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DJIEKTPOMArHUTHHIEC BOJIHBI

[Mpouecc pacnpocTpaHeHUs NepeMeHHbIX
MarHMTHOIO M 3NIEKTPUYECKOro nonemn v N -nyus

€CTb 3fIEKTPOMarHMTHasa BosiHa. Sinnnnnnunnnunnnnnnne
OneKkTpoMarHUTHbIE BOSHbI MOTYY

EH
CyLLLECTBOBAaTb U PacnpoCTPaHATCH B JUUMW " 8HOBCKMe gy
BaKyyme. %
Q

YcnoBue BO3HMKHOBEHUS
9NEKTPOMAarHUTHbIX BOJSIH.

[ns obpaszoBaHNA NUHTEHCUBHbIX
3NEeKTPOMarHUTHbIX BOSNH HEOBX0AMMO
Cc0o30aTb 9NeKTPOMarHUTHble kKonebaHus
J0OCTaTO4YHO BbICOKOM YaCTOThI.
3mMeHeHnsa anekTpoMarHMTHOro nons
NPOUCXOOAT NP U3MEHEHUM CUSbl TOKa B
NPOBOAHMKE, a cuna Toka B NPOBOAHUKE
N3MEHSAETCS NPU N3MEHEHNN CKOPOCTH
OBWXEHNSA SNeKTPUYeCcKnx 3apsaos B
HEM, T.€. NpX ABWXKXEHNN 3apSa0B C
YCKOPEHNEM.
CnepoBaTtenbHO, 3rNekKTPOMarHUTHbIE
BOJTHbI JOMKHbI BO3HMKAaTb Npu
YCKOPEHHOM [BWXEHUN
9NEKTPOMAarHUTHbIX 3apsaoB.




BI/II[BI AJICKTPOMAI'HUTHBIX BOJIH
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JImMHa BOJIHBI

TepMUH Avana3oH 4yacToT

NMosscHeHus

KopOTKOBOJTHOBbIN AMana3oH 2-30 Ml'uy
(KB)

N3-3a 0cobeHHOCTEN pacnpoCcTpaHeHus
B OCHOBHOM MpUMeEHSETCS AN
OanbHEN CBA3MN.

«Cun-Bn>» 25.6-30.1 Ml'y

MpaxkaaHCKMIA AnanasoH, B KOTOPOM
MOryT NOJSIb30BATbCH CBSA3bIO
YyacTHble fiMua. B pa3sHbixX cTpaHax
Ha 3TOM y4acTKe BblgesnieHo ot 40
00 80 MKCUMPOBAHHbIX YacToT
(kaHanos).

«Low Band» 33-50 Ml'y,

Ownana3oH NoaBUXHOM Ha3eMHOMN
CcBSA3M. HENOHATHO MOYEMY, HO B
PYCCKOM $13blKe He HalluloCb
TEepMUHa, onpeaensoLero
OaHHbIA AnanasoH.

YKB 136-174 MI'y

Hanbonee pacnpocTpaHeHHbI
AnanasoH NoABMXXHOM HAa3EMHOM
CBSA3MU.

[LB 400-512 Mry

Ownana3oH NoaBMXHOM Ha3eMHOMN
cBA3Ku. MIHOrga He BblAensaT 3ToT
y4acCTOK B OTAESIbHbIA AMana3oH,

a rosopsaTt YKB, nogpasymMeBas

rMoJsiocy 4acTtoT oT 136 o
542 M-

«800 Mly» 806-825 n 851-870 Mly

TpaANUMOHHbIA «aMepUKaHCKMn»
AManasoH; LWMPOKO MCMNob3yeTcs
noaBmxHoM cBa3bio B CLUA. Y Hac

He nmonyumn ocoboro

BACEIOOTIN S e

POCTTPOCTPOTTCTIVIZT,




JLxenmc Kiepk Makcsein

CyliecTtBoBaHue
9NIEKTPOMArHMUTHbIX BOSH ObINO
TeopeTnyeckun npenckasaHo
BENMUKUM aHIMMUCKNM OU3UKOM
[bx. Makceennom B 1864 roay.
Makceernn npoaHanmsnpoBar
BCE N3BECTHbIE K TOMY BPEMEHM
3aKOHbIl 3NEKTPOANHAMMKA U
caenan nonbITKY NPUMEHUTb UX
K UBMEHSIOLLIMMCS BO BPEMEHH
9NEKTPNYECKOMY U MArHUTHOMY
nonsim. OH oBpatunn BHUMaHWe
Ha aCCMMETPUIO B3aUMOCBA3N
MEXAY 3NEeKTPUYECKUMU K
MarHUTHbLIMU ABNEHUSIMMU.




Teopusa Makceinia

Makcsenn Been B U3nKy NOHATME BUXPEBOro
ANEKTPUYECKOro Nosns 1 npeasioxuns HOBYHO
TPaKTOBKY 3aKOHa 3J1IEKTPOMarHUTHOWM
MHAYKUUKU, OTKpbITON Papageem B 1831 I.:
Bcsikoe nameHeHue MarHUTHOro nons
nopoXxaaeT B OKpy»KalolleM NpocTpaHCcTBe
BUXpPEBOE ANeKTpUYeckoe nose, CUNoBbIe
JINHUM KOTOPOrO 3aMKHYThI.

MakcBenn Bbickasan rmnortesy o
cyLecTBOBaHMM 1 06paTHOro npovecca:
U3meHsOWEeeca BO BpeMeHU 3feKTpuyeckoe
nosie NopoxaaeT B OKpyXKawoLiem
NnpocTpaHCTBE MarHUTHoOe norne.
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Bpe1BoibI N3 Teopruu Makcseinia

N3 TEOPUN MakcBenna BbiTeKkaeT pA0 Ba>XHbIX BbIBOOOB:

1. CyLecTBYOT 3NEeKTPOMarHUTHbIE BOMHbI, TO €CTb PacnpOCTpaHsoLLEecs B
NMPOCTPAHCTBE N BO BPEMEHW 3NIEKTPOMAarHMTHoE nore. OnekTpoMarHuTHble
BOJTHbI MOMepPeYHbl — BEKTOPLI U NepnenaukynspHbl Apyr Apyry 1 nexart B
NNOCKOCTU, NEpPNeHANKYNAPHON HaNpaBeHMO PacnpoCTPaHeHUs BOSHbI
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AJIEKTPOMAI'HUTHDIE
BOJIHbI

[TlpnHUMN pacnpoCTpaHeHUA 3SNeKTPOMarHUTHOMU
BOMHbLI COCTOUT B TOM, YTO BEKTOpa HanpAXXeHHOCTU
anekTpuyeckoro u mMarHmtHoro nond E wu H
KonebntoTtca B pase, T.e. OHM OOCTUralT MakCUMyma
N MUHUMYMaA B OOQHUX U TEX XXe TOYKax NPOoCTpaHCTBa.
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I'enpux I epir

OneKTpoMarHUTHbIE BOJSTHbI ObiNn BNepBLIE
9KCnepuMeHTanbHO nonyyeHsl epuem B

1887r. B ero onbiTax yCKOPEHHOE OBUXEHWE
3MNEeKTPMYECKNX 3apaaoB BO3by>Kaanunchb B ABYX
MeTarnmM4ecknx CTEPXKHAX C LWapamMm Ha KOHLax
(subpatop lNepua).

KonebaHusi anekTpuyeckux 3apsgos B
BMbGpartope co30atoT ANEKTPOMarHUTHYHO BOSHY.
Tonbko kKonebaHus B BUHGpaTope coBepLUaET He
OflHa 3apshKeHHasa 4YacTuua, a OrpoOMHOE YUCNo
3NEeKTPOHOB, ABUXYLLUNXCA cornacosaHo. B
3NeKTpoMarHUTHOM BOrHe BekTopbl E n B
nepnenaukynapHel apyr apyry. Bektop E nexunt
B MMOCKOCTK, NpoxoasLien Yepes subpartop, a
BeKTOp B nepnenaukynapeH aTon nriocKoCTu.
M3nyyeHue BOMH NpoMcxoauT C MakCuMarsnbHOM
WHTEHCMBHOCTbLIO B HarpasreHuu,
nepneHavKynsipHoM ocu Bubparopa. Boonb ocu
N3Ny4YeHUs: He NMPOUCXOOAT.

B 00OblvHOM kOnebaTenbHOM KOHTYpe (ero
MOXHO Ha3BaTb 3aKPbITbIM), NOYTN BCE
MarHuTHOE nore cocpeoTO4eHO BHYTPU
KaTyLUKW, a SneKTpnu4eckoe BHyTpu
KoHOeHcaTopa. Boanu ot koHTypa
3NEeKTPOMarHUTHOrO NonsA NPakTUYECKN HET.
Takom KOHTYp o4eHb crabo nanyyaer
3NeKTPOMarHUTHbIE BOJTHbI.




Bubparop I'epna

[na nony4yeHns anekTpoMarHUTHbIX BOMH
lepu ncnonb3oBan NPOCToe YyCTPONCTBO,
Ha3blBaemoe cenvac subpartopom lepua. 310
YCTPOWCTBO NPEACTABNSAET COOOM OTKPbIThIN
KonebaTenbHbIN KOHTYP.

K oTkpbITOMY KOnebaTtenbHOMY KOHTYpY
MOXXHO NEPENTN OT 3aKPbITOro, ecrnv
NnocTeNeHHO pasaBuraTtb NAacTUHbI
KOHOEeHcaTopa, YMeHbLlasa nux nnowanb v
OOHOBPEMEHHO YMEHbLLASA YNCIIO BUTKOB B
KaTywke. B kOHLe KOHLOB, NONy4YnTCcs NpsAMon
npoBog. OTO 1 €CTb OTKPbITbIN
konebaTtenbHbIN KOHTYP. EMKOCTb 1
WHOYKTUBHOCTb BUGpaTopa Nepua manbi.
MoaTomy 4YacToTa KonebaHum BecbMa BeENuKa.
B onbiTax Mepua gnvHHa BOMHbI cocTaBnsna
HECKOSNbKO AECATKOB CAaHTUMETPOB.
Bbluncnve cobCTBEHHYO YacToTy
3NeKTpOMarHUTHbIX konebanun Bubparopa,
lepu cmor onpenenuTb CKOPOCTb
3NEKTPOMarHUTHOM BOSHbI MO dhopmyne v’ ?72.
OHa okasanacb NnpnbnmxeHHoO paBHa
ckopocTu ceeta: ¢?300000 km/c. OnbIT Mepua
GnecTslle NOATBEPAUNN NpeacKa3aHns
Makcsenna.
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Anekcanap Crenanosuy l1omnos

B Poccum ogHUM 13 nepBbix 3aHAnca
N3y4YeHnEeM 3NeKTPOMarHUTHbIX BOJTH
npenogasarernb 01LEPCKNX KYpPCOB B
KpoHwTagTte AnekcaHap CtenaHosud Nonos.
Monos AnekcaHap CtenaHosuy (1859-1905),
PYCCKNN (OU3UK N SNEKTPOTEXHWUK,
n3obpetatenb anekTpudeckom cesa3m 6es
npoBoaoB (pagnoceasn). B1895 rogy
NPOAEMOHCTPUPOBan N300PETEHHbBIN UM
nepBbIv B MUpe pagnonpuemMHuK. BecHon
1897 roga gocTur AanbHOCTM pagnocBsa3un
600m, neTom

1897 — 5 kunometpos, B 1901 — okono 150
KMNOMETPOB.

Cospgan (1895) npmubop ansa pernctpauum
rPO30BbIX Pa3psIA0B(«rPO300TMETUMKY ).
[Mony4unn 30n0Tyt0 Meaanb Ha

BcemupHon Beictaske 1900 roga B Napuxe.
B03MOXHOCTb NpakTU4eCcKoro NpUMeHeHns
9NEKTPOMAarHUTHbIX BOSIH 4S5 yCTaHOBNEHUS
cBA3n 6e3 NnpoBoAOB Obinia BNepBble
npoaemMoHcTpupoBaHa 7 mas 1895 roga.
OTOT AeHb CYMTAETCA OHEM POXKAEHUSA
paguo.




Panuo IlomoBa

Mpnémnuk MNMonoea coctosan uns
1 — aHTEHHbI, 2 — Korepepa, 3 — aNeKTpoOMarHMTHOro pene, 4 —
NEKTPUYECKOro 3BOHKA, 5 — NCTOYHUKA MOCTOSAHHOIO TOKa.
OneKTPOMarHUTHbIE BOSHbI BbI3blBany BbIHY>XOEHHbIE
KonebaHnsa Toka 1 HanpsXxeHus B aHTeHHe. [epemeHHoe
HanpsKeHWe C aHTeHHbl NoAaBariocb Ha ABa ANeKTpoaa,
KOTOpble ObIfM pacnofoXeHbl B CTEKMSIHHOM Tpybke,
3anonHEeHHOW MeTannIMyeckuMmn onunkamu. Jta Tpybka n ectb
Korepep.
[MocnepoBaTenbHO € KOrepepoM BKIHOYANUCh pere U UCTOYHUK
MOCTOSIHHOTO TOKa.
M3 - 3a NNOXMx KOHTAKTOB MeXAy OnuikaMy COnpoTUBIIEHNE
Korepepa 06bl4HO BEMWKO, MOITOMY 3NEKTPUYECKUIA TOK B Lienn
Mars 1 perne 3BOHKa He 3aMblkaeT. [1og 4encTBueM nepeMeHHoro
Hanps>KeHWs1 BbICOKOW YacTOTbl B KOrepepe BO3HUKaoT
NeKTpUYeckme paspagbl Mexay oTaerbHbIMU ONUKamu,
YacTuLbl ONUIOK CNEKaKTCA U ero CoOnpoTUBMNEHNE
ymeHbliaetca B 100 — 200 pas. Cuna Toka B KaTyLuke
3NEKTPOMArHUTHOIO perie Bo3pacTaeT, U perne BKyaeT
AMEKTPUYECKNIN 3BOHOK.
Tak pernctpmpyeTtca NpMEM 3rIEKTPOMArHUTHOM BOJSTHbI
aHTEeHHOWN.
Yaap MOnoToyka 3BOHKa BCTPAXMBAET ONUIKM 1 BO3BpaLLaeT
€ro B UICXO4HOE COCTOsIHNE, NPUEMHMK CHOBA rOTOB K
E——e /ICTPALINN INEKTPOMArHUTHOM BOSMHbI aHTEHHOWN.

B1899 rogy 6bina obHapykeHa BO3MOXHOCTb NpUéma CUrHasioB
¢ nomoLubto TenedgoHa. B Havyane 1900 roga pagnoceasb Obina
yCMeLLHO 1crnonb3oBaHa BO BpeMs cnacaTenbHblX paboT B
dunHckom 3anmee. NMpu ydactum MNonoea Havanocb BHeApPeHMe
pagmnocesasun Ha note u B apmun Poccum.




Mapkouu

3a rpaHuuen ycoBepLIeHCTBOBaAHNEM
nogo6HbIX NpnbopoB 3aHMManacb gupma,
OpraHn3oBaHHas UTANbAHCKUM YYEHbBIM
MapkoHu. OnbITbl, NOCTaBMNEHHbLIE B
LWMpoKoM MacliTabe, Nno3Bonunm
OCYyLLEeCTBUTb paanoTtenerpadHyto nepegady
yepes aTnaHTUYEeCKNIN OKeaH.

BaxxHenLwmm aTanom pasBuTUS pagnocBaau
6b1n10 co3ganme B 1913 rogy reHepaTtopa
He3aTyXxarlLWnX ANeKTPOMarHUTHbIX
KonebaHun.

Kpome nepenaym tTenerpagHbIX CUrHanos,
COCTOSILLMX U3 KOPOTKMX 1 Bonee
NPOAOCIHKNTENBHBIX UMMNYNbLCOB
ANEeKTPOMarHUTHbIX BOSH, cTana BO3MOXHOM
HagéXHasa N BbICOKOKa4YeCTBEHHas
paguoTenedoHHas CBA3b — nepegaya peym un
MY3bIKW C MOMOLLbIO 3NIEKTPOMArHUTHbIX
BOJTH.

Mpn pagnoTtenedoHHON CBA3M konebaHns
AaBneHus Bo3ayxa B 3BYKOBOMW BOSTHE
npesBpaLLarTCcsa ¢ NOMOLLLI0 MUKPOGOHa B
anekTpuyeckue konebaHmsa Ton xe popmbl.
Kasanochk 6bl, ecnu atu konebaHusa ycnnutb
N NoAaaTb B aHTEHHY, TO MOXHO Byaet
nepegasaTb Ha PacCTOSIHUS Pedb U MY3bIKY C
MOMOLLIbIO 3NEKTPOMArHUTHbLIX BOSIH.




PacnpocTpaHeHue paaruoOBOJIH

PaaunoBonHbl M3nyyatoTcs Yepes aHTEHHY B
MPOCTPAHCTBO M PacnpoCTPaHATCA B BUAE SHEPTUN
aMneKTpoMarHuTHoro nons. M xota npupoaa paavoBoriH
OAMHaKoBa, UX CNOCOBGHOCTL K pacrnpoCTpaHeHHo
CUINbHO 3aBUCUT OT ANUHbI BOSHbI.

3emnsa Ansa pagvoBOrH NpeacTaBnseT NPOBOAHNK
3MNeKTpUYecTBa (XOTA N He oveHb xopowuni). Mpoxoas
Ha[ NOBEPXHOCTbIO 3eMIN, PaANOBOSIHbI NOCTENEHHO
ocnabeBatoT. TO CBA3AHO C TEM, YTO
3MNeKTPOMarHUTHbIE BOMNHbI BO36Y>AatloT B NOBEPXHOCTU
3eMIM SNEKTPOTOKN, Ha YTO U TPATUTCA YacTb SHEPIUW.
T.e. aHeprusa nornowaeTtcsa 3emnen, npuyem Tem
fonbLue, YeM Kopoye AfIMHa BOSHa (Bbllwe YacTtoTa).

Kpome TOro, SHeprmua BOIHbI ocnabesaeT eLe u noTomy,
YTO n3ny4dyeHmne pacnpoctpaHAeTCcA BO BCe CTOPOHbI
NPOCTpaHCTBa U, cnegoesaTtesibHO, YeM Aarnblle OT
nepenartynKka HaxoamnTca NpnemMHUuK, TeMm MeHbllee
KOJNMM4eCTBO 3Heprun npnxogantcd Ha eanHuULy nnowagn
N TEM MeHbLUE ee nNnonafgaeT B aHTEHHY.

lMNepemaun oMHHOBOHOBbLIX BELLATENbHbBIX CTAHLMUN
MOXXHO MPMHMMATb Ha PaAcCTOSIHUM 40 HECKOSbKMX ThiCSY
KWITOMETPORB, NPUYEM YPOBEHb CUrHaMNa yMeHbLUAETCS
nraeHo, 6e3 ckaykoB. CpeaHEBOTHOBbIE CTaHLUK

E——LILLHbI B Npegenax ThiCsa4n KMnomMeTpoB. YTo xe
KacaeTcs KOPOTKMX BOJSTH, TO UX 3HEPrus pesko yboisaer
no mepe ygarneHus oT nepegatymka. TuM obbsicHaeTcs
TOT dpakT, YTO Ha 3ape pas3BUTUS paamo 4SS CBA3N B
OCHOBHOM MNpUMeHSANUCL BOsHbI OT 1 o 30 kM. BonHbI
kopo4e 100 meTpoB BOOGLLE CHUMTANUCDH HEMPUTOOHBIMU
0N AanbHemn cBs3un.




400 IOMIL ooy 400
) LR SRRl ot ) P ot
el AP bielrinly CnouFy oof- ==
s e
R CnodF
230+ ‘(g Ll‘ _________
A é _______  Ilefell ) 7| ol S5t
PO ol e (T i T
Ol o o e iy IR
O TV :
paop § SO — ¥ S
g § ¢ L CnowE E
100184, “ :
50N My g0 . .
sofsdy | O
35 qu\ '%_u ¢ "--\
1 Ve e R po -

0 500 1000 13500 2000 23500 3000 3500 0 3500 1000 1500 2000 23500 3000 3500
Paceroanue (Kkm) Faceroanue (xm)




NOHOC®EPA

B 3 -r’ )
/NETPAKOPOTKUE
Sine ,J"' . e . .

. » .
.....




Paaomnoceasb

\!wv wv!\u




Cmacu0o 3a BHUMAHUs!
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