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Hawa cuctema

Npou3eonbHO BbiBpana
Baw IP ona BecnnaTHoro
y4acTWsA B po3birpbllle
LleHbix MPU30B.

UCnbITaHUMN.

Ha aTon cTpaHuLe pa3MeLLeH nepeBo Ha PYyCCKUN A3bIK, KH
"BBefeHne B EH AHTeHHbI". B KHuUre onvcaHbl npuHumnsl A€l He ynyctuTe ceoi LaHcl
aHTEHH, a Takke KOHCTPYKTUBHbIE 0COGEeHHOCTU. Pag maTep KnukHUTe cloda

nyo6/1MKoBasics.

[ OK |

BBEAEHVE B EH AHTEHHDbI
Ted Hart CEO . CO3/ATb CAWUT BECMJIATHO

EH Antenna Systems, LLC
WWW.eh-antenna.com
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ABTOp - Tag Xapt nonyymn nosbisHor (W5QJR) B 1948 roay 1 ¢ Tex Nop HenpepbIBHO akTUBEH. M3-
3a paHHEero nHTepeca K pagnontoounTenbCcTBy, Taa MMen 04YeHb AJIMHHYKO Y XOPOLUYH Kapbepy Kak
IHXXeHep DNeKTPoHUKN A0 YBO/IbHEHUA B 1996 roay. KctaTtu, ecTb N gpyrne KOHCTPYKUMKU, KOTopbie
Taa npuayman n n3rotToBua AN pagnontooutenein, 3To 1 WyMoBOW aHTEHHbIN MOCT, N MaJieHbKast
aHTeHHa Loop, 1 MHOro Apyrux, Kotopble 6b1/11M onNyo6nnKoBaHbl B NPOoecCcoHasibHbIX U
PaAVON0OUTENLCKUX XXYpPHanax.

BBEAEHWE

JTa KHUra BBOAUT YntaTesia B OCHOBHYH KoHUenunio EH AHTEHHbI U flafiee BeAeT Yepes pacyeTsl U
BbIUMCIEHNS, K KOHCTPYMPOBaHUIO pabdoTalollen aHTEHHbI, obecneunBasd HEOOXOANMbIM
Marepuasiom, Ans pacyerta At06bIX EH AHTEHH, Ha NtobOble Anana3oHbl.

EH AHTeHHa obecrneunBaeT YHUKa/IbHY0 KOMOHaLUMIO 300dIEKTUBHOCTU N CTAOU/TbHO KOHCTPYKLUWUN,
4yTOObI OHa CTas1a NpuBJ/IEKaTENIbHOW ANA CTapbIX paanontoontTenen n HOBUYKOB. ITa aHTEHHa
eIVHCTBEHHAaA a/lbTepHaTnBa ANd pagnonioobutenein, NpoXmnearLmnx B CTECHEHHbIX FTOPOACKNX
YCNOBUSX, /1€ yCTaHOBKa NOJIHOPa3MepHbIX aHTEHH, 60/bluas TPYAHOCTb. EH AHTEHHbI
Heo4HOKpPAaTHO MokasbiBasin XopoLune pesysibTaTbl, Korga oHu 6b11M NpPaBuibHO N3rOTOB/IEHbI U
HacCTPOeHbI. NMOCKONbKY aHTEHHA AB/IAETCA OYEHb Ma/IeHbKOW U HE,0POroi, ee MOXHO caenaTb U3
LLIMPOKO pacrnpoCTpPaHeHHbIX MaTepuasioB - 4 O4eHb PEKOMEHAYIO TaKyt0 aHTEHHY A/
paavontoontenen, UMerLL KX orpaHMYeHHOEe NPOTCTPAHCTBO A/15 YCTaHOBKM NO/THOPAa3MepPHbIX
aHTEHH 1 /19 UCNOMb30BaHNA B pa3BuBatoLLIMXCA cTpaHax. JonosiHuTensHas ocobeHHocTb EH
AHTEHHbI B TOM, YTO OHa MOXET ObITb JIEFKO CKpPbITa, B OT/INYME OT AUNONS TN BEPTUKAIIbHOM
AaHTEHHbI. Y MeHS1 eCTb HeCKO/1bKO caMoenbHbiX EH AHTEHH, Ha Yyepake, U 1 He UMED HUKaKNX
XXas106 OT MOUX coceien.
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Xota EH AHTeHHa 6blia 3agymMaHa HeckosibKo et Hasag (1996), oHa He nostyynna WnpoKoro
pacnpocTpaHeHuns. HoBble naen nHorga TpebyrT BpeMeHn, YTobbl ObITb BOCMPUHATLI OOLLECTBOM,
HO Obl/10 60MbLLOE 3aMeLlaTe/IbCTBO B pe3y/ibTate 06Hapoa0BaHNA TeX NPUHLMMNOB, Ha KOTOPbIX
noctpoeHa EH AHTeHHa. Llenb 3TOoW KHUIM COCTOUT B TOM, YTOObI pa3bACHUTL Teoputo EH AHTEHH U
obecrneuntb MHdopMaLmMen, KoTopasd NO3BOUT NOOOMY PaaNONOUTENIO NOCTPOUTL EH AHTEHHY,
4YTOObI YA0OB/ETBOPUTL €r0 COOCTBEHHbIE 3anpockl (YacToTa, Nosioca nNponyckaHus, U 1.4.) U
npaBuUbHO NCMNOMb30BaTh ee. VIMEHHO Yepe3 3TO 3HaHWE N UCMO/Ib30BaHNEe aHTEHHbI,
paanontoonTelb MoXeT 06HapyXUTb AN ceba MHOro ocobeHHoCcTen, KoTopble EH AHTEHHa nmeeT
MO CPaBHEHWIO C OObIYHLIMY @HTEHHaMN,

Ha koHuenumio EH AHTeHHbI BbigaHo Tpu (3) nateHTa. [MOCKO/IbLKY OHa He corjlacyeTcs C
KNlacCcuyeckon Teopueit, onMcaHHoM B y4ebHMKax, Hay4yHOe 0OLLIEeCTBO TaKXe He CrewnT
3HaKOMUTbLCA C MaTtepuasioM. lNpoTnBopeune - He Bcerga njaoxas Bellb, 0CO6eHHO ec/in 3TO BeeT K
3penbiM 1 OTBETCTBEHHbIM AebaTam. Kpome Toro, ata KHura obecrneunt TexHM4Yeckme U npuknagHole
[aHHble, YTOObI paccesaTb BCe oTpuLaTesibHble Cy)XXAeHNA. dTa KHMra - Mo Hagexaa, YTo 04w,
OCOGEHHO KPUTKKN, HAUOyT Bpems, 4Tobbl caenatb EH AHTEHHY 1 NnYHO y6eanTbCs, UTO MHoraa
HOBble naen pabotaroT!!!

JTa KOHUEeNUnsa peasinsoBaHa B pas/IMyHbIX NpakTUUYeCKNX NPUIOXKEHNAX, TakKNX Kak PaanoBellaHme
AM, paguontobutenbckasa cBA3b, KOMMeEpPYeckne cuctemsl. [1Be komnaHum, ogHa B EBpone 1 o4Ha B
AnoHnK, Npon3BoaAT N npogatoT EH AHTEHHbI ANA paanontooutenei, No nuueH3nam. o
HacTosiLEero BpemeHun, Het komnaHum B CLUA, npounssogsilenn EH AHTEHHbI NS pagnontoouTenen.
OpHa 13 komnaHum B tanum ncnonb3yet EH AHTEHHbI 4N MUHWATIOPHbIX NpYeMo-rnepeaaTynkos,
NCMNOMb3YHLLMXCA ONS YTEHUS LUTPUXOBbLIX KOAOB Ha PacCTOAHUN, MO TEXHO/IOM, U3BECTHOM Kak
NpeHTudmkauys RF (RFID). EH AHTeHHa nmeeT 60/1bLUne NpenMyLlecTsa Hag aopyrumm TunamMmm
aHTEHH B 3TOM NPUMEHEHUN.
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[MoTeHUna bHble YnTaTesin 3TOM KHUTK - pagnotnbutenn, Ho KHura eyaeT nosiesHa u
paguouHXXeHepam, A8 Toro YtTobbl B3rMSAHYTb MNO-HOBOMY Ha aHTEHHbI. YTOoObI rapaHTMpoBaThb
NMOHMMaHne KOHLUEeNuUMn, Teopus npeacras/ieHa B Ype3MepHOo yrnpoLLeHHOW hopme Tak, YTobbl ObI/10
MPOCTO €e MOoHATb. MeHee onbITHble PaanoOOUTENN BCE PaBHO NOMyYaT TEXHNUYECKYHO
NHgoopmaumio no EH AHTeHHe B 06bemMe, HEOOX04MMOM A/1A TOro, YToObl cAenaTb Takylo aHTEHHY,
HaCTPOUTb ee N UCMOoMb30BaThb Aanblue. 18 TeX, KTO XOUeT Nnosiyuyntb 60/ee geTasibHyH
TEXHWYECKYIO0 MHJpopMaLMio, OHa OOCTynHa Ha canTe, BK/1toYast 0KYMEHTbI U CCbIJIKU Ha Apyrue
canTbl. B HTEepHEeTe ecTb Takke oopyM no o6cyxaeHntio EH AHTEHHBI.

Tak Kak KHura HanmcaHa anga paguontooutenein, 1 aymaro, 4To oHa A0J/hkKHa 6bITb 6ecniaTHa.
[MowwnunTe KoNnuo Apyry, N pacckaxuTte Apy3bsM B BalleM pagnokyoe o Herl. OHa MOXET Tekxe
cTaTb TeMon Ana 06CcyxaeHusi B ampe. Takaa aHTeHHa OyaeT XOpoLrMm nogapkom /1t6omy
paavontobuntento, 0CO6eHHO TeM U3 HNX, KOTOPbIE MO pa3HbiM NPUUYNHAM HE MOTYT YCTaHOBUTb
NoJsIHOpa3sMepHble aHTeHHbI. [l Tex, KTo XefaeT caenarb AoKaz Nno 3To aHTEHHE B CBOEM
Knybe, Ha caiTe ecTb MaTepuas, KOTopbI BK/IlOYaeT B cebs BUAEO N TEKCTOBbLIW MaTepuas B
MOJIHON Mepe. DTy KHUTY HY)XHO paccMaTpuBarth Kak nocsieHon NHopMauuo A1 KOHCTPYKLNA
Bcex Bepcuint EH AHTEHH.

TEXHUKA BE3OINACHOCTU

EH AHTeHHa, Korga oHa n3siydyaet, co3faeTt oYeHb cuabHoe BY none, yacto cusbHee, 4eM 0OblUHbIE
aHTeHHbI. Kpome Toro, korga Bbl B nocnegHunii pas Ucnosib30Basiv NOSIHOPa3MEpPHbIA ANNOoAb AN
80 MeTpoBOro AnanasoHa B COeill KomHaTe? A xo4y HanoMHUTbL Bam, 0 mepax 6e30nacHOCTM Npu
paboTe ¢ BY nsnyyeHnem. KoHevHo Bbl KOrga-to yunmincb 1 caaBasin ak3amMeH, npexae 4yem
Nosy4YnnIn BO3MOXHOCTb paboTtaTb B adhmpe kak paguontobutens! O6bIYHO B KOMHATE U3yYaeTcs
HebO0/1blasd MOLLHOCTb, Korga Bbl npoBoAuTe UcnbiTaHUA ¢ Balwmmmn aHTEHHaMK, YCTaHOB/TEHHbIMU

=I2IONVEIESI0]gN Are you a developer? Try out the HTML to PDF API pdfcrowd.com


http://pdfcrowd.com/html-to-pdf-api/?ref=pdf
http://pdfcrowd.com/customize/
http://pdfcrowd.com/redirect/?url=http%3a%2f%2fehant.narod.ru%2fbook.htm&id=ma-141120184017-f98611a6
http://pdfcrowd.com

COJTHEYHbIV yaap v onacHo AN XN3HK! He KocauTeCcb HUKAKMUX YaCcTe aHTEHHbI Npu
nepegauye!l! /llo6oe BO3AENCTBME HA HEPBHYIO CUCTEMY NPOUCXOAUT HE cpa3y, YTOOblI NOSABU/INCH
BUAVMbIE MPU3HaKKN, N 3TN BO3AENCTBUS HE 06paTUMbI!

Camas 006blYHas npuyMHa HecyacCTHbIX C/yvaes, npousoweawmnx ot BY nanyveHus, Hactponka
paanonobuTenbCKon annapartypbl B KOMHate. Ecnin Bbl He 3HaeTe 0 BNnAHUM BY nsnyyeHus Ha
4yesI0BEeYEeCKM OpraHn3m, HaiauTe BpeMs, UTOObl OCBEXUTb Balum 3HaHUA 1 npounTanTe
cneymanbHyo nutepaTtypy.

BONbLIMHCTBO HECYACTHbIX C/lyvYaeB OT BY n3nyyeHusi BHE NOMeELLEHWI, CBA3aHbl C NaJeHneM.
Hukorpa He paboTaiTe B 04MHOYKY, OCOOEHHO, ecnn Bbl HE NCMO/b3yeTe PEMEHb 6E30MacHOCTH,
cTpaxyrowmi Bac ot nageHus. NMpounsoLIo MHOT0 HECYACTHbIX C/lydaeB OT NafeHuns, Aaxe Tam, rae
MCMoJIb30Ba/ICA PEMEHb 6E30MacHOCTK, HO NOMOLLb HE Oblnla OKa3aHa B TeYeHun 8-15 MUHYT nocne
nageHusi. MoBTOpUM eLLle pas: HUKrga He paboTaTilTe B OANHOUYKY. BCe HECYACTHbIE cay4vaun oT
BY n3nyyeHns MoOryT ObiTb NpeaoTBpalleHbl 3apaHee, CoO6110AeHUEM TEXHUKN
o6e3onacHocTu!

BBeneHne u TexHnka 6€30nacHOCTH, Obl/1M HanCcaHbl
[3HOM AHOEPCOHOM M3 AHT NN,

@ copyright August 2005
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Moeli Camoli oopoz2ol IneH
BbI - MOe BOOXHOBeHUe U Mol pok. be3 Bawea2o meprieHUsi U nooo0ep)xXKu, s1 He cMo2 6bl
3asepwiumb 3my KHU2y
T30

NPEANC/TOBUE:

DT0 - HEOObLIYHAA KHUTra, KOTopas packpbliBaeT HEKOTOPbIE XapaKTEPUCTUKN HEOObLIYHOIO, HOBOIO
MOHATUA B Teopun aHTeHH. CneaoBaTenibHO, 1 CBOOOAEH OT CTaHAAPTHOM KHUXHOW (POPMbI N XOUy
npeaBapuTesibHO NpeACcTaBUTb HEKOTOPbIE 6E3YMHbIE OT/IMUYMSA 3TON Teopun. CneayrLmmn Cnmcok -
3TO rNaBHble Pa3IMuMAa B XapakTepucTnkax Mexay ctaHgaptTHbiMyM aHTeHHamu 'epua n EH
AHTEHHaMW. Ha3BaHMe 3TOM HOBOW aHTEHHbI U caMOW TeopUK, a Takke aMb/1IEMbI, NoApa3yMeBaer,
4yto E 1 H nonga Haxoaatca B pase n apPpekTMBHO NHTETPUPOBaHbI B aHTEHHE, TakuM 06pasom,
NepeHocs AasibHIOK 06/1aCTb NOJSA B caMy aHTEHHY. B 3TOW KHUre cyMmMuUpoBaHbl 1 BblaeeHbl 16
YHUKa/IbHbIX NapamMeTpoB, CBA3aHHbIX ¢ EH AHTEHHOW. 3TO caenaHo A1a Toro, Ytobbl unTaTe b
MOHSAS, UTO ABNSAETCA YHUKA/IbHLIMN XapakTePUCTUKAMWN A15 3TON aHTEHHbI. [oaTomy, ecnu
ynTaTesib Xo4eT NOHATb, Kak pabotaeT EH AHTEHHa, OH He J0/KEH OTBepraTtb HOBOE NOHATME Ha
OCHOBE paHee N3BECTHbIX TEOPUN aHTEHH. Jasiee npmBeAeHbl HOBblE NapamMeTpbl YNOMAHYThIE
HmKe. COOTBETCTBYHLLUME NapaMeTpbl A/151 aHTEHHbI ['epLua BKOYEHbI A/151 CPaBHEHUS.

NMAPAMETPbI EH AHTEHHDbI NMAPAMETPbI AHTEHHbITEPLA

MakCMyM M3/lydeHnst - OyHKLIMS
NpaBWIbHOro hasnpoBaHusl, a He pe3oHaHca
aHTEHHbI.

COI'IpOTI/IB]'IeHI/Ie N3/Ty4EHNA, NOYTU KOHCTaHTa
B LLMPOKOM Anarna3oHe.

| ||At\rnn|r\| HAA FINALAANI/A FLLAT LI INAAATAAAILILALA
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Mona E nH B aHTeHHe HaxogAaTcA B pase.

V13JIyHERVIE HIPUVILAULVIT Ha PAaLL 1UARVIVI
HECKOJ1b KX AJ/IMH BOJIH OT aHTEHHbI.

Tuvnosow pa3mep EH AHTEHHbI MeHee 2% oT
OJ/WMHb] BOJHbI.

[na pe3oHaHca, pa3mep paBeH 50% O/ MHbI
BOJHbI W GOJbLLE.

TunnuHas EH aHTeHHa nmeeT BuA
BEpPTVKa/IbHOIo AWNOJIA N He TpebyeT 3eM/n
N3 “pagnasibHbIX’ NPOBOAOB.

AM BelaTelbHbIE aHTEHHbI TPebytoT A0 120
“paamasibHbIX’ NPOBOAOB, A/WMHOWN B ? AJHbI
BOJTHbI.

OTHOLLEHME A/WHbI LWMHAPA K AnaMeTpy
yCTaHaB/MBAET YroJ1 U3/ly4eHNs] aHTEHHI.

icnonb3yroTCcA MHOr03/1IeMEHTHbIe
KOHCTPYKUWA A58 yrpaB/ieHNs yriiom
N3/TyYeHUA.

Mosioca nponyckaHus - eCTb OYHKLIMSA OT
eMKOCTN MeXay LIWmHAPaMW.

Mosioca nponyckaHus KcrpoBaHa u
3aBUCUT OT KOHCTPYKLIMMN @HTEHHI.

ConpoTvBieHne 3nydeHus - NOCTOAHHO U
pasHo 120 Om.

ConpoTuBieHre M3nydeHnst - eCTb OYHKLUS
OT pa3mepa aHTEHHbI.

AdhhekTBHOCTL EH AHTEHHBI
npuosmkaeTtca k 100%

S dheKTUBHOCTb ABMSETCA OYHKLMEN OT
pa3mMepa aHTEeHHbI.

Mpuv npreme, CUrHas CPaBHUM C CUrHasIOM OT
No/sHopa3MepHoli aHTeHHbI Mepua

YpOoBEHb NPMHUMAEMOrO CUrHasa - ABSeTcs
chyHKLIME OT pasmepa aHTEHHbI.

OTHOLLEeHME CUrHaUVLLYM 3HAYUTE b HO Jyullie,
yeM B aHTeHHe [epua.

AHTeHHa ['epua npyHUMaeT He3aBucumo E n
H nons.

neKTpomarHuTHble HaBoaku (EMI)
JoakTU4eCKn OTCYTCTBYHOT.

BonbLume o6nactn E v H noneii co3natoT
EMI.

N3yyeHre Ha rapMOHMKax hakTniecku
OTCYTCTBYET.

AHTEHHbI ["'epua ABATCA Pe30HAHCHBIMU U
MO3TOMY NMPUCYTCTBYET U3/TyYEHNE Ha
PE30HaHCHbIX YacToTax.

BV-KOHYCHbIE 1 AVCKO-KOHYCHbIe hopMbl
MOXXHO 1CMNoJib30BaTb AJ11 yBEJ/IMHEHNA
Are you a developer? Try out the HTML to PDF AP
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WVINL/VIpUDAarinuc vioJ 1lyHicrivic.

N3TyYeHUs .
N3nyvyeHne maseHbKoi EH-loop aHTeHHb! 3ydeHmne npomncxoaut B NI0CKocTr loop
MeHseTcsa Ha 90 rpagycos. AHTEHHbI.

Ha aHTeHHy MeHbLLe B/MAI0T B M3KopacnosioXXeHHble npeaMmeThl
6/M3KOPAaCMO/IOXKEHHbIE NMPEeAMETHI. AOCTaB/IAOT TPYAHOCTW B COM/laCOBaHUN.
EH AHTeHHa u3lydaeT 06bluHOE 3/M 1 Kor

oS AHTEHHa n3fiyyaeT 06bI4YHOE 3/M nosie.

Konyenyust EH AHMeHHbI - camoe cyuw,ecmseHHoe U3MeHeHuUe 8 meopuu aHmeHH 6osiee yem
3a 120 nem.

'’NTABA 1 - OCHOBHAA KOHUENUWUA

TEOPUA

Kak 1 ¢ nto6oin HoBOW KOHLUEeNUMen, hyHaameHTasibHoe noHUMaHne EH AHTEHHbI HE06X04MMO
HayaTb C TOro, YToObl OLEHUTb, YEM 3TO AB/SAETCH, U KaK 3TO paboTtaerT. Npexae Bcero, Haao0
ckasaTb, 4To Teopust EH AHTEHHbI (M OCHOBHOW NAaTEHT) OCHOBAH Ha MPOCTON KOHLENLMN, B KOTOPOU
npepnnaraeTca NoBopoT dhasbl Ha 90 rpaaycoB, Mexay ABYMSA NOSI0OBUHKAMW aHTEHHbI, & 3T0, B CBOKO
oyepefib, 3acTaBuUT 3nekTpunydeckoe (E) n marintHoe(H) nonsa 6biTb B (hase, B aHTEHHE. Takoe
0OCTOATENNLCTBO MNO3BOJIAET CO3/laBaTb 3/1IEKTPOMArHUTHOE NoJsie B caMOl aHTEHHE, a He Ha
[aNeKoOM OT Hee pacCToSAHUK, Kak 3TO MMEeEeT MeCTO B CTaHAapTHOM aHTeHHe ['epua. AHTEHHbI ['epua
co3gatoT E n H nonga, kotopble HaxopgAaTca nopg 90 rpagycoB Apyr K APYrY, N OHU HaxoaAaTca He B
dhase, Noka OHM He pacnpocTpaHU/IUCL AasleKo OT aHTEHHbI, He MeHee 1/3 ANNHbI BOMHbI. Korga oHu
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CTaHOBATCA B (pase, co34aeTCs 3/1eKTPOMarHNTHOE n3syvyeHne. 3To CTOUT NOBTOPUTL: Ecnu Mbl
cuntaem cpakTom, Uuto pasbl E n H nonet HenocpeacTBEeHHO CBA3aHbI ¢ da3ou
NPUIOXEHHOr0 HaNpPsHXeHUs1 U TOKa, TO MPUMEHEHNE TOKa, KOTopbI Ha 90 rpaaycos,

3a/le pXXaH OTHOCUTE/IbHO NPUMIOXKEHHOro Hanps)XxeHus, 3actaBut E n H nons 6bITh B (hase, B
aHTeHHe. (310 - PeBOJIIOLNOHHOE MOHATNE U NMEPBLIN YHUKaNbHbIM napameTp EH AHTEHHBI,
npeacTaB/IEHHON B 3TOW KHUTe).

DTO npocTas KOHUENUUA MOXET NPUMEHATLCS K 11060 aHTEHHE, C OYEHb 3HAYUTEIbHbIM
BbIUrpbiem. PdEeKTUBHOCTbL €€ HACTO/IbKO 3Ha4YMTEIbHA, OCOOEHHO KOorga npuMeHseTcs K
MUHMATIOPHbIM @aHTEHHaM, YTO X 3PPEKTUBHOCTL MOXET paBHATLCA 601bLWNMM aHTeHHaMm Mepual!!
B nocnepyrouwmx naparpadpax mbl 6ygem paccmatpmBaTth gasiee To, Kak 3Ta HoBas KOHLUenuus
aHTeHHbl paboTaer.

PE3Y/IbTATbI

UTOoObI NOKa3aTb 3TO Ha NpuMepe, BO3bMEM CTaHAAPTHYO MOOU/IbHYKO aHTEHHY Ha AnanasoH 75
MeTpoB. Korga mbl go6asnsem 3t 90 rpagycos B Lienu cornacoBaHus, To Nosiyyaem yBeinyeHme
MNo/10CkI NponyckaHna n adpdpekTMBHOCTM noYvt BABOe (> 3 dB). Kak Xe 3T0 MOXeT 6bITb? 3TO
N3MEHSET XapaKTePUCTUKN aHTEHHbI, 3acTaBnsasd E n H nona 6biTb appekTMBHO MHTETPUPOBaHHbLIMU
B aHTEHHe (He Ha pacCTOSAHUM OT aHTEHHbI), YUTOObI U3/TyYEHME NPONUCXOANI0 B aHTEHHE. DTO
NPUBOAUT K YBENTMYEHUIO COMPOTUB/IEHUSA U3/TYHYEHUS, TakuM 06pa3om, yBenmnumpas aqpekTMBHOCTb
aHTeHHbI. lNpeacTaBbTe, YTO CTaHAapTHAA aHTeHHa ['epua nmeeT 6os1ee HU3Koe COMpPOoTUBIIEHNE
N3MTy4YEHNS N TaKXXe o4eHb 6onblume E n H nons, KoTopble B3anMOAENCTBYHOT C HA3€MHbIMU U
XenesHbiMM 06beKTamu, a Te, B CBOK o4vepedb BAnAT Ha ConpoTueneHue M3nyyeHus, ewe 6onee
CHMXas a(pPeKkTUBHOCTD.

UuTtaa aty kHury, Bbl 6yaeTe y3HaBaTb O HOBbIX XapaKTepUCTUKax aHTEHHbI, KOTOPble ABMAKTCS
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HOBbIMW, MOTOMY YTO OHU YHUKas/IbHbl B EH AHTEeHHe. Bo-nepBbIX, Mbl Oy4eM roBOpuTh O
ConpoTuBneHun N3nyyeHud. 3HadyeHne ConpoTtmnsneHnsa anydeHnsa y aHTeHHbI ['epua aBnseTcs
doyHKUMEN OT pa3mepa aHTeHHbI U 61M30CTU K gpyrum oobektam. ConpoTtusrieHue 3nydyeHna EH
AHTEHHbI - UMEET NOCTOAHHOE 3HaueHue, Npnen3nTesibHO 120 OM. (3TO - BTOPO U3 MHOTUX
YHUKa/1bHbIX NapamMmeTpoB EH AHTEHHbI).

McnbitaHna Ha AM paguoBewatenbHo EH AHTeHHe, ykasblBaloT, UTo u3nyyeHne ot EH AHTEHHbI
(6e3 pagmanbHbIX NPOTUBOBECOB) MPEBLILLIAET U3/TyUYeHME OT CTaHAapPTHOW BEPTUKA/IbHOW aHTEHHbI
B BuAe mautbl (C 120 HazeMHbIM pagnasibHbiMU NPOTUBOBECAMK) 60/bLUEe, YeM Ha 4 dB.

3T0 npoucxoauTt notomy, uto EH AHTeHHa nokanudyet E u H nons B caMoil aHTEHHE,
anektpomarHutHasa nomexa (EMI) dpaktnyeckn ncyesaert. (310 - TPETUM YHUKa/IbHbIV napameTp).
Kak npnemHasi aHTeHHa, faxe ec/in oHa o4yeHb Masia, EH AHTeHHa co3faeT TOT Xe cambli YPOBEHb
cUrHasia B NpUeMHUKe, Kak nosiHopasmepHasa aHTeHHa. (3TO - YeTBepPThbIN YHUKa/IbHbIA NapamMeTp).
TaK Kak aHTeHHa TOJIbKO NMPUHUMAET U3/1yYeHne N He NpuHUMaeT HesaBucumo E nnm H wymosble
Nnoss, OTHOLLUEHNEe CUrHas/lymM y Hee 3HaunTesIbHO flyylle, 0CO6EHHO Ha HU3KMX YacToTax, rae LwyMm
00bIYHO 6ONbLUNIA. (ITO - NATLIA YHUKA/IbHbIA NapameTp). TO NPOUCXOAUT NOTOMY, UTO UCTOUHUKN
LLUYMOB, TUMNa ABuratesiei nin Apyrux UCTOYHNKOB pas3paaos (BKoYast MOTHUKO) co3aaloT 60/bLune
He3aBucuMble E 1 H nonAa, Ho Masible EH nanyyeHma. 31o npoucxoaunT, npexae Bcero, NoTomy, 4to
OTHOCUTEe/IbHasA BenmumHa n opyeHTaumsa E n H nonen He MoxeT 6bITb NpaBU/IbHON, YTOObLI
nponsBecTn nsnyyeHne. CtaHgapTHble aHTeHHbI Npeobpa3oBbiBalOT E 1 H Nois B MOLLHOCTb,
NoAaloLLyCAa Ha NPMEMHUK, TakKe Kak U 3/1eKTpoMarHMTHoe n3siyyeHune, Takum obpasom, cosgaBas
60/1bLIOW LLIYM B MPUEMHUKE.

BaXHO 06paTUTb BHUMaHWE, YTO MMEIUCb AIBE TPYAHbIE A5 NOHMMAaHMS BeLly, YTOObl UX MOHSATh.
MonaratoT, UTO aHTEHHA - 3TO OYeHb NPOCTON pPsAA BKAoUeHHbIX RLC. CnepoBaTtesibHO, 3TO OYeHb
TPYAHO A5 TEX, KOMY C/TOXHO MPUHATL HOBYIO KOHLIEMLMIO, KOTOpasi MoApa3yMeBaeT U3MeHeHne
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XapakTepPUCTUK aHTEHHbI, MPUMEHEHNeM caBurarowern Ha 90 rpagycoB Lenu 1, Takum oopasom,
co3nasasd nond E n H B pase. B pesynbTare Mmasiasgd aHTEHHA MOXET U3NnyyaTb faxke nydile, yem
6osblasd. pyraa npobsiema B MOHUMaHUN KOHLUEMLUMN COCTOUT B TOM, YTO OYEHb MasieHbKas
aHTeHHa cnocobHa obecneynTb paBHbIA NN BOMbLUNIA YPOBEHb CUTHaNA B MPUEMHIKE,
CpaBHMBAEMbIN C NOTHOPA3MEPHOWN aHTEHHOW. PaKT, uTo EMI pelumtenbHO YMEHbLLIEH U
COOTHOLLIEHNE CUTHasT/LLYM 3HAYMTESTbHO /1yYLUE - MOHATbL HEMHOIO MPOLLLE.

Pa3mep AHTeHHbI: Korga as14a a/ieMeHTOB aHTEHHbI UCMO/b3YHTCA UUAVMHAPLI, a He nNpoBoaa,
€MKOCTb Mexay ABYMS NOMOBMHAMU aHTEHHbI AMUMNOAS MOXET ObITb 60/bLIasA, Takum 06pasom,
Bbl3blBasi yBe/IMYEHME NOJIOCHI MPONYCKaHNA aHTEHHbI, AaXe Korga unanHapbl KOPoTkme. 310
0OCTOATENLCTBO AOMNyCcKaeT, 4Tobbl EH AHTEHHA OblNa 04eHb Ma1IEHbKOW, 0ObIYHO HAMHOIO
MeHbLUE, YeM 2 % OMHbI BOJTHbI, a He 50 % A/1MHbI BOJTHbI, KakK B CTaHAAPTHOM Aunosie, Unm ?
O/IMHbI BO/THbI B BEPTUKa/IbHOM aHTEHHE, Aa elle NMeKLlen paanasnbHble NPOTUBOBECHI. (31O -
LLIECTON YHUKaIbHbIV NapamMeTp). 3To npobnemMa Anga pagnontooutenein 1 aKOHOMNUYECKNE U30EPXKKN
AN1A KOMMepyeckoro AM paavoBellaHus n TpeboBaHus K naoLaamn 3eMnmu.

CTpykTypa nons: [axe ecnn cymmapHasa anvHa EH AHTEHHbI U3MepsaeTca B AloiMax, a He B
doyTax nposoaa, COOTHOLLEHNE ONMNHbI UMNNHAPOB K UX aAnameTpy, B EH AHTeHHax ynpasnset
No/IeM U3/TYYEHUS aHTEHHbI. (3TO - celbMOW YHUKa/IbHbIN napameTp). Hanpumep, ana EH AHTEHHBbI
Ha Hn3kne yactoTbl (40, 80, n 160 MeTpOBbLIX AMnana3oHoB), 6/1M3K0e BEPTUKA/IbHOE pacnosioXeHne
UMTMHAPOB Nyulle NOAXOAUT AA NToKa/lbHbIX CBA3€EN, pEKOMEHAYEMOE COOTHOLLEHNE AJTNHBI K
AvamMeTpy UMAnHAPOB A0/HKHO ObITh 12 nnn 6onbluee. [na ananasoHoB Kopoye, Yem 40 MeTpos,
3aKOHbI NPMPOAbl OrpaHNYMBalOT CBA3b Yepe3 MoHoCcepy U Heob6Xo4MMO UCNOIb30BaTb HU3KNE

YI bl N31ydYeHna. YUTobbl MakCUMMU3NpoBaTb U3NydYeHne nog HU3KUMK yrinamu, OTHOLLEHME O/INHBI
UNAVHAPOB K UX AVaMeTpy pekomeHayeTcsa 6paTtb 6 UM MeHblle. 3HayeHne MeHbLUe Yem 6, ObI10
BblOpaHo AN AM paguoBellartesibHOM aHTEeHHbI, YTOObl MakCUMN3NPOBaTb MU3/Ty4YeHne BAO b 3eM/N
N YMEHbLLUNTL BbICOKOE YI/10BO€E U3/1yYeHne, KOTopoe co3faeT NoOMeXU Ha AasibHUX pacCTOAHNAX
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HOUbO, KOra noHocepa AonycKaeT BbICOKOE Yr/I0BOE N3/TyYEHME NPU TEX XE HU3KMX YacToTax.

FNABA 2 - KOHUENUWA NOAPOBHO

NMpumeHeHne KoHUenuuun: Ytobbl NOHATL, Kak paboTaeT EH AHTEHHa, Mbl NOAPOGHO 06CyANM
PucyHok 1. Npeanonoxunm, Yto UMeeTcsa BXOAHas NIMHUA, KoTopast CoOeAIMHAET UCTOYHUK C ABYMS
UnAHAPaMn, Kak nokasaHo Ha pUCyHKe. VICTOUYHMK Bbi3blBAET MNOSAB/IEHNE BbICOKOIO HanpsXeHus
MeXay unnvHapamm, Takmm o6pasom, nmeeTca 6o/blias 061acTb Nonia E mexay AByms
unavHgpamn. Ha KoHuax UMnmnMHAPOB, K KOTOPbLIM NOAKNYeHa NIMHUA, HanpshkeHne O4eHb BbICOKOE,
N YMEeHbLIaeTCA 40 OYEeHb HMU3KOro 3HauYeHus, Ha OTKPbITbIX KOHLUAX UWMINHAPOB. 3TO co3faeT
6onbLoe andodpepeHumnanibHoe HanpsHXKeHne nonepek Kaxxaoro umnmHapa. NosepxHoCcTHoe
CONpPOTUB/IEHNE UUINHAPOB HN3KO, TakuM 06pas3om, anddpepeHumanibHoe Hanps)XeHne nonepek
Kaxk[4oro unanHapa Bbi3blBaeT 60/1bLLION TOK, BEPTUKa/IbHO Ha uunuHapax. B cBoto ovepedb, 3TOT
TOK co3faeT 60/ibly0 06/1aCTb MarHUTHOrO MOJIA, OKPYXXaloLWyo UNNMHAPLI. Mbl Tenepb nveem E n
H nond, B COOTBETCTBYHLLEN OpUEHTaUUK, FOTOBbIE K B3aMOAENCTBUIO. ECNY NCTOYHUK nMeeT
COOTBETCTBYOLWMIA cABUT NO hase, Mexay NpuaoXeHHbIMU HanpsXXeHeM 1 TOKOM, Bbi3biBad E n H
nons, yaert NnosiBNAATLCA U3nyyeHne. VIMeHHO No3aToMy MmeeTcs NnoTpebHocTs B 90 rpaaycHom
3a4epxke pasbl B UICTOYHUKE.
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Beicoxoe

/ HANP SEECHHE
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Puc 1. Oopazosamne E u H mosei

BaxHO 06patnTb BHUMaHME, YTO OYEeHb CU/IbHAA 06/1acTb MarHUTHOIO MOJIA CYLLLECTBYET BHYTPU
aHTEHHbI. UTOObl YMEHbLUUTL NMOTEPU MU3-3a BUXPEBLIX TOKOB, UWUAMHAPLI A0/1XKHbI ObITb CAenaHbl U3
LBETHOro metasifnia, (Meab, antoMUHMIA). ECNv He ncnosib3oBatb 3TN MaTepuasibl, 30JEKTUBHOCTb
aHTEHHbI OyEeT CHMXEHA, HWKE NpueMeMbiX YpoBHEN. Takxe, He A0/HKHO HaX0ANUTbCS HUKAKOro
doeppomMarHMTHOro matepuasia BHyTpu UNTMHAPOB. BuxpeBble TOKK, MOTyT 06pa3oBaTtbCs B
doeppomarHMTHOM Matepuasie, u byayT HarpesaTtb ero, Takum 06pasom, NornoLlass MOLLHOCTb,
KOTOpas BblYMTaAETCA U3 N3/TYyYEHUS.

Cornacyouwas Luenb Ana 3agepxku dasbl: B xoae pa3paboTky aHTEHHbI, b/ UCMO/b30BaHbI

TPY pasnnyHbIX KOHUrypaumm aToun uenu, 4Ytoobl co3gatb cooTBeTcTBYyOUlee 90 rpaaycHoe
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N3MeHeHue doasbl Mexay ABYMSA UUAnHApPamMn. TN CXeMbl COr/iacoBaHMA nokasaHbl Ha PUCYHKax, Co
2-T0 0o 4-ro.

KoHdmrypauusa L + L: lNepBas KoHurypauma éeina n3sectHa kak L + L n nokazaHa Ha pucyHke 2.
OpHa L cekunsa obecneumBana - 45 rpazycHbii NOBOPOT dhasbl, a gpyras obecneunBana + 45
rpagycHblii NOBOPOT hasbl. L/C cCOOTHOLLEHNE BbIOpAHO Tak, YTOObI 06ecneunTb cornacoBaHme
nMmnegaHca. dta KoHdmrypaumsa paboTtaeT oyeHb xopollo. OaHako, aaxe ec/v BennynHa aByx
KOHAEeHCaTOpPOB O4YEeHb Masia, KOHAEeHcaTopPbl A0/KHbI BblAepXnBaTb 04eHb Bbicokoe BY
HanpsaXeHue.

(il = —

‘_.:"“‘l |

o S
% Puc. 2
I }‘ L+L wondmrypammsa

KoHdwmrypauusa L + T: BTtopas koHdmrypauma ncnonb3osana L + T cornacoBaHune, Kak nokasaHo
Ha pucyHke 3. L cekuma npeobpasoBbiBaeT conpotmsieHue ot 50 o 25 Om ¢ - 45 rpagycHbIM
NoBOPOTOM dhasbl. T cekumd, npeobpas3oBbiBaeT conpotmsneHne 25 Om, K umneaaHcy aHTeHHbI U
obecrneunBaert - 45 rpagycHbivi NOBOPOT ha3bl. B aTOM KOHUrypaummn, KOHAEeHcaTOPbl MOryT ObITb
pacuMTaHbl Ha HN3KOEe HanpshXeHne, HO A0/HKHbl UMEeTb CNMOCOBHOCTL NMponyckaTb Yepes cebs

=I2IONVEIESI0]gN Are you a developer? Try out the HTML to PDF API pdfcrowd.com



http://pdfcrowd.com/html-to-pdf-api/?ref=pdf
http://pdfcrowd.com/customize/
http://pdfcrowd.com/redirect/?url=http%3a%2f%2fehant.narod.ru%2fbook.htm&id=ma-141120184017-f98611a6
http://pdfcrowd.com

oonbLlume BY TOKMW.

R —
I it

Pruc. 3 L+T wondurypaima

Sy

KoHdwrypauua 3BE3[A: TpeTbda 1 Hanbonee npennoyututesibHaa KoHdourypaumsa nokasaHa Ha
pucyHke 4. ObpaTtnte BHUMaHWE, YTO, KaTyLlKa HacTPOMKM NoAKI0UYeHa K UCTOUYHUKY 50 Om, n
HWXHWIA KOHEeL, KaTyLUKN NOAK/MHYEH K ON/IeTKE BXOAHOro kabend. Ee HoMuUHan Takoi, YToObI ObiJl
caBur dpasbl Ha -90 rpagycoB, Mexay KoHuaMun KaTyLlkn. Tak Kak aTa KoH(purypauus npocra n umeet
MUHUMYM KOMMOHEHTOB, el 6bbl/10 AaHo Ha3BaHune “ EH AHTeHHa 3BE3/A .

XoTs 3hdpeKTUBHOCTL - OiHA U Ta Xe, A1 000N U3 Tpex KoHdMrypauuii, Tofibko Bepcus “3BE3A”
ObyneTt AeTasibHO pacCMOTPEHA B 3TOM KHUTe, U3-3a NPOCTOThbI M 3KOHOMUW, A9 paguontooutenei.
[MoTOMY UTO 34€ECb NPUMEHAETCA MUHMMYM KOMMNOHEHTOB, Takum 0bpasom, obecnevnBaeTcs
60/1bLUasA HaAeXHOCTb, B TeYeHne ANnNTeNibHOro cpoka. Bepcusa “3BE3 /1A ncnonb3yetca Takke s
AM pagunoseLlaHua.
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ﬁc:;

Prc. 4 roudurypamma “3BE31A"

Cxemartunueckaa Auarpamma: [narpammbl, NoKkasaHHbIe Bbille, 06ecnevmBatoT NPocToe
npencrtaB/ieHne rnaBHbIX PU3NYeCcKnX KOMMOHEHTOB. o/IHasa cxemaTuyeckasa guarpamma u
dom3nyeckoe BbIMO/IHEHME aHTEeHHbI NoKa3aHbl Ha puUcyHke 5, anda KoHdurypaumn 3BE3JA.
dusmyeckasa KoHdurypauma nokasaHa cnpasa, U cxemartnyeckas gnarpamMmma nokasaHa criesa.
CxemaTuyeckas gmnarpaMmma BK/1HoHaeT BUPTyasibHble KOMMOHEHTbI (MOKa3aHbl LUTPUXOBOW NNUHUEN),
a Takke pmsnyeckmne KOMMNOHeHThI. [lasiee onucbiBaeTCA KaXAblv 3/IEMEHT B CXeMaTUYECKOW
anarpamme.
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Broppan basmpyroma ()
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PHYeCcKoe
Puc. 3 EH anrenma “3BE3TA” HCTIO THEHEe

EmMkocTb uunuHgpos (Cc): LnnmHapbl ABNAKTCA rnaBHbIMAN 3/iEMEHTaMN aHTEHHBI.
SKBMBa/IEHTHO, 3TO 0603HAYEeHO nocsiegoBaresibHO CoeANHEHHbIMY KOHAEHCATOPOM U PE3UCTOPOM,
BK/TIOYEHHBLIMN MeXxAy UNHApamMu. 3HaYyeHne KoHA4eHcaTopa - eCTb (DYyHKUMA OT pa3mepa
UMAVMHAPOB, N MOXET ObITb BbluMC/ieHa cnefyrowmm ypasHeHnem: C = 0.546 L/D + 2.06 D. C
namepsaetca B lNd, rae: L (anvHa ogHoro unnunHapa) u D (gnameTtp unnmHapa) pasmepHoCcTb B
ArnmMax. 3Toro ypaBHeHUs Bol He HanaeTe B KHUrax. OHO 6b1/10 NOTYYEHO C NMOMOLLbI C/TOXKHOW
aNeKTpocTaTnyeckon nporpaMmmvbl B F'epmaHuu, ansa pacyeta EH AHTEHHbI.

ConpotusneHune NsnyuveHusa (RR): BuptyanbHoe ConpoTtmBrieHne, nokasaHHOE Ha guarpamMve,
Ha3biBaeTca ConpoTtmBneHnem M3nyyeHus. Ero Henb3s nameputb HENOCpPeaCTBEHHO, HO OHO
aBngetcsa yHkumen adodpekTmBHOCTN EH AHTEHHBLI. 3mMoO conpomussieHue cyujecmsyem
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moJibKO Ha 4acmome, 20e rpoucxooum coomsemcmsyroujee hpasuposaHue cxeMbl. OHO He
coomsemcmasyem yacmome, Ha Komopou BO3HUKaem pe30HaHC. (370 - BOCbMOW YHUKa/IbHbI
napameTp). ITOT pakT otaensaetr EH AHTEHHY OT cTaHAapTHbLIX aHTEeHH ['epua, MOTOMY UYTO 3TO He
corslacyeTcs co cTaHAapTHOW Teopmein. ITo NPUBOAUT K HEMOHUMAHUIO KoHUenuun EH AHTEHHBI,
MOTOMY YTO HMKakasa gpyras aHTeHHa He paboTaeT Nnogo6HbIM 06pa3omM. ITO TakKe ABNAETCH
OCHOBHOM NPUYMHOWN A5 NOHMKEHUS 30JIEKTUBHOCTU, KOria HacTporKa Npon3BeeHa He
NpaBUbLHO.

AdpekTnBHOe ConpoTtmneieHne 3nyyeHns MOXeT ObITb TOUHO OonpenesieHo, N3MepeHNEM LUNPUHBI
MONOCbI NPOMNYyCKaHUA aHTEeHHbI, ero 3HavyeHune Bbluncngetca kak RR = BW*Xc/F, roe BW - + /-
LUMPUHA NOMOCKI NpOonycKaHnA rno ypoBHO 3 dB, nsmepsaeTca MHANKATOPOM nosns, XC - EMKOCTHOE
peakTMBHOE COMpPOTUB/IEHNE, pacYeTHOE NN N3MepsSseMoe eMKOCTbIO UMINHAPOB, U F - paboyas
yactoTta. ObpaTtnute BHUMaAHME, YTO nosioca NPonyckaHns - aTo PYHKUMA OT eMKOCTU MexXxay
UuavHgpamMmn, Takum o06pasom, pasmep aHTEHHbI AVKTYET LWMPUHY MOJI0Ckl NPOonyckaHus. (310 -
NEeBATbIN YHUKa/IbHbIVM NapamMeTp).

Mbl BbisicCHUN, YTO EH AHTeHHa “3BE3 A’ nmeeT conpoTMBeHne N3nydeHns, npubnnsntesibHo
120 OM. 31O - Apyroe OTK/IOHEHNE OT CTaHAAaPTHOM TEOPUN, B KOTOPOW COMPOTUBIEHNE N3/TYHEHUS
CTaHOapPTHbIX aHTEHH U3MEHAETCA KakK PyHKUMA ANMHbBI OT YacToTbl U APYTrnX napamMeTpoB, BK/oYas
6/1M30CTb NOCTOPOHHUX NPeaMEeTOB 1 3eMNun. MNpeamMeTsl, yaaleHHble Ha paccTosdAHue 6osiee ABYyX
OMH EH AHTEHHbI, HEe OKasbiBalo Ha Hee BAuSHNA. C Apyron CTOPOHbI, MOCTOPOHHME NpeaMeThI,
HaxoAsLmMecsa Ha pacCToOAHNUM MeHee ? AJIMHbI BOJTHbI OT aHTEHHLI ['epua, O4YeHb CUTbHO B/TUAKOT Ha
ee CONpOoTUB/IEHME N3MTYYEHUS. DTO OAMH U3 NPU3HAKOB, FOBOPALLMX O Pa3/INYHbIX pasmepax nosien
EH v aHTeHHbI ['epua.

dasupytowas katywka (P Karywka): ManeHbkas MHAYKTUBHOCTb pa3MeLLieHa YyTb HUXKeE
BEPXHEro UMNuHApa. Llens ee coctout B TOM, YTOObI 06ecneunTb He6o MbLIOE N3MEHEHME dasbl
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(HOMHa/ILHO 6 rpafycoB) B NpPoOBOAeE, NAYLLEM K BEpPXHEMY LUMAVHAPY, YTOObI NpeAoTBpaTUTb
N3My4YeHne OT NPoBOAa, NOCKO/IbKY OH MPOXOAUT Yepes HMKHUA UNUHAP, U Takke NpeaoTBpaTuThb
N3MyYeHne OT KaTyLLKM HaCTPONKK. YToObI BbIYUCIATL OAJIMHY NPOBOAA B 3TOM KaTyLUKe
NHAYKTUBHOCTN, UCNO/b3YiTe crieaytoulee ypaBHeHne: L = 984/F*6/360*12, rae L namepsietcs B
nrnvax un F - paboyas yactota B M. 3TO ypaBHEHNE BbIYNCASET A/IMHY BOJIHbI B oyTax,
npeobpas3yeT gasiee B 6 rpagycoB noBopoTa dasbl, U 3aTEM BCE NpeobpasyeTca B AtoMbl. s
yA006CTBa, YpaBHEHME MOXET ObITb YNPOLLEHO, 1 ByAeT BbIrngaaets npnonmsntensHo Tak: L = 200/F,
C JOCTaTOYHOM TOYHOCThLIO.

EmkocTtb MpoBopga (Cw): EMKOCTb npoBoAa, NPOXOAALLErO Yepe3 HMKHUA UMAHAP, YAUBUTENTbHO
BbICOKa, MO CPpaBHEHMIO C EMKOCTbIO MexXay unavHgpamn. CnegosaTtefibHO, OHa A0J/KHA ObIThb
BK/1l0UEHa B 0Oy TOYHYHO Modesib EH AHTEHHbI. YpaBHeHMe anda atol emkoctn - Cw = 0. 614/log
(C/W) B Ndp Ha Atorim anuHbl uyunuHapa, rae C - anameTp umnunuapa, n W - anameTtp nposoaa.
O6Lwas emkoctb CW Tem 60/blLUe, YeM 60/bLLE ASIMHA HUXHETO UMNHAPA.

EMKOCTb KaTtywku (CT): Cama eMKOCTb KaTyLIKWU HACTPOMKN MOXET ObITb 60MbLUass U byaeT MeTb
3Ha4YeHune, Npu BbIYNC/TIEHUN UHOYKTUBHOCTU, HEOOXOANMMOWN A1S pe30HaHca aHTeHHbI. [1oNb3ynTech
crnpaBOYHUKaMK O/15 BbIYNC/IEHUS 3HAYEHNA €MKOCTM 3TON KaTyLUKW, KOTOPYHO Bbl n3rotasnvesaete
ana Balwen aHTEHHbI TN SKCMePUMEHTa/IbHO KOPPEKTUPYMTE KaTyLIKy HacTpouknu. [ngd
60/1bLUMHCTBA MPUTOXEHUI MOXXHO MUCMNOJ/1Ib30BaTh 3HAYEHNE ? OT EMKOCTU MeXAy uunmHapamu, c
[0CTaTOYHOM TOYHOCTbIO.

NMpoune eMKocTU: VimMeeTca Takke Apyrne eMKoCTU, KOTOpPble OYEHb TPYAHO BbIYNCNNTL. ITO
€MKOCTb MeXAay HKHUM LUNANHAPOM U KaTyLIKOW HacTpPonKn. Heobxoammo 6yaeT HacTpaneartb
aHTEHHY KaTyLIKOW HaCTPOWKN, YTOObI AOCTUTHYTL LIEeHTpa paboyen 4yacToThl.

ConpotusneHue MNMotepb (RL): NnpoBoA, KOTOPbLIM HAMOTaHa KaTyLlKa HacTPOWKN, byaeT NMeTb
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HEKOTOPOE COMNPOTMBJ/IEHNE, B 3aBMCUMOCTM OT KOJIMYECTBA BUTKOB, AnamMeTpa npoBoja, 1 padoyel
4acToTbl. APGEKTUBHOCTb aHTEHHbI CBSI3aHa C KO/IMYECTBOM MNOTEPL B 3TOM NPOBoOAE, Mo
cpaBHeHuo ¢ ConpoTtmBneHnem M3nyvyeHnsi. OHO MOXET ObITb OnNpeaeneHo, BbIYUCAEHNEM TOKa B
KaTyLLKe HAaCTPOWKK, MPOXOASLLMM Yepes 3TO CONPOTUB/IEHNE, TOrAa TepsoLasca MOWHOCTbL P = | A
2R. Ona mouwHocTen Ao 100 BaTT, MCNOMb3YyiTe 3MasiepoBaHHbIi NpoBoa *14. 118 MOLWHOCTEN
60M1bLUNX, UICNOMb3YNTE NPOBO. *8.

AhheKTUBHOCTb aHTEHHBbI: - BbIXOAHAA MOLLHOCTb, pa3aeneHHaa Ha BXOAHY. MOLLHOCTb,
KoTOopas MOXeT ObITb BblpaxkeHa kak h = RR/ (RL + RR) ans 06bl4HbIX aHTEHH. ECTb TakXe TOKU
yepes eMKOCTU, KOTOpbIe LLUYHTUPYHOT HACTPOIKY, UCKaxad ToK B EH AHTeHHe 1 KoTopble He aatoT
BbIYNCUTb 3OPEKTUBHOCTD, MO NpUBEAEHHON JopMysie, BEPHO. HO, Tak Kak COnpoTUB/IEHME
N3n1y4vyeHnsa ovyeHb 60bLoe (120 Om) No cpaBHEHUID C CONMpPoTMBEHNeM noTepb (Ao Oma),
apcpekTnBHOCTL EH AHTEHHBLI Npnonmxkaetca Kk 100%, ecnin He NCNos1b3yeTCs O4YeHb TOHKUIA NPOBO/A
ONA KaTyLKWU HAacTPOMKN. (DTO - AeCATbIN YHUKa/IbHbIA napamMeTp).

KaTyLwka HacTpOMKU: NHAYKTMBHOCTb KaTyLLKM HACTPOMKM onpefesniaeTcsa eMKOCTbIo Tpex (3)
KOHAEHCaTOPOB N UCMOJIb3YA UX 3HAUEeHME, MOXHO BbIYUC/IUTb BEIUYMHY NHAYKTUBHOCTU L = 1/
((2pF) 2 (Cc + CW + CT)). [Ana pacyeTa 3HaYeHNa MHOYKTUBHOCTU U KO/IMYecTBa BUTKOB MOXHO
MCMOJIb30BaTb N3BECTHble hopMy/bl. JlononHUTebHasa MHdopMauusa byaeT npefcraB/ieHa no3xe.

BxogHas KaTtyLwka: Kak 6b1/10 paHee ckasaHo, YacToTa, NPy KOTOPOI NPONCX0AMT MakCUMaibHoe
N3/1y4YeHne, He MOXET ObITb OTOXAECTB/IEHO C PE30HAHCHOW YacToTo. MakcuMasibHOe U3nydyeHne
MakcMMasibHO, Koraa Bce npaBusibHO cchasmpoBaHo. MuHumym KCB nosydaeTcs Koraa Ha Bxoae
MUHUMa/IbHasi PeakTUBHOCTb CO CTOPOHbI Nepeaartyvka. D70 r1aBHOE OT/INUME OT CTaHAaPTHbIX
aHTeHH. Ecnun pe3oHaHcHasi yactoTa M MakCcuMasibHast YactoTa U3/lyYeHUst He 0 MHaKOBbI,
nepegartuvk NpeanoyTeT HACTPOUTLCS Ha YacToTY, e camblii HU3KMA KCB. 3T0 6yaeT 6/1M3K0 K
PE30HAHCHOW YacToTe, HO MOXET ObITb Aa/1EKO OT YaCTOThl, rAe npaBu/ibHOe ha3npoBaHNEe AUKTYET
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MakCMasibHOe U3/ly4yeHne, Takum obpasom, nsnydeHme EH aHTeHHbI ByaeT H1U3Koe. OTO CTaHOBUTCH
o4YeBMAHbIM, KOra KaTyllka HacTPOWKK HarpeesaeTca npu nepepade, naxe ecnm KCB B
nepefatymke MMeEeT OT/INYHOE 3HAYEHME, NMOKa aHTEHHA He OGyaeT nnaBuTbcs!!!

Ecnu aHTeHHa npeacTaBnseT n3 cebsa KaTyLKy HACTPOWKM COBMECTHO C EMKOCTbO LINTMHAPOB U
BK/TFOUYEHHbLIM nocsiegoBatenibHO ConpoTuBieHNeM 3nyyeHnsa, To MakCUMasibHOE U3nyyYeHune
OyneT Ha pe30HaHCHOW YacToTe, Kak B CTaHAapTHOW aHTeHHe. Crnoco6 noAKtYeHNs K KaTyLlKe
HaCTPOMKN 3eM/IN C OAHOW CTOPOHLI, 06ecneuymBaeT noutn -90 rpagycHbli NOBOPOT hasbl. OQHakKo,
B CBA3M C TeM, YTO eMKOCTb CW + CT - 0encTBYIOT napasisiesibHO KaTyLUKN HACTPOWKK, a
ConpoTtusrieHne 3nyyeHusa - To/bKO nocnepoBatesibHO ¢ Cc, MMeeTca pasHuua YacToT Mexay
4yacToToin pe3oHaHca (MMHUMYM KCB) 1 yacToTon ¢ MakCumMasibHbIM n3s1ydyeHnem. Takas pasHmua
MOXXET ObITb Masia, U ee MOXHO KOMMNeHCcnpoBaTth, A06aB/1AS peakTUBHOE CONPOTUB/IEHNE
nocnenoBartesibHO BO BXOAHYH NnHUIO. Ecnn 3HaueHna CW n CT masbl, Torga Heobxoanma
[0MOJ/IHUTENIbHAasA EMKOCTb Ha BX0oA4e, KOppPeKTUpyrowasa BXogHoW nMnegaHc, 4todbl oH 6b11 R+j0
MNpwn TOM e caMOi YacToTe, Kak U MakCuMasibHoe nsnydeHune. C apyroin CTOpoHbIl, ecnm cama
€MKOCTb KaTyLUKN HACTPOMKN WX €EMKOCTb MEXAY KaTyLUKO N HMXXHUM LUMTMHAPOM 60/bLuas, T0
HeobxoAnMa A0Mo/IHUTEIbHasA BXoAHas UHAYKTUBHOCTb, YTOObI CKOPPEKTUPOBATL BXO4HOM
nMneaaHc. ATo - TUMUYHBIN Crlydyan ANa pagnontoouTeNbCKNX aHTEHH 13-3a TOr0, YTO KaTyLuKa
HaCTPOWVKK pacrnosiaraeTcd B6/1M3N HMKHEro uunuHapa. JSlydiie Bcero byaet, ec/in KatyLika
HaCTPOMKN pacrnosiaraeTca OT HKHEro UMnnHApa Ha paccTossHUM O4HOro AvameTpa.

I'’NTABA 3 - KOHCTPYKUUA

PUSNYHECKUE AETAJIN:
[ocne Toro, Kak Mbl pacCMOTPEN Pa3/inyHbIe KOMNOHEHTLI (B peasibHOi U BUPTYyasnibHoW) EH
AHTEHHE, MOXXHO PaccMOTPETb IM3NYECKY0 KOHCTPYKLMIO. B npaBoil cTopoHe PucyHKa 3 - 3CKu3,

NoKa3blBalOLWLUA KOHCTPYKUMO EH AHTeHHbI 3BE3/JA.
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M3nyyarowas yactb: Kak n B 110601 aHTEHHE, A/15 Havasa, BbloMpaeTcsa hopma ee yacTtu, KotTopas
oyneT usnydatb. BblbpaeTca cCOOTHOLWEeHWe A/1MHbI UMNNHAPOB K UX gnameTpam. [ HASKOro yria
N3NyyYeHus, xapaktepHoro gnsa AM BellaresibHOro U pagnoitobnTenibCKNX gunanasoHoB Ha 4YacToThl
6onee 7 MI'y, nnn gna pa6otbl ¢ DX Ha HU3KKX YacToTax, COOTHoLWeHne L/D 0bbI4YHO BblIOMpaoT
paBHbIM 6:1 NN MeHbLUe. na pagnontoonTeNbCKUX aHTEHH HIKe YacToTbl 10 MIMu ucnosib3yeTcs
Yron nsny4deHuns 6osiee BbICOKUI, OH TaKXe XapakTepeH asa 61MKHUX CBA3EN, NO3TOMY
COOTHOLLeHKe L/D BblbupaeTca paBHbIM 12 Unun 601bLLKM.

UT0ObI OLEHUTb N3ydyeHne EH AHTEHHbI B CpaBHEHUU, NoXasyihcTa, cM. PUCYHOK 6 Ha cneayoLlei
cTpaHuue. Npadvkn cTaHOaPTHBIX aHTEHH ObI/IM MOJTyYeHbl C NOMOLLbI0 KOMMbLIOTEPHOW NPOrpamMmb
MININEC. NHopmauus He npegHasHayeHa 419 NpakTUyeckoro Ucnosib3oBaHuns
paguontbntenammn, Ho oHa AaeT HariagHoe npeacraB/ieHe 0 paboTe aHTeHH. HauHuTe ¢
paccMoTpeHus rpadonka ana Aunonsa B ? ANnMHbI BOSHbL. M3nyveHue npun 90 rpagycax OYeHb
Xopollee, N yMeHbLIaeTCs NPy YMEHbLUEHUN yraa usnydeHuns. ynons B ? AJINHBI BOJTHbI HE
paboTaeT XopoLlo Npu 60bLIKX Yrnax U3fyvyeHus, Ho gaeT yBesiMyeHne nsnyyeHnsa npun éonee
HU3KMX yrnax. Ecnu annonb NOAHATL Bbllle, HaYMHAKT 3ano/IHATLCA NMYCTble MecTa Ha rpadguke.
HaunHaeTcsa nsny4veHue nopg 6osiee Nonorumm yriamm, 06ycsioB/1ieHHOe Ko3mumeHToOM yCcuneHus
aHTEHH. PaccMOTpuM BepPTUKa/IbHbIN U3nydaTesnb B ? ONMMHbI BOJTHbl. 9TO XOPOLUNE aHTEHHBbI, HE
CMOTPS Ha ux npoctoty. OCO6GEHHO B C/iyyasXx, korga Heobxo4nmMoe Harnpas/ieHMe 3aKpbITo,
Hanpumep 6ansnexawmmm sagaHnaMmmn, Uan eciv aHTeHHa He MOXeT BbITb NOAHATA BbICOKO Hap,
3emsieit. Vim Takxke Heobxoaunma xopollasi cuctema n3 120 pagmanbHbIX NPOTUBOBECOB. 15
annonen, rpadmk nokasbiBaeT U3slyvyeHne B Harnpas/IEHUN MakCUMyMa N3NyYeHus, KoTopoe
nepneHanKysIapHO ANNOSIO.

imeeTcsa Takke apyron rpadmk - Ha3BaHHbIWM naeanbHOWN aHTEHHOW. Mbl BbluMCIUAM 0bpasel]
rMNOTETUYECKOM aHTEHHbI, KOTOpas AacT paBHbIA YPOBEHb CUrHas1a Npu BCeX HanpaB/1eHUSIX.
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Hanpumep, nog yrriom 90 rpagycos, npu noHocdoepe BbicoTon 185 munb. Ha gnanasoHe 75 MeTpoB,
100 BaTTHbIN NepeaaTynk C yCuneHnem aHTeHHbl -10 dBi 6yaeT npuHMMaTbCs Ha AUN0/b C YPOBHEM
curHana S9 + 8 dB. Ecnin ucnonb3yoTca ABa ? BO/IHOBbLIX AUMOSIA, YPOBEHb CUrHana oyaet S9 + 24

dB. 910 6yaet pasHuua B 16 dB. Ecnu ypoBeHb NpuUHMMaeMoro curHana S9, ato He nmeet

3HayeHunsa, NOCKOJIbKY YPOBEHb Bbille S9.
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npnbnnsnTenbHO 8 rpagycos. YcuneHne okono + 2 dBi no3Bo/INT NPUHUMATL CUTHas ¢ ypoBHEM S9
+ 9 dB. NgeanbHada aHTeHHa, paboTatoulas ¢c BEPTUKa/IbHOM aHTEHHOW, co3aasia bbl ypoBEHb S9 +
11 dB. lNpu ncnosib3oBaHnnN TEX Xe caMblX aHTEHH, Ha paccTodAHnn 1500 Munb, AUNOAK NO3BOSTUNN
Obl NpUHMMAaTL curHas ¢ yposHem S8 + 5dB. Ha naeanbHyto aHTEHHY YpOBeHb curHasia obin 6bl + 4
dBi npu yrne nsny4venusa 8 rpaaycos. lgeanbHas aHTeHHaA paboTasia 6bl XyXe Ha 6/IN3KNX
PacCTosAHUAX, HO AaBasia Obl BbIUIPbILL HA Aa/IbHUX.

KakoBo nosioxeHne EH AHTEHHbI Ha 3TOM pUcyHke? [ COOTHOLLUEHNSA A/INHbI LMNHOPOB K
avametpy, pasHomy 12:1, EH AHTeHHa umeet ycuneHne npnénusntensHo ot -8 dB o -10 dB no
CPaBHEHWIO C AUMOMIEM ? O/IMHbI BOHbI, MOAHATLIM Ha ? O/IMHbI BOJTHbI HAA, 3emMnien. Ona
cooTHoweHunsa L/D paBHoro 6, nod HU3kuMu yrnamm, EH AHTeHHa — aet ycunieHne npubnnsntesnibHo
B 4 dB, B cpaBHEeHUN C ? BOMTHOBbIM n3ny4vartenem. Mbl HapnucoBasin 3T KpMBble KpacHbIM LIBETOM
Ha PUCYHKe 6. DTO nNpeBocxoAHas aHTeHHa A1 HU3KOro yrna nsnyvyeHus. 'padmk nokasbisaeT
3Ha4YeHuns, AN BbICOTbI MOAbMA aHTEHHbI ? A/INHLI BO/THbI HAaA 3emien. OQHako npu BbiCOTe
nogbema, paBHom Bcero 0,1 AnvHbI BOJHbI, YCU/TEHME YMEHbLUNIOCL 6bl Ha 4 dB.

YcuneHne BepTUKasibHOW aHTEHHbI ObI/10 MPOBEPEHO NyTEM n3mMmepeHuin. EH AHTeHHa
CpaBHMBanacb CO CTaHAapTHOW BepTuKkasibHON AM paauoBellaTesibHON aHTEHHOW. Takxe
cpaBHMBanacb EH AHTeHHa Ha nbuTenbLCcKM ganasoH 40 MeTPOB C NO/1YBO/THOBOW BEPTUKa/IbHOW
aHTeHHoWn. Xotda EH AHTeHHa nydwe paboTana nog 6osiee HASKUMU yrnamun, BepTukasibHass aHTeHHa
paboTtasnia nydiie nog 6osiee BbICOKMMK yrinamn. MNpoBognINCh Takxke U apyrue UcnblTaHus, Ha
ApYyrux yactotax, C aHa/Iorn4HbIMU pe3yibTaTamu.

DTN cpaBHEHMA NOMOryT Bam peLlunTb, Kakyto aHTeHHY Bbl npeanoyntaeTe ania Ballero pexnma
paboTbl. Hano nogyepkHyThb, YTO camas nyullas apPekTMBHOCTb, NPU HU3KNX yriax n3nyvyeHna EH
AHTEHHbI NPONCXOAUT TOrAa, Korga oHa Haxo4AuTCA He HUXe ? BOJIHbI Ha 3eMnei. Hanpumep, Ha
ananasoHe 40 meTpoB, 310 Bcero nuub 30 dyToB. Takass 0cCo6eHHOCTb AaeT BamM BO3MOXXHOCTb
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pacnonioxnte EH AHTEHHY BbICOKO Haf, 3eM/1el, Bbille, PAAOM PacMnOo/IOXKEHHbIX 34aHUN, TaK Kak OHa
He TpebyeT pagnaibHbIX MPOTUBOBECOB, U N3/TyYeHne OT UWIMHAPOB OyAeT BbICOKO Hag, 3eM/e.
1o BbICOKMMU YriaMu U3nyyeHus, BepTukaulibHO ycTaHoB/1eHHaa EH AHTeHHa, HMKorga He CMOXeT
paboTartb flydlle CTaporo ctaHgapTHoro gunonsa. OgHako, ecnu 'y Bac mano mecta, a Bbl xoTute
paboTtatb Ha ananasoHe 160, 80 unn 40 meTpoB, TO HECOMHEHHO, EH AHTeHHa Bac BbipyuuT. lNof,
BbICOKMMMW yrnamu, adpdoeKTUBHOCTb €€ He yxyAllaeTcsa 6bICTPOo, MOCKO/IbKY aHTEHHA UMEET Maslble
pa3mMepsbl, Aaxe Npu HU3KOW BbicOTe nogbema B 0,1 A/INHbLI BOJTHbI (HO BCE Xe Bbllle YPOBHSA
Kpbiwn), EH AHTeHHa ByeT o4eHb XOpoLlo paboTarh.

EH AHTeHHa — 3TO BEPTUKas/IbHbIN AMMNO/b, MO3TOMY €ro HeNb34 pacnonaraTtb 6113ko K 3emne. C
[IPYron CTOPOHbI OHAa He TpebyeT paanasibHbIX NPOBOAOB. ITO ABMAETCA rMaBHbIM 3KOHOMUYECKNM
doakTOpOoM Mpu ycTaHOBKe aHTEHH Ansa AM PaguosellaHus, 0cobeHHO Ha YyacTtoTax Bbiwe 1200 KIu,
Koraga maneHbkass EH AHTeHHa MOXET ObITb YCTaHOB/1IEHA 6€3 C/TOXKHOW MeTas1/1In4eCcKon ONnOpPHOM
MauyTbl. Takum 06pa3omM He06X0ANMO NOAHATbL aHTEHHY Ha BbICOTY MUHUMYM B 0,1 A/MHbI BOSTHbI U
OHa byaeT paBHATLCA MO 3(PGEKTUBHOCTM CTaHAAaPTHOM, YyCTAHOB/TIEHHOMW Ha BbICOKOM
MeTasl/INYEeCKOn MayTe, C yBesIMYeHNEM U3NYyYeHUs, Npu nogbeme A0 ? A/IMHbI BO/THbI, MUHMMYMOM
npun nogbemMe Ha ? AJINHbI BOJTHbI 1 3aTEM ONATb MakCMMYyMOM Mpu NoAgbemMe Ha ? OJINHbI BOJTHbI.
[axe ana 160 meTpoBOro gmnanasoHa, aHTeHHY HaZa0 byaeT NoAHATL BCero Ha 16 meTpoB. Ho gaxe
npu nogbeme Ha 9-10 MeTpoB, aHTEHHA BCe elle OyaeT paboTarb XopoLwo. 1o aTon NpuynHe,
YA0OHO NCNO/b30BaTh Takyto aHTEHHY ANnda DX akcneanumia.
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Puc. 7 3aBUCUMOCTb YCU/TEHUA OT BbICOThI NOABLEMA

UTo6bl AeTa/lIbHO pacCMOTPETb YPOBEHb U3MTYyYEeHNSA NMPU pasHbIX BbicoTax nogbemMa EH AHTEHHbI,
A04TaTOYHO B3rNAHYTb Ha rpadmk Puc.7. 'padonk nsHayasibHO Oblf1 NO/YyYEeH SKCNepuMeHTasIbHO,
ncrnonb3ysa EH AHTeHHy Ha 20 MeTpOBbIN AnanasoH 1 yAasleHHbI UCTOYHUK U3/yyYeHus. ocne
aTOro 6bi/1a yctaHoBieHa AM PaauoBeuwaTtenbHasa EH AHTEHHa 1 npoBepeHa B CpaBHEHUN CO
CTaH4apTHOM aHTEHHOWN 3TOro Xe AnanasoHa (co 120 paauanbHbIMM NPOBOA4AaMK), B COOTBETCTBUN
co ctaHpaptammn FCC (cm. choTorpadomto Ha 06/10)KKe KHUTM). DTU UCMbITAHUSA U CpaBHEHUA Obln
BbINOJ/THEHbI A0/HKHOCTHLIM KOHCY/IbTaHTOM nNo AM PaguoBellaHnio, B COOTBETCTBUN C
TpeboBaHnaAMn FCC, B pamkax BblAaHHOW IMLEH3UM, HA SKCN/1yaTaumio aKkcrnepumeHTasibHon AM
PaauoBeuwaTtenbHo EH AHTeHHbI. V13 rpadimka BUaHo, 4to EH AHTeHHa, ycTaHOB/IEHHasA Ha BbiCOTe
0,1 oT gNvHbI BO/HbLI, faBasia ycuneHue scero Ha 0,84 geunbena HWXxe, 4em ctaHgapTHas AM
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PagvoBellaTtesnibHaa aHTEHHA TOro e AnanasoHa. [lpn ycTaHOBKe aHTEeHHbI Ha ? OJINHbI BOJTHbI OT
3eM/1n, ycuneHne paBHseTcs noytu Ha 2 db 6onblie, yem y cTaHAapTHOM aHTEHHbI. DTO KOHEYHO
OYEeHb MHTEPECHO N BbIABWUIOCL Ha CTaaun pasBuTusa nporpamMmmel nccneposaHna EH AHTEHH. Takxe
Mbl BbISICHWU/IW, UTO CTa/lbHasA MayTa, Ucnosib3lyemas 19 yCTaHOBKU LMIMHAPOB, Cy3usia nosiocy
nponyckaHns aHTeHHbI ¢ pacyeTHbIX 279 KI'y go 40 KI'y. To/IbKO HAMHOI0 NO3Xe, Mbl BbIACHUN, Kak
BbIYNCNATL NoJsiocy nponyckaHnsa EH AHTeHHbI. CokpallleHre NoJs1oChbl NMPOoNyCKaHUA MOXET Bbi3BaTb
CHUXeHune conpoTtueneHna nsnyyeHns co 120 Om ago 17 Om. Kazanoch 6bl, UTO Takoe CcyXeHune
MO/10CbI NPONYCKaHWUA, NOYTU B 7 pas, A0/IKHO Pe3K0o yAyUllnTb 30JPEKTUBHOCTb aHTEHHbI. O4HAaKO
HaLlX BbIYMCNIEHNA NOKa3bIBaOT, YTO pa3Huua oblnia 6bl BCEro B Aonuv geunbena. B atom pasnuuve
MeXay cTaHgapTHOW aHTeHHoW ans AM Paanosewanus n EH AHTeHHoM noyTn Ha 3 geuunodena,
HEMHOro MeHblLUe, Yem 4 geumbena, Habngaemole B ApYyrmx namepeHunax. OgHako ¢ Tex nop Mol
BbISICHU/IW, YTO OTHOLWEHue L/D paBHoe 3, yBennunsio 6bl yrosi n3nyyeHmnsa no cpaBHEHUIO C
COOTHOLleHneMm 6:1, ncnonb3lyemMblM NPU UCNbITAHUAX, TaKUM 0bpasom, 4 aeumnbena aTo npaBu/bLHO.
["NaBHbIN BbIBOA M3 MPOCMOTPA 3TOro rpadomka 1o, Y4To nNpu BbicoTe nogbemMa Ha 0,1 A/1MHbI BOJHbI,
ycuneHne EH AHTEHHbI NOYTN paBHO YCU/IEHMIO CTaHAAPTHOW aHTEHHbI co 120 paguanbHbIMY
npoBogamun. Kak paHee roBopuioch, UssiydeHne ot UWMANHLPOB, HaxXoanTca AasIEKO OT 3eM/1U U
HUKakne pagnasbHble npoBoga He TPebyrTCA.

B HEKOTOPbIX YCNOBUSAX, Xenarte/ibHO UMeTb 60/1bLUNKA KOHTPOJIb Ha, BbIOOPOM yr/ia U3nyyeHus,
4yem npeasaraemblil, "3AMeHeHMeM COOTHOLLEHUSA O/TVHbI LNTMHAPOB K UX AnameTpy. STO MOXET
ObITb JOCTUITHYTO UCMO/Ib30BaHNEM BU-KOHYCHOM pOPMbI. (BTO - OANHHAALATbIA YHUKAbHBINA
napameTp). XoTA 3TU aHTEeHHbI U3ny4yaroT Ha 360 rpagycos No asMMyTy, OHU MOTYT cO3[aBaTb O4YEHb
y3K0€ MNOBbILLIEHHOE U3/Ty4YeHME B 3TOM 06/1aCTV 1 AONOSTHUTENNbHOE ycuneHne. ucKo-KoHYyCHas
aHTeHHa rnokasaHa Ha pucyHke 8B, yrosi u3nyyeHmnsa paBeH ? yria Mmexay AUCKOM 1 KOHYCOM.
[MoaTBepXAeHNEeM CKa3aHHOIo Obl/1 3KCMEPUMEHT, NPOBEAEHHbIN Ha aHTeHHe AM
PaanosellaHns.by-koHycHas aHTeHHa noka3aHa Ha puUcyHke 8A — Yy Hee Y3KUi y4 N3nydeHus,
KOTOPbI NapasifienieH 3emse, Korga 6u-KoHyC OpUeHTMPOBAaH, Kak nokasaHo Ha pucyHke. K
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COXXaU1eHUI0, Mbl HE NMEeeM TOYHOIro 3Ha4YeHnda yCUIeHns B HacTosLLee BpeMs, HO 3TO BaXXHO. B
0boux cryyasix pekomeHagyemasi cxema pasmpoBaHma - L+ T .

BH-K0HYCHA SHTEHHA JHCK0-KOHyCHAA
Ha mHanazoH 40 Metpoe AHTEHHA

PasHble KoHurypaumn EH AHTEHH paccMmaTpBasiUCh 34ECh; NO3/IEMEHTHO U AeTa/IbHO. Mbl
nokasasiu, YTo Kaxkgasa aHTeHHa, B Le/IoM, MOXET ObITb OYEHb Ma/IeHbKUX pa3MepoB, gaxe Ha 160
MEeTPOBOM Auana3oHe. 3-3a orpaHnyeHHbIX E 1 H nonemn, ncxoaa n3 KOHCTPYKUMN aHTEHHbI (BCe
SN1eMEeHTbl aKTUBHbI — HET NapasnUTHbIX 3/IEMEHTOB), 6/1M3K0O PaCMO/IOXKEHHbIE NpeAMEeTbl He MOTyT
B3aMMOEeNCTBOBATbL C aHTEHHOW, NO3TOMY UX B/INAHME O4YEHb Masl10. (310 - ABeHauaTblii
YHUKa/IbHbIN napamMeTp).

NMonoca nponyckaHuA: criedyoLWni Wwar B BbIoOpe KOHCTPYKUNK, ABMSAETCH BbIOOP NOMOCHI
nponyckaHunA. Icnonib3ysa ypaBHeHE A1 BbIYNCNEHUA eMKOCTU MeXay UMNNHAPaMKU, N NPUHUMas
BO BHMMaHue ConpoTtusneHue N3nyyeHna — 120 Om, avameTp UMANHAPOB MOXET ObITb JIETKO
BbluMcieH. YTobbl NOMOYb B 3TOM Mpouecce, Ha pucyHke Puc. 9 npeacrassieHa gnarpaMmma, no
KOTOPOW MOXHO Oonpeaenntb EMKOCTb MeXAy unianHapamMmm, B 3aBUCUMOCTU OT UX AnameTpa.
[MpeactasneHbl ABa (2) rpadmka. BepxHuin - ana otHoweHnsA L/D paBHbIM 12, HUXHUIN - A4
oTHoweHuaA L/D = 6.
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JABHCHMOCTE EMKOCTH MEETY IHTHHIDAMH, 0T THAMETpAa IHTHHIDOE
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Juarierp EH anTeHHBI B MroHMax

Puc. 9 EMKOCTb Mexay UianHapamm
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Puc. 10 LWnpuHa nonockl nponyckaHna aHTeHHbI NO YpoBHIO 3 dB
B 3aBMCMMOCTU OT EMKOCTU Mexay UNInHapamMu.

Ha pucyHke Puc.10 npmuBeneH rpadmk 3aBMCMMOCTU NOJIOChI NPONyCcKaHUA aHTEHHbI OT EMKOCTU
Mexay umnuHgpamu, ans gunana3oHoB 160 meTpoB (TeMHO-CUHWMIA), 80 meTpoB (chroneTtoBsblin), 40
MeTpoB (kenTblin), 20 meTpoB (bupto3oBbIi) 1 10 MeTpoB (KOPUYHEBLIN).

O6paTtute BHUMaHWe, 4To OYeHb MasieHbKas eMKOCTb TpebyeTca A1 60/1ee BbICOKOYACTOTHbIX
Anana3oHoB. C Apyron CTOPOHbI, A1 HU3KOYACTOTHbIX Anana3oHoB TpebyeTcs 60/1bllas eMKOCTb,
4yTO N 0bycnaBnMBaeT pasmepsbl UMIMHAPOB. TO/IbKO OYEeHb Masiasd NponyckHas
CMNOCOBHOCTbL(EMKOCTb,CMOCOOHOCTL) TPebyeTcs ANs AaHHOWN LUMPUHLI MOIOCkI YacToT Npu 6osee
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BbICOKMX YacToTax. C gpyron CTOpoHbl 60/1bLIas eMKOCTb TpebyeTca Ana 6onee HU3KMX YacToT,
Taknm obpasom, TpebytoTca 6onbline umnuHapel. Hanpuvep gna EH AHTeHHbl AM PaguoBellaHus
ObI/IM NCMOMb30BaHbI UnMAMHAPLI 36 A0NMOB B agnameTpe 1 18 oytoB BbicoTon. OgHako ana AM
PaavoBellaTtesnibHOro gnanasoHa 6onee 120 Ky ncnonb3oBanncb UWAMHAPLI AMaMeTPOM TOMbKO 9
NWNMOB 1 ASINHOM 54 aroiiva, Npu obecnevyeHnn 3agaHHon nosiockl nponyckanus. (Potorpadms
TakoW aHTEHHbI NprBeAeHa Ha 006/10XKe KHUMK). VIHTepeCHO, UTO KO3(hULMEHT NepPeKpbITUS MO
4yacToTe B Takon aHTeHHe 6bls1 1700/540 = 3,5. 3TO HAMHOro 60/iblLUEE NepeKpPbITUE, YEM OT
avanasoHa 80 metpos A0 30 meTposoro 1 ot 30 meTpoBoro Ao 10 meTposoro. Obpatnte BHUMAHME,
4YTO pa3mMep aHTEeHHbl He 3aBUCUT OT YacTOTbl, & AVUKTYETCA TO/IbKO MOS1I0CON NPONYyCKaHUs aHTEHHbI.
TeopeTtnyeckn, EH AHTEHHY MOXXHO N3rOoTOBUTL Ha N0OON AnanasoH, OHAaKO yXXe Ha Auana3oHe 2
MeTpa, OHN CTAHOBATCA O4YeHb MasieHbKMMK. Ha 6o/1ee BbICOKOYaCTOTHbIE AManasoHbl caenatb nx
y)Xe O4YeHb TPYyAHO.

B cneaywouwmnx naparpadiax, Mbl Ha npumMepax 06 bACHUM TeXHUYEeCKne aetasin. YTobsl
MCMNOMb30BaTb 3TU rpadmkn, BblibepnTe TpebyemMyto LUMPUHY NOMOCHLI MPONYyCKaHNA aHTEHHbI,
Hanpumep 300 KI'y, Ha 40 meTpoBOM AnanasoHe. Mexay npoynm, Mbl caenann BblYNCNEHNS,
OCHOBaHHbIE Ha NoJ10ce NMpPonyckaHus no ypoBH +/- 3 dB, wurpmnHa nosiockl NPonyckaHus no
ypoBHI0 2:1 KCB 6yaeTt npnbnmsntenbHo pasHa ? oT 3 dB WmprHbI NO0CHLI NPONyCKaHuA.
Heobxoanmo Takxe OTMETUTb, YTO 6/10K HACTPOMKM aHTEHHbI OyeT XOPOoLLUO Cor/iacoBbiBaTb
aHTEHHY B nosioce nponyckaHma 3 dB, npeobpa3oBbiBas nmnegaHc aHTEHHbI K 04eHb HuU3komy KCB,
4yTOoObI NepefaTyMk paboTtasn B XxopoLlemM pexnme. He ncnonb3yinte 610K HACTPONKN aHTEHHbI, YTOObI
corsiacoBblBaTb aHTEHHY BHe 3 dB LUMPWHBI NO0CHI MPONYCKaHUA, Aaxe ec/iu MOXeT ObITb
NOCTUTHYT HU3KMIK KCB. MpuunHa B TOM, 4TO 6/10K HACTPONKM MOXET N3MEHATbL PEaKTUBHOE
CONPOTUB/IEHNE HA BXOAeE, UTO BbI30OBET HapyLleHne pa3rupoBaHnsa aHTEHHbI, KOTOPOe, B CBOKD
oyepenb, U3MEHUT YaCTOTY Ha KOTOPOW NPOUCXOAUT MaKCUMasibHOe u3ny4deHue. lNpn pe3oHaHCHON
yacTtoTe (06bI4HO camblii HU3KNIN KCB) adhdpekTnBHOE ConpoTunBrieHne V3nyyeHnst MOXeT CHU3UTbCSA
3HauMTeNIbHO. B 3TOM c/iyyae 60/1bLLOE KO/IMYEeCTBO MOLLIHOCTM nepegaTynka byaert paccensarbCcs
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Ha CONPOTUB/IEHUN NOTEPbL. B 3TOM cnydyae nepeaaTumk HarpeBaeT KaTyLIKy HAacTPOIKMA U MOXeT
MPUBECTU K ee pa3orpeBy HACTO/1bKO, UTO aHTEHHA CTaHEeT O4YeHb ropsiueii n NpPeBpPaTUTLCS B Yrofib.
34€ecb MOXHO AaTb OAWH COBET — KYNMUTb UK cAeNaTb caMoOMy U3MEPUTESTb HaMNPSXXEHHOCTN MO,
YTOObI €ro MCMNOIb30BaTh A/19 NPaBU/IbHON HACTPOKM aHTEHHbI.

Tenepb npumep: Ana nonockl nponyckaHma 600 KMy Ha yposHe 3 dB (300 Ky, npu KCB 2:1) Ha 40
METPOBOM AunanasoHe, rno rpadouky Haxogmm eMKOCTb Mexay UMnnHapamu, npubnnsntensHo 16
Mcp. MepBbIn rpadomk, Ana otHoweHnsa L/D = 12 nokasbiBaeT HE0OX04MMOCTb UCMO/1b30BaHUSA
UNAVMHAPOB AMaMeTpoM 2 Atovma. 10 ByaeT 60/blias yHMBepcanibHas paanosiioounTtebckas
aHTeHHa. C Apyrom CTOPOHbI, EC/IN XOUYETCA NOCTPOUTL XOPOLLYIHD aHTEHHY A1A paboTbl ¢ DX, npu
KCB paBHOM 2:1 v wwumnpurHo nosockl nponyckaHus 600 KIu Ha gnana3oH 40 MeTpos,
noTpeboBaincb Obl LNTNHAPLI AvameTpom B 3 Atoiima. ITo 60/ibluaa aHTEHHa o ctaHgaptam EH
AHTEHHbI, laXXe eCcNn OHa N3MepseTcsd AloiMaMin, B TO Xe BPeMSs 00blUYHble aHTEHHbI, B 3TOM
cnyyae, UsmMepATca MHOrMMn gecatkamm doytos (oT 468/7 o 67 doytoB npn 7 MHZz), cpaBHUM
NPUMEpPHO C ? BOSIHOBbLIM Agunonem, nnm 34 pyta gns ? BOJIHOBOrO BEPTUKa/IbHOIO N3yyartesnis.

Ecnu uitaTens, paccMaTtpuBas aHTEHHY AnamMeTpoM 3 Atoiiva, 1 MMetoLLyo AnnHy 6.25 dyTos,
PELIaeT, UTo OHAa BCe PaBHO C/IULLKOM 60Mbluas ans 40 METPOBOro AnanaloHa, MMeTCS BapuaHThbl.
YMeHbLUMTE LLUMPUHY NOIOChI NPONYCKAHUS aHTEHHbI 40 TOW BE/INYMHbI, KOTopasi Bam Heobxoamma
ANS HOPMasbHbIX CBSI3€ UMW UCMO/b3YNTe CEPAEYHUK B KaTyLLKe HACTPOWKM, UTOObI ABUrast ero c
MOMOLLbIO BUHTA, UMETb BO3MOXHOCTb MEHSATb YAacTOTY HACTPOIKK NO AMana3oHy (3TO MOXHO
nenatb ANCTAHLUMOHHO), UM NCNOMb3YTE ? BOTHOBYH JIMHUIO NUTaHus. O6 3ToM 6yaAeT ckasaHo
Mo3xe.

["padomkn, NpMBeAeHHbIe Bbllle, OCHOBaHbI Ha NPeanon0XeHun, YTo adhdoekTneHoe ConpoTuBeHne
N3nyyeHunsa paBHseTca 120 Om. Bala aHTeHHa MOXET MMeTb HebosibLune OTKIoOHeHnA. OgHako,
ec/l1 Balla aHTeHHa cefiaHa, 1 nocriefgHne UcnbiTaHns HOMUHa/IbHO HEe coBMNaaaroT C pacyeTHOW
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LUMPUHOW NON0ChI MPONyCcKaHUs, HE0O6XOAUMO ONpeaennTb NPUYMHY, Nepea TeM, Kak HavyaTtb
NCMNONb30BaTb AHTEHHY.

Hapno otMeTntb, 4TO Ha 40 METPOBbLIN AMana3oH MOXHO co3[aTb OYEHb Ma/IEHbKYH aHTEHHY,
KOoTopasi byAeT B BbIUTpbILLE MO CPAaBHEHUIO C 60/1bLLIOI aHTEHHON. Takxke MHTEPEeCHO 06paTUTb
BHMMaHME Ha UHTEPECHbIN dhakT, YTOObI cAaenaTtb CTaHAaPTHYH aHTEHHY C LUMPOKO MOJ10COM
nponyckaHnsa, Heo6xo4MMO UCMNO/b30BaTh, NO KpanHen Mepe, netTsieBon smbpartop. B atom cnyyvae
nosioca nponyckaHnsa yBenmumBaeTcs, HO pa3Mepbl OCTaTCA MPEXHUMN ? ONTNHbI BOJTHbI. ECTb 1
elle nHTepecHasds 0COB6eHHOCTb — MOXHO MCMNOJ/1Ib30BaTb 6/10K HACTPOMKN aHTEHHbI, YTOObI HACTPOUTL
AVMOJb B LUMPOKOM AManasoHe 4yacToT. 9TO NPpoucxoauT notomy, 4to ConpoTtuerieHne anyvyeHns
CTaH4apTHOM aHTEHHbI NMOYTN NOCTOSAHHO, HECKO/1bKO N3MEHAACh ¢ YacToTon. CpaBHUTe 310 C EH
AHTEHHOWN, rae eCTb MakCUMyM CONPOTUB/IEHNA N3/TYyYEHNSA, HA KOTOPOM aHTEHHAa NpaBu/bHO
cthasnpoBaHa. Ha gpyrux yactotax, COnpoTUB/IEHNE U3TYUYEHUS NOYTU PaBHO HY/H0. VIMEHHO No
aToM npuynHe EH AHTEHHaA He n3nydaeT Ha rapMoHUKax. (310 - TpMHaALATbIA YHUKa IbHbIN
napameTp).

[nsa 1ex, KTo npeanoynTaeT BbIYMCIEHUS, YPaBHEHNA MOTYT ObITb MpeAcTaB/ieHbl B hopmaTte
nporpammbl Excel. Hy>kHO 6yaeT NpocTo BBECTN HEOOXOA4MMbIE NapaMeTpbl 1 MOXXHO OyAeT cpasy
YBUAETb PE3y/IbTUPYHOLLYIO MOI0CY MPONYCKaHNA aHTEHHbI, Q, U CYMMapHYH A/IMHY aHTEHHbI. JTO
NMO3BOJIAET YMTaTe N0 Npexae Bce NPUKMHYTb U paccunTaTb, a NOTOM 3aHATbCH MOCTPONKOM
aHTeHHbl. ObpaTnTe BHUMAHWE: B YpaBHEHUN LUMPWUHBI MOI0CHI MPONYCKaHWA, UCNOJb3yeTCH
3HayeHue 120 Om gnsa R. NonHaa nporpamma, Kotopas BbluMcndaeT Bce napameTpbl EH AHTEHHBbI,
Haxo4uTCs Ha cauTte. A caenan 3ty nporpamMmmy, a Apyrme pagnontoutenn nepepadbotanu ee ons
pasfinyHbIX JOpMaToB AaHHbIX.

BBegute yactoty, AnameTp unamHapos (B groiivax), u oTHoweHue L/ID

YacTtoTa |1,9 |MFL|, | |
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OvameTp ywwHapos  ||2,25 ||Joiva

OtHoweHve L/D 12 | : :

C 19,4 |MNdp C(Mdp)= 0,546*L/D+2,06*D
BW 52,7 |[Kly, BW(KIu)= ||R*C*6,28*F " 2/1000
Q 36,0 Q= F/BW

O6Lasa anvHa 4,7 |[dytoB ||[AsmHa = D+2*D*L/D

Mpexae, YeM Mbl 3aKOHUNM 3Ty TEMY, UMEETCS APYroii BaXHbIi MOMEHT, KOTOPbI HEOBX0AMMO
yunTbiBaTb B NPOLECCE KOHCTPYMPOBaHWS. UTOObI MOAS BHYTPY aHTEHHbI NPaBUbHO
B3aVIMOAEeNCTBOBaU/IM, UHTEePBal MeXAy Uunudapamvi AomkeH 6biTb paBeH anameTpy. OauvH (1)
AVaMeTp, BK/IHOYEH B CYMMaPHYH A/IMHY aHTEHHbI MPY BbIYUCTEHUSIX.

Tenepb, NOCMOTPUTE Ha aHTEHHY 40 MEeTPOBOro gmnanasoHa, KOToOpyt Bbl TOSILKO YTO
paspabatbiBasin. AuameTp 6bin 2.25 Atoviva, 1 ANMHA Kaxxaoro unavHapa éeina ot 12*2.25 ao 27
aronmoB. CriegoBartefibHO, CyMMapHas A/inHa aHTeHHbI - TOIbKO 27 + 2.25 + oT 27 no 56.25
NNMoB. Mbl MMeeM aHTeHHY Ha 40 MeTpPOoBbIN Avana3oH, KoTopasi HEMHOTMM 60/bLue, Yem 2
[nMa B guameTpe N MeHbLUe Yem 5 (pyToB B BbICOTY. PacCMOTPUTE 3Ty aHTEHHY APYrM
cnocobom. 3ta aHTeHHa nmeet annHy 56.25 / ((984/7) *12) = ot 0.033 Ao 3 % AIMHbI BOMHbI. ITO
MasieHbKasl aHTeHHa. OgHako, ecnu Bbl XxenaeTe BblOpaTb MOsI0CY NPONyckaHNA aHTEHHbI, aHTEHHA
Morsia 6bl ObITb O4YEHb MasieHbKas. ObpaTnTe BHUMaHME Ha NpuMep BblunCieHnn ana EH AHTEHHBbI
160 meTpoBOro Avana3oHa Bbille. BofbLMHCTBO paanoitobutenen NCnonb3yT aHTeHHbI An1a 160
METPOBOro AguanasoHa Cc O4eHb Y3KOi N010CoM NPOonycKaHus, B TO BPeEMS Kak MasieHbkaa EH
AHTEHHa MOXeT obecneunTb nosiocy nponyckaHma B 50 Ky no yposHI0 3 dB, UTO 3KBUBaJIEHTHO
120-doyTOBOMY AMMNONIO.
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MOXHO BOCMO/1b30BaTbCSA OYEHb MOJ1I€3HLIM MPUEMOM, OCHACTMB KaTyLUKy HACTPOMKN MeAHbIM UK
a/TlOMUHNEBbLIM CEPAEUYHNKOM, KOTOPLIN NepeMeLlaeTcs BHYTPU KaTyLIKN C MOMOLLbH HACTPOEYHOro
BUHTA, 3TO TaKXe CpeACTBO A/19 HACTPOWKM aHTEHHbI. Takon NpuemM MOXXeT UCKTHUYNTbL NOTPEBGHOCTL
B aHTEHHE C LUMPOKOM MNOJI0CO NPoNyCcKaHNA U YMEHbLUNTL ee pa3mMepbl. Hanpumep, dmpma FR
Radio Lab B AnoHnn, npon3BoanTt EH AHTEHHY, KOTOpast UMEET UNMNHAPLI AnamMeTpom 1 ANM K
L/D 12 ana cymmapHon anundel 25 atoiivos (0.8 % anvHbl BOSTHbI) A8 80 METPOBOro AnanasoHa.
ManeHbKnii oBuratesib nepemellaeTt cepaevHnk B KaTyLlKke HaCTPOMKN 1 A0NYCKaeT MOKPbITUE NO
yactoTte oT 3.5 A0 4 MHz. lNockonbKy NOABWMXHbLIN CEPAEUYHUK N3MEHAET N dda3y U PE30HAHCHYI0
yacTtoTy, H1U3kMM KCB MOXeT ObITb AOCTUTHYT B LLUMPOKOW NOI0CE 4acToT.

K HacToAleMy BpeMeHU A YBepPeH, UTo Bbl, untaTesib, NOHAMN, YTO 3TO HE CTaHAapTHasA aHTeHHa,
cnepoBaTtesibHO, pa3mep MOXET ObITb BbIOpaH A1 XeflaeMoi No/10Ckl NPonyckaHna. HesaBucumo
OT pa3mMepa, BCe napamMeTpbl aHTEHHbI HE NPUBOAAT K notepe adpdpekTMBHOCTN. Ha HU3KMX YacToTax,
KOrfa Ko/iM4ecTBO BUTKOB B KaTyLlke 60/1bLuoe, 30dpeKTMBHOCTb HEMHOIO ynaaeT, HO COBCEM
He3HaunTesIbHO. Hanpumep, npeanosioXum, YTo CONPOTMBIEHNE NMOTEPbL B KaTyLLKE HACTPOWNKN
paBHO — 0,5 OM. Torga apdpekTMBHOCTbL aHTeHHbI 6yaeT: 120/(120+0,5) = 99,6%. Ecnn notepu
yBenu4yarcsd BABoe, To 3apdpeKTUBHOCTb YMeHbLUMTCA A0: 120/(120+1) = 99,2%.

B nocnepyrouwmx naparpadpax Mol npegctaBuM Heobxoaumble eTasin 418 BbINO/THEHUA aHTEHHBbI.
Mbl 6yaem ncnosnb3oBaTtb npeablayuine npumepsl, Ana KoHuenuusa EH AHTEHHbI Gbl/1a NMOHATHA.

'MABA 4 - CTPOM AHTEHHY HA ANATMA30H 40 METPOB.

MoarotoBKa: Tak kKak Mbl onpeaennancb ¢ koHuenuuen EH AHTEHH, Mbl MOXeEM Tenepb
nepexoauTb K NOCTPOIKE aHTEHHbI, NPO60BaTb N N3MEPATb €€ BO3MOXHOCTU. DTO ByAeT OTBET Ha

BOMNPOC NPOTUBHUKOB aHTEHHbI - 3TO AENCTBUTE/ILHO paboTaeT, Uan NPOTUBHUKN ObiN NpaBbl? Bbl
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MOXXeTe AOoKa3aTb 3TO CaMu.

Mbl coennaem o4eHb NPOCTYHO U AELLUEBYIO aHTEHHY, KOTOpas MOXeT ObITb co34aHa B OYEHb
KOpPOTKOe BpeM4. [ToMHUTE, YTO 3TO AeMOHCTpaumd, a He MoHa JlM3a, KOTOpPY HaZ0 BbICTaBUTb B
JlyBpe. Nocrne Toro, kak Bbl NO3KCNepUMeHTUpyeTe 1 yBUAUTE, UTO aHTEHHA AENCTBUTETbHO
paboTaeT, Bbl MOXeTe BblOpaTh /1yUllyt0 aHTEHHY, YTOObI cAenartb cebe To, YTO AEeNCTBUTENTbHO
Bam Heo6xoammo. Bo BTOpbIX, Bbl CTpoUTe aHTEHHY A1 cebsi, OHa MOXET ObITb N HE TaK KpacuBa,
HO eCTb BblpaxeHune: MaTb Bcerga noout cBoux MiaaeHLUEes.

[Mouemy 40 MeTPOBbLIV AMana3oH? AHTEHHA A0CTaTo4yHO Masna, 1 AonycKkaeT NpoBeaeHne
9KCMEepUMEHTOB A0Ma, TakKXe YacToTa He BblCOKasA M KOMNOHEHTbI He TaK KPUTUYHbLI K TOYHOCTU
BbINOJ/THEHUSA, U NX MOXHO CKOppeKkTupoBaTh. flasiee, 40 METPOBLIN AManasoH NoYvt Bcerga oTKpbIT,
N NO3BONUT Bam BbINTU B 3chup, NOC/1e TOro Kak Bbl caenaete n HacTpoute aHTeHHY. Noxanyincra,
He noABOANTE MOJIHYHO MOLLHOCTb, Noka Bbl HE yBepeHbl, UTO aHTEHHAa A0/IKHbIM 06pa3om
HacTpoeHa 1 npoBepeHa. JIMYHO, A HaxoXy 3abaBHbIM HabNOAATb, KAaK aHTEHHA TaeT Ha rnasax,
Korga oHa He HacTpoeHa AO0/MKHbIM 06pa3oMm, HO Bbl He MOXeTe YyBCTBOBAaTb TO Xe camoe, Korga
Bawe getuuie ckpbiBaeTcsd B k/ybax abiMa. AHTEHHA, KOTOPYH Mbl COBMpaemMcs CTpouTb, byaeT
orpaHn4yeHa BO3MOXXHOCTbIO NoABecTn K Hen 100 BatT. Bbl noimeTe, noyemy, a cevac Mbl
NPOAO/HKUM.

TpebGylowmecs getanu: umetoTcs Tpu (3) Belwm, KOTopble Bbl AOMKHbI UMETb NpeXae, Yem
HauyHeTe Aenatb aHTeHHy: 1) Bbl 40/MKHbI UMETb U3MEPUTE/Tb HANPSHXKEHHOCTN Noss. Bbl MoxeTe
ero caenatb camu, MPUMEHUB ANOA, UMW KYNUTb Ha PbIHKE WAN Y APYrnX pagunoniooutenein. MHoro
NX NOSIBUNOCH, KOrAa CTasin NpoJaBaTth YHMBepcasibHble Npubopsl ons CB ananasoHa:
KOMOMHUPoBaHHble KCB MeTpbl 1 nHAnKaTopbl Nons. MIHankatop noas 06bI4HO He YyBCTBUTESEH K
CMNO/b3yeMOMY Anana3oHy 4acToT.
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2) Bam 6yanet Heobxogmma Tpy6a, 4tobbl co3aartb aHTEHHY. Mbl peKoOMeHAyeM UCNOJib30BaTh
CTaHAapTHY MOSIUMPONUIEHOBYHO, CAHTEXHMYECKYIO TPYOYy 2 AtoiMa AnameTpom. JuameTtp
onpeaesieH ctaH4apToM, NPUMeHSAEeMbIM B caHTexHuKke. HapyxHbin anameTtp (OD) byaet
npubnmnanTensHo 2.25 atiiva. To/bKO UCNOMb3YyNTE B6enyto Tpyoy, A oUncTUTe naacTmaccy.
Ecnun Tpy6a okpallueHa, LUBeT — 3TO pe3y/ibTaTt BK/IKYEHUS YacTul, yriepona, u OHM CTaHOBATCS
OYeHb aKTMBHbIMU B NpUcyTCcTBUM BY 3Heprun. PesynbTar - Tenso, a 3To He xopoLlas Bellb ANA
N/1acTMaccoBOW TPYObl, N He ynydllaeT addpeKTUBHOCTN aHTEHHbI. [laxke 6enas Tpyba coaepxuT
4yacTuupl, YTOObI 3aLNTUTL €e OT Y1bTPadMoNETOBOr0 N3/TyYeHNA. DTO HE XOPOLLIO, HO TEPMUMO.
O6bIYHO nacTmaccoBas Tpyba npogaeTca AnMHOM Nol0 doyToB 3a OYEHb HUBKYHO LIEHY.

3) Bbl bygeTte HyxaatbCA B HEKOTOPOM KOJIMYeCcTBe MeiHOro 06MOTOYHOIO NPOBOAA B /1aKOBOW
n3onauum (no ctaHgapty CLUA, tun — 14. npum. nep.). 418 aKcnepuMeHTasibHON aHTEHHbI, He
NCMOJIb3YOT HUKAKO APYron TMn n3onaummn. IToT NpoBog, AOCTYMNEH B /1I0O0M BbIYNCUTENTbBHOM
LeHTpe, U1 MacTepcKou, rae nepemMarbiBaloT ABUrartesin n reHepartopsbl.

OueHb XenaTtenbHo nmeTtb Nameputens MmnegaHca tuna AEA Bravo (npnbnuantenibHo $ 2200) u
"eHepaTop BY curHanoB (HO OH He Tak HeobxoAuMM), a Takke UHAMKaATop Moss.

KoHcTpyKkumua: [laxe ecnin Mbl 06cyxaaem pasmep gnsa 40 MeTpoBOro AvanasoHa, 3To BCe paBHO
KaDKeTCA C/INLIKOM 60NbLUMM, A1 KOHCTPYKUUKM HoBUYKa. CnegoBaresibHOo, N03BO/IbTE HAM
paccmaTpuBaTb TOSIbKO DX aHTeHHY Ansa 40 MeTPOBOro AgnanasoHa C OTHOLLIEHMEM A/IVHbI K
nvameTtpy 3:1. bonbLWMHCTBO MaTepunasa anas 3Toro, JIErko AoCTynHo. [laBainTe pacCMOTPUM
aHTeHHy Ha Tpybe 2.25 awonmMa. EMKOCTb Mexay umMnmHgpamMmy Takon aHTeHHbl 6yaet 8,3 MNdo, a
LUMPUHA NONOChI NponyckaHna no yposHio 3 dB 6yaet 307 KI'y, nnn npnénusntensHo 150 Ky npu
KCB 2:1. AHTeHHa byaeT nmetb 2.25x3=6.75 aronma uMnmnHApbI 1 NONHY ANVHY 2.25+2x6.75=15.8
AloriMa. ITo BMOJIHE NpuemMnemo AN NepBoro n3rotossieHns. K coxasneHunto, NocKkobKy Bbl
npoao/mKaeTe NPoLLEeCC KOHCTpPYyUpoBaHud, Bbl yBnante, uto Bam Heo6xoanmo, NnpnonmsnTenbHo, 27
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BMTKOB NPOBOAA, MOTOMY YTO EMKOCTb LMNMHAPOB Masiasi. ITO - He /ydllasi KOHCTPYKLUMS.

PaccmoTpum Tpyody anametpom 3 atonma (3.25 OD) n DX aHTeHHy (3:1 L/D). OHa byaeTt umMeThb
€MKOCTb Mexay unnuHgpamu okono 11 MNdo v WwmprHy Nosockl NponyckaHnsa no yposHw + /- 3 dB
0K0/M0 444 KI'u, nnv npu KCB 2:1 okono 222 Ky, Tak kak AnameTp TPyObl 60/1bLLIOK 1 EMKOCTb
Mexay umnuHgpamu 6onbluag, katywka éyaet 6osiee npvemsniemas, n éyaert coaepxartb 15 BUTKOB.
Tenepb, uMnnHApPLI 6yayT AnvHon no 3*3.25 = 9.75 aroimoB. 3T0 yxe 6o/1ee noaxoaunT K Ton
a/IloMUHNEBOW hbonbre, KOTOPYH Bbl 3axBaTnuTe N3 KyXHU Ballew XeHbl, UToObl AenaTtb UWTNHAPbI.
[MonHas AnnHa aHTeHHbl byaeT 3.25+2*9.75=22.8, HECKO/IbKO MeHbLUe YeM 2 doyTa. KatyLuka
HaCTPOWNKM NoTpedyeT AONONHUTE/IbHYIO O/IMHY TPYObI, MPUM €PHO B 1 AWM, NOC UHTEPBAJT
npubnn3nTensbHO B 3 AoiMMa, Takum 06pa3om, obulas anvHa paBHa 22,8+4=27 O0iAMOB.

3aTtem, BblUNCIMUTE EMKOCTb NMPOBOAA Yepes HMWKHUN umnmnHgp. Cw=0.614/log(C/W)*6.75 = 0.614/log
(3.25/0.064)*9.75 =0.614/1.71*9.75 =3,51 Ndp. Tenepb Bbl MOXeTe BUAETb, YTO 3TO 3HAYEHME Mal0,
MO CpaBHEHMIO C eMKOCTbIO MeXAay UMNnHApamMn.
Tenepb HaM HEOBXOAMMO 3HATb EMKOCTb KaTyLUKN HACTPOMKW. Tenepsb, y Hac npobnema anua un
Kypuubl: Kak Mbl BbIYUC/TUM €MKOCTb, €C/IM Mbl HE 3HaeM NHAYKTUBHOCTb, U Kak Mbl y3HaeMm
NHAYKTUBHOCTb, €C/IN Mbl HE 3HaeM eMKOCTb? OTBET - - NPeANnoI0XKNTb, a 3aTeM NOBTOPUTb
BbIUYMC/IEHNA HECKO/IbKO pas, noka Bbl He nonyynTte To4Hoe 3HayeHue. C Apyron CTOPOHLI, Novyemy
MOXET ObITb 3aTPYyAHINTENbHO BbINO/IHATEL BbIUNCIEHNA, KOrAa UMEeTCa APYyron KoHAaeHcaTop, Y
KOTOPOro Mbl HE MOXXEM BbIYNC/IUTb EMKOCTb, BK/1l0YAaA EMKOCTb MeXAy HWKHUM UWNTUHAPOM U
KaTyLLKOW HACTPOMKN. ECnuv Mbl NpeanosioxXnm, YTO Mbl UMEEM EMKOCTb PaBHYH ? OT EMKOCTU
MeXay uuavHgpamm, 4To paBHO NpubansnTesibHo 6 MNd, To Ham Heobxoamma KaTylwka L=1 / ((2pF)
"2C) =1/ ((2p7e6) "2 * (12+3,5+6) e-12) =24 MUKpOreHpu. ATO NHTEPECHO, HO YTO HaMm
NEeNCTBUTENIbHO XOUYEeTCA y3HaTb - CKO/IbKO BUTKOB NPoBOAa HaM Heobxoanumo HamoTaTb! [pobynTe
910, n = (L * (18D + 10B) / ((D/2)) ~2) ™. 5, rae L - N(HAYKTUBHOCTb B MUKpPOreHpu, D - anameTp
KaTyLKn B Atonmax, u B - onvHa kaTywkn B AlomMax. Tenepb Mbl UMEeM APYryl Kypuuy, U
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npobnemy siua - Mbl O/DKHbI 3HATb AJIMHY KaTYLLKK Npexae, YemM Mbl MOXXEM BbIUNCIATb
KO/INYecTBO BUTKOB. Npu ncnonb3osaHnn nposoga (*14), Mbl MOXeM ncrnosib3oBatb 3HayeHne 0.064
ana anametpa nposoga. 1o gaet 1/.064=15.6 BUTKOB/AOWUM, BUTKN/ AOWUM — 3TO Npu naeasbHON
HamoTKe. [NoMHUTE, Mbl TOYHO HEe YBEpPEHbl OTHOCUTE/IbHO EMKOCTU, Tak YTO Hawa NMHAYKTUBHOCTb -
OPVEHTUPOBOYHAA, 1 Ternepb Mbl A06aBIAEM HOBYIO NMepeMeHHY0. H xouy caenatb MasieHbKoe
AobaBrieHne - Heob6XxoAMMO caenartb HECKO/IbKO pacyeToB N U3MeEPEHUI, 3aTeM 006aBNSAOT
HECKOJ1bKO A0MNO/THUTEIbHbIX BUTKOB, UTOObI BCerga Obl/1 3anac, KOTopbli MOXXHO MOTOM
NCNOJ/1b30BaTh.

A n3mMeHun ypaBHeHue, NpMBeAeHHOE Bbllle, YTOObI BK/THOUNTL B HETO A/INHY KaTyLLKN, Kak OYHKLINIO
OT Ko/imyecTBa BUTKOB. BOT 3TO ypaBHeEHMeE:

N=(10LS+((10LS) "2+4?5D"3L) "0,5/(D"2/2).

roe N = uncno BUTKOB, L - MHAYKTUBHOCTb B MUKPOreHpu, D - guameTtp kaTywku (B gronmax), T -
KO/IMYeCcTBO BUTKOB Ha aAtonm (15.6 ansa nposoga * 14), S — amameTtp nposoaa B Atoimax (0,064 ons
nposoga *14). XoTs B KHUrax MOXXHO HanTX ONTUMasibHOE COOTHOLLEHNE MeXay AnaMeTpoM U
O7MHOWN KaTyLwku, onst EH AHTEHHbI 3TO He gaeT A0/HKHOro adodpekTa. ST0 NPOUCXOAUT B OCHOBHOM
MOTOMY, UTO OCHOBHOE COMNPOTUB/IEHNE NMOTEPL NPUXOAUTCA HAa KaTYyLUKY HACTPOMKN, a Tak Kak
COMPOTUB/IEHNE NOTEPL ABMAETCA OYEHb MaJIEHLKNM, N0 CPaBHEHUIO C CONPOTUB/IEHNEM
n3nyyeHns, Q KaTyLKn oYeHb c/1abo BAMSeT Ha 3(PPEKTUBHOCTb aHTEHHbI.

PelwwvB ypaBHeHME, Mbl HAXO4MM, YTO HAM Heobxoaumo 15 BUTKOB. [Job6aBbTe napy
A0MOJTHUTESIbHbIX BUTKOB, MOTOMY YTO MPOLLE YAa/IUTb BUTKU, YeM A06aBUTb UX. PakTUUecKn, korga
Bbl HamaTbliBaeTe KaTyLlKy, coenanTe Ha KakaoM BUTKE HeOO/1bLUYO NneT/o (0TBOA) UK XOTH Obl
yepes BUTOK, 3TO N03B0/IUT Bam B gasibHelwem 6o/1ee ToO4YHO noaobpartb BUTKN. Kakon ANVHBbI
[0/KHA ObITb KaTyLwwka? NpocTo YMHOXbTE YAC/10 BUTKOB Ha AmnamMeTp nposoaa, oteBeT — 15*0,064 =
npubnunsntensHo 0,096 aronma.
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HamoTtanTe KaTyLlKy, OTCTYNs OAUH AnaMeTp UMInHApPa, HXKE HUXXHEro uiinHapa. BepxHuin KoHel,
KaTyLLK/ NPOMYCTUTE NO LUEHTPY TPYObl K BEPXHEMY LMNNHAPY, HO HE NOAK/IIYaNTEe ero K Hemy.
Mexay 3TUM KOHLOM NpoBoAa N BEPXHUM UMTMHAPOM HaMoTanTe pasnpyroLLyto KaTyLLKY,
COeINHAILLYIOCA OHMUM KOHLOM K BEPXHEMY UUNMHAPY, a APYTMM C MPOBOAOM OT KaTyLLUKK
HaCTPOWNKW, NOYLWEM MO LUEHTPY TPYObl. 3aTeM COeANHUTE HUXXHUIA UNNTMHAP U HWKHUIA KOHeL,
KaTyLLK/ HACTPOWMKK NMPOBOAOM, UAYLLIVM NO BHYTPEHHEN CTEHKE unanHapa. Ha KkaTyLllke HacTPOnKu
Mbl cAenanu HebosibLine 0TBOAbI, K KOTOPbIM, B Aia/ibHEWLLIEM, C MOMOLLIbIO «KPOKOAMMa» CMOXEM
NoAkKA4YaTh NPOBOA OT BXOAHOW KaTyLLUKW, 4719 HACTPOWKM aHTEHHbI, 3a4NCTUTE TOPLbI 3TUX
0TBOA0B 1 0bnyanTe.

Bbl TONIbKO 4YTO nocTpounn EH AHTeHHY ana 40 meTpoBOro AvanasoHa. NpaBaa, 3T1o elle He
aHTEHHa, NoKa JIMHMA nepefayn He nogcoeanHeHa. Icnosib3ymnTe KOPOTKUN Kaberb
(Npnénun3uTensHO AnnHoM 3 doyta) OT UCNbITaTe/IbHOro 060PYyA0BaHNA A0 aHTEHHbI. DKpaH kabens
COeIMHAETCA C HKHEN YacTblo KaTyLUKN HACTPOWKK; CpeaHU NPOBOAHUK Kabena coeanHAETCA C
OTBOOM, Y HMXXHEro KoHua KatyLwwku. HauHuTe ncnbiTaHna NOAKAYMBLUNCE K 1-My BUTKY (0TBOAY).

KOMIMNBbKOTEPHAA NMPOITPAMMA: Bbl nsyunnun sce getasim EH AHTEHHbI 1 NPOLLUN, NO3TamNHo,
BCe CTafunu ee U3rotoBsieHnsa. [na obneryeHmsa aToro npouecca paspadoraHa KOMNbroTepHas
nporpamma (nporpamva 3ECb, B chopmate .XLS 21 K6) anda pacyeta EH AHTEHHbI. ECnin OHa He
npunaraeTcs K KHUre, Kotopyto Bbl nonyunnun, To Bbl Bcerga moxeTe HanuTh ee Ha cante. dTa
nporpamma BbinosiHeHa B thopmate EXCEL. [)kek npeobpa3oBasl nNporpaMmmy, Ytodbl C HEW Obl1o0
yA06HO paboTaTtb. Ecnu 6kl 6bl1a ToNbKO Nnporpamva B EXCEL, To HeONbITHbIN NOMb30BaTe /b MOT
Obl N1erko 3anyrtarbCs, NO3TOMY Mbl NPUBOAMM €e 3[eCb B AeTaNnsdax:

Mpumep nporpammbl ana pacyeta EH AHTEHHbI

nporpamma: Ted Hart CEO, EH Antenna Systems, LLC
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NcxopHble AaHHble BblaeneHbl rosly6biM LLBETOM

YacToTa

Ml

AvameTp ummHApoB

3,25

[OAM

OTHoweHue L/D

Xc =

Mosioca no ypoBHIoO +/- 3 dB

Q:

OJlnHa B Aroimax =

[dvHa B doyTax =

BcTtaBbTe cpegHIO0 Be/IMYMHY NOJI0ChI NPOoNnyCKaHusA 3aKOHYEHHOI aAHTEHHbI

CpeHas BenmumnHa nosiockl nponyckaHna BW =

119,0

.||[RR = Owm

: OwmobKa BbIYMCIEHWIA, MO CPABHEHWNIO C N3MEPEHNAMU = -0,9 %
BbluncneHue napaMmeTpoB KaTyL KN HACTPOMKMU

: dvameTp nposoa = 0,064 |,u,+01‘/’||v|

: LLlar HamMOTKuM = 0,064 |p,roVuv|

: ButkoB/atonm 15,6 :

: AvameTp BUTKA = 3,25 |,u,+017||v|

: EMKOCTbL npoBoAda B uwmHape 3,5 Mdo

: EMKOCTb KaTyLLKW HACTPOWKMN = 24,0 MUVKpPOTreHpu
[Konmuecteo BuTKOB = 15
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.|[A/MHa KaTyLLKN HACTPOWNKMN = 0,9 [0AM

._,U,I'II/IHa npoBoaa = 48,1 |otonm

MpuMeyaHve: 3HaUeHNE UHAYKTUBHOCTU BbIUYMC/IIETCS, MPUHUMAS, YTO EMKOCTb KaTyLLKW
paBHa NPUMEPHO NOJIOBUHE EMKOCTY MEeXAY LWIMHAPAMW. 3TO MOXET NPUBECTU K
He3HauUTEIbHOM OLLMOKE B pacueTe.

| ConpoTtmBrieHre notepb Ha BY B kaTyLLKe = 0,17 Owm
.[[9doheKTMBHOCTb @aHTEHHbI = 99,86 (%
|9 deKTMBHOCTb aHTEHHbI = -0,006 ||dB

NcTrHHAsA adhhekTMBHOCTL OYAeT HECKO/IbKO MEHbLLE, 13-3a TOKOB B EMKOCTM KaTyLLKW,
BK/IIOYEHHOW NapasviesibHO KaTylku. Ho, 13-3a TOro, YTo CONPOTMB/IEHNE U3/TyYeHIs]
HAMHOr0 60/bLLe NOTEPbL B KaTyLLKE, 3TO B/MSIHWE HE3HAUUTE bHO.

BbluncneHue gNnHbI NPoBOAA ANA (hasupyloweil KaTyLwKu

.[[A/mHa npoBoaa = 28,1 ||aroinm
.[[A/mHa npoBoaa = 2,3 doyT
.[Ko/myecTBO BUTKOB = 2.8

HACTPOWKA EH AHTEHHbI: Bbl co3gani 4to-To, YTO XOTesnu 6bl, YTOObI pabOTaI0 Kak aHTEHHA.
OpHako, ecnu Bbl He HacTpouTe aHTEHHY NpaBubHO, Bbl 6yaete nMeTb TO/IbKO rpyay matepuana,
KOTOPbIA HAYEro He ByaeT cTouTb. M Tak, uTobbl NpeobpasoBaTtb cAaefaHHoe Bamm yCTpONCTBO B
KpacuByto 418 rnasa Bellb, NoXasyncra, npountaite n noMmuTe crieayoLwyro nHdgopmauuio, a
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3aTeM NpUMeHNTe ee npaBuibHO. Ecnn Bbl Bce caenaete npaBu/bHO, Bbl 6yaeTe MMEeTb XOPOLLYHO
aHTeHHY. Ecnu Bbl peluaeTte HacTpanBaTb 3Ty aHTEHHY, TakUM cnocoboMm, Kak Bbl HacTpanBaeTe
00OblYHblEe aHTEHHbI ['epua, To cuMTaiiTe, YTo BCE BalUM NpeablayLine ycunus obiiv notTpayeHsi
BMYCTY0, 1 Bbl HMKOrAa He GyaeTe MMEeTb MOJb3bl OT 3TOM aHTEHHbI. MHOTME U3 TakuxX aHTEHH nexar
B Ky4Ye OTXO[10B U MHOT1e paanontobutenn ocyxgatot EH AHTEHHY, NOTOMY YTO OHM HE NbITA/IUCH
MOHATb KOHLEMLNIO 3TO aHTEHHbI U AO/TKHBIM 06pPa30M HACTPOUTL €e.

A npepnarato Bam meTb ONs HACTPOMKKU, XOTA Obl ABEe HEOOXOANMbIE BELLM N3 NPUOOPOB:
reHepartop BY curHana v IHamkaTop nonsa. Ecnun Bel 06nagaete A0CTATOUHbIM TEPNEHneM, Bbl
MOXXEeTe MCMo/b30BaTh Ball nepefarymk B KauecTse reHepartopa BY curHanos, HO 3TO ByaeT OYeHb
TPYAHO 1 3a4ava, peliaemMas 3a 5 MMHyT, 3aiiMeT y Bac MHOrme yachi.

Bbl HE MOXXETE NPOAO/DKUTb AANTLHENLUYIO PABOTY BE3 MHONKATOPA NO/A !

Heobxoanmo caenatb OTBEPCTUE B BEPXHEN YACTU aHTEHHbI Y MOBECUTb aHTEHHY Ha HUTW,
3aKpensIeHHOM Ha Kploke B NOTosKe. BbicoTa A0/mMKHA ObITb YA06HA A5 HACTPOWKM aHTEHHbI 1
noa6opa BUTKOB Ha KaTyLLKe HACTPOIKN.

UT06bl MPOBECTN HACTPOWKY NPaBU/IbHO WU UCKIHOUYNTL BINAHUS U3BHE, 3a3EM/TUTE aHTEHHY
NPOBOAOM, NOYLLIWM K Ballemy UCTOUYHUKY BY curHana, ecnun gpyroro 3a3emneHns Bbl He nmeete.

YacTtoTa MpaBunbHoro ®asnpoBaHuns: NepBblil LWAroMm B NpoUecce HaCTPONKM A0/HKEHO ObITb
HaxoX[eHne YyacToTbl, Ha KOTOPOM NpoUCXoAnT nNpaBunbHoe (pasnpoBaHue. [la, g ckasas
dhasmpoBaHue, He pe3oHaHc. Bce, 4Yto Bbl A0/KHbI AenaTtb - Habnaarb 3a nNokasaHUsaMm
NugukaTtopa Mona (LM) n nepectpanBatb reHepatop BY curHana no agnanasoHy, B KOTOPOM OyaeT
pabotaTb aHTeHHa. Makcumym, nHgmnuupyemsii Ha UM, ykaxkeT Bam, rge aHTeHHa co3gaer
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MakCuMasibHOe n3nydyeHne. OHa TakxXe ABNSeTCA YacToToun, rae pasnpoBaHme npasuibHoO (-90
rpagycos mexay unnunHgpamm). Nepeknoyas 0TBOA Ha BEPXHEN YACTU KaTyLLKWU HACTPOMKN
(M3MEHAA NHAYKTUBHOCTb KaTYLLUKN HACTPOWKK), HAXo4uM MosioxeHve, rae MHavkartop Monga nveer
HanbonbluMe nokasaHna B 40 MeTPOBOM AnanasoHe. ITo byaeT YacToTou, Npu KOTopon dhasa
mMexay umnuHgpamun éyaet 90 rpaaycos.

Ecnn Bbl He nmeeTe reHepatop BY curHana, MOXHO UCMOb30BaTh Nepegarymk. YctTaHOBUTE
MOLLIHOCTb Mepegaryvka MMHUMa/IbHOW B cepefHe aAnana3oHa, Ha KOToOpoM Bbl HacTpanBaeTte
aHTeHHy. MNepekntoyanTte 0TBOAbI HA BEPXHEN YACTW KaTyLIKMU HACTPOMKN, A0 TeX nop, noka
nokasaHusa MHankatopa onsa He cTaHyT MakCUMasibHbIMU,

CooTtBeTcTBYIOWMIA NiMneaaHc: 3T0 6yaeT NOBTOPSAIOLLINIACA NpoLUEece, Tak Kak BCe NoAroToB/1EHO,
4TOObl HE TPATUTb MHOIO BPEMEHM Ha 3TO. Llesib COCTOUT B TOM, YTOOLI MNOACTPOUTb aHTEHHY Tak,
4yTOObLI 06ecneunTb umnenaHc 50 + jO (pe3oHaHC), Npu ToW e caMoWn YacToTe, Ha KOTOPOW
NponCXoanT MakCUMyM N31y4eHns. NMoTomy 4YTO NpoLUecc NOBTOPSOWNIACA, HE TpaTbTe MHOIO
BPEMEHMU, YTOObI MO/TYYNTb TOYHbIE NOKA3aHNSA, AOCTATOYHO NPUGAN3NUTLCS K 3TOMY 3Ha4YeHuno. Ecnn
Bbl HE MeeTe n3mepuTens nvnenaHca, To UCNosb3ynte nepegaTuvk Aas KOPPEKTUPOBKMN.
BOoNbLWNHCTBO NepeaaTynkoB He AaeT ToUHble 3HavyeHnsa KCB, npy Masio MOWHOCTH, Tak YTo
yCcTaHaBMBAKOT MOLHOCTb NPpnonusntTenbHo B 10 BATT, A1 3TOr0 UCNbITAHUS, WU MUHUMAJTbHYIO
MOLLIHOCTb, COBMECTMMYIO C TOYHbIMU Noka3zaHuasMn KCB meTpa.

KoppektupoBka BxogHoro UmnepgaHca: CHavasna, cnegute 3a KCB, n nepemMecTtute oTBoj, OT
NVHUN Nepefayn K cnenyrouemy BUTKY, YTobbl 06UTbCA MUHUMYMa KCB - npu coxpaHeHumn
4acTOoTbl NepeaaTtymka 1 npu Yyactote ¢ MakCUMasibHbIM N31ydeHnemM. Mbl XOTUM A06UTLCA BXOA4HOrO
conpotmeneHnsa 50 Om, HO HaZ0 NOMHUTL, YTO COOTBETCTBYIOLLEe ha3nupoBaHne N pe3oHaHC He
O6yayT Ha OA4HOWN 1 TOW Xe vacTtoTe. [/19 Toro, YTo6bl 06PaTUTL HA 3TO BHMMaHWE, HacTpoiTe
nepeaatymk Ha MmHUMyMm KCB 1 obpaTtute BHUMaHMe Ha MakCuMyM n3nydeHunsa. Ecnn nmeetcs
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Pa3HOCTb MeXay ABYMSA 3TUMK YacTOTaMu, TO 3TO A0/HKHO ObITb MCMPaB/I€HO NOBTOPHOW
HaCTPOWNKOM

Kak 66110 npeaBapuTesibHO cka3aHo, Ha BXoA4e MOXET ObITb UCMO/ib30BaHa A40Mno/IHUTeIbHasA
PEeakTUBHOCTb. DTO MOXET ObITb WU UHAYKTUBHOCTb U/IN €MKOCTb. /15 N3roTOB/IEHNA 3TON
NHAYKTUBHOCTN HamMoTanTe, OTCTYNS napy A0MOB HUXE KaTyLIKWU HACTPOUKN, NPUGAN3NTENBHO 5
BUTKOB NPOBOAAa BOKPYr TPybbl. CoeAnHNTE 3Ty KaTyLUKy MeXay cpefHeu XXunom nogBoasulero
Kabens n 0TBOAOM Ha HMXHEM KOHLE KaTyLUKMU HacTporKK. [poBepbTe BCE CHOBA 1 onpeaenuvre,
CXOOATCA /1N 3TU ABE YacTOTbl NN HAA0 noabupartb OTBOA U KaTyLlKy gasiee. Ecnn oHn 6nm3kn
APYr K Apyry, Torga KOppekTUpytoT pa3mep BXOAHOW KaTyLUKW, YTOObl A06MUTLCA paBeHCTBA YacToT.
Ecnun kaTywka 3actaBusia 4acToTbl CABUraTbCHa 060C06/1EHHO, TO HEOOXOANMO BK/HOUNTL BMECTO
KaTyLLKN KoHAeHcaTop. be3 nameputens nmnegaHca, AenCcTBUTENIbHO HEBO3MOXXHO OMNMpeaenTb
npaBU/IbHOE 3HAa4YeHe HEOOXOAMMOro PpeakTMBHOIO COMPOTMUBIEHNS, 3a UCK/TIOYEHUEM KakK
aKcrnepumeHTasibHbIM nyTem. [lobaBbTe KOHAEHCATOP, BeNUYMHON npumepHo B 10 OM peakTUBHOIO
conpoTtmeieHns, onsg nepsoro ucnoitaHus. C = 1/ (2pFXc). Ha 40 meTpoBOM gnanasoHe 3To byaer
npubnnsntensHo 470 M. CHoBa, CKOPPEKTUPYMTE €ro 3Ha4YeHue, A1 Toro YTodbl 406UTLCS
paBeHCTBa 4acToT.

Ecnn ncnonb3yeTtcs KOHAEHCATOP, TO TOK Yepe3 3TOT KOHAEeHCAaTOP AO/MKEH ObITb YUTEH, Npu
BblOOpe TMMna COOTBETCTBYHOLLLEro KoHAeHcaTopa. Npeanonoxure, 4to Bbl ncnons3yete 100 BarT, u
nnHna nogayn - 50 Om. CneposartenbHo, ToK | = (P/R) . 5 = (100/50) A5 = 1.4 Amnepa. 3710 -
HaMHOro 60/iblUe, YEM MOXET BblAepXaTb MasIEHbKUIA KOHAEHCATOP. DTO JIETKO MOXET ObITb
npoBepeHo, npumeHsia 100 BaTTHbIV NepegaTtymk n Habnwaas, CKoNbKo NPonaeT BpeMeHn A0 Toro,
npexae, yem Bbl yCnbilWnTE B3pPbIB, N OKPYXatoLlee NPpoCTPaHCTBO 3anO/IHUTCH HENPUATHbLIM
3anaxom. Mbl cumMtaem, YTO TO/IbKO T€ aHTEHHbI, KOTOPble MMEKT B60/1bLUYHO KaTyLLKYy HaCTPOWKN,
XOPOLUO OTAETEHHYHO OT HWKHEro UMnunHapa, oyayT HyxaaTbCa B KOHAeHcaTope. OTo A0/1KHO
nomMmoub Bam.
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PucyHkn 11 1 12 nomMoryT 06bACHATL, YTO YacToTa ¢ HaumeHbLlwnmM KCB, 1 yactota ¢ MakCMMyMom
N3MTy4YEeHNA - HE OAHO N TO Xe. DTN rpadoukn 419 aHTEHHbI 75 METPOBOro AnanasoHa. Ha pucyHke 8
BNAHO, YTO MUHUMYM KCB npoucxoant npu HamHoro 60osiee HU3Koi YyactoTte, YeM yactoTa C
MakKCUMyMOM n3nyyeHuns. Jaxe ecnu rpauk peakTMBHOINO CONpPoOTUB/IEHNA NPOXOAUT HY/ b ABaXAbl,
MUHUMYM KCB nponcxoaunT, Koraa peakTMBHOE CONpoTUB/IEHNE Hy/1eBOe, U CONPOTUBIEHME BIN3KO
K 50 ohms. Ha pucyHke 11 gob6assieHa HeboMbLUIAaA peakTMBHOCTbL Ha BXo4e, YTOObl CABUHYTb
PEe30HaHCHYI0 4acToTy, YTOObI ObI/10 COBNaAeHMe C YacToTon ha3npoBaHus, U corniacosaHnem B 50
OM. 34ecb Mbl BUAUM HY/1€BOE peakKTMBHOE CONPOTUB/IEHNE, MPU YacToTe MaKCMMaslIbHOro
conpoTtuBieHnsa B 50 om 1 mmHumymom KCB. ObpaTtute BHUMaHue, 4Yto MumHuMmym KCB npoucxoaur,
r4e peakTMBHOE COMpPOTMB/IEHNE HY/1EBOE, a MaKCUMYyM U3/TyYEHNA MakCUMasieH. DT rpadonkm
NNTIOCTPUPYIOT C/I0XHbIN XapakTep padoTbl EH AHTEHHbI U M1TaBHYO MPUYNHY TOrO, YTO MHOIO
paavontoontenen He cymeno npaBubHO HacTpouTb EH AHTEHHY. Takum 06pa3oM, OHM HE CMOT /N
[OCTUYb MaKCUMasibHON 3PPEKTUBHOCTN aHTEHHbI. DTU rpacdOrKn TOYHO Takue e, KoTopble Bbl
MOrnv 6bl BUAETb HA OYeHb [0POrom aHasnimsarope. V3-3a 1oro, 4to Bbl He nmeeTe Takoro npmbopa,
HeT NPUYMH oropyaTbCsd, YTO Bbl HE CMOXETe HAaCTPOUTb aHTEHHY NpaBuibHO. 14 3TOro
[0CTaTo4YHO UMeThb Nnwb BY reHepatop n Hgukatop Monsa, KoHevyHo, noTpebyeTcs ropasno
60/1bLLIEe BPEMEHN, HO pe3y/ibTaTt OyAeT Takon Xe NOTOXKUTESbHbIN.
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3aknuntenbHoe PerynupoBaHue: To, YTo Hago0 A8 coBnageHua yactot MmHumyma KCB n
MakCuUMyMa N3/Ty4eHNs, MHOrOKpaTHO NoAcTpanBas aHTEHHY, NOAOUTU K aTOMY pe3ynbTarty. Ecnu
Bbl TWwaTtenbHO nposegete 3ty onepaumio, KCB MOXeT 6blTb HACTO/IbKO HMU30K, HACKO/IbKO 3TO
BOOOLLIEe BO3MOXHO, HO NPy 3TOM ByAeT MakCUMyM n3nydyeHns. 34ecb TakKe BaXXHO 06paTuTb
BHMMaHMe Ha To, YTO aHTEHHA MOXEeT ObITb corsiacosaHa c /1t6bIM MMNeaaHCoOM BXOAHOW JIMHUM
nepepaun. Ans 6onbslon EH AHTeHHbI AM PagnosellatenbHOro gnanasoHa, Mbl UCNOJ1b30Basn
BO34YLUHYIO NIMHWUIO Nepefayn, 3atem L corsiacoBaHne B OCHOBaHUN aHTEHHbI, YTOObI
KOHBEPTMPOBATb €ro K COMPOTUB/IEHNIO NIMHUKM Nepeaayn, nayulen K nepegartumky. PucyHkm 11 n 12
MOMOTYyT OO bACHUTb, YUTO TaKkoe 4YacToTbl C HaMMeHbLMM KCB 1 MakCcumMyMoM N3ydeHnsd. In
rpadomkn doakTMyeckn CHATbI C peasibHbIX aHTeHH 75 MeTpoBoro gnanasoHa. Ha pucyHke 10,
obpawiaeT Ha cebs BHUMaHue, 4To MnHMMyM KCB Haxogutcs Ha 60/1ee HU3KOW YyacToTe, YeMm
yacTtoTa C MakCMMyMOM U31ydeHnsa (CUHAA NHKUA). [laxe npu ToM, UTO KpuBas peakTMBHOCTU
(KpacHas NMHUSA) NpPoXoAuT Yepes HoMb ABaxdbl (MMHUMYM KCB).
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N3mepeHne nonockbl nponyckaHusa: Tenepb, YTOObI A0Ka3aTb, YTO Bbl nMeeTe EH AHTEHHY,
N3MepbTe NOJIOCY NPOMNYCKaHUA aHTEeHHbI MO YPOBHIO + /- 3 dB. 3TO BbINO/IHEHAETCA YCTAaHOBKOW ?
MOLLHOCTM nepegaryvka. 3ameTbTe nosioxeHue Hgnkatopa Mossa 6:am3koe K MakcumMmasibHoOMY
nokasaHuo nNpu NOJIOBUHHOM MOLLIHOCTU nepegaryvka. [lanee yctaHoBUTe rnepeaaTtynk Ha MosiHyto
MOLLIHOCTb. PaccTpanBaiTe nepeaaTynk BBEPX MO YacToTe, Noka nokasaHus VHagukaTtopa Nons He
CTaHyT npexHumu (Mpur NOSIOBUHHOM MOLLIHOCTK). 3anuwinTte 4acToTy nepegaryvka. 3arem
paccTpavBaunTe 4YacToTy nepegaryvka BHMU3 Mo YactoTe A0 NosoXeHus, korga NHgukatop MNons
ONATb HE MOKaXKeT NnpexHee nosioxeHne. 3anuinTte YyacTtoTy. PasHOCTb Mexay aTMMU YacToTamMn U
O6yaeT nosiocoi nponyckaHna no yposHio 3dB. K coxaneHuto, Bbl He Bcerga cmoxeTe caenatb
3TOro, NOTOMY YTO NepegaTtymk oyaet BuaeTb o4eHb BbiCOKMin KCB v npexae, yem éyayt
AOCTUTHYTbI TPaHMYHbIe YacToTbl MO YPOoBHIO 3 dB, nepeaatymk yMEHbLUNT MOLLHOCTb OT U3SMEHEHUS
KCB. N'eHepaTop BY curHana 6bi1 6bl O4eHb YA0OEH A1A 3TOr0 U3MepeHus. Kak BapnaHT, MOXHO
N3MePUTL NOJI0CY NponyckaHus no ypoBHIO KCB 2:1, no 3Toi XXe meToauke (aBe YacTtoThl, rae KCB
paBeH 2:1). OHa Ao/KHa coBNacTb C pacyeTHOM Noaocoi nponyckaHusa. BeposaTtHo Bam npuaetcs
YMEHbLUNTb MOLLIHOCTbL Nepegarynka, YTobbl NPOBECTM 3TO UCMbITAHNE.

BbluncneHuve adppektnBHocTn: OanH n3 napameTpoB IPPPEKTUBHOCTM aHTEHHbI - Q. 3TO
6e3pa3mMepHOoe 3HaYeHne, KOTOPOe NMPOCTO CPaBHUBAET pabouyyo YacToTy C LUMPUHOM MNO/10CHI
yactoT. Q = F/BW. Hu3koe 3HauyeHne Q ykasblBaeT Ha LUMPOKYH MNOM0CYy NponyckaHuda. Tunosoe
3HauyeHnsa Q ons gunosien u3 nposoga - npuénuantenobHo 30. CpaBHUTE Ballly aHTEHHY C TUMOBbLIM
avnonem. PacuetHoe 3HaueHue - 7/0.443 = 15.8, OTHOCUTE/IbHO YABOEHHOW MNOI0CHI MNPONYCKaHWUS
aHTEHHbI.

ECTb HECKO/TbKO MOJIE3HbLIX COOTHOLLEHWNW, OTHOCALLMXCA K aHTeHHaM. Hanpumep, Q = F/BW = Xc/R.
A otctoga R = Xc*BWI/F. YTtobbl onpeaenatb adhdpekTMBHOE COMNPOTUB/IEHNE U3NYUYEHUA, HAM
Heob6XxoA4ANMbl AaHHble 0 EMKOCTU MexXay UMNNHApamMuy, npeobpas3oBaHHble B peakTUBHOEe
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conpoTmB/ieHNe Ha paboyeit YacToTe. Ynpoctum ypaBHeHne, R = BW / (2 pF2C). [ina Ballen
aHTEHHbI 3Ha4YeHne R A0KHO 6bITb Npubn3nTensHo 120 Om. Ecnum aTo Tak, To Bbl nmeeTte
Xopowy EH AHTEHHY.

NTuHna nepepgaun: Mbl creyyasibHO OT/TIOXUIIN NIOX0E Ha NOTOM. Bbl AENCTBUTENIBHO HE OXUaanu
nosyyaTb YTO - HNOYAb HEOBUYHOE B KOHLIE, HE TaK fin? Bbl UMeeTe XOpoLUyto aHTEHHY C HMU3KUM KCB,
HEeCOMHEeHHO, Bbl npegnonaraam ncnosib3oBaTb 3Ty aHTEHHY BHE NOMELLEHNSA, UCNOJIb30BaB JINHUIO
nepeaayun. bblsio 6bl XOPOLLO HE NCMO/Mb30BaTh JINHMIO Nepeaayn. K coxxasieHno, Mbl caenanmu
00630p KOHUEeNuuu, rae Mbl y3Hanu, 4to E n H nonsa cogepxarcs BHYTPU aHTEHHbI. Jlaxe B 3TOM
c/flydyae, 3TV Mo BCe elle CyLLeCcTBYHT N CHapYyXW, C A0BOJ/IbHO BbICOKMMN YPOBHAMMN,
OTHOCUTENIbHO A/INHbI aHTEHHbI. E n H nonsa octatoTca 4ocTaTovyHO CU/bHBIM, YTOObI 3aCTaBUTb
Te4yb TOK B MPOBOAAX, KOTOPble HaxoaAaTcs B Ux o6siactu. K coxaneHuto, 3To OTHOCUTCA N K JINHUN
NUTaHUA aHTEeHHbI. Korga, B pesynbTtaTte HaBo4KW, TOK CO34aeTCs B JIMHUMN NUTaHUSA, 3TO NMPUBOAUT K
HeraTMBHbIM MnocneacTBMAM. HactoTa aHTEHHbI, UBMEHAETCA, eC/I USMEHATb NOSI0XKEHUE NTUMHUN
NUTaHUA. 3TO HE XOPOLLO K1 3acTaBnseT aAymartb, YTo EH AHTeHHa 6ecnonesHa. 3TO He YHUKaIbHO
MO OTHOLWEHMIO K EH AHTEHHE 1 TOKM OT HABO/0K MOJIEN NMPOUCXOAAT Ha N0O0N aHTEHHE. Takue
TOKM MOTYT BO3HMKATb N Ha Kopnyce nepeaaryuka.

UT0 Xe aenatb? EANHCTBEHbIV BbIOOP, KOTOPbIVA Mbl UMEEM, HEOOXOANUMO NMPUPYUNTL 3TO XUBOTHOE.
EQnHCTBEHbIM cnocob caenaTtb 3TO COCTOUT B TOM, YTOObI YCTPAHUTL NIMHUIO nepegayn. Ho Kak
nepefasartb MOLLHOCTb B @HTEHHY M NOJlyYaTb U3 HEE CUTHasIbl, TaK YTO 3TOT BApUaHT He
ocyLlecTBMM. [puLno BpemMa npumeHaTe Metogbl RF ovnbTpoB, 4TOoObLI paspeLlnTs 3Ty npobnemy.
Momelwasa RF dounbTp B IMHUIO Nepegadn, Mbl MOXEM PeLlnTb 3Ty npobnemy. VMimeeTca asa (2)
cnocoba NpMMeHnTb 3TY SIOBYLLKY.

dunbTp RF: CtaHgapTHbI NOAX0A - UCNOJIb30BaHue unibTpa RF, BK/IKOYUEHHOTO B JIMHUIO
nepegauun, npeacrtaBsaloLLEro Co60i Kakyto-To YacTb JIMHUM NUTAHNA U3 KOTOPOW cdhopmMmpoBaHa
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kaTywka (gpoccens). MNMonesHbin BU Tok npoaongxaeTt Teub Mo IMHUN nepefayn, HO BHELLHNE TOKM
(no onnetke kabens) orcekarTCs N 6NOKNPYIOTCA. BbICOKMIA MMneaaHc B MHUK nepegaym (Ha
BHELLUHEM 3KpaHe) npeaoTBpaTuUT TEKYLLNK TOK. MImnegaHc Takoro BYU apoccens nponopunoHasieH
pa3smepy. Ecnu gnvHa KkoakcuanbHOro kabesnsa paBHa ? A/1MHbI BOJHbI, UMnegaHc byaet
MaKCUMasibHbIM. Takxe, ec/im nonyyeHHasa MHAYKTUBHOCTb UCMNOJ/1b3YeTCA MeHbLas, TO NPUMEHSAIOT
KOHAeHcaTop (napasiesibHO HaMOTKE), UTOObI 06pa30BasICA 3aLLUUTHbLIN KOHTYP, OTCEKatoLLINIA
napasmnTHbie HaBOAKKM (TOK). Takxke NpuMeHseTca a/lloM1MHueBas (posibra, akpaHvpyowan RF

domnbTp.

TokoBbI BanyH: [pyroil Metof COCTOUT B TOM, YTOObI MCNO/b30BaTb COa/1aHCUPOBAHHYHO JINHUIO,
rae HexenatesbHbIA TOK HA NIMHUKX NMepefayn - OANHaKOBbIN Ha 060MX NpoBOAax nepenayun, Taknum
obpasom, BpeaiHOe Bo3aencTBue nponagaet. OgHako, XenaresibHO UCNo/1b30BaTh COr/iacoBaHue,
4YTOObI NPaBU/IbHO 3annTaTtb aHTEHHY. Mbl MOXEeM UMETb Hall NUPOr U ecTb ero, ecs/in Mbl NOCTPOUM
NPOCTON TOKOBbIN CUMMETPUYHBLIN TpaHcdopmaTop, YTOObI Npeobpa3oBaTbh KOAaKCUaslbHY JIMHUIO B
CUMMETPUYHYIO JIMHUIO, a 3aTeM UCMO/1b30BaTb KOPOTKY0 CUMMETPUYHYI0, COasiaHCUPOBaHHYIO
NIVHAIO MeXAYy CUMMETPUYHbIM TpaHCdOpMaTopoM N aHTEHHOW. DCKMU3 CUMMETPUYHOIO
TpaHcopmaTopa nokasaH Ha pucyHke 13. CbanaHcMpoBaHHasa MHNA U3rOTOB/IEHA 13 nNpoBoja *14
(amaneBas N30N4LUMA) C HECKOSIbKMMU CKPYHYEHHbIMW BUTKAMKU Ha doyT. [ivHa A0/1HKHA COCTaB/IATh,
Nno KpanHen mepe, Tpu (3) ANMHbI aHTEeHHbI. CKpyYeHHasa NMHUA O0/1KHA ObITb B 9KpaHe (onseTtka
KOakCuasnibHOro kabesns). ATOoT 3KpaH CoefMHEH C 3KPaHOM KOaKCUasibHOW IMHUWN NMNTaHS, HO A PYrou
KOHel, 6/1mKe K aHTEHHE, OCTaB/1EH HE NOAKAKYEHHbIM (CBO60AHLIM). CUMMETPUYHbIN
TpaHcdopmaTop COCTOUT U3 HECKOJIbKNX BUTKOB NPOBOAA, KOTOPbIN Obl/1 CHavyasia CKpyYeH mMmexay
cob6ou, a 3aTeM HaMOTaH Ha KOJibL0. Bce 3ToO ycTaHOB/IEHO B METa/1I/IMYECKOM KOPOOKe, AN1s 3aluThl
OT HernoroAbl U 419 3KpaHMPOBaHUA.
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SKpaH
KoakcianbHaa e e o
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THHHA K AHTE¢HHE
K [IEpeJaTuiky METAITUE CK AT
KOpODKa

Pric. 13 TokoBBIH TpaHcopMaTOP

Balu BbIGOP, Kakoi U3 CNoco60B MCMNONb30BaTh. B CNOXHbIX Cyyasix, Bbl MoXeTe UCno/b30BaTh U
ApOCCeb, YCTAHOB/IEHHbI HKE CUMMETPUYHOrO TpaHcdopmartopa.

[lobaBrieHne BY apoccens He 6bl1/10 C/TNLIKOM 60/1bLLION LIEHOM, YTOObI YCMNOKOUTb 3TO «KUBOTHOE,
He Tak n1n? MNo4vemy Bbl He ao6asnanu BY apoccesnb K Bawemy ? ANMHbI BONHbI Aunonn? A
noTtomy, 4to y Aumnons, E u H nosig HacTobKO 60/bLUME, YTO OHM NPOCTUPAKOTCA AasleKo OT MecTa
yctaHoBkM Annons. Noatomy Takon BY apoccenb 6bi1 661 6ecnone3HbliM YCTPOUCTBOM. A Xouy
3aKpbITb 3Ty KHUTY Ha XOpOoLUEe HOBOCTHU, NMOC/1e TOro kak Bam 6Gbis1a coobLleHa He OUYEHb XOpolLlas,
BbiLLe.

JInHNA nepegayun HeYeTHO ANUHbI: Bbl XOTUTE GO/bLLOK NOIOCHI MPOMYCKAHUS aHTEHHbI?
MOXXHO 1 caenartb MeHbLUYH aHTEHHY, U AOCTMYb TOI XXe camMoil Nonockl NponyckaHusa? Ecnv Bol
NCMNOMb3YeTe HEUYETHYO A/IMHY BOJIHbI B NUTAOLLLEM Kabene, 3T0 AeNCTBUTENbHO YBENNUNT LUMPUHY
MO/10CkI MPONycKaHns. DTO NPOMCXOAUT NOTOMY, YTO MPOUCXOANT U3MEHEHWE MMedaHCa aHTEHHBI,
KOTOpPbI BUAWUT NepefaTymk, HeveTHas A/IMHa NMHUN Nepeaayn BbI30BET NHBEPCUIO
CONPOTUB/IEHWIA, TaKMM 06pa3oM, NepeaaTuvk BUANT YBENMUYEHNE CONPOTUBNEHNS, N TAKUM
06pasom, AeiCTBUTE/NbHO YBENMMUYNBASA LLUMPUHY MOAO0CHI NPONYCKaHWUs aHTEHHbI. Bbl MoXeTe

=I2IONVEIESI0]gN Are you a developer? Try out the HTML to PDF API pdfcrowd.com


http://pdfcrowd.com/html-to-pdf-api/?ref=pdf
http://pdfcrowd.com/customize/
http://pdfcrowd.com/redirect/?url=http%3a%2f%2fehant.narod.ru%2fbook.htm&id=ma-141120184017-f98611a6
http://pdfcrowd.com

caenartb TO XXe camoe C 6/10KOM HAaCTPOMKN aHTEHHbI. 3TO NOA406HO HA/TMUNIO aBTOMATUYECKOr0
6/10Ka HACTPOMKN aHTEeHHbI. [pn BbluMCNeHUN ANNHBI ouaepa, He 3abyabTe yYecTb KOathduumeHT
YKOPOUYEeHUS KabenbHOW NNHUK nepeaadn.

BO CKO/IbKO € pa3 MOXET ObITb BbIUIPbILL? Bonblie Yem yaBOEHNE NOMNO0ChI NPOMYCKaHUS aHTEHHbI.
OpHakKo, Aaxe ec/n corsiacoBaHve nepegaTtumka NpouCXoAnT B TaKol LUMPOKOI Nosioce YacToT, Ha
KPUTUYECKNX 3HAUYEHMSAX 3TOW LUMPOKOI NOMNOCHkI NPOMYCKaHUS, aHTEHHA MOXET HauyaTb NnjaBuUTbCs,
MOTOMY UTO MOLLHOCTb TENEpb PaAcXoAyeTcsi U Ha HarpeB KaTyLIKX, B 60MbLUEl Mepe, YeM Mbl
paccmaTpuBa/n paHee.

Mocne Toro, kak Bbl 3akaHunnn paboTy Hafl, aHTEHHOW, 06paTuTe BHUMaHME, YTO YacToTa Maso
MeHsieTcs, Korga Bbl HaeBaeTe 3alUUTHbIN KOXYX Ha aHTeHHY. [Mo3ToMy nosiB/sieTcs elle oauH
CNoco6 M3MEHUTb YaCcTOTy HACTPOWMKM aHTEHHbI, PACMO/IOXUB Ha KOXYXe aHTEHHbI MeHOoe UMK
aTIOMUHNEBOE, KOPOTKO3aMKHYTOE KOMbLO. DTO NPUBEAET K YBE/TMYEHNIO YACTOThl HACTPOIiKK. Ha
CKO/IbKO ByAEeT yBe/IMYMHA YacToTa, 3aBUCUT OT MecTa pacnosioXeHus Konbla. Konbuo
pacnosaraeTcs Haf KaTyLLKO HAaCTPOKK, B BEpPXHEN ero yacTu. LinprHa konbLa okoso ? gtoliMa.

Bonblasa MowHOCTb: Mbl onucaim EH AHTeHHY ana mowHocT1l100 BaTT Unm MeHbLe. [axe npu
3TOW MOLWLHOCTN HanpshkeHne BY 6yaeT oueHb BbICOKMM MexAay unnnHapamu. Vicnonb3symre
KOHCTPYKUWMWX, YTOObI NpeaoTBpaTuTb NPo6on. MOXXHO UCNOMb30BaTh 3aLlLUTHbLIA KOXYX N3 APYroun
ns1acTMaccoBO TPyObl, 0A4EeTON CBEPXY, AN 3allMTbl OT HenoroAbl. [Ans 6o5ee BbICOKUX
MOLLIHOCTEW, POBO/, AO/MKEH ObITh, MO KpanHen, mepe * 8.

FMABA 5 - MOANDUKALNA MANTEHBKON PAMOYHOW (LOOP)
AHTEHHbI K EH AHTEHHE.
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MAJIEHbKAA PAMOYHAA (LOOP) AHTEHHA: Bbinio npeagBapuTe/ibHO YCTAHOBJ/IEHO, UTO
noHATne EH AHTEHHbI MOXET NMPUMEHATLCA K /10001 aHTEHHe. UTo nponcxoanT, Kkoraa Bel
nobasnsete -90 rpagycos Mo gpase K Mas1oil paMoO4YHO aHTEHHE? BoT oguH npumep — pamka (loop)
Obl/1a YCTaHOB/IEHA BbllLE Ky30Ba MOEro nukana un 6bl/1a U3rotoBsieHa u3 MefHou Tpyobl B 1 AHONM.

[leTanu npuBeaeHbl B TAbMNLE:

BbluncneHua gna ManeHbKo pamMoOYHOW aHTEHHbI

BbluncieHns U3 KHUTU Mo MauyileHbKUM pamMoyHbiM aHTeHHaM W5QJR

AicxoaHble faHHble BblAesieHbl ro/iyobiM LIBETOM|. :
YacToTa 3,95 |MI'y,
[MepumeTp pamku 24 ||dyTa
Mrowpaab 35 KBagpaTHbIX thyTa
AnameTp TpyObI 1 [toim
MoLLHOCTbL nepegaTuvka 20 BatT

BbluncrieHus : :
CopOoTVBIEHNE U3/TyYeHS 0,010||Om
CopoTmBneHne noTepb 0,048||0Om
AhdeKkTnBHOCTL 17,5 |[%
AdhhekTMBHOCT -7,6 ||dB
HAYKTUBHOCTL 3,34 |[MUKporeHpu
KoHaeHcaTtop 486,1||MNd
Q (nob6pOTHOCTL) 720
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Nonoca nponyckaHuA 5,49 |KIy,
Hanps»xeHve Ha koHaeHcaTtope||3060 |[BosbT (P/P)
TOK B pamMke 18,6 [amnep
[Mocne npeobpasoBaHnsa pamky B EH aHTEHHyY
icxoaHble AaHHble :
Nonoca nponyckaHuA 25,0 Ky,
Q (0o6pPOTHOCTBL) 158
Oblee R 0,262||0Om
AP PEeKTUBHOCTL 81,9 |%
A peKTMBHOCTL -0,9 ||dB
YBenmyeHve apdektneHocTn ||4,7
Hanps»xeHve Ha koHaeHcaTtope||1433 |BosbT (P/)
TOK B pamke 8,7 |lamnep

Ob6paTtute BHUMaHMe Ha pe3y/ibTaThl, MOC/Ie TOro Kak pamka 6blsia npeobpasosaHa K EH AHTeHHe.
AdodhekTMBHOCTL YBENnununniack B 4,7 pasa, ¢ 17,5% ao 81,9%. Nonoca nponyckaHnsa ysennymnach
No4YTN B 5 pa3. HanpsXxeHns 1 TOKM B paMKe YMeHbLUUNCL, N3-3a yBennyeHnsa ConpoTmB/eHud
N3nydeHns. YTo aBnsgertcs ewe 60siee MHTepeCcHbIM, HO He nokasaHo B Tabnuue — 3710 To, YTO
N3/1y4eHNEe NMOMEHS/10 CBOK NMI0CKOCTb Ha 90 rpaaycoB. (310 - YeTblpHAALATbLIA YHUKaIbHbI
napameTp EH AHTEHHbLI). JpyruMmu cnoBamu, ropu3oHTa/IbHaaA pamMka Tenepb usnyyaer

BEPTUKA/IbHO.
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I'J1ABA 6 - KOR U3JTYHEHUE

OT1a rnasa nocesLaeTcs HOBOW KOHLIENUUK N3/TyYeHus, KoTopoe Hassanu Kor nsnyyeHnem. 310
BK/TKOUEHO B KHUTY [1/19 TOr0, YTOObI NoKasaTb, YTo EH AHTEHHa n3nyyaet kak 06bIuHOe, Tak 1 Kor
n3nyyeHne. (310 - NATHaAALATbIA YHUKabHbI NapamMeTp EH AHTEHHbI, npeacTaB/1eHHbI B 3TOW
KHUre). [ns o6cyXaeHnsa aToro HOBOro U3/1y4YeHusi, NoXaslyincra CMOTPUTE Hall calT 6onee
noApobHO. DTO HOBOE OTKPbITUE cAenaHo Brnagnmmpom, pocCuUmncKum qansankom, KOTopbIi
[loKa3biBaeT, UTO ecTb ABe (DOPMbl U3/TyYEHUS, a HE TO/IbKO 04Ha, KaK Obl/10 NPUHATO B on3ukKe.
HoBOe n3nyyeHune - aT0 MarHUTHbIN BEKTOP 6e3 cBA3aHHOro nonsa E. 31o no3sosidgeT Kor n3nyyeHuto
NMETb (PyHAaMeHTa/IbHble CBOMCTBA MarHUTHOIO MOJISA, HO 3TO ABNSETCH U3nydyeHmem. Noatomy,
OTCl0[la BbITEKAET HECKO/IbKO BaXXHbIX 0COGEHHOCTEN. KOr n3nyyeHne 401)KHO XOPOLUO NPOHUKAaTb
CKBO3b BOAY, 3eMJ10 1 ApYyrve npenmeTbl, KOTOpble NOrsowarT 00bIYHOE N3/TyYeHne, U Kak
MarHMTHOE MoJsiA OHO A0J/HKHO PacnpoCTPaHATLCH C 6eCKOHEYHOW CKOPOCTLIO. Hall canT nokasbiBaeT
3Ty HOBYIO KOHLENUMIO B (hrsnke. Mbl eLlle He 3anaTteHToBasIv 3Ty HOBYHO KOHLEMUMIO, HO MaTeHT
Haxo4ANTCA Ha PacCCMOTPEHMN B CBA3M C NaTeHoBaHMEM aHTeHH HZ, KoTopble N03BONSAT paboTaTb C
3TUM U3NTYYEHNEM.

C 006blYHbIMM @HTEHHaMN BO3MOXHa CBA3b ApPYr ¢ Apyrom. C aHTeHHamMn HZ BO3MOXHa CBA3b APYr C
npyrom. EH AHTEHHbI MOryT paboTaTtb Kak ¢ 0ObIYHBIMW aHTEHHaMU, Tak U ¢ aHTeHHamu HZ. C
0ObIYHbIMW aHTEHHaMM HeNb35 CBA3aTbCA C aHTeHHamu HZ. Ecnun Bbl untaeTe 310 TulatenbHo, Bbl
noHnMaeTe doakT, UTo Kor nsnyyeHune ABnsieTca HOBbIM N3/Ty4YeHMEM, KOTOPOE No3BOIAET paboTaTtb
He co3faBasi noMex 00bI4YHON paanocssasn. Apyrummn crosamu, Kor nsnyyeHne yasounia AoCTYMHbIN
HaM CrekTp YyacTtoT. bonblioe nose aesatenibHOCTM ANSA UccnenoBaHuin!

PUHAN

[la, 3TO - KOHeL, KHUTK1, HO Havyasno 60/1bLIOro éyayuiero ana ymrarens. Mol Hageemcs, UTo Bbl
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N0BOJIbHbI EH AHTEHHOI, NCMO/Mb3YA ee Ha NOUTENbLCKUX Anana3oHax. Ecnin Bbl - BOEHHbIN UK
KOMMepYecKui nosnb3oBartesib EH AHTEHHBbI, Mbl Obl11 Obl pafbl 06CYAUTb NTULEH3NOHHOE
cornatuenve, ona Bawero npumeHeHna. Co MHOW MOXHO CBSA3aTbCA MO 3/1EKTPOHHOM NoYTe, MO
aapec: ted@eh-antenna.com Moxanyiicra, NUWIATE MHE TOJIbKO MO BONpPocam KOMMEPYECKOro
ncnosib3oBaHnd EH AHTEHH. {1 NpocTo Prn3nveckn He Mory oTBevaTb Ha BCe BOMPOChHI
paavontontenen. Ans pewweHns BoNpocoB OTHOCUTE/TbHO KHUTM UITN aHTEHTOB, MOXanyicTa,
nocetute chopym Yahoo.

www.eh-antenna@yahoogroups.com

OBPATUTE BHUMAHMUE: /1t06011 4enioBeK MOXET caenartb 1 ncrnosibdoBatb EH AHTEHHY ang
NepCcoHa/1IbHOro UCMNOJ/Ib30BaHUSA, €C/I HE NMEETCHA HUKaKOro KOMMEPYECKOro npuMmeHeHuns. nd
KOMMEPYECKUX NITN BOEHHbIX MPUTOXEHUI TpebyeTcs odpopM/IEHME NTULIEH3UM Ha NaTeHTHI,
nonyyeHHble EH Antenna Systems, LLC, 4ToObl MMeTb pa3pelleHne Ha Nponu3BoACTBO, N CObIT
aHTEHH. B HacTosllee BpeMs NOJIyYeHbl ABa narteHTa, n TpeTtun oyaet nonyded B 2005 roay.

NMPUNOXEHNE

XoTenocb 6bl Ha3BaTb BCEX, KTO BHEC 3HAUYUTE/bHbIN BKAad B pa3padoTtky EH AHTEHH. IX MHOrO U
CMNCOK OXBaTbIBAET BECb 3€MHOM LLap, MO3TOMY A HA30BY TEX HEMHOTIMX, KTO BHEC Hanbonee
3HaUNTENbHbIN BK1a N Xo4y Bblpa3uTb UM camyto rny6okyto 6r1arogapHoCTb.

Dan Anderson — England

Jack Arnold — Colorado, USA
Lloyd Butler — Australia

Marco — ARNO Elettronica — Italy
Masa — FR Radio Lab - Japan

Stefano — ltaly
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Korobejnikov-VIadimir lvanovich - Russia
CCbIJIKW:

www.eh-antenna.com

www.eheuroantenna.com

www.fr-radio.com

http://www.qsl.net/km5kg/ NpumeyaHmne: aTOT canT C NPEKPaCcHOK NporpamMmMon pacyera.

OT1BeTbl Ha lNony4vyeHHble Bonpochbl

EcTb MHOro paguontobutenein, Co CBOMMU NIMYHBbIMI B3rfigaamm, ocyxaarLwmnmm koHuenuuio EH
AHTEHHbI. OHKM NULIYT CTaTb, yoexaarT APYrux o4en, YTo 3TO HoBasA KOHLUEMNUNA BCEro /MLLb
0O6MaH 1Unu Toro xyxe. TPyaAHO MOHATbL MPUUNHY NX NOBEAEHUSA, HO NTI0AN €CTb pa3Hbie, C pa3HbIMU
B3rnsagamu. lanee creayoT BONPOChI U YTBEPXKAEHUS, KOTOPbIE OHU BbICKa3bIBAKOT U OTBEThI HA
KaKObIN U3 HUX:

1) 3nyyaeT KoakcuanbHbI Kabenb, a He EH aHTeHHa. OTBeT: JT0 - ABHAsA N10Xb. BO3MOXHO 3TO
C/IMLLIKOM pe3Kui OTBET. Ecnn yenoBek He 3HaeT Yero-To, TO OH KOHEYHO He JIXKET, OH MPOCTO He
XOUeT NOHATb CYTb W XenaeT ocTaBaTbCA HEOCBEeAOM/IEHHbIM. PaKTOM ABIAETCA TO, UTO
KOoakCuasibHas NMHUS NUTaHUS HE MOXET U3nydaTb, eC/M eCTb 3arpaxgaroLlmm duibTp Ha 3TOM
NIVHUW, 3TO MOXET BObITb TOJ/IbKO B C/1ydyae KOPOTKOW KOakKCuasibHOW JIMHUN U KOPOTKOTIO
paccToaHNA 4,0 aHTEHHbI.
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2) AHTEHHa [,0/1)KHA UMETb OJIMHHYO0 KOaKCUasibHYH JIMHUIO, YTOObI n3ny4dartb. OTBeT: 34€eCh
MHOroe He BepHo. Hebonbluas no pasmepam, Mo pyka, gepxana aHannsatop AEA Bravo, KoTopblit
N3Mepsa napameTpbl aHTEHHbI, C A/IMHOW KOAKCUa/lbHOW NTIMHUM B HECKOJ/IbKO AOWUMOB, A0CTaTOUHOM
TOMIbKO A1 TOr0, YTOObI NOAK/TIOUYNTL aHTEHHY. OTO OYEHb Ma/IOMOLLHbIA NCTOUYHWNK, CBA3AHHbIN C
aHTEHHOWN, NO3BOJIAOLLNIA corylacoBaTth €ro ¢ /10601 Harpy3kom n N3MepAaTb napamMeTpsbl.

3) EH AHTeHHa He MOXeT paboTaTb, NMOTOMY UYTO OHA HE ONuCbIBaAeTCA ypaBHeHNAMN Makcsenna.
OTBeT: MbI MPOCTO HaLL/IN CNOCO6 NepeHecTn Aasiekyto 06/1acTb NOJIA B aHTEHHY. JTO He
HapyLaeT Teoputo Makcsensia unn Poynting nnn nobyo Apyryto 00bl4HY Teopuo. 3TO
AEeNCTBUTENIbHO HOBasi TEOPUS, KOTOpasd He MOXET ObITb HareHa B KHUrax. NMockosbKy 3To sAB/1eHne
HOBOE, Mbl 1 MOAYUYNNN TPU NaTEHTA.

4) EH AHTeHHa He MoXeT paboTaTtb, MOTOMY YTO KOMMbIOTEPHLIE MPOorpamMmMbl A0Ka3bliBaKOT, YTO 3TO
He byaneT pabotaTtb. OTBeT: HeyAUBUTE/IbLHO, YTO Te nporpamMmbl (60/1bLLUMHCTBO U3 HUX MOCTPOEHbI
Ha nporpamve NEC), He N03B0NAIT aHa/IM3MpPoBaTh 3Ty HOBYHO KOHLIEMLNIO B TEOPUM aHTEHH. DTO
He Qoka3biBaeT, YTo EH AHTeHHa He BbyaeT paboTtaTbh, a HA0b60POT, AOKa3bIBAET, UTO KOMMbIOTEPHbLIE
nporpamMmbl He Croco6Hbl aHanMsnpoBatb EH AHTEHHbI.

5) A caenan EH AHTEHHY, HO OHa He paboTaeT, noatomy, Teopuss EH AHTeHH He BepHa. OTBeT:
3aecb Haao 3aaatb cebe HECKO/IbKO BONPOCOB. OHKU CTPOUMN aHTEHHY NpaBubHO? OHU
HacTpanBasin ee npaBu/bHO? MOXHO cKa3aTtb, YTO 3TV /104N OCTaBU/IX aBTOMOOW b, MOTOMY YTO OH
He efeT. A OHM 3Ha/IK, YTO HaA0 3a/INTb BEH3UH, A1 TOro YTOObI aBTOMOOW/b Noexasn? BepoAaTHO
HeT, N He XoTenu!

6) Knaccuyecknin npumep, Ha KOTOPbIN CCbl1aloTCA MHOIO NPOTUBHUKOB EH AHTEHH. OAunH
pagnonounTenb, C O4EHb A0OPOron annaparypou, pewnni nposeputs EH AHTEHHY, Mbl BbiCna/in emy
aHTEHHY, peLunB, YTO OH OYAEeT NCMO/b30BaTh €€ Kak XOPOoLUyt aHTeHHY. OH NOAKAYN ee K
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Ma/IOMOLLIHOMY UCTOYHUKY, YTOObI NPOBEPUTL U3/TyUYEHME, NO CPABHEHUIO CO CTaHOapPTHOW
BEPTUKa/IbHOW aHTEHHOW. 3nyYyeHne oka3asioCb HU3KUM, Takum 06pa3om, OH 06bABWA, YTo EH
AHTEeHHa 6eccMmbIC/ieHHa. DTO CTas10 CBMAETeIbCTBOM TOro, uto EH AHTeHHa He paboTaeTt. OTBeT:
K coxaneHuto, TOT paagnontooutens NrHopMpoBas MHGopMauuto, NOC/IaHHY eMy, B KOTOPOM
0O0BSACHANOCH, YTO /10O6ON cABUT (Pas3bl B CXeMe corsiacoBaHusl, He aacT EH AHTeHHe noka3saTtb
MakKCUMasibHY 3dddDEKTUBHOCTL. DTO - 0CO6EHHO BaXXHO A1a L+T cornacosaHusa. OH (Kak 1 apyrue)
He MOr NPUHATL hakT, YTo dpasmpoBaHne SABMIAETCA KPUTUYECKMM B onepauumn no HacTporike EH
AHTEHHbI, MOTOMY YTO 3TO HE cor/lacyeTcs ¢ 00bIYHON TEOPUEN.

EcTb ewe n gpyrne nogobHble BONPOChI, HO A4 AymMato, YTo Bbl MOHANN CYyTb — €CTb /104U, KOTOpbIe
XOTAT TO/IbKO Xau10BaTbCA U pyratb, a He XOTAT NOHMMaTb U BHMKaTb B HOBYH KOHUenunio. Ecnn Bl
AoUnTasIM KHUTY A0 3TOro MecTa, AymMato, YTo Bbl K HUM HE OTHOCUTECHL. Tenepb Bbl NnoHUMaeTe
NpPUYMHY, No KoTopon EH AHTEHHa He nony4dnnia A0KHOro pacrnpocTpaHeHnsa cpeau
paguonoutTenen. A4 nutat Hagexay, Yto ata kHura aact Bam Heobxoanmyro MHOpmaLnto, YTOObI
OTKPbITb UICTUHHYIO KOHLenuuio EH AHTEHHbI. A He nonarato, YTo BCe BbICTynaloLine npoTms, Korga
NN60 M3BUHATBLCA UK NEepPecTaHyT BbICTynaTb NPOTMB. [MOCKO/IbKY A ckasas, YTo TpebytoTcH
pas/finyHbie MHeHuA. Ecnu Bbl caenaete EH AHTEHHY 1 A0M1KHLIM 06pa3om HacTpouTe ee, Bl
nonmerte, rae npasga.

KoHnuyenuyuss EH AHMeHHbI - caMoe cywecmseHHOe USMEeHeHUe 8 meopuu
aHmeHH, 6osieee yem 4yepes 120 nem.

[MpyumMmeyaHne nepeBoavYnKa:
B KHUre, BCce 3/1eMeHTbl A/INHbI YKa3aHbl B aMepukaHCKOM cTaHaapTe mep (kak B opurnHane).
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[Ana cnpaBKu:

1 gtonm (inch) = 25,4 mm.

1 oyt (foot) = 12 aroinmos = 30,48 cwm.
SManiMpoBaHHbIn NnpoBoAa Tuna *14 ~ 1,6Mm

[MepeBof C aHrINNCKOro
Bnagnmnp KoHoHoB (UA1ACO)
CaHkT-lNeTepbypr. 08.2005

Bbl MOXeTe ckayaTtb 3Ty KHUTY B (popmaTe Word, Ha pycckom A3blke, ynakoBaHHYy B ZIP apxus
30ECbH (519 Kb)

Bbl MOXeTe ckayaTb 3Ty KHUTY B chopmaTte .mht (IE), Ha pycckom s3bike, 3SAECH (504 K6)

3AECbH M0oXHO cka4yaTb nporpammy ansa pacyeta EH AHTeHH B popmate EXCEL Ha pycckom A3bike,
B MeTpuyeckoi cucteme mep (24 Ko)

3AECbH MOXHO ckayaTb nporpammy ansa pacyeta EH AHTeHH B chopmate EXCEL B opurmnHane (21
K6)

You can download this original document at Word format, in ZIP compressed, (english variant) HERE
(2,144 Mb)
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