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M3yyeHa npobiiema ompeaeacHUsT HU3KOYAaCTOTHOTO 3JIEKTPOMArHUTHOIO CIIEKTpa M3JIy4eHUs U3 30H
MOJIHUEBOM aKTUBHOCTU HA OCHOBE aHA/IM3a JAHHBIX, ITOJIy4eHHBIX CO CKOPOCTHOM KMHOKAMePhl KOCMHU-
yeckoro 6azupoBaHus. [IpenioxeH HOBbII CIOCO0 IMOJYyYEeHUS SJIEKTPOMArHUTHOIO CIIEKTpa MOJIHUI Ha
OCHOBE I'MIOTE3bI O KOPPEISILIUN MEXIY BpEMEHHBIMU 3aBUCUMOCTSIMUA MHTEHCUBHOCTU U3TYyYEHUS OTHO-
rO M TOTO € MOJIHMEBOTO pa3psiia, U3MEPEHHOro B OIITUYECKOM U B paauoauarnazoHax. O6G0cHOBaHa He-
00XOIUMOCTh IPOBEACHMS UCCIIEN0OBAHUI BIMSIHUS JIOKAJILHBIX MOJIHUI HA IIPOLIECCHI, CBSI3aHHBIE C PE30-

HaHcoMm lllymaHa.
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BBEIAEHUE

MN3o0peratens pagnocsBsa3u A.C. Ilonos criepBa
CKOHCTPYMPOBAJI paIvOIIPUEMHUK JJIsI IIpUeMa dJIeK-
TPOMArHUTHBIX CUTHAJIOB aTMOC(EPHOIo MPOUCXOXK-
JIEHUSI ¥ TOJIbKO 3aTeM Hayajl UCITbIThIBAaTh UCKPOBYIO
MIpUEeMOIEPEIAIOIIYI0O PaIUOCUCTEMY, KOTOpasl SIBU-
JIach IPOTOTUITOM OecrpoBomHoi Tejierpacdum. Ilo-
cienoBaTen AnekcaHapa CremaHoBMYAa OTHOBpE-
MEHHO M3y4ald MCHOJIb30BaHUE 3JEKTPOMArHUTHBIX
BOJIH IJIs1 TTIepenadr THpOpMaLIK ¥ IOMEXU OT pa3psi-
JIOB MOJIHU, KOTOpbIE MEIIaloT 3TOMY Iipolieccy. B
pe3yJibTaTe UCCASIOBAaHUM OBLI ITOJTy4YeH U OITy O -
KOBaH B bob110i1 COBETCKOI SHIIMKJIONEANY ITOKa~
3aHHBIN Ha pUC. | yCpeaHEHHBIN CIIEKTP pagioOBOJIH,
WU3JIy9aeMbIX pa3psiioM MOJIHUH [1].

B kxoHIe mpomnioro Beka OBLIO ITOKAa3aHO, 4YTO
MOJIHUS U3JIy4YaeT 3JeKTPOMarHUTHBIE BOJIHBI, YaCTh
CIIeKTpa KOTOPBIX, PACHOJIOXKEHHAsI BOJU3U YaCTOT
pe3onanca Illymana (PILI), sBistioTCS HE TOJIBKO I10-
MEXOii, HO 1 MHANKATOPOM IJTIOOAIbHBIX KJIMMaTH4e-
cKux mporeccoB. Ha puc. 2 mokazaHa WLTioCTpaLys
CTOSTYE 2JIEKTPOMArHMTHOII BOJIHBI B pPe30HATOpE
3eMirs1 — noHocpepa, KoTopyio B 1952 1. npemioxu
B.O. Illyman [2]. Beutu a3kcniepruMeHTaabHO 3apUuK-
CUPOBaHbI KOPPEJSILUM IIO0AJTbHOM I'PO30BOM aK-
TUBHOCTHU [3] 1 TeMIiepaTypoi B TPOIIMKaX BO BpeMs
mukiaa Diab HuHabo [4] ¢ aMIumTynoit KojiebaHuii, Ha-
XOISIIMXCS BOIM3u ocHoBHOI yacToThl PILI (f= 8 I11).
Kaxk u3BecTHO, onpeneanuTb MECTOIIOIOXEHUE NCTOU-

HUKa JII000ro 3JEKTPOMATrHUTHOTO U3IYYEHUS TTyTeM
TPUAHTYJISIIMU MOXHO C TOYHOCTBIO /10 JUTMHBI BOJI-
HBI, B yacTHOCTU Ha 4yactorax PIII 3T0 TOUHOCTH CO-
crapisieT ~1000 kM. st MogenvpoBaHUST BIAWSTHUS
MOJIHUEeBOI akTuBHOCTU Ha PIII mpumeHsieTcst cTa-
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Puc. 1. CriekTp pagnoBOJIH, U3JIydaeMbIX pa3psiioM MOJI-
Huu. CIUIONIHAS JIMHUSI — CIIEKTP OCHOBHOIO paspsina,
TOYEUHBII MYHKTUP — CMEKTP Mpenpaspsiia, ITPUXOBOM
IMyHKTUP — CyMMapHBIii CIIEKTP.
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Puc. 2. Mmoctpanust crosiueit 271eKTpOMarHuTHOM BOJTHBI
B BostHOBoze 3eMisi—roHocdepa. I — 3emuts R = 6400 kM,
2 — 3a30p h = 80 KM co cn1abo MOHM3UPOBAHHON aTMO-
cdepoii, 3 — noHocdepa, 4 — CUMBOJIMYECKOE M300paxKe-
HHME IMPOCTPAHCTBEHHO-JIOKAJIM30BaHHONW B 3a3ope (2)
CTOSIYEH AIIEKTPOMArHUTHOM BOJTHBI, Y3JIbI U ITyIHOCTH KO-
TOPOI HAXOISITCS B 3JIEKTPOMAarHUTHOM ITPOCTPAHCTBE.

TUCTUYECKOE MOHATHE MI00aabHOM MoaHUU [5]. Ya-
CTOTHOE M MPOCTPAHCTBEHHOE pacIipenecHIs BCeX
MOJIHMI Ha 3emJie TTOJy4aloT C ITOMOIIBI0 ONThYe-
CKOTO KapTUPOBaHUSI AETEKTOPAMM KOCMUUYECKOTO
GasupoBaHUd [6]. YTOUHEHUE TTOJTYYeHHBIX JAHHBIX
0 TIOOAPHONW MOJIHUM KOPPEKTUPYIOT ITyTeM BOC-
CTaHOBJIEHUS TJ100aJIbHOTO MPOMUIISI PACCTOSTHUS 10
MoJHUMU 1o (poHoBomy curHairy PII [7].

Lems HacTogmieit paboThl — IIPOAHAIM3UPOBATH
BO3MOXXHOCTHU Tepexoaa OT UCCAeI0BaHMsI, KOTOPOe
CBSI3aHO C BIMSIHYEM INIOOAILHOTO MOJTHUEBOTO PO~
ecca Ha SIBJICHUSI, CBSI3aHHBIe ¢ pe3oHaHcoM Lllyma-
Ha, K MCCICAOBAHMIO BIUSHUS OTACIbHOI, JIOKAJIM-
30BaHHOI B MPOCTPAHCTBE U BPEMEHU MOJIHHUHU, Ha
STH TIPOLECCHI.

AHAJIN3

Hckposbie pa3psiabl B aTMOcepe OTIMYAIOTCS T10
MPOIOIDKUTEILHOCTU, (hOpME U MPOCTPAHCTBEHHOI
Jnokamm3auyu. Kak nssectHo [8, 9], MoimHMU 001aKO—
3eMJISI MOTYT OBITh HACXOMSIINMM, KOLIa pa3psid pa3-
BUBaeTcs OT o0j1aKa K 3eMJie, M BOCXOISIIMU — TPy
pa3BUTHUM pa3psiaa oT 3eMJiM K obJ1aky. ITo 3HaKy nepe-
HOCHMOTO 3apsiia OHU JIEJISITCS Ha ITOJI0XUTEIbHbIE 1
oTpuuaTe/bHble. TUMWYHBIN pa3ps MOJIHUM JUTUTCS

N3BECTHUA PAH. CEPUA OUBNYECKAA

DOUJIATOB, JIVKAHWUHA

0.2 ¢, mp1 5TOM OOBIYHO OH COCTOUT 13 HECKOJIBKMX KO-
POTKUX pa3psiaoB InuTesIbHOCTHIO 30—50 Mkc. BHyTpu-
00JIaYyHbIe MOJTHUUM MOTYT HaOIIOAAThCSl KaK BCITBILIKI
CBeTa B OOJIAYHOI MacCe M paclpOCTPaHSIThCS Ha He-
CKOJILKO KWJIOMETPOB, IMPU 3TOM UX JIMHEHHAas IMHA
He TIPEBBIIIACT pa3MepoB o0aka. MexobmayHbie pa3-
PSIIBI JOCTUTAIOT B AJIMHY HECKOJIBKMX AECSITKOB K-
JIOMETPOB, M 3HAYMUTEJbHYIO YacTh CBOEro MyTU
NpoxXonsT BHe 00JiakoB. Takke, KaKk U BHyTpUOOJIad-
HBI€ pa3psabl, OHMU SIBJISTIOTCSI O€32JIEKTPONHBIMU, B
OTJINYMe OT MOJIHUI 00J1aKO-3EMJIS, TII€ B POJIH DJICK-
Tpozda BbICTynaeT 3eMHasl MoBepxHOCTh [8, 9]. B mo-
cliemHee BpeMsl ObLIM OTKPBITHI HOBBIE IIPOSIBICHUS
MOJIHUEBOM aKTMBHOCTHU, HAIIpUMEP CIIpaiiThl, KO-
TOpBIe HaOJIOAAIOTCST Ha BBICOTAaX OT 65 M0 75 KM Haf
30HAMM CHJIBHOM TPO30BOM aKTUBHOCTH. CpemHsIs Ya-
crota BO3HUKHOBeHMs 0.5—1 ciydaii B MUHYTY W DTN -
TeabHOCTH OT 1 10 150—200 Mc. BepTukanbHblil pa3Mmep
nopsinka 50—60 KM, ropu30HTaIBbHBIN — 20—30 KM.

3acdukcrupoBaHa KOPPEJISILMS MEXIY IOSIBICHUEM
penKoro B1Ia MOJIHUI — CIipaiiTa U Bcruiecka Q-Tura B
9KCIEPUMEHTAJIBHBIX UBMEPEHMSIX MATHUTHOM COCTaB-
JISTIOIIE 3eKTpoMarHuTHBIX BosH [ 10]. Ha puc. 3a mmo-
Ka3aH onyOJIMKOBaHHLIH B [11] dparMeHT U3MepeHUIA,
conepXalldii KBasurepuoauyeckue KojedaHus U
BCIUIECK (O-TWIIA, a HA PUC. 36 — DIIEKTPOMAarHUTHBIN
CIIEKTP ITOTO BCILIECKA, BHIUMCICHHBIN 13 BpeMEHHO
3aBUCUMOCTU TIPU MTOMOIIU (pypbe-NpeoOpa3oBaHUsL.

B mabopaTopHBIX HCCIIeTOBaHUSIX ICKPOBOTIO pa3-
psama [12] permcTpupyloTcs pagno-, OITHYECKOeE,
PEHTITeHOBCKOE U3JTydeHHE U HEUTPOHBI. [11OTHOCTD
SHEPIUM U3JIyYEeHUsSI B Pa3]IMYHBIX OMAra3oHax 4a-
CTOT 3aBUCHUT OT COCTaBa M JABJICHUS rasa Cpelbl, B
KOTOpOI MpoTeKaeT paspsia. [Ipy aToM BpeMeHHast
3aBUCUMOCTh MHTEHCHUBHOCTU M3JIy4EeHUSI BO BCEX
Iuara3oHax 4YacTOT B JMHEHHOM IIPUOIMKEHUU
orpeesieTcsl 3aBUCUMOCTbBIO CUJIBI TOKa pa3psijia OT
BpeMeHU. IloaToMy, mpencTaBiseTcsI BO3MOXHBIM
MOJYYUTh CIEKTP paguOCUTrHala U3 BPEMEHHOI 3a-
BUCUMOCTU UHTEHCUBHOCTU W3JIYYEHMs, MOTyUeH-
HOIl B ONTUYECKOM AUAaIa3oHe, aHAJIOTMYHO TOMY,
Kak IToka3zaHo Ha puc. 3. Takum o0pa3om, MOXHO
BBIYMCIUTh MPUOIU3UTEIBHBINA CIIEKTP PaauoOUu3Iy-
YeHUSI MOJHUU IIyTeM (ypbe-npeobpa3oBaHUsI OT
BPEMEHHOI 3aBUCMMOCTH WHTEHCHUBHOCTU OIITHYE-
CKOTO W3JIyYeHUsI, MOJYyYEeHHON H3 I10KaIpOBOIO
aHaim3a OBICTPOMi KOCMUYECKON CheMKHU 30H MOJI-
HHUEBOI aKTUBHOCTHU.

OmmobKM B pagrocieKTpe, MOJIYYSHHOM IO TIpe-
JIOXKEHHOM TEXHOJIOTMH, OyIyT BO3HMKATh HE TOJIBKO
M3-3a HAJIM4YMS pa3HBIX BUOOB HEJIWHEWHOCTEH, IpH-
CYTCTBYIOIIIMX B Pa3HbIX CIEKTpaJbHBIX AUala3oHax
Ipu IIpeoOpa30BaHMK MPOTEKAIOIIETO TOKA B U3JTyde-
Hue. HeoOxomumo y4MTHIBaTh HAJIMUME HECKOJIBKUX
napajuieJIbHbIX KAHAJIOB OOHOM 1 TOM XK€ MOJIHUM U U3-
JIydeHUe OT HECKOJIbKMX MoJIHUi. Hanmpumep, cripaiiTel
PETUCTPUPYIOTCS Haj 30HAMU CWJIBHOI I'PO30BOIT aK-
TuBHOCTH [10], 1 B OOBEKTHUB KaMephbl KOCMUYECKOTO
Ne 10
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Puc. 3. TunuuHbie BPEMEHHBIE M1 YaCTOTHBIE 3aBUCUMOCTHU MHTEHCUBHOCTU BCILJIECKOB Q—TI/IHa.

0a3MpoBaHUST MOXET MOMACTh ONTUYECKOE UBITyYCHUE
ONHOBPEMEHHO U OT JIMHEMHOI MOJTHUU, U OT CIIpaifTa.
B mabopaTtopHBIX yCIOBUSIX UX MOKHO OBLIO OBI JIETKO
pas3nenuThb crieKTpoMeTpami [ 13], Torna Kak B yCJIOBU-
SIX KOCMOCa IIeJIeCO00pa3HO MCHOIb30BaTh aKyCTO-
onTuyeckue ¢GpuibTphl [14, 15].

Pockocmoc rtaHupyeT BBIBECTH Ha TeocTalloHap-
Hylo opouTty aerekTopbl MmojHuii (IIM), aHaoru Ko-
TOPBLIX paHee 0a3uMpoBaIMCh Ha HMU3KOOPOWUTATIBLHBIX
CITyTHUKAX, B TOM 4Yucie HA MexXayHaponHOi KOCMU-
yeckoit ctanumu (MKC) [16]. NASA B paMkax mpo-
rpamMmbl Geostationary Lightning Mapper yxe pas-
MECTHWJIO NeTEKTOPbl MOJIHUI Ha TeocTallMOHAPHBIX
cnytHukax GOES-16 u GOES-17 [17, 18], Ha KoTO-
pbIX yCTaHOBJeHbl KuMHOKamepbl ¢ I13C matpuueit
(1372 x 1300 nmuxkceneii), obecrieynBaroIIe OBICTPO-
neiictBue 500 kagpoB B ceKyHay. B coorBeTcTBMU C
TeopeMoit KoTenbHHMKOBa Takoe ObICTpOneicTBUE
CbEMKM I0CTATOYHO JIJIsI BOCCTAHOBJIEHUS PAIUOCHUT-
HaJIOB ¢ paboudeit monocoit mo 100 I, koTopas uc-
MOJIb3YETCS B HaLlMOHAIbHBIX HCCIEA0BaTEIbCKUX
LeHTpax IS KpyriiocyrouHoro monutopunra PII. B
Poccuu Takue ucciaenoBaHusi mpoBoasATcss B Tom-
CKOM TOoCyIapCTBEHHOM yHUuBepcuTtete [19].

3a BpeMs, mpollIelIee nocie pa3paboTKy anrapa-
TYpbI IJIs1 TETEKTOPOB MOJIHUIA KOCMUUYECKOTrO 0a3u-
pOBaHUs, KOMMepUecKre (GUPMBI YCOBEPILIEHCTBOBA-
JIN TEXHOJIOTUM W3TOTOBIIEHUSI MATPUL] ONTUYECKUX
nerektopoB [20]. HammpuMep, B CBOOOTHOM ITOCTYIIE
MpenjiaracTcsl BHICOKOCKOPOCTHAsI KaMepa C MaTpH-
meit (2560 X% 1920 mmkceneit), obGecredynBaromiast
opicTponeiictere 2000 KampoB B ceKyHOy. JIauTensb-
HOCTB 3aII1MCH Ha TIPeAeIbHOM ITOTOKE COXPaHSIETCSI BO
BcTpoeHHOoM naMmsatu 256 I'b u cocrasiger noutu 26 c.
IMpomomkarormiics mporpecc B 00J1acTi pa3padboTKu
BBICOKOCKOPOCTHBIX KaMep M TPEIIOXKEHHbBII BHIIIE
Croco6 TOJIydeHUsI paIrMovYacTOTHOTO CITEKTpa, CO-
3IaI0T XOPOILLIME TMEPCIIEKTUBBI IJI1 UCITOIb30BaHUS
IAHHBIX CKOPOCTHOM KOCMUYECKON KMHOCHEMKU IS
UccliefoBaHusT 60Jiee BBICOKOUYACTOTHBIX TUTA3MEHHBIX
npoiieccoB, yeM pe3oHaHc [llymana [21].
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3AKJIFTOYEHHME

BoinBuHyTa 1 000CHOBaHA TMIIOTE3a O CYIIECTBO-
BaHUU KOPPEISIINU MEXTY BDEMEHHBIMU 3aBUCUMO-
CTSIMU UHTEHCUBHOCTHU U3JIYYEHUS OJTHOTO U TOTO K€
MOJTHMEBOTO pa3psifa, U3MEPEHHOIO B ONITUYECKOM U
paguonuarna3zoHax. [IpemioXkeHO BEIYUCTSITh COEKTP
panuoussiydyeHus MOJIHUI ImyTeM ¢ypbe-Tpeodpa3o-
BaHU 3KCIIEPUMEHTAIbLHO U3MEPEHHON BPEMEHHOM
3aBUCUMOCTH MHTEHCUBHOCTH €€ U3JIyYEHUS B ONITU-
YecKoM nuarrazoHe. OyHKIIMOHAIBHBIE BO3MOXHO-
CTU KMHOKaMep, YCTaHOBJIEHHBIX HA TeocTallMoHap-
HBIX JEeTEeKTOpax MOJHW, TI03BOJSIOT W3y4yaTh
TJIa3MEHHBIC SIBJICHUSI B IUAITa30HE 4YacTOT, COOT-
BETCTBYIOIIMX pe3oHaHcy IllymaHa.

Pabora BBIITIOTHEHAa B paMKax TeMbl Trocyaap-
CTBEHHOTO 3amaHust MHCTUTYyTa paguoOTeXHUKU U
snekTpounku nmMeHn B.A. KotenrpankoBa PAH.
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Electromagnetic spectrum of lightning from space high-speed shooting analysis
to study Schumann resonance
A. L. Filatov> *, L. A. Lukanina“

¢ Kotel’nikov Institute of Radio Engineering and Electronics of the Russian Academy of Sciences, Fryazino Branch,
Fryazino, 141190 Russia

*e-mail: a.filatov@fireras.su

The problem of determining the low-frequency electromagnetic radiation spectrum of lightning activity
zones based on the analysis of data obtained from a space-based high-speed camera is investigated. A novel
method is proposed for obtaining the electromagnetic spectrum of lightning, based on the hypothesis of the
correlation of the time dependences of the radiation intensity of the same lightning discharge, measured in
the optical and electromagnetic ranges. The necessity of conducting studies of the influence of local lightning
on the processes associated with the Schumann resonance is substantiated.
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