Van Allen Radiation Belt
PannaunmoHHbIN nosic BaH AnneHa

Timecodes(in seconds)

00:00:00,000 --> 00:00:15,800
A Van Allen radiation belt is a zone of energetic charged particles, most of which originate from the solar wind that is captured by and held around a planet by that planet's

magnetic field.
The Earth has two such belts and sometimes others may be temporarily created.

00:00:16,600 --> 00:00:26,800

The belts of trapped radiation above the Earth's atmosphere, but within the magnetosphere, were first detected by James Van Allen in 1958. Therefore these belts are also known as Van Allen Belts.

00:00:27,900 -->00:00:41,999
The Van Allen radiation belts are a torus (doughnut shape) of energetic charged particles circling Earth around its magnetic equator and held in place by Earth's magnetic field. The main belts extend from an
altitude of about 1,000 to 60,000 kilometers above the surface in which region radiation levels vary.
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XoTsa BaH-ArnneH oTKpbIn TOMbKO BHYTPEHHUN MOSAC, a OTKPbIBATENSAMU BHELLHEro paguaunoHHOro rnosca asnstTcA
coBeTcKkue yyeHble BepHos 1 Yynakos.

BHYTpeHHMIN nosc HaxoanTcs Ha BbicOoTe OT 3 40 12 TbIC.KM Haj NMOBEPXHOCTbI0 3eMIN, a BHELLUHUN - Ha BbicOTe OT 18
00 57 Teicsa4 KM. BHyTpeHHU cocToUT rnmaBHbIM 0O6pa3oM U3 NPOTOHOB, @ BHELUHUN - U3 3NEKTPOHOB.

XoTS pasgeneHne Ha BHYTPEHHU U BHELLHUI MoAca AOCTaTO4MHO YCNOBHO, NOCKOSIbKY BCE OKOS103eMHOE
NPOCTPAHCTBO 3arofIHEHO 3apsKeHHbIMU YacTuLaMn, KOTOpble ABUXKYTCS B MarHUTHOM nosie 3eMru.



Hannune paanauMnMOHHbIX MOACOB N UX XaPaKTEPUCTUKN YHUTBbIBAKOTCA NPUN NMPOEKTUPOBAHUN CITYTHNKOB, NMOCKOJ1bKY
OINnTESNTbHOE I'Ip86bIBaHl/Ie SHGKTDOHHOVI TEXHUNKUN B TaKUX YCITOBUAX HpeEBATO NMNOJTIOMKaMN.

OnacHbl pagnaunoHHbIe Nosica U AN SKUNaXem KoCMnYeckmnx kopabnen ( npaega, 4o CUX NOp CKBO3b paanalNOHHbIE
nosica 3emMnu Npoxoannn ToNbKO amepukaHckme kopabnu "Anonnon", HanpaenseLlunecs K JlyHe ). Mexay
paganauuoHHbIMM NOsiCaMM HAXOAUTCS Tak HasblBaemas 6esonacHas 3oHa.

BoT yxe noutn 40 net cpeaun y4eHbiX BeayTca aedartbl Ha TeMy TOro, Kak UMeHHO cdopMmupoBanachk ata besonacHas
30Ha 1 KaK NponcxoauT rnpouecc ee "o4ncTkN" OT 3apsikKeHHbIX YacTul. PaHee cuntanock, YTO 3HEPIrnUS CONMHEYHOM
pagnaummn paccemBaeTcs pagmoBosiHaMn MayLWMMNM HENOCPEeACTBEHHO OT 06NacTu aNEeKTPOMAarHMTHOrO BCecka,
BO3HMKAIOLWErO BCNeCTBUM CONMHEYHOM Bypu.

HenasHune nccnepgoBaHus, B PMHaAHCUPOBaAHUM KOTOPLIX MPUHUMArIO ydacTme kocMmmndeckoe areHTcTtBo NASA, ganu
OOBOJSIbHO HEOXMAaHHble peayrnbraThl. Kak okasanoch, 3a "pacuymcTky” 6e3onacHon 30Hbl BbICOTOU B HECKOJSIbKO
TbICAY KUFTOMETPOB OTBEYalT OObIYHbIE MOMTHMN B aTMocdepe, KOTOpbIE BO BPEMS P03 CBEPKAIOT Ha BbICOTE
BCEro Nuub 3-5 KNNOMETPOB Ha4 NOBEPXHOCTLIO 3eMnun. A B BEPXHUX CMOSIX UX Ha3bIBAKOT ronybon MKeT, Tanrepr,
cnpanT 1 anb@sl.
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MonHusa - 3TO He TONbKO sipKas BCnbIlWKa cBeTa. Bo
BpeEMS MONHUMN TEHEPUPYIOTCA TaKKe U PaanuOBOSIHbL.
TpaekTopusi pacnpocTpaHEeHNs 3TUX paganoBOIH

NCKPUBINAETCA 004 OEVNCTBUEM AMNEKTPNYECKHN
3adPAXEHHOro ra3a, 3axBa4eHHoro MmarHMTHbIM rnoJyiemMm

3emnu, B pe3ynsTaTte Yero paguoBosiHbl HanpaBnsalTCH
B OKpY>KatoLLiee Hallly nnaHeTy KoCMUYyeckoe
NpoCTpaHCTBO. Bo BHYTpeHHEM pagnaLmnmoHHOM nosice

OoHN B33VIMO€I7ICTBFOT C 3apaxXeHHbiM YaCTUulamun,

OTHUMAKT Y HUX YaCTb UX IHEePIrmn N NAMEHAKOT
HarpasBJieHne X aBnxXeHu4d.




OBVXXEHUM B MarHUTHOM norne 3eMnun oT CEBEPHOro Mortoca K KKHOMY
N obpaTHO, CryckaeTcs BHU3 U OKa3blBaeTcs B aTmocdepe 3emMnu.

A B aTMocdepe 3apsikeHHble YacTULbl U3 paanaLMOHHbIX MOSICOB
cTankmBaloTcs ¢ aTMocdepPHbIMU YacTULAMN N TEPSAIOT CBOKO 3HEPTUIO.

Tak N0 MHEHUIO YYEHbIX U NpoucxoauT "o4ncTka" pagmaymMoHHOro nosca,
NyCTb N KpaTKOBPEMEHHAas!, HO NOCTOSAHHAS
( TaK Kak MONMHUK CBEPKAIOT KaXKAbIN OEHb ).

pr— | "\/ ,

B pesynbrate aTOro B3anMogencTens 3epkarnbHaga To4Ka, OT KOTOpPOU "oTpakaroTca" 3apsKeHHbIe YacTuLbl Npu nX




[Ons noaTBepxgeHna JaHHOM TEOPUK, y4eHble NCNoSb3oBanu rnobdarnbHyo KapTy akTUBHOCTU MOSTHUIA, COESNaHHYI0 C
NomMoLLbo Hay4yHoro cnyTHuka Micro Lab 1.

cnonb3oBanuch gaHHble ¢ paguo-kamepbl Radio Plasma Imager, yctaHoBneHHon Ha cnyTHuke IMAGE (Imager for
Magnetopause Aurora Global Exploration ), a Takke apxuBHble gaHHble C KOCMUYecKOro annapara Dynamics Explorer.

B pe3ynbrate 06paboTkm 3TUX AaHHbIX HE OblNo 0OHaPYKEHO KOpPensaLUunM paano-MarHUTHbIX BO3MYLLEHWIA B MOMEHTbI
Hanboree BbICOKOW CONMHEYHOM akTUBHOCTU. OKkasanochk, YTO 3apsiKeHHbIe YacTuLbl pacnpeaensaoTcs U
HakannueatTcs B MarHuToctepe 3emnu.

B TeueHne HecKonbKnx AHen nocrne marHnTHown dypu, aToT n3bbITOK YacTuL, MOCTENEHHO HEUTPANU3yeTCca MOLLHBIMA
paspsagamMm MOSTHUMN.

B 1994 rogy FOEO coobuwmrna 06 oTKpbITUM ABYX HOBbIX HEOXKUAAHHbLIX NOMYyNAUNMA KOCMUYECKNX YaCTu,
HernpeaBUOEHHbIX ANA pagMaumoHHbIX nosicoB BaH-AnneHa, okpyxatowmx 3emrio:

1. B nepunoabl BHE3aAMHbIX CONMHEYHbIX MarHUTHLIX Oypb, N3BeCTHbIX Kak NHxekumn KopoHansHon Maccel nnn KM, Bo
BHYTPEHHIOIO MarHuTocdepy 3eMin BrpbICKMBAETCS MITOTHLIW MY4YOK SNEKTPOHOB C 3Hepruen donblie 50 MaB.

2. B pagnauunoHHbix noacax Ban AnneHa, okpyxatowmx 3emMsito, BO3HMKAeT HOBbIWM Nosic. OH COOAEPKUT UOHHI,
XapakTepHble ons cocTaBa 3Be3q.



Inner belt

The inner Van Allen Belt extends typically from an altitude of 0.2 to 2 Earth radii (L values of 1 to 3) or 1,000 km (620 mi) to 6,000 km
(3,700 mi1) above the Earth. In certain cases when solar activity is stronger or in geographical areas such as the South Atlantic Anomaly, the
inner boundary may decline to roughly 200 kilometers"? above the Earth's surface. The inner belt contains high concentrations of electrons in
the range of hundreds of keV and energetic protons with energies exceeding 100 MeV, trapped by the strong (relative to the outer belts)
magnetic fields in the region.

It is believed that proton energies exceeding 50 MeV in the lower belts at lower altitudes are the result of the beta decay of neutrons created by
cosmic ray collisions with nuclei of the upper atmosphere. The source of lower energy protons is believed to be proton diffusion due to changes
in the magnetic field during geomagnetic storms.=2

Due to the slight offset of the belts from Earth's geometric center, the inner Van Allen belt makes its closest approach to the surface at the South
Atlantic Anomaly . H3 H4

On March 2014, a pattern resembling 'zebra stripes' was observed in the radiation belts by the Radiation Belt Storm Probes Ion Composition
Experiment (RBSPICE) onboard Van Allen Probes. The reason reported was that due to the tilt in Earth's magnetic field axis, the planet’s
rotation generated an oscillating, weak electric field that permeates through the entire inner radiation belt.1>! It was later demonstrated that the
zebra stripes were in fact an imprint of ionospheric winds on radiation belts.H%

(ABnsieTcs nocneaHum criangom(tTuna 12bin(1 nacxanka)) Ha gaHHbIN
MOMeHT(0:12\30.11.18).2Kanb 4TO TaK NOCKOsMbKY O4YEHb MHOIO
MHdopmauunun.)




Kak BNMsaOT HA KOCMOHaBTOB nons BaH
AnneHa?

NMosica BaH AnneHa B reoMarHUTHOM MOJ1€, HeE BNUSAKOT Ha KOCMOHaBTOB. OnacHOCTb AJ151 KOCMOHaBTOB
npeacTaBJIAOT NPOTOHbI, 3aXBa4Y€HHbIE 3TUMU NOJIAMM.

B pagnaumoHHble nosica HakannuBalTCs N YAEPXKMBAOTCH, NPOHUKLLNE B MarHUTOCAEPY, BbICOKO3HEPTUYHbIE
3apsKeHHbIE YacTULbI(NPOTOHbI) ranakTUYeCKUX N CONMHEYHbIX KOCMUYECKNX NTyYen.

[Mons pacnosnoXeHbl Ha BbICOTaX (pacCTOAHME OT MOBEPXHOCTN 3eMnu) NpubnusnTensHo B 4000 KM — BHYTPEHHUN
nosic 1 17000 KM— BHELUHMUU NOSAC.
BHewWwHMM noac 3anonHAeTca B af1eKTPOHaAMU K3B-bIX KUHETUYECKUX SHEPIUN, TOoraa Kak BHYTPEHHEN NOSIC 3anosfiHEH
NPOTOHaMM CO CPeAHNUMU KNHETUYECKUMUM SHEPTrnaMmM okorno 10 MaB.
BoT oguH 13 KpacmBbIX PUCYHKOB(KOTOPLIN HAXOAUTLCSA HUXKE) ToponaanbHbIX pagnauuoHHbIX NOSCOB MarHUTocdepbl
3emnu, rae nokasaHbl pacnonoxeHne MKC (International Space Station) Ha HU3KOW OKOT03eMHOM opdbuTe (LEO) 1 nosdca
BaH AnneHa CMHMM LBETOM: BHYTPEHHUU (Probe-A) n
BHELLUHUW (Probe-B). BblCOTbl OpO6UT HEKOTOPbIX U3 U3BECTHbIX CMYTHUKOB 3eM/n NpMBeAEeHbI B 3TOM Tabnuue:

*215 KM — [1epBbil UCKYCCTBEHHbIN COYTHUK 3eMU;

*340 kM — MexxayHapogHasa Kocmuueckas CtaHuma (MKC);

*390 kM — bbiBwWwas Poccuinckasa ctanuma MAP;

*595 KM — Xab61 KOCMUNYECKUI TeNIecKorT;

*20000 kM — GPS cnyTHUKM cBA3Y;

*36000 KM — 'eocTaLMOHapHas opbuTa 3eMnu.
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BuaHo, 4TO BCe KOCMMYECKME anmnapaTthbl CTapatoTcsl n3beratb BCTPEUN C pagmaLMoHHbIMU nodcamu. bonbluoe
yaaneHue opoutbl MKC oT HUX aenaetT BMAHME KOCMUYECKNX JTyYen N COTHEYHOIo BETPa, 3aXBa4Y€HHbIX
MarHUTHbIMU MOASAMU paAnaLUMOHHbIX NOMKOCOB, AOCTAaTOYHO ManbiM, a paboTy KocMoHaBToB Ha MKC oTHOCUTENbHO
6e30nacHbIM.

OAHako, nNpu cunbHbIX COoMHEYHbIX BCMbILLKaXxX Knacca X B Hanpas/ieHNnM 3eMsu, BbICOKOSHEPrnyHas yacTb
COJIHEeYHOro BeTpa (NMPOTOHbI C 3HEpPruen 3HaumTenbHo 6onblie 100 MaB) cTaHOBUTCA 3HAYNMMOM N MOXKET
npeacTaBnATb pagnauMOHHYHO ONAcHOCTb A9 KOCMOHaBTOB. [1ns atoro, Ha MKC ecTb cneuymanbHOe NOMeLLEHNE,
r4e KOCMOHaBTbl MOTYT "OTCUMAETLCA" Ha BPEMS MPOXOXAEHUS KOpabsi CKBO3b COJTHEYHYIO Masmy.

Ho BcnomunHas Mepodu — "ecnu Bce OK, 3HaunT Bbl Yero-To He 3aMeTUNN', Ha CaMOM [efle BCe He TaK pafy>XHo.
Marnutocdepa 3eMan — 3TO AMHAMUYECKUN 06BEKT C 60/bLLUMM CNEKTPOM GAyKTyaunn u aHomanuni. OgHa ns
aHomMmanuin — lO)kHo-ATtnaHTnyeckasa AHomanusa (unu bpasunbckas AHoManus), rae BbiCOTa BHYTPEHHEro
pagnaumoHHOro rnosica MoXeT YMeHbLaTbes BnaoTb Ao 200 km, nepecekasa opouty MKC. 3To cywecTBeHHO
yBeNMYNBAET pagmalMOHHYHO OMacHOCTb A1 KOCMOHAaBTOB, U3-3a BKJ1laa BTOPUYHbIX HENTPOHOB, POXAEHHbIX B
MaTepuarne Koprnyca Kopabons.

Haxke Teneckon Xa66s, nposetasa yepes aTy 30HY, NpepbiBaeT CBOU HabNtoaeHus. 3a pagnaumoHHbIM GOHOM Ha
Kopabsie 1 NornoweHHoOM 0301 KOCMOHABTOB M OLOAAT:H NCCTOsHHbIE HABNOAEHMUS.

PesynbTaTbl 3TOI TeMe 1 COOTBETCTBYHOLLME NybmKaLum
NASA MoxHO HanTu npongasa no ccbinke NEPEUTH




