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OT aBTOpOB

Hacrosiiiee u3nanne Newnes Radio and RF Engineerys Pocket
Book — 3710 4r0-TO HeOOBIKHOBEHHOE. OHO MpPEACTaBISIET COOOM
noa00pKy HH(GOPMALMH 7S HHKEHEPOB M TEXHOJIOT0B, KOTOPBIE pa-
6oTaroT B chepe paanorexHUKku. OHO JOTMOJTHEHO HOBBIMH CBE/ICHH-
SIMH, OTPAKAIOIIMMH MEHSIOIIMECS HWHTEPECHl DTUX CHEUAIMCTOB,
U, KaK HUKaKOE JPYroe u3jiaHue, BOCIPOM3BOAUT BHICHUE TEXHOJIO-
rudeckoro npouecca. OHO MPOCTO HAMTMYKAHO HH(pOpMAaIIHeii!

Best 9Ta cepusi  JOBOJIBHO MHTEPECHA C TOUKH 3PEHHS Pa3sHO00-
pasust ¥ KauecTBa MH(OpPMALMHU, KOTOPYIO OHA MpEAiaract, U 3Ta
KHUra He ucKioueHne. OHa OXBATHIBAET TaKUE PasHbIE TEMBI, KaK
CHMBOJIBI, WCIIOJb3yeMbIE B 00O3HAYEHHH CXEM, U abOpeBUATyphI
JUISL TPAH3UCTOPOB, M B TO K€ BPEMs TAKHE CIIOKHbBIC BEIH, KAK
CITyTHUKOBASI CBSI3b U TEJIEBU3UOHHBIE KaHAJIbI JJISl AHIJIOTOBOPSIIIAX
cTpaH. DTO AEHCTBUTEIBHO yAUBHUTEIbHAS paboTa.

MBbI HaJieeMest, 4TO BbI Oy/IeTe 4acTO 00PAIAThCS K 9TON KHUTE U
MOJIyYUTE TAKOE XKE YAOBOJIBCTBHE, KAKOE MOJIYYHIIH MbI B IIPOLIECCE
€€ MOJATOTOBKH.

Jlowcon [[p6uc
Lorcozep [oc. Kapp

bnazooapnocmo

Beipaxato ocolyro 01arofapHOCTb 32 MPEATIOKESHHYIO MTOMOIIb
cnenyromum opranuzanusam: Andrew Ltd, Aspen Electronics Ltd,
BBC, British Telecommunications plc, farnell Instruments Ltd,
Independent Television Athority, International Quartz Devices Ltd,
Jaybeam Ltd, MACOM Greenpar Ltd, Marconi Instruments Ltd,
Panorama Antennas Ltd, Radiocommunications Agency, the Radio
Authority, Rtt Systems Ltd.

Oco0yro OnaroJapHoOCTh BBIpaXkar cBoeil xeHe Jlopotu 3a To,
YTO OHA MHPWIACh C MOUM YEIMHEHHEM B IMPOLECCE MOATOTOBKU
KHHUTHU.
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YUacTtbr mepBas

PacnpocrpaHenune
PaQUOBONH

1.1. JJIMHA BOJIHbBI 1 YACTOTA

CyIlECTBYIOT JIBa XapaKTEPHBIX Mapamerpa, KOTOpble OTINYAIOT
BOJIHOBOE JIBU)KEHHE, — JUIMHA BOJIHBI U 4acToTa. [JIMHY BOJIHBI OI-
PEIeTSIOT KaK PACCTOSIHUE MEKAY AByMs ONMKAMIIMMK TOUKaMu, Ha-
XOJISIIIUMHUCS] B OTMHAKOBOM COCTOSIHUM BOJTHBI JTFOOOTO THIIA (HAIPH-
Mep, aKyCTHUYECKHE WITH IEKTPOMAarHUTHBIE BOJIHBI). YacToToM *kKe Ha-
3bIBAIOT KOJIMYECTBO MOBTOPSIOLIMXCS LIUKJIOB BOJIHBI B €IMHUILY Bpe-
Menu. Ha Pue. 1.1 cxemMarn4Ho 1oka3aHo pacrpoCTpaHEHUE BOJHBI.

JlnuHa BOSHBI (L)
| (MeTpbl)
HanpagneHue pacnpocTpaHeHust

N/

Paccrostnue mim BpeMs ———

poz.core

Puc. 1.1. Pacnpocmparerue 8ontbl

Tur BOJIHBI M CKOPOCTB, C KOTOPOIT ()POHT BOJHBI ABMIKETCS Yepes
Cpely, CBs3aHbl ONpENENICHHBIM cooTHomeHneM. Kpome Toro, cko-
POCTb pacHpOCTPAHEHHS OIPEAEIACTCS CPENOH, B KOTOPOI ABMKETCS
BoNHA. Tak, CKOpPOCTH 3BYKOBOH BOJIHBEI B BO31yxe okoio 340 m/c,
a B Boge — 1 430 m/c.

3BYKOBBIE BOJIHBI IIEPEMENIAIOTCS MEUIEHHEE, YEM IEKTpoMar-
HUTHBIE, PACTIPOCTPAHSIONINECS B CBOOOAHOM IPOCTPAHCTBE C ONH-
HAKOBOI1 CKOPOCTBIO (IpuGII3MTEILHO 310 M/C).

Paino- u cBeTOBBIC BOJHBI HIMEIOT JIEKTPOMAarHUTHYIO IIPHPOLY,
U JUIS HUX CBA3b MEXY YacCTOTOH M JUIMHON BOJIHBI ONPEAENAeTCs
(hopmymoii:

3.10%

A= [m],

rae A — jJMHa BOJIHBL, a f — yacrora [I'i].
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1.2. PAITAOYACTOTHBIN CIIEKTP

DJIeKTPOMarHUTHBIE BOJIHBI MMEIOT Oe3rpaHMYHBII Janana3oH
BO3MOKHBIX JUIHH BOJTH, 00pa3ysl 37€KTPOMArHUTHBIN CIEKTp. DTOT
CIEKTp, TOMHUMO PaJHOBOIH, BKIIOYAeT HH(PPAKPACHOE H3ITydCHHUE,
BUJIUMBIN CBET, YIIBTpaHOJIETOBOE U3ITydEeHHE, PEHTTCHOBCKHUE JIyIH

u ramma-nyuu (Puc. 1.2).

Bumnmblii ceT

1 Kocmmueckue
Wndpaxpacpie W Jyqu
‘ny‘m | [
Panmouactorst Vibtpaguoner  Y-HATydeHHe
OHY HY CY BY OBY VBY CBY KBY - ;
BB OB PentreHoBckoe
|4aCTOTBI | Manyqenue
| Yacrora
M xfu M MTu
10 100 110100 1 10 10? 10310“ 10> 106 107 108 10910‘010”10 210”10“‘10'510‘6
107 10° 10° 10“103 102 10 110 1 10* 10*4 10* 10* 10*‘“ 10*'2
M M CM cM

JInnHa BOMHbI

Puc. 1.2. Cnexmp snexmpomacnummuix 6onH

&

Jns pagmocssu ucnonsiyercs auanazon ot 10 k' o 100 [T,
YCIIOBHO pa3/iefICHHbIN Ha HECKONBKO mosioc. B Taour. 1.1 ykazaHbl 060-
3HAYEHMSI MOJIOC, UX UCIIONb30BAHNE M BHJIbI PACTIPOCTPAHEHHS BOJIH.

Tabua. 1.1. Hcnonvzosanue paduovacmom

Monoca Bn
Obo3navenne Hcenonb3oanne o
YacToT pacnpocTpaHeHns
OueHb Hu3kue yacto-  |Ca3b 110 BeeMy Mupy i Ha Oonbiune pac-  |TloBepxHOCTHAA
3..30 «
51— OHY (VLF)  |crosuns. Hapurauns. [loxsojHas cBi3b BOJHA
CBs13b Ha OOIBILIHE PACCTOSHIL, CTAHIHH
30...300 Husie uactorsi — P o CTAHI 0y onosentian
N STQIOHHbIX HACTOT I BEMEHH, JulhoBon- |
1 (LF) HOBOE BELIAHHE
3003000 Cpennue yactothl — | CpeZHEBONHOBOE MECTHOE Oxoro3eMHast BOTHA
KF CY (MF") 1 cpe1iune | pernoHaIbHOE BEMAHHE. (zem) Honocdep-
" |oms — CB (MW?) | Cynosas cBs3b Has BONHA (HOUBIO)
Bpicokue yacTorsr —
3..30 " CB3b Ha Gomblune paccTosHus 1 kopotko- | HoHoctepras
Mr BA(HF) n xopare BOIHOBOE BEIIAHHE BOJIHA
" oy — KB (SW")
30...300 Cs13b B ipezienax mpsmoit Bimamocti. Mo6u-| [poctpancterHas
OueHb BBICOKHE 4acTo- pefcax np HM poctp
Mrig JIbHAs CBs3b. TeneBm3uonHoe 1 FM Belanne |BojHa
CB#13b B pejienax npAMoii BUIMMOCTH i
300...3000 yHbT]JHBLICOKI/Ie qacTo- pe p a HpOCTpaHCTBeHHaH
o . MoOmIbHAs cBA3b. TeneBN3HOHHOE Bela-
Ml |11 — YBY (UHF) . BOJIHA
HHe. PajopeneiiHEle MHHIH
CBepXBBICOKHE YacTo- .
3..30 . Pamopeneiinbie TuHuH. [TpoctpacTBenHas
51 — CBY (SHF ) mmt
[Ty Jloxars. CriyTHIKOBAS CBA3b BOJHA
MUKPOBOJHBI
Beime | Kpaiite Beicokue Yac- | MesKCITyTHHKOBas CBA3h [IpoctpancTBenHas
30TTu |rorst — KBY (EHF') |H MHKPOCOTOBAS PATHOTC/ICOHHAS CBA3H  [BOTHA
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* VLF — very low frequency
L  — low frequency
MF — medium frequency; MW — medium wave
HF — high frequency; SW — short wave
VHF — very high frequency
UHF — ultra high frequency
SHF — super high frequency; microwave
EHF — extra high frequency
** B CHIA stot nuanason onpeaensercs kak «UHF» Toabko 10 4acTOThI
1 000 MI'ts (cbie 1 000 MI'tt — Kak «MHKPOBOIHOBBII»).

1.3. U3OTPOIHBIN N3JTYYATEJb

OTmpaBHOW TOYKOH PACCMOTPEHMS BONPOCA PACTIPOCTPAHEHUS
pazayo- U CBETOBBIX BOJH SIBIISICTCS M30TPOMHBIN M3ITydaTenb — T'H-
MOTETHYECKUIT TOUSUHBII U3ITydaTeNnb, PABHOMEPHO N3ITydarouii BO
BCEX HAIIPaBJICHUSAX CBOOOIHOIO NPOCTPAHCTBA.

Takoli u3iyuarenb, MOMEIICHHBIH B HEHTP cepbl, o0nydaeT ee
TOJTHYIO MOBEPXHOCTh. A TaK Kak miomass chepsl papHa 41 (re r
— paanyc), TO HHTEHCUBHOCTB OOIy4YeHUs B TFOOOH TOUKE TOBEPXHO-
CTH M3MEHSeTCsl 00paTHO MPOMOPIHOHAIBHO PACCTOSHUIO OT M3Tyda-
TeIISL.

B paauorexHnke MmIOTHOCTH MOIIHOCTH Ha HEKOTOPOM PaccTos-
HUM OT HCTOYHHUKA 3a/JaI0T CIEAYIOIMM 00pa3oM:

__b
4m?’
e P, — MOIIHOCTD U3JTy4YeHHS .

Py

1.4. POPMUPOBAHUE PAIMOBOJIH

DJeKTpOMarHUTHBIE 10 CBOEH MPUPOZE PAJMOBOJIHBI COACPIKAT
B3aUMHO MNEPINCHAUKYISIPHBIE DJJICKTPUYECKYH0 W MarHuTHYXO CO-
CTaBJIAIOIIHE, KOTOPbIE HAXOAATCS MO/ IPSIMBIM YITIOM TaKXKe U K Ha-
MIPaBJICHUIO PACIIPOCTPAHEHHS. DJICKTPOMATHUTHYIO BOJIHY CO3/IACT,
HanpuMep, MepeMeHHbIH TOK B HpoBojHuKe. OH HOpPOXKIAeT Iepe-
MEHHOE MarHHTHOE II0jIe, OKpY)Kalolllee MPOBOAHHK, KOTOpOE, B
CBOIO OUYepe/lb, UHIYLIUPYET IEKTPUUECKOE MOJIE BIOJIb JUIMHBI IIPO-
BOJ/ITHHUKA. COBOKyl'IHOCTl: 3THUX l'IOJ'leI\/'l, U3JTYYEHHBIX IPOBOIHUKOM C
MIepEMEHHBIM TOKOM, TipenicTaBieHa Ha Puc. 1.3.

E-mutockoctb

PB2.003++

Puc. 1.3. Qopmuposanue snekmpomazHummoil 6onnvl
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[1710CKOCTB MEKTPUIECKOTO MO 3TO INIOCKOCTh £, 8 MArHUTHO-
ro nojiast — H. Otu nonst OKBHUBAJICHTHbI, COOTBETCTBEHHO, HAITPSXKE-
HUIO U TOKY B lenu poBoAHuKa. OHHU 1a)ke U3MEPSIOTCS B TAKUX JKe
enuannax (B/m u A/m), a cpena, uepes KOTOPYIO OHHU PaclpoCTpaHs-
KOTCs, UMECT COIPOTUBJIICHHUE. Ecnu JUIA IETU IPOBOAHKKA CIIPaBEI-
JIUBO ypaBHeHUE £ = ZI, TO 175l 2IE€KTPOMArHUTHON BOJIHBIL:

E=Z7H,

rae E — cpenHekBaipaTHuecKasi BEIMUMHA HANPSHKEHHOCTH JJICKT-
puueckoro moist [B/m],

H — cpennexBagpaTHyeckas BEIMYMHA HANPSHDKEHHOCTH Mar-
HUTHOTO T10JIst [A/M],

Z — XapaKTepHCTHIECKOE COMPOTHRIIEHNE (MMIIeiaHC) cpenbl [OM].

XapaKkTepUCTHYECKOE COMPOTHBICHHE CPE/ibl OMperenseTcs ee
MarHUTHOW IPOHHUIIAEMOCTbIO (9KBUBAJIEHT NWHIYKTHBHOCTH) U JUD-
JIEKTPUYECKOH MPOHHUIIAEMOCTHIO (3KBUBAJICHT eMKOCTH). J[is cBo-
60THOTO MPOCTPAHCTBA MPUHATHI CIAECAYIOLUINE BETUINHbIL:

W= 47107 TH/M — MarHuTHAs IPOHMUIACMOCTb,

£ =1/36m-10"7 ®/M — QudIEKTpHYECKas NPOHHIAEMOCTb.

Torna nMnesanc cBOOOAHOTO IPOCTPAHCTBA 3aaeTCst HOpMyIIOit:

\/% = 1207 = 377 (Om)

(MarHUTHAsI TPOHUIAEMOCTh M JUIEKTpHUYEcKas MPOHHIIAEMOCTh
CBOOOJHOTO MPOCTPAHCTBA BXOAAT BO MHOTHE (DOPMYIIBI, OTpakaro-
mye (pU3NUeCcKue 3aKOHBI WM XapaKTepU3YIOIHe CBOMCTBA BELIECTB,
KaK MOCTOSTHHBIE KOG UIMEHTHI. B 3TOM KauecTBe WX MPHUHSTO Ha-
3bIBaTh MarHUTHAs TIOCTOSIHHAS M 31E€KTpUUecKas TIOCTOSIHHAS M 000-
3Ha4aTh COOTBETCTBEHHO [lo U €y — [Ipum. pedakmopa nepesooa.)

B3anMmbIe COOTHOIIEHHST MKy MOITHOCTBIO, HAPSKEHHEM U
CONPOTHBIIEHUEM JUISl 3JIEKTPOMArHUTHON BOJHBI TOYHO TaKUE Ke,
KaK JUIsl DJIeKTpUdecKol nenu, — W= E?/Z.

[Ipocreitmmii u3ayvarenb HMEKTPOMArHUTHBIX BOJIH TPEICTaB-
JeT co00i 0OBIUHBIN U0, 00pa30BaHHBIN Mapoil IPOBOJOB C OT-
KPBITBIME KOHIIaMu. [Ipn TeopeTHueckoM pacCMOTPEHUH [UIMHY H3-
JyYaroIuX 4acTell MPOBOJOB CIEAyeT NMPUHUMATh OYeHb KOPOTKOH
[0 OTHOLICHUIO K JUIMHE BOJIHBI BO30YXKJAIOIIEr0 TOKA, 4TOObI BbI-
MIOJIHUTH yCJIOBHE PABHOMEPHOTO PACIIPEICIICHNS TOKA M0 MX JJIHHE.
Ha mpakTuke ke QIMHA W3TydYaroliuX 3JIEMEHTOB PaBHA MOJIOBHHE
JUIMHBI BOJIHBI (A/2), ¥ OTOT JUIIONb, HA3BIBAEMBIN TAKXKE CHMMET-
PHYHBIM BHOPATOPOM, CTAHOBUTCS TUINOIbHON anTeHHOU (Puc 1.4).

Bomna, n3nmydaemast TunosneM, TOIIpH3yeTcs. DIeKTPHIecKoe 1one
pacrionaraeTcsi BAOJIb JUIUHBI (B TIOCKOCTH E), a MarHUTHOE T0JIE —
TIOJ TIPSIMBIM YIJIOM K M3iTy4areto (B ruiockocty /). Eciu mmockocts £
BEPTHKAIbHA, W3IyYCHHOE I0JIe HAa3bIBACTCS TONEM C BEpPTHKATLHON
nosipusarmeit. Ceblika K IIockocTsM £ u H 1o3BosisieT H30exars He-
JIOTTIOHMMAHWUS, KOTJIa Pa3roBOp WIET O MOJISIPHU3AIMH aHTCHHEL
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Or nepenarduka A2

***** PacnipeseneHHoe HanpskeHue
—— PacmnpeneneHHbIi TOK

Po2 004+

Puc. 1.4. /Jlunonvnas (cummempuunas eubpamopHas) aHmeHHa

B ommune OT M30TPOMHOrO M3JIydaressi TUMOib obliaraer Ha-
MPABICHHOCTHIO, KOHIIEHTPUPYS YHEPIHI0 B IUIOCKOCTH H 3a cuer
wiockocTu E. D10 obecrednBaeT HEKOTOPBIA K03 duIueHT ycuie-
HHSI MOILIIHOCTH BO BCEX HANpaBJICHHSX B IUIOCKOCTH H MO cpaBHe-
HUIO ¢ U30TPOMHBIM U3iyuareneM. DToT koddduiueHT paseH 1.6 ,
T.e. 2.15 dBi (cydhdukc «i» o3HaYaeT OTHOIICHHWE MOIIHOCTH K
MOIIIHOCTH W30TPOITHOTO M3JTy4arelis).

JInst ipsIMOTO JTyda dHEeprHs, epenaBaeMasi H30TPOITHBIM H3JTyda-
TeJaeM K TPUHUMAIOIIEMY CHIHAJ MPUEMHHUKY, 0OpaTHO MPOIMOPIHO-
HaJIbHa KBaJpaTy PAacCTOSHUS MEXIy HHUMH B JUlMHax BoiH. [lorepn
SHEPruH B CBOOOIHOM IPOCTPAHCTBE 3aIAI0TCS CICTYIOIINM 00pa3oM:

[Motepu [16] = 10 1g (4;?') >

e d ¥ A H3MEpSIoTCS B METpax, Hin:

Torepu [nb] = 32.4 + 20 lgd + 20 1gf,

rae d — paccrosinue [km], a f— gactora [MI'1].

CrnenoBaresibHO, MOTEPU PHEPIHU B CBOOOTHOM IMPOCTPAHCTBE
YBEJIMYUBAIOTCS TIPOIOPIIMOHAIILHO KBAJIPATy PACCTOSHHS M KBaJpa-
Ty 4acToTbl. UnciioBble npuMepsl npuseieHs! Ha Pue. 1.5.

Ha nmpakTrke U3 BeIMYUHBI IOTEPh B CBOOOIHOM MPOCTPAHCTBE,
MOJICYNTAHHOH BBIIIE, HEOOXOMUMO BBIUECTH KOI(D(DHUIMEHT yCHIIe-
HUSI MOIIHOCTH TEPEaonX U NpHHUMaomux anteHH (dBi). Ana-
JIOTMYHO BEJIMYHMHY TOTEPh MOXKHO MOACYUTATE 110 (hopMmyie:

( na)z 1
© [ ] g|: 7\,2 Gt Gr

rae Gy u G, — nelcTBuTeNbHbIe KO3 QHUINEHTH! yeuiIeHus (He B 1b)
COOTBETCTBEHHO IEpeatollel U MPUEMHON aHTEHHBI.
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PB2.005+

Puc. 1.5. 3asucumocms nomepv snepeuu 6 c60600HOM NPOCMpaHcmee
om paccmosHus U 4acmomul

OCHOBHBIC IIOTEPH B CUCTEME MUKPOBOJIHOBOIH CBS3U U B PaJUOIIO0-
KaIlMOHHBIX CHCTeMax — 3aTyXaHue curHaia B armocdepe (Puc. 1.6).

3aTyXaHUs TaKOTO BHJA SBISIOTCS (YHKIMEH 4acTOTHI, U Ha da-
crorax 22 u 64 I'T'y nmerot ocoOble Touku. Beruecku Ha 3THX Yac-
TOTaX BbI3BaHBI IONVIOIICHHEM SHEPTHHU B aTMOC(hepe COOTBETCTBEH-
HO BOJSHBIMH NTAapaMy U KUCIOPOAOM. YUHUTHIBATh MOTEPH B aTMO-
cdepe HEOOX0MMO, paboTast Ha JIFOOBIX MUKPOBOJIHOBBIX YacTOTax,
HO JMamna3oH, ONM3KMH K 9THM BCIUIECKaM, XapaKTepeH 0COOBIMU
npobnemamu. Tak, HanpumMep, Ha yactoTe 22 I'T'11 HEoOXoAUMO yUH-
TBHIBAaTh JIONOJIHHUTEIbHBIC TOTepH B 1 1b/kM.

1
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1 10 100
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P2.006++

Puc. 1.6. 3amyxanue cuenana 6 ammocgepe
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