POAMOBOAHbBI M1 YHOCTOTbI




O TAKOE PAANOBOAHbI

PAAMOBOAHbBI — 3TO SAEKTPOMATHUTHBIE KOAEDAHMS,
PACMNPOCTPAHMOLLMECH B NPOCTPAHCTBE CO CKOPOCThIO ceeTa (300
000 km/cek). KcTath CBET TAKXE OTHOCUTCH K SAEKTPOMATHMUTHbBIM
BOAHOM, YTO M OMPEAEAIET UX BECbMA CXOXME CBOMCTBA (OTPAXKEHME,
NPEAOMAEHME, 3ATYXAHME M T.M.).

POAMOBOAHbBI MEPEHOCAT YEPES MPOCTPAHCTBO SHEPTIMIO, M3AYHAEMYIO
[EHEPATOPOM DAEKTPOMATHUTHDBIX KOAEOAHUM. A POXKAQKOTCA OHU MPU
M3MEHEHUM DAEKTPUYECKOTO MOAA, HOMPUMEP, KOTAQ Yepes
MNPOBOAHMK MPOXOAUT MEPEMEHHbBIN DAEKTPUYECKMM TOK MAM KOTAC
Yepes NPOCTPAHCTBO NPOCKAKMBAKOT MCKPbI, T.€. PIA ObICTPO
CHXEAYIOLLLUX APYT 30 APYTOM MMMYAbCOB TOKA.

HQA4, 4TO CKOPOCTb ABUXXEHMA SAEKTPOMATHUTHBIX BOAH POBHAO
CKOPOCTM CBETA, MOXXHO OMNPEAEAUTL PACCTOIHNE MEXKAY TOYKAMM
NPOCTPAHCTBA, TAE DAEKTPMYECKOE (MAM MATHUTHOE) MOAE HOXOAMTCH
B OAMHAKOBOM doa3e. 370 PACCTOAHME HA3bIBAETCA AAMHOM BOAHBDI.
AAVMHQ BOAHbI (B METPAX) PACCHYUTBIBAETCS MO FDOPMYAE:
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4TO TOKOE PAAMOBOAHDI

. ELLLEe OAHMM MOAE3HBIM CBOMCTBOM DAEKTPOMATHUTHBIX BOAH (BMPOYEM, KOK M BCAKMX
APYTUX BOAH) SBAFETCH MX CMOCOBHOCTb OrMBATH TEAQ HO CBOEM MYyTU. HO 3TO BO3MOXHO
AULLIb B TOM CAYHOE, KOTAQ PA3MEPDLI TEAQ MEHbLLIE, YEM AAMHA BOAHbI, MAM CPOBHUMBI C
Hen. Hanpumep, 410061 OBHAPYXMTb COMOAET, AAMHA PAAMOBOAHbBI AOKATOPA AOAXKHA
OblTb MEHbLLIE Er0 TEOMETPUHECKMX PA3IMEPOB (MeHee 10 M). ECAM XXe TeAO BOAbLLIE,
4EM AAMHQA BOAHbI, OHO MOXET OTPA3UTL e€. HO MOXET 1 HE OTPA3UTb — BCMOMHUTE
AMEPUKAHCKMM CAMOAET-HEBMAMMKY «Stealthy.

. SHeprus, KOTOPYIO HECYT SAEKTPOMATHUTHbBIE BOAHBI, 30BUCUT OT MOLLIHOCTM rEHEPATopa
(U3AYHOATEAS) M PACCTOAHMSA AO HETO. MO HAYYHOMY ITO 3BYHMT TAK: MOTOK SHEPIMUM,
MNPUXOAILLIMMCS HO € AMHMLLY MAOLLLAAM, MPSMO NMPOMNOPLIMOHAAEH MOLLIHOCTU M3AYYEHMS
M 0OPATHO NPOMNOPLIMOHAAEH KBAAPATY PACCTOSHMSA AO U3AYHATEAS. DTO 3HAYUT, 4TO
AQABHOCTb CBS3M 30BUCUT OT MOLLIHOCTM MEPEAATYMKA, HO B TOPA3A0 BOAbLLIEN CTENEHM
OT PACCTOSHUS AO HETO.

. Hanpumep, NOTOK SHEPTUM DAEKTPOMATHUTHOTO M3AYYeHMS COAHLLO HO MOBEPXHOCTb
3eMAM AOCTUTAET 1 KMAOBATTA HA KBAAPATHbBIM METP, A MOTOK SHEPIMM CPEAHEBOAHOBOM
BELLLATEABHOM PAAMOCTAHLMM — BCETO ThICA4YHbIE M ACXKE MUAAMOHHbBIE AOAM BATTA HO
KBOAPQOTHbIM METP.




PACTIPEAEAERME CIEKTPA

AMOBOAHBI (DAAMOYACTOThI), UCTTIOAB3YEMbBIE B PAAMOTEXHUKE, 3AHUMAIOT OOAACTb, A BOAEE
4yHO — cnekTp o1 10 000 m (30 kl') A0 0.1 mm (3 000 ITL). DTO TOABKO YOCTb OBLLUMPHOTO

KTPQO SAEKTPOMATHUTHBIX BOAH. 30 PAAMOBOAHAMM (MO YObIBAKOLLLEM AAMHE) CAEAYIOT
MAOBbIE MAM MHADPAKPACHbBIE AY4M. TOCAE HUX MAET Y3KMM Y4HOCTOK BOAH BUAMMOTO CBETA,
AQAEE — CMNEKTP YABTPAMOUOAETOBBIX, PEHTTEHOBCKMX M TAMMA AyYEM — BCE ITO
DAEKTPOMOATHUTHBIE KOAEDBAHUI OAHOM MPUPOAbI, OTAMHAIOLLLMECH TOABKO AAMHOM BOAHbI U,
CAEAOBATEABHO, YOCTOTOM.

i XOT4 BECb CMEKTP PA30UT HO ODAACTH, TOAHMULLBI MEXAY HUMM HOMEYEHBI YCAOBHO. OBAACTH
CAEAYIOT HEMPEPLIBHO OAHA 30 APYTOM, MEPEXOAIT OAHA B APYTYIO, O B HEKOTOPbLIX CAYHOAX
NepeKpbIBAKOTCS.

[ AMANA30HbI BECbAMA OOLLIMPHbI U, B CBOKO O4EPEAb, PA3OUTHI HO YHACTKM, KYAQ BXOAST TAK
HQ3bIBAEMbIE PAAMOBELLLATEABHbBIE U TEAEBU3MOHHbBIE AMAMA30HbBI, AMAMNA30OHbI AAS HO3EMHOM U
QBUALMOHHOM, KOCMMYECKOM M MOPCKOM CBS3U, AAS MEPEAQYM ACHHBIX U MEAMLIMHDI, AAS

M U PAAMOHABUIALLMK U T.A. KOXKAOM PAAMOCAYXKOE BLIAEAEH CBOM YYACTOK

AU OUKCUPOBAHHbIE YOCTOTbI.
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KAK PACTPOCTPAHAIOTCA PAANOBOAHBI

OAMOBOAHbI M3AYHAIOTCS YEPE3 AHTEHHY B MPOCTPAHCTBO M PACMPOCTPAHSIOTCS B BUAE SHEPTMUM
EKTPOMATHUTHOTO MOAS. M XOTS MPUPOAC PAAMOBOAH OAMHOKOBAQ, MX COCOBHOCTb K
ACMPOCTPAUHEHMIO CUABHO 3ABUCMKT OT AAMHbBI BOAHBI.

0 3EeMAST AN POAMOBOAH MPEACTABASIET MPOBOAHMK DAEKTPMYECTBA (XOTH M HE OY4EHb XOPOLLIMM).
MpOX0AS HOA MOBEPXHOCTHIO 3EMAM, PAAMOBOAHBI MOCTEMNEHHO OCAQDEBAIOT. DTO CBA3IAHO C TEM,
4TO DAEKTPOMOATHUTHBIE BOAHbBI BO3DY>XXAQIKOT B MOBEPXHOCTU 3€MAM DAEKTPOTOKM, HO YTO M TPATUTCS
4YACTb SHEPTUM. T.€. SHEPTUA MOTAOLLLAETCS 3EMAEM, MPUYEM TEM BOABbLLIE, YEM KOPOYE AAMHA
BOAHQ (BblLLIE 4YOCTOTA).

a Kpome Toro, aHeprms BOAHbI OCAQDEBAET eLLe U MOTOMY, H4TO M3AYHEHME PACTIPOCTOPAHAETCA BO
BCE CTOPOHbI MPOCTPAHCTBA N1, CAEAOBATEABHO, HEM AQAbBLLLIE OT MNEPEAATINKA HOXOANTCA
MEMEMHUK, TEM MEHbLLIEE KOAMHECTBO SHEPIMU NMPUXOAMNTCA HA EANHNLLY MAOLLLOAN N TEM
MEHbLLIE € MNMOMNAACAET B AHTEHHY.

MNepeAair AAMHHOBOAHOBBIX BELLLATEAbHbIX CTAHLMM MOXHO NMPUHUMATD HO PACCTOSHUM AO
KOABKMX TbICAY KUAOMETPOB, NPUYEM YPOBEHD CUTHAAQ YMEHbBLLIAETCS NAQBHO, 6€3 CKAYKOB.
€AHEBOAHOBbBIE CTAHLLMM CAbILLIHbI B MPEAEAQX ThICAYM KMAOMETPOB. YTO XXE KACAETCH KOPOTKMX
OAH, TO WX DHEPTUA PE3KO YOLIBAET MO MEPE YAOQAEHMS OT NEPEAATIMKA. DTUM OOBIACHIETCA TOT
dOAKT, 4TO HA 3APE PA3BUTUI PAAMO AAR CBI3M B OCHOBHOM MPUMMEHIAMCh BOAHBI OT 1 AO 30 KM.
BoAHbI Kopoye 100 MeTpoB BOOOLLLE CHUTAAMUCH HEMPUTOAHBIMM AAS AQABHEM CBS3U.




KAK PACINPOCTPARAIOTCH
PAA

Ewe B/1902 aHrmnckmnii matemaTtuk Onveep Xesucaung, (Oliver Heaviside) n ameprkaHCKMin MHXeHep-31eKTpUK
ApTyp daBuH KenHennun (Arthur Edwin Kennelly) npakTnuyeckn ogHOBpeMeHHO npeackasanu, YTo Hag 3eMien
CTBYET MOHU3MPOBAHHbIW C/I0M BO3JyXa — eCTeCTBEHHOE 3epKa/io, OTpaXatoliee 31eKTPOMarHUTHbIe
BOJIHbI. OTOT C/101 BbI/1 Ha3BaH MOHOCHEPOW.

Hocdepa 3eman JokHa Oblna NO3BOANTL YBENNYNTL Aa/IbHOCTb PACNPOCTPAHEHNS PaAMOBOJIH Ha
CCTOSIHMSA, MPEBbILWAtOLLME NPAMYIO BUANMOCTb. IKCNEePUMEHTAIbHO 3TO NPeANoaoXeHNe bbl/10 0Ka3aHo B
3. PagnoyactoTHble MMMNYbCbl NepesaBainch BEPTUKAIbHO BBEPX U MPUHUMAINCD BEPHYBLUNECS CUFHAbI.
epeHus BpEMEHN MeXAY NOCbIIKOW U MPUEMOM UMMY/IbCOB NMO3BO/IN/M ONPEAEIUTb BbICOTY U KOJIMYECTBO
OTpaxeHusl.



OTpPA3MBLLMCb OT MOHOCDEPDI, KOPOTKME BOAHbI BO3BDALLLAIOTCA K 3EMAE, OCTABMB NMOA
CcOBOM COTHM KMAOMETPOB «MEPTBOM 30HbIN. [1POMNYTELLIECTBOBAB K MOHOCADEPE M OBPATHO,
BOAHQO HE (YCMOKAMBAETCAN, A OTPAXKAETCS OT MOBEPXHOCTU 3EMAM U BHOBb YCTPEMAIETCH K
MoHocdoepe, rae oOngrb OTPAXKAETCA U T. A. TAK, MHOTOKPOTHO OTPAXKASCh, POAMOBOAHA
MOXKET HECKOABKO Pa3 OOOrHYTb 3€MHOM LLIAP.

YCTOHOBAEHO, YTO BbICOTA OTPOXKEHMS 3ABUCUT B MEPBYIO O4EPEAL OT AAMHbI BOAHBI. YEM
KOPOYEe BOAHA, TEM HO BOAbLLIEN BBICOTE MPOUCXOAUT €€ OTPAXKEHME U, CAEAOBATEABHO,
OOAbLLE «MEPTBAS 30HAN. DTA 30BUCUMMOCTb BEPHA AMLLIb AAS KOPOTKOBOAHOBOM YOCTMH
CcnekTpa (mpumepHo A0 25-30 MI'LL). AAg BoAaee KOPOTKMX BOAH MOHOCADEPA NPO3PAYHA.
BOAHbBI MPOHM3LIBAIOT €€ HAOCKBO3b U YXOAAT B KOCMMYECKOE MPOCTPAHCTBO.

13 PUCYHKO BUAHO, YTO OTPCXKEHME 3ABUCUT HE TOABKO OT YHOCTOThI, HO M OT BDEMEHM CYTOK.
3TO CBI30HO C TEM, YTO MOHOCADEPA MOHMBUPYETCH COAHEYHBIM U3AYYEHUEM U C
HOCTYNAEHUEM TEMHOTbI MOCTEMNEHHO TEPSET CBOKO OTPAXKATEABHYIO CMOCOOHOCTb.
Crenerb MOHM3ALMM TAOKXKE 3ABUCUT OT COAHEYHOM OKTMBHOCTM, KOTOPAS MEHSETCS B
Tevemie road M M3 TOAC B TOA MO CEMUAETHEMY LLMKAY.

AeHb Houyb
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OTpaXATEAbHbIE CAOM MOHOCCPEPDI U PACNPOCTPAHEHME KOPOTKMX BOAH
B 30BMCUMMOCTM OT YOCTOTbI M BDEMEHM CYTOK
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0 BO3MOXHOCTb HAMPABAEHHOTO M3AYYEHMS BOAH MO3BOAAET MOBLICUTb 3AOADEKTUBHOCTb CUCTEMbI CBA3M.
CB43QHO 3TO C TEM, YTO Y3KMM AY4 OOECNEYMBAET MEHbLLIEE PACCEMBAHME SHEPIMM B MOOOYHbIX
HOMPABAEHMUSAX, YTO MO3BOAAET MPUMEHATE MEHEE MOLLIHBIE MEPEAATIMKM AAT AOCTUXKEHUI 3AAQHHOM
AQABHOCTU CBA3M. HOMPABAEHHOE U3AYYEHME CO3AAET MEHBLLIE MOMEX APYTMM CUCTEMAM CBA3M,
HOXOASALLIMXCS HE B CTBOPE AYHOA.

MNpu Npueme PAAMOBOAH TAOKXKE MOTYT MCMOAb3OBATbCS AOCTOMHCTBA HAMPOABAEHHOTO U3AYHYEHMS.
Hanpumep, MHOrMe 3HAKOMbI C MAPABOAUYECKMMM CMYTHUKOBBIMM AHTEHHAMM, GOOKYCUPYIOLLLMAAM
M3AYYEHME CMYTHUKOBOTO MEPEACTIMKA B TOYKY, TA€ YCTAHOBAEH MPUEMHBbIM AQTYMK. [TPUMEHEHME
HAMPABAEHHbIX MPUEMHBIX AHTEHH B PAAMOACTPOHOMMMU MO3BOAMAO CAEAATH MHOXECTBO
JOYHAAMEHTAAbHbIX HOYYHbIX OTKPbITUIM. BO3MOXHOCTb GOOKYCHUPOBAHMS BbICOKOYACTOTHBIX PAAMOBOAH
obecneymAd mx LUMPOKOE NPUMEHEHME B PAAMOAOKALLMU, PAAMOPEAEMHOM CBS3U, CMYTHUKOBOM
BELLIOHMM, BECNPOBOAHOM MEPEAOYE AQHHbIX U T.1.

HeO6XOAMMO OTMETUTbL, YTO C YMEHbLUEHNEM AJIMHbI BOJ/IHbI BO3PAaCTAET NX 3aTyXaHWe U norjoweHne B
aTMOcc|)epe. B yacTHOCTK Ha pacnpocTpaHeHne BOJZIH KOpo4e 1 CM Ha4YNHAKOT B/INATb TakKne ABJI€EHNA KaK TYMaH,
A40XAb, 06na|<a, KOTOpPbIE MOT'YT CTAaTb cepbe3Hof/'1 I'IOMEXOI\/'I, CNbHO Ol'paHl/ILIVIBaIOLI.I,eﬁ A4a/IbHOCTb CBA3WU.



BbIBOA

1 BOAHbI POAMOAMNAMNA3OHA OOAQAQIOT PA3AMYHBIMM
CBOUCTBAMM PACMPOCTPAHEHUS, M KOXKAbIM YH4OCTOK
3TOr0 AMANA30HA MPUMMEHIETCH TOM, TAE AYYLLIE BCETO
MOTYT ObITb MCMOAB3OBOHbI €M0 MPEMMYLLLECTBA.




PAOOTY BbINOAHMA:

1 YyeHuk 11 «A» KAQCCO

LLlaparnoB AHTOH




