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AHHOTanusA. MHOronojaoCHbIE CIIEKTPbI HOYHBIX 2JIEKTPOMATHUTHBIX IIIYMOB B IMaNa30He NepBbIX [ 1 mpuHATO acconuu-
pOBaTh C OTKIMKOM HOHOC(HEPHOTO aJIbBEHOBCKOro pe3oHaTopa (MAP) Ha n3ydeHHs OT MOJHHUEBHIX pa3psiioB. MoXHO, of1-
HaKo, II0Ka3aTh, 4TO JUISl ITOJYYeHHsS TaKOH pe3oHaHCHOH crekTpanbHol cTpykTyphl (PCC) He HyeH Habop pe30HaHCHBIX
MOJ, a JOCTaTOYHO OTpakaromlei rpaHuubl. [Ipy oTpakeHUH aabBEHOBCKOIO MMITYJIbCa OT BepXHeil HoHOchephl HazeMHas
CTaHLUSI PETUCTPUPYET /ABA MOCIE0BATENbHBIX UMITYJIbCA, PA3JIETIEHHBIX Ha BPEMS IPOXOKAEHUS depe3 HOHOChEPY A0 TOUKU
oTpaxkeHust 1 obpatHo. IIpy crekTpaabHOM aHaNU3€ HAJIM4ME Tap CBSI3aHHBIX MMITYJIBCOB NPOSIBUTCS KaK BO3HHKHOBEHHE
CIEKTpPaIbHBIX TApMOHUK, Pa3HECEHHBIX Ha 00paTHOE BpeMs mpobera. OTa KOHIEHIHS OATBEPIMIIACH IIPH aHATH3e KaK Te-
CTOBBIX CHTHAJIOB, TaK M JAaHHBIX MHIYKI[HOHHBIX MarHUTOMETPOB. XOTH Ha Ha3eMHBIX cTaHIuIX PCC Habmrogaercs mo4tu
KaXyI0 HOUb, COOOIIEHHH O PEeTUCTPAllUy TAKUX CTPYKTYP HA HU3KOOPOHUTAIBHBIX CITyTHUKaX MpakTrdecku HeT. ChopMymn-
POBaHBI KAYeCTBEHHBIE MPE/ICTABIICHNUS, KaK HMITYJILCHASsI CTPYKTypa OTKJIMKA HAa TPO30BOH pa3psi JOJDKHA OBITh BHHA B JTaH-
HBIX CIyTHHUKA. MOJeIMpOBaHUE PacIPOCTPAHEHUS UMITYJILCOB B KyCOYHO-CIIOMCTON MOHOC(Epe MOoKa3alo, YTO CIIEeKTPajb-
Hble XapakTepucTHKU VAP nomkHBI OBITE 3aMETHBI TOJIBKO Ha 3eMiie, a BHyTpH AP Bo3HMKaeT Gosiee ci10)kHast CIIeKTpaibHas
KapTuHa. Anpobaryst 3TUX MpeacTaBIeHUH BeleTcs o JaHHbIM ciyTHuKa CSES.

KiroueBble ci10Ba: MonHus, mysibcannu Pcl, noHocepa, albBeHOBCKHI PE30HATOP, PE3OHAHCHAS CIIEKTPabHAs CTPYK-
Typa.

Abstract. The spectra of electromagnetic noise observed at night in the range of the first Hz with a characteristic periodic
spectral structure are usually associated with the response of the ionospheric Alfvén resonator (IAR) to radiation from lightning
discharges. However, it can be shown that to obtain such a resonant spectral structure, a set of resonant modes is not needed,
while a reflecting boundary is sufficient. When an Alfvén pulse is reflected from the upper ionosphere, the ground station
registers two consecutive pulses divided by the time that the pulse passes through the ionosphere to the reflection point and
back. In spectral analysis, the presence of pairs of coupled pulses will manifest itself as the occurrence of spectral harmonics
spaced by the reverse travel time. To test this concept, we analyzed both test signals and data from ground-based induction
magnetometers. Surprisingly, although the RSS is observed at ground stations for many hours every night, there are practically
no reports of signs of IAR from space missions. Qualitative representations of how such a structure should be visible in the
data of a low-orbit satellite are formulated. Modeling of the propagation of Alfvén pulses in a piecewise layered ionosphere
showed that the spectral characteristics of the IAR should be noticeable only on Earth, and inside the IAR, the superposition
of pulses propagating up and down creates a more complex spectral picture. The proposed concept makes it possible to under-
stand why IAR structures should be less noticeable in the ionosphere than on Earth.

Keywords: lightning, Pcl pulsations, ionosphere, Alfvén resonator, resonant spectral structure.

BBEJIEHHUE: PE3BOHAHCHBIE BEPTUKAJIBHOTO MNpPO(MIs aIbBEHOBCKOH CKOPOCTH.
CTPYKTYPbI B OKOJTO3EMHOM Mexanusm Bo30yxaeHust AP CBS3bIBA€TCS C TPO30-
INPOCTPAHCTBE BBIMH Pa3psAIaMH.

[TpupoHble pPe30HATOPHI AL €CTECTBEHHBIX 3/M OGpraHo HesBHO mpexnonaraercs, 4ro PCC oGy-

BOJIH MIPAIOT BAKHYIO POJIb B KOCMHUECKOii reo(usnke ~ CTOBICHA TEM, 4TO WAP 3anonHeH 3anepTbIMU CTOSI-
— MarHuToCQepHBI ATbBEHOBCKHH pesoHarop, 1lly- — YHMH KOICOAHHSIMH MEXy TOUKaMu OTpamenus. Ox-
MaHOBCKuit pesonanc (LLIP), noHoc(epHblii anpbeHop- — HAKO KaXKETCs YAMBUTEIBHBIM, 4TO KOPOTKHUIT MMITYJTbC
ckuii pesonarop (MAP). Ouu npuBonst k popmupopa- ~ TPO30BOTO paspsia CrocobeH packadath HOHOC(eEp-
HUIO KBA3HIIEPHOIMIECKIX H3TydeHHH, ciocoGcTBylor ~ HYIO PE30HAHCHYIO cHcTeMy. BO3MOXHO MeXaHusM
HAKOILICHHIO BOJIHOBOI SHEPIUH B HEKOTOphIX obna-  PopmupoBanmus PCC He cBssaH ¢ BO3OyKIeHHEM
CTSAX IPOCTPAHCTBA, a YOPMHUpyEMble MK rapMoHude- ~ Ha0opa konebanuii B AP, a 00ycioBieH HMITY TECHOM
CKHE€ U3JTyYEHUS MCIOJIBb3YIOTCS JUIsl JUCTAaHLMOHHON CTPYKTYPOH 3/M BO3MYLIEHHH BO BpEMs IPO30BOH ak-
JMATHOCTHKH TapaMETPOB MAarHUTOCHepsl M HOHO- ~ THBHOCTH. s mpoBepKH 3TOM KOHLIENILUU MBI IIPO-
cepbl. OCOBCHHOCTBIO Bapuauuii reoMarHuTHOro  BEMM AHANM3 KAK TECTOBBIX CHIHAIIOB, TAK M JaHHBIX
MoJIst B {Mana3oHe Huke ocHoBHOro Tona 1P (~8 'y) ~ PETHCTpalun 9/M 1yMoB Ha craHumsx cetn PWING.
SIBIISIETCS] BOSHUKHOBEHHE PE30HAHCHOHN CIIEKTPaIbHOM

crpykrypsl (PCC), KOTOpyI0 NpPHUHATO CBS3BIBaTh C ©®OPMHMPOBAHME UMITYIbCHOU

WAP. Huwxuss rpaaunteit UAP aensetcsa E-cnoit nono- CTPYKTYPbI

cepbl, Toraa Kak BepXHssA rpaHuIa 00pa3yeTcs Ha BBI- BosmoskHas cxema Bo3OyxaeHust UAP rpo3oBeM
COTE HECKOIBKHX THICAY KM U3-32 YACTHYHOTO OTPaKke-  paspsjaoM ciepyromas (puc. 1). Paspsx MonHuu BO3-
HU aJIbBEHOBCKHMX BOJIH OT PE3KOr0 IpajueHTa Oyxnaer Ha4aJIbHbIN UMIIYJIBC, KOTOpBIi1
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pacrpoctpaHsieTcsi B atMocdepe U MPaKTHYECKU MIHO-
BEHHO JI0CTUTaeT MecTa HabmoneHus. [1pu atom mep-
BOHAYaJIbHBIA UMITYJILC YaCTUYHO NMPOHHUKAET B HOHO-
cdepy, pacnpocTpaHseTcss BBEPX KaK ajlbBEHOBCKHUI
HUMITYJIbC, OTpaXkaeTcs OoT BepxHed rpanuisl UAP, u
BO3BpAIAETCs OOpaTHO Ha 3€MII0O B BHAE HXO-MM-
IyJbca. 3a1epKKa MEKIY 3XOM U TEPBUYHBIM UMITYJIb-
COM pPaBHa BPEMEHH €TI0 PaCIpOCTPaHEHHsA BBEPX U
BHH3 B HOHOC(epe, T.e. 0CHOBHOMY niepuony UAP.

Juist anpoGanuy ONMUCAHHBIX IPEACTaBICHUN HC-
MOJIb30BaHbI JJAHHBIE MHIYKIIMOHHOTO MarHuTOMeTpa
cetu PWING c uacrortoit muckpermzanmu 64 I
UToOB! BBIIETUTH MapHBIE UMITYJIECHl BO BPEMEHHOM
psimy, anropuTM MeToa HajlokeHHBIX 3rmox (MHD) ot-
OupaeT Ha YacCOBOM WHTEpBaJe CHJIBHBIE MMITYJIbCHI,
MOMEHT KOTOPBIX IPHHUMAETCS 3a PENEPHYIO TOUKY, U
yCpenHsIeT BCe YYaCTKH MarHUTOTPaMMbI BOJIHM3H pe-
mepHoit Touku. MHD ananm3 mokasbpIBaeT yCcpemHEeH-
Hyl0 (opMy HMITYJIbCHOTO (hOHA: 32 OCHOBHBIM HM-
ITyJIbCOM CJIEYEeT BTOPHYHBIA UMITYJIbC APYTOi OJISIp-
HocTH. IlocnenoBaTeIbHOCTh CHEKTPOB MOIIHOCTH U
MHD-kpuBbIX (pUC. 2) TOKA3bIBAET, UTO 32 OCHOBHBIM
MMITYJIbCOM CII€yeT BTOPHUHBIN 3ajepxkod ®t~1 c.
Cepust apHBIX UMITYJIBCOB MPUBOIUT K MHOTOIIOJIOC-
HOM CTPYKTYpE CO CHEKTPaJIbHBIMHU NMUKaMHU TIpH f~1.5,
2.5, ... I'u. CoBur 4acToTel MeXIy CHEKTPalbHBIMU
mnHIAMA ®f~1 I'l cOOTBETCTBYET 00paTHOM 3aAEPIKKE
MEXIy UMIysbcamu ®f~1/&t.

MOJEJIBHBIE CUT'HAJIBI

J1nst TeCTUPOBaHUS BO3MOXKHBIX MEXaHU3MOB 00pa-
3oBaHus1 PCC paccMOTpeHbI 2 UMITYIIbCa, pa3HECCHHbIE
o BpeMeHn Ha ®t. Habop momyyaeMbIxX CrieKTpaTbHbBIX
MaKCUMyMOB MOYKHO HCIOJIB30BaTh [UIS JUarHOCTHKH
TpaHUYHBIX YCIOBUH MOA pe3oHaTopa. Pemenue 3a-
Jladd 0 KOJIeOaHUsIX OJHOPOAHON CTPYHBI JUIMHOM L ¢
3aKpCIUVICHHBIM " CBO60[[HI)IM KOHIIaMUu MpHu z=0 u
z=+L NOKa3bIBaET, YTO B CIIy4yae CUMMETPUUYHBIX I'pa-
HUYHBIX ycioBud E(z=0)=E(z=L)=0 nns 3aKkpervieH-
HOM CTpYHBI, HOJy4aeTcsi HabOp YacToT w, = wyn
(n=1,23..), rne wy = V,/L - cobcTBeHHast yacToTa
HUAP. OrtHomeHHE YacTOT TapMOHHK W OCHOBHOU
MoJbl Oyner w,/w;, = 2,3,4.... [Ipn acuMMeTpUYHBIX
rpaHnyHbIX ycnoBusix: E(z=0)=0ud,E(z=1) =
0 (xomebaHMs CTPYHBI C 3aKPEIUICHHBIM U CBOOOIHBIM
KOHIIAMH) monmydaetcss w, = wy(n+1/2) (n=
0,1,2...). B aToM ciiyyae OTHOIIECHHE YaCTOT TAPMOHHK
1 OCHOBHOM MOJIBI COCTABUT Wy, /W, = 3,5,7. ... ns ox-
HOIOJISIPHBIX MMITYJIBCOB CIIEKTPaJIbHBIE MaKCUMYMBI
JIOJDKHBI HAaOJIFOAThCsl HAa 4acTOTaX W, = N leJbIX
TapMOHHK, a JJIsl Pa3HOIOJIAPHBIX UMITYJILCOB - HA I10-
JYUENbIX (4eTBEPTb-BOJHOBBIX) TapMOHHMKAX W, =
(n+1/2)w,. B oboux ciaydasix 4acTOTHBIA CHBHT
MEXAY TapMOHHMKaMU Aw = Wy — W, = W,. AHa-
JI13 HAOJIIOJaeMBIX OTHOLIEHHH CIIEKTPaIbHBIX T'apMO-
Huk PCC nokazan npeo0Oiiaganue 3HaueHut 3,5,7.

T The Alfven wave transmitted
500 1000 km/!
11000 o— Vo, kmie into the magnetosphere
The Alfven reflection layer,

waves are reflected by the V, gradient
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Puc. 2. IlocnenoBatenbHOCTb CIEKTPOoB MoiHOCTH 1 MHO-KkpuBbIX
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HAP B MIOHOC®EPE: MOJAEJIMPOBAHUE
N HABJIIOAEHUSA HA CITYTHHUKE

YIUBHTEIBHO, YTO NPH OOIIMPHBIX HAa3EMHBIX
Habmoxennsx PCC, mpakTHuecKu He TPOBOAMIIOCH MTO-
HCKa 3TOW CTPYKTYPHI 110 CIIyTHUKOBBIM AaHHBIM. JlaT-
YHK 3JEKTPUYECKOTO IO MUKPOCIyTHHKa «Yubuc-
M» (450 kM) BBISIBHII JIUIIb HECKOJIBKO COOBITHH C IIPH-
3nakamu AP (puc. 3a).
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Puc. 3. Cobbrrust ¢ npusnakamu VAP, 3apeructpuposan-
Hble  JUTYMKOM  MHKpocmyTHuka — «Yubuc-M»  (a)
u anteHHamu criytHuka C/NOFS (6)

BbICOKOUYBCTBUTENBHBIE W3MEPEHUs 3JIEKTpUYe-
CKOr0 MOJsI C IOMOILIBI0 12-METPOBBIX aHTEHH CITyT-
Huka C/NOFS (400-850 kM) BBISIBHIM pEIKHE KPAaTKO-
BpPEMEHHBIE CTPYKTYpbI, HAllOMHHAIOIINE OTIICYATOK
naneia (puc. 36). OgHAKO YACTOTHI 3THUX CTPYKTYP
OKa3aJIMCh B HECKOJIBKO pa3 OoJIbIlle, YeM IpeacKa3a-
Hust Mozien AP, uto motpe6oBaiio 661 mpeamonoxe-
HUSI O HEOOBIYHO HM3KOM IUIOTHOCTH IIIa3Mbl B BEpPX-
ueit nonocdepe. Hu C/NOFS, uu Chibis-M, He oOHa-
PYKUIN HUKAKUX CBUETEIbCTB HEIPEPHIBHON BOJIHO-
BOM aKTUBHOCTH B Juana3one MAP.
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Puc. 4. Bo3Oyotcoennvlii u ompasxcenHwiil UmMnyavCol,
cmMoOenuposantble OJia 8blCOM KOCMUYECKO20 annapama
10 km (a) u 250 kv (6)

MBI cMO/IeNPOBAIIH OXKUIaeMble (POpMBI CUT'HAIOB
1 CIIEKTPOB Ha PA3HBIX BBICOTaX HAa OCHOBE KOHIEIIINHI
UMITyTIECHOTO B30y kaeHust MAP. mnynbc, Bo30yxk-
JICHHBIII Ha HIDKHEH TpaHUIE, paclpoCTpaHsAeTCs
BBEPX M B MOMEHT t= | » mocruraer MOy PO3pavHOH
BEPXHEH I'paHMIBI HAa BBICOTE z=ha, YACTHYHO TpOCa-
YHMBAETCSI B MAarHUTOC(epy M YaCTHYHO OTPAKAETCS
Ha3aJ Kak oT m3oisTopa (puc. 4). Kocmudecknii amma-
par, Haxopsuiicss BHyTpu UAP Ha BbicoTe ks, cHa-
yajga OOHApyXHT pPacIpOCTPaHSIOMINICS BBEPX HM-
MyJbC, @ HUCXOIAIIMH MMIYyJIBC — Yepe3 BpeMs
|s~2(hA—hs)/ Va. 3ateM ummyibc orpaxaercs ot E-
cnost (MpU 3TOM OH YaCTHYHO TOTJIOIIAeTCs), CHOBa
pacnpocTpaHsieTcsa BBEPX, OTPaKaeTcs OT BEpXHEH rpa-
Huupl MAP u T.1. UnTepBan Mexay mocieaoBaTeabHo
o0OHapyXKeHHBIMU MMITyJbcaMu BHYTpH AP menbine
BPEMEHM TIPOXOXKJCHUS aJbBEHOBCKOTO HMITYJIbCa
BBEPX M BHH3 II0 BCEH MOHOC(Epe Ta, T.C. s < za.
Crextpsl oTknnka AP npu umimynscHOM BO30YyXze-
HHUH OKa3bIBAIOTCS Pa3HBIMH Ha BBICOTAX BBIIIE U HIKE
BEpXHEH rpaHuLibl. MBI UILIEM 3TU CHIEKTPAJIBHBIE OCO-
OCHHOCTH B JJAHHBIX 3JIEKTPUYECKOTO IIOJISL ¢ HU3KOOP-
6uransHOTrO criyTHUKa CSES.





