Tak KAK U3MEHEHWEe INNHL 3a-
THYThIX KOHLUOB BRAUSIET Cpa3y Ha aBa Napamerpa: cornacobBaHue
u F/B (n. 7.3.1). ECTeCTBEHHO, B Cny4ae Tpexamana3OHHOM aH-
TEHHb! CROXHOCTU NPOEKTUPOBAHUS U HACTPOWKU CYLIECTBEHHO
BO3pPacTaioT.

BnpoyeM, nocnegHuit HEAOCTATOK MOXHO NPUMEHUTD U C NOAb-
30# png pena {Beab XOPOLWO W3BECTHO, 4TO JOCTOMHCTBA — STO
NPOAONXEHUE HEAOCTATKOB). YT0 O3HAYAET CNOXHOCTL B HACTPOw-
K€ U BAUSHUE OAHOM pNAMHB CPa3y Ha ABA SREKTPUYECKUX napa-
MeTpa? To, yTO BO3MOXHO MHOXECTBO PaznuuHbix BAPUAHTOB Ha-
CTPOAKN. A CPEAK HUX MOXHO HaiiTK Takue, KOTOPHIE NPU HE CHEHb
6onbwom yxyneHnn KCB u makcumansHoro F/B 6ynyt umetb
YAOBRETBOPUTESbHYIO LIMPOKONOAOCHOCTL Ha 21 u 28 MMy B Tpex-
ANaNascHHOW KOHCTPYKLMK.

Mpumep Tako# KOHCTPYKUMM noKasaH B ¢paiine ..WireYagil4-
21-28.gaa u Ha puc. 11.3.2 (napameTpbl Ha PUCYHKE COOTBETCTBY-
10T AmanasoHy 21 Mlu).

OT0 yXe HEe 4YUCThI NPAMOYTronbHUK MokCoHa, ans Bonbliero
yKopoueHus (panuyc noecpoTa Bcero 3,7 M) LEHTpasibHbie 4acTu
TOXE W30rHyThl. TeM He MeHee, HacTpameaeTcs u paboraer ata
@HTEHHA NPaKTUYECKN TaK Xe, Kak u npsiMoyronbHnk Mokcona. OT-
Meuy, 4TC pasmepbt HA puc. 11.3.2 HKU B Koei Mepe He BUPEKTUB-
HBi, @ UL NOKA3LIBAIOT OfIHY U3 MHOMMX BO3MOXHOCTEN HACTPOiiku
NOAOCOHBIX AHTEHH.

OCHOBHBIE NapaMeTput aHTeHHH puc. 11.3.2 B ceoboaHom npo-
CTPAHCTBE NOKa3aHw B Tabn. 11.3.2.

CHusue F/B no 18 nb, a KCB no 1,2 yganocbh nonyumrs tepnu-
Mbie nonockw no KCB B auManasodax 21 n 28 MIu. Yskas nonoca
no F/B na 14 MI'y obbsacHsercs GoOnR€e CUAbHBIM YKOPOYEHUEM
B STOM puana3oHe.
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Tabnnuya 11.3.2

Makc. flonoca no ypoenio
[Luanason KCBs Ge, i
wa pesovarce | OBi F/B, |F/B> 12 pb,|KCB < 1,5, KCB < 2,
nb 'y Iy iy
14 My <1,1 54| 18 300 600 >1200
21 My 1,2 56 | 18 500 205 500
28 My, <1,1 52| 18 600 300 670

B xauecTBe Hecywe#t KOHCTPYKUUKM MOXHO UCNONL3OBArTh He 4,
a 6 U30nMpPOBaHHbIX WECTOB. [1pK 3TOM, COXpaHas BUOpAaTOpbL! NOA-
HOPa3MEePHBIMU, HAAO U3CTHYTh AUpPEKTOP U pednekTop No nepu-
METPY WEeCTUYronbHUKa. YXe No 3TOMY ONUCAHWIO SICHO, NoqeMmy
Takas KOHCTPYKLUS pacnpoCTpaHeHus He nonyuuna. Begb nns Hee
TpebytoTCa 6 pacnopPoK JAMHOR A/4 CamOro HU3KOYaCTOTHOro aMa-
nascHa.

TeM He MeHee, pns NOAHOTHI KAPTUHL NPUBEAY U TaKyil0 aH-
TeHHy. IT10 TpexauanasoHHas (10, 18 u 24,9 MI'y) rpexanemenT-
Has npoBOROYHas Ypa-HAru nokasana B daiine ...10_18_24.gaa
¥ Ha puc. 11.3.3 (napameTpul HA PUCYHKE COOTBETCTBYIOT Auana-
30Hy 18 MIu).

-..Bbl 3HaeTe, O4YeHb 9 YCTaN HA KAXAOM PUCYHKE YKa3biBaTb pas-
Mepbi. [lapalite nyyiue Bu (Aa-03, UMEHHO Bbi) Camu OTkpoete dain
MOfien U NOCMOTPUTE BCE pa3Mepbl CaMOCTOSTENbHO. XOpoLwo?
A 30eCh TONBKO YKaxy, 4To aureHHa puc. 11.3.3 Tpebyer pns cBO-
€ro pasMeLLieHUs LLIECTY U30NUPYIOWMX PACNIOPOK ANWHOMK no 6,8 M.

OCHOBHBIE NapaMeTpu aHTeHHbt puc. 11.3.3 B cBO6G0OAHOM Npo-
CTpaHCTBe nokasano B Tabn. 11.3.3.

Ta6bauya 11.3.3

Makc. ) Monoca no ypoBHiO
Duanason KCBs Ga. F/B
Ha pesowance | dBi /B, | F/B > 12 gB,} KCB < 1,5,| KCB < 2,
F15) Ky Iy - Ky
10 My <1,3 73] 22 300 120 300
18 My T<1,1 6,6 | 35 700 370 575
24,9 My <1,1 591 35 800 200 430

11.3.2. MHoroauana3oHHbid Spider

B atom naparpade Mbl U3yyMMm nULLL OOHY aHTEHHY: Tpexaua-
na3oHHyio (14, 21 n 28 MINu) NPOBOROYHYIO TPEXSAEMEHTHYIO
Ypa-9irn, B kOTOPOoi pednexTopbt U ANPEKTOPH YKOPOYEHB U3rn-
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60M. KOHCTPYKTUBHO aHTEHHA pa3MelleHa Ha 4eThipex u3camMpyio-
WX pacnopkax pAMHON 4yTh MEHblue A/4 CaMmoro HU3KO4aCTOTHO-
ro avanasoda. HaswiBaetcs oHa Spider beam, Tak kak BHEWHe aeii-
CTBUTENLHO HANOMUHAET Nayka (Spider — aHrn. nayk).

B npuHuMne, ¢ TOukn 3peHUs CTPOroin knaccudukaum MHOro-
AMana3oHHb Spider cheaosano 6bl pacCMOTPETL B NpeabiayLiem
naparpade. Id1a AaHTEHHA SBASETCS TUNUYHBIM NPEACTABUTENEM
yKopoueHus uarubom. Ho ee nonynfpHOCTL HACTONMLKO Benuka (Cei-
43ac, NOXaYH, OHA AAXe Bhbille TPEXANANA30HHOTO «ABOMHOIO KBaA,-
para»), YTC UMEET CMbIC/ pa3cbpaTbCcsl C HEW OTAENALHC WU NOA-
pOBHO.

Kak onucaHo B n. 7.3.2, ogHoAMana3oHHb Spider npoucxonur
OT ppyxaneMentHo#i Jungle Job (/2 suGparop + V-o6pasHbiit ped-
nektop, puc. 7.3.6). Ho y Jungle Job (JJ) xopowee F/B poctura-
etcs Tonbko npu Ra =70...80 OM. Ona cuuxexHus Ra po 50 Om
npu coxpadeHum Buicokorc F/B Mut B n. 7.3.2 Mut po6aswim k JJ
TpeTMil 3nemeHT, V-00pasHblii AUPEKTOp, NPEeBpaTMB TeM CaMbiM
JJ B ogHOAmanasoHHWiA Spider (puc. 7.3.7).

Maynb KopHennyc, DF4SA npoaenan Ty xe onepaumio ¢ Tpex-
[ManasoHHOW aHTEHHON. Pe3ynbrar noka3aH B daiine ...Spider 14-
28.gaa 1 Ha puc. 11.3.4 (napamMeTpbt HA PUCYHKE COOTBETCTBYIOT
Avanasody 21 M), ’

Ha 14 u 21 MI'y pa6otaior no Tpu anementa obutuHoro Spider
(xak Ha puc. 7.3.7). A Ha 28 MI'y 6onbluas pnvHa TpaBepcsl Tpe-
OyeT ycTaHoBku BTOporo V-o6pasHorc avpexktopa, 1o eCTb B 3TOM
[MANA30HEe aHTEHHA UMEET 4 3NEMEHTA.

Bce tpu BUOparopa BKMOYEHB! NApannenbHo. Jing yMeHblue-
HUs BpepHoro (Cyxawouero nonocy BY-subparopos, cMm. n. 5.2.1)
B3aUMHOro BAWSHWSA cpeaHue dactu BubparopoB pasABUHYTH Ha
40...50 cM. B pe3ynbrare NONOCH aHTEHHb! ONPEAENAIOTCS TONBKO
reoMeTpUei NAaCCUBHLIX 3NEMEHTOB.

Tabnuua 11.34

Maxc. Monoca no ypoehto
KCBs, Ga,
Bvwanasou va pesonavce | dBi F/B., |F/B> 12 pb,|KCB < 1,5,| KCB < 2,
Fi15) kg kly 'y
14 My <1,1 6,4 25 350 380 600
21 My <1,1 6,5 30 900 480 700
28 My <1,1 6,4 | 20 1700 460 1100

OcHOBHBE napameTpbl aHTeHHst puc. 11.3.4 B cBo60gHOM npo-
CTpaHcTBE noKa3aHut B Tabn. 11.3.4.
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Spider beam umeer BxogHoe conpotueneHue 50 OM Ha BCcex
AVManascHax U BECbMA LUMpOKMe nonocul (CM. Tabn. 11.3.4), He-
B3Wpasi HA TOHKME NPOBONQYHLIE AneMeHTh. Ho onnauusaeTcs 310
YAOBOALCTBME TEM, HTC NACCUBHBIE SAEMEHTHI NpUXoauTCcs Ao-
BONbHO CMALHO PACCTPauBaTb. A 3TO 3aMETHO CHUXAET ycune-
Hue (n. 7.2.3.2). aktuueckn, Spider beam umeer Takoe xe Ga
KaKk ONTUMAanbHas ABYXSAEMEHTHAs aHTeHHa Ypa-HAru us 1py6
{puc. 7.2.2). )

HeBLICOKOE YCUNEHUE ANs TAKOrG KOAUYECTBA 3NEMEHTOB SB-
RSIETCS, NOXanyil, EAMHCTBEHHBIM MUHYCOM STON KOHCTPYKLMK.
B oCcTanbHOM Xe — CNACLUHLIE NAIOCH!, KOTOphie U obecneunnn no-
nynspHOcTL Spider beam:

e HebGonblumne pacxoant. NoHano6RTCA TONLKO 4YETLIPE pacrnop-

KM 1o 5 M {(OHU Xe onpenensioT paauyc NOBOPOTA AHTEHHK),
NPOBONOKA HA SAEMEHTH U JIECKA ANS UX PACTAXKM.

e Manmiii Bec. INpu CTEKNONNACTUKOBLIX PACNCPKax BECb KOMN-
NEKT aHTEHHb! BECUT AULLIL HECKOALKO KMNOrpamm. A 310 CHU-
xaet TpeboBaHUs K MauTe U NOBOPOTHOMY YCTPO#CTBY, HTO
eue 6onee yMEHbIUAET pacxoabt HA BCIO CUCTEMY.

o LLInpokre NOAROCH, NEPEKPLIBAIOLME AUANAa30Hb LEAUKOM (He
CTOMT 3a0biBaTb, 4TO 3TO AOCTUraeTCs N3ACHUEM yCuneHus).

e BxopHoe conpotusneHue 50 Om 6e3 ucnonbaoBanus CY (HO
CUMMETPUPYIOLIEE YCTPOIMCTBO NOHAnobuTcs) n npu nUTaHUN
opHuUM kabenem.

e XOpowo pacTaHyTas, BeTPOyCTOHuMBas KOHCTpyKuma. Mony-
4aeTCH HeYTC BPOAE PACKPBLITOrO 30HTUKA, pacnopku 3aruba-
I0TCA HEMHOTO BBEPX U CTArMBAIOTCA B 3TOM NOAOXEHUU 3ne-
MeHTamu 14 My ¢ pononHUTEeNbHBIMU neckaMu Ha Kpasix.

K paamepaM, nokasaHHbim Ha puc. 11.3.4 u B daiine ...Spider
14-28.gaa, cneayer OTHOCUTLCH Kak K OPUEHTUPOBOYHLIM. Bo-nep-
BbiX, OHW 33BUCST OT Auametpa nposonoku (1 mm ana puc. 11.3.4).
BO-BTOpbIX — OT HaNMuMUs U TUNA U3ONSLUMK HA Hel. B-tpeTbux —
OT BLICOTHI @HTEHHB! HAJ, 3eMneii. B-ueTBepThIX, TOHHO TaK Xe, Kak
w mobyio ppyryio aHTeHHy Ypa-9ru, Spider MOXHO NPOEKTMPOBaTh
WU HACTPauBaTh NOA pasHbie KpuTepuun: No MakcuMmymy Ga wnu F/B,
no MuHumymy KCB, no tpefyemoii wmpuHe nonoch!.

ECTeCTBEHHO, 4TO BCEM 3TUM ChydasM OyayT COOTBETCTBOBATh
HECKOALKO pasHbie pa3Mepbl 3nemeHToB. o3ToMy Mogens xena-
TEeALHO ONTUMU3UPOBATD UMEHHO NOA BALLK YCNOBUS.

BnpoueM, MOXHO 0B0oiTUCL U 6e3 3TOro, UCNoNb3ysa rOTOBbLIE
pasmepbt puc. 11.3.4. A HA peanbHOW AaHTEHHE OFPAaHUHUTLCH AULLL
NOACTPO#KO#H pasmepos Bubparopos N0 MuHMMyMam KCB. B xyn-
LLIEM CNYYaE Bbl NOTEPSETE NPU STOM AMLLL HECKONLKO neunben F/B.
A 3amMeTHO yxyarumTh yeuneHue y Spider’a ¢ pasmepamu puc. 11.3.4
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AOBONBHO CNOXHO, T3K KaK aHTEHHa HaCTPOEH3 Ha MaKCMMyM fO-
nocet. Ee ycnneune o1 310ro U 1ak CHUXEHOo, RO3TOMY Nanarte eMy
hanbiue 0cobeHHo Hekyaa.

_ MuBKocTs MHOropmManazoHHoro Spider'a’ nopo.u.una €ro MHOro-
YNCNEHHBIe BapuaHTul. Tak, BMecTo Habopa amanazomoB 14, 21
M 28 Mlu, ecTb KOMCTPYKUMK C nmnanasonamu 14, 18 n 21 My,
n WARC Bapuant 10, 18 n 24 My (B nocneaHeM CAyvae QMM
pPacnopox NPUAETCA YBENNMUNTL A0 6 M).

. Wmewotca ypaunsie Bapnantel pobaenewms awana3oHos 18
n 24 My B KoHcTpyKumio puc. 11.3.4, kotopas CTaHOBUTCS Npu
3TOM NATUAMANA30HHONA. Mo TPpKU anemMeHTa Ha 3T AManasoHbl HE
nonyyaetca (CAMILKOM BGAM3KU 4acTOTH CO CTOPOHBI OMPEKTOPOS,
[H pacceinaerca, cM. n. 11.1.1). lNoaromy B AONOAHNTENLHLIX AVA-
nasoMax 18 n 24 My ucnonbayerca no 2 aneMeMTa B KOHGUrypa-
umm R-W.

MNapannensHoe NnopxNOYEHNE eule AByX BWOpPaTopoB XOTa U Cy-
XaEeT MOMOCH, HO HE HaMMOro. A AONONHUTENLHLIE pPednekTopol
Mano NopTaT Apyrve auanasovs (n. 11.1.1). Npasaa, B xoHdUrypa-
unn R-W o1 ABYyX3NEeMEHTHOM aHTeHHB HEBO3MOXHO nonyunTs F/B
Boiwe 10 6. MimeHHo cTonbKo M nonyyaercsa B guanadone 24 M.
A B Ananaszone 18 My, He 6uin0 But CHacTLA, A3 HECHACTbe NOMO-
raer. PacnonoxeHHulii chpasa (B CTOPOHY M3nyieHunsi) ot Bubparopa
18 My, BuGparop 21 MMy paboraer Ha 18 MI'y kak aupexkTop. He
OueHb XOPOoLUMIA, HO, TEM He MEeHee, NoBsialowmii F/B ao 20 ab.

... 11.3.3. YxopoueHne eMKOCTHbIMM Harpyskamm

Yawe BCEro yKOPO4eHNe EMKOCTHeIMW Harpyakamm (EH) ncnonb-
3yerca AJin CaMOoro HU3KO4MacTOTHONO AMana3oMa B COBMELEHMbIX
cucremax

Kax cnegyeT u3 nn. 8.1.2.2 n 8.2.2, eMKOCTHOE YKOpPO4€eHne no-
SBOH':'IBT yKopaunsaTtb aHTeHMy Basoe (Ky no 0,5) 6e3 cyuwiecteen-
HOrO YXyAWEHUs XapaxTepuctnk. [ng MHOroanana3oHHbIX aHTEHH
370 O3HaYaET, 4TO K NONHOpa3MepHbiM cucTemam, paboraoumm
or 14 Mly, MOXHO AO0G3BUTL YKOPOYEHMYI0 aHTeHHY Ha 7 Mlu,.
Mpuyem rabapuTte nocnegrel GynyT nuiub HeMHOrUM 6onbLLE Non-
HOpa3MEepHOIl aHTeHHs 14 My, ) ‘

~.Nepen 1em Kak nepeiiTu K ONMCAHNIO FOTOBBLIX CUCTEM C EM-
KOCTHBIM YKOROYEHUEM HNBILETO AManasoHa, OTMeNy MMEeIoLLYIOcs
B AAHHOM cay4ae 0COBEeHHOCTL Tabnuubl PE30HAHCHLIX 4acToT 3ne-
MeHTOB. HanomHio, 4TO B 3Ty Tabnnuy BMUCHIBAIOTCA HE TOABKO
OCHOBHbBIE, - HO M FapPMOMUKOBHIE pe3oHaHcs (n. 11.1.1).

“Y nonHopasMepHLIX ANEeMEHTOB YaCTOTLI PE30HAMCOB Ha rap-
MOHMKaX HONTW.TOYHO KPaTHel YaCTOTe Nepsoro pesoHaMca. Tak,
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A/2 punone WA BONHOBas pamka Ha 7 MU pe3oHupYyioT Tak Xxe
Ha 14 My (2-a rapMonuka), 21 Mly, (3-9), 28 My (4-9), 410 CO-
303eT NONTU HEeRPEeOoAONMMbIE TPYAHOCTU APU COBMELLEHWN ROA-
HOpa3MEepPHLIX anemenTos 7 My, ¢ aHTeHHaMmn auanasoHos 14, 21,
28 M.

B cnyuae e yKOPOYEHHOro aneMeHTa, YacToTbl FaPMOHUK HEe
KparHb OCHOBMON yactoTte. Tak, Ounonb, yKOpoueHHbii EH po
Ky = 0,5, ¢ nonyBOnHOBHIM pe3oHaHcoM Ha 7,1 Ml nMeeT BORHO-
BOl pe3oHaHc Ha 15,5 MMy, a 3A/2 pesonauc — Ha 29 MIu. Keaa-
par, ykopoueHHuii EH po Ky = 0,8, nMeeT cnenyioume pe3ocHaMc-
Mble yactorn: 7,1; 18,5 n 31,7 MIu.

He 6uino 6 cyacTbs, Aa noMoraer HecuacTbe. ECAnM NONHO-
paaMepHyio aureHdy 7 My, oueHb TpYAHO COBMECTUTH C aHTeHHammn
onanasoHoB 14 n 21 MW, TO YKOPOYEHHYI0 — MOXHO. Pe30HaHCH
2-% 1 3-ii rapMOHUK YKOPOYEHHLIX ANEeMEHTOB Ha 7 MMy, B otanyne
OT NONHOPa3MEepPHBIX, HE MONAAAINT B gnana3ons 14 n 21 Miu.

Ecnn xe ykopoieHHasa aHTeHHa Ha 7 MMy, COBMELLIAEeTCa C aHTeH-
HamMmn Ha WARC pguana3oHbl, TO BTOpan rapMoHmka xeanpara ¢ EH
MOXET RORAacTb B Anana3oH 18 M. Ona toro 4toBul BTOpas rap-
MOMMKA COBMHYNAch, NPUAETCA namenuts Ky, na 7 My (B ornnuine
OT REPBOA, YaCTOTH BbLICLUMX FAPMOHUK CUNbHO 3aBuCST OT Ky).

Paccmotpum npumeptl. Cuauana pobaeum pananasod 7 My
K AByxamanasoHHoih (14 n 21 MIu) TpexanemMeMTHOW aHTeHHe
Yaa-Arn puc. 11.1.20. NpuueM Mbl HE XOTUM 3aMETHO YBENKn4n-
Barb PaaMyc NOBOPOTA, TO €CTb LMPMHA YKOPOUEHHOIO SNEMEeHTa
Ha 7 MMy pomkHa GbiTb NULLbL HEMHOrUM GOMblue LWMPUHL ped-
nexropa 14 M. Ons BuinonHesns armx ycnoeuii Ky gomken 6uiTb
B npepenax 0,5...0,6.

Mo aauubiv n. 8.1.2.2 npun Ky = 0,55 n paccrosHmnn mexay ane-
MeHTammn okono 0,112 AByxaneMeHTHas auTeHHa ¢ PehneKTopoM
nmeet xopowee F/B, a no Ga n nonoce Mano yctynaer nosiHopas-
MEPHOIA NBYXaNemMeHTHOK Yaa-frn ontumanbHoi no F/B.

CoBMECTUM Takylo aHTeHHy C KOHCTpykumeii puc. 11.1.20. Pe-
3ynbTaT nokasaH B daiine ...2el_ 40m_3el_21_15mil.gaa n Ha
puc. 11.3.5 (xapaktepucTuku n JH Ha 3T0M pUCyHKe COOTBETCTBYIOT
auanasony 7 MIru). Kak onucado 8 n. 11.1.1, aHTeHHH Me RPOCTO
COBMELEHH, @ ONTUMKU3NMPOBaHL C YYETOM B3auMHOro BIMAHWSA.
Noaromy paamepsl 14 n 21 MMy Ha puc. 11.3.5 HeckonLKo oTnu-
yaiotcsa or puc. 11.1.20.

OcHOBHbIE NapaMeTph aHTeHusl puc. 11.3.5 B ceo6oaMoM fipo-
CTpaHcTBe nokasaHs B 1abn. 11.3.5.

Nonoca B ananasonde 7 MMy yakoBara, HO He 3abynem — aM-
TeHHa ykOpodeHa novTy Bagoe. Ra B atom ananasone okono 18 Om,
ANIA ANTaHUA UCNOMb3YETCA y-CornacosaMme.
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Tabavuya 11.3.5

Makc. Monoca no yposuio
DHvanazoH KCBs, Ga, F/B
va peaowance | dBi /B, | F/B > 12 pB,| KCB < 1,5,} KCB < 2,
nb xly Ky kI
7 My 2,8 6.4 25 170 75* 150
14 Mly, 1 6,9 25 800 560 760
21 My 1 6,8 25 300 250 350

Npumeuanue. * B guanasone 7 Mry nonoce no KCB nocne CY.

Bnusuue anemenros 7 MIu Ha BY gnana3oHbl nposBRseTcs,
npexae scero, Ha 21 MIu. Tam CHUXaeTCs ycuneHne u Cyxaercs
nonoca (cpasnure crpoku 21 My, g 7abn. 11.1.9 n 11.3.4).

Mpumenerne EH B paMkax MANOCTPYPYET CAEAyIoLas aHTeH-
Ha. Ee OocHOBOW SIENAETCHA NONHOPAa3MEpPHubit «TPONHOK KBaapar»
Ha 14 M, BHYTpM KOTOPOro pasmeweHsl no 4 pamku Ha 21
n 28 MIu. K neiht Mo gobasnsiem ykopouenHbit QQ na 7 My
c Ky =0,75.

MNMonyseHHas anreHna nokasaMa s ¢aiine ...Quad2-40m-3-20m-
3-15m-4-10m.gaa v Ha puc. 11.3.6 (xapakrepnctvkv u [OH Ha atom
PVICYHKE COOTBETCTBYIOT AnanasoHy 7 Miu).

OcHOBHLIE NapaMeTpsl aHTeHHy puc. 11.3.6 B cBoboaHOM Npo-
CTPaHCTBE nokasaHul B Tabn. 11.3.6

Tabnuua 11.3.6

Makc. MNonoca No yposHiO
Nvanazon KCB Ga. /B, | F/B>12 06| KCB < 1,5,| KCB < 2,
Ha peaoHance | dBi s u K Ky
7 My 1,3 6,7 | 22 100 — 150
14 My, 1 84| 22 500 140 350
21 My 1 9,1 22 550 140 360
28 My, 1 98| 28 1000 360 670

. B 11-1f rnaBe ONMCaHbLl Aanek0 HE BCE MHOMoAUana30HHLIE Ha-
npaenenybie KB aHTeHHbl, CyLECTBYIOLUME Ha BPEMA HanmMcaHus
aTnx CTPOK. Mbl paccMOTPENnn NMilb OCHOBHLIE NPUEMB NPOEKTU-
POBAHUSI TAKUX BHTEHH. 3TN NPMEMEI MOXMO KOMOWHUPOBaTL B pas-
ANYHBIX CONETAHNAX, NONYYaa Hennoxue peaynbrarbl. Ho atum yxe
APUOETCs 3aHUMaTbCA BaM, NOTOMY YTO B 33aBMCUMMOCTW OT KOHK-

peTHbix TpeboBauuii 1 BO3MOXHOCTEN pelynbrartl ByayT CuMnbHO
OTAU4ATHLCS.
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SAKJTIOYEHUE
N BJIATOOAPHOCTMU

310l yacTbio 3aBepwiaeTca paccmorpenne KB aHrenH. He no-
TOMy, 4TO O HMUX Heuero 6Gonblue Hanucatb. A NOTOMY, YTO Hano
rpe-To OCTaHOBUTBLCS.

...Boobuie, npoBeCTU rpaHuuy — AEN0 CAOXHOEe. YyTb paMb-
e — n Ornyeckas HUTb NOBECTBOBAaHUA PBETCA: 4TO-TO npony-
uteHo, He o6bacHeMo, He DOoTaHYTO. He nOMATHO LYurarenio, Kopo-
4ye rosops.

Ho 3aiiTi Yepecuyyp Naneko n BuBamTb Bee ¢ BonblunmM 3ana-
COM — HWYYTL HW NiyNIUE B CMLICNE pesynbraros. [Nponsoiaer ne-
perpyska nuwnein nadopmaumeit, n He Oyaer BOCNPUHATO Aaxe
TO NONE3HOoE, 4TO B HEl BCe-Takn Haiaercs.

He 3Maio KaK BaM, @ MHE HepeaKO BCTPEYANNCh KHUIMM C OAHUM
CTPaHHLIM OBWwMM KavecTeOM. D710 Guin oberosTenbHbie, rny6o-
KUE TPYAbl, HANMUCAHHLIE O4YEHb YMHbLIMKN (KyAa MHE A0 HUX) Mofb-
mMu. Ho nouemy-T10 B NMPOLIECCE YTEHNS U NOCAE HEro y MeHs BO3-
HUKaNO CTOMKOE oulyweHne GeaHanexHoin cobCTBEHHON TynocTy.
Hy, nnn msarse roBops, KasasnoCb, HTO YWTAIO KHUIY Ha MWHOCTPaH-
HOM si3blKe, KOTOPLIA HE O4YEeHb XOPOLWO 3Han. BonbWNMHCTBO CROB
W NpeanoXeHwii, B OCHOBHOM, NMOHATHL, HO O6LLMIA CMBICH YNOPHO
YCKOnb3aeT, KaK Hu 6eiica, CrpaHnua, NoKpLITas CRoXHLMKU Gop-
MYyNaMM Mnu CAMLLKOM CROXHBIM W 3anyTaHHbiM TEKCTOM, Bbi3bIBA-
Na OQHOBPEMEHHO BOCXMLLUECHME 2BTOPOM M NMOHUMAHWUE, Y4TO MOMX
MO3roB AIBHO HE XBaraeT ANsl N3BNEYEeHNs KaKON-TO NOMb3bl M3 NPOo-
YNTAHHOIO.

Bot o7 Takoii 6ennt NLITANCh YUTATENA 9TOM KHWUrn ybepetb.
Mpy camMopenakTMPOBaHUN HELAAHO YAANEeHO BCE, Y4TO MOrno 6w
nomMewars AOHMMaHuio. Ecan Bce Xe 4TO-TO OCTanoCb HEmnoOHAT-
HLIM, HAMULLIMTE MHE, U B CNEAYIOWMX U3AaHNMAX NONbITaloCh 06b-
SACHUTL JTyyLLe.

Takxke Byaoy GnaropapeM 3a NMCbMA, C YKa3aHWeM NorpeLHoc-
Teii n onevyarok. KOHeYHO, BCe NPOBEPEHO MaKCUMasnbHO TLLATENb-
MO, HO KHWUra roTOBMAachb OOHMM 4enosekoM. W B Takoii cutyaumm
NONHOCTLIO M3bexars owKnbOoK, HABEPHOE, HEBO3MOXMHO.

Haneiocb, Bbl NOMMETE M NPOCTUTE, YTO aBTOp OU3UNECKN HE
B CMNax OTBENATb Ha MHAMBUAYASIBHLIE BORPOCH NO MOACAMPOBA-
HWUIO ¥ NPOEKTUPOBaHMIO aHTeHH. MNMucbMa noyTK BCerna OCTaioTes,
yBbi, Ge3 oTeera. Vckiouenne COCTaBNsaioT NUlibL BONPOCH, nona-
naowmMe B TEMY, Han KOTOPOI B AaHHbiii MoMeHT paboraio, unm
[ENOBLIE NPEeANOXeHns.
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Xoten 66 uckperHe noGnarofaputs noneii, 6e3 KoTopbIX aTa
KHUra He noseunachk 6ui:

e Anexcavppa lliesenesa {DL1PBD), rnasHOro asropa u rnpo-
fPaMMUCTa OTANMHLIX @HTEHHbIX MHCTPYMEHTOB — MOAENW-
POBLMKOB N aHann3aropos aHTeHH GAL-ANA n MMANA-GAL
PRO.

e CBOMX pOAHLIX M BGNN3KMX — 3a TEPNEHNE, NOHUMAHNE U NOA-~
DEPXKY.

A MHE nopa OnPasAbLBaTL BYOPYIO MONOBUHY HA3BAHWS KHUMN
n nepexogute K YKB anreHHam, koropbim Gyaer nocssiweHa cne-
nywowan 6-a yactb. Mndopmauwmio 0 ToM, Kak 06CToNT C Helt nena,

MOXHO Halitn Ha hitp://dI2kg.de/ant/3-44.him.
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