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1.1 O 3aBUCHMMOCTU YaCTOThI IIIyMAaHOBCKHNX
pe30HaHCOB Ha AJiTae OT COJTHEYHOI
AKTUBHOCTU

TI'sozdapes A.JO., Yuativun E.O.2

L Huemumym Kocmodususeckus uccaedosanuti U pacnpocmparerus
paduosoan JIBO PAH, Poccus
2 Qedepanvroe 2ocydapcmeeniioe 6rodscemmuoe 06pa3o6amesvHoe
yupesicdernue evicuwezo obpasosanus «lopro-Aamatickud
2ocydapcmeennvlll ynusepcumems

[IpencraBieHbl pe3yabTaThl MOHHTOPUHTA MAPAMETPOB MEPBBIX
TPEX IIyMAHOBCKUX PE30OHAHCOB HAa MArHUTHON crannuu «baiirazans
(Topubiit Asrrait) B 2015-22 1. O6cyKaaeTcs CBA3b CyTOYHON JTUHAMY-
KI aMIUIATYJIbl PE30HAHCOB C aKTUBHOCTHIO MHUPOBBIX I'DO30BBIX IEH-
tpos (FOro-Bocrounasi Asusi, Adbpuka, Amepuka). ITokazano, uro ga-
CTOTa TEPBOrO IIYMAaHOBCKOI'O PE30HAHCA CKOPPEIMPOBAHA C YPOBHEM
COJTHEIHOM AKTUBHOCTH 38 9TU TOJIBI.

Pabora Bemosimena mpu nommepxkke rpanta PODOU Ne 20-45-
040013 p-a m Munucrepcra obpazoBanusi u Hayku Pecrybiauku AJi-
Tail.
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1.2 Amnanus usoronosora “N'¥0 B undpaxpacnoii

obaactu cnekrpa 5200 — 5500 cm!:

MOJIEKYJIAPHbI€ KOHCTAHTbI IJId
KO0JI1e0aTeJIbHOI'0 COCTOSITHUSI V=3

Bopxos FO.I., Cyaaxwura O.H., Cepdroxos B.U., Cunuua JI.H.
Hrnemumym onmuxu ammochepu, um.B.E.3yesa CO PAH

[Tpomoskast mccireI0OBaHUsT PA3INIHBIX U30TOIIOB OKCHJIA, a30Ta aB-
TOpaMu OBLI MIPOAHAJIM3NPOBAH NH(MPAKPACHBIN CIIEKTP BBICOKOTO pa3-
pemrenns N80 B o6mactu 5200-5500 cm~!. Ha @ypbe-crekTponMerpe
Bruker IFS-125M co crexTpaiababiM paspenternem 0,0056 cm ™! Birep-
BbI€ 3aperucTpupoBaHa KoJjebaresnbnas nosoca 3-0. B pesynbrare ana-
Jinza obHapyxkeno 99 A-nymreros KojiebaTeIbHO-BpaIaTe IbHbIX JIMHAN
B mtojioce 3-0 OCHOBHBIX IEPEXO0B MEXKTY JIEKTPOHHBIMU COCTOSTHUSIMUI
2 R 2, /2. Aozt 58 3 HUX yjaaoch MOMyYUTb HOJIOXKEHUA U OTHOCHU-
TeJabHbIe MHTEHCUBHOCTHU KaXK 0¥ KOMITOHEHTHI jTy0seTa. Bech HabOp u3
157 3aperucTpupoBaHHBIX YACTOT IIEPEXOJ0B, B3BEIIEHHBIX B COOTBET-
CTBUU C DKCIIEPUMEHTAJbHBIMA TTOIPEITHOCTSIMEI, 00pabaThIBAJICS TPO-
rPAMMHBIM KOJOM C HCIIOJIb30BAHUEM HEJIUHEHHOrO0 MEeTO[a HAUMEHb-
MUX KBAJPATOB. JTa 06paboTKa MO3BOJIUIA OMPEJE/IUTh CIEKTPOCKO-
nuvecKne KOHCTAHTBI JJIs COCTOSAHUS V=3 KOJIeDATEIbHOIO COCTOSHUSA
mzorora N'®0. KoncranTsl A-yIBOEHNUS /ISl 9TOIO COCTOSHUS OIpe/Ie-
Jienbl Brepsble. [loydeHHble pe3yJibTaThl CPABHUBAIOTCS C W3BECTHOM
6azoit cnekrpockonuyeckoit nudopmarnuu HITRAN2020. Uccnenosa-
Hus BbIOTHEHB! 110 qoroBopy Ne 23-23-00184 ¢ PoccuiickuMm HayIHBIM

donmoM.
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1.3 AHaan3 3JIEKTPOMarHUTHOT'O U3J1y4Y€eHUsl ITPU
n3Bep2KeHusax ByJkaHoB llluBexyd n
Besbimannbiii ¢ 2017-2023 rr.

Mansxun E.M.', Yepruesa B.M.2, Maxsati J.0.2, Yepresa H.B.',
Cannuroe J.B.Y, Hdpyorcun I'H.", Axbawes P.P.2, Xoaceopm P4

L Mriemumym xocmodusuneckux uccaedosaruti U pacnpocmpanens
paduosoan JIBO PAH, Poccus
2 Havyuonasvnmd uccaedosamenvcruti ynusepcumem MTMO, Poccus
3 @UI «Fdunas zeopusuveckasn cayoicoa PAHs, Kamuwamerxud
duauan, ITemponasirosck-Kamuwameruti
4 Vnusepcumem Bawunemona

B pabore mpescraBiien aHAJN3 MOHUTOPHHIA HUMITYJIHCHOTO JIEK-
TPOMArHUTHOIO M3JIy4YeHUs ecTecTBeHHOro npoucxoxienus (MI9U) B
OHY amanaszone (3-30 xI['1), COMyTCTBYIONEro IPI3HBIM IPO3aM, BO3-
HUKIIUM Ipu u3Bep:keHnu ByskaHoB [llusenyd u Besbimsinubiii. Ha-
JInare TPO30BOIl aKTUBHOCTU B IIEIJIO-TA30BOM ODJIaKe MpU W3BEpKe-
HUW BYJIKAHA OTCJIE?KUBAETCS IIPU IOMOIIY PATUOTEXHUIECKUAX CPEICTB
MOHHUTODPHHIA, PACIIOJIOKEHHBIX B paiione p. Kapeimimuua. B mpose-
JIEHHBIX HUCCJIEOBAHUSIX 32 TEPHUOJI HAKOILIEHHBIX JAaHHBIX ¢ 2017 mo
2023 rT. 661710 TTpoaHaIU3UpPOoBaHO OoJiee 40 u3Bepxkenuit Bysikana [11u-
Bestyd, Gosee 75% U3 KOTOPBIX IIPUBEIHM K 0OpPa30BaHUIO I'PO3 MPU U3~
BEpP2KEHUH, B TO BPEMs KaK [IPU M3BEP>KEHUH BYJIKaHA Be3bIMSHHBIN 32
YKa3aHHBIN IEPUOJT BCE COOBITHS COITPOBOXKIAIOTCS yBeandenneM VDU,
XapaKTEPHOTO IS «I'PA3HBIX» I'PO3. DBIJIO IPOJEMOHCTPUPOBAHO, UTO
JIJIsI BCEX CJIy9aeB XapaKTePEeH JIBYX-CTaIUAHBIN CIIEHAPUI PA3BUTHUSI CO-
owrtus. [lepBast cragus yBesmdaenust U9 conpoBoxkaercst oOpasoBa-
HUEM 3DYITUBHON KOJIOHHBI U 3aBUCUT OT MOIIIHOCTHU B3PBIBA U BBICOTHI
MEIJIOBOTO BBIOPOCA, BTOpAs CTAJMSA 3aBUCHT OT MOIITHOCTH HU3BEpIKe-
HUAS U OT B3aUMOJIEHCTBHS SPYHNTUBHOIO 00JIAKA B IIPOIECCE €r0 pac-
[POCTPAHEHUsI ¢ OBJIAKAMHI METEOPOJIOTMIECKOTO IIPOMCXOKIeHUs (00
9TOM MOXKET CBU/IETE/ILCTBOBATH YBEJIMYEHNE KOJINIECTBA PA3PsII0B TH-
na 06/1aK0-0671aK0). Takzke ObLI IOKA3aH MEXaHU3M [PO3000PA30BAHMS
B 9PYITUBHBIX 00JIaKaX, O0bICHSIOMINIA JIBYX-CTaIUHOCTD.

Pabora BbIO/IHEHA B PAMKAX PEAIM3AINH [OCYIAPCTBEHHOTO 33,13~

s Ne AAAA-A21-121011290003-0.
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1.4 Amnanus nmapamMerpoB nmoHocdepbl B HEPUOIbI
COJIHEYHBIX COOBITUIAI 1 MArHUTHBLIX Oypb

Mandpuxosa O.B., @Pemucosa H.B.

Huemumym xocmodusuveckur uccaedosanutl u pacnpocmpaHerus

paduosoan JIBO PAH, Poccus

Peaxiust nonocdepbl Ha COJHEIHbBIE U T€OMAIHUTHBIE COOBITUSA (T€0-
maruutabie 6ypu u cy60ypu, CME u Beubiniku va Connne, CIR) nposis-
Jigercs B Buje bOPMUPOBaHUs HOHOChEPHBIX BO3MYIIeHuil (nonocdep-
HBIX 6ypb). OHU MOI'YT COCTOATD U3 MOJOXKUTEIBHO U OTPHUIATEbHOMN
da3, xapaKTepu3yIONX U3MeHeHNe JIEKTPOHHON KOHIIEHTPAIMH. Xa-
pakTep MpOTeKaHUsl NOHOC(EPHOIl OypU 3aBUCUT OT KOODJUHAT CTAH-
WA PEruCTPAINK, CE30HA, T€OMATHUTHOW OypHM M ee WHTEHCHUBHOCTH,
u np. mapamerpos. [locieaHue ucciie1oBans MOKA3bIBAIOT, ITO MOHO-
cdepHble BO3MYIIEHUS TAK?Ke MOTYT HAOIOAATHCA HA MOJTOTOBUTEb-
HOIt pa3ze MArHUTHBIX Oypb, UTO MPEICTAB/ISIET OCOOBI MHTEpEC st
peleHns 3a/1a9 IPOrHO3a KOCMUYECKO ITOTOIBI.

B pabore mnpejicraBiieHbl pe3yJibTaThbl aHAIN3a [APaMETPOB HOHO-
cdepbl B Tepuo/ibl MArHUTHBIX Oypb, pousorieamux B 2017 — 2022 rr.
(anasmsupoBasiuch janubie foF2 crannumu Iaparynka, Kamuarckuii
kpaii). [loBenenne Bapuanuii foF2 ucciemoBasoch B 3aBUCHMOCTU OT
CHJIBI PEOMArHUTHOI'O BO3MYIINEHUs (pPacCMATPUBAJINCH COOBITUS CJla-
Goil, yMepeHHOI U BBICOKOH mHTeHCHBHOCTH). Takke B aHaJM3e y4u-
THIBAJIMCH OCHOBHBIE MEXKILIAHEeTHbIE Apaiiepbl Bodmymienuii (CME,
CIR, cobbITUs CMEIIAHHON IIPUPOIBI). AHAJINS BHIIOJHAICS € UCIOJIb-
30BaHEM pa3pabOTAHHON aBTOpaMu 0OO0OIEHHON MHOTOKOMIIOHEHTHOM
mozenn (OMKM), ocHOBaHHON Ha COBMECTHOM HPUMEHEHNH BEHBJIET-
npeobpazosanus u APIICC mozeseit. B mporecce mozenmpoBanmst jie-
TEKTHPOBAHDbI I/IOHOC(I)epHI)Ie aHOMaJIMM 1 BBIIIOJIHEHA OICHKa UX IIapa-
MeTPOB (MHTEHCUBHOCTD, JUIATEIBHOCTh, MOMEHT HAauaJja). BblIeseHbl
XapaKTepHble OCOOEHHOCTH JIWHAMUKHU ITapaMeTpoB MOHOCKEPHI B BO3-
MYIIEHHBIE TIEPUOJIBI, OIpeesieMble (hakToOpaMu KOCMUYIECKON ITOro-
npt. [TogrBepxiena BoicoKas dacTora 3¢ deKTa npeanoBbimenus (1o-
JIOXKUTEJIbHAS AHOMAJINS ) HAKAHYHE YMEPEHHBIX U CHJIbHBIX MArHUTHBIX
Oypb.

Pabora BbeimosiHena B pamkax ['3 mo rmeme «®Pusmueckume mpo-
IeCcChl B CHCTeMe OJIMXKHEro KOcMoca u reocdep IMpU  COJTHEd-
HBIX ¥ JIITOCGEPHBIX BO3EHCTBUAX», PETMCTPAIMOHHBIA HOMEp:
AAAA-A21-121011290003-0. ABTOpBI GIIATOIAPSIT UHCTUTY T, TIOJJIED-
JKUBAIOIUE CTAHIIMKA PErUCTPAIUN JTAHHBIX, KOTOPbIe OBLIM HCIOJIb30-
BaHbl B UCCJIEJOBAHUMN.
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1.5 IlpubimnrkeHne KOPOTKHUX II0 BEPTUKAJIN
aTMoc(EepHbIX BOJH MAaJIO aMIIATYIbI

Kyposesa FO.A.V2, Kweseyruti C.I1.3>1

L Cangm-Iemepbypecruti 20cydapcmeennvitl YHUSEPCUmem
2 Kaaununepadexutds guavas Ancmumyma 3emno20 Ma2HEMU3Ma,
uoHnocepv, u pacnpocmparerus paduosoar um. H.B. ITywxoea PAH
3 Baamutickuti 2ocydapemeennoti ynusepcumem um. M. Kanma

AkycTuuyeckue U BHYTPEHHME I'DABUTAIMOHHBIE BOJIHBI, T€HEPUDY-
eMble Pa3HOOOPA3HBIME TPOMOC(HEPHBIMU UCTOYHUKAMU, 3HAUUTETHHO
BJIUSIIOT HA COCTOSHHE aTMocdepbl. B OOJBIIMHCTBE KPYITHOMACIITAO-
HBIX MOjieJiell aTMOChePDI BOTHBI yYUTHIBAIOTCS Iy TEM HCIIOIb30BAHUST
mapamerpusanuii. B pabore mocTpoeHbl (hOpMysIbl TPUOIUKEHUT KO-
POTKUX II0 BEPTUKAJIBHON IIEPEMEHHO BOJIH, IIPUTOTHbBIE JIJIs TapaMeT-
pU3aIuy BOJHOBBIX 9 MEKTOB B YUCJIEHHBIX MOJIEJISIX IJI00AJbHON Tu-
namuku armocdepsl. [Ipu BeBome HopMys ObLT UCIOIB30BAH BAPUAHT
KOPOTKOBOJIHOBOT'O ITPUOJIMKEHNsI, OCHOBAHHBIN Ha METOE PA3HBIX MaC-
mTaboB. BoiBegerubie (hopMysibl osiHbIE U 60I€€ TOHKO YIUTHIBAIOT U3~
MEHEHHUE IIapaMeTPOB aTMOChEPHI ¢ BBICOTOI, B CPABHEHUU C JIPYyTUMU
BepCcHUsiMU TTPUOJIMKEHUsT KOPOTKUX BIOJIb BepTuKaaun BoaH. Chopmy-
JINPOBAHbBI YCJIOBUS ITPUMEHUMOCTHU TTPUOJIMAKEHHBIX (DOPMYJT JIJIsT OTIH-
CAHNS AKyCTUKO-TPABUTAIMOHHBIX BOJIH, PACIPOCTPAHSIONINXCSA C TPO-
MocGEPHBIX BBICOT 10 BBICOT TEPMOCHEPDI.

Pabota BrInosinena npu nojyiepkke MuHICTEPCTBA HAYKN U BBICIIIE-
ro obpazosanus Poccuiickoit @eneparuu (morosop 075-15-2021-583).

27



1.6 Kosadbdunmentsl ymmpeHus JUHUN
yrJjiekucJjioro rasa gasjienueM Ny, NoO u CO

Jaspenmuvesa H.H.', Tydapenox A.C.', Kumaesa A.B.2,
Kpanuenas O.H.3

L Hnemumym onmuxu ammocgepvs um. B.E. 3yesa CO PAH,
634021, 2. Tomck, na. Axademura 3yesa, 1, Poccus
2 Hayuonaronwti uccaedosamenvcrut Tomeruti 2ocydapemeenio
ynusepcumem, 634050, 2. Tomcex, np. Jlenwuna, 36, Poccus
3 Hnemumym mexnuveckoti axycmuxu HAH Beaapycu, 210009, .
Bumebck, np. I'enepana Jloonukosa, 13, Beaopyccus

UccnenoBanne BIUSHUS COJTHEYHOW aKTUBHOCTU Ha JTUHAMUKY aT-
Mocdepbl HEBO3MOXKHO 0e3 3HAHMS TOYHBIX [TAPAMETPOB CIEKTPAIbHBIX
JINHUI, UCHOJb3yeMbIX B Ka9eCTBE BXOJIHBIX JAHHBIX B 3a/ia9aX pacde-
Ta TOIJIONIEHNUsST COJTHETHOTO u3jydenusi B arMmocdepe. IlepBocrenen-
HOE 3HAYEHHE MMEIOT OJIYIIUPUHBI U CJABUIU JIMHUN YTJIEKHUCIOTO Ta-
34, SBJISIONIETOCS OJHAM U3 HamboJiee aKTUBHBIX MAapHUKOBBIX I'a30B,
JlaBJieHneM aTMOCHEPHBIX COCTABJIAIONIMX (B IEpBYIO odepeib — Na).
[Ipencrasiersl KO3MDMUIUEHTH YIMUPEHUs JIMHAA yTJIEKKCJIOr0 ras3a
JIaBJICHUEM a30Ta, OKCHJA a30Ta W OKUCHIO YIVIEPOJa IIPU KOMHATHOMN
remueparype (T=296 K). C nomomursio nepecrpausaemoro COq-iiazepa
OTIPEJIEIEHBI HEHACKIIIEHHbIE KOI(MDMUITMEHTHI TOTJIONIEHNS JITHUHA yT-
JekucIioro rasa B mosoce (1000)-(0001); mosyaeHbl TeMIlepaTypHBIE 3a-
BUCHMOCTH KO(DDUIMEHTOB YIAPHOrO YINMUPEHWs JINHUU B JTHAIIA30HE
300 K < T < 700 K. Usmepenust mposeaensl B uncrom raze COq u B
6uHapHbIX ra30BbIX cMecstx COs ¢ Oydepubivu razamu No, NoO u CO B
cootnomennu 1:2 npu gasienunn 100 Topp. Pacuérsr nonymupun aununit
YIJIEKUCJIOTO ra3a BBITOJHEHBI Jjis nepexonoB P- u R-seTseit B uccie-
JIyeMOM WHTepBaJie Temieparyp. 11oydeHnbie JaHHble CPABHUBAJIICH C
IKCIIEPUMEHTAILHBIMI TTOJIY ITUPUHAMY JIMHAN JIJTsI CJI Ty TOTINX JIMHUMN:
P(8), P(22), P(36), R(8), R(22). 3arem pacuersl ObLIN IPOBEEHBI JIJIs
[IMPOKOTO JIAlla30Ha BpalaTeIbHOro KBanToBoro uucia J (g0 100).
Js KaxkI0i MOJIyIMIUPUHBL JIMHUU BBIYUCJIEHBI KOI(MMUITMEHTHI TeM-
nepaTypHoil 3aBucuMocTH. [IpOBeIeHBI CpABHEHUsI MOJIYYEHHBIX HAMUI
napamMeTpoB KOHTypa JIUHHN ¢ JUTepaTyPHBIMUA JAQHHBIME, IIOJIYYEHO
Xoporree coryiacue. PacueTsbl BBITOJHEHBI TOJIYIMITPHIECKIM METOI0M
[Mol. Phys. 102 (2004) 1653], ocHOBaHHBIM Ha IOJLYKJIACCUIECKON yIap-
HOW TEOpPUH YIIUPEHUs JUHUH U JONOJHEHHBIM BBEJICHUEM KOPPEKTH-
pyfoiero GpakTopa, napamerpbl KOTOPOTO OMPEIENSIOTCS ¢ UCIOJIb30-
BaHUEM SKCIEPUMEHTAJILHBIX JIAHHBIX.
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1.7 CpaBHuTeJbHOE HUCCJIeJOBAaHUE
pacnpocTpaHeHuss aTMOC(HEPHBIX BOJIH OT
METEeOPOJIOTUIECKOTO NCTOYHUKA C
ucnoJb3oBannemM mozaean WREF

I'pocc P.II.', Kyposesa FO.A.?

L Baamudickutt Pedepanvrot yrusepcumem H. Karnma
2 Kaaununepadckuti duiuan Uncmumyma semnozo maznemusma,
uoHochepv, u pacnpocmparerus paduosoan um. H.B. IIywxosa
Poccutickoti axademuu nayx

BuyTpennune rpasutaionabie BosHbl (BI'B) sBastoTcst BarKHBIM
3JIEMEHTOM aTMocdepHOoil jguHaMuku. KadecTBeHHOE MOJEINPOBAHUE
TUX BOJIH IIPEJICTABJIIET CODO0I aKTyaJIbHYIO 33/1a9y COBPEMEHHOII Teo-
dusukn. Pasubie moaxoapr Ay ydaera Bkiaga BI'B B uncieHHBIX MO-
JeIX B dHEPTeTUIecKuit baanc arMocdepbl 0OBITHO TPeOYIOT CpaB-
HEHUs Pe3yJIbTATOB MOJIEJIMPOBAHUSA C JIAHHBIMH IKCIEPUMEHTAIbHBIX
nabsonenuit. OJHAKO TaKoe CpaBHEHUE OOBIYHO OCJIOXKHEHO MHTEPIIPe-
Tarueil SKCIePUMEHTAIbHBIX PE3YJIbTATOB, KOTOPbIE MOTYT OBITH IIO-
JIyI€HBI, HAIIPUMED, B CJIOXKHOI resmodusndeckoit obcranoBke. Cpas-
HEHUEe MOJIEJIbHBIX PE3YJIbTATOB C 00JIee TOYHBIM JAHHBIMU, OTHO3HAT-
HO CB#A3AHHBIMH TOJIBKO C KOHKPETHBIM TPOIOCHEPHBIM HCTOYHUKOM
BOJIH, MOI'YT 3HAYUTEJILHO YJIYUIIUTh KAYECTBO MOJIETUPOBAHUS U Pa3-
BUTD [IPEJICTABJIEHNS O BEPTUKAJILHOM PACIIPOCTPAHEHNH ATMOCKHEPHBIX
BOJIH.

B pabore ObLIO BBIMOTHEHO MOJEIMPOBAHUE PEATHHOIO METEOPO-
Jgorudeckoro cobbitusg B MockoBckoMm permone 29 mas 2017 roma c
nmpuMeHeHneM me3omaciitabuoit armocdepuoit mogeu WRFE. Boiio
ucceoBano pacmnpocrpanerne BI'B B crparocdepe m HuxkHeil me-
3ocdepe B u3ydaeMmblil mepuos. IlosydeHbl OIeHKN BOJHOBOI'O COIIPO-
tussienns u dueprun BI'B. IIposeneno cpasrenune pesympraroB WRE-
MOJIEJINPOBAHMUS U MOJIEJIUPOBAHUAS ITOIO K€ COOBITUSI C HCIIOIB30-
BaHUEM PErMOHAJIBLHON YHCIEHHOM MO HEeHTpaabHOU arMocdepb
AtmoSym ¢ pasymIHbIME HadaJIbHBIMA ycjoBusaMA. Mojens AtmoSym
TOYHO PACCUYUTHIBAET M3MEHEHWE T'MJIPOJIMHAMUIECKUX (DYHKIHL, 00y-
CJIOBJIEHHOE TOJIBKO METEOPOJIOrmIecKnM ucTodnnkoMm. CpaBHeHME 1M03-
BOJIMJIO OIIEHUTH, KAK N3MEHEHNE MapaMeTpPOB HUKHEN aTMOChephI BIIH-
€T Ha PacIpocTpaHeHne aTMOC(hEPHBIX BOJIH U JPyTIHe JUHAMUIECKUE
mporecchl. [losyaeHHbIe Pe3yIbTaThl MO3BOJIMIN IIPOAHAIN3UPOBATS,
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HACKOJIbKO KadecTBeHHO Moze b WRFE Moxker BoCIpom3BOaUTH aTMO-
cdepHbIE BOJIHBI, T€HEPUPYEMbIE METEOPOJIOTNIYECKIUMU MCTOUHUKAMHE.
HccnenoBanue BBLIIOJIHEHO Hpu (DUHAHCOBON IOJAEPXKKE TIpaHTa

PH® Ne 21-17-00208.
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1.8 KomMnbloTepHasi CUMYJISIUAsE PACITPOCTPAHEHUST
MJIOCKO# 3JIEKTPOMArHUTHOU BOJIHBI B
BOJIHOBOJIE€, 0Opa30BaHHOM ITOBEPXHOCTBHIO
3emun u noHocdepoii Ipu ycaoBuu
HEO/THOPOJHO MPOBO/IMMOCTY T'PAHMUI]

Teépowti /I.A., Maaxun E.H., Ilaposux P.H.

Hremumym kocmodusuneckux uccaedosanutl U pacnpocmpaHe s

paduosoan JIBO PAH, Poccus

B pesynbraTe CHIBHBIX 3€MIIETPSICEHUIl C BEJIMYMHAMU MATHUTYI]
nopsijika 7 u 0oJiee, HACBHIIEHHOCTD TOA3eMHBIX BOJ[ BTOPUYHBIMU M-
HEpaJaMU YBEJIUIUBAETCs, IPUBO/IsI K JIOKAJHHOMY YBEJTUYEHUIO [TPO-
BOJIUMOCTH 3€MJIA. DJIEKTPODUIUIECKNAE CBOWCTBA 3EMJIU, KOTOPAs sB-
JII€TCs HI2KHE IPAHUIIE BOJTHOBOA OIIPEIENISIIOT ero napamerpsl. Ko-
TOpBIE BIIUSIOT HA XaPAKTEPUCTUKU PACIPOCTPAHSIONINXCS B BOJTHOBO-
Jie 3JIEKTPOMATHUTHBIX BOJIH. [ pO30BbIE pa3psiJibl sIBJISIOTCS €CTECTBEH-
HBIMU UCTOYHUKAMU UMILY/ILCHOIO JIEKTPOMATrHUTHOIO U3JlydeHus (ar-
mocdepuka). Armocdepruk pacipocTpaHsgeTcs B BOJHOBOJE 3eMJIsd-
Nonocdepa kak 1ma0ckasi 3J1eKTPOMATHUTHAS BOJIHA C MMIHPOKUM CIIEK-
TPOM YACTOT ¢ MAKCHMYMOM HMHTEHCUBHOCTU B juamnazone 4-10 k[,

Anasmsupyst mapameTpsl aTMocdhepruKa MOYKHO YCTAHOBHUTH Ha-
JIndre HEeOJHOPOHOCTH IIPOBOJUMOCTU CTeHKH BOJHOBOAA. C Ieibio
MIPOBEPKU JIAHHOTO IIPE/IITOJIOXKEHNsT OBLIIN ITPOBEIEHBI KOMITBIOTEPHBIE
CUMYJISAIIANA PACIIPOCTPAHEHUS JIEKTPOMATHUTHOTO MTHPOKOIIOJIOCHOTO
CHUTI'HAJIA B BOJIHOBOZE C HEOIHOPOIHON IPOBOAMMOCTBIO rpaHui]. B
IIPOCTPAHCTBE KOMIIBIOTEPHBIX JAHHBIX MOJEJIMPOBAJINCH KaK HCTOY-
HUK JIAHHOTO CUTHAJIA, TAK U ero 06JIaCTh PACIPOCTPAHEHUST IPEJICTAB-
Jistiortiast coboit BorHOBOJ. Jljtst cucreMbl ypasHenuil Makcsesuia cra-
BUTCS KpaeBas 3ajada ¢ yciaoBusmu B Buze Perfectly matched layer
(PML), 9T0o mosBosisier OLpeNe/iuTh CTPYKTYPY O0JIACTH PACIPOCTPa-
HEHUsI KaK IMPOBOAANNN O0BEM BOJIHOBOMA C HEOJHOPOJHOCTSAMHU HA
ero creHkax. MaremMaTuyeckasi MOJIE/Ib PEIIAETCs] YUCTEHHBIM METOI0M
Finite-Difference Time-domain. J[jisi perenust mocTaBaeHHON 331291 U
MIPOBEJIEHUS] KOMITBIOTEPHOI'O MOJIEJIUPOBAHUS PAa3pabOTaH IIPOrpPaMM-
wbIit kommieke B cpegie MATLAB. IlpoBest psijt KOMIBIOTEPHBIX CUMY-
Januit B paboTe MOKa3aHO, YTO MMeeT MECTO PAaCCEesdHUEe JIEKTPOMAr-
HUTHOW BOJIHBI HA HEOJIHOPOJIHOCTH BOJIHOBOJIA.

Buiaromapst MareMaTHIecKOMY MOJIETTHPOBAHUIO IIPOIECCa B3ANMO-
JeiiCTBIE 3JIEKTPOMATHUTHOTO U3JIyYeHUs C HEOITHOPOIHOCTHIO B BOJIHO-
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BOJIe MOKHO YCTAHOBUTDL CBS3b MEK/Y XapaKTEPUCTUKAMU U3JTyIEeHUsI
U HEOTHOPOTHOCTSIMMU.
Pabora BoInoTHEHA B paMKaX peau3alliu TOCYIapCTBEHHOTO 33,13~

g Ne AAAA-A21-121011290003-0.
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1.9 BzaumocBs3b Bapualuii arMocdepHOro
JIEKTPUUIECKOTO MOJISI M KOHIIEHTPAIlUU YaCTUIL
MUKPOHHOU MNbLJIA B IIPU3€MHOM CJIO€
aTMocdepsbl

Toponos A.A.', Hazopcwudi IT1.M.2

L UK®HA CO PAH
2 UMK3C CO PAH

Ha ocuoBe nabmionennit B myakTax Akyrck n Tukcu mosrygen mac-
CUB JIAHHBIX CUHXPOHHBIX M3MePEHUiT aTMOC(HEPHOrO IIEKTPUIECKOTO
II0JISI, METEOIapaMeTPOB aTMOCKhEPHI U KOHIIEHTPAIIUN YACTHI] MUKPOH-
Hoit bt pasmepom 2,5 MM u 10 mxm (PM2.5, PM10). ITokazano
BJIMSHUE CHJILHBIX JIEKTPUYIECKUX T10Jieli B aTMocdepe (Ipearpo3osoe,
I'PO30BOE, IIyProBOe) Ha KOHIEHTPAIWIO YACTUL, MUKPOHHON IbLIA U
ux (PAKIUOHHBIA COCTAB B 3aBUCHUMOCTHA OT IIOJISIDHOCTH U BEJIMIH-
HBI HAIIPS2KEHHOCTH aTMOC(hEPHOro JjieKTprdeckoro nouid. Mccnemnosa-
HEe BBITIOJIHEHO 3a cueT rpanTa Poccuiickoro Haywanoro donga Ne22-27-

00600, https://rscf.ru/project /22-27-00600/
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1.10 IIblreBag miasma B 00J1acTH aKTUBHOI'O
BO3/eiicTBUS Ha mMOHOc(depy

Cusoxonv B.II

Hnemumym K0cmopusureckus ucciedosanut u pacnpocmpaHeru
paduosoan JIBO PAH, Poccus

UccnenoBanus aKTUBHOIO BO3JEHCTBUS HA MOHOCHEPY IPOBOJISIT-
¢ JIOCTATOYHO JTABHO, C HMCIOJb30BAHUEM 3HAYUTEIHHBIX MOITHOCTEH
U Pa3HOOOpa3HbIX TexHojorui. OaHaAKO, OXKHUIaeMble PE3YJIbTaThl, Kak
MPABUJIO, CYIIECTBEHHO 3aBBINICHBI. BeposiTHee BCero mpuanHoil moo0-
HOTO PACXOXKJIEHUSI SIBJISIOTCS] HEYYTEHHBbIE MPUPOJIHBbIE (DAKTOPHI, Ha-
NpUMep HaJM4ue MbLIN B I1a3Me. B MoK/1a1ie, Ha OCHOBE aHAIM3a JJIEK-
TPOMarHUTHOIO u3JIydeHusi HarpeBHoro creuja EISCAT nesraercs mo-
NBITKA OINEHUTh BJIMSHUE TBLIM U3 METEOPHOro IMOTOKa | eMUHUILI Ha
paccenBaioIye u JUHAMUIECKIE XapaKTePUCTUKN UCKYCCTBEHHBIX Mar-
HUTOOPUEHTHPOBAHHBIX HEOTHOPOIHOCTEH MOHOCHEPHI.
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1.11 Junamuka me30cdepHOro 030Ha IIpu
reOMarHUTHBIX U METEOPOJIOTnIECKIX
BO3MYIIIEHUSIX

Tumuenxo A.B.1>2, Bopueexuna O.I11'2, Beccapab @.C.12

b Kanunurepadckut gusuan Huemumym 3emmnozo mazremusma,
uorocepv, U pacnpocmparerus paduosoar um. H.B. ITywxosa PAH
2 Canxm-Ilemepbypecruti 2ocydapcmeennviti yrusepcumem

[Ipoanann3mpoBaHbl TaHHBIE CIIyTHUKOBBIX M3MEPEHMI KOHIIEHTPA-
MU 030HA BO BPEMs MeOMArHuTHOI Oypu B oKTsiOpe 2015 roja, a Takxke
BO BpeMsi METEOPOJIOTMIECKUX IIITOPMOB B BOCTOUHOM FEBpome B mapre
2014 u B okTsibpe 2018 romoB Ha BhICOTax Me30cdhepbl U HUXKHEH Tep-
Mocdepbl B CPEIHUX U BBICOKHX ITUPOTAX CEBEPHOTO moJyrmapus. Ha-
Guiroziennst ¢ nomonisio npubopa SABER (3omauposanue armocdepsb
C WCIIOJIL30BAHUEM IITHUPOKOINOJIOCHON SMUCCHOHHON pajMoOMeTpun) Ha
cuyrauke TIMED (Tepmocdepa, nonocdepa, mezocdepa, IHEpreTuKa u
JIMHAMUKA) UCIOJIb30BAJUCE JJIsl OIIPEIEJICHUsI BAPUAIIUI 030Ha BO Bpe-
MsI BBIOpAHHBIX cOObITHI. B oKTsA6pe 2015 Oblia cCriibHAST TeOMATHATHAS
Oypst, 3Hadenne Ap urjgekca pocruraiio 74 uTi, a Mmereoposiornaeckue
MIITOPMA ITPOXOIUIN Ha (DOHE CIaD0BO3MYIIIEHHO TeOMAarHuTHOMN obcTa-
HOBKU. PaccMaTpuBaroTcst 0COOEHHOCTH M3MEHEeHUsT KOHIIEHTPAIIUU 030-
Ha BO BpEMsi T€OMArHUTHON OypH ¥ METEOPOJIOTMIECKUX IIITOPMOB, 00-
CYKIAI0TCsT BO3MOYXKHBIE MEXaHU3MbI HAOTIOMAIONTUXCS ITPOCTPAHCTBEH-
HBIX U BPEMEHHBIX BapUAIMil 030HA.

Hammoe ucciesoBanue ObLIO MOIePKaH0 MUHUCTEPCTBOM HAYKHU U
BoICIIEro obpasoBanusa Poccuiickoit @eneparnuu (corsamenne 075-15-

2021-583).
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1.12 Cobsitue GLE66 (29.10.2003): perierue
obpaTHOIl 3a/1a4M HA HOBOU OCHOBeE

Banaabun FO.B.
Hoanproil 2eousureckuts uHcmumym

B okrs6pe-rosiope 2003 mpousoriuia cepust Bemnbiiek va CoJtHiie, co-
IIPOBOXK/IABINAACT KOPOHAJIBHBIMI BHIOPOCAMU MACC U HA3EMHBIME BO3-
PACTaHUSIMU B COJHEUHBIX KOCMUIECKUX Jydax (cobsrrne GLE). Mupo-
BOIl C€ThIO HEHTPOHHBIX MOHUTOPOB OBLIN 3aPErUCTPUPOBAHBI COOBITHUSI
GLEG65, GLE66 u GLE67 (28.10.03, 29.10.03 u 02.11.03, coorBeTcTBEH-
HO). 3a mpoimeiiee BpeMsi OHU He Pa3 U3yJaJuCh, OUPEIEISINCD ITapa-
MeTpBI CleKTpa cosHeuHbIX KocMmudeckux sydeii (CKJI), anuzorponuu
noroka CKJI. Ho Bropoe cobsitue GLEG6 Hepenko olyckajioch, BHU-
MaHIe COCPEeI0TaYnBaJjIOCh HA ITEPBOM U TpeTheM cobbITusx. [Ipuanna
B ToM, uTo GLEG6 mpon3o1nio B MOMEHT cuIbHEIEel MarHuTHON Oy pu
7 r1y0oKOro (hopOyII-TIOHMAKEHNST B KOCMUYECKUX JIydaX, BEI3BAHHOTO
MIPUXOJIOM K 3eMJie BBIOpOca Macc OT mpeablryineil Benbimku. 11ono6-
HOE SKCTPEMAaJIbHOE COCTOSTHUE MArHUTOCQEPHI CIIYIAETCS PEJIKO, MOJIe-
JIW OIUCBHIBAIOT MAarHUTOCHEPY B TAKOM COCTOSIHUU ITPUOJIMKEHHO. [ljist
HaIlleli MEeTOMKY pellleHust OOPAaTHON 3a/1a49M, UCIOJIB3YOMIEN Topo0-
HBII U TOYHBIA pacdeT aCUMIITOTUIECKUX KOHYCOB IPpUEeMa HeHTPOHHBIX
MOHUTOPOB MUPOBOI CETH, HEOIPEEJIEHHOCTD COCTOSTHUST MarauTocde-
pBI BHOCHUT OCHOBHYIO OIMMOKY TIpHW pertennn. B maHHoit pabore MbI
BIIEPBbIE HCIIOIB30BAM OYPeByI0 MoJeih MarauTocdeps! llpraneHko
(T-03). IIpecraBieHbl pe3yIbTaThl IEPBOTO TOPOGHOTO U3y UEHUsI CO-
oertuss GLEG66, moy4aenst ciekrpel CKJI B pasable MOMEHTBI BpeMeHT
7 TI0KA3aHA UX JINHAMUKA B TedeHune coObITusi. CpaBHEHME IOy YeHHBIX
crekTpoB co crekrpamu B cobbiTusax GLE65 u GLE67 mokasbiBaer no-
cTelleHHOe yMeHblleHne xectkoctu cuekrpa or GLE65 k GLEG7. Tak-
JKe pe3yJibTaToM paboThl MOYXKHO CYUTATH BBIBOJI, UTO OypeBasi MOJIeIn
marauTocdepbl T-03 yI0B/IETBOPUTEIHFHO OIMUCHIBAET SKCTPEMAJIBHOE
cOCTOsTHIE MarHuTOC(hepPhl, MOCKOIbKY mosrydennbe cueKTpbl CKJI mist
GLEG66 cocrassior co ciekrpamu CKJI 8 GLE65 u GLEG67 equnyio cu-
cremy, JieMOHCTpuUpyottyto 3Bosoruio criektpos CKJI #a mporsikennn
BCeil cepuu COOBITHUIA.
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1.13 GLE73: nepBoe coObITHE B COJTHEYHBIX
KOCMUYECKUX JiydyaX B 25-M IUKJIe

Banabun FO.B., I'epmanenro A.B., Maypues E.A.,
I'sosdesckuii B.5., Muxaaxo E.A.

Hoaaproli 2eopusuveckuts uncmumym

Hosprit, 25-it UK COJTHEYHON AKTUBHOCTH HAYAJICS B CEpeJINHe
2019 r. 28 cenrsiops 2021 1. OBLIO 3aPETUCTPUPOBAHO IIEPBOE COOBITHE
HOBOTO IUKJIa B COJHEYHBIX KocMumdeckux Jjydax (GLE). Hecmorps ma
HEOOJIBINYIO aMILIUTYLY, €r0 3aperuCTPUPOBAJIA MHOTHME CTAHIIUA MU-
pOBO#i ceTM HEWTPOHHBIX MOHUTOPOB. Ha HEHTPOHHBIX MOHHMTOpPaX B
Anarurax u Bapeunoypre (Ilnuubepren) Bo3pacranue MOTOKa KOCMHU-
geckux Jiydeil cocrasmiio 4%, a MakcHMaJbHAs 3aperuCTPUPOBAHHAS
aMILTATY 1 Bo3pactanus coctasuia 6% wa cranmum @opr Cyvut. Cobbr-
Tuio npucsoero obosnadenne GLE73. GLE73 npousouio oT akTUBHO
obstactu A2887 Tuma Beta-Gamma ¢ koopauaaramu S26E04, madaso
cobbrtust B 16:20 UT 1m0 nsATUMHHYTHBIM JIAHHBIM HEHTPOHHBIX MOHU-
TopoB. Bembimka nMena knace X1.0, MakCIMyM PEHTTEHOBCKOT'O U3JTY-
yenus gocrurayt B 15:35 UT, tun sBeusinku 1I/VI. Mexiuianernas
o0cTaHOBKa B Te€YeHME CYTOK, Korja mpousonuio cobbitne GLE, 6b11a
criokoiinoit, Kp-unmexc cocrasist 1, Dst-unmgexc naxomusiacs okoso 0,
CKOPOCTh U IJIOTHOCTH COJTHEYHOIO BeTpa ObLim ymepenabiMu. GLE73
BBI3BAJIO BO3PACTAaHUE ITOTOKA KOCMUYECKHUX Jiydeil 2-6% Ha mossipHbBIX
CTAHIUAX MUPOBOU CETH HEATPOHHBIX MOHUTOPOB, & IPUIKBATOPHUATIB-
Hbl€ CTAHIINNA BO3PACTAHUS HE OTMETUJIN, 9TO yKA3BIBAET: CIIEKTD COJI-
HEYHBIX KOCMUYECKUX Jiydeil Obl1 MATKUM. JIaHHBIX MUDPOBOII ceTu J0-
CTATOYHO JIJIsl PelieHns o0PaTHON 3aJadi: OIPE/IeJICHAEe IapaMeTPOB
IIOTOKA, COJTHETHBIX KOCMUYECKUX Jiyueil. B pe3ysbrare BBITOJIHEHHOTO
PeIIeHNST TIOJIY Y€HbI SHEPTeTHIECKNEe CIIEKTPhI U ITUTY-yTJIOBOE PacIpe-
JIeJIeHrE TIOTOKA COJTHEYHBIX KOCMUYECKUX JIydeil Ha IPOTAKEHIN MaK-
cuMaJsIbHOM (hasel cobbiTHs ¢ marom B 5 munyT. CriekTp Ha dase pocra
UMeJI SKCIOHEHIMATIbHYI0 (opMy, 3aTeM HabJIIOJAeTC TMOCTEIeHHBI
mepexoJi K CTeleHHOI 3aBUCHMOCTU. 3HAYEHHe XapaKTepPUCTUIECKON
SHEPIUH I SKCIOHEHITNAJIBHOTO cieKTpa cocTtaBmiio KO = 0.57 I'sB B
MAaKCHUMyMe COOBITHS, a MMOKa3aTejb CTEIeHHONH 3aBUCHMOCTH 7y = 5H.5.
AnanruBnast popma 3a/1aHNsT TUTY-YTIIOBOIO PACIIPEJIEJIEHUST, UCIOb-
3yeMas B Hallleil METOMKE, II03BOJISIET OIUCATH IMUPOKUil Kiracc hopM
pacIpesieJieHusT OT IIPOCTOrO rayCCuaHa, JIo JBYHAIIPABICHHOTO Pacpe-
JIeJIeHUsI, TIPUYIEM, BBIOOD TOIXOIsIeil (DOPMBI IPOU3BOIUTCS aBTOMa~
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TUYIECKN B IMPOIECCe TMOUCKa pemrenns. [locae maganbHoOM (a3bl mATI-
YIJIOBOE pacIpejiesieHne yCTOMInBO mpuobperaeT JUHEHHYIO (hopMy ¢
MHEJIECTATIOM, KOTOPBIN MPEJICTABSIET U30TPOIHYIO YACTh IIOTOKA COJI-
HEYHBIX KOCMUYECKHX Jiydeil. JInHeltHoe MUTY-yII0BOEe pacIpe/iesIeHIe
MIPUCYTCTBYET TOJBHKO Ha MUTYI-yTiiax MenbIne 90°. CpaBHeHMe JAHHOTO
COOBITHS C IPEALIIYIITUMA U3 24-T0 IUKJIa TOKA3bIBAET, YTO XapaKTeph-
CTHKU CIIEKTPA W MUTY-YTJIOBOTO PACIPEIETCHUsT SIBISIIOTCS TUIINIHBI-
Mmu. JIuHeHOE IUTY-YTIIOBOE pacipeesieHne HabIo aI0Ch B COOBITHAX
GLE c¢ xonma 23-ro mukJa.
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1.14 T'eHepalisi BTOPUYHBIX IJIAHETAPHBIX BOJIH
B CpeHeil n BepxXHeili atmocdepe

Judenro K. A2, Kosaav A.B.Y2, Epmaxosa T.C.1>2,
Tonmynosa O.H.?

L Canxm-Iemepbypeckuti 20cydapcmeenioldi yHueepcumen
2 Poccufickut 20cydapcmeentbill 2u0POMEMEOPOAOUHECKUT
YHUBEPCUMEM,

ITnanerapusie Boasbl (IIB), ussecTHble Tak»Ke Kak BOJHBI Pocchu,
MIPEJICTABJISIOT CODON KPYITHOMACHITAOHBIE KOJEOAHUS THIPOIAHAMI-
YecKuxX napaMerpoB armocdepbl (Berep, Temieparypa, IIOTHOCTh) U
00pa3yIoTcs n3-3a IMIMPOTHOIO IPA/IMEHTa OTEHIINAIBHON 3aBUXPEHHO-
ctu. PactpocTpansisich OT CBOMX UCTOYHUKOB B Tporocdepe, IIB mepe-
HOCSIT SHEPrUi0 W UMITYJIbC, BBI3bIBAs aHOMAJIUU CTPATOChEPHOI Iup-
KYJIAIWAN, a8 TaKXKe MEPEIA0T CUTHAJ MEXKIY Pa3JIuIHBIMU aTMOChep-
HBIME cjtosiMu 1 oOstacTsavu. C MeIbI0 MCCIeOBAHUS BO3AECHCTBUS OT-
[EJIbHBIX IJIAHETAPHBIX BOJIH HA TVIODAIBHYIO aTMOCHEPHYIO IUPKYJIs-
U0 OBLT IPOBEJEH DS/l YUCJIEHHBIX SKCIIEPUMEHTOB C HCIIOIb30BAHIEM
MoJiesin ObIIell IUpPKyJIsiiuu cpefHeii u BepxHeit armocdepsr MCBA
g yesosuit 3umbl CeBeproro mosymapust (saBapb—dbeBpasib). Bour
poBeJieH pedePEHCHBIN MPOrOH MOJEIN C BKJIIOYEHUEM BCEX UCTOTHU-
KOB paccmarpuBaeMbix [1B: Bosnbl ¢ mepromamu okoso 5, 10, 16 cyrok
(3onasbHOE unciao m=1), 4 u 7 cyToK (30HAJIBHOE YUCIIO M—2), PACIIPO-
CTPaHSIIOIIAsICsl Ha, BOCTOK CBEPXObICTpasi BOJIHA KejlbBUHA € [T€PUOIOM
0KoJIo 3.5 cyTok (3oHAMBHOE vncsio m=1). Kpome sroro, 6b11m npose-
JIEeHBI MPOTOHBI C BBIKJIIOYEHHBIMU UCTOYHUKAMU OTIEIbHBIX BOJIH. 110
pe3yJbraTaM IKCIEPUMEHTOB ObLI 0bHapyx)eH 3ddekT reneparmu 16-
muesnoit [IB BHyTpenHnM arMochepHBIM UCTOUYHUKOM B I0XKHOM HUK-
Heit Tepmocdepe, He 3aBUCANINM OT TPOMOCHEPHBIX UCTOIHUKOB [1B,
3aJIaHHBIX B Mojesu. st oObsicHeHusi HabrogaemMoro 3¢ dexra ObLia
HCCJIeIOBAHA M3MEHUYMBOCTH BO3MYIIEHHO TOTEHITNAIBHON SHCTpOdUN
(I1I9) — kBajpaT MOTEHIUAIBHON 3aBUXpEHHOCTH. [Ipu TakoM 1oxo1e
HCCJIEYIOT BKJIAJ B OAJaHC BO3MYINEHHON IOTEHIINAIBHON SHCTPpODUN
Pa3IMYHBIX HEJMHEWHBIX IporeccoB. [lokazano, 4To reHepaiusi BTO-
puunoii 16-aHeBHOI [IB ocyiecTBisieTcss 3a cder HeJIUHENHOrO B3au-
mojieiictBust 4-yHeBHOM IIB ¢ BostHOBBRIM yncyiom 2 u 5-jpaeBHOM 1B ¢
BOJTHOBBIM YIHCJIOM 1.
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1.15 BuugHue co/iHeYHOI aKTUBHOCTU HAa
onTUYecKne cBoiicTBa arMocdepbl

Llesuyos B.M.

Hnemumym K0cmoPusureckus ucciedosanut u pacnpocmpaHerus
paduosoan JIBO PAH, Poccus

PaccmarpuBaercsa mpoekT JHIAPHBIX HAOJIONEHUN B JHAlla30HE
BeicoT 0-700 KM B IeJIsIX: MCCJIEIOBAHUS MOJMMPUKAIINNA ONTUIECKUX
CBOHCTB TepMOC(EPHI B JIMHUIX aTOMAPHOTO Kucjopoga 555.5, 557.7 u
630 HM W B JIMHUM ATOMAPHOTO a30Ta 534 HM O BO3JEHCTBUEM YITb-
TpaduosIeTa U BBICHIIAHAN 3aPIKEHHBIX JACTHUIL; UCCIICIOBAHUS BJIUS-
HU$ COJTHEYHON aKTUBHOCTU HA MOHU3AIUIO U IIPO3PAYHOCTH CpeJHeil u
HUZKHEN aTMocdepbl; pa3paboTKU METOJIOB JIUJAPHOI'O 30HINPOBAHUS C
YYI€TOM PA3JINYHBIX TUIIOB PACCEsTHUSI Ha PA3HBIX BBICOTAX aTMOCQEDHI.
JIuHuu aToMapHOTO KHMCJIOPOJA U a30Ta BHIOPAHBI HA OCHOBE HAOJIIOJE-
HUIT CB€UEHUSI HOTHOTO HeDa BO BPeMsI BHICHITIAHMIT 3aPIKEHHBIX TaCTHUIT
nag Kamaarkoit 8 despase 2012 r. Bo3amMoKHOCTD JinIapHbIX HAOJIIO-
JIeHNl PEe30HAHCHOI'O PACCesHUs B JIMHUAX ATOMapHOIO KHCJIOPOJA U
a30Ta OIEHUBAETCS C IIOMOIIBIO aHAJIN3a, 0a3bl CIIEKTPAJIBHBIX JAHHBIX,
nuarpaMm ['porpraHa U pe3ysIbTATOB JIMJIAPHBIX HAOJIIOIEHUIT paccesi-
HUS HA MOHAX aTOMAPHOTO KHCJIOPOJA W a30Ta, BBIIOJHEHHBIX DaHee.
HeobxomumocTs 3THX nccaeqoBaHuil 00yCI0BIeHa Te€M, YTO HA BBICO-
tax 200-500 KM mpeobiafiaeT aTOMapHBII KUCJIOPOJ, B3aUMOIeHCTBIE
KOTOPOI'O C COJTHEYHBIM U3JIydYeHHe OTBEYAET 33 OIITHIECKOE COCTOSIHUE
BepxHUX cJioeB armocdepbl. OITrieckoe COCTOSIHUE CPEJHUX U HIXK-
HUX CJIOEB aTMOC(hEPhI HEOOXOIMMO 3HATH JIJIsi BBIMOJHEHUS JIXIAPHBIX
nabiogenuii B trepmocdepe. IlosyueHHble KOMILIEKCHBIE PE3YJIBTATHI
MOTYT OBITH HCIIOJIb30BAHBI B MCCJIEIOBAHUAX KIMMATHIECKUX M3MEHe-
HUit, 00YCJIOBJIEHHBIX N3MEHYINBOCTHIO COJTHEYHON aKTHBHOCTH, & TAKXKe
[pu pa3paboTKe ONTUYECKUX KOMMYHUKAIIMOHHBIX CcCTeM. PaboTa BbI-
noaHeHa B pamkax [ocynapersennoro 3aganus o Teme (2021-2023 rr.)
«Dusnueckue Mponeccsl B CUCTEME OJIMYKHEr0 KOCMOCa 1 reocdep mpu
COJIHEYHBIX U JTUTOCHEPHBIX BO3AEUCTBUSXY, PECUCTPAIIMOHHBIN HOMED

AAAA-A21-121011290003-0.
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1.16 Bwuyrpuroaosasi JuHaMuKa (pOHOBOTO
cTparocdepHoro a’po3oJjisa Haga ToMCKOM 1o
JaHHBIM JIMJAaPHOTO MOHUTOPUHIA

Mapuues B.H., Bouxoscxuii /I.A.
Hnemumym onmuxyu ammochepo, um. B.E. 3yesa CO PAH

B mokname mpencraBiieH aHAMW3 MAHHBIX BHYTPHUTONOBOI M3MEH-
YUBOCTH BEPTUKAJIBLHO-BPEMEHHOM CTPYKTYPBI (POHOBOTO a’po30Jis U
€ro MHTErpaJibHOTO HAIOJHEHUsI B cTparocdepe, MOIydeHHbIE HA JIH-
JIAPHOM KOMILJIEKCE CTAHIIMM BBICOTHOI'O 30HIMPOBAHUS ATMOCKHEPHI
NOA CO PAH 3a 2022 r. Ilo pe3ysbraraM MOHUTOPHHIA, KAK U B
MIPEIBIIYIIHE TO/IbI, YCTAHOBJIEHA YCTONYINBAas TEHICHITNS HAKOILICHUSI
cTpaTocdepHOro adpo30Jisd B XOJIOIHBINA IIEPUOJ, TOJA ¢ MAKCUMAJIHHBIM
COZlepyKaHeM B sTHBape U yObIBAHMEM BECHOM 0 MPAKTUIECKOTO OTCYT-
crBus B utoHe-utosie. C ceHTsIOpsl HAUMHAETCSI POCT COJIEPXKAHUS adPo-
30/ B crparocdepe 10 ero MaKCUMaJIbHO 3HAYEHUs B 3UMHUI [T€PUO/I.
B Bepxueii crparocdepe (30-50 kM) B Teuenme Bcero roga (hbOHOBDIH
a’3p030JIb OTCYTCTBYET.
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1.17 JIumapHble MccjieJOBaHUSI T€PMUYIECKOTO
pexkuMa cpejiHeii atrmocdepbl HaJ1 ToMckoM B
2022 r.

Mapuues B.H., Bouxoscxuii /I.A.
Hnemumym onmuxyu ammochepo, um. B.E. 3yesa CO PAH

B pabore npencraBieHbl pe3yabTaThl JTUAAPHBIX UCCAEIOBAHUN IO~
BeJIEHUS TEPMUYIECKOTO peKuMa cpemreit armocdepst Haz ToMckoMm B
nepuos, 3a 2022 r. OTMeTHM, ITO TaKHe UCCJIEIOBAHUS B MOHUTOPHHIO-
BOM pexkume B uHcTUTyTe ontuku arMmocdepsl CO PAH Obuin HauaThl
¢ 1994 roma u mpomoszKaoTcs B HacTosiee Bpemsi. Ocoboe BHUMAaHNE
yIeJsIsieTCs U3y9YeHNIO MIPOsIBJIEHNsT BHE3AIMHBIX BO3MYIIEHUI B CTPATO-
cdepe, BbI3bIBaEMbIX 3uMHAME cTpaTocdepubiMu noremienusMu (CIT).
ITo onbITy MHOTOJIETHIX HUCCJIEIOBAHIS TEPMUYIECKOTO PEKUMA CPETHEN
aTMocdepbl HaMu ycranoBseHo, uro CII morerienust Jijist CpeHUX IIIU-
por (Tomck, 56,5 c.11.) TPOSABISAIOTC KaxK Ay 3uMy. OHI BOBHUKAIOT
HEOXKUIAHHO, 3HAYUTETBHO OTJINIAIOTCS IO AMILIUTY/IE TTOJIOKUTETHHO-
IO BCILIECKA TEMIIEPATYPbl B BepxHeil crparocdepe (MUHOPHBIE U Ma-
JKOPHBIE [OTEIJIEHNS ), IPOIOJIKUTEILHOCTBIO IIPOTEKaHMs (0T Heean
JIO0 JIByX MECSIIEB), BBICOTOH OIlyCKAHWs CTPATONAay3bl. llpencraieH-
HBIE pe3yJIbTaThl MOHUTOPHWHIA IPOBEJIEHBI B ITEPUO/IBI BO3MYIIEHHOI'O
(CTI 3umer 2021/22 u 2022/23 rr.) , CIIOKOHHOTO (JI€TO) ¥ IIEPEXOTHOIO
(BecHa, oceHb) cocTosgiHUA CpelHeil arMocdhephl.
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1.18 HabuaoaeHns MeTeOpHOro a’3po30Jisd B
crparocdepe Haj ToMckoM B aBrycre
2013 roxa

Yepemucur A.A.', Hoeuxoe II.B.Y2, Pomanuenro U.H.",
Mapuues B.H.?, Bouxoscxuti JI.A.3

L Huemumym zumuneckot xunemury u eopenus um. B.B.
Boesodcrozo CO PAH, Hosocubupck
2 KpacnoAapckutdi uncmumym, sceae3nodoposicroz0 mpancnopma,
Kpacroapcxk
3 Unemumym onmuru ammocgepo, um. B.E. 3yesa CO PAH, Tomck

B asrycre 2013 B crparocdepe mag Tomckom ObLT 3aduKCHPOBAH
a3PO30JIBHBIN CJIO, MAKCIMYM KOTOPOT'O HAXO/IUJICS Ha BBICOTE 28,5 KM.
[Ipu sToMm KO3 uImEHT 0OPATHOIO PacCesiHus UM BHICOKOE 3Hate-
Hue, paBHoe 24. B CBsI3u ¢ BBICOKOI MHTEHCUBHOCTHIO METEOPHOIO IIOTO-
ka [lepcenibl B aBrycre, mepBoHadabHas HHTEPIIPeTaIus HabJIro1eHu i
3aKJ/II0YAJACH B TOM, 9TO 3aPErUCTPUPOBAHHBIN CTPATOCKHEPHBINA a3po-
30/IbHBIN CJION SABJISETCs CJIEJCTBHEM CTOPDAHWs B BepxHe armocdepe
MEeTEOPHBIX YACTHIL ITOTO ITOTOKA, U JAJbHENIIEHl ceuMeHTan oopa-
30BABIIIETOCS A9PO30JISA O CTPATOCHEPHBIX BBICOT.

Panee mamu c moMoIbi0 HaOIIOJIEHUT CEThIO POCCUMCKUAX CTpPa-
TOChEPHBIX JUIAPHBIX CTAHIUN U TPAEKTOPHOIO AHAJIN3A JIBUKEHUSI
BOBIYIIHBIX MAcC B cTpaTocdepe yIaJI0Ch IPOAHATN3NPOBATE IIEpeMe-
MEHUE A3PO30JIbHBIX CJI0EB, BO3HUKIIUX IPU MAJIEHUN YeITOMHCKOTO
METeOpHUTa. XapaKTePHOW O0COOEHHOCTHIO HAOJIIOMAEMBIX C MTOMOIIHIO
JIJIAPOB a3PO30JIbHBIX CJI0EB Ha BblcoTax mopsiaka 30 kM (OGHMHCK,
Mocksa, ZKyTCK) 9BJSIOCH TO, YTO OHU OBLIM OYEHb y3KUMHU. DTO
CBO¥ICTBO COOTBETCTBOBAJIO JAHHBIM TPAECKTOPHOI'O AHAJIU3A.

B asrycre 2013 roza cioit Ha BbicoTe 28.5 KM ObLT TakkKe y3kuM. [To-
9TOMY MBI [IPEJITOJIOKUIN, YTO U B JAHHOM CJIy4ae 3TOT CJIoi 00pas3o-
BaJICsl B PE3YJIbTATE CrOPAHMS JOCTATOYHO KPYITHOI'O METEOPHOTO TeJIa.
B 10 Bpemst Kak 0cHOBHOI#1 TOTOK [lepcenioB cocTaBisitoT CpaBHUTEIBHO
MeJIKe MeTeOpHbIe Tejia. i aHam3a MecTa mpe/InoaraeMoro mae-
HUS METEOPHOI'O Tejia ObLI NMPUMEHEH METOJ TPAeKTOPHOI'O AHAJIU3A.
Ucnonp3oBasicss MeToi 0OPATHBIX M309HTPOIMUNHBIX TPAEKTOPHUI JIBU-
JKEHUs BO3/IYIIHBIX MaccC, 3aIlyIIeHHbIX U3 ToMCKa B JHU HaOJIIOIeHU
asposoJisi. s pacuera TpaekTopuii 0 BBICOTHI 25 KM HCIIOJIb30BAJI-
ca nporpaMmmubiii maker HYSPLIT ¢ mamubimu GDAS, a Boime 25 kM
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WCIOJIb30BaIach co3fanHas Hamu mporpamma TrCalc ¢ panHbIME TI0
ckopocru Berpa B Ceseprom nostymapun UKMO u ERAS5.

JlonoiHuTe/IbHO OBLIM IIPUBJIEYEHBI JTaHHbIE HAOJIIOIEHUN JTIMOO-
BbIM cencopom OMPS/LP na ciyraruke Suomi NPP u simnapa CALIOP
na conyrauke CALIPSO. Ha Tpaekropun aBUKeHUs] BO3JYIIHBIX MAacC
no panabiM OMPS/LP 6bw10 06HADYKEHO MECTO MOBBIIIEHHOH a’po-
30JIbHOM SKCTUHKIUE. MbI IIpe/IojiaraeM, 9To0 B 9TOM MeECTe IIPOU30-
IILJIO TTaJIEHe METEOPHOro TeJia. B 9Toil ke Touke no ganabiM CALIPSO
HAOJTIOAJICST CTPATOCDEPHBIN a9P030JIb B OKPECTHOCTU BBICOTHI 30 KM.
DT0 MecTO HADJIIOIEHUS] U COOTBETCTBEHHO 00PA30BaHUS adPO30Jisd ObI-
J10 pacmosiozkeno B Bocrounoit Cubupu, 10CTATOIHO JAJIEKO OT TOYKU
HaboeHnst B Topojie Tomcke.

B noksazie mpejcraBieHO TaKKe COMOCTABJIEHUE JTAHHOIO CJIydast
HAOJTIO/IEHUST adPO30JIsl METEOPHOT'O ITPOUCXOXKICHUS C PEe3yJIbTaTaMu
HaOJTIO/IEHUT IIBIJIEBOT'O T105Ca, 00PAa30BABIIETrOCs B PE3Y/IbTaTe aeHNs
9eJISIONHCKOTO0 METEOPUTA.
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1.19 HoBble CIIEKTPOCKOIINYECKNEe JTaHHbIE O
JUHUAX TIOTJIONIEHUS MOJIEKYJI BOJIbI 1
YTJIEKHMCJIOTO ra3a

Hemposa T.M.', Hetiuyau B.M.Y, Conodoe A.M.', Conodos A.A.,
Jlaspenmoesa H.H.', Kumaesa A.B.?

L Huemumym onmuku ammocgepvs um. B.E. Byesa CO PAH
2 Tomckuti eocydapemeennwiti yHueepcumen

Cospemennble 3ajia9n GPU3NKE aTMOCHEPBl TPEOYIOT MOBBIIIEHUS
TOYHOCTU U3MEPEHUsI M PacUeTa MOTJIONEHNs] COJHETHOTO H3JIyIeHNs,
MTPOXOJIATIEr0 depe3 arMocdepy 3eMIIn U JIOBEJECHNE ee JI0 HECKOJIbKIX
poreHToB. OCHOBHBIMU KOMIIOHEHTAMUY, TIOTJIOMAIONIAMA 3Ty Y€HUE B
aTMocdepe, sABJISETCs MOJIEKYJIbl BOJbI, YIJIEKUCIOTO Ta3a W METAHA.
[Tapbl BOJBI UIPAIOT BEAYIIYIO POJIb B PA3IUIHBIX (PUINIECKUX U XU-
MHUYECKUX IPOIeccax B aTMocdepe BOJSHON map OTBedaeT MPUMEPHO
3a 70% noryonenus: uzrydenust. JIByoKHuch yriepoia U MeTaH SIBJISIOT-
Csl CHJIBHBIM TMOTJIOTUTEJISIMA WH(PPAKPACHOTO U3JIyUeHUs], 3aepPrKUBast
TEIJIO U BBI3bIBAasi MOIIHBIN MAPHUKOBBIN 3 dEKT. YBeIuIeHNe UX KOH-
[EHTPAIUN B aTMochepe MOXKET UMETh Cepbe3Hble MOCIeCTBUS JIJIst
KJIMMAaTa 3eMJIN.

DddeKTUBHBIMU METOIAMU KOHTPOJIsI KOHIIEHTPAIMH I'a30B B aTMO-
cdepe 3eMiu SIBJISIFOTCs CIIEKTPOCKOIIMYECKHE METO/bI. B CBsI3u ¢ 3TUM
YBEJIMYUBAIOTCsT TPEOOBAHMS K MCXOIHOM CIEKTPOCKOIMIECKOH HHMOP-
MAaIli{ O JIMHUSIM TOTJIONIEHUS JTaHHBIX ra3oB. B pabore na Pypbe-
cuexrpomerp IFS-125HR Beicokoro paspemenus (r.Tomck) nposeieHbl
U3MEpEeHHsI CIEKTPOB IMOTJIONIEHNsI PACCMOTPEHHBIX T'a30B B IMIMPOKOM
CIEKTPAJIHbHOM HHTEPBAJIE [IPU BAPUAITUH JIABJIEHUs aTMOCGHEPHOTO BO3-
nyxa. C uCIo/ib30BaHIEM COBPEMEHHBIX METOJ0B OOPAOOTKHU TI0JTy YeHbI
HOBBIE 3HAYECHUS TAPAMETPOB JIMHUH MOTJIONIEHNUSI, KOTOPBIE BKJIIOYAIOT
B cebsl 3HAYEHUS MTOJIOXKEHUIT MEHTPa CHEKTPAILHON JINHUK, €€ WHTEH-
CUBHOCTH, KOI(MDDUITNEHTOB YITUPEHUsT U CIBUTA, TABJIEHIEM aTMOChep-
HOT'O BO3/IyXa.

PesynbraThl naMmepenuit cpaBHUBAJIACH C pacYeTaMi, BBIIIOJHEHHbI-
MU IO MOJIySMIUPUIECKOMY METOMY, B KOTOPOM BHYTPUMOJIEKYJISP-
HbIe 3(MEKTHI YINTHIBAIOTCST HA OCHOBE TOYHBIX BOJHOBBIX (DYHKIIHI 1
YPOBHEI 9HEPTUHU, MOJIYyIYAEMbIX U3 BapHAIMOHHBIX PACIETOB.

Nccnenosanme nposeseno B pamkax npoekra PH® (rpanr 22-22-
00800).
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1.20 YucienHoe MoaeIMpOBaHHE BHE3AIHBIX
cTpaTtocdepHbIX IOTeIJIEHUl B pa3Hblie (a3bl
MUKJIA COJTHEYHOU aKTUBHOCTHU

Kosanv A.B.Y, T'nepunos H-M.*, Epmaxosa T.C.2, Judenxo K.A.2

L Canxm-Iemepbypeckuti 20cydapcmseniolli yHUSEPCUME
2 Poccutickut 20¢cydapcmeerHbill 2udPOMEMEOPOAOLUHECKUT
YyHUsEpCUMEM,

ArmocdepHble BO3MYyIeHHsT TUIODAJIBHOTO MacinTaba, TakKue Kak
tanerapabe BosHbl (IIB), UrparT 3HAYMTENBbHYIO POJIb B (hOpMUpO-
BaHUU OOINEN IMUPKYJISIIUN aTMOC(EPHI, BJIUsis HA €€ TUHAMUIECKAN U
TertoBo# pexkuM. B wactaocTH, ycmienne 1IB B 3umuamit mepron B ce-
BEPHOM ITOJIYIIAPUHA MOYKET IPUBOJUTH K BOSHUKHOBEHHUIO BHE3AITHOTO
crparocdeproro noremwienus (BCIID). V3menenus cosneunoil pajua-
U, 00yCJIOBJIEHHBIE TUK/IMYECKUMY M3MEHEHUsIMA COJTHETHON aKTUB-
noctu (CA), B CBOIO 0YepEib, BJIULAIOT HA TEPMOJUHAMUYECKOE COCTO-
siHUEe aTMOChephl U U3MEHS0T yCJI0BUs paciupocTpanerus [1B pazmma-
HBIX cJ10sX aTMocdepsl. C 1esbio n3ydenusi 0COOEHHOCTEH BO3HUKHOBE-
uust BCII B 3aBUCHMOCTH OT U3MEHEHUsI COJTHEITHOTO BO3/IEHCTBUS, TPO-
BEJIEHO YHCJIEHHOE MOJIEJINPOBaHME O0IIell aTMOChEpPHOH ITUPKYJISINN
JIJISL YCJIOBUl 3MMBI B CEBEPHOM IIOJIYIIIAPDUUA U PACCMOTPEHBI CJIydan
posuukHoBeruss BCII B suBape-deppasie. Ucnonab3yercst HeuHeitHAsT
9UC/IEHHAS MEXAHUCTUYIeCKasi MOJEIb OOIeil IMUPKY/ISINN CPeIHell u
Bepxueil armocdepbr (MCBA), nossosisiionas BOCHPOU3BOAUTE ATMO-
cdepnyio rupkyssuio u ctpykTypsl 1IB #a BBIcOTax 0 - 300 kM. Ilo-
JIyYEHHBbIE Pe3yJIbTaThl JIEMOHCTPUPYIOT OCODEHHOCTU BO3HUKHOBEHMUSI
BCII npu pasubix yposasax CA. OCHOBHBIM MEXaHU3MOM ITUX U3MEHE-
HUIT SIBJIsT€TCS M3MEHEHUE YCIOBUil pacnpocTpaHenus u orpakenus [1B,
PEHEPUPYEMBIX B HUKHHUX CJIOSIX aTMOCGEpBI, U KaK CJIEJICTBUE, U3Me-
nenuve B3anMo/ieiictsust 11B co cpeHuM MOTOKOM, KOCBEHHO BBIPAXKAIO-
Ieecst 9epe3 pacCIUTaHHBIE TOTOKU BOJTHOBON AKTHBHOCTH DJIHACCEHA~
[TanbMma, a Takke n3MeHeHus NUpPKyssanuu bproepa-/lobcona.
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1.21 O Bo3MmoOkHOCTH KOHTPOJIsA BbiOpocoB CO, B
celicCMOAKTUBHBIX palioHaX MO CIYy THUKOBBIM
nanabiM OCO-2

Tawxyn C.A.
Hnemumym onmuxyu ammochepo, um. B.E. 3yesa CO PAH

Cuwnraercs, 9TO CYNECTBYET CBI3b MEXKJY CEHCMUIECKON aKTHBHO-
creio u Beiopocamu COq u pagona. Hazemubie uzmepenust COy B ceit-
CMOAKTHBHBIX pafloHAX 3aTPYHEHBI MHOTMMU METOJIOJIOTHIECKUMU U
rexunyeckumu paxropamu. C Jpyroil CTOPOHBI, CYIIECTBYIOT CPEJIHE-
cyrounble 3HadeHnss COy B cTOJI0E CyXOro BO3/yXa HAJ 3eMHBIM Ila-
POM, U3MepEeHHbIe OpOUTAIbHOMN yriaepoanoii obcepsaropueit (OCO-2).
OCO-2 —muepsbiit cuyrank NASA 151 TUCTAHIIMOHHOTO 30HTMPOBAHUS
3emMutn, TpeIHA3HAYMEHHBIN JJIs U3yYeHUs pacrpejeseHus arMocdep-
HOT'O YIVIEKUCJIOTO ra3a m3 kocMmoca. Ou 6b11 3amymier B 2014 rogy u
npegHasHadeH st usMepennii armocdepuoro COs ¢ TOYHOCTBIO, pas-
peIlleHneM U OXBATOM, HEOOXOMMMBIMU JIJIsT XaPaKTEPUCTUK UCTOIHUKOB
1 CTOKOB B permoHajbHOM Macmirabe (= 1000 km). Vcmonbsys umero-
mmecst manabie OCO-2 3a mepuon, 2015-2022 rr., 6bLTH TpOAHATIN3H-
poBaJsiu cpennecyrounbie 3Hadennsi COy B paitoHax Hanbosiee CUIBLHBIX
semuterpsicernii. [losydyeHnnbie pe3ynbraThl GYIYyT MPEJICTABIEHBI U 00~
CYKJIEHBI.
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1.22 PaamouMmnyibCbl MHOTOKOMIIOHEHTHBIX
MoJIHU B dAKyTum

Kosnos B.H., Tapabyxuna JI./.
QUI] «Sxymerut naywnord yenmp CO PAH»

BakHOCTB MCCiIe0BaHUs TOBTOPHBIX PA3PSIIbl OMPEIEISeTCsl TeM,
9TO OHU C OY€Hb KOPOTKAMW MEXKPa3PsiIHBIMA WHTEPBAJIAMA U OJHOMN
U TOIi K€ TOYKOU OKOHUYAHWS HA 3€MJIE€ YACTO BBI3BIBAIOT OBPEXKIEHUST
[P HEIIOCPEICTBEHHOM yJiape 10 00OPYIOBAHUIO WA JIMHAU SJIEKTPO-
mepesad 1o CPaBHEHUIO C JPYTUMU THUIIAMH ITOBTOPHBIX yaapos. Hawmu,
¢ ucnonb3oBanueM Janabix WWLLN, paccMOTpeHbl TOBTOPHBIE pa3psi-
bl Ha, Tepputopun AKyTun, orpanmdennoit 56 - 90 rparycamu ceBepHOit
mupotsl u 105 - 160 rpatrycamu BocTo4unoi#t 1oaroTsel. [Ipoanammsnposa-
HBI IOBTOPHBIE PA3PSIbl, B3ATHIE C OTPAHNIEHISIMI BPEMEHHOTO HHTEP-
BaJia 710 200 MC U pacCTOSTHUSAMHU MeXKJIy TOUKaMH IIOBTOPHBIX Pa3psiioB
710 30 kM. OTMeTHM, 9TO HA HAIINX BUIEO3AIIUCSIX BCTPEYAJIUCH CIIydan
C JJINTEIbHOCTHIO CBEYEHUS MOJIHUN (€€ MOBTOPHBIX KOMIOHEHT ) HA MH-
repsasie 10 300 mc. B (Ballarotti, M.G. Frequency distributions of some
parameters of negative downward lightning flashes based on accurate-
stroke-count studies / M.G. Ballarotti, C. Medeiros, M.M. Saba, W.
Schulz, O. Pinto Jr. // Journal of Geophysical Research: Atmospheres.
—-2012. — V. 117, Ne D6. — P. D0611)] ormeqaercs, 9T0 HaGJIIONAIOTC
MHTEPBAJIBI MEXKJTy MOBTOPHBIMU pa3psgamu 1o 700 Mc.

KosmaecTBo OBTOPHBIX pa3psioB MeHseTCs, HAapumMep, st 2022
r ot aByx (41575 ciayuaes mabmomenusi) 1o 10 (uBa cuaydast nabirose-
Hust). KoamuecTBO MOBTOPHBIX paspsizioB N B 3aBUCHMOCTH OT THCJIA
[MOBTOPHBIX Pa3psiyioB k MOXKeT ObITH OIMCAHO B BUJIE CTEIIEHHONH (DYHK-
[WH.

BerpegaemocTs nHTEpBaIA MEXK Y KOMIIOHEHTAMHI PACIIPEIETNIACD
B 2022 r: 1o 5 mc - 153616 pas, mo 10 mMc HAOIIOMAIOCH yMEHbIIe-
HI€ BCTPEYAEMOCTH /10 HH7 pa3, u CAeAyomnuii MAaKCHUMYM BCTPEIAEMO-
cru Habmmoaercs pu 35 Mc (3156 caygaes). Marepsas okoso 200 mc
BcTpedaeTcss H66 pa3. JlaabHOCTH Ha 3eMJje MEXKTy TOBTOPHBIMHU pa3-
pagamu j10 0,5 kKM Berpedaercs Muoro daie (65260 pas), gem 10 1 km
(775 pa3). Hus 601bIIMX PaCCTOAHUN MKy MOBTOPHBIMU Pa3psiaMu
HaOJIIOIAeTCs TIABHBIA criar BeTpedaeMocTn 70 4 mpu 27 KM.

B (Rakov, V.A. Origin of lightning electric field signatures showing
two return-stroke waveforms separated in time by a millisecond or less
/ V.A. Rakov, M.A. Uman // J. Geoph. Res. Atmospheres. — 1994.
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— V. 99, Ne D4. — P. 8157-8165) yka3piBaercs Ha HaJUYUE PA3PsIOB
C OYeHb KOPOTKHX MHTEPBAJIOB BPEMEHHU MEXKJY HUMH, OT HECKOJIBKUX
JIECSITKOB JI0 HECKOJIbKMX COTEH MHUKPOCEKyH. Mbl Takke HabJIrO1a~
eM nos106HbIe MHTEpBaJbl. [lpn 3amaBaemom paspemtennn B 0,1 Mc MBI
HabJIIOJIaeM Ha CAMBIX KOPOTKUX WHTEPBAJIAX CIIaJ] BCTPEIAEMOCTH CJIy-
qaeB oT 14133 mua 0,1 mc no 2 opm 0,7 Mc 1 amee MakcumyM ipu 68
npu 1,4 Mc ¢ mocsenyiomniem crajgoM g0 6 mpu 5 mc. Ilpomeccsi, npo-
UCXOJISIIIFE B TeUYEHHE TIEPBOI MUJLINCEKYH IBI TI0CIe 0OPATHOrO yIapa,
HY2KJIQIOTCS B JAJIbHEHIIeM U3y IeHNH.

49



1.23 PekoHCTpyKINs permoHaJIbHBIX
pacnpeieJieHuil 3JIeKTPOHHOUM KOHIEHTpAaIluu
B MOHOC(Eepe No pa3sHOPOIHBIM JaHHBIM
JUCTAHIIMOHHOTO 30H/IUPOBAHUS

Iasaos H.A.Y, Hadoxun A.M.2

L Mockoscruti 2ocydapemsenmont yrusepcumem um. M.B.
Jomonocosa (MI'Y). Qusuueckuti parxyavmem
2 Mocxkoscruti eocydapemeenuiti ynusepcumem umenu M. B.
Jlomonocosa, Pusuveckutl paryavmem

B pabore paszpaboTan HOBBIII UTEPAIMOHHBIN AJTOPUTM I pe-
[IEHUsT 38J[a91 PEKOHCTPYKIIUU PErHOHAIBHBIX, JBYMEPHBIX, BHICOTHO-
MIAPOTHBIX PACIpee/IeHnil JIEKTPOHHON KOHIIEHTPAIIMY B MOHOChEpe
Ha OCHOBE DA3HOPOMHBIX TAHHBIX HU3KOOPOUTAJIBHOIO CILy THUKOBOTO
pajmonpocBeunBanus Ha nape korepeutusix yacror VHF/UHF u YO
CHEKTPOMETPUN COOCTBEHHOT'O CBEUYEHHs BepxHeil arMocdephl Ha JIJINHE
BOJIHBI 135.6 HM. DTO HaeT BO3MOKHOCTH MCIIOJB30BATH B3aUMHO J0-
MIOJTHSTIOIME TeOMETPUHN 30HMpoBanus. Karkias urepaliust ajropurma
paCIIEeIUIsIeTCsS Ha JIBe, B KOTOPBIX MTOCJIEIOBATEILHO PEMIAIOTCS 380
OTHOCHUTEIFHO JIEKTPOHHOM KOHIIEHTPAIINY U ee KBaapaTa ¢ auddy3u-
OHHBIM CIVIayKUBaHUEM MeK 1y Imaramu. Ilommmo 3Toro B ajnropurme pe-
aJIM30BaHa BO3MOXKHOCTD y4eTa HOrJIoeHus coocTBeHHOro Y D usiryue-
HUsT TepMOChEPBI MOJIEKYJISIPHBIM KHUCJIOPOJOM, UTO JA€T BO3MOXKHOCTH
BKJIIOYUTH B PACCMOTPEHHME HHU3KOIEpUTeHHbIe JIydH, IOIJIOMEHNe Ha
KOTOPBIX UT'PAET CYIIECTBEHHYIO POJib. Pa3zpaboTaHHblil aJropuTM mpo-
TECTUPOBAH HA JAHHBIX CUHTETUYECKUX HAOJIIOIEHU, [MOIyIEeHHBIX HA
ocroBe mozesneit NRLMSISEOO u NeQuick2, jjis1 peajibHBIX PesKUMOB
pabotsr annaparypsl CERTO u SSUSI/SSULIL. IlokaszaHo, uTo Tpes-
JIO2KEHHBII aJIrOPUTM JIaeT JIydiliee IPOCTPAHCTBEHHOE Pa3pelleHne mo
CpaBHEHWIO ¢ TpajuiuoHHbIM PT moaxomom, a Tak:Ke CHUMAET IIPO-
671eMy KOPPEKTHOI'O 33/[aHNS HAYAJIHHOTO IPUOJIMKEHNSI, XAPAKTEPHYIO
ans 3agaa PT wmonocdepsbl, 3a cIeT TPUCYTCTBUS KBA3UTOPU30HTAb-
HBIX JIy4Yeil B T€OMETPUN 30HIUPOBAHMUSI.
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1.24 Csa3p Mex/y crnpaiiTaMu U BUCTJIEPaAMU I10
maaabiIM AWDANET u WWLLN

Masxun E.M.', Kaszaxos E.A.', Yepnesa H.B.', Cannuxos /.B.',
Ipyorcuns T H.Y, Jlurmenbepeep 5.2

L Hriemumym xocmodusuneckux uccaedosanuti u pacnpocmpaners
paduosoan JJBO PAH, Poccus
2 Vnusepcumem Omeéwa, Benepus

C 1e/blo0 MOATBEPXKIACHUS TPUINHHO-CJIEJICTBEHHON CBSI3U MEXK Ty
BUCTJIEpAMU, 3aPETUCTPUPOBAHHBIMU B OIIPEICICHHON TOYKE HA TOBEPX-
HOCTH 3eMJIM U WHUIIMUPYOMIAMHA UX B MATCHUTO-COIPS?KEHHOM PETH-
OHE MOJIHUEBBIMU Pa3psgaMu ObLT MIPOBEIEH aHAJIN3 JAHHBIX U3 IMYHK-
TOB PEruCTPallU MEXKYHAPOJIHONW CeTH aBTOMATHYECKOIO OOHAPYKe-
uust BucTiiepoB AWDANET u rjioba/ibHOI ceTn perucrpaluu UMITYJIbC-
HBIX TP030BbIX pa3psaaoB WWLLN «Kapemvmmunas u «lanamuas. [o-
CTpOeHa KapTa pacupeieseHns INIOTHOCTH T'PO30BBIX Pa3PsA/IOB C MaK-
cumymamu B 11 permonax. [lomydeno pacupezesenne KOJndecTBa COB-
MaJeHui OT BpEMEHH 3a/IePyKKU MK /Ty BPEMEHEM PETUCTPAIINN BUCTJIe-
POB U T'PO30BOTO Pa3psijia Jjis BCEX PETMOHOB UM BBISBJIEHA, OJHO3HAY-
HOCTB MCKOMOU ITPUIUHHO-CJIEICTBEHHON cBst3u. OOHAPYXKEHO, UTO He
BCE MOJTHUU MArHUTO-CONMPS2KEHHOTO PETMOHAa TPOIYIIIPYIOT BUCTIIEPHI,
a TOJILKO TTapbl Pa3psII0B C BDEMEHHBIM NHTEPBAJIOM CJIEJIOBAHUS MeHee
100 mc u paccrossaueM Mexkay Humu 10 40 kM. Iocaeaytomnuit ana us ¢
HCIIOJIb30BaHNe MapKepa (PacCTOsIHUE W BPEMsl 33JIePXKKU MEXKJLy pas-
pagavu) B gaaabix WWLLN mokasajt, 4To JaHHBIE HAPBI ABJISIOTCSI
MTOJIOYKUTEJIbHBIM PA3PSIIOM 0DJIAKO—3€MJIsl U CIIPANTOM, IPUIEM MMEH-
HO BTOPOH Da3psiJi MHUITUUPYET BUCTJIED.

Pabora BbIO/IHEHA B PAMKAX PEAJIM3AINH [OCYIAPCTBEHHOTO 33,13~

Husa Ne AAAA-A21-121011290003-0.
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1.25 Pe3yabTaThl 3KCIIEPUMEHTA 10 COBMECTHOMY
JUJApHOMY W HIap-06ajIIoHOMY
30HANUPOBaHUIO Tponocdepbl n cTpaTocdephbl

Mapunes B.H.', FOwxoe B.A.2, Baayeun H.B.?, Bouxoscxuti J.A."

L Hnemumym onmuxu ammocgepv. um. B.E. 3yesa CO PAH
2 Ilenmpaavnas asporozuveckas obcepsamopus Poczudpomema

AkryasbHas npobJseMa KJINMaTHYECKUX U3MEHEHWil TpedyeT u3y-
YeHUsI U3MEHEHHs COCTaBa M CBOUCTB aTMocephl, BAUAIONINX Ha ee
pauanuonHbliit 6ajanc. IlosyyeHne 3HaHWN B JIAHHOM HAIPABJIEHUU
BO3MOXKHO Ha OCHOBE IIPOBEJIEHUsI PETYJISIPHBIX H3MEPEHUN KIIMMaTO00-
pa3yomux KOMIIOHEHT U XapPAKTEPUCTUK aTMOC(EPhl U UX MOCIEIYI0-
mero aHaausa. CyIIecTBYIOT KOHTAKTHBIE M JIMCTAHIIMOHHBIE METOIbI
¥ CPEJICTBA 30HINPOBAHUSA aTMOCKEPHI Ha ee Pa3HbIX BLICOTHBIX YPOB-
HsIX, BKJIIOUAs ad9POJIOTMIECKUE, CAMOJIETHBIE, CITy THUKOBBIE, JIUJIaPHbBIE
¥ pakeTHbIe. BMecTe ¢ TeM 11t pa3BUTHUsI UCCJIEI0OBAHMIT TpedyeTcs: pas3-
paboTKa M CO3JaHUsl HOBBIX 3(MMOEKTUBHBIX METOJOB U TEXHUIECKUX
CPEIICTB O OPTaHUBAIIMU W IIPOBEJCHUIO MAHHBIX m3Mepenumii. B ma-
croseit paboTe mpeToyKeHa TEeXHOJOTHS MOHUTOPWHTA a3PO30IbHOM
KOMIIOHEHTBI U TEPMHUIECKOTO PEKUMA CTPATOCGEPHI Ha OCHOBE JTUCTAH-
IIMOHHOTO (JIMFAPHOTO) U KOHTAKTHOTO (a3POJIOrMIEeCKOr0) OITHIECKOTO
30HIMPOBAHUSI.

Bamageit pabOTHI SBIAIOCH CO3JAHNE M3MEPUTETHHOTO KOMILIEKCA
JIUAAPHOTO U a3POJIOTHIECKOTN0 MOHUTOPHWHTA, CTPATOCHhEPHI U €ro Mpu-
MEHEHHE B SKCIEPUMEHTAJIHHDBIX UCCIETOBAHUAX. [IpUBOIAATCS TOTY-
YeHHble Ha JAHHOM KOMILJIEKCE Pe3YJIbTaThl OJHOBPEMEHHBIX JIUCTAH-
[UOHHBIX (JMIAPHBIX) U NPSIMBIX (30HIOBBIX) U3MEPEHUI BEPTUKAJIb-
HOTO pacIpeesIeHns] TEMIIEPATyPhl U a3PO30IbHOI0 HAIIOJHEHNUS TPO-
rocepsl u cTpaTocdepsl, OCyIecTBIeHHbIX B 15-16 mapra 2023 roma B
Tomcke. Ilenbio sxcepuMenTa ObLIa TPOIOIZKEHNE OTPADOTKU TTPOBe-
JIEHUsI COBMECTHBIX JIMJIAPHO-OAJIOHHBIX M3MepeHnil (epBblil 9KcIepu-
MmenT nposegen 27-30 ausaps 2022) u Bajumanusg a’dpo30JbHBIX IIPO-
duseit obpaTHOro paccesHus B BepxHeil Tporocdepe u cTparocdepe
JI7IsT CO3JAHUST BCEIIOTOTHOM CUCTEMBI JINIAPHO-0AITOHHOTO MOHUTOPUH-
ra MPOCTPAHCTBEHHO-BPEMEHHBIX U MUKPOMDU3NIECKIK XapaKTEePUCTUK
a’po30Jid. JIugapHubie n3MepeHust MPOBOIUINCH B UHTEPBAJIE BHICOT OT
7 no 50 kM, 30H710M — OT 0 710 30 KM. IlosTyIeHbI BepTUKAJBLHBIE ITPO-
dbum orHOmEHN paccesHUs HA JIUHAX BOJIH 355 u 532 uMm (mugap) u
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470, 850, 940 um (30m1). IIpogeMoHcTPUPOBAHO XOPOIIIEE COIVIACUE B 110~
JIy9IeHHBIX BEPTUKAJIBHBIX MPOMUIISIX 3HAUEHIUST OTHONIEHUST 0OPATHOTO
paccestaust R(H) suist 6imskux s BostH (528 1 532 HM 1151 9P030J1b-
HOTO 30H[a OOpATHOTO pacCesHusl U JMIapa, COOTBETCTBEHHO). Jljis
BOCCTAHOBJICHUST MUKPO(DUINIECKUX MAPAMETPOB a3pP030Jisi MPU IPO-
BEJIEHUN COBMECTHBIX JIMJIAPHO-OAJJIOHHBIX SKCIIEPUMEHTOB TOKA3aHA
BO3MOKHOCTb DACIIUPEHUsT 2-X BOJHOBBIX (353 m 532 HM) JmIapHBIX
U3MepeHuil JOMOIHUTEIbHBIM HabopoM e BoaH(470, 850, 940 HM) ¢
MTOMOIIHIO OIITUYIECKOTO HAJTIOHHOTO a39PO30JILHOIO 30H/IA.

Tak>ke CUHXPOHHO MTPOBOJMIIUCH JIUJAPHBIE W 30HI0BbIE N3MEPEHUST
BEPTHUKAJILHOTO pacCIpejiesieHusT TeMeparypbl. Jlugapom — mo onru-
YeCKMM CUTHAJIAM PAMAHOBCKOTO M PIJIEEBCKOIO OOPATHOTO PACCEsSTHUST
cBeTa, 30HJIOM — HENOCPEJCTBEHHO KOHTAKTHBIM JIATIUKOM.

ITo pesynbTaTaM 3KCIIEPUMEHTa TIOJIyYeHbI OJIN3KHUE 3HAYEHUs Bep-
TUKAJILHBIX TEMIIEPATYPHBIX IPOMUIIEIi.
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1.26 OpgmorouyeuHas oreHka abcosrorHoro TEC mo
AByXdacTOoTHbIM (pazoBbiM GNSS
HaOJIIOIeHUSIM

HUsanos A.K., Medsedes A.U., Bapsapv JI.C., Ilasros H.A.,
Kypbamos I''A., Iladoxun A.M.

Mocxosckuil 2ocydapcmseeHHbill yHuUBEPCUMEM UMEHU
M.B.Jlomonocosa

B pabore mpejcraBieH OpUTMHAJIBHBIA AJTOPUTM OIEHKH BEpPTH-
KasibHOrO abcositoraoro TEC ucnonb3yoomuii B cBoeil paboTe HCKJIIO-
YUTEHHO JABYyXJacTOTHBIE (bas3oBble HaOoneHns GNSS Ha ouHOTHOM
[IpUEMHUKE U He Tpedyomuii oreHkn qudhepeHnnaabHbIX KOJTOBbIX 3a-
JIEPXKEK amapaTypbl CIyTHUKOB U MPUEMHHUKOB. DTO TO3BOJISICT JIET-
KO WCIOJIb30BATH B PAMKAX AJITOPUTMA JAHHBIE PA3JIMIHBIX HABUTA-
[IMOHHBIX CHCTEM OJHOBPEMEHHO. AJITOPUTM OCHOBaH Ha IIpeiCcTaBJie-
wun nojiss TEC B Buze pasiioxkenus B JIByMepHbIN psif Teitsiopa, mpo-
CTO# OTHOCJIONHON KapTUPYIOIIeil (DyHKIMU U Pa3HOCTHOM ITOIXOJE K
YCTPaHEHUIO HEONPEEJeHHOCTH HAJaJbHON (ha3bl. AJIropuT™ mpore-
CTUPOBAH HA CHHTETUIECKUX JIAHHBIX HAOJIIOJICHUI, Oy IeHHBIX C HC-
[10JIb30BaHUEM peajibHbIX opouT ciyTHuKOB GNSS 1 nonocdepHoii Mmo-
nesm NeQuick2, m mokaszaj cpegHue ONMOKUA PEKOHCTPYKIIUU TIOPSII-
ka 1TECu.
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1.27 Kocmuyeckuii mpoeKT «Monyasanus», HOBBIA
MO/IX0/] K M3y4YE€HUIO MOTOKOB IaJJaKTUYIECKNX
KOCMUYECKUX Jydeii B objacTu
MOAYJISIMUOHHBIX 3Hepruii CoJsrHila

Kaneeaes B.B., Kapmanos /. E., Kosases U.M., Kypearnos A.A.,
Hanos A.J1., Ilodsoaxo M.B., Ilodopoorcnwti J[.M.,
Typyrdaescruii A.H.

HUNAD MI'Y

O6cyxxmenune npoekTa «Moaynsius» Ha POCCHIICKONW KOCMHYECKOM
crannuu POCC, Ieb KocMUYeCKON MUCCUU - U3y YeHHe COJTHEYHON MO-
JyJISnuK rajakTndeckux koemuuecknx sydedt (I'KJI) B resmmocdepe.
[IpencraBiieH HOBBII TOJAXO, B MOJIyUY€HUE JAHHBIX TOYHBIX JIOJTOBPE-
MeHHBIX n3Mepenuit morokos gactuil ['KJI, a Takxke COMTHETHBIX KOCMU-
gecknx Jydeit (CKJI), ¢ sueprusimu ot ~ 30 go 1500 MsB/mykion B
MIUPOKOM 3apsiIoBoM auana3one Z—=1-26. IIpoekT npemosaraer co3a-
nue 6anka gaHabx I'KJI n CKJI 3a Bech IUKJI COMHEYHON aKTUBHOCTH.
Taxkoit 6aHK HEOOXOIUM [1JIsi COBEPIIIEHCTBOBAHNE YUCJIEHHBIX MO el
IIOTOKOB 9HEPTUYIHBIX e IH0CHEPHBIX IACTHUIL.
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1.28 WccaepoBanue (pakTOpPOB BJAUSIOMINX Ha
MOJIPHBII 030H C MOMOIIBIO MO/IEJIN
SOCOL-3: pernieane mpodaeMbl OTIAYUS
MO/IEJIBHBIX Pe3yJIbTATOB OT CIIY THUKOBBIX
JaHHBIX

Mupomnos A.JI', Bybos B.A.%2, Posanos E.B.>"

L Canrm-Iemepbypeckuti ocydapcmeennmiti yrueepcumem
(CII6TY), Canxm-Ilemepbype, Poccus
2 I'nasnaa zeofusuveckan obeepeamopus um. A.B. Boetixosa,
Canxm-Ilemepbype, Poccus
3 Jlaeoccrasn dusuro-memeoponozudeckas obcepsamopus,/Beemupriviti
paduayuonnoii yenmp (PMOD/WRC), Hasoc, IHsetivapus

CpaBHeHre pe3yJIbTATOB YUCJIEHHOIO MOJICIMPOBaHus aTMocdep-
HOr0 O30HA& C IOMOIIbIO XUMHKO-KauMarudeckoir momenn SOCOL-
3 C COOTBETCTBYIOIIUMU H3MEPEHUSIMU CIIyTHHKOBOro mpubtopa I[ASI
(Infrared Atmospheric Sounder Interferometer) mokaseiBaer cyiie-
CTBEHHbBIE PA3/IMIMs B OOIIEM COJIEPXKAHUN 030HA JIJIsI TOJISTPHBIX paiio-
HOB IOYKHOTO TIOJTYIIapus. JTa IPodIeMa SBJISIETCS ODIIEN st XUMUKO-
KJIMMATHIECKOTO MOJIETUPOBAHUST O30HOBOTO CJIOST 3E€MJIH.

st pertieHns 3To# TpoOIEeMbl U OTIEHKN POJIM OCHOBHBIX (bu3ntie-
CKUX U (POTOXUMUYECKUX IMPOIECCOB, BIUAIONMX HA TOJOBOI X0 HO-
JISPDHOTO O30HA B FOXKHOM IIOJIYINIAPUU, OBLI IIPOBEMEH Psij] YUCIEHHBIX
IKCIIEPUMEHTOB, U3MEHSIIOIIUX CJIELyIOIIHe apaMeTphbl MOJIEH: 1) CKo-
pOCTh POTOAUCCOUAIIINT O30HA ITPU DOJIBINMNX 3eHUTHBIX yriiax CostHIa;
2) ckopoctu cTpaTochEPHBIX IeTePOreHHBIX PEAKIUil B YCJIOBUIX IO~
JIPHOIT HOYH; 3) MHTEHCUBHOCTH MEPHUJIMOHAJIBLHOIO [IepeMEeIIuBaHNS Ha
IIOZICE€TOYHBIX MaCIHTa6aX MO/IeJin B O6J'IB,CTI/I TUPKYMIIOJIAPHOI'O BUXPA.

CpaBHeHIE Pe3yJIbTATOB 3TUX SKCIIEPUMEHTOB C COOTBETCTBY FOIUMU
nauaabiMu w3Mmepennit [AS] mokaszaiio, uro Hanbosiee BaXKHBIME XapaKTe-
PUCTHUKAMU JIJTsl YTy IIITEHUST MOJICTUPOBAHUSI O30HA SIBJISIIOTCS CKOPOCTh
dorosmza o3oHa MpU GONBIINX 3EHUTHBIX YIVIAX U UHTEHCUBHOCTH T'O-
PU3B0HTAJLHOTO IEPEMENINBAHNS B IMOJCETOYHBIX Macrirabax. Pazym-
Hasi KOPPEKTMPOBKA 3THX (PaKTOPOB IMO3BOJIMJIA 3HAYUTEIBLHO VIIyd-
[IUTHh MOJIEJIBHOE TIPEJICTABJIEHNE I'OIOBOTO IIUKJIa 030HA HAJL ITOJISTPHO
00J1aCThIO B I0KHOM IOJIYINAPUN.

Pabora Bemonanena B Camkr-IlerepOyprckom rocymapcTrBeHHOM
yHUBepcuTere «Jlaboparopusi UCCIe0BaHUsT O30HOBOTO CJIOSI M BEPX-
HUX cj0eB aTMmocdepbl» mpu noamaepxkke [Ipasurenscrsa Poccuiickoit
Deneparun (rpant Ne 075-15-2021-583).
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1.29 Cucremarusaius NCTOYHUKOB CHEKTPaJIbHbIX
JAHHBIX, COAepKAalluX ITapaMeTphbl

CIIEKTPAJIbHBIX JIMHUU MOJIEKYJIBI JIMOKCHUIA

yriiepoga u ee u3orormosioroB B IC W@DIS

Dasnues A.3., Jlaspenmves H.A., Jlaspenmvesa H.H.,
Ilpuseserues A.U.

OBI'YH Huemumym onmuku ammocgepo, CO PAH

st u3ydenus BJIUSHUST COJIHETHON aKTUBHOCTH Ha JUHAMUKY AT-
MochEepBI BayKHO 3HAHUE ITaPAMETPOB, UCIOJIb3YEMbIX B KAUECTBE BXO/I-
HBIX JIAHHBIX B 3aJ@adax IepeHoca aTMocdepHoil pajauaruu. llepso-
CTEIIeHHOE 3HAYEHWE WMEIOT IEHTPhI, MHTEHCUBHOCTH, MOJIYIMTUPUHBI U
CJIBUTY CIIEKTPAJIBHBIX JIMHUH, HEOOXOMUMBIE [JIsT PACIETOB IMOIJIOIIE-
HUSI COJTHETHOTO m3aydenns B armocdepe. Hanbosiee m3BecTHBIE 6a3BI
9KCIIEPTHBIX CIIEKTPAJBbHBIX JAHHBIX, OTHOCAIIUXCS K MOJIEKYJIsIPHOMN
CIIEKTPOCKOIINY, BO3HUKJIU OK0Ji0 40 jiler ToMy Ha3aj u ObLIM OpHEH-
TUPOBAHBI Ha WCIIOJIH30BAHINE B KAYECTBE BXOJHBIX JAHHBIX B 3aJ@9aX
nepenoca aTMocGEepHO pauarym.

B macrositiiee Bpemst HeoOX0IMMO PaCIIMPEHNEe WHTEHCHOHAJA Oa3bl
narabix Hitran ¢ mespio ee MCIOIB30BaHUS JIJIsl PEIIEHUsT 33129 BJIU-
SIHUsI COJIHEYHON aKTHUBHOCTH Ha JIMHAMUKy armocdepnl 3emiu. Takoe
paciliipeHue CBsI3aHO, B IIEPBYIO O0YepPejib, CO CTPYKTYPOil [apaMeTpoB
CHEKTPAJIBHBIX JIMHUI OTHOCSIIUXCST K PA3JIMIHBIM AITPOKCAMAIUSIM
KOHTYPOB CIIEKTPAJIHLHBIX JIMHUH TPU 3HAIUTETHHOM PA3HOODOPA3UU pea-
JM3YIONXcs B arMocdepe TepmoanaamMudecknx ycsaosuit. B 2006-2010
rr. 6buta coznana Mudopmannonnas cucrema (M1C) W@DIS, koropas
M3HAYAJIbHO KCIIOJIB30BaJIaCh JJIsi CUCTEMATU3AINH UCTOYHUKOB CIIEK-
TPAJIbHBIX JIAHHBIX O COCTOSIHUSX U IEPEXOaxX HU30JUPOBAHHBIX MOJIE-
KyJs Bonbl u cepoBomoposa. B 2007 romy 8 UC W@DIS magasace pa-
60Ta M0 MMIIOPTY HMAPAMETPOB CIEKTPAJBHBIX JUHUI, XapaKTepu3yoo-
mux kKoHTYp Jloperta. B KOIEKIINIO MCTOYHUKOB JAHHBIX BKJIIOYEHDI
XapaKTEePUCTUKU KOHTYPOB JIJIsl BCEX YIIMMPSIONIUX BEIIECTB, BCTpeYa-
FOIUXCST B JIATEPATYPE.

B pabore mgana kparkasi KjiaccuduKaIys KOHTYPOB CIEKTPAIbHBIX
JIMHUN W WX apaMeTpoB, W MPUBEJEHBI PE3YJIbTATHl CUCTEMATH3AINN
CIEKTPAJIHHBIX JAHHBIX, OTHOCSAIIUXCS K PA3HBIM KOHTYPAM CHEKTPaIb-
HBIX JIMHUI MCIIOJIb3yeMbIX IIPU 00PabOTKE CIIEKTPOB MOJIEKYJIBI JTHUOK-
cuja yriepoja. B cobpanHoit HaMu 1iudpoBoii 6ubimoreke crareil, nmve-
FOTCs IaHHBIE OTHOCSIIHECsT K 11 KOHTypaM CIeKTPAJIbHBIX JIMHWA, CBsI-
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zannbix ¢ MoJiekysnoit CO2. Onmcanbl Bce KOHTYPBI, BCTPEUAIOIIAECS
B HaIlell 6ubIMoTeKe, TOCTPOEHA CHCTEMA NMIIOPTA [IAPAMETPOB CIIeK-
TPaJIbHBIX JIAHHBIX IIOJIYYEHHBIX IIPU PEIeHNH IIPSIMON 1 00paTHON 3a-
nagn. OCHOBHBIE CBOMCTBA JaHHBIX, (hopmupyembie B cucreme WQDIS,
CBsI3aHbBI C OMUCAHUEM DE3YJIbTATOB AHAJIN3a KAYeCTBa UMIOPTUPOBAH-
HBIX JIAHHBIX.
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1.30 TI'po3oBasi akTUBHOCTb B APKTHUKE I10
HabroneHunsM B Tukcu

Toponos A.A.
HK®HA CO PAH

[IpoBesen ana s rpo30BoOit AKTUBHOCTHU BOJIM3Y HACETEHHOTO ITyHK-
ta Tukcu 3a 2013-2023 roapl. Biamkune rpo3sl PErucTPUPOBAIUCEH IO
XapaKTEPHBIM BapUAIUsIM aTMOCHEPHOIO JIEKTPUIECKOTO IOJIsI MPU
IOMOIIU 3JIeKTpocTaTudeckoro gurrokemerpa Boltek EFM-100. Dex-
TPOCTATUIECKUI (DIIFOKCMETDP TO3BOJISIET PErUCTPUPOBATEH OTIEIbHBIE
pa3paapl MOJIHIHM B pagumyce 15—20 KM U onpesesaTh JIEKTPUIECKYIO
CTPYKTYpPy I'po30Boro obsaka. s anajm3a HUCIOJIH30BAHbI JAHHBIE C
pa3penieHueM B 0JIHy ceKyH/y. Iloka3zaHo, 4TO KOJIn4ecTBO Ipo3 BOJIM3U
Tukcu yBeuIuBaeTcs ¢ KarXKIbIM ['OJIOM.
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1.31 Bapmuamuu nmapamMeTpoB cpeaHeii arMocdepbl
BO BpeMsi '€eOMarHUTHBIX BO3MYIIEHUI

Muponosa U.A.", Basunesckas I A.2, Ipanxun J.B.",
Muponos A.JI.}, Poszanos E.B.b3

L Canxm-Iemepbypeckuti 20cydapcmeeniolii yHueepcumen
(CII6TY ), Canxm-Ilemepbype, Poccus
2 Qusumeckuti uncmumym um. I1. H. Jlebedesa PAH (PHAH),
Mocxea, Poccus
3 Jlasoccxan dusuro-memeoposoeuneckan obcepeamopus,/Beemuprwit
paduayuonnoii yenmp (PMOD/WRC), Hasoc, IHsetivapus

B nmannoit pabore MpoBeeHO CPaBHEHUE CIEKTPOB BBICHITAIOIIIXCS
SHEPIrUYHBIX JIEKTPOHOB OT K3B 710 PesISITUBHCTCKUX SHEPruil OKOJIO
1 M»sB, no mHabaoaeHnsiM B BBICOKOIITUPOTHOM arMocdepe Ha OaJlJioHax
¥ BBICBHITAHUSIM SHEPTUIHBIX 3JIEKTPOHOB, 3aPErMCTPUPOBAHHBIX CITYT-
mukamu NOAA POES B 2003 1. 3/1ech MBI OIIEHUBAEM CIIEKTPHI U CKO-
pocTu noHU3AIUN aTMOCHEPDI BO BPEMST BBICHITAHUST SHEPIUIHBIX JIEK-
TPOHOB, IO PA3HBIM HADJIIOJEHUSIM, B PA3HBIE MEPUOIBI TEOMATHUTHBIX
BO3MYyIIeHuil. VIcrosib3ysi OMHOMEDPHYIO PaIualliOHHO-KOHBEKTHUBHYIO
MOJIeJIb C MOHHOM XUMUel MOKa3aH OTKJINK Ha BBICHIITAHUS YHEPTUIHBIX
9JIEKTPOHOB B TOJISIPHO# aTmocdepe.

Pabora npoBommiiace B «Jlaboparopuu Mo M3ydeHUIO O30HOBOTO
CJI0ST M BEpXHUX CJIoeB armocdepbl» mnpu nojepxkke Murucrepcrsa
HayKH U BbICIiero obpazoanust Poccuiickoit Penepaliuu mo J10roBopy

Ne 075-15-2021-583.
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2 T'eodmsmyeckme moasda m nx
B3auMo/deiicTBue
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2.1 MeToabl HOBBILIEHUsI YHEPTO3(dHEKTUBHOCTHU
CHCTEM CBSI3U C y4€TOM ANHAMUYIECKUX
XapaKTEePUCTUK B JIeJOBOiI 06CTaHOBKE

Kopouenyes B.H.', Cios Beti?, Cmauenxo JI.I'', Benzapd A.B.!

L Hanvnesocmounoii Pedepanvividi Ynueepcumem, Jenapmamernm
2NEKMPOHUKY, MEACKOMMYHUKGUUL U NPUOOPOCTPOEHUA, 2.
Baadusocmox, PO
2 Xapbuncxuti Hrorcenepnwiti Yrnusepcumem, 2. Xapbun, KHP

[IpemioxkeHbl METOJIBI TIOBBIINEHNS SHEPreTUIeCKOl 3(hHEKTUBHO-
CTU CHCTEM CBSI3W CHHTE3WPOBAHHBIMU AHTEHHAMH, PACIOJIOXKEHHBIMUI
Ha [TEPEMEIIAIOIIIXCS TIAT(GOPMAX IIPHU YCJIOBAN YKCTPEMATBHO HU3KUAX
TeMrieparyp. Dueprerundeckas 3hPEKTUBHOCTL OMEHUBACTCS KOIPhU-
[IMEHTOM HAIPABJIEHHOIO JIEHCTBUSI aHTEHHDBI, KOTOPBIA OIpeIesIsieTcst
IPAHUYHBIMU YCJIOBUSIMU U (DYHKIMENH BO30YKIeHUsI aHTEHHOI perer-
ku. Jns yeenmdenust 3peKTUBHOCTH pabOThI KaXKIOTO U3JLydare)ist
BXOJISIINIETO B COCTAB AHTEHHOW PEIIETKH, B MaTEMaTHIECKON MOJIeIn
YUUTBIBAIOTC yUpyrue napamerpbl Hocuress (mwiardopmsr). [lpu omn-
TUMAaJBLHOM BBIOOPE PACCTOSTHIST MEYKJTY 9JIEMEHTOM AHTEHHOI PEIeTKN
JIOCTUTAETCsI TPpeobpa3oBaHue PEAKTUBHON YACTU SHEPTUN B AKTUBHYIO.

62



2.2 O nHabJumoJaeMoill KBa3UIIEPUOANIHOCTH
reOMarHUTHBIX [IKEPKOB IO JaHHbIM
obcepBaTopun «MockBa»

Patbosa C.A.12, Harumos C.JI*

1 U3 PAH
2 I PAH

C mpuBjiedeHHEM TEOMArHUTHBIX JaHHBIX 3a mepuoj ¢ 2000 mo
2020 rr. obcepBaTopun MoOCKBa, pacIOIOKEHHON B 18 KM OT ropona
Mocksel, B 11. Kpacunast Ilaxpa, BBIIIOJIHEH aHa/u3 BapUallyil IT€PBBIX
MIPOU3BO/IHBIX KOMIIOHEHT I€OMArHUTHOTO 10Jisi. C IIOMOIIBIO CErMEHTH-
POBAHHOI'O PErPECCHOHHOTO AHAJN3a YCTAHOBJIEHO, UTO JIZKEPKU CJIEITY-
10T ¢ KBagumepuooMm 3—4 roma. [Ipemioxken Mexann3M BOSHUKHOBEHUST
OBICTPBIX U3MEHEHUI T€OMAarHUTHOTO TI0JIsT, 00yCJIOBJIEHHBII HECTAOUTb-
HBIMU IIPOIECCAMU B SIIPe 3eMJIH.

WccteroBanusi BBITOJHEHBI B paMKaX TIOCYIapPCTBEHHOTO 3aIaHUSI
VT PAH Ne 1220329000185-5 «IIposiBiienne mpomneccos MpupoIHOrO U
TEXHOTEHHOTO ITPOUCXOXKIeHUs B reodusndeckux mossixy u UO3 PAH.
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2.3 O HeKOTOpHBIX CJIA0BIX JIOKAJIBHBLIX 3¢ddeKTax B
MarHuTHOM II0JIe Ha 06cepBaTOPUSX
«ITaparynka» (Kamuarka, Poccusi) u

«Hayrannam» (Uuans)

T'sosdapes A.1O.', Xomymos C.FO.', Apopa K.?, Yandpawerzap P.2

L Hnemumym xocmodusureckus uccaedosanuti U pacnpocmparenus
paduosoan JJBO PAH, Poccus
2 CHIIM-HHUTH, Hnoua

Ha mporsizkeHun MHOTHX JIET B MAUHUTHBIX JIAHHBIX, [OJIYy9Ia€MBbIX
Ha obcepsaropusix «Ilaparyuka» (PET, UKWP JIBO PAH, Poccust) u
«Yayramnan» (CPL, CSIR-NGRI, Uuaus), nabmomaiorcs HeOOIbIITIe
BapHaIiy, JieyKaliue B Ipejeaax JIOMYCKOB, ONPEIeIEHHBIX CTAHIap-
tamu INTERMAGNET, koropble pu 9TOM JOCTATOYHO OYEBUIHBI U
TpedbyoT obbscuennit. K takum Bapmarusam #Ha PET orHOcaTcs, na-
puMep, Ce30HHbIEe KosiebaHusl rpajnenTa Moiysis F BHyTpu abcosior-
HOr'0 HaBWJILOHA ¢ pazmaxoM 10 0.5 u T u ero MuOrOJIETHUI TPEHT 10
0.1 uTn/ron, usmepsiembie OBepxaysepoBckum MarauTomerpom POS-1,
cyTOUHBIE KOoebanns F', mosyueHnbe ¢ moMombio MmaranrTomerpa dIdD
GDM-19FD c¢ pazmaxom si0 0.8 uTn u apyrue. Ha obcepsaropun CPL
OTMEYAIOTCS CYyTOYHBbIE Bapualuyd pa3HocTelr Mmojyseir Fvar, Borauc-
JIEHHBIX II0 TIOJIHBIM 3HadeHusiM cocTapisoomux H,D,7Z Bapuomerpos,
un Fscal, HenmocpeacTBEHHO M3MEPEHHBIX CKAJSPHBIM MATHATOMETPOM,
dF=Fvar-Fscal. 9tu cyrounsie Bapunanuu dF paszmaxom mo 1 aTn me
KOPPEJIMPYIOT ¢ TEMIIEPATYPOIl MATHUTHBIX JATYUKOB U 3JIEKTPOHUKU.
B kadecTBe IepBONPUYMHBI MOTYT PACCMATPUBATHCSA KOJIEOAHUS TEM-
[epaTypbl BHYTPU M CHAPYKU IABUJIBOHOB, & B KayeCTBE MEXaHU3Ma
BOBJIEHCTBUS — BJIMsIHUE MATHATHON BOCIPUMMYUBOCTU U €€ TeMIlepa-
Typuabix m3menennit. Ha obcepsaropun PET 6buta BbImOHEHA cepust
MATHUTHBIX MUKPOCHEMOK BHYTPH M CHAPYKHU MABUJILOHOB B Pa3J/Ind-
HBIE CE30HBI, UCCIEIOBAHDI PACIIPEJIEJICHIsT MATHUTHOTO TIOJISI M €T0 JIH-
HAMUKH. BbLjIa n3y4eHa MarHuTHasI BOCIPUUMYUBOCTD IIPUIIOBEPXHOCT-
HBIX TIOPO/I B PAiiOHe MaBUJIBOHOB, B T.9. IIPU Pa3/INYHBIX TEMIIEPATYPax
(oT KOMHATHO# 10 TJIyOOKOro 3aMep3aHus), HA MOJEJSX PACCUUTAHBI
oxumaembie 3ddekTsr B marantaom mosie. Ha obcepsaropun CPL B
Ka4deCcTBe IPUIUHBI PACCMATPUBAIOTCST BO3MOXKHbBIE WHTYKITHOHHBIE 3~
¢eKThI, BOSHUKAWOIIKME B IOJACTHIAIONMX Iopojaax. CieslaHbl OlNEHKU
BO3MOXKHOCTH YUETA IOJYIEHHBIX PE3Y/IbTATOB B PEAJIbHON IIPAKTHKE
MAarHUTHBIX 00CEePBATOPHIA.
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Pabora C.}FO.Xomyrosa u A.}O. I'Bo3mapeBa BBINOHEHA B PAMKAX
peasimzaruu rocyaapcrsenaoro 3aganms Ne AAAA-A21-121011290003-
0, pabora K. Apoper 1 ®. Hamapamexxapa nomgaepxana CHIIN-
HUT'U, npoext Ne NGRI/Lib/2023/ Pre-116.
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2.4 AKkycTtudyeckasi 3Muccus npu aedopmMupoBaHUU
obpa3sna rpaHuTa B 3KCIepuMeHTaxX Ha
TPeXTO4YeYHbIN n3rubd

Japuonos U.A.Y, Muwenrxo M.A.', Mapanyaey FO.B.",
Bozomonos JI.M.2, Bacvrun B.A.1

L Hnemumym xocmopusuneckuz uccaedosanuti u pacnpocmpanenu
paduosoan JIBO PAH, Poccus
2 Unemumym mopcekoti 2eonozuu u 2eopusuru JIBO PAH, Poccus

[IpoBesieHo ucciieoBaHre aKyCTUYECKON SMUCCUM IIPU TPEXTOUEU-
HOM M3Trn0e TPAHUTHOI'0 00pa3Ia ¢ IOMOIIBIO ITHE30KEPAMUIECKUX aKCe-
siepomeTpoB. [ledopMarimonaoe BO31eiicTBIE 00ECIeInBaIOCh TOCTPO-
€HHBIM IIPECCOM C CHCTEMON KOHTDOJisi m3rmba. B pesysbrare wmccie-
JIOBAHUsI TIOKA3aHO, 9TO paszpaboTaHHAas CUCTEMAa MO3BOJISIET TOJIYIaTh
KOHTPOJINPYEMBbIii U3rud U MeHepaluo aKyCTUIeCKUX UMILYJIbCOB B Te-
YEeHUU BCEr0 BPEMEHU yBeJIMYeHNs] HarPy3KU Ha MCCJIeyeMblil 0Opaseir.
[Tonydena 3aBHCUMOCTH KOJTMYECTBA AKYCTUIECKUX UMITYJIBCOB OT Be-
JmauHbL n3rubda Bo BpeMeHu. B pesysbrare mpoBeIéHHOM pabOThHI ITOKa-
3aHa BO3MOYKHOCTDH WMCCJIEIOBAHUS AKYCTUICCKOW IMUCCUN PASTUIHBIX
MATEpUAJIOB [P M3MEHEHUN HATPY3KH CHKATHS.

Pabora BbIOTHEHA B PaMKaxX peaH3alii TOCYIapCTBEHHOTO 3318~

g Ne AAAA-A21-121011290003-0.
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2.5 IlepcnekTuBHas amnmaparypa JIJjisd MOHUTOPUHTAa
reo u reanoduU3nNYecKoii 06CTaHOBKH Ha
ciryTHUKax dopMmara Kyocar

Bozomonoe B.B.Y2, Ceepmuanos C.H.%2, Ocedao B.H.',
Beneun B.B.Y, Boaromapes U.A.Y, Hodun A.D.', Kaumos II.A.L,
Hewaes 0.10.', Swun U.B.', Anmowox I'H.', Kyuepenwxo H.A.1>?

L Mockoeckuti 2ocydapcmeenmonti ynueepcumem um. M.B.
Jlomonocosa, Hayuno-uccaedosamenvberkuti uHcmumym AdepHot
pusuru um. J.B. Crobeavyvina
2 Mocxoscruti 2ocydapemeermnmts ynusepcumem um. M.B.
Jlomonocosa, dusuueckutl paryasvmem

B pamkax npoekta Mockosckoro yaupepcurera «Cossesmne-270»
paszpaboTana HayJIHas alnapaTypa s CIIyTHUKOB (opMaTa KybcarT, B
TOM YHCJIe YHUBEPCAJIbHBIE JIETEKTOPBI KocMudecKoii pajuaruu JJeKoP,
HeKoP-2, npubop KOJIN3 — KOMILIEKCHBIH JEeTEKTOP KOCMUYECKUX U3-
Jiydenuit, criekrpoMerpbl — poromerpbl AYPA u AYPA-2, ciekrpomeTp
zapsizkerHbix gactun CYIL.

IIputcopsr IeKoP u /IeKoP-2 npenmasnatdeHbl s UCCIIET0BAHIS
OBICTPBIX BapHUAIMil IIOTOKOB IJIEKTPOHOB, a TaKyKe IaMMa-BCILJIECKOB
paznuuanoit pupojbl. [Ipubop HeKoP - cnimHTHILIAITMOHHBIH CIIEKTPO-
MeTp TaMMa-KBAaHTOB U 3JIEKTPOHOB, €0 HEPreTUYECKUil TUala30H
0.05 — 2.0 MsB, adpdexTupnas miomans 18 em?. On yemenmo byHKm-
OHMpOBaJI Ha ciyTHUKaX (opmara Kybcar «CupmycCar-1,2» «Amyp-
Car», «BAHX-80», «Hopbuy», IEKAPT u ap. IIpubop deKoP-2 sB-
JsieTcs MoaudumpoBanubiM BapuanToMm mpubopa leKoP, umeronum
YBEJITUEHHYIO TyBCTBHTEIBHYIO IIIOIMAIL A~ 60 cM? 1 6osree mumpokmit
suepreruveckuit quanazon 0.03 — 3.0 M»sB. Kak u npubop deKoP, on
couepxkur docsuu jgerekrop Csl(T1)/miacrMaccoBblii COUHTUIIIATOD,
[IPU 3TOM JJIsI CYUTHIBAHUSI CUTHAJIOB C JETEKTOPA MOI'YT IIPUMEHITHCH
KaK BaKyyMHbIE, TaK U KpeMHUeBbIe (POTOyMHOXKUTE M. B mpubope pe-
AJIM30BaHbI IMUPOKUE BO3MOYKHOCTH HACTPOUKHU IMOJAPOOHOCTHU ITPOBOJIU-
MBIX U3MEPEHUI B 3aBUCUMOCTU OT 00bEMa MHMOPMAIUHU, JTOCTYITHOTO
JI7IsT TIepeaatn Ha 3eMJTIO.

IIpucopsr /IeKoP-2 B BapmamTe ¢ BakKyyMHBIMEH (DOTOYMHOKUATE-
JIIMH yCTaHOBJIEHBI Ha ciyTHukax Skoltech-bl u Skoltech-b2 dopma-
ta, kKybcar 3U, BbiBesieHHBIX Ha opbuty 9 asBrycra 2022 r. IIpuGopst
IeKoP-2 B BapuanTe ¢ KpeMHUEBBIMU (DOTOIPEMHUKAMY yCTaAHOBJIEHBI
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na derpipex KA dopmara kybcar 3U paspaborkm kommanuit «Cryr-
HuKC» n «Cupuycy, 3amyck KOTopbix 3amianupoBat B 2023 r. Takxke
paspabaTbiBaloTcs fasibHelne Mmoaudukanun amnmaparypsl JleKoP,
B TOM YHCJIE €€ JIOTIOJTHEHUE CIHEKTPOMETPUYECKUM Y3JIOM Ha OCHOBE
CIMHTIWLIATIMOHHOTO KPHUCTaJLIa OoJibirero oobema. 11omobubril mpubop
mianupyercs K 3amycky B 2023 r. va KA pazpaborku HUJTAKT 0-
CAA®.

[Tpu6op KOJI3 npennasHadeH st OTpabOTKY allapaTyphl, IPe/l-
Ha3HAYEHHON JJIsi OOHADPYKEHUSI PaIAAIIMOHHO-OIIACHBIX IOTOKOB COJI-
HEYHBIX KOCMUYIECKUX JIydeii. B coctaB mpubopa BXOIUT UY€PEHKOBCKUI
JETEKTOP [Jisi OOHAPY2KEHUs PEJIITUBUCTCKUX I[TPOTOHOB, CIOCOOHBIX
MIPOHUKATH B aTMocdepy 3eMiid, a TaKyKe HOJYIPOBOTHUKOBBIE Jie-
TEKTOPBHI JIJIsI U3MEPEHHS J103bl PA/INAIUU U JeTEeKTOp HeATpoHOoB. Ilo-
J00HBIH Tpubop ObL1 3amymieH 9 asrycra 2022 r. B coctaBe KA Moc-
KOBCKOro yHuBepcurera «Mouurop-1». B Hacrosiiiiee Bpemst ¢ mpubopa
KO/IU3 mostyuens! iepBbie HAyIHBIE JAHHBIE, BEIETCs UX 00paboTKa 1
aHasun3.

68



2.6 Amnaimu3 Bapmanuii KOCMUYECKUX JIydeil B
Iepuoabl CUIbHBIX MAarHUTHBIX Oypb
2022-2023 rr. (0 JAHHBIM HEUTPOHHBIX
MOHUTOPOB)

Mandpuxosa O.B., Mandpuxosa B.C.

Huemumym xocmofpusuneckux uccaedosanuti u pacnpocmpaHerus
paduosonn IBO PAH, Poccus

Anomasibabie siByieHus U poriecchl Ha COJTHIE HAXOIST OTPasKeHUe
B PErUCTPUPYEMBIX BapHAINAX HHTEHCHBHOCTH KOCMHYECKUX JIyUeil.
ITosToMy naHHBIE KOCMUYECKUX JIydell SBJIAIOTCH BasKHBIM (DAKTOPOM
KOCMUYECKO# 1orosibl. B paborax yueHbIX pa3HBIX HAYIHBIX IPYIIT OT-
MeUeHbl aHOMAJIbHbIe U3MEHEHUS B IIOTOKE KOCMUYECKUX JIydeil, Ipeji-
MIECTBYIOINE HAYATY MATHUTHBIX OyDb.

B pabore npescraBiensl pe3yIbTaThl aHAJIIN3a BapHAIUl KOCMUIe-
CKUX JIydeil B MMEPUOBI CHJIBHBIX MATHUTHBIX Oypb 2022-2023 rr. Ana-
JIN3 BBIMOJIHAJICA HA OCHOBE DPa3pabOTAHHOIO aBTOPAME TUOPUIHOIO
10/IX0/1a, BKJIIOYAIONIEr0 IPUMEHEHNE HEJIMHEHHBIX allIPOKCUMUPYIO-
X BEHUBJIET-CXEM U METOJa aHAJIM3a CHHIYJISPHOro crekrpa. [lokaza-
Ha 3bdEKTUBHOCTD MOAXO0/IA [IJIsi JeTEKTUPOBAHNS AHOMAJIMI Pa3HON
WHTEHCUBHOCTH B BapHAIUAX KOCMUYECKUX Jiydeil. BolieseHnbl cocTas-
JISITOIIME BApUAIUN KOCMUYECKUX JIydeil, MMEIOIIHe CHIIbHYIO0 KOPPeJIsi-
nuio ¢ Dst unyiekcom. PesynbraT nofareepKraeT Ba)KHOCTD yUeTa JIUHA-
MUKW KOCMUYECKUX JIydeil B METOIUKAX IMPOrHO3a CUIbHBIX MATHUTHBIX
Oypb.

Pabora BbImosinena B pamkax [ocymapcTBEHHOTO 3aJaHUS IO TEMeE
(2021—2023 rr.) «Pusnueckue Mponecchl B CUCTEME GINZKHET0 KOCMOCa,
¥ Teocpep MpU COJTHEYHBIX U JINTOCQEPHBIX BO3IENCTBUSIX», PETUCTPA~

nuonubiii Homep AAAA-A21-121011290003-0.
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2.7 Amnaiu3 nmoHocdepHbIX ITIapaMeTPOB Ha OCHOBE
MOPOTroBoii BeliBiaeT-uibrpanum (Mo JaHHbIM
foF2 craumuit «Ilaparynka» (Poccust) u
«Bakkanaii» (fmonmus))

Mandpuxosa O.B., Ilonosos FO.A.

Huemumym xocmofpusuneckur uccaedosanuti u pacnpocmpaHerus
paduosonn IBO PAH, Poccus

B pabore npoBesieH aHANN3 KPUTUIECKON 9aCTOTHI MOHOCHEPHOTO
ciost F2 B mepuojpr marautabix 6ypb 2018-2022 rr. CrpyKTypa HOHO-
cdepbl TMHAMIYECKT U3MEHAETCs, BKII0YAeT JIOKAJIbHbIE HEOTHOPOIHO-
CTU Pa3jIM9YHOrO pa3mepa. V3MeHeHUsT B pery/isipHOM Xojie HOHOChEep-
HBIX IAPAMETPOB BJIASIOT HA PA3JIMYHBIE ACIIEKTHI XKU3HU, (OYHKIINOHI-
pOBaHMEe KOCMHYECKUX AIMAPATOB U CTAOMIHHYIO PAbOTy pPaIHOCBA3M.
Ananmuz foF2 BbImOHSIICS ¢ UCIIONIB30BAHUEM DPa3pabOTAHHOIO aBTO-
paMu MeToa aJIallTUBHON TOPOroBoil BeitBieT-dunbTparun. Pesyabra-
ThI TIOKA3aJIM HAJINYNE AHOMAJIMI PA3HON MHTEHCUBHOCTH U IIPOJIOJIXK -
TebHOCTH B Bapuanusx foF2 B mepuogsr MmarauTHbx 6ypb. Comocras-
JIeHWEe pe3yJIbTATOB PA3HBIX CTAHINI MOKA3aJI0 CYIIECTBEHHYIO 3aBU-
CHUMOCTD JTMHAMUKH HOHOCHEPHI OT JIOKAJIBHBIX (haKTOPOB. 3aMedeHbl
3 deKTH AHOMAJJIHHOTO IOBBIIIIEHNS U AHOMAJIBHOT'O TOHM2KEHUS HAKa-
HyHEe MarHUTHBIX Oypb pa3HON WHTEHCUBHOCTH.

Pabora BbeimosiHeHa B paMkax ['ocymapcTBEHHOIO 3aJlaHusI 10 TeMe
(2021-2023 rr.) «Du3HvecKue IPOIECCHl B cucTeMe GIMKHEIO KOCMO-
ca u reocdep IPU COJHEYHBIX U JUTOCHEPHBIX BO3IEHCTBUAXY», PEru-
crpanuonnbrit Homep AAAA-A21-121011290003-0. B pabore ncromab3o-
BaJioch obopymoBanue IleHTpa KOJLUIEKTUBHOTO mosib30Banus «Cesepo-
BOCTOYHBIN resmmoreodusndecknii nearp» CKP 558279, YHY 351757.
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2.8 HertunuyHble KBa3uUIIE€PUOANYIECKIE
OHY wuzsnyvenusi, CBa3aHHbIE C
KPYITHOMACIITAOHBIMUA aTMOC(HEPHBIMU
mporeccaMu

Casuna O.H.', Becnanos II.A.2, 2Kapasuna II./I."

L @edepanrvrioe 2ocydapemeentioe asmonommoe 06pasosamenvHoe
yupesrcderue vcwezo obpasosarus Hauuornarvorold
UCCAEAOBAMENDCKUT, YHUBEPCUMEM, «Bolcwas wroaa sKoHOMUKY»
2 Qedepanvroe 2ocydapcmeentioe Grodvcemmoe HayuHoe yupescoere
«Dedeparvrviii uccaedosamesveruti UeHmp UHCTRUMYM NPUKAGOHOT
Pusuru Pocculickoli axademuu Hayk»

B pabore paccmaTpuBaioTCs HOBBIE CBEIEHHS O KBA3UIIEPOIUU-
qeckux OHY wmsnydgenusix B maasmocdepe, comeprkaluecss B JIaH-
HBIX HAOJIIOEHUN, BBIITOJHEHHBIX HA KOCMUYECKHX Aallaparax van
Allen Probes. OrMmeuauch KBA3UIIEPUOINIECKUE [TOCIIE0BATEILHOCTI
BCILIECKOB 3JIEKTPOMATrHUTHBIX M3JIyYEHUN HA 9acTOTaX HUXKE U [TOPSsiJI-
ka 2 k['1 ¢ meprogoM TiryOOKON MOYJISIIIMN WHTEHCUBHOCTH IOPSIIIKA
90-240 c. Mopdosorndeckun OT/e/IbHbIE BCIUIECKW H3JIy9eHUN 0100~
bl dparmenty uzaydenuit QP 2. PaccmarpuBaemblie mocsenoBaTesib-
HOCTHU BCILJIECKOB MOTYT HMETh DPa3HYIO BPEMEHHYIO CTPYKTypy. Bo-
[EPBBIX, OHU MOT'YT OBITH YETKO IIEPHOMIECKUME. BO-BTOPBIX, B HUX
MOT'YT [EPUOINIECKU YePeIOBAThCs BCILJIECKH PA3HON MHTEHCHBHOCTH.
B-1tperbux, mocenoBaTeIbHOCTh BCIJIECKOB MOYKET OBITH CJIyJaifHO.
Bozby:kmenne paccMaTpuBaeMbIX IIIyMOBBIX IO CBOEH IPUPOIE M3JILYyIe-
HUl, BEPOATHO, IIPOUCXOAUT IIPU PA3BUTUU IIMKJIOTPOHHOI HEyCTOUYN-
BocTU. MHOrme CBOMCTBA U3JIydeHU! OObICHAET TEOPHs IIJIA3MEHHOI'O
MarauTocepHOro Ma3epa, JIOIYCKAIIas CyIeCTBOBAHUsI aBTOKOJIe0a-
TEJILHOT'O IIPOIECCa TeHEPAINH 3JIy Y€HUi, 00YCTIOBIEHHOIO MOTYJISIIIH-
et anm3oTponuu (BYHKIUA DPACHPEIC/TICHUS SHEPIUIHBIX IJIEKTPOHOB.
Teopuss 00bsICHSIET HOBBIE PE3YJIHTATHI HAOIIOMEHUNT KBA3UIIEPUOIATIE-
CKUX M3JIydeHuil ¢ 6ojee CI0KHON BPEMEHHOI CTPYKTYPOI mpu HaJIM-
YUY IEPUOJUIECKOTO BHEIITHEIO BO3IENHCTBYS HA JIMHAMUKY I1JIa3MEHHO-
ro MarauTocepHOro Mazepa. B pacCMOTPEHHBIX CaydasX ObLIO MpPO-
BEPEHO 10 IAHHBIM MATrHETOMETPA KOCMUYIECKOTO AIapaTa OTCYTCTBUE
MIPU3HAKOB T€OMATrHUTHBIX IIYJIHCAIIAN C TIEPUOIAME, CPDABHUMBIMU C TIe-
PUOJIaMU TIOBTOPEHHUsI CIEKTPaIbHBIX (popM Ha crnekrporpammax OHY
uzsydennii. MojebHbIE pacuerhl OKA3aJM, YTO KPyIHOMAaCIITabHbIE
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aTMocdepHbIe BO3MYIIEHUs B OCHOBAHUN TPYOKN MATHUTHOTO IO MO-
ryT obecrednTh (POPMUPOBAHNE PACCMOTPEHHBIX KBA3UIIEPUOIMIECKIX
OHY wuznyuenuii.

Pa6ora Buimosaena npu nmogaepkke PH®, mpoekt Ne 22-22-00397.
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2.9 ABpopaJsibHble BO3MYIIIEHUsI BO BpeMs JIBYyX
MarHuTHbIX Oypb 2023

Jlocnupax M.B.Y, Kaetimenosa H.I'2, Jhobwuy A AL

L oasprot Teogusuveckuts Hnemumym, Anamuma, Poccus
2 Hnemumym Quauru 3emau um. O.F0. IImudma PAH, Mocxkea,
Poccus

B mamHoit paboTe MBI PACCMOTPEJIH JBA UHTEPECHBIX BO3MYIIEHHBIX
[epuo/ia, KOra HabJIroIa/iCh CUJIbHbIE MArHUTHBIE OyPHU, B KOHIIE Map-
Ta u anpesist 2023 r. O6a coObITHST OBLIN CBSI3aHBI C KODOHAJIBHBIMA BbI-
6pocamu maccel (KBM), Bo Bpemsi Kazk70ro cobbiTus ObLT 3aPeruCTpr-
POBaH JJIUTEIbHDLIN IEPUOJ OTPHUIATEHHON Bz-KOMIIOHEHTHI MeKILIa-
HeTHOro MarauTHOro noss (MMII), nabmonasmeiica B obxactu Sheath
mwm MC (MarHuTHOM 006JIaKe) COOTBETCTBEHHO. B pesysbraTe paspu-
JIICh JIBE CUJIbHBIE MaruuTHble Oypu: 23-24 mapra (Dst ~ -170 ... -160
uTn) u 23-24 anpess 2023, Korma OblIa 3aperucTPUPOBAHa CyIepOypst
— 6yps gerseproro yposus (Kp=8). B namem uccienoBannu cpasHu-
BaJIOCh pa3BUTHE CyOOYPh BO BpeMsi pa3HbIX Oypb. CUsiHUsS aHAIU3UPO-
BaJINCh 110 JIAHHBIM KaMep Bcero Heba B JloBozepe u BepxueTymoMckoMm,
MarHuTHBIE BO3MYIIEHUS — 10 JAHHBIM CKAH/IMHABCKOW CETH MATHU-
tomerpoB IMAGE. Tlapamerpbl COJIHEYHOrO BeTpa U MEXKILJIAHETHOIO
MarHUTHOI'O 1OJIsA B3gThl U3 6a3bl manabix OMNI. O6cyxkaatorcs oco-
OEHHOCTU MOBEIEHUS CHUSIHUN U MATHUTHBIX BO3MYIIEHUN, HAOJIIOIAB-
IUMUCS HA (POHE PA3BUTHUSA ITUX CUJIBHBIX MATHUTHBIX OyPb.
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2.10 XaoTuveckue pe>kuMbl B 3PeIUTAPHBIX
JABYXMOJOBBIX MOJIEJISIX JIMHAMO

Kasaxos E.A.

Hnemumym K0cmoPusureckus ucciedosanut u pacnpocmpaHerus
paduosoan JIBO PAH, Poccus

Jokmas mOCBSAIIEH OOCYXKIEHUIO PEe3YJIbTATOB BBIYUCINTEIHHBIX
SKCIEPUMEHTOB C IPEJIMTAPHON JTUHAMUYECKON CUCTEMOI SBJISIONIEN-
csI MOJIETBIO JIBYMOJIOBOT'O THUJPOMATHUTHOIO JMHAMO. IMCJIEHHO HC-
CJIeJOBAaHbl JUHAMHUYECKNE PEKMMbI, BO3HHUKAIOIIUE IIPU BapbUpOBa-
HUM ynpapisiomux napamerpoB. C momompio pacdera JIsmyHOBCKEIX
roKa3aTeJiell BbI/IeJIEHbI 00IACTA COOTBETCTBYIONINE PETYISPHON U Xa-
OTHUYEeCKON TuHAMUKe. PaccMarpuBasiuch ciydan KOTJia dpenuTapHas
obpaTHasl CBsI3b C CHUCTEME BO3HUKAJIA, MI'HOBEHHO WJIM C 33JI€PYKKOM.
PesynbraTsl MomemMpoBaHus TOKa3aId, 9YTO UCCIIeLyeMas MOJEeIb BOC-
IIPOU3BOJIUT P IMTHAMUYECKAX PE2KUMOB XapaKTEPHBIX JJ1d peajlbHbIX
KOCMHYECKHUX JUHAMO CHCTEM.

PaboTa BbINO/IHEHA B PAMKaX PEAJIU3AINN FOCY/IaPCTBEHHOTO 3313~

ausg Ne AAAA-A21-121011290003-0.
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2.11 VYcuaoBus reHepaliy XaoTUIeCKOro peXXnuMa B
MaJIOMOJIOBOI Mozean of)-aTuHaAMO C
3peaUTAPHBIM IOJIaBJIeHNEeM a-3ddeKTa
dHepruen mnoJisd

Hlepememuvesa O.B.

Hnemumym K0cmoPusurieckus ucciedosanuli u pacnpocmpaHerus
paduosoan JJBO PAH, Poccus

g onucaHus AUHAMO-CACTEM 36MHOTO THIIA, BAXKHBIMU CBOUCTBa~
MU KOTOPBIX SIBJISIOTCS CHJIbHOEe auddepeHnaabHoe BpalieHne 00b-
eKTa U TYpPOYJIEHTHOCTH B XapaKTepe JBUKEHUs ITPOBOIAIIEH CpeJibl,
KJIACCUYIECKHU UCIOoJIb3yeTcs Mexanm3M af). Takme oObEKTHI TaKXKe Xa-
PaKTEpPU3YIOTCS HAJIMYNEM XAOTUIEeCKUX WHBepcuil 6e3 CyIecTBeHHO
IIePECTPONKYU IPOBOJAIIECH Cpeabl.

Joctuab noHnManust (GU3NIECKUX MPUIUH SBJIEHUST CMEHBI TOJISIP-
HOCTHU TIOMOTAIOT IPOCThIE JUHAMUYECKUAE CHCTEMbI MaJjoil pPa3MepHO-
CTH, BKJIIOYAIOIINE OIPAHUYEHHBIN HAOOp IapaMeTpPOB, KOTOPbIE HECYT
B cebe nHGOPMAIHIO 0 TI0JIe CKOPOCTH, MATHUTHOM IT0JI€ ¥ B3AMMOCBSI-
351X MEXKJIy HUMHU.

B pamrax mozmenu af2-IuHAMO reHepalidsi MarHUTHOTO TIOJIsl U ITOJIsT
CKOPOCTH OTIPEJIesIAeTCs paboToit 3~ U -TeHepaTopoB, HHTEHCUBHOCTD
KOTOPBIX perynupyercs cuiioii Jlopenma. I3amMenenne mHTEHCUBHOCTH (-
3 dekTa 1Mo Bo3aeiicTBreM CuIbl JIopeHIia BKIOYEHO B MOJIE/Ib BUIE
[IPOLIECCA, € IPEIUTAPHBIMYU CBOHCTBAMU (KOHEYHOMN <«IIAMSTHIOY ), 3aBU-
CSIIEro OT YHEPIUU MATHUTHOTO IOJIsA. XapaKTep BO3IEHCTBHUsI ITPOTIEC-
ca OIpeJelIsieTCsl SKCIIOHEHITUAJIBHBIM SIIPOM C BAPbUPYEMBIMU YaCTO-
TOM 3aTyXaHusd W KOIPPUITHEHTOM 3aTyXaHUSI.

VipaBasdonuMy mapaMeTpaMu siBISIOTCA 9uCJI0 PeifHO b Ica U aM-
wmTyga -3¢ dekra, B KOTOPLIX 3aJi02KeHa MH(POpPMAIs O BO3eii-
CTBUU KPYITHOMACIITaAOHOTO 1 TypOYJIEHTHOTO TeHepaTopoB. B pamkax
JIAaHHON PabOTHI MPOBEJIEHO MCCJIEIOBAHUE PEIIEHHUsT MATHUTOTH PO~
HAMUYECKOIl CHCTEMBI Ha YCTONYMBOCTBH 1O JISIyHOBY B OKpPECTHOCTHU
TOYKY [TOKOsI B 3aBUCHMOCTH OT 3HAYEHUIN YIIPABJIAIONIIX apAMETPOB
7 [apaMeTpoB sSpa, & TAKKe OIpeiesieHbl obracTu Ha (Hha30Boil miroc-
KOCTH YIIPABJISIIOINIIX [1APAMETPOB, IJle BO3MOXKHO BOCIIPOU3BE/IEHUE Xa-
OTUYECKOIO PEXKUMa TeHEePAIHH MATHUTHOTO TOJIS.

Pabora Boimosinena B pamkax [0CyJJapCTBEHHOIO 3aJIaHUsI IO TEMe
(20212023 rr.) «PusnuecKue IPOLECCHl B CHCTEME GIIMZKHET0 KOCMOCa
u reocdep MPHU COTHETHBIX U JUTOCHEPHBIX BO3IEHCTBUIX», PETUCTPA~

nuonnbiii Homep AAAA-A21-121011290003-0.
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2.12 Koppesiusa HHTErpajibHbIX XapaKTEePUCTUK
9KBUBAJIEHTHBIX MAarHUTHBIX AUIIOJEl B
ssuBape—deBpase 2023 o obcepBaTOPCKUM
JaHHBIM

Cemaros H.H.'>2, M'vumeesa O.C.2, Kosanres A.A.1

Y WHIT CO PAH
2 HI'Y

Ucnonp30Banne yrioBbIX U CUJIOBBIX IIAPAMETPOB BEKTOPA MarHUT-
HOI MHJIYKIIMHA JIJ1 COOCTABJICHUS C XapaKTEPUCTUKAMU CECMUIECKON
AKTUBHOCTU 3aTPYJIHEHO JIBYMsS CYIIECTBEHHBIMU OOCTOSTEIbCTBAMHU.
IlepBoe 3akiodaeTcs B TOM, YTO 3HAYEHHE KaKJIOTO U3 CEMH JIEMEH-
TOB 3¢MHOI'O MarHeTU3Ma 3aBUCUT HE TOJIBKO OT PACCTOSHUS JI0 SKBUBa-
JIEHTHOTO PaajIbHOTO MAarHUTHOI'O JIAIIOJIS, HO U OT €r0 MarHUTHOTO
MOMEHTA, & TaKKe OT OPUEHTAIIUN 3TOI'O JIUIO0JS OTHOCUTEJILHO TOYKHI
HabIoIeHs. A BTOpOe 00CTOSITEIHCTBO CBSI3aHO C TEM, 9TO KaXK bl 13
3JIEMEHTOB 3€MHOI'0 MarHeTHU3Ma I10J/IBePZKEH PeryIsipHbIM BapUalludaM,
Cpe KOTOPBIX HanboJjiee 3HAUMMBIMU SIBJISIFOTCSI CyTOYHBIE U BEKOBBIE.
IIpu aTOM aMIIUTYBI CYyTOYHBIX BAPUAINI 3aBUCAT HE TOIBKO OT YKa-
3aHHBIX BBIIIe IIPUYNH, HO U OT CE30HOB I'0Jla, a aMIIUTYJA BEKOBBLIX
BapHUanuii — OT CTEIeHN U3MEHYUBOCTU IVIyOUHHBIX MCTOYHUKOB Mar-
HUTHOI'O TIOJIsT 3EeMJIA.

WNuTerpaibHbIMA MArHUTHBIMUA XapPaKTEPUCTUKAMU, B 3HATUTE)Ib-
HOI MEHBIIel CTEIeHN 3aBUCSIINMHI OT YKA3AHHBIX 0OCTOSTEIbCTB, sB-
JISIOTCS KOOPJIMHATHI OJIIOCOB 9KBUBAJIEHTHOI'O Pa/IMAJIbHOIO MArHHUT-
HOTO JuIoJiel, a TakKXKe JIOKaJbHad MarHUTHad IIOCTOSHHAdA, IIPAMO-
[IPOIIOPIMOHAIbHASA MAarHUTHOMY MOMEHTY 3KBHUBAJIECHTHOI'O JIUIIOJA U
00paTHO-IIPOIIOPIMOHAIbHAS KyOy paccrosinusi g0 Hero. «llocrosta-
CTBO» 3TOH XapaKTEPUCTUKHU U3MEPEHHOI'O MATrHUTHOTO IIOJA IIPOAB-
JIETCd B ee HE3aBUCHUMOCTH OT OPUEHTAINM SKBUBAJIEHTHOI'O JIUIOJIS.
Croub3siiee 24-9acoBO€ OCpPeIHEHUE ITUX HHTErPAJIHHBIX TAPAMETPOB,
ClleJIaHHOE Ha OCHOBE 00CEPBATOPCKUX JAHHBIX, ITO3BOJISET BBIJIEJIATH
T€ OCOOCHHOCTHU B IOBEJICHUU MATHUTHOTO TIOJIsI, KOTOPbIE CBA3AHBI KAK
C HEpEeTyJISIPHBIM BO3/lefICTBIEM COJIHEYHOI'O BETPa, TaK U C I'€OJUHAMU-
YeCKUMU IIporieccaMu. J[Jist BEIABICHUS W PA3/IeIEHIsT STUX TPUITHHBIX
CBsA3eH HeoOXOANMa, COOTBETCTBYIONIAsI CTATUCTUIECKAsT 00paboTKa ap-
XUBHBIX 3aICeil MArHUTHBIX 00CEPBATOPHIA.
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2.13 Paspaborka agalTUBHBIX METOA0B CHUHTE3a
rUAPOaKYCTUIECKAX aHTEHH, IPUMEHAEeMbIX
IJisi paboT B Jie1I0BOI 0OCTaHOBKE

Kopouenyes B.H.', Ilzanvuzions Yoicy?, Puorcur B.B.,
Inax FO.B.!

L Tanvrnesocmounoiii Pedepanvrodi Yrnusepcumem, Jenapmamernm
ANEKMPOHUKY, MEACKOMMYHUKAUUL U NPUOOPOCTPOEHUS, 2.
Baadusocmox, PO
2 Xapbuncxuti Hnorcenepnoiii Ynusepcumem, 2. Xap6un, KHP

Jist hopMupoBaHUs 3a/IaHHBIX JUATPAMM HAIIPABJIEHHOCTH AHTEH-
HBIX PEIIeTOK, PACIOJIOXKEHHBIX Ha II€PEeJIBUTAIONINXCS JIEJOBBIX I1IaT-
dopmax mpesioxKeH HOBBIH MeTon cuaTe3a. CyTh METO/Ia 3aK/II09YAeT-
cd B aJallTallid MaTeMaTUIeCKUX aJIrOPUTMOB, JAIONINX BO3MOXKHOCTD
pacdeTra ONTUMAJIBHON JMarpaMMbl HAITPABJIEHHOCTH, KOTOPas yYUThI-
BaeT U3MEHEHNE I'PAHUYHBIX YCJOBUI BO BpeMeHu u nmpoctpancTse. [log
ONTUMAJIBHBIMH JMarpaMMaMU TOHUMaeM TaKoe PaclpejieieHue 0JIs,
KOIJla IIPU 3a/IaHHOI IMPHUHE OCHOBHOI'O JIelleCTKA MUHUMU3UPYETCH
YPOBEHB JJ00ABOYHBIX JIEIECTKOB AuarpaMMbl. MaremarnieckuM amma-
paToM CHHTE3a sABJISIOTCS MHTerpajibHble ypasHenus Openrossma nep-
BOT'O PoJia. 1/Ipo MHTETrPAILHOTO YPABHEHUS TPEJICTABICHO CYMMON Ha-
npasJyieHHbIX GyHKImi ['puna.
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2.14 OreHka reonHAYIIMPOBAHHBIX TOKOB B
sHeprocucreme Pecitybsiuku AJitaii mo
JaHHBLIM MarHuTHOI craHiunu «bajirazan»

TI'sozdapes A.FO.', Kasanuesa O.B.2, Yuatixun E.O.?

L Huemumym Kocmodususeckus uccaedosanuti U pacnpocmparerus
paduosoan JIBO PAH, Poccus
2 Qedepanvroe 2ocydapemeeniioe 6rodvcemmroe 06pa3o6amesvHoe
yupesicdernue evicuwezo obpasosanus «lopro-Aamatickud
2ocydapcmeennvlll ynusepcumems

[Ipoanamu3npoBaHbl CKOPOCTH U3MEHEHNsI TOPU30HTAIBHBIX KOMIIO-
HEHT T€OMArHUTHOIO MOJIs HA MArHUTHON crannun «Baiirazans 3a Bpe-
Mgt perucrpanun (2010-2023 rr). Boisasienst cobbiTrs ¢ Hanboee BbICO-
KHAMUJ CKOPOCTSIMU U3MeHeHus! 1oJid. JIJist psjia Takux CiIy4aeB CAeIaHbl
OIIEHKHU PA3HOCTH MOTEHITNAJIOB MEXKJIY 3a36MJICHUSMU SHEPTOCUCTEMbI
Pecriybiiuku Asrrait 1 BO3MOXKHBIX T€OHH IYIIUPOBAHHBIX TOKOB B HEil.

Pa6ora mongepxkana rpanrom PH® 23-27-10055 u MunncrepcTBoMm
HayKu u obpazoBanus Pecrybiauku Ajrraii.
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2.15 Bosoyxaenue xopoBbix OHY uznydenwnii B
JHEBHOII marHutocdepe

Becnanos I1.A.

Dedepasvroe zocydapcmeertoe 0100HCEMHOE HAYUWHOE YUPEHCIEHUE
«Dedeparvroili uccaedosamesvekuli UeHmp UHCMUMYM NPUKAGIHOT
Pusuru Pocculickoli axademuu nayks

PaccMoTpenbl 0COOEHHOCTH peain3aliii [y YKOBOI'O MEXAHI3Ma, YCHU-
senusi uMiysbcos (Beam-Pulse-Amplifier BPA) cBucTOBBIX BOJIH B Mar-
HUTOCGEPHBIX BOJTHOBOIAX PA3PEKEHNUsI ¢ PeDPAKIIMOHHBIM OTPAYKEHI-
eM. BeITgHYyTBIE BIIOSIE MATHUTHOTO IOJIsI BOJTHOBOMBI C IMIUPUHOM ITO-
paaka 100-300 kM 9acTO IMEIOT MeCTO IOCIe MAarHUTHBIX BO3MYIIIEHUH
B yTpeHHe# u JHeBHOI MaruuTocdepe 3a IIa3MOoIay30it, rje Mpu TeX
JKe YCJIOBUSIX TIPOUCXOIUT BO30YKIEHNE XOPOBbIX n3/rydenwuii. [Ipoana-
JIN3UPOBAHBI JUCIIEPCUOHHBIE XaPAKTEPUCTUKU CBUCTOBBIX U3JIyYeHU B
ILUTAHAPHOM BOJIHOBOJIE B ycjoBusiX BoimosiHenuss WKB npubmmkenust
u pedPaKIMOHHOIO OTPAXKEHUS OT «CTEHOK». J[Jjisi BOJTHOBOZOB paspe-
JKEHUS I0KA3aHO, 9TO y MEPBBIX JECATH MOJ, Ha YaCTOTaX BBIIIE II0JIO-
BUHBI 3JIEKTPOHHOI TUPOYACTOTHI (B BEPXHEH YaCTOTHOMH I0JI0Ce) MO-
ryT OBITH BBIIOJIHEHBI YCIOBUS BO30YKIEHUS JIMCKPETHBIX CIIEKTPAJIb-
HBIX 9JIEMEHTOB C YIJIAMY BOJTHOBOI HOPMAJIM K MATHUTHOMY TIOJIEO Me-
uee 20 rpaaycos. [Ipemioxkennas Momesib 00bICHAET BO3MOXKHOCTD BO3-
Oy2K/1eHnsI XOPOBBIX U3/IyUeHUN CO CIEKTPAJILHBIMU (POPMAMU IPEUMY-
IIeCTBEHHO B BerHeﬂ YaCcTOTHON IOJIOCE U OT/IeJIbHBbIMHU dJIEMEHTaMU B
HU2KHEH 9aCTOTHOM I0JIoce B JHEBHOM MarauTocdepe, Korjua dyHKIHs
pacIpejie/ieHUsi SHEPTUIHBIX JJIEKTPOHOB HE MMEET MPU3HAKOB BBICO-
KOt crerrenn ann3orponuu. Padora Boimosaena npu nomgepxkke PHO,

mpoekT Ne 20-12-00268.
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2.16 Tenepauusa armMocdepHbIX I'PAaBUTAIIMOHHBIX
BOJIH TIepeji 3emJieTpsicenueM B ArmoHun
16 mapra 2022 M=7.3

Cmupnos C.2.1, XKuowcun M.H.?3

L Hruemumym xocmodusuneckur uccaredosamuii U pacnpocmpaners
paduosoan JIBO PAH, Poccus
2 Inemumym Kocmuneckux Hccaedosaruti PAH
3 Colorado School of Mines

I'paBuTalOHHBIE BOJIHBI B aTMOC(EPE TeHEPUPYIOTCsT PA3JIMIHBIMEI
ncrounukamu. OTHIM U3 UCTOYHUKOB TAKON T€HEPAINY SIBJISFOTCS [TPO-
meccel B Jintocdepe HaKaHyHe W BO BpeMs 3emierpsicenuit. Ha obcep-
BaTopuu [laparynka na KamMmaarke obHapyKUTH TeHepaImo arMocdep-
HBIX 'PABUTAIIMOHHBIX BOJIH MOXKHO I10 YCUJIEHHUIO CIIEKTPOB MOIITHOCTH B
BapHUaIlUAX aTMOC(HEPHOI0 KBA3UCTATHIECKOTO JIEKTPUIECKOTO OJIS B
[IPU3EMHOM CJIO€ BO3/yXa B yCJIOBUsIX XOpoilreil moroasl. 15 mapra 2022
3a CyTKU Mepe]] 3eMJIeTPsICEHuEM B SIIIOHNYT TTPOU30IILIO YCUICHHE CIIEK-
TPOB MOIIHOCTH aTMOCHEPHOTO JIEKTPUIECKOTO OIS 10 CPABHEHUIO C
npepirymuMy JasgMu. OTHOBPEMEHHO € STUM B 00JIAYHOM ITOKPOBE Ha-
OJTI0/TATNCh XapaKTepHble JIMHeHIaTble CTPYKTYpbl Hal Anonueit, Ky-
pwiamu u KaMJyaTKOil ¢ TOMOIIBIO CIlyTHUKOBBIX CHUMKOB. Takue jiu-
HeluaTble CTPYKTYPhl 00Pa30BaJIMCh OT IIPOXOXKJIEHUsI aTMOCKHEPHBIX
TPABUTAIIMOHHBIX BOJIH Yepe3 obsaka. 16 mapra 2022 mpom3o0Iio 3eM-
serpscerne B Anonnn ¢ marmurynoit M=7.3. Takum obpazom ObLIO
obHapyKeHa reHepalus aTMOCHEPHBIX IPDABUTAIIMOHHBIX BOJIH II€PET
3eMJIETPsICEHIEM JIBYMsI HE3aBUCUMBIMU BUIAMU HAOJIIOIEHMIA.

Pabora vacTuyHO BBHINIOJIHEHA B paMKaX PEAJM3AIIH TOCYIaPCTBEH-
noro 3aganns Poccuiickoit ®enepamyu AAAA-A21-121011290003-0.
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2.17 TeomarnuTHble U3MepeHHUsi B obcepBaTopuu
«ITnemennrbr» (MuHCK)

Aponos I'A., Aponos A.T., Corodyxun U.A., Kodwumos A.A.,
Jlazox B.M.

Henmp 2eopusuneckozo monumopunea Hayuonarvnotl axademuu
naykx Beaapycu

st m3ydeHusT BEKOBOTO XOJIa COCTABJIAIONINX MATHUTHOTO TIOJIST
3emsn B Bestapycu B obcepsaropun «ILnemenunsr» ¢ 1960 r. mpoBosiT-
sl HEeTIPEePhIBHBIE BaPUAIMOHHBIE HAOTIOIEHNST JIEMEHTOB T€OMATHUTHO-
ro nosist D, H, Z. Tak, o manapiM HAOJIIOIEHNN, CPEIHETOIOBbIE 3HA~
qeHusT KOMIIOHEHT MarHuTHOrO 1o 3a 2022 1. cocrapmanm: D=9.271°,
H=17749 aTn, Z=48329 uTa, F=51485 uTxn.

IIpoananuzupoBan BekoBoit xox snementoB D, H, Z, F reomaruut-
HOro 1oJIs 3a nepuos ¢ 1960 mo 2022 rojpl. AHaaus pe3yaIbTaToB U3Me-
HEHHUSI CKOPOCTH MAarHUTHBIX CKJIOHEHHWH MOKa3BbIBAET, 9TO MATHUTHOE
CKJIOHEHHE CYIIECTBEHHO M3MEHSAETCSA BO BpeMeHn. B cpegHeM Marumr-
HOE CKJIOHEHME HApPAIMBAETCs C IPAJMEHTOM OKOJIO 3—4 yril.MHH./TOJ,
XOTsI HA OTIEJIbHBIX BPEMEHHBIX MHTEPBAJIAX TOT POCT JOCTUTAET
6-8 yrur.muH. /T01. MoIyIb OJIHOrO BEKTOPA F€OMAIHUTHOTO TI0JIsl TaK-
K€ MMeeT YETKYI0 TEHJIEHIIUIO K YBEeJIMIEHUIO C TeIeHNEeM BPEMEHH.

KommmgecTBo MarauTHBIX 6yph MMEET TEPUOTAICCKUN XapaKkTep U3~
MEHEHHUSI, ITO MOYKET OBITH CBSI3aHO C BAPUAIUAMUI CTEIIEHN AKTUBHOCTH
Couitnia B paMkax 11-JIeTHUX IIUKJIOB.
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2.18 TeouHyIMpOBaHHBbIE TOKN BO BpeMs CUJIbHOM
Mar"HuTHoii 6ypu B amnpeJsie 2023

Jhobvun A.AY, Mocnupax U.B.Y, Ceyxo IL.B.', Caxapos 5.A.",
Cenausanos B.H.2

L Honsapronti 2eofpusuneckuti uncmumym

2 Ienmp dusuxo-mernuneckux npobaem snepzemuru Cesepa PUIJ
KHI] PAH

B pabore paccMOTpeHBI Cilydan MOSIBJIEHUS] T€OUH/YIIMPOBAHHBIX
rokoB (I'UT) B meiirpanu tpancdopmaropa Ha craHimax Kapeso-
Konbckoit iuaun sekTporepead U Ha (DUHCKOM ra30lpoBOJIE OKOJIO
crannuu ManTcasra Bo BpeMsi MaruuTHo 6ypu 23-24 anpens 2023 rona
(Dst ~-190 ... -160 uTur). CubHast MarauTHasi Oypsi ObLIa CBA3AHA C
MOIITHOH BCHBIIKOI nHTeHcuBHOCTHIO M 1,7 Ha Coutnrie, npousomnieiieit
21 ampejist 2023 1. Besren 3a Bembimkoit ot CoJiHIIA, OTOPBAJICS OI'POM-
HBII TpoTyOypamer, KoTopsiit oopazosas sapo CME. 23 ampens CME
noctur 3emun B ~17:30 UT, korma npunuia ympapHasi BOJIHA, Jajiee
Habmonamack obaacTh cxkartoil mwiasMel (Sheath) m marauTHOE 06sA-
ko (MC). Ipa JJnTeJbHBIX II€PUOJA OTPUNATENbHON Bz KOMIOHEHTHI
MezKILIaHeTHOro MarauTHoro 1mosst (MMIT) 6buin 3aperucTpupoBaHbL B
obnactu SHEATH (~-15 uaTun) u B nagase MC (~-30 uTu). B pesyin-
TaTe pa3BUJIACH CUJIbHAs JIBYXCTyIEHYaTas MAarHUTHAsT Oypsl ¢ JAByMsi
Muanmymamu Dst: ~-160 a T 23 anpens B ~23 UT u ~-190 uTur 24 an-
pesst B ~04 UT, Kp=8. Iloka3zaHo, 9T0 BO BpeMs Pa3BUTUs CUJIBHBIX
cy66ypb (AL<-1000 uTn) B nepuos ¢ ~17:30 UT 23 anpess o ~06 UT
24 anpens, wmabmomanucsk unrencusabie TUT (>25 A) nma cranmuax
Brixomgmoit m Manrcana. B pabore mpogemonCcTprpoBaHO XOpoIiee co-
OTBETCTBHE MEXKJIy MPOCTPAHCTBEHHO-BPEMEHHON JTMHAMUKOI cy60ypH,
HabJrogaemMoii mo marauromerpam cetu IMAGE, u nosiByiennem ['UT Ha
cranmusax perucrpanuun EURISGIC — skcnancust 3a1aiHoro 3J1eKTpoI-
KeTa oTpazkasach B nogsiennu I'MI'T na pazubix mmmporax. Obcyxia-
FOTCsI TAKYKe JIPYTHe BO3MOXKHBIE UCTOYHUKU TIOSIBJIEHUST WHTEHCUBHBIX

I'T.

82



2.19 JlokajsibHbIE BapualiM IIO0JHOI'O 3JIEKTPOHHOI'O
cojiep>kaHusi mOHOC(hepbl U3MepeHHbIE B
ropax Cesepuoro Kaskaza

Xaepdunos H. C.

Dedeparvroe 2ocydapemseennoe brodocemnoe yupescoerue Hayky
Hrnemumym adeprvix uccaedosanuti Poccutickoll axademuy, Hayx,
Poccus

OrnuchiBaeTcst MeTOJ M3MEPEHUsT JIOKAJIBHBIX BapPUAINN ITOJTHOTO
9JIeKTPOHHOTO cozepKanust B noHocdepe (IIDC) B 30He ycTaHOBKH
«Koeép» BHO NS PAH (43.3 N, 42.7 E) ucnosnb3ysi crangapTHbie 6-u
KaHaJbHBIE CIIyTHUKOBBIE oHO4YacToTHBIe Yackl GPS170PCI. Ha mate-
puane nadopmarun ¢ 29072019 mo 06092019 nmpomsBoaAUTCS CTATUCTH-
qecKasi OleHKa KOI(PDUITMEHTOB CBA3U U3MEPIEMOr0 BPEMEHH HCIIOJIHE-
HUsI KOMaH/IbI, JIJIsl TIOJIy YeHust TOYHOro Bpemenu oT yacoB GPS170PCI,
¢ Bapuarusivmu [19C,; omnpeneiéHHBIMU 10 TVI0O6AIBHBIM KapTaM HOHO-
cdepbl. BBIBOIBI CpaBHUBAIOTCS € PE3yJIbTATOM KAJHMOPOBKU IpH -
dekre or MmarauTHO Oypu. OTMEYaETCST HAJTNINE 3HATUTEIHHBIX BAPU-
aluii, KOpPPEeJUPYIOIUX ¢ MIOOHHON MHTEHCUBHOCTBIO, PETUCTPUPYEMOI
Ha ypoBue 3emyu. B cobbrtun 02092019 mmeso mMecTo 3HAYUTETHHOE
JokasbHoe BoaMyiierne [I19C ( 15 MuH), HaYaJI0 KOTOPOTO COBHAJIO C
MIO/I3eMHBIM dJIeKTprUIecKuM pa3psiaoM. Popma Bosmytenust [19C kop-
pesiupyeT C Bapualyeil 3JeKTPUIEeCKOr0 TOKA, IPOTEKABIIETO B PEKe,
PSLIOM € YCTAHOBKOM. AHAJIM3UPYIOTCS] IPUIUHHO — CJIEJICTBEHHBIE CBSI-
31 0OHAPYKEHHBIX 3(DDEKTOB.

83



2.20 Jlokanm3anusi ICTOYHUKOB aKyCTUYE€CKOT'O
U3JIyYeHUs 1O JJaHHBbIM paclpe/iejIeHHON
cucTeMbl KOMOMHUPOBAHHBIX MPUEMHUKOB

Hlepouna A.O., Coaoduwyx A.A., Bacvrkuw B.A., Topeoncxuti B.E.

Hnemumym x0cmopusureckus ucciedosanut u pacnpocmpaHeru
paduosoan JIBO PAH, Poccus

B pa6oTe IpeacTaBiIeHBl PE3y/IbTATHl SKCIEPUMEHTa, IO OIpeiesie-
HHUIO PACCTOSHHS JI0 MCTOYHUKOB aKyCTUYIECKOTO M3JIyYeHUsI B IIPHUIIO-
BEPXHOCTHBIX OCAJOYHBIX MOpoax. st 3a01cy CUIrHAJIOB B 03. Muku-
’Ka OBLIa yCTAHOBJIEHA CUCTEMA, COCTOSIINAS U3 JIBYX KOMOMHUPOBAHHBIX
[IPUEMHUKOB U OJIHOTO IIPHEMHUKA 3BYKOBOI'O JIaBieHus. JIoKam3arus
MCTOYHMKOB OCYIIECTBIIATIACE JIBYMSI CIOCOOAME: TPUAHTYJISIEH U TI0
pasHHIle BpEMEHH IIPUXO0/a CUIHAJIOB C PA3HECEHHDBIX IPUEMHUKOB. 13-
MepeHBI KOOPMHATHI Gostee YeM 50 HCTOIHUKOB M3J1yYeHNsI, TIOCTPOEHO
UX IPOCTPAHCTBEHHOE PACIIPEIeJICHNE.

Pa6ora BbIOIHEHA B paMKaX ['0OCY/IapCTBEHHOIO 3a/IaHUsl 10 TeMe
(2021—2023 rr.) «PusngecKue IpoNecchl B CHCTEME OJINAKHET0 KOCMOca
n reocdep P COTHEUHBIX U JUTOCHEPHBIX BO3IEHCTBUAX», PETUCTPA~
nuonHbI HOMep AAAA-A21-121011290003-0.
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2.21 Cy060ypu Ha cXKATOM OBaJie: OCHOBHBIE
MMPU3HAKHI

Jocnupax U.B.Y, Kaetimenosa H.I'?, Masvawesa JI.M.2,
I'pomosa JI.M.2, Jlobuuw A. AL

L Hoaaprot Teogusuneckuti Unemumym, Anamuma, Poccus
2 Hnemumym Qusuxu 3emau um. O.JO. Imudma, Mockea, Poccus
3 Hucmumym 3emro20 MazHemu3ma, UoHochepvt U Pacnpocmpareris
paduosonn um. H.B. ITywxosa PAH, Tpouyk, Poccus

BoicokormupoTHble MaruuTHble cyooypu, HaOIOMaeMble Ha TeoMar-
HuTHBIX mmporax Beime 70° MLAT npu oTcyTcTBHM MATHUTHBIX BO3-
MYIIeHn Ha 60J1ee HU3KUX MMIPOTaX, U3BECTHHI KaK «CyOOypH Ha CrKa-
TOM OBaJie» WU «IOJApHbIe» cy0Oypu. Takme cyOOypu BO3HUKAIOT B
CIIOKOMHBIX WMJIM CJIA00BO3MYIIIEHHBIX YCJIOBUSIX KOCMUYECKON IOTOIIBI.
Nzyuenne 254 «mosisipHBIX» CyOOyph, 3aperuCTPUPOBAHHBIX HA CETH
marauromerpoB IMAGE B 3umune cezonsr 2010-2020 rr., moarBepau-
JIO TEHIEHITNIO BO3HUKHOBEHHS UX 1mo3gHuM BedepoM ( 19-23 MLT), ro
€CTh HECKOJIBKO PaHbINe, ueM «OObIaHBbIe» Ccy00ypu (22-24 MLT). Ha
ocHoBe u3mepenuii ciyrankoB AMPERE wucciieiopano pacmpejesienue
9JIEKTPO/KETOB U pogiosibHbIX ToKoB (FAC) B nonocdepe. Mbl o6Ha-
PYKIIN, 9TO HAYAJIO «IIOJISIPHBIX» CyOOyph cBst3aHo ¢ ycuienuem FAC
B JIOKAJIM30BAHHON BedepHeil obsiacTu. BrisgBieHo Tak»ke, 9TO mepen
HAYAJIOM <ITOJISIPHBIX» CyOOypb, KaK U «OOBITHBIX» CyOOypb, MPOUC-
xomut yBesumdenne PC-umHzEKca, CBHIETEIbCTBYIONEE O MOCTYIIEHUN
9HEPruu B MarHutocdepy. YCTAHOBJIEHO, UTO <IOJIAPHBIE» CcybOypH,
KaK M «OOBIYHBIE» CyOOypH, COMTPOBOXKIAIOTCS TIOJIOKUATEIHHBIMU CPeJl-
HEITUPOTHBIMU MATHUTHBIMA OyXTaMu, JTEMOHCTPUPYIOIMINMY PA3BUTHE
TOKOBOI'o KjmHa cy60ypu (SCW). Hamu nabiioenust okas3asiu, 4o BO
BpeMsI <IIOJISIPHBIX» CyOOyph MOJISIPHBbIE CUSTHUSI, 3aPETUCTPUPOBAHHBIE
Ha BBICOKOIIUPOTHOI craHIuu BapeHNOypr, J1eMOHCTPUPOBAJIU JINHA~
MUKY, XapaKTEePHYIO JIJIsi «<HOPMAJIbHBIX» CyOOyph, HO WHOTJA HADJIIO-
JAJIICh CIIUPAJIbHBIE aBPOPAJIbHBIE CTPYKTYPHhI. [lokazaHo, 4To, Kak u
«OOBITHBIE» CYyOOYypH, «IOJISIPHBIE» CyOOYpPH COMPOBOXKIAIOTCS TeoMar-
auTHBIME Tyabcanuamu Pi2 u PilB. Takum obpa3oM, «moJisipHbIes CyO-
Oypu [IPOsIBJISLIM CBOMCTBA, XapaKTePHBIE JIJIsT «<HOPMAaJIbHBIX» Cy0Oypb,
7 UX MOYKHO OTHECTU K 0COOOMY THIly CyO0ypb, PA3BUBAIOIIIXCS B CIIO-
KOMHBIX YCJIOBAAX KOCMUYECKOR IIOrOAbI.

85



2.22 IlposiBiieHue ceiicMOaKyCTUYE€CKOTO U
celicMO3JIEKTPUYECKOT0 OTKJIMKOB
MIPUIOBEPXHOCTHBIX NopoJ Ha KamuaTke

Muwenxo M.A.Y, Pyaenxo O.IL%, Mapanyaey F0.B."

L Hremumym xocmodusuneckur uccaredosamuti U pacnpocmpanens
paduosoan JIBO PAH, Poccus
2 Uncmumym eyaxanonozuy u ceticmonrozuu JBO PAH

[IpomoszkeHoO MccaenoBaHUE COBMECTHOI'O CEHCMOAKYCTHYECKOTO M
CeiCMO3JIEKTPIUIECKOI'O OTKJIUKA IIPUIIOBEPXHOCTHBIX OCAJOYHBIX IO-
poJi, obHapyKeHHOro aBTOpamMu paHee Ha Kamuarke. Paccmorpenst
OCODEHHOCTHU €ro IPOsiBJIEHUsT TP J1eOPMUPOBAHUN TOPOJ, CeficMu-
9eCKUMU BOJIHAMU OT 3€MJIETPSCEHUIl C SHEPIeTUYECKUM KJIACCOM
11.0 < K < 14.7, npousorie imux Ha TAIOIEHTPAJIHHOM paccTossuun D
110 600 kM ot myHKTa «Kapemvmmaay (52.83° N, 158.13°F). Tlpu no6as-
JIEHUH B aHaJIN3 12 HOBBIX CJIyYaeB PErUCTPAIMH COBMECTHOI'O OTKJINKA
ocaiovHbIX TTOpoJt B 2012-2023 TT. K pacCMOTpEeHHBIM paHee 18 ciryda-
am perucrparun B 2017-2021 rr. oOHAPYKEHO yBeJIHYEHUE HAJIEKHO-
CTH HelapaMeTPUIeCKON KoppessIiinoHHoi cBa3u mexay Ky u D. TIpo-
aHAJIU3UPOBAHBI JIBa CJIydas MOsSBJIEHUS IPpU J1e(OPMUPOBAHUH IIPUIIO-
BEPXHOCTHBIX HOPO/J] 60JIee BBICOKOYACTOTHBIX, €M CeHiCMIIeCKIe BOJI-
HBI, aKyCTUYECKUX CUTHAJIOB, OOHAPY?KEHHBIX paHee B IIyHKTe «KapbiM-
[IMHA» OPU IPOXOXKJAeHnH P-BosiH or cuibHbIX (M, > 6.6) Kamuar-
ckux 3emierpsicennit. Oun HabsOnaMMCh B yHkTe «KpyrobeperoBo»
(56.26° N, 162.71° ), naxonamemcs B 480 KM ceBepO-BOCTOUHEE ITyHK-
Ta «KapbIMImnHa», W CBHUIETEIHLCTBYIOT O BO3MOXKHOCTU T'€HEDAINN
BBICOKOYACTOTHBIX I'€0aKyCTUIECKUX CUTHAJIOB B JIDYTHX CTPYKTYPHO-
TEeKTOHMYECKUX YyCA0BUAX KamyarTku.

Pabora BbImOIHEHA B pAMKaX PEAM3AINH TOCYIAPCTBEHHOTO 3313~

nnsg Ne AAAA-A21-121011290003-0.
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2.23 CorsiacoBaHue IapaMeTpoOB KacKaJHbIX
Mojiesieil TypOyJIEHTHOCTH C BEPOSITHOCTAMHU
B3aMMO/IEfiICTBUSI BOJITHOBBIX 000JI0YEK

Qewenko JI.K., Bodunwwap I".M.

Hnemumym x0cmopusureckus ucciedosanut u pacnpocmpaHeru
paduosoan JIBO PAH, Poccus

B mammoit pabore pazpaboTana MeETOAMKA MTOCTPOEHUST KOMILIEKC-
HBIX U BeIIEeCTBEHHBIX KacKaaubix Mojeneitt MU typOymnenTHocTtu,
YPaBHEHUSI KOTOPBIX B TOYHOCTH YJIOBJIETBOPSIIOT 3aJIaHHBIM 3aKOHAM
coxpaneHus. /{aHHAasT METOIUKA OCYIIECTBJISIETCS C TIOMOIIBIO CUMBOJIb-
HBIX BBIYUCJIeHUIT. MeTommKa MO3BOJISIET BBIIOJHITh ABTOMATU3IUPO-
BAHHYIO T€HEPAINIO Y PABHEHUI MOJIEJIN JJIsI IPOM3BOJILHBIX JAJTHHOIEH-
CTBUY HEJUHEHHBIX B3aMMOJEHCTBUI B MPOCTPAHCTBE MaciiTaboB. Be-
pudukaius JaHHON METOIUKHU IIPOU3BOAMIach Ha Mome sx tumna GOY
u Sabra. Berauciienust npoussoauiuck B cpege Maple.

ITocne 3amanns 3aKOHOB COXPAHEHUsI PACCIUTHIBAIOTCS KOIDDUIU-
€HTBI, KOTOPbIEe MMEIOT HECKOJIbKO CBOOOMHBIX mapamerpoB. U torma
BOBHHMKAET BOIIPOC BBIOOpa CBOOOIHBIX apamMeTpoB. OHUM U3 BapruaH-
TOB OIpeJiesieHnsT KOIMPDUIMEHTOB CIYKUAT CIEIYIONIee COOOparKeHue.
Heobxomumo Tak momobparh Koah UIMeHThI, YTOObI MUHUMU3UPOBATH
pa3uare MexK 1y STUMU KOIMMUIMEHTAME U BEPOSTHOCTSME B3aUMO-
JIeiicTBUs IO BOJIHOBBIM BeKTOpaM. C GOpMAIbHON TOUKU 3PEHUS ITO
IPOCTO 3aJa4a onTuMu3anuu. Ho MOCKOIbKY CpaBHHUBATH HY2KHO He
camMu KO3(pDUIIMEHTHI, a UX MOJIYJN, TIOITOMY IejieBast (DYHKIIUS CTa-
HOBUTCsI He nuddepennupyemoii. Takum 06pa3zoM, OJIMH U3 BO3SMOXKHBIX
BapHaHTOB — TO BapHaHT mepebopa. JlaHHbIit sTamn paboThl OCYIIeCTB-
JIsieTCs y’Ke HE B CHMBOJIbHBIX BBIYUCJICHUSAX, 8 B B BEIECTBEHHBIX BBI-
qucsenusix. Boerancsenns npousBonmanck B cpejge C+-+.

[IpencraBisiercs, 9TO onucaHHas B pabOTe METONKA OKAYKETCs 10~
JIE3HOI TIPU WCCJIEIOBAHUN 33124 JIUHAMO CIIEKTPAJIbHBIMEI METOIAMHM.

Pabora BbirosineHa B pamMKax ['0Cy/IapCTBEHHOIO 3aJIaHUsI IO TEMe
(2021—2023 rr.) «Pusnueckue Mponecchl B CUCTeMe GIINKHEro KOCMOoca,
7 reochep IpU COTHEIHBIX U JIATOCHEPHBIX BO3IEHCTBUIX», PETUCTPA~

nuonnbiii Homep AAAA-A21-121011290003-0
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2.24 MoageaupoBaHNue 3JIEKTPUIECKOIO II0JIs
9PYNTUBHBIX 00JIAKOB OT IKCILIO3Uil ByJIKaHa
D06eko ¢ yuéTtoMm pesibedpa MECTHOCTH

Axbawes P.P.1>2, Manxun E.U.3, Byduiosa E.A.!

L @HUI] «Edunan zeofusuveckasn cayocba PAH», Kamuamerud
duauan, Ilemponasrosck-Kamuwameruts
2 KamI'Y um. Bumyca Bepunza
3 Hnemumym xocmoduduneckur uccaedosaruti U pacnpocmpaHer

paduosoan JIBO PAH, Poccus

B mepmox ¢ 29.07.2020 r. mo 05.08.2020 r. BBIIOJTHEHBI HATYPHBIE
HaOJIIOJIEHNS 110 PErUCTPAINU TPAJUEHT IOTEHINAIA IJIEKTPUIECCKOTO
moJist arMocdepbl BO BpeMsT U3BEPXKEHUI ByJiKaHa D0eKo. 3aperucrpu-
POBaHbBI OTKJIMKH B TpeX MyHKTax Habsomenus. [IyHKTH ObLIu ycTa-
HOBJIEHBI Ha, PA3HBIX PACCTOSHUAX OT KpaTepa U TAKUM 00pa30M, YTOObI
OHU OIIPEJIE/ISIIN MPSIMYIO JIMHUIO OT KpaTepa BYJIKaHA. DBLIO 3aperu-
crpupoBaHo 6osee 20 OTKINKOB B BapHAIlUsIX TPaIUEHTa MOTEHITHAIA
OITA. OTKIUKE PEruCTPUPOBATIUCH B PA3JIMIHBIX METEOPOJOTHIECKUX
yesrousix. C 1esbio orpesiesieHust 3apsija B ¢hoOpMUPOBAHHON 3JIEKTPO-
CTATUYECKOI CTPYKType SPYNTUBHOIO 00JIaKa U ydeTa pejbeda MecT-
HOCTH B MO/JIEJTBHOM pacyeTe 3JIEeKTPUIECKOTO OISl SPYITUBHOTO 00J1a~
K&, BBIOPAHO OJIHO M3BEPXKEHNE, KOTOPOE IIPOU3OIIJIO B YCIOBUIX XOPO-
mreit moroapt. Jjist BBIOPAHHOTO COOBITUN IPYITUBHOE ODJIAKO PACIIPO-
CTPAHSJIOCh HAJI IIyHKTAMH HAOJIIOEHNs, KOTOPbIe OBLIA PACIIOIOXKE-
HBI Ha CKJIOHE BYJIKaHA. DTU JAHHBIE TIOCIY>KUIU IKCIIEPUMEHTATHHON
OCHOBOM JIJIsT MATEMATHIECKOTO MOJICTMPOBAHUST SJIEKTPUIECKOTO 0JIsT
SPYNTHUBHBIX 00JAKOB € y4IeTOM peJibeda CKIOHA ByJIKAHA.
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2.25 Haobuwaenus 3¢dp@HeKTOB KOCMUIECKOM
MOT'0/Ibl C MOMOIILIO TPYNHUPOBKH
HAHOCIIYTHUKOB MOCKOBCKOTO YHUBEPCUTETA
«CozBe3aue-270»

Ceepmunos C.HM.%2%, Bozomonos B.B.12, Bozomonos A.B.2,
Ocedno B.H.2, Beweun B.B.2, Sonomapes U.A.%2, Hiodun A.D.2,
Kanezaee B.B.2, Swun U.B.2, Awmowox I 1.2, Kurvuenrxo K.C.2,
Mymun A.A12

L MT'Y um. M.B. Jlomonocosa, dusuveckuts daxysvmem
2 HUUA® MT'Y

B pamrax KocMmdeckKoro mpoekTa MOCKOBCKOTO yHUBEpCHUTETa
«CosBesnme-270» OCyIIeCTBISETCs PA3BEPTHIBAHNE TPYIITHPOBKU HAHO-
CIIyTHUKOB (popMaTa KyOCAT ¢ KOMILIEKCOM MPHOOPOB, 00ECIIETNBAIO-
[UX, B TOM YUCJI€, MOHUTOPUHI' PAUAIINOHHOIO COCTOSHUASA OKOJIO3EM-
HOT'O KOCMHYECKOI'0 IIPOCTPAHCTBA, KOHTPOJIb Me0- U T'eTHOPU3NIECKOi
obcranoBku. Hapsi/ty ¢ KOCMUYECKON I'PYNIINPOBKOI TaKXKe CO31aeTCs
CeThb MPUEMHBIX CTAHIUI, PACIPEIETCHHBIX KAK 10 JOJITOTE, TAK U TI0
MIUPOTE JJIsi O0ECIIeYeHns IPUEMa, TeJIEMETPUIECKAX U HAYIHBIX JTaH-
vbix. O6paboTKa MPUHUMAEMBbIX JAHHBIX BbINOJHsIeTCs B LleHTpe man-
HBIX OIlepaTUBHOr0 KocMudeckoro Mmountopunra HUMA® MI'Y s pe-
aJIM3aIy OIIePATUBHOIO IIPOTHO3a COCTOSIHUS OKOJIO3EMHOT'O KOCMMYe-
CKOT'0 IIpocTpaHcTBa. B pesynbrare mo/KHA OBITH HOCTPOEHA CHCTEMA
3 OpOUTAIBHBIX U HA3EMHBIX CPEJICTB, O3BOJISIONAs B PeKUMe, OIn3-
KOM K PEaJIbHOMY BPEMEHH, OIpPEIesISATh YPOBHU PAIUAIMOHHBIX Ha-
I'PY30K, CO3/1aBacMbIX HOHUIUPYIONIEH pajuanueil He TOJILKO B paiioHe
opbur camux KocMmudeckux anmaparos (KA), HO u onpesessiTh paju-
AIMOHHYIO OOCTAHOBKY B 3HAYUTE/IHLHON YaCTH PaJIMAIMOHHBIX HOSICOB,
BIJIOTH 7O OPOUT IVIODATBHBIX HABUTAIIMOHHBIX CIIyTHUKOBBIX CHUCTEM
WJIN FeOCTAIIMOHAPHOMA.

B xome peasmsarum mpoekTa Ha CErOAHSNIHAN JEHb OCYIIEeCTBIIEH
zamyck 11 KA ¢dopmara Kybcar. B mHacrosiiee Bpemst Ha OKOJIO3€MHOI
opbure dynxknmonnpyior 6 taknx KA, KoTOpble IepesaloT HaydIHYIO
u Tejemerpuveckyo mHpopmanuoo. B Tedenne 2023-2024 rr. mpemo-
JlaraeTcs 3aIlyCK ele, o KpaifHeil mepe, 8 MOIOOHBIX CIyTHUKOB HA
HU3KNE KPYTOBBIE [TOJISIPHBIE OPOUTHI.

MyJsIBTH-CIIyTHUKOBasi I'DYyHIINPOBKA II03BOJISIET IIPOBOJUTH OJIHO-
BPEMEHHBIE N3MEPEHNUsI ITOTOKOB YaCTHI] M KBAHTOB C ITOMOIIBIO OJTHO-
TUIHON ammapaTypsl B PA3HBIX TOYKAX OKOJIO3EMHOTO IIPOCTPAHCTBA.
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Taxkue m3mepenns HAOT YHUKAJILHYIO HHMOPMAIUIO O IMHAMUKE [TOTO-
KOB 3JIEKTPOHOB CyO-PeJIATHBUCTCKUX SHEPIUil, B TOM YHCJE O Bapu-
arusgax MOTOKOB, OOYCJIOBJIEHHBIX BBICHITAHUSIME, UTO UMEET OOJIBIIIOe
3HaYEHUE JIjIsT TOHUMAHUS MEXaHU3MOB YCKOPEHUS U MOTEPh 3aXBaveH-
HBIX U KBa3W-3aXBAYEHHBIX JIEKTPOHOB. B KadecTBe mpuMeEpOB pac-
CMATPUBAIOTCS BO3PACTAHIE [TOTOKOB SHEPIUIHBIX YACTHI] B ITOJISPHON
IIAIIKE B KOHIIE OKTAOPs — Hadase Hoa6ps 2021 1. BCJieICTBUE IPUXOA
conmrevnbrx Kocmnueckux aydeit (CKJI), a Tak:ke M3MeHEHUs] TOTOKOB
3JICKTPOHOB BO BHEITHEM PaJIUAIMOHHOM II0SICE BO BPEMsl T'€OMATHUT-
HOI akTUBHOCTU B MapTe 2022 1. KpoMe TOro aHaJM3UPyIOTCS JaHHbBIE
HaOJIIOIEHU O TIOTOKAX CYy0-PEIATUBUCTCKUX JIEKTPOHOB B PA3JIMIHBIX
00J1aCTSAX OKOJIO3EMHOTO IIPOCTPAHCTBA BO BPEMsI BHICOKOI T'€JINO U Te0-
MarHUTHOM aKTUBHOCTU B MapTe — armpesie 2023 r.
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2.26 OcnouaagaTop CBA3aHHBIN C OJHOU JBYMOJIOBOI
MOJIEJIbIO AMHAMO C IIaMSITBhIO

Boodunuap I''M.

Huemumym xocmofpusuneckur uccaedosanutt u pacnpocmpaHerus
paduosonn JIBO PAH, Poccus

B nmokmane paccMaTpuBaeTcst OCIUIIIATODP, KOTOPBII MOXKHO IIOJIY-
YUTHb Ha OCHOBE MOJEJU JBYMOJOBOI'O Quw-IJUHAMO CJIEIYIOIIEro BUJIA!

dBT
7 :LUBP—’I’]TBT,
dBFf
W:(OZ—Z)BP—T]TBT,
1 t t— BT 2 BP 2
z(t):/K< T>| (7)l +2| @F 4.
Tk Jo Tk Bg

re BT (t) u BT (t) — aMmmmaTy bl TOpouIaIbHO#M 1 TOJIOMTAILHOM MOJT;
1/n" u 1/n* — xapaxTepHble BpeMeHa 3aTyXaHHs MOJI; @ — Mepa Q-
addekTa npu cirabom moste; w — Mepa AudHepeHnraIbHOTO BPAIeHUST;
By — xapakrepHas Bejauduna 1mous; K (-) — Hekoropoe 6e3pazMepHoe
Anpo namaTu; g — BpeMeHHOIt MacimTad aapa.

ITokazano, 4To mocie 00e3pasMepUBaHUs U IIEPEX0a K Oe3pasMep-
HbIM nepemennbiM © ~ BT u y ~ BY cucremy moxuO cBectu K ypas-
HEHHIO

d’x

—a T(+o) %f +5K(0)2” +z [~o(D = 1) +u(t) + w(t)],

=2 (57 () =
w(t) = /Ot 7 <t - T) 22 (r) dr,

76 = k) + 2,

rae o, D, p u s — 6e3pazMepHble YIPABJISIONIIE TaPAMETPbI.

DTo ypaBHEHHE MOXKHO PACCMATPUBATH KAK OCIUIISTOD C JIMHEM-
HBIM TPEHHEeM U 3peuTapHbiM notennunaiom U(z) = Ax®+ Blz])z. Jpe-
JUTAPHOCTH onpeessiercst Koaddurmentom Blx) = —o(D—1)+u(t) +
+w(t).
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B mokmname paccMarpuBaloTCs Pe3yJsIbTATHI IHCIEHHOTO MOIEIHPO-
BaHUd 3TOro ocruingaropa. Habiroaemple TuHaMuyecKiie pezKuMbl UH-
TEPIPETUPYIOTCS C TOYKHU 3PEHUS TEOPUH OCIUJLISATOPOB.

Pabora BbIOIHEHA B paMKaxX peajH3aliy TOCYIapCTBEHHOTO 3318~

ausg Ne AAAA-A21-121011290003-0.
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2.27 Bo3moxkHubie 3 deKThI OT >KeJIe3HO Joporu
B MAarHUTHBLIX U3MepeHusx Ha 'eodpmnsuydeckoii
obcepBaTtopun «HoBocubupck»

Xomymos C.FO.', Kosanee A.A.2, I'sosdapes A.FO.', Cemaxos H.H.?

L Huemumym Kocmodususeckus uccaedosanuli U pacnpocmparerus
paduosoan JIBO PAH, Poccus
2 HHIT CO PAH

ITocnie mepexoma T'eodusmueckoit obcepBaTopun <«HoBocubupcks
(NVS) Ha mudpoBble MATHUTOMETPHI B Pe3yJbTaTaX U3MEpPEeHUH Ipo-
SIBUJIMCh TIOMEXU B BUJI€ KDATKOBPEMEHHBIX CKAYKOB YPOBHSI U BBIODO-
COB aMILIATYION IO HECKOJbKUX HLJI, KOTOphIe paHee HE ObLIN BUIHBI
Ha aHajoroBoit dorozanucu. OcHoBHOM 3hderT HABIOIAICT B BEp-
THUKAJbHOI COCTABJIAIONIEN U 3HAYEHUIX MOIYJIsd. B KadecTBEe BO3IMOXK-
HOIO WCTOYHMKA 3ITHX IIOMEX PaCcCMaTPUBAJIACh Kejle3Has JIopora Ha
IIOCTOSIHHOM TOKE, IPOXoJsiiasi B 12 KM K 3amajy oT obCepBaTOPUHU.
B 2016-2012 rr. 6bLIM BBITOJTHEHBI MAPIIPYTHBIE ChEeMKH MOysias F
110 JIBYM MPOQUIISAM PA3IUIHON MPOTIKEHHOCTH, IPUMEPHO TEPIICH 1~
KYyJIIpHBIE »KeJIe3HOH sopore. BpuIo moka3aHo, YTO aMILIUTY/Ia IOMeX
[a/1aeT JIMHEHHO C PACCTOSHHEM OT HCTOYHHKA. B 6osiee mo3aHue ro-
JIbI OBLIIA CJeJIaHa MONBITKA WJIEHTHU(MUIINPOBATD IIOMEXH, CBSI3bIBAsT MX
C JBUXKEHUEM II0 2KEeJIE3HOI I0pore, IPeXKJe BCEro C JIEKTPUIKAMU,
MIPOXOXKJIEHNE KOTOPBIX 10 JOPOre JOCTATOYHO YKECTKO IMPUBHA3AHO K
paciucanuio. 311ech MpecTaBIeHbl 0000MAOIIe PE3YILTATHl BBITOJI-
HEHHBIX HCCJIEeJOBAHUIA.

Pa6ora C.HO.XomyrtoBa u A.FO. 'Bo3mapeBa BbINIOJIHEHA B pAMKaxX
peasimzaiuu rocyaapcrsentoro 3ajganusa Ne AAAA-A21-121011290003-
0, pabora H.H.CemakoBa u A.A.KosaJieBa BbImoiHeHa TPH (PUHAHCOBOI
nopgepkke Munobpuayku P® (npoekr FWZZ-2022-0019).
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2.28 Perucrpanus toka «Kamennoii Barapeu»
Xaepdunos H. C.

Dedeparvroe zocydapecmeennoe 6r0dxrcemHoe yupescoerue Hayky
Hremumym adeprvix uccaedosanuti Poccutickol akademuy, Hayx,
Poccus

[Tpubopamu YcranoBku Kosep Bakcamnckoit HeilTpuHHOI 0bcepBa-
ropuu (43,3N, 42,7E) B Houb ¢ 1 Ha 2 cenrabpsa 2019 r, B ycioBusax
«XOPOIIel MOroJIbly PErNCTPUPOBAJINCH YHUKAIbHBIE BapUAIAN JIEK-
TPUYECKUX XAPAKTEPUCTUK ATMOCKHEDPHI, COOTBETCTBYIONINE IPO3OBBIM
fABJIEHUSAM. B X0zl aHa/M3a yCTAHOBJIEHO, YTO BO BPeMsI COOBITHA, I10-
MHIMO TPO30BOI'O JIEKTPUIECKOTO T0JIsI, BOSHUKIIIETO B Tporocdepe, B
roiiMe rOpHOI PeKH, [0 3eMJIe, IPOTEKAJT JJIEKTPUIECKHIA TOK. DTOT TOK
00pa30BaJICs B pe3yJibTaTe TEKTOHNIECKO AKTUBHOCTU B BUJIE ME[JICH-
HBIX KOJIeOaHmil 3eMHOI moBepxXHOCTH. Ha OCHOBe M3MEpeHHBIX Hapa-
METPOB U XOPOIIIO M3BECTHON MOJE/IN T€HEPAINH SJIEKTPUIECKOTO 3aPsi-
JTa HAIPSI?KEHNEM TOPHBIX TTOPO/T OIIEHUBAIOTCS XapaKTepHasT BEJTMINHA
3TOr'0 3apAa U COOTBETCTBYIOIIUN 3JICKTPUYECKUI TOK B IIOMIME PEKU.
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2.29 IIporHo3 JaHHBIX r€OMArHUTHOT'O MHIEKCa
SME Ha ocHOBe BeiiBjieT-ipeoOpa3oBaHUs U
Helipounbix cereit LSTM

Ilonosoe FO.A.

Hnemumym x0cmopusureckus uccaedosanut u pacnpocmpaHerus
paduosoan JIBO PAH, Poccus

B pabore npenjiaraercst momaxo/1 Mo MpOrHO3NPOBAHIIO HHIEKCA I'e0-
MarauTHoi aktuBHOCTH SME Ha 0CHOBE JTAHHBIX MEKILIAHETHOTO MAr-
HUTHOTO IOJIsT ¥ COBMECTHOI'O IIPUMEHEHHsI BeHBJIeT-IIPeodpa30BaHuUsl,
u Heitponubix cereit LSTM apxurekTypsi. [locTpoennast HeiipocereBast
MOJIeJIb [TO3BOJIsIET BBINOJIHATE mporao3d SME Ha HeckoJIbKO 1acoB Bie-
pea. AHaius pe3ysbTaToB B CIOKOHHBIE M BO3MYIIEHHBIE IEPUOIIBI T€0-
MarHUTHOH aKTUBHOCTH IIOKA3aJI 3aBUCHMOCTH KA4eCTBa AIIIPOKCHMAa-
IIUU JAHHBIX OT BXOJHBIX JAHHBIX HEHPOCETEBON MOIENN U TUIyOUHBI
nporao3a. Pabora BbeIosiHEHa B paMKax locymapcTBeHHOro 3agaHus
o reme (2021-2023 rr.) «Pusnueckue IPOIECCH B CHCTEMe OJINXKHEro
KOoCcMOca U reocdep IMPU COTHETHBIX U JINTOC(EPHBIX BO3IEHCTBUAX Y,

perucrparmonubit Homep AAAA-A21-121011290003-0.
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2.30 CeiicMoakycTUYeCKNe NPOosiBJI€EHUS 0OpaTHOTO
ceilicmoasiekTpuieckoro adpdekra Il pona mmpu
JIEKTPO30H M POBAHUSX

Bozomonos JI.M.*, Kocmuines J.B.1 2, Kocmvinesa H.B',
Iyovenxo U. I1Y, Dyasxos C.A.', Muwenxo M.A.2, Cmoebyn H.C.!

L Hnemumym moperoti 2eonozuu u 2eofusuxu Jarvresocmonrozo
omdeaenus Poccutickoti axademuu Hayk

2 Cazanruncrut duruan PUI] Edunas zeofusuneckasn cayorcba PAH

3 Hnemumym wocmodusduneckur uccaedosaruti U pacnpocmpaHer

paduosoan JIBO PAH, Poccus

IIpencraBiieHbl Pe3yabTATHl KCIEPUMEHTOB IO IJIEKTPO30HIUPO-
BAHUIO IIPUIIOBEPXHOCTHOIO CJIOsi 3€MHOI KODPBI B PA3JIOMHOI 30HE C
perucTparmeii ceiicMOaKyCTUIeCKNX U CEHCMUYIECKUX MMTYMOB B OJIMK-
Hell 30He y WCTOYHUKA (BO3OYXKIAIOIIEro MIHIOJs). DKCIEPUMEH-
THI MPOBOJMJINCHL B TPeX pAa3HbIX pEruoHax: Ha IM-oBe KamuaTka,
30HE Pa3HOPAHTOBBIX PA3JIOMOB B PailOHE PACIOJIOXKEHUs CTAIIOHADA
UKUP IBO PAH «Kapeivmmunaas, 2018 1, B Mockosckoit 06:1. (Pyc-
ckag wiardopma), Ha Teppuropun reodusndeckoii obcepsaropuun VT
PAH «MuxueBo», 2019 r u B roxkHO#l yacru o. CaxajuH, Ha MUHU-
nosurone «llerporasiioBckoe» B 30He, puMbIKaolieit K [lenTpasibHo-
CaxanunckoMy passiomy (2020-2022 rr). B kauecTse MCTOYHUKA DJIEK-
Tpo3onaupoBanuilt B 2018-2019 rr. mcnoabp30BaINCh AKKYMYIATOPHBIE
Garapen ¢ paszpaboranuabiv B UMT'ul' JIBO PAH aBromarudeckum 1e-
pekJyouaresieM. B skcrepumentax na Caxasune (2020-2022) upume-
HSJIUCH Pa3JIMYHbIe MOIUMUKAIINN UCTOYHUKA JIEKTPUIECKUX UMILYIIb-
coB, mormHOCThIO 70 3 KBT, Takxke paszpaboranabiv B UMI'ul' JIBO
PAH. Teneparoproe ycTpoORCTBO 06ECIIEUUBAJIO CHJIy TOKa B JIUIOJE
CYIIIECTBEHHO BBIIIE €€ XapPAaKTEPHBIX 3HAYEHUN B CIydae 30HIAPOBaA-
HUAS TPHU SJIEKTPOPA3BEJIKE METOIAMU COIMPOTUBJIEHUN, a TaKKe IpHU
00OBIYHOI celicMO3IeKTpopa3Beke. Ha mocieqaux sTanax sKCIepuMeH-
Ta (2021-2022) cuita Toka gocturana 5-13 A. Taxoii AuanasoH TOKOBBIX
AMILIUTY/T ObLII HAMHOT'O MEHBIIIE, YeM B CJIydae TJIyOMHHBIX 30HUPOBa-
HUii ¢ ucnojab3oBanneM reopusndeckux MI/I-reneparopoB mim cBepx-
MOIITHBIX IJIEKTPOUMILYJIbCHBIX YCTPOMCTB, JAIOMIAX TOK B BO30YyKI1a-
IOIU JIUIOJB MOPSIIKA KUJIOAMIIEPA C PA3MEPOM ODJIACTH 3aMbIKAHUS
TOKa B I€CATKHN KUJIOMETPOB. CeﬁCl\lH‘{eCKHe OTKJIMKU IIpU JIEKTPO30H-
JIIPOBAHUSIX C IPUMEHEHUEM MOIIHBIX UCTOYHUKOB TOKA YK€ HCCJIeI0-
BaHbl. TakKe XOPOIIO U3BECTHBI CeiicModjIeKTpuiecKue 3 MeKTh Ipu
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CPABHUTEJILHO HEOOJIBIINX MOIIHOCTSIX UCTOYHUKA TOKA, M, KAK CJIEJI-
CTBHE, TOKaX He OoJjiee IeCATKOB — COTEH MUJIIMAMIIED, U HU3KHUX ILIOT-
HOCTSIX TOKa B Cpejie (30HA PACTEKAHUS — €JMHUIBI — JeCSITKA METPOB).
Bwmecre ¢ TeM, /10 HACTOSAIIErO BPEMEHU OOPATHBIN CECMOdIEKTPHIe-
ckuit 3 EKT OCTABAIICS TPAKTUIECKYN HEUCCJIEIOBAHHBIM IIPU TOKAX B
«IIPOMEKYTOIHOM» Juarna3one 10 A u mpu mMacirrabax mopsijika COTEH
MeTpoB. llesb HAIUX IKCIEPUMEHTOB - UCCJIEI0BATH CEHCMOAKYCTHIIe-
CKU€ TIPOSIBJIEHUST PEAKINH CPEJIbI Ha 30HINPOBAHUE UMILYIHCAMHI TOKA
cutoii 5-13 A, BBISIBUTH OCOGEHHOCTH B 3allUCSAX CEHCMOAKYCTUIECKIX
uryMoB. Perucrparnus (hOHOBBIX ITyMOB B CEHCMUTIECKOM U CEHCMOAKY-
CTUYECKOM JIMANa30He M OXKHUIAEMbIX BapHAIUil BO BPEMs 30HIAPOBa-
HUIl BEJACh C IIOMOIIBIO MOJIEKYJ/ISPHO-3JIEKTPOHHBIX IPUOOPOB: CKBa-
JKUHHOTO rujipoona u ceiicmomerpa CME-6111. B skcnepumenTax Ha
KamuaTke Tak:Ke WMCIOJB30BAJIUCH U JIpyrue, 0ojiee TyBCTBUTEJIbHBIE
ruIpodOHbI, YCTAHOBJIEHHBIE B UCKYCCTBEHHOM BOJIOEME, a TaKKe BbI-
cokovacToTHblii ceficmonpuemuuk (reodon A1638, 3A0 «Teoakycru-
Ka>>).

B skcniepumenTax, mpoBeieHHBIX B 30He llenTpasbro-CaxaInHcKoro
pazmoma B 2021-2022 rr., ycranoBjeH 3h@EKT BO3pacTaHUs YPOBHS
CeiCMOAKYCTUYIECKUX IIYMOB B IIOBEPXHOCTHBIX CJIOSAX BOJIU3M UCTOU-
HUKA — BO30Y2KIAIOIIEr0 3JIeKTPUIecKoro aumnoss. OOHapyKeHHas pe-
aKIUs CPeIbl Ha MPOIYCKAHNE UMITYJIHCOB TOKA IMIPEJCTABISIET COOOM
Pa3HOBUAHOCTL OOpaTHOrO ceiicMoaaekTpudeckoro addekra II poraa,
KOTOPasl PEasIN3yeTcs IPU JOCTATOTHO BBICOKUX IJIOTHOCTSAX TOKA. 1Ipu
MEHBIINIX IJIOTHOCTSX TOKA, KAK B CJIydae dKCIepuMeHTa Ha «Kapbim-
[IMHA», I0JI00HAsT PeaKInsl Cpesibl He oTMevatach. Vzmenenus ceiicMo-
AKYCTUKN TaKXK€ HE OTMEYEHBI IIPHU 3JIEKTPO30OHINPOBAHUAX B aceli-
cmu4aHoM peruone. [losydenubie pe3yabTaThl O HAPACTAHUN YPOBHS Celi-
CMOAKYCTHYECKUX NIyMOB IIPU 3JIEKTPO3OHIUPOBAHUSX OTIIMIAIOTCS OT
OTKJINKOB CECMUYHOCTU Ha TOKOBBIE UMITYJIBChI MOIIHBIX UCTOYHIKOB
(reoduzuueckux MIJI-reHepaTopoB, 3J€KTPOUMITYJILCHBIX YCTAHOBOK )
MPAKTUIECKUM OTCYTCTBHEM 3aJICPXKKH [TOCJIE HAYAIA BO3IEHCTBHA.

Pazpaborka n nmpumenerue 6ojiee MOIHBIX, HO SKOHOMUYIECKH ITPHU-
€MJIEMBIX M€HEPATOPHBIX YCTPONUCTB MOXKET JATh JOIOJTHUTEIBHYIO MH-
dopmario 0 BO3MOXKHOCTH aKTUBHOT'O MOHHTOPHHIA CEIMEHTOB pas-
JIOMOB H& OCHOBE 0OpPATHOIO ceiicMoaieKTpuieckoro addexra II poxa.
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2.31 JIunamwmndyeckas cucrema CejibKoBa C
mepeMeHHOI HacCJIeJICTBEHHOCTBIO JIJIsi
ONMCAHUSI MUKPOCECMIUYECKNX PEXKMMOB

Ilaposux P.HU.

Hnemumym x0cmopusureckus ucciedosanut u pacnpocmpaHeru
paduosoan JIBO PAH, Poccus

B pabore mpe ijtoykeHa HOBask MATEMATUIECKAsT MOJEJb JJIs OTIHCA~
HUsI MEKPOCEHCMUYIECKUX PEKIMOB B3aMMOJIENHCTBUS JBYX TUIIOB TPe-
[UH — 32TPABOYHBIX M TPEIWH, KOTOPbIE HEIIOCPEJICTBEHHO MeHEPUPY-
0T MHUKpoceiicMbl. Maremarudeckasi MOJE/b MIPEICTaBsieT coboit cu-
CTeMy U3 JBYX HEJIUHEHHBIX nud@epeHInalbHbIX YPABHEHUN C IPO-
u3BOAHBIME B cMbicie ['epacumoBa-KamyTo npobHBIX mepeMeHHBIX IT0-
pankoB. Mccmenyemast tuHaMutdecKasi CUCTEMA SIBJIIETCsS 0000IeHneM
paHee u3ydeHHOI ApoOHOI quHaMudeckoil cucreMbl CebkoBa. [lesbio
WCCJIEJIOBAHUSI IIPEJJIOYKEHHON MOJIEJIN SIBJISIeTCsl YCTAHOBJIEHUE C TIOMO-
MBIO YUCJIEHHBIX PACIETOB aBTOKOJIE0ATEeIbHBIX PEXKUMOB. B KadecTBe
9UCJIEHHOTO AJITOPUTMa HCCJIeOBAaHUE 3a/1a9U BBICTYHIAET AJITOPUTM,
OCHOBAHHBII HA TEOPUM KOHEYHO-PA3HOCTHBIX cxeM. B pabore mokasza-
HO, ITO IIPEJJIOKEHHAST JIMHAMUYIECKAs] CHCTEMa MOXKET 00J1aiaTh pas-
JINYHBIMH KOJIE0ATE/IbHBIMU PEXUMAME B 3aBHUCUMOCTUA OT BBIOOpa 3a-
BUCHMOCTH MOPSIIKOB JIPOOHBIX ITPOM3BOIHBIX OT BPEMEHU, a TAK¥Ke OT
3HAYEHUN TAPAMETPOB MOJEJIH.

WccnenoBanme BBITTOJTHEHO TIPH MOAEPKKe TpanTa Poccniickoro na-
yuanoro donga Ne22-11-00064.
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2.32 Hekoropble aciekTbl Ka4eCTBEHHOI'0 aHaJIn3a
MO/I€JI BBICOKOYACTOTHOI IreoaKyCTUYeCKO
IMHUCCUU

Muneasosa JI.@.1 2, Haposux P.H.1+2

b Kamuamexuti 2ocydapecmeennsili yrusepcumem umenu Bumyca
Bepunea
2 Hncmumym KOCMOPUSULECKUT UCCALO08AHUL U PACTPOCTPAHEHUA
paduosoan JJBO PAH, Poccus

lecakycTuyeckasi SMUCCHS SBJISETCS UHIUKATOPOM HAIPsi-?KEHHO-
J1e(bOPMHUPOBAHHOI'O COCTOSTHUSI T€0CEPBI, TTOITOMY HCCJIEOBAHUE BbI-
COKOYACTOTHON (0 MEpPBBIX JECATKOB KUJIOIEPI[) [e0aKyCTUUECKOd
SMUCCUU UTPAET BAXKHYIO POJIb B pa3pabOTKE METOIUKHU ITPOTHO3UPO-
BAHUs CUJIbHBIX 3€MJIETPSCEHMII B CEHCMOAKTUBHBIX PETMOHAX, TAKUX
kak Kamuarka. B pabore ObLT MCIOMIB30BaH TOIXO, OCHOBAHHBIN Ha
[IOCTPOEHUN MaTEeMATUIECKON MOJEIN BHICOKOYACTOTHON reoaKkycTude-
ckoit amuccun. Maremarnyaeckasi MOJIEJIb IIpeJcTaBiser coboil cucre-
My ©3 JIBYX JIMHEHHBIX OOBIKHOBEHHBIX Iu((PEpPEHITNAIBHBIX ypPaBHE-
HUIl BTOPOTO TOPSIIKA C HEIMOCTOSHHBIME KOodddunmentamu. Kaxxkmoe
muddepeHnuaIbHoe ypaBHEHNE TPEICTABISIET COO0I NMITY/THC BHICOKO-
YACTOTHON Ie0aKyCTUYEeCKOW 3MHCCHUU C OIpeJeIeHHBIMH XapaKTepu-
CTUKAMU, & B3aMMOJEHCTBUE MEXKJIy HMILYJIbCAMHU OCYIIECTBJISIETCS C
MIOMOIIBIO KO3 DUIIMEHTa TUHEHHONH CBA3M.

B macrosmeit pabore MBI IPOIOIKAEM JIAJIbINE UCCIEIOBATH Ka-
9eCTBEHHBIE CBOWCTBA PEIIEHUs MATEMATHIECKON MOJIEJIN BBICOKOYA-
CTOTHOM Te0aKyCTHYecKoit sMuccuu. [Ijaga paccMarpuBaeMoil Mojean
JIaHO ODOCHOBAHWE CYIIECTBOBAHUS U €JIMHCTBEHHOCTH PEIeHWs Ha
OCHOBE METOJIOB (DYHKIIMOHAJBHOIO AHAJIN3a, HCCJIEIOBAHA, YCTONIN-
BOCTHh HYJIEBOTO DEIIEHUsS MATEMATHIECKON MOIE/H, & TaKXKe HCCTIe-
JI0BaHA €e yCTOWYMBOCTL NpU OOJIBIMUX BPEMEHAX C IIOMOIIBIO KDPU-
Tepusi Payca-I'ypsuna. IIpoBesneno mcciemoBanme Ha KECTKOCTD, BbI-
sIBJIEHO BJIMSIHUE [TapaMeTpPOB MOJIEIN HA YKECTKOCTh HUCCJIEyeMOil cu-
creMbl 1 depeHInaIbHbIX yPABHEHUI, TPUBEJIEHA BU3YaIU3AIIUS HC-
CJIeZIOBAHUI 3aBUCUMOCTH KECTKOCTH OT BpeMenu. CpeicTrBaMu KOM-
nbioTepHoit Maremaruku Maple, unciaerasivm meTonom Posenbpoka, mo-
CTPOEHBI OCIUJIJIOTPAMMBI U (DA30Bble TPACKTOPUHM IPHU PAIUIHBIX
YCJIOBHSIX: HAJMYMS YKECTKOCTH, HeycroiianBoctu u T.71. Cdopmynupo-
BaHbI PE3yJIbTAThl WCCJIEJOBAHUSI B BUJE TEOPEM, a TaKKe JIaHbI Ha-
[paBJIEHUs] JAJIHHEHNINero nuCCae0BaHus MATEMATHIECKON MOIE/IN BhI-
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COKOYACTOTHOI Ie0aKyCTHIeCKOil smuccun. PaboTa BbIOIHEHA B paM-
kax Tocymapcrsennoro sazanns mo Teme (2021—2023 rr.) «Pusmue-
CKHe IPOIECCHl B CHCTEMe OJIMZKHEr0 KOCMOca M reocdep IpU COJl-
HEYHBIX U JIMTOCHEDHBIX BO3JIEHCTBUSIX», DPEMCTPAIMOHHBIA HOMED
AAAA-A21-121011290003-0, a Takxke B pamrax rpanTa llpesumenta
P® Ne MJI-758.2022.1.1.
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2.33 IIporHo3upoBaHHEe KOCMHYECKOI IOroJbl B
IlenTpe aHamM3a KOCMUYECKOI MOTOAbI

HNNAD MI'Y
Msexosa U.H., osenrxo C.A., Kanrezaes B.B.
HUHAD MT'Y

leomaraurable Oypu un pammanuonHast OOCTAHOBKA B OKOJIO3EM-
HOM KOCMHUYECKOM IIPOCTPAHCTBE $ABJISIOTCH BaKHEUIUMU (AKTO-
pamMu KocMudeckKoil morojbl. llenTp aHann3a KOCMHUYECKOW IOTOJIbI
HUNAD MI'Y obecrieunBaeT OIEpATHBHBI MOHUTOPUHI U IIPOTHO3
PeOMArHUTHO OOCTAHOBKHU, a TaKXKe paJUalliOHHBIX YCJIOBHIl Kak
Ha TeOCTAIMOHADHBIX OpOMTAaX, TaK M HA HU3KHUX IOJSIPHBIX OpOU-
TaxX C WCIO/JIb30BAHUEM JAHHBIX PA3JAIHBIX KOCMUYECKUX MUCCHI.
Wurepuer-noptan llenTpa ananm3a KocMudeckoit morogsl MHCTHUTY-
Ta sanepaoit dusukn uMm. Ckobenpibiaa MIY um. M.B. Jlomonocosa
(https://swx.sinp.msu.ru) npeaocTapisieT BOSMOXKHOCTb MOHUTOPHHTA,
U aHaJn3a TeOMArHUTHON OOCTAHOBKM W PAIUAIIMOHHON OOCTAHOBKH B
KOCMHYECKOM IIPOCTPAHCTBE B PEXKUME PEAJHbHOro Bpemenu. [ljis mo-
CTPOEHUSI ITPOTHO3UPYIONINX MOJIEJIENl MCIOIb3yIOTCS METObl MAIIUH-
HOI'O O0ydYeHHsI, aJI'OPUTMBI OTOOPa CYIIECTBEHHBIX BXOJHBIX IIPU3HA-
KOB MOJIEJTH U AJITOPUTMBI KJIACCU(PUKAIIHN.

HccenenoBanue BBIIOJHEHO 3a CYET TpaHTa POCCHICKOr0 HaydHOro
donma Ne23-21-00237, https://rscf.ru/project/23-21-00237/.
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2.34 OcHOBHBIE Y€pPThI
MIPOCTPAHCTBEHHO-BPEMEHHO B3aMOCBS3U
MeK/1y PeXMMOM TEPMOMUHEPAJIbHBIX BOJ, 1
Pa3BUTHEM HAIPAXKEHHO-Ie(POPMUPOBAHHOTO
COCTOsIHUS 3€eMHOIi Kopbl KbIproI3acrana

Kenodupbaesa Jowc. XK.
Hremumym ceticmonoeuu HAH KP, o. Buwkex, Kvipevizcman

st u3ydeHus XapakTepa IIPOCTPAHCTBEHHO-BPEMEHHOI B3am-
MOCBSI3M  MeXKIy peXuMoM TtepMomuHepasibbix Box (TMB) wu
JeOpPMaIMOHHO-HAIIPSIZKEHHBIM COCTOSTHUEM 3€MHO# KOPBI IIPUBJIEYe-
HBI METOJIbI COBMEIEHNST U COITOCTABUTEILHOIO aHa/m3a. B KadecTse
npuMepa mpesioxkensl Teppuropun Keiprerscrana. [Tapamerpsr mexa-
uusma odaros (MO) 3emuterpsicennit 6a3upyiorcs Ha Moean XOHIbI-
Bgesenckoii.

Bpemennnie rpaduku TMB upenacrasisgior coboit cuHycOmIbl CO
cJabbIM CMEIEHNeM MWHMMYMa K JIETHEMY U OCEHHEe-3MMHEMY I1epu-
omam. Hawmbosibmmme adbdekrsi, cocrapistomue 20-50 mporeHToB, 3a-
bUKCHPOBAHBI B SMUIEHTPAIBHBIX 30HAX: [TOJIE3HBIE CUTHAJIBI 10 TE€M-
neparype gocruraior jo 30° C, yposus (H) kosnebirorcs or 0,5 10 2Mm,
a gebuta- or 20 10 100 mpoIEeHTOB, TOrAa KaK OTCYTCTBYIOT PEAKITUN
aszora (N3), COz u resusi, a TaK»Ke IIOJHOE PABHOJLYIINE UCIBITHIBAIOT
razosbiii pakrop (GF) ma done konebanuii xa0pa, rugpokapbOHATOB,
KapOOHATOB W KaJIbINs, & Takke 3HadeHuit pH, xors omymanucs Ba-
pUaIuu B mapaMerpax arMoc(epHOro /1aBjeHus.

[IaTHanuaTs ceficMuyeckie COOBITUS C SHEPIeTHYECKUM KJIACCOM OT
5,1 1o 7,4 3auKCUPOBaHBI IIPU MTOJIBUYKKAX CO «COPOCOBBIM» U «HA BU-
TOBBIM» THIIAMH, & TP 3eMiierpsiceHusix Oosiee 10 mmeroT «B36poco-
BBIf» W «CABUTO-HABUTOBBINY XapaKTep. DTO JIOMOJHEHO TAKKE JTaH-
HBIME 23-X CEHCMOCTAHIIIT, HO BO BCEX CJIydYasX AedOpMAIlUU MUMEIOT
«CJIBUTOBO-HAIBUTOBBII» xapakTep. COBMECTUB JTaHHBIE PEIKUMHBIX Ha~
OJIO/IeHMIA, TTOJIy YeHHBIX Ha 6a3e TepMOMUHEPAJIbHBIX BOJL C HAIIPABJIEH-
HOCTBIO MUT'DAIIHU SMUIEHTPOB 36MJIETPSICEHUIT MOYXKHO CKa3aTh, UTO B
CUCTEME <«IIPEIBECTHUK-3EMJIETPSICEHNE-OTKJINK> [IPA BHYTPEHHEH Ha-
rpy3Ke C SHEPIeTUIECKUM KJIACCOM MeHbIre 10 B3anMOCBsI3u OTCyTCTBY-
10T, He BBIXO/[S 34 IIPEJIeJIbl BO3IENCTBUS KOJIeOATeIbHBIX JIBIKEHAN U
CE30HHOW IUKJINYHOCTH B 3eMHOI Kope. Ha sroMm done mexjy aHEUMHI
¥ XOJIOM aTMOC(EPHOrO JaBJIEHUs, JIeHCTBUTEIBHO, YIACTBYIOT IIEPU-
OJIbl KBa3UYCTONYIMBOIO U HEYCTOINYIMBOTO COCTOSIHUsI Cpejbl. Tak, 1o
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zanucam 10 celicMocTaHIIMil B CEICMUYECKUX OYarax, HaXOJIAIUXCA Ha
ryounax ot 16 10 30xkM, n"HOOPMATUBHBIM OKA3aJI0Ch 3€MJIETPSICEHNUE C
SHEPreTUIeCKUM KJIACCOM, PAaBHBIM 11,6 U THUIIOIIEHTPOM, PACIIOIOKEH-
HBIM Ha IybmHe 25KM, mMmerolnee J1ehOpMaIyy «C/IBUTO-HAIBUTOBBII
xapakTep». lIpu 3TOM ceMb U3 HUX A/ 3HAK «—+», & TPU U3 HAX- <-».
B mepBoMm citydae mOABMKKN UMEJN «CIABUTO-HAIBUTOBBINY XapaKTep,
a TPU 3eMJIETPSICEHUSI ¢ SHEPreTUIeCKUM KJIACCOM 7,7 IPOU30ILINA IPU
MTOJIBUZKKAX CO «CJIBUTO-COPOCOBBIM» THUIIOM.

B 1nie/toM s1uiieHTphI 3eMJIETPSICEHU C 9HEPreTHIeCKUM KJIACCOM 00~
see 10,6 B KpIproizcrane pacmnoiararoTcs HepaBHOMEPHO, KOHIIEHTPHUPY-
sch rpynmaMu B obsactax ¢ pazmepamvu 50-70 kM. Ilpu sTom Takoe nx
KOMIIAKTHOE COCPEIOTOYEHNE, UMesl PeabHYI0 (DU3NIECKYIO [IPUPOLY,
CBUJIETEJILCTBYIOT O HAJMYUH IVIyOMHHBIX TEKTOHUYECKUX Pa3JIOMOB.

Takum 06pa30oM, IIyTeM COBMEIEHUsI M COIIOCTABJIEHUsI Ipeob,iaa-
OIMUX Pa3MEPOB AKTUBHBIX CTPYKTYP U BCEX (PAKTOPOB, yUIaCTBYIO-
X BO B3aMMOCBSI3HM, MOYKHO IIPUOJIM3UTDH PEIeHNe BAXKHEUIINX ITPU-
KJIAJHBIX 33/1a9, CBI3aHHBIX C BblIeJE€HHEM 00JacTell, HA KOTODPBIX B
CpeJlHe- U KPATKOCPOYHOM IIepCIIEKTHBE BO3MOXKHA CelicMUUecKasl aK-
TUBU3AIIAS.
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2.35 O MmeTomuKax A0JITOCPOYHOIO IIPOTrHO3a
n3BepKkeHuit ByjikanoB Kamuarkm: ux
3¢ HEKTUBHOCTb U 3HAYNUMOCTD IO
PEeTPOCHEKTUBHBIM JIAHHBIM

’ ITupoxoe B.A.'|, xynuna E.H.?

U Kamvamexuti duavan @UL EI'C PAH, e.
Ilemponasaosck-Kamwamerudi
2 Hayuonarvnwdi uccaredosamenvcruti Tomekuti 2ocydapemeeniviti
yrusepcumem

C nmagasia 1960-X r0/10B MOSIBUJICST Psifi PabOT, B KOTOPBIX yKa3bI-
BaJIOCh, 4TO KocMudeckue hbakToph! (COJHEUHAsS aKTUBHOCTD, IPABUTA~
tuonnbie 1ot JIyael u CosiHIa U Jp.), B TOM 9YHUCJE U3BECTHBIE aCT-
POHOMUYECKHE PHUTMbI, CBA3aHBI C T'€OJUHAMUYECKIMU IIPOIECCAMU B
TBepaoil 3emste. [TOHATHO, YTO NIPU UCIOJIB30BAHUHU M3BECTHOIO ¢ XIX
BeKa Criocoba HAJIOXKEHHUsS] PUTMOB JPYT HA JPYra MOTYT OBITH BBISIB-
JIEHBI 3HAYNMBbIE aKTUBHBIE (Da3bl, UTO SIBJISETCSI OCHOBAHUEM JIJIsl BbI-
JieJIeHUs] THTEPBAJIOB BPEMEHU TPEBOTHU IS OKUJIAEMBIX M3BEPKEHUIT
BYJIKQHOB.

Bribop puTMOB, PacCYUTHIBAEMBIX C TOYHOCTHIO JI0 THICIYIHBIX J10-
Jieit Toja, MO3BOJIAeT OOJilee TOUYHO PACCUNTATh BPEMSI TPEBOT'H U IIOBBI-
cuTh 3 HEKTUBHOCTD U OIPABIBIBAEMOCTH ITPOIHO30B 10 CPABHEHUIO C
METOJIMKON IMPOrHO3a, UCHOJIB3YIOMEH KBA3UIEPUOINIECKYIO TTOBTOPS-
€MOCTb CUJIbHBIX BYJKAHMIECKUX M3BEPYKEHUN BO BPEMEHU, ITPUMEHSIB-
meficss Kak B Mupe, Tak u i Kamuarku. OTMeTnM, 9T0 MOCKOJIBKY
U3BEPXKEeHUS] BYJIKAHOB U 3€MJIETPSCEHUs, KaK IIPABUJIO, B3AHMOCBI3a-
HBI, JIJISI UX JIOJICOCPOYHOTO IIPOTHO3a YACTO UCIIOJIB3YIOTCS O0IIue Me-
TOJIMYIECKHE TTOIXO/IbI.

B nokiane npeacraBienbl HEKOTOPBIE PE3YIBTATHI MHOTOJIETHIX UC-
caeposanuit Illupokosa B.A. B cieayromux acuekTax:

o [Tporuos kaM4aTCKuUX N3BEPXKEHNIT HA OCHOBE UCIIOJIb30BAHMS JIy H-
HOoro putrMa 18,613 1. 1 ero Tpex rapMOHUK;

e Bimanue purma 18,613 r. HA CHJIbHBIE BYJIKAHUYECKHUE U3BEPIKE-
Hust KamuaTku;

e O MeTojKe TIPOTHO3a HANOOJIEe CHIIBHBIX KAMYATCKUX M3BEPIKe-
HUIl ¥ HelepecevueHnn aKTUBHBIX (ha3 M3BEPIKEHUN U 3eMJIETPSICEHUIT;

e O meronmke Ha30BbIX TPACKTOPHUI JJIsT IPOTHO38 KAMYATCKUX M3~
Bep2KeHUIL.
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2.36 Bapwuamuu anomaJsuii arMmocdepHOro
JlaBJIEHUsI BO BpeMs CUJIbHBIX 3€eMJIETPSACEHU
B Kazaxcrane

bazxapesa JI.T., Buases A.B.

Huemumym ceticmonozuu Murnucmepemeo no upe3suiuatiioim
cumyavuam Pecnybruru Kazaxcman

B usyuenunsx mexanmsma 3eMJIeTPSCEHNN, BApUAIIMT aTMOCHEPHOTO
J[AaBJIEHNs] TPUHSATO OTHOCUTH K TPUITEPHOMY BO3JEHCTBUIO HA COCTOSI-
HUe cpeJibl, OJIM3KON K pa3pyLIEHUIO, Ha IOCIEIHEM dTale [IOATOTOBKI
zemsterpsicerust. OTIeIbHBIMEI UCCTIEI0BATEISIMA OBIJIO TIOKA3aHO, UTO
aTMoc(epHOe JaBJIeHNEe BbI3bIBAET IedOPMAIINI0 3€MHOM KOPBI U IIPU-
YPOYEHHOCTD SMUIEHTPOB CUJIBHBIX 3eMJIETPSCEHUN K OMPEIeIEHHOMY
IPOCTPAHCTBEHHOMY IOJIOXKEHUIO Hapraeckux moJieit. OTMedanach BO3-
MOXKHOCTbH IIPUMEHEHUsI BapHaIuil IPaJueHTOB aTMOC(EpPHOIO JTaBJie-
HUsI Ha OOJIBIIKUX IIPOCTPAHCTBAX B KPATKOCPOYHOM IIPOIHO3€ 3eMJie-
TPsCEHUil.

B nmannoit pabore paccMaTpuBasach COrIACOBAHHOCTH OAPUIECKUX
aHOMAJIA M SMUIEHTPOB CUJIBHBIX 3€MJICTPACEHUIT I CeCMOAKTHAB-
HBIX permoHoB Kazaxcrana W ero NpUTPAHUYIHBIX paitoHoB. OCHOB-
HOE BHUMAHWE VJIeJIEHO aHOMAJIUsIM IIPU3EMHOI'0 aTMOC(EPHOIO JIaB-
JIEHUsI, CYIIIECTBOBABINUX 3a HECKOJIbKO JIHEll HAaKaHyHE W BO BpeMsi
cuibHbIX ceficmuaeckux cobprruil (M Gosiee mau pasuo 5,6) 3a mepuog,
1979-2022 rr. AHaM3upOBaNCh KAPThl AHOMAJMI JABJIEHUS U COOT-
BercrByonue snureHTpbl. Celicmudeckast nHMOPMAIUS TOJIyIeHA OT
National Earthquake Information Center (NEIC), nanubie o cpejuecy-
TOYHOM aTMOCEPHOM JIABJIEHUU Ha, CTAHITUSX, OJIMKANIINX K SIUIEH-
Tpy, B3gaThl u3 apxusa National Centers for Environmental Information
(NCEI), croxersl KapT aHoMaJjnil aTMOChEPHOro NABJIEHUS HA YPOBHE
Mops crpomiinck ¢ nomorbio Global Data Assimilation System (GDAS)
National Centers for Environmental Prediction (NCEP).

[TpuMeHsIMCH CTATUCTHIECKUN aHAJIUS JJIs OIEHKHU IIOBTOPSIEMOCTH
BEJIMYMH 9aCTOT HAUDOJIBIINX aHOMAJIUI HAKAHYHE WM BO BpeMsi ceii-
CMUYIECKUX COOBITHII W BU3ya/bHAs KJaCCH(pUKAINAS B IPADUICCKOM
pexunme.

Tunbr Gapudecknx 00pa30BaHUit BO BpeMs CEHCMUTIECKUX COOBI-
THIl COOTBETCTBOBAJIA MHOTOJIETHEMY CE30HHOMY PaCIIPeIe/IEHUI0 aTMO-
cdeproro nasiennsi. Hajr paccmarpuBaeMoil Teppuropueil B XOJI0IHBII
nepuos nupeobiagaer 06JaCTh BLICOKOrO fasjenus (Az), jeTom — 1oJie
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HOHMZKEHHOTO AaBiaeHns (Zn) B HOJABJISAIONEM GOJIBIIMHCTBE CJIyIaeB.
SeMireTpsiceHns IPOUCXOUIN Ha Iepudepun aHoMasmii arMocdepHo-
IO JIaBJIeHUs. DIUIEHTD 75% U3 HUX B TeYeHHe BPEMEHH [0 3-X CYTOK
JIO0 3eMJIETDSICEHUS] WU B JIeHb 3eMJIETPSICEHUs] HE3ABUCHMO OT Ce30Ha
rojJia PacIoJiarajcs B o0JIACTH HyJIEBBIX WM OKOJOHYJIEBBIX 3HAYCHMUIT
AHOMAJINH, KOTJIa HAOIIONAJICA UX HEPEXOJ] OT HOJOKHUTEABHBIX (OTpH-
[[ATEJIbHBIX ) K OTPUIATEIbHBIM (II0JIO2KUTEJILHBIM) 3HAUEHUSIM.

IMosyueHHBI Pe3YJIBTAT MNOATBEPXKIAET AHAJIOTHYHBIE UCCIIEN0BA~
HUsl JUIS JPYTUX PETHOHOB U COOTBETCTBYET TEOPHH MEXaHH3Ma, 00b-
SICHSAIOIIET0 BO3MOYKHOE TPHITEPHOE BO3JeiCTBIE aTMOCGhEPHOro JIaB-
JICHUS Ha CEfiCMIIECKOe COOBITHE.
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2.37 Bapwuamuu napamerpoB curaajia or C/IB
nepenarynka A1F3 npunsroro B
reodusndeckoii obcepBaropun «VMuxHeBo» BO
BpeMsi cepuu 3emiierpsiceHnii B Typrun B
despase 2023 1.

Ioknad FO.B., Paxoscruti U.A., Taepunos B.T.
HJiI' PAH

B reodusuueckoit obcepparopun « MuxueBo», pacmnosoxkensoit B 100
KM K 10ry oT MOCKBBI, Be/IeTCsI HEIIPEPBIBHAST PETUCTPAIUS CUTHAJIOB OT
CIIB niepenatankos. Oqaum u3 Hux siisiercss CIB mepematank A1F3,
pacnosoxkennbtit B spanse, B nycroite Heres. B despase 2023 rona B
Typruu npousornia cepust 3emyerpsiceruit. [lepBorit, caMbIii MOIITHBI
TOJTYOK ¢ MarauTyaoit M7.8 mpousormesn 06.02.2023 B 01:17:35 UT. Bro-
POii IO cuJjie TOJIOK ¢ MarauTy 10t M7.5 6611 B 9T0T ke jenb B 10:24:49
UT. Bcero B sToT mieusb npou3orniio 109 To9KOB ¢ MArHUTYA0N 60JIbITe
M4.5. 3emyierpsiceHus B 9TOM paifioHe TPOIOJIKAJINCH BIUIOTD JI0 KOHIIA
deppadisi. Tpacca curnana or nepegarduka A1F3 g0 '®O «Muxne-
BO» TIpoxoamJia Ha paccrogHuu 125-130 KM K 3amajiy OT SMUIIEHTPOB
HamboJIee CHJILHBIX TOJTYKOB. JIMUIEHTPLI Oojiee CIabBIX 3eMJIETPsICe-
HUIl PaCIoJiarajnuch OJmke — BIUIOTH 70 25 KM OT Tpacchbl. B HOYB
repe/i IepBbIM, CAMBIM MOIIHBIM 3eMJIeTPsSCeHneM ¢ MarHuTymoit M7.8
B aMILIATY/Ie IPUHUMAEMOrO0 CUTHAJIA HAYAJINCh CUJIbHBbIE BAPUAINU C
xapakTepHbiM 1epuogoM 20-40 munyT. CrieKTpaJjibHBINA aHAJNU3 [TOKa-
3aJ1, 9TO B HOYL ¢ b Ha 6 deBpans 2022 romga HabIIOIAIOCH 3aMETHOE
yBeaumdenue Bapuanuit Ha gacrorax 0,2-0,6 mI't u okoso 1 M. Ana-
JIOTHYHbBIE, TOJIHKO CYIIECTBEHHO 0OJiee caabble BAPUAIMH AMILIHTY/IbI
curxaJia HabJII0JAJINCh U B IIOCJIEIYIOIINE JHU, B KOTOPBIE IIPOUCXOIUIIN
3eMJIETPSICEHUSI.
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2.38 MoOHUTOPUHI paAuAIMOHHBIX II0JIEi B
OKOJIO3€MHOM HPOCTPAHCTBE C IIOMOIIIHIO
npubopa KO/IN3 na crytHuke popmara

Kybcar 3u «Mouurop-1»

Ocedro B.H.', Anmownsox I'M.", Beneun B.B.', 3oromapes H.A.Y,
Hewaes 0.F0.', Csepmunos C.H.2

L Mockoeckuti 2ocydapcmeenmonti ynueepcumem um. M.B.
Jomorocosa, Hayuno-uccaedosamenrvekuts uncmumym s0epHot
Pusuru um. /1.B. Ckobeavuyvina
2 Mocxoscruti 2ocydapemeermuts ynusepcumem um. M.B.
Jlomonocosa, Pusuueckutl garyavmem

B pamkax npoekra MockoBckoro yHupepcurera «CoszBesue-270»
9 aBrycra 2022 1. OCyIIeCTBJIEH 3aIlyCK KOCMHUYECKOTO allllapaTa
«MonunTop-1», Ha KOTOPOM B Ka4eCTBE 0JIE3HOI HAIPY3KH YCTAHOBJICH
npubop KO3 — KOMILIEKCHBIH JIeTEKTOP KOCMUYECKUX U3JIyIeHMUIA.

[Mpubop KOAN3 npegnaszuader jjisi OTPabOTKU AMIAPATYPBI JIJIst
OOHAPYKEHUS PaJINAIIMOHHO-OITACHBIX ITOTOKOB COJHEYHBIX KOCMHUe-
CKHUX JIy4eil, KOTOpble MOI'YT CO3JaBaTh JOIOJHUTEIbHYIO PAJIMAINOH-
HYIO HArPY3Ky Ha 60pTy BbICOTHBIX camoJjietoB. [Ipubop KOAU3 co-
JepKUT UepeHKOBCKNU JIETEKTOD B BU/JIE IUJIHHJIPA U3 OPI'CTEKJIA JTha-
MeTpoM 38 MM m BbicoToir 20 MM, mpocmarpuBaemblit PIY. s no-
3UMETPHUH 3aPSKEHHBIX YaCTHUI[ B COCTAB MPHOOpPA TAKXKe BXOIAT JIBA
KPEMHUEBBIX IOJIYITPOBOIHUKOBBIX JeTeKTopa TosmuHoi 0,3 mm. Morr-
HOCTB HOTPeOJIeHNsI Tpubopa MpU HOMUHAJIBHOM Halpsizkeruu 27 B He
6ostee 3 BT BHe 3aBUCHMOCTH OT pexkuma pyHKIMOHMpOoBaHusA. Macca
npubopa 6e3 komiurekTa Kabeseil e 60see 0.9 kr. [Ipubop nozBosser
00HAPYKUBATH YXYIIIEHHE PAMAIMOHHON 0OCTAHOBKH B KOCMIUYIECKOM
[IPOCTPAHCTBE B OKPECTHOCTSX 3E€MJIM W TOJydaTh WHMOPMAIUIO JIJIst
OTEHKY PAIMAIMOHHON OMACHOCTU TAKUX YXYIIICHHUIA.

B Hacrosiiiee Bpemsi BejgeTcst 06pabOTKa 1 aHAIN3 WH(MOPMAIIAN, TI0-
crymnaromeit ¢ npubopa KOJIU3 na cnytauke «Mouutop-1». [Ipubop
pPErucTpupyeT paJualuoOHHble MOTOKA U JIO30BYIO0 HAIPY3KY, 00YCJIOB-
JIEHHYIO PJIMAINOHHBIMHE IIOJISIMUA B PA3JIMIHBIX 00JIACTIX OKOJIO3EMHO-
r'0 MPOCTPAHCTBA, BKIOUas H)KHO-ATIIAaHTHIECKYI0 AaHOMAJINIO, BHEIII-
HUIl paJUAIlMOHHBIN TIOSC, MOJSPHYO mankKy. [loiyaeHsbl qaHHbe, KaK
JIJISI TEOMArHUTHO-CIIOKOMHBIX YCJIOBUI, TaK U BO BPeMsl T€OMAaTrHUTHBIX
BO3MYIIIEHU, BbI3BAHHBIX YCUJIEHHEM I'e€JIN0-aKTUBHOCTU, B TOM HUCJIE
B HavaJje n BecHoir 2023 1.
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3 ®dDusuka IMpPeJBECTHUKOB 3eMJIeTPICEeHU
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3.1 CeiicMmuyeckKoe siBJieHHE, pacCMaTPUBaEMOE C
MO3UITUI HEPABHOBECHOU TepMOAMHAMUKM, KaK
npoiliecc pa3pylieHuss HeyCTONYnBoOi
HeJIMHEWHOI CTPYKTYPbI Ha IIpUMepe
Kponorikoro 3emierpsiceans 05 ngekadps
1997 r.

Bozdanos B.B., Ilasnros A.B.

Hremumym xocmopuduveckuxr uccaedosaruti U pacnpocmpaHerus

paduosoan JIBO PAH, Poccus

B npesicrasiientoii pabore 1MOArOTOBKA 3€MJIETPSICEHUS] PACCMATPH-
BaeTCd C MO3UIUNA HEPaBHOBECHOI TePMOIMHAMUKHN, B KOTOPBIX 3BOJIIO-
[y CHCTEM OOYCJIOBJIEHA IIpolteccaMu camoopranu3anun. [Ipu Takom
oJIXo7ie JTUTOoCEpPa MPEJICTABISIET COO0H OTKPBITYIO HEJIMHEHHYIO CU-
cTeMy, B KOTOPOIi, 38 CYET BHYTPEHHEN JINCCUIIAIUN U COTVIACOBAHHOT'O
B3aMMO/JIEICTBUS €€ 3JIEMEHTOB MOXKET IPOTEKATH IIPOIECC PA3BUTHUS
(camoopranuzanym), NUPUBOIAINIUI CUCTEMY B KPUTHYECKOE COCTOSHIUE.
Pazutre no Ilpuroxkuny BO3MOXKHO TOJIBKO B CTAIIMOHAPHBIX COCTO-
AHUSAX, MAJEKUX OT PABHOBECHOI'O, KOTJA JIMHEiiHOe HPHUOJINKEHe He
paboTaeT U HeJIb3s YTBEPKIATH C YBEPEHHOCTHIO 00 aDCOJIIOTHOI yCTOH-
YUBOCTU CTAIMOHAPHBIX COCTOsTHMIT. B CcBOIO 0vepe/ib, HEYCTONINMBOCTD
CUCTEMBI O3HAYAET, UTO (DJIYKTYAINH, CYIIECTBYIOIINE B HEll, He 3aTyXa-
10T, KAK B YCTOIYUBBIX, & HA00OPOT, B PE3yJIbTaTe HEJUHENHBIX IPOIEC-
coB ycuuBatorcs. OHE JTOCTHTAI0T MaKPOCKOITMIECKOTO YPOBHSI U BbI-
3BIBAIOT CKAYKOOOPA3HBIH [IEPEXOJ] CUCTEMBI (CeficMIIecKoe COOBITHE) B
HOBOE YCTOWYMBOE COCTOSIHHME C yMEHbINUBINelcs suTponueil (ceficmu-
yeckoe 3aruiibe). Mnade roBops, Kak orMedas [Ipuroxum, mpoucxo-
IUT YCTAHOBJIEHUE <IOPsiKa depe3 (DIyKTyallun», U WHTEPIPETUpPYye-
MO€e UM KaK I10CJeJI0BaTeIbHbIN IIepexo/l CUCTEeMbl B CTAllMOHAPHOE CO-
CTOsIHUE C YMeHbINaloleiics SHTponueil. B aToM cirydae n3MeHSOTCS
MaCIITa0bl CBA3U MEXKJTy PAa3JIUIHBIMU YACTAMHU HEJTUHEHHON CTPYKTY-
PBI, T.€. H3MEHSIOTCSI MACIITA0bl BDEMEHHON M IIPOCTPAHCTBEHHON KOP-
pessitiuu. B cBOIO Ovepesb, METOABI CEHCMOJIOTHIECKOIO0 MOHUTOPWH-
ra HaIPsSKEeHHO-1e(DOPMUPOBAHHON Ie0CPEIbl MOXKHO PACIIHPHUTD, €C-
JIM /171 IO N3y4eHUs UCII0JIb30BaTh MEeTO ], BBIYUCJICHNUS pacIIpe/le/IeHus
BEPOSITHOCTET BOSHUKHOBEHU S 3€MJIETPSICEHN JIJIS1 PA3JINIHBIX CJTydaii-
HBIX COOBITHIT, Ha OCHOBe akcmomarmdeckoro mogaxona A.H. Kosmo-
ropoBa, IPUMEHEHHOT0 K KaTaJIory KaMaaTcKux 3emMjeTpsceHnii. 1o
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[MO3BOJISIET MIPOCJIE/IUTH 38 CAMOCOTJIACOBAHHBIME U3MEHEHUSIMU B ITPO-
CTPaHCTBE U BO BPEMEHU PaCIIPEIeIeHNI BEpOATHOCTEN! CaydaliHbIX Be-
JqmauH (Harpumep, ryOGuHbL) 1js caabbix («DOHOBBIX» ) 3eMJeTpsice-
HUIi, TPeJIIeCTBYIMNUX CHIbHOMY cobbiTuio. ChopMysmpoBaHa TUIO-
Te3a 0 TOM, YTO «(DOHOBBIE» 3€MJIETPSICEHUS C TPUOIMKEHIEM TJIABHOI'O
TOJTIKA HA MPOTSYKEHUN HECKOJBKUX JIET MMEIOT TeH IEHITUIO IPYTIIIPO-
BAThCA HA OOJIBIMMX MPOCTPAHCTBEHHBIX MAaCIITabaX MPUOJIU3UTETHHO
Ha TJIyOMHE TOTOBSIIEroCsi KPYITHOTO coObITUsI. B cTaThe paccMarpuBa-
rorcst Kpororkoe cobsiTue, mpousormreaiee 05.12.1997 r. ¢ marauTypoit
Mc="77.

Pabora BeimosHena B pamrax ['ocymapcTBeHHOrO 3a/1aHus 1O TeMe
(20212023 rr.) «Pusngeckne IPOIECCH B CHCTEME OIIHKHETO KOCMOCa
u reocdep IPU COJIHEYHBIX U JIUTOC(EPHBIX BO3ieiicTBusix», AAAA-
A21-121011290003-0.

111



3.2 Amnanus ceiicMmmuHoctu CaxajimHa C IIO3UIAIL
HEIKCTEHCUBHOM CTATUCTUYECKOUN (PUBUKHU.

Cwues B.H.', Bozomonros JI.M.', Kocmuines /J.B.2,
Kocmuwinesa H.B.!

L Hnemumym mopcexkoti eeonoeuu u 2eodusury JBO PAH
2 Caxaruncrut guruan PUI] EI'C PAH

Karasior semyerpsicennii CaxajinHa pacCMOTPEH C MTO3UIMI HEIKC-
TEHCHUBHOI craTucTHyeckoil ¢husukn (non-extensive statistical physics,
NESP). B ocHoBe anajmsa JIeXKUT KOHIEIIHs SHTPONUY, KOTOpast ObL1a
BBegena B 1988 r. Koncrantuno [amancom B KagecTBe 06001IeHIE CTAH-
nmapTHOit sHTponun Bosbimana—l ubbca. durponus Tcammmca cyRuT
OCHOBO# J1j1sT 0DOOIIEHNST CTAHJAPTHON CTATUCTUYIECKON (DU3UKHU JIjIsT
calyuasi HEIKCTEHCUBHBIX (Hea auTuBHBIX) cucteM [Tsallis, 1988]. s
onmcanusi (PYHKIWI PACIIPEISICHUsT 3eMJIETPSICEHNII UCIIOJIb30BAIACH
MommduImpoBaHHas MOJEIb odara 3emJerpsicenust stick-slip — mpe-
PBIBUCTOE CKOJIbXKEHWE JIBYX IUIUT JIPYT OTHOCHUTEIBHO JPYra BJIOJb
pasJjioMa MpU HAJHMYUNA TPEHWS U 3AMOJHSIONMX (DPATMEHTOB MEXKTy
[TOBEPXHOCTSIMHU PA3JIOMa UM IIPUHIUII MAKCUMyMa SHTporuu Tcajuca
[Sotolongo-Costa, Posadas, 2004]. B sroit mozmenn dbparMeHTs! 3a11071-
HSOIUE TPOCTPAHCTBO MEXK/Iy IIJIOCKOCTSIMA Pa3JIoMa MOTYT HUTPATh
POJIb TOJIITUITHUKOB, & TAKKe IPEISITCTBOBATH OTHOCHUTEILHOMY JIBH-
JKEHUIO TJIOCKOCTeH. B laHHOI Mojie/in HAalIpsi2KeHNe HAKAILIUBAETCS 710
TeX TI0p, MOKa He CMECTSTCS WU He pa3pyIaTcs 3amoJTHsiomnme (gppar-
MEHTBI, U He [IPOU30iieT BbljesieHne sHeprun. VIcxo/s u3 3Toro, cMerie-
HI€ TEKTOHUYIECKUX OJIOKOB U BbIJIejIsieMasi SHEPrUsi IPOIIOPITUOHATBHBI
pasmepaM (parMeHToB MexK Iy padiomamu. B pabore |Telesca, 2011]
[TOJIYYEHO AHAJUTUIECKOE BBIPAYKEHWE, OIMCHIBAIOINIEE PACIIPE/IeIeHIe
3eMJIETPSICEHUN 110 SHEPIUSM BO BCEM JIMAIIa30He MATHUTY], B OTIHINE
ot smnupudeckoit popmysel ['yrenbepra — Puxrepa, KoTropoe TpeboBa-
TEJIbHO K BBIOOPY IPAHMUIL IMHEHHOrO yYacTKa rpaduKa MOBTOPSIEMOCTH.
[IpemyioxKeHHBIN TTOAXO, TO3BOJISIET OIEHUTDH CTEIEHb HEIKCTEHCHBHO-
CTH ceficMUYHOCTH B paccMmarpuBaemom peruone. [Tapamerp Tcasumuca
g MOYKHO HCIIOJIb30BaTh KaK Mepy CTaOUIBLHOCTA aKTUBHON TEKTOHUYE-
CKOIl 30HBI. Pe3Koe yBejimyeHne mapaMerpa ( yKa3blBaeT Ha yCUJIEHUE
B3aUMOJIECTBHUS MEXKJLY PAa3JIOMHBIMEA OJIOKAME M UX (DPArMEHTaMU U
CBSI3aHO C OTKJIOHEHUEM MX OT paBHOBecHOro cocrosuus [Complexity of

..., 2018].
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IToka3zamno, ITO MOTOK 3eMJIETPSICEHUIT TTPEICTABISIET COOOI cucTemy
C MAMSTHIO U JAJBHUMU TPOCTPAHCTBEHHBIX KOPPEJISIIIUSAMU, 8 BBITHC-
JIEHHblE 3HaveHusi napamerpa Tcajumca q ~ 1.5, NpakTUIECKH COB-
Maalo0T CO 3HAYEHUSIMU, TIOJIYI€HHBIMU JJIs MArHUTY/[ KATAJIOOB pa3-
JINYHBIX CEACMOAKTUBHBIX PETMOHOB. B TO 2Ke BpeMsi Ipu aHAJIN3€E TOTO-
Ka COOBITHIl, OTHOCAIINXCS K TEXHOTEHHBIM BO3JICHCTBUAM (B3PBIBAM ),
OTIPEJIEJIEHO, UTO 3HAYeHHe HapaMerpa Tcainca ( HUXKe, 9eM BbIYUC-
JIEHHOE 110 KaTaJIory 3eMjierpsiceHuii. Takue objiacTu, Ijie MpOu3BOJIAT-
Csl B3pbIBHBIE PA0OTHI, XaPAKTEPU3YIOTCsl HU3KUM 3HAYEHNEM [apaMer-
pa Tcammuca . TO MOXKET O3HAYATDH, UTO MEXKJIY ITUMU COOBITUSIMU
OTCYTCTBYET KaKas-Iud0 B3aWMHAs KOPPEJIANNs, WIH, WHAYE TOBODS,
3eMJIETPSICEHNsI, BLI3BAHHBIE B3PHIBAME, HUKAK HE CBSI3aHBI MEXKLy CO-
Ooii.
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3.3 BsaumogeiictBue armocdepbl u JuTocdephbl
MOIJIO OBITH TPUTTEPOM 3€MJIETPSICEHUS
M, 7.8 2023 r. B Typuumn

Boaxos B.A.Y, Tyépoe M.H.2, Jlapuonos H.A.3, Mpauna 5.4,
Honax B.*, Anexcandpos J.B.%, Toaosaves C.I1.2

L Huemumym dusuxu 3emau um. O.FO. IImuoma PAH, Poccus
2 Opasuncruti guauan Unemumyma paduomernury U sAeKmpoHuKy
um. B.A. Komeavrurosa PAH, Poccus
3 Hnemumym kocmodusduveckus uccaedosarut U pacnpocmpaHer s
paduosoan JIBO PAH, Poccus
4 Teopusuvecxuti unemumym AH 9P, Yexus

[Ipencrasien mpeaBapuTeIbHBIN AHAIN3 TAHHBIX, OCHOBAHHBINA Ha
HEJIABHO ITPOBEJIEHHBIX TOYHBIX U3MEPEHUSX HAKJIOHOB U JedOopMarinit
3eMJIn ¢ TIOMOIIBIO TPUOOPOB, PA3HECEHHBIX Ha GOJIBINOE PACCTOSHUE, U
X cpaBHeHue ¢ aTMOC(hEpPHON U MUKJIOHUIECKON aKTUBHOCTHIO BMECTE
C MUPOBBIMU METEOPOJIOTUIECKUMU, OKEAHOJOIMIECKUMU U KOCMUYe-
cKUMY IaHHbIMEU. [losrydeHHble pe3yIbTaThl TOATBEPIKIAIOT BIIBIHY-
TOe paHee MPEJIIOJIOKEHNEe O B3anmMOJEeHcTBUN aTMocdepbl, OKeaHa u
smrocdepbl KaK BO3MOXKHOTO CITyCKOBOTO MEXaHU3Ma CUJIBHBIX 3eMJIe-
TpsiceHuit. MBI TIPeICTaB/IsgAEeM 3TOT MPOIECC KaK Pa3BUTHE MOCIIEI0BA~
TeJIbHO BO3HUKAIONIUX yParanos (TailpyHOB) B BUJIE IPOCTPAHCTBEHHO-
BPEMEHHBIX KOJIEOaHUHN MUKJIOHNIECKU-aKTUBHBIX 30H HaJ| TEKTOHUIe-
ckumu TumTamu 3emun B Hanpasienusx B-3 win C-FO. Ilporece na-
quHAeTCs 3a 4—7 HeJesIb JI0 3eMJIETPSICEHNs], & MOCJIe CIaJia IIKJIOHN-
YECKOH aKTUBHOCTH BO300OHOBJISIETCS, [P 9TOM BO3HUKHOBEHUE MOII-
HOI'O CECMHUYECKOTO TOJIUKA CTAHOBUTCS BEChbMa BeposiTHBIM. Vccemo-
BaHWe CEPUM CIJIBHBIX 3eMyeTpsacennit 3a 1997-2007 rr. mokasaso, 9To
YKa3aHHBIA BBIIE EPUOJ] PACKAYMBAHUS CHCTEMBI ITUKJIOHOB W TIOJI-
TOTOBKHU 3€MJIETPSICEHUI MOXKET YBEJMIUBATHCA J0 1—2 MecsreB mist
HamboJlee CUJIBHBIX celicMudeckux cobwituit M,, 8-9. B manrHOM uc-
CJIEIOBAHUN PACCMATPUBAECTCS MHUIUUPOBAHUE MOIIHOTO 3€MJIETPSICE-
uug B Typruu (6 despans 2023 1.) KOTOpOE MOIIO OBITH pPE3yJIbTa-
TOM B3aUMOJIEHCTBUSI TPOIMUIECKUX IUKJIOHOB B VHIMIICKOM OKeaHe u
BHETPOIMYIECKUX yparanoB B bacceiinax Ceseproit Arrantuku u Cpe-
Ju3eMHOro Mopsi. Bozbyzkienue Mumo-Apcrpasniickoit u Adpukan-
CKOM TE€KTOHUYECKUX ILJIUT, OKAWMIIAIONIMX I0KHYIO CTOpPOHYy ApaBunii-
CKOM TEeKTOHUYECKOH IIJIUTDHI, PA3BUBAJIOCH B BUJE IPOCTPAHCTBEHHBIX
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U BPEMEHHDLIX KOJIEOAHUN IUKJIOHUIECKHNX BO3MYIIEHUN B HAIIPABJIE-
uun C3-FOB mex iy 6acceiinamu Aryrantudeckoro u Muauiickoro oke-
aHoB B mepuoj ¢ jekabdbpsa 2022 r. mo suBapb 2023 r. Psan nnrencus-
HBIX BHETPOIIMYECKUX [UKJIOHOB 3aTPOHYJI paitors! llerrpanbroit EBpo-
bl 1 Cpen3eMHOMOPbsI, MPUJIETAIONIe K CEBEPHON rpanure Apapuii-
CKOIl IJIUTHI HA €€ CAMOM Y3KOM U YSI3BUMOM yYacTKe, [Jie IPOU30IILIa
cepust KPYyIHBIX 3emiieTpsicenuil B nadase despais 2023 r. Habumo-
JaeMoe B3auMoJieficTBIe aTMocdepbl U JINTOCHEPHI COITPOBOXKIAJIOCH
HaKJIOHHO-OapuIecKuMu U 1eOpMaIlnOHHO-0apUIeCKUMU BO3MYITIEH-
sIMH, PETUCTPUPYEMBIMU HAIIMME IPUOOpAMU Ha OOJIBITUX PACCTOSHI-
ax ot Henrpasbuoit u Bocrounoit Esponsr 10 lasnbreBOCTOUHOTO pe-
ruona. Haksonno-6apudeckue sdbdexrsl nopsuka 1.2-1.5 mas/mbar u
nebopManoHHo-6apuIecKie coObITHs Betmannoi (2 —3)- 10~ 8mbar 1
HaOJIIOJIAJINCE JIJIsI HanboJiee MHTEHCUBHBIX €BPOIEHCKUX yparaHoB U
TPONUYECKUX ITUKJIOHOB B VIHINIICKOM OKeaHe 3a 7 Helesb U 3a 2 HeJle-
sm 70 3emaerpsicenus: My, 7.8 2023 r. B Typruu.

Pabora vacTuyHO BBIIOJIHEHA B PAMKAX PEAJMIAIIH TOCYIAPCTBEH-

Horo 3aganusg Ne AAAA-A21-121011290003-0.
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3.4 CBa3b ceiicmudeckoro pexxuma CeBepHOro
Taub-IIlansa ¢ u3aMeHeHUsAMU MapaMeTPOB
3JIEKTPOMATrHUTHOTO TIOJIsI

Beaocamodues O.M., Bunses A.B.

Hnemumym ceticmonozuu Munucmepemseo no 4pe3suiuatinoim
cumyavuam Pecnybruru Kazaxcman

Ha reppuropun Cesepo-Tsaub-IIlanbckoro ceficMOaAKTHUBHOTO PEruo-
Ha [IPOBO/ISITCS MHOTOJIETHUE MCCJIEOBAHNS BAPUAIUI KOMIIOHEHT T'e€0-
MarHUTHOIO IIOJIS U €CTECTBEHHOI'O JJIEKTPOMATHUTHOIO H3JIyY€HUs B
muanasone 1074 T'm — 40 k[, M3y4aemble mapaMerpbl — OTHOIIEHIE
AMIIUTYJ, CHHXPOHHBIX KBA3UCHHYCOMJIAIBbHBIX Kostebanuii Z/H (Bep-
TUKAJLHON ¥ TOPU30HTAJBLHON) Ha mepuogax or 8 10 120 munyt. Pe-
3yJIBTATOM U3MEPEHUl KOMIIOHEHT T'€OMATHUTHOIO TIOJIsT SABJISETCH KO-
addurmenT mepeaaTouHoi MYHKIINE Nr€OMATHUTHOTO TOJIS, OTPAXKATIO-
Uil 3JIEKTPUIECKYIO IMPOBOJUMOCTD CJIOEB 3€MHON KODPBI HA Pa3HBIX
[VIyOMHAX IIPOHUKHOBEHHS ITOJIS.

EcrecrBenHOe 3/1eKTPOMArHUTHOE M3JIy Y€HUE U3MEPSIeTCsI Ha YaCTO-
Tax 0.125-40 kI'm B 4-x jmanazonax. l3mepsiemblie mapaMeTpbl — KO-
JINYECTBO MMITYJIbCOB M UX CyMMAapHas SHEPIUs B eIWHUILY BpeMeHu. B
CBA3U C BBICOKAM yPOBHEM IIIYMOB B M3MEPSEMBIX I1apaMeTrpax pa3pa-
boTaHa MeTOINKa 0OPabOTKM C UCITOTB30BAHNEM HOPMHUPOBAHHOMN dHEP-
UU UMIIYJIbCOB. BBIXOIHON Psiji pACCUUTHIBAETCH KaK OTHOIIEHUE HOD-
MUPOBAHHOI HEPIUU Ha KaXKJIOM U3 JUANA30HOB K HU3KOYACTOTHOMY,
SIBJISTFOIIIAMCSI OITOPHBIM.

[Tosygyennsie pe3ysibTaThbl IPUMEHUMBI JJIs BBIIEICHUS HAIEKHBIX
[IPE/IBECTHUKOB HaKaHyHe 3emierpsicennii ¢ Ms Oosiee mim pasuo 4.5,
npouctieamux B pajguyce 100 kM or mynkra usmepenuii. CoBmect-
HBI aHaJIN3 IMapaMeTpPOB JIEKTPOMArHUTHOI'O U3J/IyY€HUA U KOJIMIeCTBa
MUKPOTOTIKOB TIO3BOJIUJI [IPE/IITOJIOKUTH [IPUPOJLY UCTOUYHUKA U3JLyde-
HUsI KaK T€HEePaIuio BLICOKOYACTOTHBIX UMILYJILCOB B TIEPUOJ PA3BUTHUSI
TPEIUHOBATOCTH B 3€MHOM KOpE HEeIOCPEICTBEHHO B pailOHe CTaHITUH.

AnomMasibHBIE OTKJIOHEHWST XOJa TE€PEeIATOYHON (DyHKIUU TeoMar-
HATHOIO II0JIsI HAKAHYHE 3eMJIETPSCEHUIl MOIYT MMeTh Pa3HbIi 3HAK
B 3aBHCHMOCTH OT MU3MEHEHUsl 3JIEKTPOIIPOBOJHOCTH Ha Pa3HBIX TJIyOU-
HaX. 3a [epPUO/T HADOJIIOIEHW MOJIyYeH Psijl JOCTOBEPHBIX KPaTKOCPOU-
HBIX aHOMAJIHUi, MIEHTU(MUINDPYEMBIX C [PEIBECTHUKAMU 3€MJIETPSICE-
uwmit ¢ Mb 6osee nim pasuo 5. IIpemyioxkena dusndeckass MOIETb BO3-
HUKHOBEHUsI aHOMAJIbHBIX BapHAIAll KOMIIOHEHT I'€OMATHUTHOIO IIOJIsT
U €CTECTBEHHOI'O IJIEKTPOMATHUTHOI'O U3JIyUeHUs] HAKAHYHE 3eMJIeTPsI-
CEeHNnu.
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3.5 Boamymienuns B obaactsax E nm F monocdepsi,
MpeJIecTByIONe 3eMJIETPSICEHUSIM B
Kamyarckom peruone

Bozdanos B.B., Ilasnros A.B.

Hnemumym x0cmopusureckus ucciedosanut u pacnpocmpaHeru
paduosoan JIBO PAH, Poccus

AnomasibHbIe U3MEHEHUs TAPAMETPOB, XapaKTEPUIYIONUX COCTOsI-
Hure nonocdepHobix obsacreit ' u F, nadiogaeMble iepei HACTYILICHHU-
eM CeHCMUYECKUX COOBITHIl, MOTYT PACCMATPUBATHCS KAaK BO3MOXKHBIE
noHOChEpHBIE MPEIBECTHUKH ITUX 3eMJeTpsiceHuil. B mpescrapien-
HOIt paboTe 10 JAHHBIM, KOTOPbIE TIOJIYyYeHbl Ha HOHOC(EPHON CTAHIINN
BEPTHKAJILHOTO PAJIMO30HIMPOBAHUS, PACIIOIOXKEHHOH B ¢. [laparynka
(52.97° c.mr., 158.24° B.1.) HpoBeleH aHAIM3 MOHOCHEPHBIX BO3MYIIE-
HUI, PErUCTPUPYEMBIX IT€pPEeJ] HACTYILIEHUEM 3eMJIETPSICEHUI ¢ MarHu-
rynoir M > 5.0, npousomeamux B KaMuaTcKOM permone 3a mepuo/l
2012-2022 rr. B kagecTBe BO3MOXKHBIX MOHOC(HEPHBIX IPEIBECTHUKOB
3eMJIETPSICEHUH PACCMATPUBAJIACH CTATUCTUIECKU 3HAYUMBIE OTKJIOHE-
HUsI OT (DOHOBOT'O YPOBHSI TIPEIETHLHON IaCTOTH OTpaxkenus foFs, da-
cToThl 3Kpanuposanusa fbEs u geiicteyromeii BoicoTel h' E's cnopaiu-
qeckoro cjost F's, a Tak ke KpUTHIeCKOil dactorbl foF2 cios F2 u
neiicrBytomeil Boicotbl h'F obmactn F' B yCJIOBESIX OTCYTCTBHUSI T€O-
MarHUTHBIX BO3MyIeHuii. [Ipoussesiena orneHKa MTPOrHOCTHIECKOH -
dEKTUBHOCTH AHOMAJILHOIO MOBE/IEHUST KOMILIEKCA PACCMATPUBAEMBIX
noHOChEPHBIX MmapaMeTpoB g 3eMiterpsicernit ¢ M > 5.0. Ilonydensr
SMIIMPUIECKUE 3aBUCUMOCTH, CBI3bIBAIOIINE SUIIEHTPAJIBHBIE PACCTOSI-
HUST 3eMJIETPSICEHUS U BPEMsI YIIPEXKIEHUST NOHOC(hEPHBIX BO3MYIIEHUIT
MOMEHTa HACTYIJICHUs 3eMJIETPSICEHUN C UX MATHUTY/JIOM.

Pabora BeimosHena B pamkax ['ocymapcTBeHHOTO 3a/IaHus IO TeMe
(20212023 rr.) «Pusnueckue IPOIECCH B CHCTEME OIIHKHETO KOCMOCa
u reocep MPU COJTHEUHBIX M JINTOCDEPHBIX BO3/IEHCTBUSIX>, PETUCTPa-
nuonHbI HoMep AAAA-A21-121011290003-0.
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3.6 IlpenBecTHuku 3emJieTpscenuii B F-objactu
noHocdepbl, CTATUCTUKA CEiICMONOHOC(HEPHBIX
3¢ PHEKTOB 10 JaHHBIM CTAHIINIT BEPTUKAJIBHOTO

noHoC(hepHOro 30HAUpPOBaHust S moHun

Juneposckas E.B.', Podxun M.B.%23

L Mnemumym dusuru 3emau um. O.1O0. IImudma PAH
2 Unemumym meopuu npoenosa semaempaceruti u
mamemamuyeckots seopusury PAH
3 Hnemumym mopckoti 2eonozuu u 2eofusuru JBO PAH

Ilo HaHHBIM SNOHCKUX CTAHIUI BEPTUKAJIHHOI'O 30HIUPOBAHUS
nonocdepsr (Kokubunji, Wakkanai and Yamagawa, 1957-2020 rompr)
PacCMOTPEHBI YaCOBbIE BAPUAIINYI KPUTUIECKOH dacToThl foF2 B cBsi3m ¢
3eMJIETPSICEHUSMU. Y 9T€HO pa3iandne (GU3MIECKOr0 MEXaHU3Ma PA3HO-
MIyOMHHBIX 3€MJIETPSICEHUI U BO3MOXKHOE Pa3jnmdue ceicMononocdep-
HOT'O OTKJINKa Ha IIPOIECCHI UX IOATOTOBKU. MOXKHO IMoJIaraTh pasmd-
HBIM MEXaHU3MbI CAMBIX IIPUIIOBEPXHOCTHBIX 3eMJIETPSICEHUI (10 TuIy-
6unbl cios oraenurens C.H.MBanosa), OObIYHBIX TEKTOHUIECKUX 3EM-
JIeTpsiceHuil ¢ TiybuHOi or cjosg oraenuresist 10 30-40 KM, 3emieTps-
CEHUil, B PEIAIONIEN CTEIeHN CBA3AHHBIX C IIPOIECCAME JIETUIPATAIINN
(or 3040 kM mo upumepno 100 kM) u Gosiee riry6okux. KoHKpernbie
IPAHUIIBI TAKMX U3MEHEHUI B UCCJIe/yeMOii 00JIaCTH He U3BECTHBI, U MbI
WX TIPeBAPUTEILHO TOJIOKWIM paBHbIMU 33 u 70 kM. Jljns cobbiTuii,
OTBEYAIONNX ITUM TIyOMHHBIM WHTEPBAJIAM, BBISBJIEHO CYIIECTBOBA~
HU€ CTATUCTUYECKM 3HAYUMBIX M PA3JIMIHBIX 110 XapaKTepy CelcMOm-
HOoChepHBIX 3PPEKTOB B 0OJJACTH MPOIECCOB TOATOTOBKY, TPUOIU3HU-
TeabHO Ha paccTogausx 10 500 kM. Kpome 3Toro, /1715 KOPOBBIX 3eMJie-
Tpscenuii (¢ riybuHaMu MeHee 33 KM), BBIAB/ICH CTATUCTUYICCKY 3HAIM-
MBIt ceficmononochepHbIi 3 deKT Ha OOTBITNX PACCTOSHUSIX OT 0Jara,
npumepro ot 800 mo 1500 kM. Takoe pasinyame B XapakTepe OTKJINKA
MO2KET OTBEYATH PA3JIMIHBIM MEXAHM3MAM CEHCMOMOHOCHEPHOrO B3an-
MOJIEICTBUS — BBIJEJIEHUIO PAJIOHA, N3MEHEHUSIM 3JIEKTPOIIPOBOIHOCTH,
Pa3BUTHIO TEILIOBBIX aHOMAJIUI M AKyCTUKO-I'DABUTAIIMOHHBIX BOJIH.
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3.7 TI'nobanpHbIe TEOMATrHUTHBIE BO3MYIIIEHUS,
BbI3BAaHHbIE Y/JAJIEHHBIMU 3€MJIETPSICEHUSIMU:
OTKPBITHE WUJIA ONIUOKa?

Huaunenxo B.A., Mapmunec-Bedenxo B.A.
HUDd3 PAH

Paccmorpen Bommpoc 0 BO3MOXKHOCTH BO3HUKHOBEHHUS TVIOOATBHBIX
PEOMATHUTHBIX BO3MYIIEHUN BO BpeMsl Y/IAJEHHBIX 3eMJIETPSICEHUit, O
perucTpanyu KOTOPbIX COOOIAIOCh B MHOTOUUCICHHBIX ITyOJNKAIIIX B
BEJIYIIINX POCCUMCKUX reopU3ndyecKux KypHaJiax. Eciii 91U pesysbra-
ThI TOJTBEPAATCSI, TO 3TO MOIJIO OBbI CTATh KPYITHBIM OTKPBITHEM B T€0-
dusnke, mo3TOMY 3TH HAOJIOJAEHUS TPEOYIOT OoJee JEeTAJTBHON TPOBEP-
ku. CorocraBieHre MPUBEJICHHBIX B IYOJIMKAIIASIX BO3MYIIEHUN ¢ JTaH-
HBIMHU BBICOKOITMPOTHBIX MAIHUTHBIX CTAHIMN TOKA3aJI0, 9TO BCsl CO-
BOKYITHOCTb MOP(OJIOIMYECKUX CBONCTB JIJIMHHOIIEPUOIHBIX BO3MYIIe-
Huit (¢ pumrensHOCTh 10-40 MUH) CBHIETENBCTBYET O TOM, UTO OHU SIB-
JISTFOTCST XaPaKTEePHBIMU [TPOSBICHUSIMI AKTUBA3AINYI MATHUTOC(HEPHO-
noHOChEPHOI TOKOBOM CHCTEMBI Ha ABPOPAJIBHBIX MMPOTaX. TakmM 00-
pa3oM, OOHApPYKEHHbIE BO3MYIIEHUST SIBJSIIOTCSI CPEJIHEIITMPOTHBIM OT-
KJIMKOM Ha BAPUAINU SJIEKTPOZKETa B ABPOPAJILHOI 00JIACTH U HE CBsi-
3aHbBI C CEICMUYECKON aKTUBHOCTHIO. KOPOTKOIIEpHOIHbIE TIEPUOITIe-
CKHUe BO3MyIIeHus (¢ EePUOJIOM MOPAIKA | MUH) OKA3aJIUCh I1yJIbCAIU-
avu Pi2 marauTochepHOro mponcxoXK IeHns, CIyIaifHO COBIABIIAME C
MOMEHTAMHU YJIAJIEHHBIX 3eMJieTpsiceHuil. PaccMOTpEeHHBIN BOIpOC sIB-
JISIeTCsT HATJISIHOM WJLTIOCTPAIIAEil TOro, 9TO BBIJEIEHNE aHOMAJbHBIX
BO3MYIIEHUI JOJI?KHO [TPOBOJUTHCS COBMECTHO CIIEIMAIUCTaMU 110 pu-
3UKe 3eMJIETPSICeHUI U KOCMUIECKOI MOroze.
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3.8 LURR (load-unload response ratio): HoBbIe
pe3yJIbTaThl Ha IIPUMeEpPe 3eMJIeTPSICEeHUs]
Tokaun-Oxku (25.09.2003, M=8)

Baxynun A.C.

Hrnemumym mopcekoti 2eonozun u 2eopusuru JIBO PAH,
FOotcro-Caxanunck, Poccus

B pabore mpesgiaraercsi OpUIHHAJBHBIA IOIXOJ] K METOIOJIOIHH
LURR, xoTopblii OBLT TpUMEHEH K aHaau3y CefiCMUYHOCTH OCTPOBA
Xokkaiigo. Jjist 06paboTKM JTaHHBIX Mbl UCIIOJIB30BAJIU IIPOrPAMMHBII
roMmILIeke Seis-ASZ, pazpaboranusiii B Macturyre Mopckoit eosorun
u leodpuzuku IBO PAH, u aBropckue MeTOIUKI, KOTOPBIE OTJINIAIOT-
cs1 YHUBEPCAJIHHOCTHIO B BBIOOpE MapamMerpoB o6paboTku. OHI UCTOb-
30BAJINCH [JIsl OIpenesienus: mapamerpos pacdera napamerpa LURR
BO BpeMmeHH, mpaBus BbigBiaenus anomasuit LURR, yciooBuit ckanu-
pOBaHUSI TEPPUTOPUU, KOTOPasi BO MHOI'O pa3 IIPEBBINIAET PACUETHYIO
IJIOMIA b, M OOBEKTHI Iporuo3a. VccieoBamnume mpoBeieHo ¢ ceficMu-
9eCKUMU JAHHBIMA B TOW YaCTH OCTPOBA XOKKAMI0, I/le B COBPEMEH-
HBII1 IEPUO/L IPOUBOILIO OIHO U3 CUJIbHEUIIINX 3eMJICTPACEHUNA B MUPE —
Tokaun-Oxu (25.09.2003, M=8). [lyist 3TOro uccie[0BaHUsT TEPPUTOPUST
BOKpPYT 3emyerpsicernst Tokaun-Oku ObLia pasiesieHa Ha 9 pacuéTHBIX
obsacreit (OKpy2KHOCTH paauycoM 1°) ¢ marom 1° 1o mupore u JoJro-
re (40°-44° ceBepuoii muporsl, 142°-146° BocTouHo# smoJroTsl). Perpo-
CHeKTUBHBIN aHaym3 mpooguics ¢ 2000 mo 2020 rr. 3a 20-yeTHuii me-
puo/T ObLITa OIIpe/iesieHa OJTHA IIPOTHO3HAS 30HA. DTa 30HA IIPEJICTABIIEHA
JBYMsI pacY€THBIMU ObJsIacTAMU ¢ aHoMasmsaMu B Konne 2001 — Havyaste
2002 rr. u BKIO9aeT B cebs srmienTp Tokaan-Oku (10 cyTu, saBjsgeTcs
JIJIg Hero mporuozoMm). Takoe HU3KOE KOJIMYIeCTBO aHOMaJwmii (110 cpaB-
Hermio ¢ CaxaanHoM, e 3a 22 roja ux 6610 Gosbie 60) 0ObsCHSIET-
cst 9 heKToM MogaBICHNsT HE3HAUNTEIbHBIX BapuaIuit gepe3 60 IbIIoi
00bEM paboueii BeIGopkH (HanpuMep, ¢ CaxajnHoM pasHuIa B 5 pas).
MOo2KHO Pe3IOMUPOBATH, YTO CEACMUYIECKUI PEKUM OCTPOBa XOKKAI0
SIBJISIETCsT XOPOIIUM BapUAHTOM JIJIsI IPOTHO3a 3eMJIETPSICEHU BBICITIE-
r'O MOPSIZIKA M MPAKTUIECKN HE BBIIAET JIOXKHBIX TPEBOT. Takme OreHKn
ABJISIOTCS IIPEIBAPUTEILHBIMA, TAK KAK M3yI€HHAs 00JIACTD COCTABJIS-
et jiumb 45% celicMUYIeCKn aKTUBHONU TEPPUTOPHH OCTPOBA.
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3.9 MereopoJsiorndyecKkne aHOMAaJIMA U CUJIbHBIE
KaMYaTCKHe 3eMJIeTPSICEeHUs

Konvinosa I'H.', Cepagumosa FO.K*, Jhobywun A.A?

b Kamvamexuti guauan @Pedeparvriozo uccaedosamensckozo uenmpa
«Edunasn eeopusuueckan cayorcoa PAH»
2 Uncmumym gusuru Seman um. O.F0. HImudma PAH

ITo manubIM MHOTOEeTHUX (1962-2020 r1.) HabMROAEHUIT 3a TeMIle-
paTypoii BO3IyXa U arMOC(EPHBIM JIaBJI€HUEM Ha JIBYX METEOCTAHIIUAX
B paitore r. Ilerponasioscka-Kamuarckoro (Kamuarckuii kpaii) ana-
JIN3UPYIOTCS TUIIOTE3BI O CBSI3U MOBBIMNEHHBIX U TOHUKEHHBIX 3HATEHUN
MeTeolapaMeTPOB U UX KOHTPACTHLIX U3MeHeHui ¢ (puHaIbHOM cTaam-
eil IOATOTOBKU MECTHBIX Hambojlee CHJIbHBIX 3€MJIETPsICEHUl, BbI3BaB-
[IUX OMIYTUMBIE COTpsiceHnst nHTeHCUBHOCTHIO IMSK-64>=4-5 6aioB
B paiioHe ropoja. Maruutyabl Takux 3emjeTrpsicennit M=5.2-8.3, snu-
IEeHTpaJbHbIE PACCTOAHUS 10 MeTeocTannnii de=22-440 xm.

1151 BBIIIEIEHUS METEOAHOMAJIII IPUMEHSIINCE: 1 — SMIIMPUIECKUN
c1I0cO0 COIIOCTABJIEHUS CPEJIHECY TOUYHBIX TEMIIEPATYD BO3YyXa U aTMO-
cepHOro J1aBJIeHUsI CO CPEIHECYTOYHBIMU BEJUYUHAMHU HUX TOIOBBIX
CpeIHEeCe30HHBIX (DYHKIWH 1 2 — POPMAIM30BAHHBIN METOJ, OIIEHOK MU-
HUMAJIbHON HOPMAJIM30BAHHON SHTpONUH, jiorapudma KodpdUmenTa
IKCIECCA W aBTOPEIPECCHOHHON MEPBHI HECTAITMOHAPHOCTA BPEMEHHBIX
PSI0B TEMIIEPATYPHI BO3AyXa U aTMOCKHEPHOrO JABJIEHUS B CKOJIb3SI-
IIreM BPpEMEHHOM OKHE. B Ka4geCTBE «aHOMaJIbHBIX» BEJIWMYUH MeETeOoIlla-
paMeTpOB IPUHUMAJIUCH 3HAYEHUsI, BBIXOIsIIE 3a auana3on X; +.5; u
X; £ 28;, KaKk NOBBINIEHNUs, TAK U MOHUKEeHNsA. X; — CPeJIHee CyTOUHOe
3HAYEHNE BEJIMIMHBI METEOIapaMeTpa Ha KarXK bl JIeHb KAJEHIAPHOTO
roza, i=1, ..365 (366) (cpennecezonnas dbyHKIWMs), S; — cpejHee KBaI-
paTruYecKoe OTKJIOHEHNE BEJIMYNHBI MeTeoapaMeTpa I KaXKJI0r0 JIHs
KaJIeHJIAPHOTO TOJIA.

AHajm3 CBsI3M PA3JUYHBIX BUJIOB METEOAHOMAJIUN Ha BPEMEHHBIX
WHTepBaJax OT 7 ;10 112 cyToK mepe 3eMJIETPSICEHUSIMU TTPOBOIUIICS
10 COOTHOIIEHUIO BEJWYNH HAJEKHOCTA U JIOCTOBEPHOCTU YCJIOBHOI'O
METEOPOJIOTHIECKOTO TpeiBecTHrKa. C MCII0JIb30BAHUEM TAKOT'O TO/IX0O-
J1a, OOHAPYZKEH MPEUMYIIECTBEHHO CJIyYailHbIf XapaKTep [POsiBJIEHUsT
Pa3/IMIHBIX BUJIOB METEOAHOMAJINN Iepel 3eMJieTpsiceHusIMu. Bmecre ¢
TeM, IPUMeYaTeTbHON OKa3aJIaCh TUIIOTE3a 00 «AHOMAJIBHOMY> U3MEHEe-
HAU aTMOChEPHOrO JaBJIEHNU — €ro MpeBbineHnn narepBaia X,; £25;,
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KAaK IPEBBIIIEHNs, TAK U [TOHMKEHNUs], Ha NHTEPBAJIE BPEMEHU OJIUH Me-
s, 70 3eMiterpscenns. Takue anomanuu Habdsogammcs neped 10 - 1o
3emirerpsicerusMu u3 12. Ilpu perynsapHoM aHain3e MeTeorapaMer-
POB Ha TaKHe «aHOMAaJAU» CJejayeT oOpalnaTh BHEMaHHE, KaK Ha J10-
MIOJTHUTEJIbHBIN TPU3HAK, ITPU KOMILJIEKCHOM IO/IXOJE K IOUCKAM IIPeJl-
BECTHUKOB M IIPOTHO3Y BPEMEHM CHJIbHBIX 3€MJIETPSCEHUl, COIPOBOXK-
JAIOIIUXCS Oy TUMBIME COTpsiceHUsIMHU B paiione 1. Ilerponasioscka-
Kawmdarckoro.

Wcnonp3yemMble METOIBI aHAII3a METEOPOJIOTNYECKUX JAHHBIX TaK-
JKe MOTYT HaflTh IpuMeHeHHe B paboTax IO CeHCMUYECKOMY IIPOTHO-
3upoBanuio B paitone [lerpomasiosck-Ennzosckoit armmomeparun Kam-
9aTCKOrO Kpas [IJIsl JUATHOCTUKHU METEO3aBUCHUMBIX aHOMAJHUI B M3Me-
HEHUSX HA3eMHBIX JTAHHBIX HAOJIIOJNEHU.

Pabora Bermonnena mo npoekry PH® Ne 22-17-00125.
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3.10 Habuaoagenue 3a n3MeHEHIEM COCTOSHUS
cpeibl MOBEPXHOCTHOIO CJIOSI TIOYBBI MO
pe3yJjibTaTaM JIMHTBUCTUYECKOI 00paboTKu
reoakyCTUuYeckKoil aMuccum

Cenxesuw 10.U., Muwenrxo M.A.

Huemumym xocmofpusuneckur uccaedosanuti u pacnpocmpaHerus
paduosonn IBO PAH, Poccus

MoOHHUTOPUHT COCTOSIHUSI MOBEPXHOCTHOI'O CJIOS [TOYBBI ITO3BOJISET
MIPOBOJIUTE OIEHKN reoU3NIECKUX MPOIECCOB, TAKUX KaK CTEIeHb
HAIPSIZKEHHO-1e(hOPMUPOBAHHOIO COCTOSIHHST BEPXHUX CJIOEB JIUTOChE-
PBl, MHTEHCUBHOCTH CECMUYECKUX BOJIH, KOTOPbIE BO MHOIOM OIIpe-
JIEJISIOT BEPOSTHOCTh BO3SHUKHOBEHUS 3eMJIETPsiCeHUil u myHamu. [ljis
1eJieit MOHUTOPHUHTA IPUMEHSIIOT TEXHOJOTUIO PAMBIX Te0O(MU3MIECKUAX
U3MEPEHUil ¢ UCIOB30BAHUEM Pa3HOTO pojia JedopmorpadoB u ceii-
cmorpados. ITpoBojuMble U3MepEHUs CIIOKHBI B YCTAHOBKE, HACTPON-
Ke, TpebyioT peryispHoii mosepku npubopos. B IKNP JIBO PAH ¢
2003 rosa paspabaThIBAETCsl M PEAIM3YETCs AJIbTePHATUBHAST TEXHOJIO-
IUsi C UCIIOJIB30BAaHNEM KOCBEHHBIX M3MEPEHUIT Ha OCHOBE 00PabOTKU U
aHaJIN3a U3MEPEHUil CUTHAJIA Te0aKyCTHIeckoil smuccuu. OUbIT mpo-
BEJICHHBIX WCCJIEIOBAHUI MMOKA3aJl JOCTATOYHO BBICOKYIO 3D heKTuB-
HOCTH pa3pabOTaHHBIX METOJIOB, ITO3BOJISIIONIUX HAOJIIOAATH N3MEHEHUSI
WHTEHCUBHOCTH ITOTOKA UMITYJIBCOB T'€0aKyCTHIECKON SMUCCHE, (POPMBI
WMITYJIbCOB W UX PACIPEIEIEHUE MO, JEeHCTBUEM PA3JIMIHBIX MIPUPOJ-
HBIX (akTOpoB. llesbl0 HACTOSAINErO MCCIIEIOBAHUS SIBJISIETCS PA3BU-
THE METOJOB JIMHIBUCTUYIECKON OOPAOOTKU Me0aKyCTHIECKON SMUCCHN
JIJTsl aHAJIN3a, IMHAMUKHI COCTOSTHUSI TOBEPXHOCTHOT'O CJ10st HOUBLI. [Toka~
3aHbI PE3YJIBTATHI BHIYUCIUTEIbHBIX IKCIEPUMEHTOB C MCKYCCTBEHHBI-
MU ¥ €CTECTBEHHBIMU CUTHAJIAME Me0aKyCTUIeCKol amuccun. Pe3ybrar
BHEIPEHUS HOBOT'O METO/IA MO3BOJISIET ONEPATHBHO CJIEIUTDH 338 CKOPO-
CTHIO ¥ XapaKTEPOM CMEHBI COCTOSIHUS MTOYBEHHOIO CJIOSI.
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3.11 OmepaTruBHbIE IIPEABECTHUKN 3€MJIETPSICEHMS
16 mapta 2021 r. ¢ Mw=6.6, KamuaTtka.

Maxapos E.O., Axbawes P.P.

QUI] «Edunas zeofusuveckasn cayscoa PAHs, Kamuwamexui
Puauan, Ilemponasirosck-Kamuwameruti

Ha KamuaTke Ha TPOTSKEHMH MHOTHX JIET BEIyTCsS HAOJIIOIEHUS
3a BapHAIMsIMU TOJIOUYBEHHBIX Ta30B (B MEPBYIO OYepeib PaJioHa) C
[eJIbI0 Pa3pabOTKU METOIMKM IIPOTrHO3a CUJIBHBIX 3eMJjeTpsiceHuii. B
MIOCJIeTHAE TOJIBI OBbLIA CO3JIaHa CeTh HADJIIOMEHUN 38 BAPUAIIASIMA JJIEK-
TPUYIECKOTO IOJIA ATMOCHEPHI C TEJIBIO OIEHKN BKJIAJA BYJIKAHUIECKON
JEeATEIbHOCTH B JIEKTPHU3AIUIO IIPU3EMHOIO CJI0s aTMOChEpPHI, a Tak
2Ke MOWCKA CBSA3M MEXKIY PaJINOAKTUBHBIMU Ia30BBIMHU SMAHAIUAMU U
JIEKTPUIECKUM TIOJIEM.

AHajim3 ¥ comocTaB/ieHne JAHHBIX JIEKTPUIECKOrO MOt aTMocde-
PBI C BAPUAIMSMHE OIIOYBEHHOTO PAIOHA, PETPOCIIEKTUBHO TTO3BOJININ
BBISIBUTH AHOMAJIbHBIE BAPUAIMH [1aDAMETPOB, BO3HUKINZE 33 ~ 13 1
nepes; 3emierpscenneMm 16 mapra 2021 r. ¢ Mw=6.6. InureapHocTh
AHOMAJIMI1, BBIJIEJIEHHBIX B IT0JI€ TIOIIOYBEHHOIO paJlOHa, B TaMMa U Oe-
Ta, U3JIyY€HUHU, PETUCTPUPYEMBIX B OJJHOM M3 ITyHKTOB KAMYaTCKON CeTH
Ha BBICOTaX 2.5 W 5 M HAJI YPOBHEM 3€MJIA U JIEKTPUIECKOM IIOJIE aT-
mocdepsr coctasmita 20-30 4. B JaHHBIX 3JIEKTPUYIECKOTO OIS ATMO-
cdephl Tak Ke BBIABIEH BO3MOXKHBIHN MocTceiicMutecknii apdexT mim-
TeJIbHOCTBIO OKOJIO 2 yacoB. ObHapyKeHHbIE AHOMAJIbHbBIE BO3MYIIIEHUS,
[peIBapsIIOIIye 3eMJIeTPsICEHNe, MOXKHO PacCMATPHUBATH KaK ero ole-
paTUBHbBIE [IPEIBECTHUKY W CBUIETEIbCTBO BO3IEHCTBIUS BEPXHETO CJIOST
3eMHO# KOPBI Ha IPU3EMHYIO aTMOCHEPY BO BPEMsI €r0 MOITOTOBKH.

Pabora Bemosinena npu nogmepxkke I'panra PHD Ne 22-17-00125.
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3.12 CreneHHoli cocTaBHOII U JPOOHBII Ipolecc
Ilyaccona B Teopuu aHOMAaJIbHBIX SABJIEHUIA

Hlesuos B.M., Illepememvesa O.B.

Hnemumym K0cmopusureckus ucciedosanut u pacnpocmpaHeru
paduosoan JIBO PAH, Poccus

CrenenHolt cocraBHOl n ApOOHBIH 110 Bpemenu mporecc [lyaccona
paccMaTpUBaETCs KaK MAacIITabHO MHBAPUAHTHASI CTATHCTHIECKAS MO-
JieJIb AHOMAJILHBIX SBJICHUI B 9peJUTapHOil Teopun KpurudHocTu. Ta-
Kasi MOJIEJIb MOXKET OBITH ITOJIE3HON B MCCJIEIOBAHUAX SHEPrOAKTHBHBIX
3oH. HezaBucumo oT cBoeil mpupojIibl aHOMAJIbHBIE SBJIEHUs 00JIaIaI0T
YHUBEPCAJIBHBIMI CBOWCTBAMU, CPEJIN KOTOPBIX, B IEPBYIO 0YEPE/Ih, Ha~
JI0 OTMETHTb MacuTabHyio nHBapuaHTHOCTD (ckeitymur). ITpeoxen-
Hasl MOJIESb OObE/INHSIET CTATUCTUYECKUE CBONCTBA CKEIIMHTA, CIIydaii-
HBIX COOBITUH U SpeauTapHble 3 MEKTH, HAllIeHHbIE COOTHOITEHUS 00b-
SICHSIIOTCS Ha, TPUMEPAaxX aHAJOTUN pa3audHoil npupoasl. Ompereaennl
KPUTUYIECKUE PEXKUMBI ITPOIECCa U UCKIIIOYNTEIbHbIE 3HAYCHUS KPUTH-
qecknx uHAeKcoB. OOCyXKIaeTcs 0OyCIOBIeHHAsT CKEMJIMHIOM CTPYK-
TypHasi HEYCTONINBOCTD IIPOIECCA U KATACTPOMHI B OIUCAHUU €I0 CTa-
TUCTUYECKUX XapPaAKTEPUCTUKAX, KOTOPbIE MOXKHO PACCMaTPUBATH KAk
MPOSIBJICHUST CTOXACTUYECKOTO pe3oHaHca. [lorydeHHblie pe3yIbTaThl uc-
MTOJIB3YIOTCS JIJTsl UCCIIEIOBAHUS CeCMUYECKUX JIAHHBIX W OIPE/IeJICHU ST
KPUTHYIECKUX WHJEKCOB jedopMalrmonHoro mporecca. [lokazano, aro
IIpu OIIpeJIeJIEHHBIX SHAYCHUAX KPUTUYICCKUX NHIIEKCOB KaTaCTpO(i)I/ILIe-
CKH BO3PACTaeT CKOPOCTH jiehOPMAIil, 9TO U CO3/A€T YCJOBHS JIJIsI
reHepanyuy pPa3JnIHbIX I'eODU3NIECKUX M0JIeil, KOTOPble MOXKHO pac-
CMATpUBATh B KAYECTBE MPEIBECTHIUKOB 3eMJIETPSICEHU.

Pabora BhImosinena B pamkax [ocymapcTBEHHOTO 3aJaHUSI IO TEMe
(20212023 rr.) «Pusnueckue IPOIecchl B CUCTEME GIIMKHETO KOCMOCA,
u reocdep PHU COMHEUHBIX U JUTOCHEPHBIX BO3IAEHCTBUAX Y, PETUCTPA-

nuonubiii Homep AAAA-A21-121011290003-0.
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3.13 OTKJIUMK reOMardiuTHOI'O IIOJI HAa
3emJieTpsicenue B Typrnuu 06.02.2023

Patbosa C.A.V2, Harumos C.JI*

1 U®3 PAH
2 Il PAH

IlocpencTBoM M3MepeHuit Ha MArHUTHBIX cTaHIugax ['porka, [lana-
rioputire 1 Cypjiapy IPOBOIUTCS aHAJIN3 U UHTEPIIPeTaIys crernudu-
YeCKUX BapHalldii PeOMArHUTHOIO I0Jisl B IIEPUOJ, ABYX CHUJIBHBIX 3€M-
gerpacennit marautygamu 7,8 m 7,5 B Typrnum 06.02.2023, xKoTopbie
MIPOU3O0IIIN C HHTEPBAJIOM B JE€BATH 9aCOB. | €OMATHUTHBIN OTKJINK HA
9THU 3eMJIeTPSICEHNs, 3aPETUCTPUPOBAHHBIN Ha paccrogHuax 1200-1600
KM OT SIUIEHTPA, MOXKHO HUHTEPIIPETUPOBATH B TEPMUHAX PACIPOCTPa-
HEHUs ceificMmYyecKoil BOJIHBI Pejrest u aTMocepHBIX BOJH — aKyCTH-
9eCKUX W BHYTPEHHUX, T.e. T€X BOJIH, HICTOYHUKOM KOTOPBIX SIBJISIETCSI
CaMO 3eMJIETPSICEHUE.

UcciremoBannsi BBIIOJIHEHBI B PAMKAX T'OCYIAPCTBEHHOTO 3aIaHUS
NI PAH Ne 1220329000185-5 «IIposiBjieHre MpoIeccoB MPUPOIHOTO U
TEXHOMEHHOI'O IIPOUCXOXKIAEHUs B reobusnieckux mnosxy» u 1d3 PAH.
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3.14 Ceiicmuyeckuii nmpornecc AHaToJINiCKOI
mautbl (Typiust)

Coivesa H.A.

Hremumym dusuru 3emau um. O.FO. HImudma Poccutickot
axademuu nayx, Poccus

B pabore uccienobana ceificMuaHOCTb 3eMHON Kopbl Typru (Axa-
Tosmiickast mmTa). IlocTpoeHne pacupeiesennii ceficMuaHOCTH (KOJH-
YeCTBO 3eMJIETPSICEHUIl B IOJ HA €JIMHHUILY IUIOMIA/N), CPEIHEro0BOi
ckopocru CT/I (unrencusnocrs CTI) Iy, mapaMerpa KOHIEHTPALUY
ceficmorenubix paspeiBoB KCP un mapamerpa Tcasmmca q BbITOTHEHO
Ha OCHOBE aHa/IM3a JAHHBIX KaTajora 3emierpscenuii (6osee 300000
cobbiTuit), npomsomenmux 3a 1900-2022 rr. BoimosiHeHo nocrpoenue
pacmpegiesienns ['yrenbepra-PuxTepa u onpeiesieHa mpeicTaBUTEIbHAST
9acTh KaTaJIora, KOTopas BKJIIOYaeT B cebsi cobbitust ¢ M > 2.5. Pac-
peiejieHne  yKa3aHHBIX TapaMeTPOB PACCUUTAHO IO IIPEICTABUTEIb-
HOI yacTu KaTtajora u Ajs caosg 0-40 kM, rae JIOKaJIn30BaHa OCHOBHAST
qacTh 3emyeTpsicennii. [TyboKopOKyCcHbIE 3eMIETPICEHUsT TTPOUCXOIAT
1o riaybusbr 170 kM. MakcuMaibHOe YUCIO 3eMJIETPSICEHUI B TOJ, IIPO-
ucxonuT B npoBuHImE Basmkecup (6ostee 90). Anasius cefilcMuaHOCTH
u natencuBHocTr CT/I BBITOSTHEH [1J1sT PA3JIMIHBIX BPEMEHHBIX ITEPUO-
0B — 1997-2009 rr. u 2010-2022 rr. OTaenbHO pacCMATPUBAIOTCS 3a-
rmajHas 1 BOCTOYHAs 9acTh 1ypluu, a TakxKe 00JIACTh Pa3pPyIINTEb-
HBbIX 3emiieTpsicennii 6 despasns 2023 1. KonndyecTBo 3eMirerpsiceHuii,
MIPOUCXOJSINNUX B 3anaiHOil yactu Typruu, 3HAYNTENTBHO IPEBBIIIAET
KOJITYECTBO 3eMJICTPSACEHHIT B BOCTOYHOI 1 cocTasigeT 75%. B mepnon
2010-2022 rr. yBEIUYIMIOCHh KOJIMIECTBO 3€MJIETPSICEHUN B BOCTOTHON
qactu Typrun no orxomreHuio K nepuomy 1997-2009 rr. u cocraBmio
38% ot obmiero uncsa coOLITHil.

Pabora mpoBesieHa B paMKax BBIIIOJHEHHS TOCYIAPCTBEHHOTO 33,18~

nuga 11P3 PAH.
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3.15 CeiicmoTeKTOHNYecKue gedopMalnui 3eMHOMI
kopbl AHaronuiickoit el (Typrust)

Coivesa H.A.

Hremumym gusuru 3emau um. O.FO. HImudma Poccutickot
axademuu nayx, Poccus

B pabore nccienoBano HaAIPsKEHHO-T1eDOPMIPOBAHHOE COCTOSHIE
3eMHO# Kopbl Typiun, TeKTOHHKa KOTOPOi 0OYCJIOBJIEHa, OTHOCUTE b~
HbIME JIBY2KeHusiMu AdpuraHckoil, Jreiickoii, Apaswuiickoii, AnaTo-
smiickoit, Yepromopckoit u EBpazuiickoit mimt. Yka3anHast 00J1aCTh UC-
ciieioBana MeroioM celicmorekTorndeckux Jedopmanuit (CTH). Pac-
qer CT/I BbITOJIHEH HA OCHOBE MOJXOJIOB, MPEJJIOXKEHHBIX B paborax
1O.B. Pusnanyenko u C.JI. FOura. Uccienosanus nanpasiennoctu CT/T
OCHOBaHBbI Ha JAHHBIX O (POKAJbHBIX MexaHm3Mmax odaroB 807 3zemiie-
TpsiceHU#l, mpousomeamux B nepuord, ¢ 1976 mo 2023 rr. NuaTencus-
uwoctb CTII B obnactu 3emserpsicennit 6 despasts 2023 roma, ¢ yaeTom
3THX 3emJieTpsicennii, coctapiager 1.34 - 1076 /rox, a dbonopas mnTen-
CHBHOCTB 32 Becbh nepuo| Habmogernii (1900-2022 rr.) umesa nopsijiok
—10-1071 /rox. Tlo kapram CT/I onpe/iesieHbl HAIIPaBJIeHUs OCeil yKO-
pOdYeHUsI, KOTOPpOe MEHSeTCsl OT CyOMepHIMaHAJBHOIO Ha BOCTOKE JI0
cyOrmmpoTrHoro Ha 3amnaje Typrun, 1 OTMEIEHO pa3sHoobpasus aedop-
MAIMOHHBIX OOCTAHOBOK HA TEPPUTOPHUHU UCCJenOBaHus. Dosbmreit ga-
cTbIO Ha Teppuropun Typuun npeobsaiaeT peKUM I'OPU30HTAIHLHOIO
capura (BOCTOIHASI U IIEHTPAJBHASI YaCTh ), IEPEXOJHBIN PEXKIM OT pac-
TSKEHUS] K TOPU30HTAIBHOMY CJBUTY U PEXKUM PACTsKeHHUsI (3aliaiHast
u oxKHag 9acTh). O6acTh paciosiokenus 03. BaH xapakTepusyercs
pexxumom Tpancipeccuu. Ha ocuose TenzopoB CTJL, mocTpoensr pac-
npeenenus kodddunuenta Jlome-Hamnan, BeprukaabHOt KOMIIOHEHTHI.
[IpoBejieno cpaBHEHNE HAIIPABIIEHUIT OCeil YKOPOUEHHS U YIIMHEHUS Ha
ocHoBe ceiicmudecknx n GNSS-1aHHBIX.

Pabora mposejieHa B paMKax BBIIOJHEHUS TOCY/IaPCTBEHHOTO 33,18~
mua 1O3 PAH.
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3.16 ABjaeHust KOCMUYECKOM IMOTOJbI U X
TpurrepHbie 3¢ deKTh Ha 3eMHYIO
ceiicMUYeCKYIO0 U BYJKAHUYECKYI0 aKTUBHOCTH

Komumos B.IL.', Kagman B.H.2

U BAH - Hucmumym no acmpoHomuy
2 PAH - Teofusuveckut yewmp

B macrosiimem nccieoBaHuu JaHbL TOKA3ATEIBCTBA TOTO, ITO SBJIE-
HUS KOCMUYIECKOH TOTObI MOT'YT UTPATH POJIb TPUITEPHBIX MEXAHU3MOB
JJIs1 3HAYUTEJIBHON 9aCTU 3€MHBIX CEIICMUYECKUX U BYJIKAHMYECKUX CO-
ObrTHil. [[J1st CTATHCTUYECKOTO aHAJIN3a OBLITN UCITOIb30BAHBI HECKOJIBKO
THUIOB JIAHHBIX:

1. TlosiHast COBOKYITHOCTh JTAHHBIX IjIs BYJIKAHHYIECKUX COOBITHII B
nocseauux 470 ster, naunnas ¢ 1551 u go 2020 roga (6215 ussepkenuit
C 9PYITHUBHBIM ByJKaHWIeCKUM MHIeKCoM VEI=>0);

2. USGS — xarasior cuiibHbIX 3emuerpsicernii (M=>5.8) ¢ 1958
roja;

3. IosHast COBOKYITHOCTDH JAHHBIX COJIHEYHONW AKTUBHOCTH B PEHT-
TEeHOBCKOi1 00JIACTH U CBsI3AHHBIE C HEH NPYyrUe COJHEYHbIE U reodU3u-
ugeckue cobpitusg ¢ NASA/NOAA STP-cepsepa nauunas ¢ 1958 roja,;

4. ITosHAast COBOKYITHOCTD JIAHHBIX O HAOJIIOIAaeMbIX TPYTIIAX COTHEY-
HBIX MsiTeH, HaduHast ¢ 1874 u Biiors j10 2023 roja;

5. Ucropuueckue onmcaHus CAJIbHEHITUX 3eMiieTpsiceHUil Ha Baj-
KaHCKOM ITOJTyoCcTpoBe B KoHIle 19-To m Havase 20-ro Beka;

6. Psan [lloBe kak HempsiMasi XapaKTEPUCTUKA COJTHEYHON aKTHBHO-
ctu B 16-oM u 17-oM Bekax.

CuJjibHBIE COJIHEYHBIE BCIIBIIIKU U CBSI3aHHBIE C HUMU COJIHEUHBIE
uporonnbie cobbitust (CIIC), BeIGpockl KoponaabHoii macchl (MTKM),
KOJIeDaHUsT COJTHEYHOTO BETPA W MEXKILIAHETHOIO MATHUTHOLO IIOJIst
(MMIT) paccMarpuBaioTcs Kak IIePBUYHBIEC HCTOUHUKU HEIIOCPEICTBEH-
HO CBSI3aHHBIE C COJITHEYHOW aKTHUBHOCTBHIO. ['eodmsmaeckme coObITHA,
TaKkue KaK BHe3allHble BO3MYIIEHUsI HOHOCEPHI, paIuallioHHble OypH,
MOBBIIIEHNS €CTECTBEHHOI'O PaJIMAIIMOHHOTO (DOHA, NeOMarHUTHBIE Oy-
PU ¥ Bapualnuu MOTOKa rajakrudeckux kocmuueckux Jjydeit (TKJI),
KOTODBbIE€ BO3HHUKAIOT M3-3a BBIIIEONNCAHHDBIX ABJICHUH, BEAYT K 3HATM-
TEJIbHBIM U3MEHEHUSIM I1aPAMETPOB B JIEKTPUIECKOI TOKOBOII cucreme
«HWKHsIsT HoHOChepa — cTparocdepa,/ Tpornocdepa — aurocdepas.

Takum 06paszoMm, 9T sIBJIEHUsSI MOI'YT BJIMSTH Ha KOHIIEHTPAIIUIO,
JIBUYKEHNE W BEPTUKAJIBHOE DPACIIPEIEJICHIE JIEKTPUIECKAX 3aPsIIOB B
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YIOMSIHYTBIX CJI0sX. TeKToHW4YecKne pa3joMbl — T€ PAHOHBI, B KOTO-
PBIX HAOIIOMaeTCss OOJIbIIas YaCTh TEKTOHUYIECKOH aKTUBHOCTH, SBJIS-
IOTCS OYeHb YYBCTBUTEJIBHBIMU K TAKUM BjusHUsAM. 3-3a 3TOTO yIIO-
MSIHYThIE COJTHEYHO-re0(pU3nIecKre COOBITHSI MOTYT PACCMATPUBATHCS
KaK TPUTTEPHI JJIsT HEKOTOPBIX MPOABIEHU TEKTOHUIECKON aKTHUBHO-
cti. D1 3DdHEKTHI, OYeHb YETKO BUIUMBI Y MOITHEHINX BYJIKAHIIE-
CKUX U3BEP2KEHU, 1Jis KOTOPLIX BYJIKAHUYCCKUN 3PYNTUBHBIA WHIEKC
VEI pasen uin Boire 5. IlomobHast TeHaeHIUsT HAOIIOIAETCS U JJIsT
3eMJIeTpsiceHnit. B HallleM mucce/ieIoBaHUN YCTaHOBJIEHB! B UK, CUAJTb-
HEUINX BYJKAHUIECKUX U CEACMUIECKAX COOBITUI IO OTHOIIEHUIO COJI-
HEeYHOMY IsTHOODpa3oBaresbHoMy nukiy [IBabe-Bosbda. [lepsorit u3
HUX NPUBA3aH K MAaKCUMyMaM COJTHEYHOTO ITUKJIa, & BTOPOH — K €ro
MuHuMymaM. Oba 1UKa OTHOCATCS K JIBYM THIIAM HEPBHYIHBIX UCTOY-
HUKOB KOCMHWYECKOII TIOTOJIbI, CBA3AHHBIM C COJTHEIHBIMU BCITBIITKAMU 1
MakcumyMmaMmu noroka I'KJI, cooTBeTcTBEeHHO.
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3.17 Crarucrtuvyeckue cBoiictBa (b OHOBOIO
ceiicMUYeCKOro IiyMa Ha CeTU CENCMUYECKUX
cTaHuii B paiioHe nmoJsiyoctpoBa Kamuarka u

CUJIbHbIE 3€MJIETPICEHUSI

Kacumosa B.A.

Kamuwamexuti guaruas Pedeparvrozo uccaedosamenvbcrozo ueHmpa
«Edunas Teopusuveckasn cayocba PAH>,
Ilemponasnrosck- Kamvwamexuti, Poccus

PaccmarpuBaiorcst pe3ysbTaThl MHOT'OJIETHAX UCCIEIOBAHUI Hellpe-
PBIBHBIX 3amuceit Ha ceTu u3 27 MIUPOKOIIOJOCHBIX CEeHCMOCTaH-
mmit @UIL EI'C PAH B paitone nosayocrpoBa Kamuarka, Koman-
Jopckux 0-BoB u 0-Ba Ilapamymmp (bOHOBBIN ceficMuuecKkuii 1wy,
OCII) ¢ ucroab30BaAHAEM CTATHCTUYECKUX HAPAMETPOB, IIPEIJIOXKEH-
HbIX . d.-M. H. A A. JIioOymuaeiv, @3 PAH. Beutu co3manbr Bpe-
MEHHBIE PSJbl MUPUHBI HOCUTENS CIEKTPA CHHTYJISPHOCTH, 0000IIeH-
HOI 9KCIIOHEHTHI XepCTa, a TaK»Ke MUHUMAJIBHONW SHTPOINU pacipe-
JIeJIEHUsT KBAJIPaTOB OPTOrOHAJIBHBIX BEUBJIET-KO3(M@MUIINEHTOB U Beii-
BJIETHOU CHEKTPAJIbHON 3KcrmoHeHTHI 3a 2011-2023 rr., paccuumTanuble
BO BPEMEHHOM OKHE OJHU CYTKHU JJIsi KaXKJIOW CEHCMOCTAHIUH. DTH
BPEMEHHBIE PSIIbl UCIIOIBb30BAJIACDH I IOCTPOEHUsI KapT U I'PadUKOB
[IPOCTPAHCTBEHHO-BPEMEHHOT'O PACIIPE/IEJIEHUs] U YaCTOTHO-BPEMEHHBIX
JUarpaMM 3BOJIOIAU CIEKTPAJBHOW MepPbl KOIePEHTHOIO IIOBEIeHMUs
craructuk OCII. O6HapyKEHBI TPOCTPAHCTBEHHO-BPEMEHHBIE OCODEH-
HOCTH IpostBieHus cratuctunieckux mapamerpos OCII B paitonax Oy-
AYIIAX 0YaroB MECTHBIX 3eMJeTpsiceHuil ¢ Mmaruuryiamu M=7.2-8.3 B
Te4YeHHe BPEMEHU OT MECHIIEB JI0 MEPBBIX JIET, IIPOSBJISIONINECS B IIO-
HUZKEHUU BEJINYWH IUPUHBI HOCUTEJISI CIIEKTPa CUHTYJISIPHOCTH, 0000-
IEHHOM SKCIIOHEHTHI XepcTa, BeHBIETHON CIIEKTPaJIbHON SKCIIOHEHTHI U
B [OBBIIICHNN MUHUMAJIBHON SHTPOINHU PACIIPE/IETIEHUsS] KBAIPATOB OP-
TOrOHAJIbHBIX BeliBjieT-koah durmentos. OGHAPYKEH POCT BEJIUIHHDBI
CHEKTPAJILHOI MePhl KOI'€PEHTHOI'O IIOBEJIEHNsI Y€THIPEXMEPHOIO Psisia
mapamerpoB @CIII mepes TpeMsi CUIBHEHIIUMU 3€MJIETPSICEHUSIMU C
BeJIMIMHAMY MArHUTYH 7.5 u OoJiee. YCTaHOBJIEHO PA3/IMdue B IIPOsiB-
Jtennu 3pdeKTa yBEeINIeHUsST MEPHI CIIEKTPAIBHON KOT€PEHTHOCTH B U3~
MEHEHUsIX 4-XMEPHBIX BPEMEHHBIX PSIIOB CTATUCTUYIECKUX [MAPAMETPOB
OCII, moCTPOEHHBIX M0 JAHHBIM OT IPYIIT CTAHIWIA, UAeHTU(MUIADYE-
MBIX C y9YETOM IIPOCTPAHCTBEHHON KOH(MUIYPAIMH CETU U JIOKAJIBHOI'O
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ceficMuyecKkoro (boHa I0J, BIUSHUEM MOPCKOI'O BOJIHEHHUS U BYJIKAHU-
9eCKOil aKTUBHOCTH. YCTaHOBJIEHHbIE 32aKOHOMEPHOCTH ITOBEJIEHUS CTa-
tuctuk @CIII 1103BOJISIIOT MCIIOIB30BATH IIPEICTABIEHHYI0 METOIUKY B
3aJa49axX MOHUTOPUHIA CECMUYECKON OIIACHOCTHU B paiioHe IOJIyOCTPOBa
Kamyarka m mporHO3MpPOBaHUS MECT CJIEAYIONNX CUJILHBIX 3eMJIETPSI-
ceHuil ¢ MaruuTygamu 7.5 u 6oJee.

Agrop BbIpaxkaer 6uiaromapuocts A.I.-M.H. [ H. Konbiiosoit 3a mo-
CTAHOBKY mccieoBanus, 1.¢.-M.H. A.A. JlrobymuHy 3a 1peiocraBieH-
HbIE TPOTPAMMHBIE CPEJICTBA, U TI0JIE3HbIE KOHCYJIHBTAIIUH 110 UX HCIIOJIb-
30BaHUIO.
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3.18 MWccaenoBaHus
HaNPsi>KeHHO-1e(POPMUPOBAHHOTO COCTOSTHUST
reocpe/ibl dMaHaIMOHHBIMU METO/IaMU Ha
npumepe alpha(t)-momenu mepenoca pamgona

Teépowti I.A.52, Maxapos E.O.%3, Haposur P.H.%"

b Kamuamexuti 2ocydapemeenmoti ynusepcumem umenu Bumyca
Bepunea
2 Mnemumym xocmousuneckur uccaedosamuti U pacnpocmparerus
paduosoan JJBO PAH, Poccus
3 Kamvamexuti puavas Pedepanvnozo uccaedosamensckoeo uenmpa
Eodunas 2eopusuneckasn cayocoba PAH

HenpepbiBHBINT MOHUTOPHUHI Bapuaiuii 00bEMHOI aKTUBHOCTH pPa-
JOHA C MEJbI0 IMOWCKA €€ AHOMAJILHBIX 3HAYEHWIA, MPEIIIeCTBYIOIINe
CeCMUIECKUM COOBITUSIM, SIBJISIETCST OTHON 13 3P HEKTUBHBIX METOINK
HCCJIEJIOBAHUS HAIIPSIYXKEHHO-1e(DOPMUPOBAHHOIO COCTOSHHUS T'€0CPE/IBI.
[Ipengaraerca 3asgada Korru, omuchiBaoomnias IepeHoC PaJoHa € yUe-
TOM €ro HaKOILUIEHWsI B KaMepe W Hajaumdus 3ddekra mamMsaTi reocpe-
net. MonenbHOEe ypaBHEHUE IPEICTaBseT co0oil HenmHelHOe mudde-
peHInaIbHOEe yPABHEHNE C HEITOCTOSHHBIMU KO3MUIMEHnTaMu C mIpo-
u3BoHON B cMmbicie 'epacumoBa-KamyTo apobHOrO mepemMeHHOTo ITo-
psiaka. ITokasaHo, 94TO 3a cYeT MOpsiAKa JAPOOHOI MPOM3BOIHOM, & TaK-
JKe KBaJIPATUIHON HEJIMHEHOCTU B MOJIEJIbHOM ypPaBHEHUH Pe3yJIbTaThl
9UCJIEHHOTO MOJIEJIUPOBAHNS JAIOT JIYUIIYIO0 AITPOKCUMAITUIO SKCIIEPU-
MEHTAJbHBIX JAHHBIX PAIOHOBOTO MOHUTOPUHTA, €M IO KJIACCHIECKIM
MOJIEJISIM. DTO YKa3bIBAET HA TO, YTO dpeaurapHas alpha(t)-moness me-
peHoca paJioHa sBJisgeTcs 6ojiee TUOKOM, YTO IO3BOJIAETCS C IIOMOIIBIO
Hee OIUCHIBATH PA3/INIHbIE AHOMAJIbHBIE BAPUAIUI B 3HAYEHUSIX 00beM-
HOIl aKTUBHOCTH PAJIOHA B CJIEJICTBUN HAIIPSIKEHHO-1€(OPMUPOBAHHOTO
COCTOSTHUSI T€OCPEIBI.

WccnenoBanust BeIIOHEHBI B paMKax rpanTa [Ipesumenta PO MJI-
758.2022.1.1 mo Teme «Pa3BuTme MaTeMaTHIECKUX Mojeseit apobHOi
JWMHAMUKA C II€JIbI0 MCCJIEJOBAHUs KOJIe0aTeIbHBIX IIPOIECCOB M IIPO-
[ECCOB C HACBIIIEHUEM .
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3.19 IlpuumHa aHOMAJILHOT'O IOBEAEHUS IbIMIAIINX
MNOYBEHHBIM U MTPU3EMHBIM BO3J/IyXOM
>KUBOTHBIX TIepe/] 3eMJIeTPSICEHUSIMU

Pynenro O.11.
Huemumym syakanonozuu u ceticmonozuu JJBO PAH

C r1y0OoKoO#t IpEBHOCTH U3BECTHBI MHOTOUHC/IEHHBIE CBUIETEIbCTBA
0YEBH/IIEB 06 AHOMAJILHOM MMOBEJIEHUU JINKUX U JTOMAITHAX KUBOTHBIX
nepest, 3emierpsiceausiMu. [Ipuposia 61oI0rnaecKkoro mpeBeCTHIKA BO
MHOI'OM He sICHa. B JIOKJ/Iajie paccMaTpuBaeTcCsl MPUYNHA aHOMAaJIbHOI'O
MMOBEJIEHNUST JKUBOTHBIX, KOTOPBIE JIBIIIAT TOYBEHHBIM U IIPU3EMHBIM BO3-
JayxoM. K HUM OTHOCSTCST KUBYIIUHE B HOPAX 3MEU U SIIEPUITHI, MBIIIIH
¥ KPBICHI ¥ BJIBIXAIOINIHE BBIXOJSINUN U3 MOYBBI BO3/YX KOIIKH, COOa-
KW, JIOIIA/IA, KOPOBBI U JpP. YIUBUTEJIbHbIE HUCTOPUU UX AHOMAJIBHO-
r'o IOBeJIEHUsI TIePe/] 3eMJIETPSICEHUsIMU OIUCAHBI B HAYYHON M HAYIHO-
MIOILYJISIPHON JIUTEPATYPE.

[Tepe 3emyteTpsiceHUSIMU yBEIMINBAETCsT 00bEeMHAsT AKTUBHOCTD Pa-
JIOHA ¥ TOPOHA B MOYBEHHOM BO3JyXe, UTO MPUBOIUT K YBETUICHUIO MH-
TEHCUBHOCTU MOHOOOPA30BAHUS U KOHIIEHTPAIIUN JIETKUX MTOJIOXKUATEI b~
HBIX U OTPUIATEJBbHBIX MOHOB. OTpHUIIATE/IbHBIE MOHBI, [TOJIBUXKHOCTD
u koapdurmenT muddy3un KOTOPLIX OOJIbIIE, YeM MOJI0KUTEbHBIX,
CUJIbHEE IOTJIOMAIOTCS HA OTPOMHOM CYMMApPHOM TOBEPXHOCTH CTEHOK
mop B mouBe. 1109TOMY B MMOYBEHHOM ¥ BBIXOJSIIEM U3 ITOYBBI BO3ILY-
Xe YBEeJIMIUBaeTCs M30BITOK MOJIOKUTEILHBIX HOHOB, KOTOPBIN U3BECTEH
B aTMOCGEpPHOM 3IeKTpUIecTBe. Pa3HBIMU HCC/IeI0BATEIIMI ODHAPY-
JKEHO, YTO IIPU YBEJMYEHUH KOHIIEHTPAIUU IOJIOXKUTEIbHBIX a3POUo-
HOB B OpraHU3Me YKUBOTHBIX, B TOM YHCJIe YeJIOBEKA, MOBBIIIAETCS CO-
nepxanue ceporonuta. Ceporonus (5-rujAPOKCUTPUIITAMUH) SABJISIETCH
MOIITHBIM ¥ YHIUBEPCAJIbHBIM HEHPOrOPMOHOM, OKA3BIBAIOIINM CHJIHHOE
JieficTBrE Ha SHIOKPUHHBIE, METADOTMIECKIE U HEBPOJIOINIECKUE N3Me-
HEHUsI B OPraHU3Me M UI'PAIOIINM BasKHYIO POJIb B Ilepejladye HEPBHBIX
nmiryabcoB. OH ycmimBaeT BO30OYIMMOCTH, IIOBBIIIAET JBUTATEIBHYIO
AKTUBHOCTb PaCCMATPUBAEMBIX YKUBOTHBIX W BBI3bIBAET UX aHOMAJIb-
HOE MTOBEJICHNE MTE€PE]] 3€MJIETPSICEHUSIMHU.
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1.1 About dependence of Schumann resonance
frequency at Altay on solar activity

Guozdarev A.Y.*, Uchaikin E.0.?

L Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia
2 Gorno-Altaisk State University

The results of monitoring of the first three Schumann resonances
parameters at the Baigazan magnetic station (Russian Altay) in 2015—
2022 are presented. The relationship of the diurnal dynamics of the
amplitude of resonances with the activity of global thunderstorm
centers (Southeast Asia, Africa, America) is discussed. It is shown that
the frequency of the first Schumann resonance is correlated with the
level of solar activity over these years.

The work was supported by RFBR grant 20-45-040013 r-a and
Department of Education and Science of Altay Republic.
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1.2 Analysis of N!0 isotopolog in the 5200 —
5500 cm ™! infrared spectral region: Molecular
constants for v=3 vibrational state

Borkov Yu.G., Sulakshina O.N., Serdyukov V.I., Sinitza L.N.
V.E. Zuev Institute of Atmospheric Optics SB RAS

Continuing the investigation of various nitric oxide isotopic species,
high resolution infrared spectrum of N'¥0 was analysed in the 5200-
5500 cm ™! region. On a Bruker IFS-125M Fourier spectrometer with
a spectral resolution of 0.0056 cm~! the vibrational band 3-0 was
recorded to the first time. As a result of the analysis, 99 A-doublets
of vibration-rotational lines were found in the 3-0 band of the main
transitions between the electronic states 24 /2 and 23/2. For 58 of
them, it was possible to obtain the positions and relative intensities
of each component of the doublet. The whole set of 157 registered
transitions frequencies, weighted in accordance with the experimental
uncertainties, were processed by the program code using the non-linear
least squares method. This processing made it possible to determine
spectroscopic constants for the state v—3 vibrational state of the N3O
isotopologue. The A-doubling constants for this state are determined for
the first time. The obtained results are compared with the well-known
database of spectroscopic information HITRAN2020. The research was
performed under contract Ne 23-23-00184 with the Russian Science
Foundation.
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1.3 Analysis of electromagnetic radiation during
Shiveluch and Bezymyanniy volcano eruptions
from 2017 to 2023

Malkin E.I*, Cherneva V.I.2, Makhlai D.0.?, Cherneva N.V.1,
Sannikov D. V.Y, Druzhin G.I1.', Akbashev R.R.3,
Robert H. Holzworth*

L Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia
2 ITMO University, Russia
3 Kamchatka Branch of the Federal Research Center of the
Geophysical Survey RAS, Petropavlovsk-Kamchatsky, Russia
4 Earth and Space Sciences, University of Washington, Seattle, USA

The paper presents the analysis of monitoring of natural
pulse electromagnetic radiation (PER) in VLF range (3-
30 kHz) accompanying dirty thunderstorms occurred during
Shiveluch and Bezymyanniy volcano eruptions. Lightning acti-
vity in ash-gas cloud during a volcano eruption is traced by radio
technical monitoring devices located in the region of Karymshina river.
More than 40 eruptions of Shiveluch volcano were analyzed during
the investigations over the period of data collection from 2017 to
2023. More than 75% from the eruptions caused lightning generation
whereas during the Bezymyanniy volcano eruptions over the indicated
period, all the events were accompanied by PER increases typical for
dirty thunderstorms. It was demonstrated that two-stage scenario of
event development was characteristic for all the cases. The first stage
of PER increase is accompanied by eruptive column formation and
it depends on burst power and ash ejection height. The second stage
depends on eruption power and eruptive cloud interaction during the
process of its propagation with meteorological clouds (that can be
indicated by the increase of the number of cloud-cloud strokes). The
mechanism of thunderstorm formation in eruptive clouds, explaining
their two-stage regime, was shown.

The work was carried out within the framework of realization of the
State Task No. AAAA-A21-121011290003-0.
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1.4 Analysis of ionospheric parameters during
solar events and magnetic storms

Mandrikova O.V., Fetisova N.V.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia

The response of the ionosphere to solar and geomagnetic events
(geomagnetic storms and substorms, CMEs and solar flares, CIR)
is manifested in the form of ionospheric disturbances (ionospheric
storms). They can consist of positive and negative phases characterizing
the changes in electron concentration. The nature of the course of
an ionospheric storm depends on the coordinates of the registration
station, season, geomagnetic storm and its intensity, and other
parameters. Recent studies show that ionospheric disturbances can also
be observed during the preparatory phase of magnetic storms, which is
of particular interest for solving problems of space weather predicting.

This paper presents the results of an analysis of ionospheric
parameters during magnetic storms that occurred from 2017 to 2022
(we analyzed the foF2 data from Paratunka station, Kamchatka).
The behavior of the foF2 variations was studied depending on the
strength of the geomagnetic disturbance (events of weak, moderate
and high intensity were considered). The main interplanetary drivers
of disturbances were also taken into account (CMEs, CIRs, events of
mixed nature). The analysis was performed using a generalized multi-
component model (GMCM) developed by the authors. GMCM is based
on the joint use of wavelet transform and ARIMA models. In the process
of modeling, ionospheric anomalies were detected and their parameters
(intensity, duration, start time) were estimated. Typical features of
ionospheric parameter dynamics during disturbed periods determined
by space weather factors were detected. The high frequency of the pre-
increase effect (positive anomaly) on the eve of moderate and strong
magnetic storms was confirmed.

The work was carried out according to the Subject AAAA-A21-
121011290003-0 “Physical processes in the system of near space and
geospheres under solar and lithospheric influences” IKIR FEB RAS.
The authors would like to thank the institutes supporting the data
registration stations used in the study.
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1.5 Approximation of small amplitude
atmospheric waves short in vertical

Kurdyaeva Y.A.Y2, Kshevetskii S.P.3!

L St. Petersburg State University
2 West Department of Pushkov Institute of Terrestrial Magnetism,
ITonosphere and Radio Wave Propagation
3 Immanuel Kant Baltic Federal University

Acoustic and internal gravity waves generated by various
tropospheric sources significantly affect the state of the atmosphere.
In most large-scale atmospheric models, waves are taken into account
by using parameterizations. In this paper, approximation formulas
for waves short in the vertical variable are constructed that are
suitable for parametrizing wave effects in numerical models of global
atmospheric dynamics. When deriving the formulas, a variant of the
short-wavelength approximation based on the method of different scales
was used. The derived formulas are complete and more subtly take into
account the change in the parameters of the atmosphere with height,
in comparison with other versions of the approximation of short waves
along the vertical. Applicability conditions for approximate formulas
for describing acoustic-gravity waves propagating from tropospheric
heights to thermospheric heights are formulated.

This study was supported by the Ministry of Science and Higher
Education of the Russian Federation (agreement 075-15-2021-583).
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1.6 Carbon dioxide line broadening coefficients
induced by Ny, N,O and CO

Lavrentieva N.N.', Dudaryonok A.S.', Kitaeva A.V.2,
Krapivnaya O.N.3

L Institute of atmospheric optics SB RAS, 634055, Tomsk,
Akademician Zuev square, 1, Russia
2 National research Tomsk state university, 634050, Tomsk, Lenina
av., 36, Russia
3 Institute of technical acoustics NAS of Belorus, 210023, Vitebsk,
Lyudvikova av., 13, Belorussia

The study of the influence of solar activity on the dynamics of
the atmosphere is impossible without knowing the exact parameters
of the spectral lines used as input data in the problems of calculating
the absorption of solar radiation in the atmosphere. Of paramount
importance are the half-widths and shifts of the lines of carbon dioxide,
which is one of the most active greenhouse gases, by the pressure
of atmospheric components (primarily N»). The carbon dioxide lines
broadening coefficients induced by nitrogen, nitrogen oxide and carbon
monoxide at room temperature (T = 296 K) are presented. Using a
tunable CO; laser the unsaturated absorption coefficients of carbon
dioxide lines in the (1000)-(0001) band are obtained. The temperature
dependences of the line broadening coefficients are received in the range
300K < T < 700K. The measurements were carried out in a pure COq
gas and in binary COs gas mixtures with No, NoO and CO buffer gases
in a ratio of 1:2 at pressure of 100 Torr. Calculations of the carbon
dioxide line widths are performed for the P- and R-branch transitions in
the investigated temperature range. The obtained data were compared
with the experimental half-widths for the lines: P(8), P(22), P(36),
R(8), R(22). Then calculations were made for a wide range of the
rotational quantum number J (up to 100). The temperature exponents
are calculated for every line widths. The calculations were performed
by a semi-empirical method [Mol. Phys. 102 (2004) 1653], based
on the semiclassical impact theory of line broadening and modified
by introducing additional correction factor whose parameters can be
determined by fitting the broadening or shifting coefficients to the
experimental data.
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1.7 Comparative study of atmospheric wave
propagation from a meteorological source
using the WRF model

Gross R.P.', Kurdyaeva Y.A.?

L Immanuel Kant Baltic Federal University
2 West Department of Pushkov Institute of Terrestrial Magnetism,
ITonosphere and Radio Wave Propagation

Internal gravity waves (IGWs) are an important element of
atmospheric dynamics. Qualitative modeling of these waves is a
relevant problem of modern geophysics. Different approaches to take
into account the contribution of IGWs in numerical models to the
energy balance of the atmosphere usually require a comparison of
simulation results with experimental observational data. However,
such a comparison is usually complicated by the interpretation of
experimental results, which can be obtained, for example, in a complex
heliophysical setting. Comparison of model results with more accurate
data, uniquely associated only with a concrete tropospheric wave
source, can significantly improve the quality of modeling and develop
understanding of the vertical propagation of atmospheric waves.

In this study, a simulation of a real meteorological event in the
Moscow region on May 29, 2017 was performed using the WRF
mesoscale atmospheric model. The propagation of IGWs in the
stratosphere and lower mesosphere throughout the period was studied.
Estimates of wave drag and IGWs energy were obtained. The results of
WRF modeling and simulation of the same event using the AtmoSym
regional numerical model of the neutral atmosphere with different
initial conditions were compared. The AtmoSym model accurately
calculates the change in hydrodynamic functions due to a particular
meteorological source. The comparison made it possible to assess
how changes in the parameters of the lower atmosphere affect the
propagation of atmospheric waves and other dynamic processes. The
results obtained made it possible to analyze how well the WRF model
can reproduce atmospheric waves generated by meteorological sources.

This investigation was performed with the financial support of the
Russian Science Foundation Grant No. 21-17-00208.
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1.8 Computer simulation of the propagation of a
plane electromagnetic wave in a waveguide
formed by the Earth’s surface and the
ionosphere under the condition of
inhomogeneous boundary conductivity

Tverdyi D.A., Malkin E.I., Parovik R.1.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia

As a result of strong earthquakes with magnitudes of the order
of 7 or more, the saturation of groundwater with secondary minerals
increases, leading to a local increase in the conductivity of the
earth. The electrophysical properties of the earth, which is the
lower boundary of the waveguide, determine its parameters. Which
affect the characteristics of electromagnetic waves propagating in
the waveguide. Lightning discharges are natural sources of pulsed
electromagnetic radiation (atmospherics). Atmospheric propagates in
the Earth-Ionosphere waveguide as a plane electromagnetic wave with
a stringy frequency spectrum with an intensity maximum in the range
of 4-10 kHz.

Analyzing the parameters of the atmosferic, one can establish
the presence of inhomogeneity in the conductivity of the waveguide
wall. In order to test this assumption, computer simulations of the
propagation of an electromagnetic broadband signal in a waveguide
with inhomogeneous boundary conductivity were carried out. In the
computer data space, both the source of this signal and its propagation
region, which is a waveguide, were modeled. For the system of
Maxwell equations, a boundary value problem is posed with conditions
in the form of a Perfectly matched layer (PML), which makes it
possible to determine the structure of the propagation region as a
conducting volume of a waveguide with inhomogeneities on its walls.
The mathematical model is solved by the Finite-Difference Time-
domain numerical method. To solve the problem and conduct computer
simulation, a software package was developed in the MATLAB
environment. Having carried out a number of computer simulations,
it is shown in the work that there is scattering of an electromagnetic
wave on the inhomogeneity of the waveguide.

Thanks to mathematical modeling of the process of interaction of
electromagnetic radiation with inhomogeneities in the waveguide, it is
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possible to establish a relationship between the radiation characteristics
and inhomogeneities.

The work was carried out within the framework of realization of the
State Task No. AAAA-A21-121011290003-0
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1.9 Correlation between variations of the
atmospheric electric field and the
concentration of micron dust particles in the
surface layer of the atmosphere

Toropov A.A.', Nagorskiy P. M?

L Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy
2 IMCES SB RAS

Based on observations at Yakutsk and Tiksi points, an array of
data of synchronous measurements of the atmospheric electric field,
meteorological parameters of the atmosphere and the concentration
of micron dust particles of 2.5 pm and 10 pm in size was obtained.
The influence of strong electric fields in the atmosphere (pre-
thunderstorm, thunderstorm, snowstorms) on the concentration PM2.5,
PM10 particles and their fractional composition depending on the
polarity and strength of the atmospheric electric field. The research
was funded by RSF (project Ne22-27-00600, https://rscf.ru/project/22-
27-00600/)
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1.10 Dusty plasma in the area of active influence
on the ionosphere

Sivokon V.P.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia

Studies of active influence on the ionosphere have been carried out
for a long time, using significant capacities and various technologies.
However, the expected results, as a rule, are significantly overestimated.
Most likely, this discrepancy is caused by unaccounted for natural
factors, such as the presence of dust in the plasma. In the report, based
on the analysis of electromagnetic radiation from the EISCAT heating
facility, an attempt is made to evaluate the effect of dust from the
Geminid meteor shower on the scattering and dynamic characteristics
of artificial magnetically oriented inhomogeneities of the ionosphere.
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1.11 Dynamics of mesospheric ozone during
geomagnetic and meteorological disturbances

Timchenko A.V.%2, Borchevkina O.P.':2, Bessarab F.S.':2

L West DepartmentPushkov Institute of Terrestrial Magnetism,
Tonosphere and Radio Waves Propagation of the Russian Academy of
Sciences
2 Saint-Petersburg State University

The data of satellite measurements of ozone concentration during
a geomagnetic storm, as well as during meteorological storms in
Eastern Europe, are analyzed. The following storms are considered
at the heights of the mesosphere and lower thermosphere in the
middle and high latitudes of the northern hemisphere: a geomagnetic
storm in October 2015; meteoro-logical storm — in March 2014 and
in October 2018. SABER, (Atmospheric Sounding Using Broadband
Emission Radiomet-ry) observations on the TIMED (Thermosphere,
Ionosphere, Meso-sphere, Energy and Dynamics) satellite were used
to determine ozone variations during selected events. In October 2015,
there was a strong geomagnetic storm, the value of the Ap index reached
74 nT, and meteorological storms took place against the background
of a weakly disturbed geomag-netic condition. The features of ozone
concentration variation during geomagnetic storms and meteorological
storms are considered, and possible mechanisms of the observed spatial
and temporal ozone variations are discussed.

This study was supported by the Ministry of Science and Higher
Education of the Russian Federation (agreement 075-15-2021-583).
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1.12 Event GLE66 (29.10.2003): solution of the
inverse problem on a new basis

Balabin Yu.V.
Polar Geophysical Institute

In October-November 2003, a series of solar flares occurred,
accompanied by coronal mass ejections and ground level enhancements
(GLE) events in solar cosmic rays. The worldwide network of neutron
monitors has registered the events GLE65, GLE66, and GLEG7
(October 28, October 29, and November 2, respectively). Over the past
time, these event have been studied more than once; the parameters
of the spectrum of solar cosmic rays (SCR) and the anisotropy of the
SCR flux have been determined. But the second GLE66 event was
often omitted, focusing on the first and third events. The reason is that
GLE66 happened at the time of a strong magnetic storm and a deep
Forbush decrease in cosmic rays caused by the arrival to the Earth
of a mass ejection from the previous flare. Such an extreme state of
the magnetosphere rarely occurs; models describe the magnetosphere
in such a state just approximately. For our technique for solving the
inverse problem, which uses a detailed and accurate calculation of
the asymptotic cones of neutron monitors of the global network, the
uncertainty of the state of the magnetosphere introduces the main
error in the solution. In this work, we used the Tsyganenko (T-03)
storm model of the magnetosphere for the first time. The results
of the first detailed study of the GLEG6 event are presented, SCR
spectra are obtained at different times, and their dynamics during
the event is shown. A comparison of the obtained spectra with the
spectra in the GLE65 and GLEG7 events shows a gradual decrease of
the spectrum hardness from GLE65 to GLEG7. Another result of the
work is the conclusion that the storm model of the magnetosphere T-03
satisfactorily describes the extreme state of the magnetosphere, since
the obtained SCR spectra for GLEG6 constitute a single system with
the SCR spectra in GLE65 and GLE67, demonstrating the evolution
of the SCR spectra throughout the entire series of events.
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1.13 Evolution of Ionospheric Plasma Density
Enhancement on 8 February and 4 November
2018

Yuan Weit, Xu Jiyao® 2, Wu Kun'

! State Key Laboratory of Space Weather, National Space Science
Center, Chinese Academy of Sciences, Beijing, China
2 School of Astronomy and Space Science, University of Chinese
Academy of Sciences, Beijing, China

We, in this study, used observations from multiple instruments (all-
sky imager [ASI], digisonde, and Beidou geostationary satellite global
positioning system receivers) to show the occurrence and evolution
of two plasma density enhancement structures (PDESs) during the
night of 8 February and 4 November 2018. The PDESs were elongated
from northwest to southeast. Their zonal scales were about 200—
400 km and longitudinal ranges were about 800-1.400 km. Within
the PDES, the plasma density can be enhanced by about two times
over the background density. The PDESs appeared before midnight
and gradually dissipated after midnight. Plasma density depletion
structures appeared within the PDES at the later stage of PDES. Each
PDES event lasted for over 4 hours. The morphology and evolution of
the PDESs presented in this paper are different from those reported in
previous studies.
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1.14 GLE73: first solar cosmic ray event in 25th
cycle

Balabin Yu.V.', Germanenko A.V.', Maurchev E.A.2,
Guozdevsky B.B.*, Mikhalko E.A.!

L Polar Geophysical Institute
2 [ZMIRAN

A new, 25" cycle of solar activity began in mid-2019. On
September 28, 2021, the first event of a new cycle in solar cosmic rays
(GLE) was registered. Despite the small amplitude, it was registered
by many stations of the world network of neutron monitors. On the
neutron monitors in Apatity and Barentsburg (Shpitsbergen), the
increase in the cosmic ray flux was 4%, while the maximum recorded
amplitude of the increase was 6% at the Fort Smith station. The event
has been given the designation GLE73. GLET73 originated from the
A2887 Beta-Gamma type active region with coordinates S26E04, the
event began at 16:20 UT according to five-minute data of neutron
monitors. The flare had class X1.0, the maximum X-ray emission was
reached at 15:35 UT, flare type II/VI. The interplanetary situation
during the day when the GLE event occurred was calm, the Kp index
was 1, the Dst index was about 0, and the speed and density of the
solar wind were moderate. GLE73 caused an increase in the flux of
cosmic rays 2-6% at the polar stations of the world network of neutron
monitors, while the near-equatorial stations did not note the increase,
which indicates that the spectrum of solar cosmic rays was soft. The
world network data is enough to solve the inverse problem: determining
the parameters of the solar cosmic ray flux. As a result of the performed
solution, the energy spectra and the pitch-angle distribution of the solar
cosmic ray flux were obtained during the maximum phase of the event
with a step of 5 minutes. The spectrum at the growth phase had an
exponential shape, then a gradual transition to a power dependence
is observed. The value of the characteristic energy for the exponential
spectrum was EO = 0.57 GeV at the maximum of the event, and the
power function exponent was v = 5.5. The adaptive form of specifying
the pitch-angle distribution used in our technique makes it possible to
describe a wide class of distribution forms from a simple Gaussian to
a bidirectional distribution, and the choice of the appropriate form is
made automatically in the process of finding a solution. After the initial
phase, the pitch-angle distribution steadily acquires a linear shape with
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a pedestal, which represents the isotropic part of the solar cosmic ray
flux. The linear pitch-angle distribution is present only at pitch-angles
less than 90°. Comparison of this event with the previous ones in the
24" cycle shows that the characteristics of the spectrum and the pitch-
angle distribution are typical. A linear pitch-angle distribution has been
observed in GLE events since the end of cycle 23.
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1.15 Generation of a secondary planetary waves in
the middle and upper atmosphere

Didenko K.A.1>2, Koval A.V.%2, Ermakova T.S.1:2,
Toptunova O.N.?

L Saint Petersburg State University
2 Russian State Hydrometeorological University

Planetary waves (PW), known as Rossby waves, are large-scale
oscillations in the hydrodynamic parameters of the atmosphere (wind,
temperature, density) and are formed due to the latitudinal gradient
of potential vorticity. PW transfer energy and momentum, causing
stratospheric circulation anomalies, while propagating from their
sources in the troposphere, and are a link between different atmospheric
layers and regions. In order to study the effect of individual planetary
waves on the global atmospheric circulation, a number of numerical
experiments were carried out using the model of the general circulation
of the middle and upper atmosphere (MUAM) for the winter conditions
of the Northern Hemisphere (January—February). A reference run of the
model was carried out with the inclusion of all sources of the considered
PW: waves with periods of about 5, 10, 16 days (zonal number m = 1), 4
and 7 days (zonal number m=2), eastward propagating ultrafast Kelvin
wave with a period of about 3.5 days (zonal number m =1). Moreover,
runs were carried out with individual wave sources turned off. The
effect of 16-day PW generation by an internal atmospheric source in the
southern lower thermosphere, independent of the tropospheric sources
of PW specified in the model, was found from experimental results. To
explain the observed effect, the variability of the perturbed potential
enstrophy (PE) — the potential vorticity squared was investigated.
Using this approach, the contribution of various nonlinear processes
to the balance of the perturbed potential enstrophy is investigated.
It is shown, that the nonlinear interaction of 4-day PW with a wave
number 2 and 5-day PW with a wave number 1 leads to the generation
of a secondary 16-day PW.
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1.16 Influence of solar activity on the optical
properties of the atmosphere

Shevtsov B.M.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia

The project of lidar observations in the altitude range of 0-700 km
is being considered in order to: study the modification of the optical
properties of the thermosphere in the lines of atomic oxygen 555.5,
557.7 and 630 nm and in the line of atomic nitrogen 534 nm under
the influence of ultraviolet light and precipitation of charged particles;
study the effect of solar activity on ionization and transparency of
the middle and lower atmosphere; develop lidar sensing methods with
taking into account different types of scattering at different heights of
the atmosphere.

The lines of atomic oxygen and nitrogen were selected based on
observations of the glow of the night sky during the precipitation of
charged particles over Kamchatka in February 2012. The possibility
of lidar observations of resonance scattering in atomic oxygen and
nitrogen lines is estimated by analyzing the spectral data base, Grotrian
diagrams and the results of lidar observations of scattering on atomic
oxygen and nitrogen ions performed earlier. The need for these studies is
due to the fact that atomic oxygen prevails at altitudes of 200-500 km,
the interaction of which with solar radiation is responsible for the
optical state of the upper atmosphere. The optical state of the middle
and lower layers of the atmosphere must be known in order to perform
lidar observations in the thermosphere. The obtained complex results
can be used in studies of climatic changes caused by the variability of
solar activity, as well as in the development of optical communication
systems.

The work was carried out within the framework of the State task
on the topic (2021-2023) «Physical processes in the system of near
space and geospheres under solar and lithospheric impacts, registration
number AAAA-A21-121011290003-0.
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1.17 Intra-year dynamics of the background
stratospheric aerosol over Tomsk according
to the data of lidar monitoring

Marichev V.N., Bochkovsky D.A.
V.E. Zuev Institute of Atmospheric Optics SB RAS

The report presents an analysis of the data on the intra-annual
variability of the vertical-temporal structure of the background aerosol
and its integral content in the stratosphere, obtained at the lidar
complex of the high-altitude atmospheric sounding station of the IAO
SB RAS for 2022. According to the results of monitoring, as in previous
years, a steady trend of accumulation of stratospheric aerosol was
established during the cold period of the year with a maximum content
in January and a decrease in spring to a virtual absence in June-July.
Since September, the aerosol content in the stratosphere begins to
increase to its maximum value in winter. In the upper stratosphere
(30-50 km), there is no background aerosol throughout the year.
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1.18 Introduction on The Ground—Based Airglow
Network of China

Xu Jiyao, Yuan Wei
National Space Science Center

Recent observational studies have found that the topographic
environment has an important impact on the middle and upper
atmosphere and ionosphere. And the fluctuation and variation
characteristics of the middle and upper atmosphere and ionosphere
change with longitude and latitude.

China, from north to south, spans from the middle latitudes to the
low latitude both in geographic latitude and geomagnetic latitude. And
China has a variety of topography environment, which including high
lands, hill, plains, seas, and long coasts. This is a natural laboratory to
study the effects of different latitudes and topography on the middle
and upper atmosphere. Airglow observation is one of the important
means to study the middle and upper atmosphere. We have established
a ground-based airglow network in China gradually since 2010, which
consists of 16 stations and more than 40 all sky imagers. The network
almost covers China and has double-layer detection capability, which
focuses on two airglow layers: the red line of atomic oxygen (~ 250 km)
and OH (~ 87 km) airglow layers. In some stations, we also make
observations of green line and 777.4 nm of atomic oxygen and sodium
layer airglow at 589 nm.

This report will introduce the airglow network and related research
progresses, which include thunderstorm and typhoon effects, influence
of Tibet Plateau on gravity waves, characteristic of equatorial plasma
bubble (EPB) and medium-scale traveling ionospheric disturbance
(MSTIDs), and so on.
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1.19 Introduction to the Progress of the Chinese
Meridian Project

Xu Jiyao, Wang Chi
National Space Science Center

The Chinese Meridian Project (CMP) is a ground-based space
environment monitoring facility covering China’s territory and
polar region. Its full name is Space Environment Ground Based
Comprehensive Monitoring Network. CMP consists of 31 ground-based
observatories located roughly along 100°E, 120°E longitudes and 30°N,
40°N latitudes respectively, forming a two-cross network configuration.
CMP will build a detection architecture of “One chain” (from
sun to geospace), “Three networks” (middle and upper atmosphere,
ionosphere, and magnetosphere), and “Four-focus” (polar regions,
north area of China, south of China, and Tibetan plateau). It will
have abilities to monitor the solar atmosphere, interplanetary space,
magnetosphere, ionosphere and the middle and upper atmosphere. The
CMP is constructed in two phases. The CMP phase I was completed
from 2008 to 2012 and has been in operation since 2012. The CMP
phase I consists of 15 ground-based observatories roughly following the
120°E longitude chain and 30°N latitude chain and China’s Zhongshan
Station in Antarctica. 87 sets of geomagnetic, radio, and optical space
environment monitoring equipment have been deployed. Since 2019,
the construction of the second phase has been conducted, which is
expected to be completed in 2023. At that time, the CMP will be
completed and put into operation as a whole. Since 2012, the CMP
phase I has been running for more than ten years, and a large amount
of space environment data has been obtained. This report will give a
brief introduction on the progresses in some important scientific issues
by CMP phase I, and the construction progress of CMP phase II.
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1.20 Lidar studies of the thermal regime of the
middle atmosphere over Tomsk in 2022

Marichev V.N., Bochkovsky D.A.
V.E. Zuev Institute of Atmospheric Optics SB RAS

The paper presents the results of lidar studies of the behavior of the
thermal regime of the middle atmosphere over Tomsk in the period for
2022. Note that such studies in the monitoring mode at the Institute of
Atmospheric Optics of the Siberian Branch of the Russian Academy of
Sciences began in 1994 and are currently ongoing. Particular attention
is paid to studying the manifestation of sudden disturbances in the
stratosphere caused by winter stratospheric warming (SP). Based on
the experience of many years of studying the thermal regime of the
middle atmosphere, we have found that the warming SPs for middle
latitudes (Tomsk, 56.5 N) appear every winter. They arise unexpectedly
and differ significantly in the amplitude of the positive temperature
spike in the upper stratosphere (minor and major warmings), the
duration of the course (from a week to two months), and the height
of the stratopause subsidence. The presented monitoring results were
carried out during periods of disturbed (SP winters 2021/22 and
2022/23), calm (summer) and transitional (spring, autumn) states of
the middle atmosphere.
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1.21 Meteor aerosol observations in the
stratosphere over Tomsk in August 2013

Cheremisin A.A.Y, Novikov P.V.%>2, Romanchenko I.1.},
Marichev V.N.2, Bochkovsky D.A.3

L V. V. Voevodsky Institute of Chemical Kinetics and Combustion SB
RAS, Nowvosibirsk
2 Krasnoyarsk Institute of Railway Transport, Krasnoyarsk
3 V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk

In August 2013, an aerosol layer was registered in the stratosphere
above Tomsk, its maximum was at the altitude of 28.5 km. At the same
time, the backscattering coefficient had a high value equal to 24. Due
to the high intensity of the Perseid meteor shower in August, the initial
interpretation of the observations was that the registered stratospheric
aerosol layer is a consequence of this stream meteor particle combustion
in the upper atmosphere and further sedimentation of the resulting
aerosol to the stratospheric altitudes.

Earlier, with the help of observations by the Russian stratospheric
lidar stations network and trajectory analysis of the movement of
air masses in the stratosphere, we analyzied the transport of the
aerosol layers that formed during the fall of the Chelyabinsk meteorite.
A characteristic feature of the aerosol layers observed with lidar at
altitudes of about 30 km (Obninsk, Moscow, Yakutsk) was that they
were very narrow. This property corresponded to the trajectory analysis
data.

In August 2013, the layer at an altitude of 28.5 km was also narrow.
Therefore, we assumed that in this case this layer was formed as a result
of the combustion of a fairly large meteor body. While the main stream
of Perseids consists of relatively small meteor bodies. The trajectory
analysis method was used to analyze the place of the assumed fall
of the meteor body. The method of backward isentropic trajectories
of the air mass transport started from Tomsk on the days of aerosol
observation was applied. To calculate trajectories up to a height of 25
km, the HYSPLIT software package with GDAS data was used, and
above 25 km, the TrCalc package created by us with UKMO and ERAS
wind velosity data in the Northern Hemisphere was used.

Additionally, the observation data OMPS/LP limb sensor on the
Suomi NPP satellite and the CALIOP lidar on the CALIPSO satellite
were used. According to OMPS/LP data, a place of increased aerosol
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extinction was found on the trajectory of the air masses movement.
We assume that a meteor body fell at this place. At the same point,
according to CALIPSO, the stratospheric aerosol was observed at
altitudes near 30 km. This place of meteor body falling and the aerosol
formation was located in Eastern Siberia, far away from the observation
point in Tomsk.

The report also presents a comparison the result of meteoric aerosol
observation in this case with the results of observations of the aerosol
belt formed as a result of the Chelyabinsk meteorite fall.
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1.22 Near-surface atmospheric electric field
changes through magnetic clouds via coronal
mass ejections

Li Leit?

! National Space Science Center, Chinese Academy of Sciences,
Beijing, China
2 University of Chinese Academy of Sciences, Beijing, China

The Earth’s electrical environment is influenced by both external
and internal driving factors. Internal driving factors include the
global charging current produced by lightning storms, global aerosol
concentrations and cloud coverage. External factors are caused by
various space weather phenomena, including changes in the Sun’s
magnetic field, solar flares, coronal mass ejections, and ionization
changes from high-energy particles from the Sun and galactic cosmic
rays. This study focuses on the cosmic ray intensity changes observed at
the OULU Station and the atmospheric electric field changes observed
at the Azores and Studenec stations during a famous solar activity
event in September 2017. The results indicate that the atmospheric
electric field at the two stations (Azores and Studenec) simultaneously
decreased by 80% and 120% of the mean atmospheric electric field
value, respectively, during the same time as the significant decrease
in cosmic ray intensity. The linear correlation coefficient between the
decreased atmospheric electric field measured at these two stations
was 0.60, indicating a global effect from the coronal mass ejections
on atmospheric electricity. Finally, this study describes coronal mass
ejections from magnetic clouds that impede the propagation of galactic
cosmic rays, resulting in a decrease in ionospheric potential and
atmospheric electric field.
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1.23 New spectroscopic data on water and carbon
dioxide molecules absorption lines

Petrova T.M.', Deichuli V.M., Solodov A.M.*, Solodov A.A.1,
Lavrentieva N.N.', Kitaeva A.V.?

Y V.E. Zuev Institute of Atmospheric Optics SB RAS
2 Tomsk State University

Modern problems of atmospheric physics require an increase in the
accuracy of measurement and calculation of the absorption of solar
radiation passing through the Earth’s atmosphere and bringing it to
several percent. The main components that absorb radiation in the
atmosphere are water, carbon dioxide and methane molecules. Water
vapor plays a leading role in various physical and chemical processes in
the atmosphere; water vapor is responsible for approximately 70 percent
of radiation absorption. Carbon dioxide and methane are strong
absorbers of infrared radiation trapping heat and causing a powerful
greenhouse effect. An increase in their concentration in the atmosphere
can have serious consequences for the Earth’s climate.

Spectroscopic methods are the effective methods for monitoring
the gases concentration the Earth’s atmosphere. In this regard, the
requirements for the initial spectroscopic information on the absorption
lines of these gases are increasing. Using a high-resolution Fourier
spectrometer IFS-125HR (Tomsk) the absorption spectra of the gases
under consideration were measured in a wide spectral range with
variations of the atmospheric pressure. Using modern processing
methods, new values of the absorption lines parameters were obtained
which include the values of the line center positions, its intensity,
broadening and shift coefficients by atmospheric pressure.

The results of the measurements are compared with calculations
using the semiempirical method where intramolecular effects are taken
into account on the basis of the exact wave functions and energy levels
obtained from variational calculations.

The work was supported by the Russian Foundation for Basic
Research (Grant 22-22-00800).
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1.24 Numerical simulation of sudden stratospheric
warming events at different phases of the
solar activity cycle

Koval A. V.Y, Gavrilov N.M.*, Ermakova T.S.2, Didenko K.A.?

L Saint-Petersburg State University
2 Russian State Hydrometeorological University

Global-scale atmospheric disturbances, such as planetary waves
(PWs), play a significant role in the formation of the general circulation
of the atmosphere, affecting its dynamic and thermal regime. In
particular, an increase in PW in winter in the northern hemisphere
can lead to onset of the sudden stratospheric warming (SSW) event.
Changes in solar radiation caused by cyclic changes in solar activity
(SA), in turn, affect the thermodynamic state of the atmosphere and
change the conditions for PW propagation at different layers of the
atmosphere. In order to study the features of the occurrence of SSW
depending on the change in solar forcing, numerical modeling of the
general atmospheric circulation for winter conditions in the northern
hemisphere was carried out and cases of SSW occurrence in January-
February were considered. A non-linear numerical mechanistic model of
the general circulation of the middle and upper atmosphere (MUAM) is
used, which makes it possible to reproduce the atmospheric circulation
and PW structures at altitudes of 0 - 300 km. The results obtained
demonstrate the features of the occurrence of SSW at different levels of
SA. The main mechanism of these changes is a change in the conditions
of propagation and reflection of PW generated in the lower layers of the
atmosphere, and as a result, a change in the interaction of PW with the
mean flow, indirectly expressed through the calculated Eliassen-Palm
fluxes, as well as changes in the Brewer-Dobson circulation.
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1.25 On the possibility to control emissions of CO,
in seismic active regions using the OCO-2
satellite data

Tashkun S.A.
V.E. Zuev Institute of Atmospheric Optics, SB RAS

It is believed that there is a relationship between seismic activity
and the emissions of CO5 and radon. Ground based measurements of
CO; in seismic active regions are hampered by many methodological
and technical factors. On the other hand, there are dry-air column
average COs daily means over the globe measured by the Orbiting
Carbon Observatory-2 (OCO-2) starting from 2015. OCO-2 is NASA’s
first dedicated Earth remote sensing satellite to study atmospheric
carbon dioxide from space. It was launched in 2014. OCO-2 is an
exploratory science mission designed to collect space-based global
measurements of atmospheric COy with the precision, resolution, and
coverage needed to characterize sources and sinks (fluxes) on regional
scales (> 1000 km). Using the available OCO-2 data for the period
2015-2022, we analyzed CO5 daily means for the areas of the strongest
earthquakes. The results will be presented and discussed.
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1.26 Radio pulses of multicomponent lightning in
Yakutia

Kozlov V.I., Tarabukina L.D.

The Yakut Scientific Centre of the Siberian Branch of the Russian
Academy of Sciences

The importance of the study of repeated discharges is determined
by the fact that they, with very short inter-discharge intervals and
the same termination point on the ground, often cause damage when
directly hitting equipment or power lines compared to other types of
repeated strikes. Using the WWLLN data, we have considered repeated
discharges in the territory of Yakutia, limited by 56 - 90 degrees north
latitude and 105 - 160 degrees east longitude. Repeated discharges taken
with time interval restrictions up to 200 ms and distances between the
points of repeated discharges up to 30 km are analyzed. Note that in
our video recordings there were cases with the duration of the lightning
glow (its repeated components) in the interval up to 300 ms. It is
noted in (Ballarotti, M.G. Frequency distributions of some parameters
of negative downward lightning flashes based on accurate-stroke-count
studies / M.G. Ballarotti, C. Medeiros, M.M. Saba, W. Schulz, O. Pinto
Jr. // Journal of Geophysical Research: Atmospheres. —2012. — V. 117,
Ne D6. — P. D06112) that there are intervals between repeated discharges
of up to 700 ms. The number of repeated discharges varies, for example,
for 2022 from two (41575 cases of observation) to 10 (two cases of
observation). The number of repeated discharges N depending on the
number of repeated discharges k can be described as a power function.
The occurrence of the interval between the components was distributed
in 2022: up to 5 ms - 153616 times, up to 10 ms there was a decrease
in the occurrence up to 557 times, and the next maximum occurrence
is observed at 35 ms (3156 cases). An interval of about 200 ms occurs
566 times. Range on the ground between repeated discharges up to 0.5
km is much more common (65260 times) than up to 1 km (775 times).
For large distances between repeated discharges, a gradual decrease in
the occurrence to 4 at 27 km is observed. In (Rakov, V.A. Origin of
lightning electric field signatures showing two return-stroke waveforms
separated in time by a millisecond or less / V.A. Rakov, M.A. Uman //
J. Geoph. Res. Atmospheres. — 1994. — V. 99, Ne D4. — P. 8157-8165),
the presence of discharges with very short time intervals between them,
from several tens to several hundreds of microseconds, is indicated. We
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also observe similar intervals. With a given resolution of 0.1 ms, we
observe, in the shortest intervals, a decrease in the occurrence of cases
from 14133 for 0.1 ms to 2 at 0.7 ms and then a maximum at 68 at
1.4 ms, followed by a decrease to 6 at 5 ms. The processes occurring
during the first millisecond after the kickback require further study.
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1.27 Reconstruction of regional distributions of
electron density in the ionosphere from
heterogeneous remote sensing data

Pavlov I.A., Padokhin A.M.
Lomonosov Moscow State University, Faculty of Physics

In this paper, a new iterative algorithm has been developed
for solving the problem of reconstructing regional, two-dimensional,
altitude-latitudinal distributions of electron density in the ionosphere
based on heterogeneous data from low-orbit satellite radio translucence
at a pair of coherent frequencies VHF/UHF and UV spectrometry
of the upper atmosphere’s own glow at a wavelength of 135.6 nm.
This makes it possible to use complementary probing geometries. Each
iteration of the algorithm is split into two, in which problems concerning
the electron concentration and its square are sequentially solved
with diffusion smoothing between steps. In addition, the algorithm
implements the possibility of taking into account the absorption of the
intrinsic UV radiation of the thermosphere by molecular oxygen, which
makes it possible to include low perigee rays, the absorption of which
plays a significant role, into consideration. The developed algorithm
was tested on synthetic observational data obtained on the basis of the
NRLMSISEQO and NeQuick2 models for real operation modes of the
CERTO and SSUSI/SSULI equipment. It is shown that the proposed
algorithm provides better spatial resolution compared to the traditional
RT approach, and also removes the problem of correctly specifying the
initial approximation, which is typical for ionospheric RT problems,
due to the presence of quasi-horizontal rays in the sounding geometry.
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1.28 Relation between sprites and whistlers based
on AWDANET and WWLLN data

Malkin E.I.', Kazakov E.A.*, Cherneva N.V.1, Sannikov D.V.1,
Druzhin G.L', Lichtenberger J.?

L Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia
2 Fotvos University, Budapest, Hungary

In order to confirm the cause-effect relations between whistlers
recorded at a definite point on the Earth’s surface and lightning
strokes, initiating them at a magnetically conjugated region, data from
the observation sites of Automatic Whistler Detector and Analyzer
Network (AWDANET) and the World Wide Lightning Location
Network (WWLLN) (Karymshina and Dunedin sites) were analyzed.
A map of lightning stroke density distribution with maximums at
11 regions was made. Distribution of the number of coincidences from
delay time between the times of whistler recording and a lightning
stroke for all the regions was obtained and unambiguity of the cause-
effect relation was detected. It was discovered that not all lighnings at a
magnetically conjugated region produce whistlers but only stroke pairs
with time interval of less than 100 ms and the distance of 40 between
them. Analysis with a marker (distance and delay time between strokes)
in WWLLN data showed that these pairs are a positive cloud-ground
stroke and a sprite and just the second stroke initiates a whistler. The
work was carried out within the framework of realization of the State
Task No. AAAA-A21-121011290003-0.
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1.29 Results of the experiment on joint lidar and
balloon-balloon sounding of the troposphere
and stratosphere

Marichev V.N.', Yushkov V.A.2, Balugin N.V.2, Bochkovsky D.A.!

L V.E. Zuev Institute of Atmospheric Optics SB RAS
2 Central Aerological Observatory

The urgent problem of climate change requires the study of changes
in the composition and properties of the atmosphere that affect its
radiation balance. Obtaining knowledge in this direction is possible on
the basis of regular measurements of the climate-forming components
and characteristics of the atmosphere and their subsequent analysis.
There are contact and remote methods and means of sensing the
atmosphere at its different altitude levels, including aerological, aircraft,
satellite, lidar and rocket. At the same time, the development of
research requires the development and creation of new effective methods
and technical means for organizing and conducting measurement data.
In this paper, we propose a technology for monitoring the aerosol
component and the thermal regime of the stratosphere based on remote
(lidar) and contact (aerological) optical sounding.

The task of the work was to create a measuring complex for lidar
and aerological monitoring of the stratosphere and its application in
experimental studies. The results of simultaneous remote (lidar) and
direct (probe) measurements of the vertical distribution of temperature
and aerosol filling of the troposphere and stratosphere, carried out
on March 15-16, 2023 in Tomsk, are presented. The purpose of the
experiment was to continue the development of joint lidar-balloon
measurements (the first experiment was carried out on January 27—
30, 2022) and the validation of aerosol backscatter profiles in the
upper troposphere and stratosphere to create an all-weather system
for lidar-balloon monitoring of the spatio-temporal and microphysical
characteristics of the aerosol. Lidar measurements were carried out in
the altitude range from 7 to 50 km, with a probe, from 0 to 30 km.
Vertical profiles of the scattering ratio were obtained at wavelengths of
355 and 532 nm (lidar) and 470, 850, 940 nm (probe). Good agreement
was demonstrated in the obtained vertical profiles for the backscatter
ratio R(H) for close wavelengths (528 and 532 nm for the aerosol
backscatter probe and lidar, respectively). To restore the microphysical
parameters of the aerosol during joint lidar-balloon experiments, the
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possibility of expanding 2-wave (353 and 532 nm) lidar measurements
with an additional set of wavelengths (470, 850, 940 nm) using an
optical balloon aerosol probe was shown.

The lidar and probe measurements of the vertical temperature
distribution were also carried out synchronously. Lidar — by optical
signals of Raman and Rayleigh backscattering of light, probe — directly
by a contact sensor.

According to the results of the experiment, close values of vertical
temperature profiles were obtained.
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1.30 Single station absolute TEC estimation based
solely on dual frequency GNSS phase
observables

ITvanov A.K., Medvedev A.1., Varzar L.S, Pavlov I.A.,
Kurbatov G.A., Padokhin A.M.

Lomonosov Moscow state university

This paper presents an original algorithm for estimating vertical
absolute TEC that uses only single station dual-frequency GNSS phase
observations and does not require estimation of differential code biases
both of satellites and receivers hardware. This makes it easy to use data
from different navigation systems simultaneously within the algorithm.
The algorithm is based on the representation of the TEC field as a
two-dimensional Taylor series expansion, a simple single-layer mapping
function, and a difference approach to eliminate initial phase ambiguity.
The algorithm was tested on synthetic observational data obtained
using real GNSS satellite orbits and the NeQuick2 ionospheric model,
and showed average reconstruction errors of the order of 1TECu.
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1.31 Space project “Modulation”, a new approach
to studying the fluxes of galactic cosmic rays
in the field of solar modulation energies

Kalegaev V. V., Karmanov D.E., Kovalev .M., Kurganov A.A.,
Panov A.D., Podzolko M.V., Podorozhny D.M., Turundaevsky A.N.

SINP MSU

Discussion of the “Modulation” project at the Russian space
station ROSS. The purpose of the space mission is to study the
solar modulation of galactic cosmic rays (GCR) in the heliosphere.
A new approach is presented for obtaining data on accurate long-
term measurements of GCR particle fluxes, as well as solar cosmic
rays (SCR), with energies from ~ 30 to 1500 MeV /nucleon in a wide
charge range Z=1-26. The project involves the creation of a databank
of GCR and SCR for the entire cycle of solar activity. Such a bank
is necessary for improving numerical models of energetic heliospheric
particle fluxes.
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1.32 Study of factors influencing polar ozone using
CCM SOCOL-3: solution of the problem with
difference from satellite data

Mironov A.D.', Zubov B.A.2, Rozanov E.V.3:!

L Saint Petersburg State University (SPbU), St.Petersburg, Russia
2 Voeikov Main Geophysical Observatory, St. Petersburg, Russia
3 Physikalisch-Meteorologisches Observatorium Davos/World
Radiation Center (PMOD/WRC), Davos, Switzerland

Comparison of the results of numerical modeling of atmospheric
ozone using the SOCOL-3 chemistry-climate model (CCM) with the
corresponding measurements from the TASI (Infrared Atmospheric
Sounder Interferometer) satellite instrument shows significant
differences in total ozone for the polar regions of the southern
hemisphere. This problem is common for chemistry-climate modeling
of the Earth’s ozone layer.

To resolve this problem and to assess the role of the main physical
and photochemical processes affecting the annual cycle of polar ozone
in the southern hemisphere, we carried out a number of numerical
experiments, changing the following model parameters: 1) the rate of
ozone photodissociation at large zenith angles of the Sun; 2) the rates
of stratospheric heterogeneous reactions under polar night conditions;
and 3) the intensity of meridional mixing on the subgrid scales of the
model in the region of the circumpolar vortex.

Comparison of the results of these experiments with the
corresponding TASI measurement data showed that the most important
characteristics for improving ozone modeling are the rate of ozone
photolysis at large zenith angles and the intensity of horizontal mixing
at subgrid scales. A reasonable adjustment of these factors has made it
possible to significantly improve the model representation of the annual
ozone cycle over the polar region in the southern hemisphere.

The work was carried out at the St. Petersburg State University
“Ozone Layer and Upper Atmosphere Research laboratory” with the
support of the Government of the Russian Federation (grant no. 075-
15-2021-583).
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1.33 Systematization of Spectral Data Sources
Containing the Parameters of Spectral Lines
of the Carbon Dioxide Molecule and Its
Isotopologues in the W@QDIS

Fazliev A.Z., Lavrentiev N.A., Lavrentieva N.N., Privezentsev N.A.
V.E.Zuev Institute of Atmospheric Optics SB RAS

To study the influence of solar activity on the dynamics of the
atmosphere, it is important to know the parameters used as input
data in problems of atmospheric radiation transfer. Of paramount
importance are the centers, intensities, half-widths, and shifts of
spectral lines necessary for calculating the absorption of solar radiation
in the atmosphere. The most well-known databases of expert spectral
data related to molecular spectroscopy emerged about 40 years ago
and were intended to be used as input data in problems of atmospheric
radiation transfer.

At present, it is necessary to expand the intension of the Hitran
database in order to use it to solve problems of the influence of solar
activity on the dynamics of the Earth’s atmosphere. Such an expansion
is connected, first of all, with the structure of the parameters of the
spectral lines related to different approximations of the contours of the
spectral lines with a significant variety of thermodynamic conditions
realized in the atmosphere. In 2006-2010 The Information System (IS)
W@DIS was created, which was originally used to systematize the
sources of spectral data on the states and transitions of isolated water
and hydrogen sulfide molecules. In 2007, W@DIS IS began work on
importing the parameters of spectral lines characterizing the Lorentz
contour. The collection of data sources includes contour characteristics
for all broadening agents found in the literature. The paper gives a brief
classification of the contours of spectral lines and their parameters, and
presents the results of the systematization of spectral

This work gives a brief classification of the contours of spectral lines
and their parameters, and presents the results of the systematization
of spectral data related to different contours of the spectral lines used
in the processing of the spectra of the carbon dioxide molecule. In the
digital library of articles we have collected, there are data related to
11 contours of the spectral lines associated with the CO2 molecule. All
the contours found in our library are described, a system for importing
the parameters of spectral data obtained when solving the direct and
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inverse problems is built. The main properties of the data generated in
the W@DIS system are related to the description of the results of the
analysis of the quality of the imported data.
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1.34 Thunderstorm activity in the Arctic region
according to observations in Tiksi

Toropov A.A.
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy

An analysis of thunderstorm activity near Tiksi for 2013-2023 was
carried out. Nearby thunderstorms were recorded by characteristic
variations of the atmospheric electric field using a electric field-mill
Boltek EFM-100. An electric field-mill registers individual lightning
discharges at a distance of 15-20 km and determines the electrical
structure of a thundercloud. Data with a resolution of one second were
used for the analysis. It is shown that the number of thunderstorms
near Tiksi increases every year.
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1.35 Variations in the parameters of the middle
atmosphere during geomagnetic disturbances

Mironova I.A.', Bazilevskaya G.A.2, Grankin D.V.', Mironov A.D.},
Rozanov E.V.1:3

L Saint Petersburg State University (SPbU), St.Petersburg, Russia
2 P. N. Lebedev Physical Institute RAS (FIAN), Moscow, Russia
3 Physikalisch-Meteorologisches Observatorium Davos/World
Radiation Center (PMOD/WRC), Davos, Switzerland

In this work, we compare the spectra of precipitating energetic
electrons with energies from keV up to relativistic energies about
1 MeV, based on balloon observations in the high-latitude atmosphere
and precipitation of energetic electrons recorded by the NOAA POES
satellites in 2003. Here, we estimate the spectra and ionization rates
of the atmosphere during energetic electron precipitation, according to
various observations, in different periods of geomagnetic disturbances.
Using a one-dimensional radiative-convective model with ion chemistry,
we show the response to precipitation of energetic electrons in a polar
atmosphere.

The work was carried out at the “Laboratory for the Study of the
Ozone Layer and Upper Atmosphere” with the support of the Ministry
of Science and Higher Education of the Russian Federation under
contract No. 075-15-2021-583.

176



2 Geophysical fields and their interaction
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2.1 Methods of improving the energy efficiency of
communication systems taking into account
dynamic characteristics in an ice environment.

Korochentsev V.I.', Xue Wei?, Statsenko L.G.', Bengard A.V.}

Y Far Eastern Federal University, Russia
2 Harbin Engineering University, China

Methods of increasing the energy efficiency of communication
systems by synthesized antennas located on moving platforms under
the condition of extremely low temperatures are proposed. The energy
efficiency is estimated by the directional coefficient of the antenna. The
directional coefficient of the antenna is determined by the boundary
conditions and the excitation function of the antenna array. Optimal
excitation of the antenna array, taking into account the elastic
characteristics of the ice, allows you to increase the active energy, which
increases the range of the system.
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2.2 About observed quasi-periodicity of
geomagnetic jerks according to the data of the
Moscow Observatory

Riabova S.A.12, Shalimov S.L.!

L IPE RAS
2 IDG RAS

Using the geomagnetic data from 2000 to 2020 at Moscow
Observatory, located 18 km from the city of Moscow, in the village of
Krasnaya Pakhra, we analyze the variations of the first derivatives of
the geomagnetic field components. Using segmented regression analysis,
it was found that jerks follow with a quasi-period of 3-4 years. The
mechanism is proposed for the occurrence of rapid changes in the
geomagnetic field due to unstable processes in the Earth’s core.

The studies were carried out within the framework of the state task
of the IDG RAS No. 1220329000185-5 “Manifestation of processes of
natural and technogenic origin in geophysical fields” and the IPE RAS.
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2.3 About some small effects in magnetic field at
observatories Paratunka (Kamchatka, Russia)
and Choutuppal (India)

Guozdarev A.Y.', Khomutov S.Y.', Arora K.?, Chandrashekhar P.?

L Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia
2 OSIR-NGRI, India

For many years, small variations have been observed in the magnetic
data obtained at the Paratunka Observatory (PET, IKIR FEB RAS,
Kamchatka, Russia) and at the Observatory Choutuppal (CPL, CSIR-
NGRI, India). These variations are within the limits defined by the
INTERMAGNET standards, but they are quite obvious and require
explanation. Such variations at PET include, for example, seasonal
fluctuations in the gradient of the total field F inside the absolute
pavilion with amplitude up to 0.5 nT and its long-term trend up to
0.1 nT per year, measured by the POS-1 Overhauser magnetometer.
Other example is daily fluctuations of F obtained by dIdD GSM-19FD
magnetometer with amplitude up to 0.8 nT. At the CPL, diurnal
variations of the differences of the Fvar calculated from the total field
components H,D,Z of the variometers, and Fscal directly measured
by a scalar magnetometer, dF=Fvar-Fscal, are noted. These diurnal
variations of dF with amplitude up to 1 nT do not correlate with
the temperature of magnetic sensors and electronics. Temperature
fluctuations inside and outside the pavilions can be considered as
the main cause, and the influence of magnetic susceptibility and its
temperature changes can be considered as the mechanism of influence.

A set of magnetic micro-surveys were made inside and outside
the pavilions at PET in different seasons and the distribution of
the magnetic field and its dynamics were studied. The magnetic
susceptibility of near-surface rocks in the area of the pavilions was
studied under various temperatures (from room temperature to deep
freezing), the expected effects in the magnetic field were calculated
on models. At the CPL, possible induction effects occurring in the
underlying rocks are considered as the cause. Estimation of the
possibility to use obtained results in the real practice of the magnetic
observatories are made.

The work of A.Y. Gvozdarev and S.Y. Khomutov was carried
out within the framework of realization of the State Task No.
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AAAA-A21-121011290003-0, the work of Kusumita Arora and Phani
Chandrasekhar are supported by CSIR National Geophysical Research
Institute, Ref.No : NGRI/Lib/2023/ Pre-116.
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2.4 Acoustic emission during granite specimen
deformation in the experiments on three-point
bending

Larionov LAY, Mishchenko M.A.Y, Marapulets Yu.V.},
Bogomolov L.M.2, Vaskin V.A.

L Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia
2 Institute of Marine Geology and Geophysics FEB RAS, Russia

Acoustic emission during granite three-point bending was
investigated with the help of piezoceramic accelerometers. Deformation
impact was provided by a constructed press with a bending control
system. The investigation showed that the developed system allows one
to obtain controllable bending and acoustic pulse generation during the
time of load increase on a specimen under study. The dependence of
acoustic pulse number on bending magnitude in time was obtained.
As the result of the work, the possibility of investigation of acoustic
emission of different materials during compression load change was
shown.

The work was carried out within the framework of realization of the
State Task No. AAAA-A21-121011290003-0.
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2.5 Advanced Instruments for Geo and Helio
Environment Monitoring on the Cubesat
Format Spacecraft

Bogomolov V.V.12, Svertilov S.I.1:2, Osedlo V.I.', Bengin V.V.,
Zolotarev I.A.Y, Iyudin A.F.', Klimov P.A.', Nechaev O.Yu.",
Yashin LV.', Antonyuk G.1', Kucherenko I.A.}2

L Lomonosov Moscow State University, D.V. Skobeltsyn Institute of
Nuclear Physics
2 Lomonosov Moscow State University, Physics Department

Within the framework of the Moscow University project
“Constellation-270”, scientific instruments for the cubesat format
satellites were developed, including the universal detectors of cosmic
radiation DeCoR, DeCoR-2, the KODIZ instrument, which is a
combined detector of spaces radiation, spectrometers-photometers
AURA and AURA-2, a spectrometer of charged particles SUP.

The DeCoR and DeCoR-2 instruments are designed to study fast
variations in electron fluxes, as well as gamma-ray bursts of various
nature. The DeCoR instrument is a scintillation spectrometer of
gamma rays and electrons, its energy range is 0.05-2.0 MeV, effective
area is about 18 cm?. It successfully operated on satellites of the
cubesat format SiriusSat-1,2, AmurSat, VDNKh-80, Norbi, DEKART,
etc. The DeCoR-2 instrument is a modified version of the DeCoR
instrument. In comparison with it, it is characterized by an increased
sensitive area up to ~ 60 cm2 and a wider energy range of 0.03—
3.0 MeV. Just like the DeCoR, it basically contains a phoswich
detector CsI(T1)/plastic scintillator. Unlike the DeCoR instrument,
both vacuum and semiconductor (silicon) photomultipliers can be used
to read signals from a scintillation detector. The instrument has a wide
range of options for setting the details of the measurements, depending
on the daily data volume available for transmission to Earth.

The DeCoR-2 instrument in the version with vacuum
photomultipliers are installed on the Skoltech-bl and Skoltech-b2
satellites of the cubesat 3U format, which were launched into orbit on
August 9, 2022. The DeCoR-2 instruments in the version with silicon
photodetectors are installed on four satellites developed by Sputniks
and Sirius. The launch of this equipment on 3U cubesat satellites is
scheduled for 2023. Further modifications of the DeCoR instrument
are also being developed, including its addition with a spectrometric
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unit based on a larger scintillation crystal. A similar instrument is
also planned for launch in 2023 on a spacecraft developed by NILAKT
DOSAAF.

The KODIZ instrument is designed to test equipment designed to
detect radiation-dangerous fluxes of solar cosmic rays. The instrument
includes a Cherenkov detector for detecting relativistic protons capable
of penetrating the Earth’s atmosphere, as well as semiconductor
detectors for measuring the radiation dose and a neutron detector.
Similar instrument was launched on August 9, 2022 as part of the
Monitor-1 spacecraft of Moscow University. At present, the first
scientific data have been obtained from the KODIZ instrument, and
their processing and analysis are underway.
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2.6 Analysis of cosmic ray variations during
periods of strong magnetic storms in
2022-2023 (according to neutron monitors
data)

Mandrikova O.V., Mandrikova B.S.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia

Anomalous phenomena and processes on the Sun are reflected in the
recorded variations in the intensity of cosmic rays. Therefore, cosmic ray
data is an important factor in space weather. In the works of scientists
from different scientific groups, anomalous changes in the cosmic ray
flux preceding the onset of magnetic storms were noted.

The paper presents the results of an analysis of cosmic ray variations
during periods of strong magnetic storms in 2022-2023. The analysis
was carried out on the basis of a hybrid approach developed by the
authors, including the use of nonlinear approximating wavelet schemes
and the singular spectrum analysis method. The efficiency of the
approach for detecting anomalies of different intensity in cosmic ray
variations is shown. The components of cosmic ray variations that
have a strong correlation with the Dst index are identified. The result
confirms the importance of taking into account the dynamics of cosmic
rays in the methods of forecasting strong magnetic storms.

The work was carried out within the framework of the State task
on the topic (2021—2023) “Physical processes in the system of near
space and geospheres under solar and lithospheric impact”, registration
number AAAA-A21-121011290003-0.

185



2.7 Analysis of ionospheric parameters based on
threshold wavelet filtering (from foF2 data of
Paratunka (Russia) and Wakkanai (Japan)
stations)

Mandrikova O.V., Polozov Y.A.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia

The paper analyzes the critical frequency of the F2 ionospheric layer
during periods of magnetic storms 2018-2022. Structure of ionosphere
changes dynamically, includes local inhomogeneities of different size.
Changes in the regular course of ionospheric parameters affect various
aspects of life, the functioning of spacecraft and stable operation of
radio communications. The foF2 analysis was performed using the
adaptive threshold wavelet filtering method developed by the authors.
The results showed the presence of anomalies of different intensity
and duration in foF2 variations during periods of magnetic storms.
Comparison of the results of different stations showed a significant
dependence of ionospheric dynamics on local factors. The effects of
anomalous increase and anomalous decrease on the eve of magnetic
storms of different intensity were noted.

The work was carried out within the framework of the State task
on the topic (2021-2023) “Physical processes in the system of near
space and geospheres under solar and lithospheric impact”, registration
number AAAA-A21-121011290003-0. The work was carried out by the
means of the Common Use Center “North-Eastern Heliogeophysical
Center” CKP 558279, USU 351757.
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2.8 Atypical Quasi-Periodic VLF Emissions
Associated with Large-Scale Atmospheric
Processes

Savina O.N.', Bespalov P.A.2, Zharavina P.D.!

L Higher School of Economics
2 Institute of Applied Physics of the Russian Academy of Sciences

The paper considers new information about quasi-periodic VLF
emissions in the plasmasphere contained in the observational data
carried out onboard the Van Allen Probe spacecrafts. Quasi-periodic
sequences of electromagnetic radiation bursts were noted at frequencies
below and about 2 kHz with a period of deep intensity modulation
of about 90-240 s. Morphologically, individual bursts of radiation are
similar to a fragment of QP 2 emissions. The sequences of bursts
under consideration can have different temporal structures. First, they
can be clearly periodic. Secondly, bursts of different intensity can
periodically alternate in them. Thirdly, the sequence of bursts can
be random. The excitation of radiations considered noise by their
nature probably occurs during the development of cyclotron instability.
Many properties of radiation are explained by the theory of a plasma
magnetospheric maser, which admits the existence of a self-oscillating
process of radiation generation due to modulation of the anisotropy
of the distribution function of energetic electrons. The theory explains
the new results of observations of quasi-periodic emissions with a more
complex temporal structure in the presence of a periodic external
influence on the dynamics of a plasma magnetospheric maser. In the
considered cases, the absence of signs of geomagnetic pulsations with
periods comparable to the periods of repetition of spectral forms in
the spectrograms of VLF emissions was verified using the spacecraft
magnetometer data. Model calculations have shown that large-scale
atmospheric disturbances at the base of the magnetic field tube can
provide the formation of the considered quasi-periodic VLF emissions.

The work was supported by the Russian Science Foundation, project
no. 22-22-00397.
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2.9 Auroral disturbances during two magnetic
storms in 2023

Despirak 1. V.Y, Kleimenova N.G.2, Lubchich A.A.

L Polar Geophysical Institute, Apatity, Russia
2 Schmidt Institute of Physics of the Earth, Moscow, Russia

In this paper, we considered two interesting disturbed periods when
strong magnetic storms were observed, at the end of March and April
2023. Both events were associated with coronal mass ejections (CMEs).
During each event, a long period of the negative Bz component of the
interplanetary magnetic field (IMF) was recorded, which was observed
in the Sheath or MC (magnetic cloud) region, respectively. As a result,
two strong magnetic storms developed: on March 23-24 (Dst ~-170 ...
-160 nT) and on April 23-24, 2023, when a level 4 superstorm (Kp=8)
was registered. In our study, the development of substorms during
different storms was compared. The auroras were analyzed according
to the data of the all-sky cameras in Lovozero and Verkhnetulomsky;
magnetic disturbances were analyzed according to the data of the
Scandinavian chain of IMAGE magnetometers. The solar wind and
IMF parameters are taken from the OMNI database. The features of
the behavior of auroras and magnetic disturbances observed against
the background of the development of these strong magnetic storms
are discussed.
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2.10 Chaotic regimes in hereditary two-mode
dynamo models

Kazakov E.A.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia

Report dedicated to the results of computational experiments
with a hereditary dynamical system, which is a packing model for
a hydromagnetic dynamo. The detected regimes used when working
with control parameters are numerically investigated. By calculating
the selected Lyapunov exponents in the field of annual observation
and chaotic dynamics. Cases were considered when hereditary feedback
occurred or with a delay. The results of measurements that make up
a number of observed regimes characteristic of the observed space
dynamic systems.

The work was carried out within the framework of realization of the
State Task No. AAAA-A21-121011290003-0.
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2.11 Conditions for generating a chaotic regime in
a low-mode af2-dynamo model with
hereditary a-quenching by field energy

Sheremetyeva O.V.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia

To describe dynamo systems of the Earth type, the important
properties of which are the strong differential rotation of the object and
turbulence in the nature of the motion of the conductive medium, the
mechanism af) is classically used. Such objects are also characterized
by the presence of chaotic reversals without significant restructuring of
the conducting medium.

Simple low-dimension dynamical systems, including a limited set
of parameters that carry information about the velocity field, the
magnetic field and the relationships between them, help to achieve an
understanding of the physical causes of the phenomenon of polarity
reversal.

Within the framework of the af)-dynamo model, the generation of
the magnetic field and the velocity field is determined by the action
of - and a-generators, the intensities of which are regulated by the
Lorentz force. The change in the intensity of the a-effect under the
influence of the Lorentz force is included in the model as a process with
hereditarity properties (finite “memory”), depending on the energy of
the magnetic field.

The nature of the impact of the process is determined by an
exponential kernel with variable damping frequency and coefficient. The
control parameters are the Reynolds number and the measure of the
a-effect, which contain information about the action of large-scale and
turbulent generators.

In the framework of this model, a study of the magneto-
hydrodynamic system solution stability in the vicinity of the rest point,
depending on the values of the control parameters and the kernel
parameters, was carried out, and regions on the phase plane of the
control parameters were determined where it is possible to reproduce
the chaotic regime of magnetic field generation.

The work was carried out within the framework of the State task
on the topic (2021-2023) “Physical processes in the system of near
space and geospheres under solar and lithospheric impact”, registration
number AAAA-A21-121011290003-0.
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2.12 Correlation of integral characteristics of
equivalent magnetic dipoles in
January—February 2023 according to
observatory data

Semakov N.N.%2, Gniteeva 0.5.2, Kovalev A.A."

L' IPGG SB RAS
2 NSU

The use of the angular and force parameters of the magnetic
induction vector for comparison with the characteristics of seismic
activity is complicated by two significant circumstances. The first is
that the value of each of the seven elements of terrestrial magnetism
depends not only on the distance to the equivalent radial magnetic
dipole, but also on its magnetic moment, as well as on the orientation
of this dipole relative to the point of observation. And the second
circumstance is due to the fact that each of the elements of terrestrial
magnetism is subject to regular variations, among which the most
significant are diurnal and secular. At the same time, the amplitudes
of diurnal variations depend not only on the above reasons, but also on
the seasons of the year, and the amplitude of secular variations depends
on the degree of variability of the deep sources of the Earth’s magnetic
field.

Integral magnetic characteristics, to a much lesser extent dependent
on these circumstances, are the coordinates of the poles of an equivalent
radial magnetic dipole, as well as a local magnetic constant directly
proportional to the magnetic moment of the equivalent dipole and
inversely proportional to the cube of the distance to it. The “constancy”
of this characteristic of the measured magnetic field is manifested in its
independence from the orientation of the equivalent dipole.

Sliding 24-hour averaging of these integral parameters, made on the
basis of observational data, makes it possible to identify those features
in the behavior of the magnetic field that are associated with both
irregular exposure to the solar wind and geodynamic processes. To
identify and separate these causal relationships, appropriate statistical
processing of archival records of magnetic observatories is necessary.
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2.13 Development of adaptive methods of
synthesis of hydroacoustic antennas used for
work in an ice environment

Korochentsev V.I', Jianjun Zhu?, Ryzhikh V.V.*, Shpak Yu.V.!

Y Far Eastern Federal University, Russia
2 Harbin Engineering University, China

A new synthesis method is proposed for the formation of the
specified directional patterns of antenna arrays located on moving
ice platforms. The essence of the method is to adapt mathematical
algorithms that make it possible to calculate an optimal directional
pattern that takes into account changes in boundary conditions in time
and space. By optimal diagrams we mean such a distribution of the field
when, with a given width of the main lobe, the level of the additional
lobes of the diagram is minimized. The mathematical apparatus of
synthesis is Fredholm integral equations of the first kind. The kernel
of the integral equation is represented by the sum of directed Green
functions.

192



2.14 Effect of the asymmetry of the Earth’s
magnetic field on the precipitation of
energetic particles

Popova T.A., Yahnina T.A., Lubchich A.A., Demekhov A.G.
Polar Geophysical Institute, Apatity, Russia

The asymmetry of the Earth’s magnetic field at the altitudes of
the NOAA POES satellite (850 km) in the northern and southern
hemispheres has been studied. The calculations were carried out
in AACGM (Altitude Adjusted Corrected Geomagnetic Coordinates)
geomagnetic coordinates using the IGRF (International Geomagnetic
Reference Field) model of the Earth’s internal field in the GEOPACK-
2008 software package by Tsyganenko N.A. Calculations have shown
that the magnetic field in the southern hemisphere can be lower by more
than 10,000 nT compared to the northern hemisphere. The difference
is about 40% at 50° latitude and decreases to about 3% at 80° latitude.

According to the experimental data of the NOAA POES satellites,
it was established that the flux of energetic protons and relativistic
electrons measured by a low-orbiting satellite increases with a decrease
in the magnetic field value. Tracing along the field line showed that this
fact is explained by the effect of a decrease in the magnetic field on the
pitch angle of charged particles at the altitudes of the NOAA POES
satellites.
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2.15 Estimation of geoinduced currents in the
power system of the Altay Republic
according to the Baigazan magnetic station
data

Guozdarev A.Y.', Kazantseva O.V.2, Uchaikin E.0.?

U Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia
2 Gorno-Altaisk State University

The rates of change of the horizontal components of the geomagnetic
field at the Baigazan magnetic station during the registration period
(2010-2023) are analyzed. Events with the highest rates of field change
have been identified. For a number of such cases, estimates of the
potential difference between the groundings of the power system of the
Altay Republic and possible geoinduced currents in it were calculated.

The work was supported by the RSF grant 23-27-10055 and the
Ministry of Science and Education of the Altai Republic.
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2.16 Excitation of Chorus VLF Emissions in the
Daytime Magnetosphere

Bespalov P.A.
Institute of Applied Physics of the Russian Academy of Sciences

The features of the implementation of the beam pulse amplifier
(BPA) mechanism of whistler waves in rarefaction magnetospheric
waveguides with refractive reflection are considered. Waveguides
stretched along the magnetic field with a width of about 100-300 km
often occur after magnetic disturbances in the morning and daytime
magnetosphere outside the plasmapause, where chorus emissions are
excited under the same conditions. The dispersion characteristics of
whistler radiation in a planar waveguide are analyzed under conditions
of WKB approximation and refractive reflection from the “walls”. For
rarefaction waveguides, it is shown that for the first ten modes at
frequencies above half of the electron cyclotron frequency (in the
upper frequency band), the conditions for excitation of discrete spectral
elements with angles of the wave normal to the magnetic field of less
than 20 degrees can be met. The proposed model explains the possibility
of excitation of chorus emissions with spectral forms predominantly
in the upper frequency band and individual elements in the lower
frequency band in the daytime magnetosphere, when the distribution
function of energetic electrons does not have a high degree of anisotropy.
The work was supported by the Russian Science Foundation, project
no. 20-12-00268.
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2.17 Generation of atmospheric gravity waves
before the earthquake in Japan on
March 16, 2022 M=7.3

Smirnov S.E.X, Zhizhin M.N.?:3

L Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia
2 Space Research Institute RAS
3 Colorado School of Mines

Gravitational waves in the atmosphere are generated by various
sources. One of the sources of such generation is the processes in
the lithosphere before and during earthquakes. At the Paratunka
observatory in Kamchatka, the generation of atmospheric gravity waves
can be detected by amplifying the power spectra in variations of the
atmospheric quasi-static electric field in the surface air layer in fair
weather conditions. On March 15, 2022, the day before the earthquake
in Japan, there was an increase in the power spectra of the atmospheric
quasi-static electric field compared to previous days. At the same
time, characteristic line structures were observed in the cloud cover
over Japan, the Kuriles and Kamchatka using satellite images. Such
line structures were formed from the passage of atmospheric gravity
waves through clouds. On March 16, 2022, an earthquake occurred in
Japan with a magnitude of M=7.3. Thus, the generation of atmospheric
gravity waves before an earthquake was discovered by two independent
types of observations.

The work was partially carried out within the framework of the
State task of the Russian Federation No. AAAA-A21-121011290003-0.
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2.18 Geomagnetic measurements at
“Pleshchenitsy” observatory (Minsk)

Aronov G.A., Aronov A.G., Saladukhin I.A., Kadymau A.A.,
Laziuk V.M.

Center for geophysical monitoring of National Academy of Sciences
of Belarus

Since 1960, continuous variational observations of the elements of
the geomagnetic field D, H, Z have been carried out to study the secular
variations of the Earth’s magnetic field in Belarus at the “Pleshchenitsy”
observatory. So, according to observations, the average annual values
of the magnetic field components for 2022 year were: D = 9.271°,
H =17749 nT, Z = 48329 nT, F' = 51485 nT.

The secular variations of elements D, H, Z, F of the geomagnetic
field for the period from 1960 to 2022 was considered. Analysis of
the magnetic declination rate change shows its substantial increase
over time. On average, magnetic declination increases with a gradient
of about 3—4 arcmin/year, although at certain time intervals this
growth reaches 6-8 arcmin/year. The modulus of the full vector of the
geomagnetic field has also a clear tendency to increase over time.

The number of magnetic storms has a periodic change, which may
be due to variations in the degree of activity of the Sun within 11-year
cycles.
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2.19 Geomagnetically induced currents during a
strong magnetic storm in April 2023

Lubchich A.A.Y, Despirak 1. V.Y, Setsko P.V.\, Sakharov Ya.A.!,
Selivanov V.N.?

L Polar Geophysical Institute
2 Northern Energetics Research Centre KSC RAS

The work considers cases of the appearance of geoinduced currents
(GIC) in the neutral of the transformer at the stations of the Karelian-
Kola power line and on the Finnish gas pipeline near the Mantsala
station during a magnetic storm on April 23-24, 2023 (Dst ~-190 ...
-160 nT). A strong magnetic storm was associated with a powerful
flare of M1.7 intensities on the Sun that occurred on April 21, 2023.
Following the flare, a huge protuberance broke away from the Sun,
which formed the CME. On April 23, the CME reached the Earth at
~17:30 UT, when the shock wave arrived, then a compressed plasma
region (Sheath) and a magnetic cloud (MC) were observed. Two long
periods of the negative Bz component of the interplanetary magnetic
field (IMF) were registered in the SHEATH region (~-15 nT) and at
the beginning of the MC (~-30 nT). As a result, a strong two-stage
magnetic storm developed with two Dst minima: ~-160 nT on April
23 at ~23 UT and ~-190 nT on April 24 at ~04 UT, Kp=8. It is
shown that during the development of strong substorms (AL<-1000 n'T)
from ~17:30 UT on April 23 to ~06 UT on April 24, intense GICs
(>25 A) were observed at Vykhodnoy (VKH) and Méntsild (MAN)
stations. The work demonstrates a good correspondence between the
spatiotemporal dynamics of the substorm observed by the IMAGE
network magnetometers and the appearance of GIC at the EURISGIC
recording stations — the expansion of the western electrojet was reflected
in the appearance of GIC at different latitudes. Other possible sources
of intense GICs are also discussed.
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2.20 Local variations of the total electron content
of the ionosphere as measured in the North
Caucasus Mountains

Khaerdinov N. S.
Institute for Nuclear Research, Russian Academy of Sciences, Russia

A method of measuring the local variations of the total electron
content (TEC) in the region of the Carpet air shower array of the
Baksan Neutrino Observatory (43.3 N, 42.7 E) is described. The
standard 6-channel one-frequency satellite clocks GPS170PCI are used.
The period from 29.07.2019 to 06.09.2019 is analyzed to make statistical
estimates of the coupling coeflicients between command execution
duration for getting GPS170PCI precise time and TEC variations
according to global ionosphere maps. Conclusions are compared with
calibration results obtained during a magnetic storm. It is shown
that there are considerable variations correlating with the muon
intensity measured at the ground level. A significant local TEC
disturbance (about 15 min) is shown to occur in the 02.09.2019
event, its commencement being in coincidence with an underground
electric discharge. The form of the TEC disturbance correlates with
the variation of the electric current that propagates along the river
near the experiment location. Cause-and-effect relations of the observed
phenomena are analyzed.
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2.21 Localization of acoustic emission sources
according to the data of a distributed system
of combined receivers

Shcherbina A.O., Solodchuk A.A., Vaskin V.A., Torgonskyi V.E.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia

The results of an experiment to determine the distance to acoustic
emission sources in near-surface sedimentary rocks are presented. To
record signals, a system consisting of two combined receivers and one
sound pressure receiver was installed in Mikizha lake. The sources were
localized in two ways: by triangulation and by the difference in the time
of arrival of signals from spaced receivers. The coordinates of more than
50 emission sources was measured, and their spatial distribution was
constructed.

The work was carried out within the framework of the State task
on the topic (2021—2023) “Physical processes in the system of near
space and geospheres under solar and lithospheric impact”, registration
number AAAA-A21-121011290003-0.
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2.22 Magnetosheath Filamentary Structures
Driven by Foreshock Energetic Ions

Cai Chunlin

State Key Laboratory of Space Weather, National Space Science
Center, CAS, Beijing, China

Previous simulation studies have revealed the formation of
magnetosheath filamentary structures by foreshock energetic ions.
We report Cluster and Double Star observations of three such
events triggered by a foreshock bubble, a hot flow anomaly and a
traveling foreshock, respectively. In each case, in association with
the onset of foreshock energetic ions, the magnetosheath energetic
ion fluxes have quasi-periodic modifications. Their azimuthal and
pitch angular distributions indicate that these populations flow into
the magnetosheath along the magnetic field lines. As a result,
filamentary plasma structures form and display as a series of ion density
and pressure oscillations anticorrelated to temperature oscillations.
Moreover, our statistical analyses of their properties show that
filamentary structures primarily form in the magnetosheath with the
magnetic field lines connecting to the quasi-parallel bow shock and
under favorable formation conditions similar to those of foreshock
transients. Magnetosheath filamentary structures are field-aligned and
are often associated with large-amplitude ion density and temperature
perturbations comparable to the unperturbed background levels.
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2.23 Main features of substorms on the contracted
oval

Despirak L.V.', Kleimenova N.G.2, Malysheva L.M.%2, Gromova L.I3,
Lubchich A A"

L Polar Geophysical Institute, Apatity, Russia
2 Schmidt Institute of Physics of the Earth, RAS, Moscow, Russia
3 Pushkov Institute of Terrestrial Magnetism, Ionosphere, and Radio
Wave Propagation, Troitsk, Russia

The high-latitude magnetic substorms observed at geomagnetic
latitudes higher 70° MLAT under the substorm absence at the lower
latitudes are known as “substorms on the contracted oval” or “polar”
substorms. Such substorms appear during quiet or weakly disturbed
space weather conditions. The study of 254 “polar” substorms, recorded
at the IMAGE magnetometers during the winter seasons of 2010-2020,
confirmed a tendency to occur in the late evening ( 19-23 MLT),
that is a bit earlier than the “normal” substorms (22-24 MLT). The
ionospheric electrojets and field- aligned currents (FAC) distribution
was studied basing on the AMPERE satellites measurements. We found
that “polar” substorm onsets are associated with an enhancement of
FACs in a localized evening area. It was found also that before the
onset of “polar” substorms, like “normal” substorms, there is an increase
in the PC-index indicating an energy input into the magnetosphere.
We established that “polar” substorms, like ‘normal” substorms, are
accompanied by positive mid-latitude magnetic bays, demonstrating
a substorm current wedge (SCW) development. Our observations
showed that during “polar” substorms, the auroras, recorded at the
high-latitude Barentsburg station, demonstrated the dynamics, typical
for “normal” substorms, but spiral auroral structures were sometimes
registered. It was shown that like “normal” substorms “polar” substorms
are accompanied by Pi2 and PilB geomagnetic pulsations. Thus,
the “polar” substorms exhibited the properties, typical for “normal”
substorms, and they could be referred as a specific type of substorms
developing under rather quiet space weather conditions.
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2.24 Manifestation of seismic-acoustic and
seismic-electric response of ner-surface rocks
in Kamchatka

Mishchenko M.A.Y, Rulenko O.P.2, Marapulets Yu.V.1

L Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia
2 Institute of volcanology and seismology FEB RAS

Investigation of joint seismic-acoustic and seismic-electric response
of the near-surface sedimentary rocks, detected by the authors
in Kamchatka earlier, has been continued. Peculiarities of its
manifestation during rock deformation by seismic waves from
earthquakes with the energy class 11.0 < Ky < 14.7, which occurred
at the hypocentral distance D up to 600 km from <«Karymshina»
site (52.83°N,158.13°F) were under consideration. When twelve new
cases of joint responses of sedimentary rocks for 2012-2023 were
added to the eighteen cases for 2017-2021 considered earlier, reliability
of the nonparametric correlation relation between K, and D was
improved. During near-surface rock deformation, two cases of acoustic
signals of higher frequency than seismic waves, detected earlier at
«Karymchina» site during P-wave passage from strong Kamchatka
earthquakes (M, > 6.6), were observed and analyzed. They were
recorded at «Krutoberegove» site (56.26°N, 162.71°E) located 480 km
to the North-East from «Karymshina» site and indicate the possibility
of generation of high-frequency geoacoustic signals in other structural
and tectonic conditions.

The work was carried out within the framework of realization of the
State Task No. AAAA-A21-121011290003-0.
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2.25 Matching the parameters of shell turbulence
models with the probabilities of interaction
of wave shells

Feshchenko L.K., Vodinchar G.M.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia

In this paper, we have developed a technique for constructing
complex and real cascade models of MHD turbulence, the equations
exactly satisfy the given conservation laws. This technique is carried
out using symbolic calculations. The technique allows to perform
automated generation of model equations for arbitrary long-range
interactions of nonlinear interactions in the scale space. Verification
of this technique was carried out on GOY and Sabra models. The
calculations were made in the Maple environment.

After setting the conservation laws, the coefficients are calculated,
which have several free parameters. And then the question of choosing
free parameters arises. One of the options for determining the
coefficients is the following consideration. It is necessary to choose
the coefficients in such a way as to minimize the difference between
these coefficients and the probabilities of interaction in terms of wave
vectors. From a formal point of view, this is just an optimization
problem. But since it is not the coefficients themselves that need
to be compared, but their modules, therefore, the objective function
becomes non-differentiable. Thus, one of the possible options is the
iteration option. This stage of work is no longer carried out in symbolic
calculations, but in real calculations. The calculations were made in the
C++ environment.

It seems that the technique described in the paper will be useful in
the study of problems by dynamo spectral methods.

The work is carried out within the framework of the State task on
the topic (2021-2023) “Physical processes in the system of near space
and the geosphere under solar and lithospheric influences”, registration
number AAAA-A21-121011290003-0
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2.26 Modeling the electric field of eruptive clouds
from explosions of the Ebeko volcano taking
into account the terrain

Akbashev R.R.' 2, Malkin E.I3, Budilova E.A."

L' Kamchatka Branch of the Federal Research Center of the
Geophysical Survey RAS, Petropaviovsk-Kamchatsky, Russia
2 Vitus Bering Kamchatka State University

3 Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia

From July 29, 2020 to August 5, 2020, field observations were
carried out to register the potential gradient atmospheric field (PG)
during the eruptions of Ebeko Volcano. The responses were recorded
at three observation points. The points were set at different distances
from the crater and in such a way that they defined a straight line
from the crater of the volcano. More than 20 responses were recorded
in PG variations. Responses were observed in various meteorological
conditions. In order to determine the charge in the formed electrostatic
structure of the eruptive cloud and to take into account the terrain
in the model calculation of the electric field of the eruptive cloud, one
eruption was selected, which occurred in fair weather conditions. For
the selected event, the eruptive cloud propagated over the observation
points located on the slope of the volcano. These data served as an
experimental basis for mathematical modeling of the electric field of
eruptive clouds, taking into account the relief of the volcano slope.
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2.27 Observations of space weather effects from
the Moscow University nano-satellite
constellation SOZVEZDIE-270

Svertilov S.1.1:2, Bogomolov V.V.12, Bogomolov A.V.2, Osedlo V.I.2,
Bengin V.V.2, Zolotarev I.A.2, Iyudin A.F.2, Kalegaev V.V.2,
Yashin IL.V.2, Antonyuk G.I1.2, Zhilchenko K.S.2, Mutin A.A.1:2

L Physical Department MSU
2 Lomonosov Moscow State University, D.V. Skobeltsyn Institute of
Nuclear Physics

Within the framework of the Moscow University space project
SOZVEZDIE-270, a constellation of cubesat nano-satellites with a
set of instruments is being deployed, which, among other goals,
provides monitoring of the near-Earth space radiation environment,
control of the geo- and heliophysical conditions. Along with the space
constellation, a network of ground receiving stations is also being
created. These stations should be distributed both in longitude and
in latitude to ensure the reception of telemetry and scientific data.
Processing of the received data is carried out at the SINP MSU Data
Center for Operational Space Monitoring to implement an operational
forecast of the near-Earth space radiation conditions. As a result, a
system of orbital and ground-based facilities should be created, which
allows, in a mode close to real time, determination of the radiation
load levels caused by ionizing radiation not only in the region of
the spacecraft (SC) orbits themselves, but also determination of the
radiation conditions in a large part of the radiation belts, up to the
orbits of global navigation satellite systems or geostationary.

During the project implementation, 11 SCs of the cubesat format
have been launched to date. Currently, there are 6 such spacecraft
operating in near-Earth orbit, which transmit scientific and telemetric
data. During 2023-2024 it is planned to launch at least 8 more such
satellites into low circular polar orbits.

Multi-satellite constellation has been implemented, which makes
it possible to carry out simultaneous measurements of particle and
quantum fluxes using the same type of instruments at different points in
the near-Earth space. Such measurements provide unique information
about the sub-relativistic electron flux dynamics, including variations
due to precipitation, which is of great importance for understanding
the mechanisms of trapped and quasi-trapped electron acceleration and
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losses. As examples, we consider an increase in the fluxes of energetic
particles in the polar cap in late October — early November 2021
due to the arrival of solar cosmic rays (SCR), as well as changes in
electron fluxes in the outer radiation belt during geomagnetic activity in
March 2022. In addition, the observational data on the sub-relativistic
electron fluxes in various near-Earth space regions during high helio
and geomagnetic activity in March-April 2023 are analyzed.
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2.28 Oscillator associated with one two-mode
dynamo model with memory

Vodinchar G.M.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia

The report considers an oscillator that can be obtained from the
two-mode aw-dynamo model of the following form:

dBT

W — UJBP _ 77TBT,

dBFf

B (a9 B T,

1 t _ BT 2 BP 2
= [ (L) BB,
Tk Jo Tk Bg

where BT (t) and BY(t) are the amplitudes of the toroidal and poloidal
modes; 1/n7 and 1/n" are the characteristic decay times of the modes;
a — measure of the a-effect in a weak field; w — differential rotation
measure; By — typical value of the field; K (-) — some dimensionless
memory kernel; Tk — kernel timescale.

It is shown that after dimensionless and passing to the dimensionless
phase variables 2 ~ BT and y ~ BT the system can be reduced to the
equation

d?*x dx
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56 = k() + 2.

+ 5K (0)2® + z [0 (D — 1) + u(t) + w(t)]

where o, D, p and s — dimensionless control parameters.

This equation can be considered as an oscillator with linear
friction and hereditary potential U(x) = Ax® + Blz]z. Hereditarity
is determined by the coefficient Blz] = —o(D — 1) + u(t) + w(t).
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The report discusses the results of numerical simulation of this
oscillator. The observed dynamic regimes are interpreted from the point
of view of the oscillators theory.

The work was carried out within the framework of realization of the
State Task No AAAA-A21-121011290003-0.
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2.29 Possible railway effects in magnetic
measurements at Geophysical Observatory
Novosibirsk

Khomutov S.Y.Y, Kovalev A.A.2, Guozdarev A.Y.', Semakov N.N.2

L Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia
2 IPGG SB RAS, Russia

After renewing the Geophysical Observatory Novosibirsk (NVS)
from analog photorecording to digital magnetometers, noise in the
form of spikes and short jumps of records with an amplitude of up
to several nT, which were not previously visible, appeared in the
measurement results. The main effect was observed in the vertical
intensity Z and total field intensity F. A direct current railway running
12 km west of the observatory was considered as a possible source
of these disturbances. In 2016-2012, route surveys of F were carried
out along two profiles of different lengths, approximately perpendicular
to the railway. It has been shown that the noise amplitude decreases
linearly with the distance from the source. In later years, an attempts
were made to identify the noise origin, linking them with the traffic by
rail, primarily with suburban trains with a fixed schedule. The summary
results of the studies are presented here.

The work of A.Y. Gvozdarev and S.Y. Khomutov was carried out
within the framework of realization of the State Task No. AAAA-A21-
121011290003-0. The work of N.N. Semakov and A.A. Kovalev was
supported by Minobrnauki of Russia (Project FWZZ-2022-0019).
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2.30 Recording the “Rock Battery” current
Khaerdinov N. S.
Institute for Nuclear Research, Russian Academy of Sciences, Russia

Under “fair weather” conditions the experimental setup of the
Baksan Neutrino Observatory (43.3 N, 42.7 E) had recorded on the
night of September 1-2, 2019 unique variations of the atmosphere
electrical state, similar to those of a thunderstorm. It was established
during the analysis that, in addition to the thunderstorm-like electric
field in the troposphere, this event included an electric current flowing
down along the floodplain of the nearby mountain river. The current is
presumably a result of tectonic activity in the form of slow vibrations
of the ground surface. Based on the measured parameters and a well-
known model of electric charge generation due to rock stress, the
characteristic value of this charge and associated electric current in
the river floodplain are estimated.
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2.31 SME geomagnetic index data prediction
based on wavelet transform and LSTM
neural networks

Polozov Y. A.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia

This paper proposes an approach for forecasting the geomagnetic
activity index SME based on the interplanetary magnetic field data
and the joint application of the wavelet transform and LSTM neural
networks. The constructed neural network models allow us to perform
SME prediction for several hours ahead. The analysis of the results
during quiet and perturbed periods of geomagnetic activity showed the
dependence of the data approximation quality on the input data of the
neural network models and the forecasting depth.

The work was carried out within the framework of the State task
on the topic (2021-2023) «Physical processes in the system of near
space and geospheres under solar and lithospheric impacty, registration
number AAAA-A21-121011290003-0.
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2.32 Seismoacoustical signatures of inverse
seismoelectrical effect of II kind during
electric soundings

Bogomolov L.M.*, Kostylev D.V.%>2, Kostyleva N.V.},
Dudchenko ILP.', Gulyakov C.A.*, Mischenko M.A.3, Stovbun N.S.!

L Institute of marine geology and geophysics, FEB RAS
2 Sakhalin Branch, Geophysical Survey, Russian Academy of Sciences
3 Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia

The results of experiments on electric sounding of the near-surface
layer of the Earth’s crust in the fault zone have been represented.
The soundings occurred with the recording seismoacoustic and seismic
noise recording in the close zone near the source (the primary inducing
dipole). The experiments were carried out in three different regions: in
Kamchatka Peninsula, in the zone of multi-rank faults, at the ICIR FEB
RAS Karymshina observational station, 2018, in the Moscow region
(Russian Platform), on the territory of the geophysical observatory of
the IDG RAS Mikhnevo, 2019 and in the southern part of the Sakhalin
island, at the Petropavlovsk mini test-site in the zone adjacent to
the Central Sakhalin fault (2020-2022). Rechargeable batteries with
an automatic switch developed at IMGG FEB RAS were used as a
source of electric soundings in 2018-2019. Some modifications of an
electric pulse source of 3 kW maximal power, also developed at IMGG
FEB RAS, were used in the experiments on Sakhalin (2020-2022).
The generator unit provided the current in the dipole significantly
higher than its typical values in the case of sounding for electrical
exploration by resistance methods, and that for conventional seismical
electrical exploration. Such a range of current amplitudes was much
smaller than that in the case of deep sounding using geophysical MHD
generators or powerful electric pulse units supplying currents to an
exciting dipole of the order of a kA with a current closure area of
tens of kilometers. Seismic responses to electric soundings with the
use of powerful current sources have already been investigated. Also,
the seismoelectric effects are well known, which are caused by currents
sources of relatively small power, and, hence, by currents below level
of tens or hundreds milliamps, the current densities in the medium
being low, and spreading zone being from few meters to tens of
meters. Meanwhile, up to now, the inverse seismoelectric effect has

213



remained practically unexplored at currents in the “intermediate” range
of ~ 10 A and at scales of the order of hundreds of meters. The aim
of our experiments is to investigate the seismoacoustic signatures of
the medium reaction to soundings with current pulses of 5-13 A, to
identify features in the recordings of seismoacoustic noises. Background
noise in the seismic and seismoacoustic range and expected variations
during soundings were recorded using molecular electronic devices:
a borehole hydrophone and a CME-6111 seismometer. Other, more
sensitive hydrophones installed in a man-made reservoir, as well as a
high-frequency seismic receiver (geophone A1638, CJSC Geoacoustics)
were also used in experiments in Kamchatka.

In experiments held in the zone the Central Sakhalin fault in 2021-
2022, the effect of an increase in the level of seismoacoustic noise was
established in the surface layers near the source — the exciting electric
dipole was established. The revealed reaction of the medium to the
current pulses is a kind of inverse seismoelectric effect of the second
kind, which is realized at sufficiently high current densities. At lower
current densities, as in the case of the Karymshina experiment, such a
reaction of the medium does not occur. Also, changes in seismoacoustics
were not observed during electric sounding in the aseismic region.
The results obtained on the increase in the level of seismoacoustic
noise during electric sounding differ from the responses of seismicity
to current pulses of powerful sources (geophysical MHD generators,
electric pulse installations) by the practical absence of delay after the
onset of exposure.

The development and application of more powerful, but
economically acceptable generator devices can provide additional
information about the possibility of active monitoring of fault segments
based on the reverse seismoelectric effect of the second kind.
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2.33 Selkov Dynamic System with Variable
Heredity for Describing Microseismic
Regimes

Parovik R.1

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia

The paper proposes a new mathematical model for describing the
microseismic modes of interaction of two types of fractures - seed and
fractures that directly generate microseisms. The mathematical model
is a system of two non-linear differential equations with derivatives
in the sense of Gerasimov-Caputo of fractional variable orders. The
dynamical system under study is a generalization of the Selkov
fractional dynamical system studied earlier. The purpose of the study
of the proposed model is to establish self-oscillatory modes using
numerical calculations. The algorithm based on the theory of finite-
difference schemes serves as a numerical algorithm for studying the
problem. The paper shows that the proposed dynamic system can have
different oscillatory modes depending on the choice of the dependence
of the orders of fractional derivatives on time, as well as on the values
of the model parameters.

The study was supported by the Russian Science Foundation grant
No. 22-11-00064.
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2.34 Some Aspects of the Qualitative Analysis of
the High-Frequency Geoacoustic Emission
Model

Mingazova D.F.1>2, Parovik R.I1.%2

L Vitus Bering Kamchatka State University
2 Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia

Geoacoustic emission is an indicator of the stress-deformed
state of the geosphere, therefore, the study of high-frequency
(up to the first tens of kilohertz) geoacoustic emission
plays an important role in the development of methods for
predicting strong earthquakes in seismically active regions
such as Kamchatka. An approach based on the construction
of a mathematical model of high-frequency geoacoustic
emission was used in the work. The mathematical model is
a system of two linear ordinary differential equations of the
second order with non-constant coefficients. Each differential
equation represents a pulse of high-frequency geoacoustic
emission with certain characteristics, and the interaction
between the pulses is carried out using a linear coupling coefficient.

In this paper, we continue to further investigate the
qualitative properties of the solution of the mathematical model of high-
frequency geoacoustic emission. For the model under consideration, the
substantiation of the existence and uniqueness of the solution based
on the methods of functional analysis is given, the stability of the zero
solution of the mathematical model is investigated, and its stability at
long times with using the Raus-Hurwitz criterion. A study on stiffness
was carried out, the influence of model parameters on the stiffness of the
system of differential equations under study was revealed, visualization
of studies of the dependence of stiffness on time was given. By means
of Maple computer mathematics, the Rosenbrock numerical method,
waveforms and phase trajectories are constructed under various
conditions: the presence of rigidity, instability, etc. The results of
the study are formulated in the form of theorems, and directions
for further research of the mathematical model of high-frequency
geoacoustic emission are given.

The work was carried out within the framework of the State Task on
the topic (2021-2023) «Physical processes in the system of near space
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and geospheres under solar and lithospheric influences», registration
number AAAA-A21-121011290003-0, as well as under the grant of the
President of the Russian Federation No. MD-758.2022.1.1.
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2.35 Space Weather Prediction in SINP MSU
Space Weather Analysis Center

Myagkova I.N., Dolenko S.A., Kalegaev V. V.
SINP MSU

Geomagnetic storms and radiation environment in the near-
Earth space are the most important factors of space weather.
Space Weather Analysis Center at SINP MSU provides operational
monitoring and forecast of geomagnetic conditions and also radiation
environment both at Geostationary Orbits (GEO) and at Low Earth
Orbits (LEO) using data of current and recent space missions. The
Internet portal of Space Weather Analysis Center at Skobeltsyn
Institute of Nuclear Physics of Lomonosov Moscow State University
(https://swx.sinp.msu.ru/index.php?lang=en) provides possibilities to
monitor and analyze geomagnetic conditions and the space radiation
environment in the real time mode. The prediction models are built
using machine learning methods, algorithms of selection of significant
input features of the mode, and classification algorithms.

This study has been conducted at the expense of the
grant of the Russian Science Foundation 1no.23-21-00237,
https://rscf.ru/en/project /23-21-00237/.
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2.36 The main features of the spatio-time
relationship of the thermo-mineral water
regime and the development of the
stress-strain state of the Earth’s crust in
Kyrgyzstan

Kendirbaeva Zh.Zh.
Institute of Seismology NAS KR, Bishkek, Kyrgyzstan

Combined and comparative analysis methods are used to study
the nature of the spatio-temporal relationship between the regime
of thermomineral waters (TMW) and the stress-strain state of the
earth’s crust. As an example, the territories of Kyrgyzstan are proposed.
Parameters of the source mechanism (MF) of earthquakes are based on
the Honda-Vvedenskaya model.

Time charts of TMW are sinusoids with a slight shift in the
minimum in summer and autumn-winter periods. The greatest effects,
amounting to 20-50 percent, were recorded in the epicentral zones:
for example, on average, useful signals for temperature reach up
to 30° C, the level (H) ranges from 0.5 to 2 m, and the flow rates
vary from 20 to 100 percent, while in some TMWs there are no
reactions of nitrogen (N3), COs and helium, and there is also a
complete indifference of the gas factor (GOR) against the background
of appreciable fluctuations in chlorine, bicarbonate, carbonate and
calcium, as well as the values pH, although there were significant
fluctuations in atmospheric pressure values. During this time, in fifteen
cases, where energy class from 5.1 to 7.4, shifts of the “spreading” and
“thrust” types were recorded, and with an energy class more 10 had a
“fault” and “slip-thrust” character.

Combining in spatio-temporal terms the data of regime observations
of TMW and migration of earthquake epicenters, it was found that
in the “harbinger-earthquake-reaction” system with an internal load
of energy class less than more 10 there are no relationships, since
their mode of behavior in the annual and long-term sections is in
within the confidence corridor hidden by the influence of oscillatory
movements and seasonal cyclicity. In this case, between them and the
course of atmospheric pressure, there are indeed periods of a quasi-
stable and unstable state of the medium. Thus, the sources are located
at depths from 16 to 30 km, among which an earthquake with energy
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class 11.6, with a hypocenter located at a depth of 25 km during
“shear-thrust” deformation turned out to be noticeable. Of these, seben
gave the sign “+”, and three earthquakes — “—”. In the first case,
the deformations are of a “shear-thrust” nature, and of the three
earthquakes with energy class 7.7, they are of a “shear-thrust” nature.
Thus, the location and epicenters of strong with energy class more 10.6
earthquakes in the territory of Kyrgyzstan regions are located unevenly
and are concentrated in groups in areas with linear dimensions of 50—
70 km, while they quite steadily retain their configuration, and their
compact concentration has a real physical nature.

It is possible to actually record the change in the properties of the
geological and hydrogeological environment and the types of movements
emanating from stress deformations, due to information about the
TMW regime, taking into account the role of the epicentral distance
and exceeding the ultimate strength of rocks.

Thus, the combination and comparative analysis of seismic
manifestations of parameters and geological and geophysical fields,
taking into account the prevailing sizes of active tectonic structures and
the factors involved in their relationship, create favorable conditions for
scientifically based solution of the most important applied problems.
associated with identifying areas where seismic activity is possible in
the medium and short term.
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2.37 The methods of long-term forecasting of
volcanic eruptions in Kamchatka: their
effectiveness and significance according to
retrospective data

Shyrokov V.A.'|, Yakunina E.N.?

L Kamchatka branch of FRC EGS RAS, Petropaviovsk-Kamchatsky
2 National Research Tomsk State University

In the early 1960s, there were a number of papers noted that some
space factors like solar activity, gravitational fields of the Moon and
Sun, etc., as well as well-known astronomical rhythms, are related to
geodynamic processes in the solid Earth. It is obvious that generally
known overlapped rhythms method facilitates to reveal the significant
active phases that can be the foundations for highlighting the alarm
time intervals for expecting volcano eruptions.

The choice of rhythms being calculated to the nearest thousandth of
a year makes it possible to determine the alarm time more exactly and
increase the effectiveness and validity of prediction in the comparison
of the forecasting method, which uses the quasi-periodic recurrence
of huge volcanic eruptions in time, being used as in the world as
in Kamchatka region. It should be noted that volcanic eruptions
and earthquakes are usually related therefore general methods are
frequently used for their long-term forecasting. The paper reflects the
relevant outputs of perennial Shyrokov’s research work:

e Forecast of Kamchatka eruptions based on the use of the lunar
rhythm of 18.613 and its three harmonics.

e The influence of the rhythm of 18.613 on strong volcanic eruptions
of Kamchatka.

e The forecasting method of the strongest Kamchatka eruptions and
the non-intersection of active phases of eruptions and earthquakes.

e The method of phase trajectories for Kamchatka eruptions
forecasting.
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2.38 Variations in atmospheric pressure anomalies
during strong earthquakes in Kazakhstan

Bakhareva L.T., Vilyaev A.V.

Institute of Seismology Ministry of Emergency Situations of the
Republic of Kazakhstan

In studies of the mechanism of earthquakes, variations in
atmospheric pressure are usually attributed to a trigger effect on the
state of the environment close to destruction at the last stage of
earthquake preparation. Some researchers have shown that atmospheric
pressure causes deformation of the earth’s crust and confinement of
the epicenters of strong earthquakes to a certain spatial position of
baric fields. The possibility of using variations in atmospheric pressure
gradients over large areas in short-term earthquake prediction was
noted.

In this paper, we considered the consistency of baric anomalies
and epicenters of strong earthquakes for seismically active regions of
Kazakhstan and its border areas. The main attention is paid to the
anomalies of surface atmospheric pressure that existed a few days before
and during strong seismic events (M more than or equal to 5.6) for
the period 1979-2022. Maps of pressure anomalies and corresponding
epicenters were analyzed.

Seismic information was obtained from the National Earthquake
Information Center (NEIC), data on the average daily atmospheric
pressure at stations closest to the epicenter were taken from the archive
of the National Centers for Environmental Information (NCEI), plots
of maps of atmospheric pressure anomalies at sea level were built
using Global Data Assimilation System (GDAS) National Centers for
Environmental Prediction (NCEP).

Statistical analysis was used to estimate the frequency repeatability
of the largest anomalies on the eve or during seismic events and visual
classification in a graphical mode.

The types of baric formations during seismic events corresponded
to the long-term seasonal distribution of atmospheric pressure. Over
the territory under consideration in the cold period, the high-pressure
area (Az) prevails, in the summer — the low-pressure field (Zn) in
the vast majority of cases. Earthquakes occurred on the periphery of
atmospheric pressure anomalies. The epicenter of 75% of them, up to
3 days before the earthquake or on the day of the earthquake, regardless
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of the season of the year, was located in the area of zero or near-zero
values of anomalies, when their transition from positive (negative) to
negative (positive) values was observed.

The result obtained confirms similar studies for other regions and
is consistent with the theory of a mechanism that explains the possible
triggering effect of atmospheric pressure on a seismic event.
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2.39 Variations in the parameters of the signal
from the A1F3 VLF transmitter received at
the Mikhnevo geophysical observatory during
a series of earthquakes in Turkey in February
2023

Poklad Yu.V., Ryakhovsky I.A., Gavrilov B.G.
IDG RAS

The Mikhnevo geophysical observatory, located 100 km south of
Moscow, continuously registers signals from VLF transmitters. One of
them is the A1F3 VHF transmitter located in Israel, in the Negev
desert.

In February 2023, a series of earthquakes hit Turkey. The first, most
powerful shock with magnitude M7.8 occurred on February 6, 2023 at
01:17:35 UT. The second strongest shock with magnitude M7.5 was
on the same day at 10:24:49 UT. A total of 109 aftershocks with a
magnitude greater than M4.5 occurred that day. Earthquakes in this
region continued until the end of February. The signal path from the
A1F3 transmitter to the Mikhnevo GFO passed at a distance of 125—
130 km west of the epicenters of the strongest shocks. The epicenters
of weaker earthquakes were located closer, up to 25 km from the route.

On the night before the first, most powerful earthquake with a
magnitude of M7.8, strong variations began in the amplitude of the
received signal with a characteristic period of 20-40 minutes. Spectral
analysis showed that on the night of February 5-6, 2022, there was
a noticeable increase in variations at frequencies of 0.2-0.6 mHz and
about 1 mHz. Similar, only much weaker, variations in the signal
amplitude were also observed on subsequent days when earthquakes
occurred.
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2.40 Monitoring of radiation fields in near-earth
space with the use of KODIZ instrument
on-board cubesat “Monitor-1”

OsedloV.I.', Antonyuk G.L', Bengin V.V.}, Zolotarev I.A.1,
Nechaev O.Yu.", Svertilov S.1.2

L Lomonosov Moscow State University, D.V. Skobeltsyn Institute of
Nuclear Physics
2 Lomonosov Moscow State University, Physics Department

On August 9, 2022, as part of the SOZVEZDIE-270 project of
Moscow University, the Monitor-1 spacecraft was launched, on which
the KODIZ instrument, a combined space radiation detector, was
installed as a payload.

The KODIZ instrument is designed to test equipment for detecting
radiation-dangerous fluxes of solar cosmic rays, which can create an
additional radiation load on satellites and high-altitude aircraft. The
KODIZ instrument contains a Cherenkov detector in the form of a
plexiglas cylinder with a diameter of 38 mm and a height of 20 mm,
viewed by a photomultiplier. For dosimetry of charged particles, the
instrument also includes two silicon semiconductor detectors of 0.3 mm
thick. The instrument power consumption at a nominal voltage of
27 V is not more than 3 W, regardless of the operating mode. The
instrument mass without a set of cables is not more than 0.9 kg. The
instrument makes it possible to detect the deterioration of the radiation
environment in outer space in the vicinity of the Earth and obtain
information for assessing the radiation hazard of such deterioration.

Currently, the processing and analysis of data transferred from the
KODIZ instrument on-board the Monitor-1 satellite is being carried
out. The instrument detects radiation fluxes and dose load due to
radiation fields in various areas of the near-Earth space, including the
South Atlantic Anomaly, the outer radiation belt, and the polar cap.
Data were obtained both for geomagnetically quiet conditions and
during geomagnetic disturbances caused by an increase in helioactivity,
including the beginning and the spring of 2023.
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3 Physics of earthquake precursors
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3.1 A seismic phenomenon considered from the
standpoint of nonequilibrium thermodynamics
as a process of destruction of an unstable
nonlinear structure on the example of the
Kronotsky earthquake on 05 December 1997

Bogdanov V.V., Pavlov A.V.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia

In the presented work, the preparation of an earthquake is
considered from the standpoint of nonequilibrium thermodynamics,
in which the evolution of systems is determined by the processes
of self-organization. With this approach, the lithosphere is an open
nonlinear system in which, due to internal dissipation and the
coordinated interaction of its elements, the process of development
(self-organization) can take place, leading the system to a critical
state. Development according to Prigogine is possible only in stationary
states that are far from equilibrium, when the linear approximation
does not work and it is impossible to assert with certainty about
the absolute stability of stationary states. In turn, the instability
of the system means that the fluctuations existing in it do not die
out, as in stable ones, but, on the contrary, increase as a result of
nonlinear processes. They reach a macroscopic level and cause an
abrupt transition of the system (seismic event) to a new stable state
with reduced entropy (seismic lull). In other words, as Prigogine noted,
“order is established through fluctuations”, which he interprets as a
gradual transition of the system to a stationary state with decreasing
entropy. In this case, the scales of the connection between different parts
of the nonlinear structure change, i.e. the scales of temporal and spatial
correlation change. In turn, the methods of seismological monitoring
of the stress-strain geoenvironment can be extended if, for its study,
the method of calculating the probability distribution of earthquakes
for various random events is used, based on the axiomatic approach
of A.N. Kolmogorov which applied to the catalog of Kamchatka
earthquakes. This makes it possible to follow self-consistent changes
in space and time in the probability distributions of random variables
(for example, depth) for weak (“background”) earthquakes preceding a
strong event. A hypothesis is formulated that “background” earthquakes
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with the approach of the main shock over several years tend to group
on large spatial scales approximately at the depth of the impending
major event. The article deals with the Kronotsky event that occurred
on 05 December 1997 with a magnitude of Mc¢ = 7.7.

The work was carried out within the framework of the State task
on the topic (2021-2023) “Physical processes in the system of near
space and geospheres under solar and lithospheric impact”, registration
number AAAA-A21-121011290003-0.
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3.2 Analysis of the seismicity of Sakhalin from the
standpoint of non-extensive statistical physics

Sychev V.N.!, Bogomolov L.M.', Kostylev D.V.2, Kostyleva N.V.!

L The Institute of Marine Geology and Geophysics FEB RAS
2 Sakhalin Regional Seismological Centre, Yuzhno-Sakhalinsk,
Geophysical Survey, Russian Academy of Sciences

The Sakhalin earthquake catalog is considered from the point of
view of non-extensive statistical physics (NESP). The analysis is based
on the concept of entropy, which was introduced in 1988 by Constantino
Tsallis as a generalization of the standard Boltzmann—Gibbs entropy.
The Tsallis entropy serves as the basis for the generalization of standard
statistical physics for the case of non-extensive (non-additive) systems
[Tsallis, 1988|. To describe the distribution functions of earthquakes,
we used a modified stick-slip earthquake source model, i.e. stick-slip
of two plates relative to each other along a fault in the presence of
friction and filling fragments between the fault surfaces, and the Tsallis
entropy maximum principle [Sotolongo-Costa and Posadas, 2004]. In
this model, the fragments filling the space between the fault planes
can play the role of bearings, as well as hinder the relative movement
of the planes. In this model, the stress accumulates until the filling
fragments are displaced or destroyed, and energy is released. Based
on this, the displacement of tectonic blocks and the released energy are
proportional to the size of the fragments between the faults. In [Telesca,
2011], an analytical expression was obtained that describes the energy
distribution of earthquakes over the entire magnitude range, in contrast
to the empirical Gutenberg-Richter formula, which is demanding on the
choice of the boundaries of the linear section of the recurrence graph.
The proposed approach makes it possible to estimate the degree of
non-extensive seismicity in the region under consideration. The Tsallis
parameter q can be used as a measure of the stability of an active
tectonic zone. A sharp increase in the ¢ parameter indicates an increase
in the interaction between fault blocks and their fragments and is
associated with their deviation from the equilibrium state [Complexity
of ..., 2018].

It is shown that the earthquake flux is a system with memory and
long-range spatial correlations, and the calculated values of the Tsallis
parameter q ~ 1.5 almost coincide with the values obtained for the
magnitudes of the catalogs of various seismically active regions. At the
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same time, when analyzing the flow of events related to technogenic
impacts (explosions), it was determined that the value of the Tsallis
parameter q is lower than that calculated from the earthquake catalog.
Such areas where blasting is carried out are characterized by a low
value of the Tsallis parameter . This may mean that there is no mutual
correlation between these events, or, in other words, earthquakes caused
by explosions are not related in any way.
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3.3 Atmosphere and lithosphere interaction could
triggered the 2023 M, 7.8 Turkey earthquake

Volkov V.A.', Dubrov M.N.2, Larionov I.A.3, Mrlina J.*, Polak V.2,
Aleksandrov D. V.2, Golovachev S.P.?

L Shmidt Institute of Physics of the Earth RAS, Russia
2 Pryazino Branch of Kotel’'nikov Institute of Radioengineering and
Electronics RAS, Russia
3 Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia
4 Institute of Geophysics CAS, Czech Republic

Preliminary data analysis based on the recently carried out the
Earth’s tilts and strain precise measurements by means of far distanced
instruments and their comparison with atmospheric and cyclonic
activity together with worldwide meteorological, oceanology and space
environmental data are presented. The obtained results confirm the
earlier proposed atmosphere, ocean and lithosphere interaction as a
possible drive of triggering mechanism of major earthquakes. We have
described this process as development of successively arising hurricanes
(typhoons) in form of spatial-temporal swings of cyclonic active zones
over the Earth’s tectonic plates in E-W or N-S directions. The
process starts 4-7 weeks before an earthquake and, after some cyclonic
activity descending, it resumes wherein occurring a power seismic shock
becomes high probable. Investigation of the decade 1997-2007 major
earthquake series showed that above period of cyclones system swinging
and earthquake preparation may increases up to 1-2 months for the
most strong M, 8-9 seismic events. This study considers the initiation
of powerful Turkey earthquake (6 February 2023) that could be a result
of tropical cyclones interaction in the Indian Ocean and extratropical
windstorms in North Atlantic and Mediterranean basins. The excitation
of the Indo-Australian and African tectonic plates which border the
southern side of the Arabian tectonic plate has progressed as NW-SE
spatial and temporal swings of cyclonic disturbances between Atlantic
and Indian Ocean basins during December 2022 — January 2023. The
number of intense extratropical cyclones affected Central Europe and
Mediterranean areas adjacent to the north border of the Arabian
tectonic plate in its narrowest and most vulnerable flank, where the
chain of strong earthquakes occurred in the beginning of February 2023.
The observed atmosphere and lithosphere interaction was accompanied
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by tilt-baric and strain-baric disturbances detected by our instruments
over wide distances from the Central and East Europe to the Far East
regions. Tilt-baric effects of the order of 1.2-1.5 mas/mbar and strain-
baric events of (2—3)-10~3mbar—! were observed for the most intensive
European windstorms and Indian Ocean tropical cyclones 7 weeks and
2 weeks before the M, 7.8 Turkey earthquake.

The work was partially carried out within the framework of the
State task No. AAAA-A21-121011290003-0.
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3.4 Atmospheric electric field negative abnormal
signals from multiple stations along
Xianshuihe rupture zone before Luding Ms 6.8
Earthquake

Chen Tao

National Space Science Center, Chinese Academy of Sciences,
Beijing, China

The hourly scale precursor signal atmospheric electrostatic anomaly
before strong earthquakes has recently attracted many researchers,
and combined with an effective atmospheric electrostatic monitoring
network means, the anomaly can be detected about 2-48 hours before
the earthquake (Chen et al., 2023). On September 5, 2022, at 12:52
(UTC+38), a strong earthquake of Ms 6.8 occurred in Luding County,
Sichuan, China (102.08°E, 29.59°N). The authors have analyzed the
atmospheric electric field data from three stations, Ganzi, Guzhan and
Yanzigou, in the same seismic rupture zone (Xianshui River Rupture
Zone) near the epicenter of the earthquake in this report, and then
compared the meteorological observations to find possible precursors
of atmospheric electrostatic signal anomalies about 2 days before the
strong earthquake, with the distances of 11 km, 60 km and 299 km
from the epicenter of the three anomalous stations, respectively. Many
atmospheric electrostatic monitoring instruments will be likely to be
sensed about 2-48 hours before the arrival of a strong earthquake in
the future by forming a joint observation of multiple precursor signals
of earthquakes and combining with artificial intelligence machine
recognition technology.
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3.5 Connection of the seismic regime of the
Northern Tien-Shan with changes in
electromagnetic field parameters

Beloslyudtsev O.M., Vilyaev A.V.

Institute of Seismology Ministry of Emergency Situations of the
Republic of Kazakhstan

On the territory of the North Tien Shan seismically active region,
long-term studies of variations in the components of the geomagnetic
field and natural electromagnetic radiation in the range of 10~* Hz—
40 kHz are being carried out. The studied parameters are the ratio
of the amplitudes of synchronous quasi-sinusoidal oscillations Z/H
(vertical and horizontal) at periods from 8 to 120 minutes. The result
of measurements of the components of the geomagnetic field is the
coefficient of the transfer function of the geomagnetic field, which
reflects the electrical conductivity of the layers of earth’s crust at
different depths of the field penetration.

Natural electromagnetic radiation is measured at frequencies of
0.125-40 kHz in 4 ranges. The measured parameters are the number
of pulses and their total energy per unit time. Due to the high level of
noise in the measured parameters, a processing technique was developed
using the normalized pulse energy. The output series is calculated as
the ratio of the normalized energy in each of the ranges to the low-
frequency one, which is the reference one.

The obtained results are applicable for identifying reliable
precursors on the eve of earthquakes with Ms more or equal 4.5 that
occurred within a radius of 100 km from the measurement point. A
joint analysis of the parameters of electromagnetic radiation and the
number of microshocks made it possible to assume the nature of the
radiation source as the generation of high-frequency pulses during the
development of fracturing in the earth’s crust directly in the station
area.

Anomalous deviations of the course of the transfer function of
the geomagnetic field on the eve of earthquakes may have a different
sign depending on the change in electrical conductivity at different
depths. During the observation period, a number of reliable short-term
anomalies were obtained, identified with the precursors of earthquakes
with Mb more or equal 5.

A physical model is proposed for the occurrence of anomalous
variations in the components of the geomagnetic field and natural
electromagnetic radiation on the eve of earthquakes.
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3.6 Disturbances in E and F layers of the
ionosphere preceding earthquakes in the
Kamchatka region

Bogdanov V.V., Pavlov A.V.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia

Anomalous changes in the parameters characterizing the state of
the ionospheric layers E and F', observed before the onset of seismic
events, can be considered as possible ionospheric precursors of these
earthquakes. In this work, according to the data obtained at the
ionospheric station of vertical radio sounding, located in Paratunka
(52.97° N, 158.24° E), an analysis of ionospheric disturbances recorded
before the onset of earthquakes with magnitude M > 5.0 that occurred
in the Kamchatka region over the period 2012-2022 was carried out. As
possible ionospheric precursors of earthquakes, statistically significant
deviations from the background level of the limiting reflection frequency
foEs, the screening frequency fbEs and the effective height h'E's
of the sporadic E's layer, as well as the critical frequency foF?2 of
the F2 layer and the effective height h'F of the F layer in the
absence of geomagnetic disturbances were considered. The predictive
efficiency of the anomalous behavior of the complex of considered
ionospheric parameters for earthquakes with M > 5.0 is estimated.
Empirical dependences are obtained that relate the epicentral distances
of an earthquake and the lead time of the appearance of ionospheric
disturbances relative to the moment of the onset of earthquakes with
their magnitude.

The work was carried out within the framework of the State task
on the topic (2021-2023) “Physical processes in the system of near
space and geospheres under solar and lithospheric impact”, registration
number AAAA-A21-121011290003-0.
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3.7 Earthquake precursors in the F-region of the
ionosphere, statistics of seismoionospheric
effects according to the data of vertical
ionospheric sounding stations of Japan

Liperovskaya E.V.', Rodkin M.V.?:3

L Schmidt Institute of Physics of the Earth of the Russian Academy
of Sciences
2 Institute of Farthquake Prediction Theory and Mathematical
Geophysics, Russian Academy of Sciences
3 Institute of Marine Geology and Geophysics Far Eastern Branch
Russian Academy of Sciences

Based on data from Japanese vertical ionospheric sounding stations
(Kokobunji, Wakkanai and Yamagawa, 1957-2020), hourly variations
in the critical frequency foF2 due to earthquakes are considered.
The difference in the physical mechanism of earthquakes of different
depths and the possible difference in the seismoionospheric response
to the processes of their preparation are taken into account. It can
be assumed that the mechanisms are different for the near-surface
earthquakes (down to the depth of the S.N. Ivanov separator layer),
ordinary tectonic earthquakes with a depth of up to 30-40 km
from the separator layer, earthquakes that are decisively associated
with dehydration processes (from 30-40 km to about 100 km). The
specific boundaries of such changes in the area under study are not
known, and we preliminarily set them equal to 33 and 70 km. The
existence of statistically significant and different in nature seismo-
inospheric effects in the region of earthquakes preparation processes
was revealed approximately at distances up to 500 km for events
corresponding to these depth intervals. In addition, a statistically
significant seismoionospheric effect was revealed at large distances,
approximately from 800 to 1500 km from the source for crustal
earthquakes with depth smaller than 33 km. The difference in the
character of the ionospheric response may correspond to various
mechanisms of seismoionospheric interaction - the release of radon,
changes in deep electrical conductivity, the development of thermal
anomalies and acoustic-gravity waves.
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3.8 Global geomagnetic disturbances associated
with distant earthquakes: discovery or error?

Pilipenko V.A., Martines-Bedenko V.A.
Institute of Physics of the Earth

The possibility of the occurrence of global geomagnetic disturbances
during remote earthquakes, the registration of which was reported
in numerous publications in leading Russian geophysical journals, is
considered. If these results are confirmed, then this could be a major
discovery in geophysics, so these observations require more detailed
verification. A comparison of the disturbances given in the publications
with the data of high-latitude magnetic stations has shown that
the entire set of morphological properties of long-period disturbances
(with a duration of 10-40 min) indicates that they are characteristic
manifestations of the activation of the magnetospheric-ionospheric
current system at auroral latitudes. Thus, the detected disturbances
are a mid-latitude response to electrojet variations in the auroral region
and are not associated with seismic activity. Short-period periodic
disturbances (with a period of about 1 min) have turned out to be Pi2
pulsations of magnetospheric origin, which coincided by chance with
the moments of distant earthquakes. The question considered is a clear
illustration of the fact that the identification of anomalous disturbances
should be carried out jointly by specialists in earthquake physics and
space weather.
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3.9 LURR (load-unload response ratio): new
results on the example of the Tokachi-Oki
earthquake (25.09.2003, M=8)

Zakupin A.S.

Institute of Marine Geology and Geophysics of the Far Fastern
Branch of RAS, Yuzhno-Sakhalinsk, Russia

The paper proposes an original approach to the LURR methodology,
which was applied to the analysis of the seismicity of the island of
Hokkaido. For data processing, we used the Seis-ASZ software package
developed at the Institute of Marine Geology and Geophysics FEB
RAS, and the author’s methods, which are versatile in the choice of
processing parameters. They were used to determine the parameters for
calculating the LURR parameter in time, the rules for detecting LURR
anomalies, the conditions for scanning an area that is many times larger
than the calculated area, and forecast objects. The study was conducted
with seismic data in that part of the island of Hokkaido, where one
of the strongest earthquakes in the world — Tokachi-Oki (25.09.2003,
M=8) occurred in the modern period. For this study, the area around
the Tokachi-Oki earthquake was divided into 9 calculated areas (circles
with a radius of 1°) with a step of 1° in latitude and longitude (40°-
44° north latitude, 142°-146° east longitude). A retrospective analysis
was carried out from 2000 to 2020. Over a 20-year period, one forecast
zone was determined. This zone is represented by two calculated areas
with anomalies in late 2001 — early 2002 and includes the epicenter
of Tokachi-Oki (in fact, it is a forecast for it). Such a low number
of anomalies (compared to Sakhalin, where there were more than 60
of them in 22 years) is explained by the effect of suppressing minor
variations through a large sample size (for example, with Sakhalin, the
difference is 5 times). It can be summarized that the seismic regime
of the island of Hokkaido is a good option for predicting earthquakes
of the highest order and practically does not give false alarms. Such
estimates are preliminary, since the studied area is only 45% of the
seismically active territory of the island.
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3.10 Meteorological anomalies and strong
Kamchatka earthquakes

Kopylova G.N.', Serafimova Yu.K.', Lyubushin A.A.?

L Kamchatka branch of the Federal Research Center “Geophysical
Survey of the Russian Academy of Sciences”
2 Schmidt Institute of Physics of the Earth, Russian Academy of
Sciences

Based on the data of long-term (1962-2020) observations of air
temperature and atmospheric pressure at two weather stations in area
of the Petropavlovsk-Kamchatsky city (Kamchatka Krai), a hypothesis
is analyzed about the relationship between increased and decreased
values of meteorological parameters as well as their contrast changes
with the final stage preparation of local earthquakes which caused
perceptible shaking with intensity IMSK-64 >= 4-5 points in the city.
The magnitudes of such earthquakes M=5.2-8.3, epicentral distances
to weather stations 22-440 km.

To identify meteorological anomalies, an empirical method was
used to compare the average daily air temperatures and atmospheric
pressure with the average daily values of their annual mean seasonal
functions as well as a formalized method for estimating the minimum
normalized entropy, the logarithm of the kurtosis coefficient, and
the autoregressive measure of nonstationarity of air temperature
and atmospheric pressure time series in a sliding time window. As
“anomalous” values of meteorological parameters, values were taken
that were outside the range of X; +.5; and X; +25;, both increases and
decreases. X; is the average daily value of the meteorological parameter
for each day of the calendar year, i=1, ..365 (366) (average seasonal
function), S; is the standard deviation of the meteorological parameter
for each day of the calendar year.

An analysis of the relationship between various types of
meteorological anomalies at time intervals from 7 to 112 days before
earthquakes was carried out according to the ratio of the reliability and
validity values of a supposed meteorological precursor. A predominantly
random nature of the various types of meteorological anomalies before
strong perceptible earthquakes was found. At the same time, the
hypothesis of an “anomalous” change in atmospheric pressure — its
increase and/or decrease by more than X; + 25; during the time up
to one month before earthquakes turned out to be noteworthy. Such
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anomalies were observed before 10 earthquakes out of 12. With a regular
analysis of meteorological parameters, such “anomalies” should be paid
attention to as an additional feature in an integrated approach to the
search for precursors and forecasting the time of strong earthquakes,
accompanied by tangible shaking in the area of the Petropavlovsk-
Kamchatsky city.

The proposed methods for analyzing meteorological data can be
used in works on seismic forecasting in the area of the Petropavlovsk-
Yelizovo agglomeration of the Kamchatka Krai for diagnosing weather
dependent anomalies in the ground-based observational data.

The work was carried out according to the RSF project 22-17-
00125.
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3.11 Observation for changes in the surface soil
layer state from the linguistic processing of
geoacoustic emission results

Senkevich Yu.l., Mischenko M.A.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia

Monitoring the surface sedimentary rocks state makes it possible to
control geophysical processes, such as the stress-strain state degree of
the lithosphere upper layers, the intensity seismic waves, which largely
determine the earthquakes and tsunamis probability. For monitoring
purposes, the technology of direct geophysical measurements is used
using various strainmeters and seismographs types. The measurements
carried out are difficult to install, configure, and require regular
verification of instruments. Since 2003 IKIR FEB RAS has been
developing and implementing an alternative technology using indirect
measurements based on the processing and analysis measurements
of the geoacoustic emission signal propagating in the sedimentary
rock mass. Conducted studies experience has shown a rather high
efficiency of the developed methods, which make it possible to observe
changes in the geoacoustic emission pulse flux intensity, the pulses
shape and their distribution under the various natural factors influence.
This study goal is to develop methods for observing the dynamics
of geoacoustic emission for check the surface sedimentary rocks state
based on calculating results the variability patterns distribution of pulse
durations and their amplitudes. Results are shown for computational
experiments with artificial and natural geoacoustic emission signals .
The new method introduction allows you to quickly monitor the speed
and characteristics of the change in the surface sedimentary rocks state
at a new qualitative level.
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3.12 Operational precursors of the earthquake on
March 16, 2021 with Mw—=6.6, Kamchatka

Makarov E.O., Akbashev R.R.

Kamchatka Branch of the Federal Research Center of the Geophysical
Survey RAS, Petropavlovsk-Kamchatsky, Russia

In Kamchatka, for many years, observations have been made of
variations in subsoil gases (primarily radon) in order to develop
a methodology for predicting strong earthquakes. A network of
observations of variations in the electric field of the atmosphere was
also created in order to assess the contribution of volcanic activity to
the electrification of the surface layer of the atmosphere, as well as to
search for a connection between radioactive gas emanations and the
electric field.

Analysis and comparison of atmospheric electric field data
with variations in subsoil radon retrospectively revealed anomalous
variations in parameters that arose ~ 13 hours before the March 16,
2021 earthquake with Mw=6.6. The duration of the identified anomalies
in the field of subsoil radon, in gamma and beta radiation, registered
at one of the points of the Kamchatka network at heights of 2.5 and
5 m above ground level and the electric field of the atmosphere, was
20-30 hours. A possible post-seismic effect lasting about 2 hours was
also revealed in the atmospheric electric field data.

The detected anomalous disturbances preceding an earthquake can
be considered as its operational precursors and evidence of the impact
of the upper layer of the earth’s crust on the surface atmosphere during
its preparation.

The work was carried out according to RSF project 22-17-00125.
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3.13 Power-law composite and fractional Poisson
process in the theory of anomalous
phenomena

Shevtsov B.M., Sheremetyeva O.V.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia

The power-law composite and time-fractional Poisson process
is considered as a scale invariant statistical model of anomalous
phenomena in the hereditary theory of criticality. Such a model can
be useful in the research of energy-active zones. Regardless of their
nature, anomalous phenomena have universal properties, among which,
first of all, it should be noted scale invariance (scaling). The proposed
model combines statistical properties of scaling of random events and
hereditary effects, the found relations are explained on examples of
analogies of different nature. Critical process regimes and exceptional
values of critical indexes are determined. The structural instability of
the process caused by scaling and catastrophes in the description of its
statistical characteristics, which can be considered as manifestations
of stochastic resonance, are discussed. The obtained results are used to
study seismic data and determine the critical indices of the deformation
process. It is shown that at certain values of critical indices, the rate
of deformations increases catastrophically, which creates conditions for
the generation of various geophysical fields that can be considered as
precursors of earthquakes.

The work was carried out within the framework of the State task
on the topic (2021-2023) “Physical processes in the system of near
space and geospheres under solar and lithospheric impact”, registration
number AAAA-A21-121011290003-0.
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3.14 Response of the geomagnetic field to the
earthquake in Turkey on on February 6, 2023

Riabova S.A.12, Shalimov S.L.!

L IPE RAS
2 IDG RAS

Using measurements at the magnetic Grotska, Panagyurishte and
Surlari stations, we analyze and interpret specific variations of the
geomagnetic field during two strong earthquakes of magnitudes 7.8 and
7.5 in Turkey on February 6, 2023, which occurred with an interval of
nine hours. The geomagnetic response to these earthquakes, recorded
at distances of 1200-1600 km from the epicenter, can be interpreted in
terms of the propagation of the Rayleigh seismic wave and atmospheric
waves, both acoustic and internal, i.e. the waves that are generated by
the earthquake itself.

The studies were carried out within the framework of the state task
of the IDG RAS No. 1220329000185-5 “Manifestation of processes of
natural and technogenic origin in geophysical fields” and the IPE RAS.
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3.15 Search for geoacoustic emission signals
during the passage of penetrating particles of
cosmic rays through the earth’s crust

Iskakov B.A.%2, Sadykov T.Kh.', Salikhov N.M.?, Zhukov V.V.4,
Mukashev K.*, Tautayev Y.M.', Shepetov A.L.*

L Satbayev University, Institute of Physics and Technology
2 Al-Farabi Kazakh National University
3 Institute of Ionosphere
4 P. N. Lebedev Physical Institute of the RAS

The energy of elastic deformation accumulated at the edges of a
fracture of the earth’s crust in a seismically active region can be released
under a small external influence, giving rise to vibrations that propagate
in the form of a sound wave over lithosphere and can be detected
on its surface. As a trigger effect which provokes such vibration, the
ionization created deep in lithosphere by the particles of penetrative
cosmic ray component was suggested in a number of theoretical studies.
An experiment aimed to verification of this hypothesis was initiated at
the cosmic ray installation of Tien Shan Mountain Scientific Station.
As a result, the short time sporadic pulses of acoustic emission were
detected by the high sensitive microphone detector of the station.
Presumably, the origin of this emission can be connected with seismic
processes which take place in the region of a deep earth fault situated
just beneath the station. It was found a statistically significant time
correlation between such pulses and passage events of the high energy
(100 TeV) cosmic ray muons which were signalled both by the extensive
air showers, and by the events of multiple neutron production in the
underground detector of Tien Shan station. If confirmed by further
studies, the effect of stimulated acoustic emission from the seismically
active region of earth’s crust could be of interest for the problem of
earthquake forecast.

Since the muons of the said energy are known to penetrate
immediately into the region of a deep seismic fault which is situated
beneath the territory of Tien Shan Mountain Station, the detected
temporal correlation might be an experimental prove of a theoretical
assumption on stimulation possibility of acoustic emission under a small
trigger influence of penetrative cosmic ray particles. In the case if this
hypothesis would be confirmed by further investigation, a systematic
study of such correlations could become a perspective instrument
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for real-time monitoring of the current conditions in the seismic
fault region, which is of special interest for the problem of operative
earthquake forecast. Thanks to its presently existing multipurpose
detector complex, Tien Shan Mountain Scientific Station of LPI is the
appropriate place for development of such experimental activity.
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3.16 Seismic process of the Anatolian plate
(Tiirkiye)

Sycheva N.A.

Institute of Physics of the Earth. O.Yu. Schmidt of the Russian
Academy of Sciences, Russia

The seismicity of the earth’s crust of Turkey (Anatolian plate) is
studied in this work. The construction of seismicity distributions (the
number of earthquakes per year per unit area), the average annual
velocity of STDs (STD intensity) Iy, the concentration parameter of
seismogenic ruptures KSR and the Tsallis parameter q was performed
on the basis of an analysis of data from a catalog of earthquakes (more
than 300,000 events) that occurred over 1900-2022. The Gutenberg-
Richter distribution was constructed and the representative part of the
catalog was determined, which includes events with M > 2.5. The
distribution of these parameters was calculated for the representative
part of the catalog and for the 0—40 km layer, where the main part of
earthquakes is localized. Deep-focus earthquakes occur down to a depth
of 170 km. The maximum number of earthquakes per year occurs in
the province of Balikesir (more than 90). The analysis of seismicity and
STD intensity was performed for different time periods — 1997-2009
and 2010-2022. The western and eastern parts of Turkey, as well as the
area of devastating earthquakes on February 6, 2023, are considered
separately. The number of earthquakes occurring in the western part of
Turkey significantly exceeds the number of earthquakes in the eastern
part and is 75%. In the period 2010-2022 the number of earthquakes in
the eastern part of Turkey increased in relation to the period 1997-2009
and accounted for 38% of the total number of events.

The work was carried out within the framework of the state task of
the IPE RAS.
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3.17 Seismo-tectonic deformations of the earth’s
crust of the Anatolian plate (Tiirkiye)

Sycheva N.A.

Institute of Physics of the Earth. O.Yu. Schmidt of the Russian
Academy of Sciences, Russia

The paper investigates the stress-strain state of the earth’s crust
in Turkey, the tectonics of which is determined by the relative
movements of the African, Aegean, Arabian, Anatolian, Black Sea and
Eurasian plates. This area was studied by the method of seismotectonic
deformations (STD). The STD calculation was performed on the basis
of the approaches proposed in the works of Yu.V. Riznichenko and
S.L. Yunga. STD directionality studies are based on data on focal focal
mechanisms of 807 earthquakes that occurred in the period from 1976 to
2023. The intensity of the STD in the area of earthquakes on February 6,
2023, taking into account these earthquakes, is 1.34 - 107° /year, and
the background intensity for the entire observation period (1900-2022)
was about —10 - 10710 /year. According to STD maps, the directions
of shortening axes were determined, which varies from submeridian
in the east to sublatitudinal in western Turkey, and a variety of
deformation conditions in the study area was noted. For the most part,
Turkey is dominated by a horizontal shear regime (eastern and central
part), a transitional regime from extension to horizontal shear, and
an extensional regime (western and southern part). The area of the
lake Wang is characterized by the mode of transpression. Based on
the STD tensors, the distributions of the Lode-Nadai coefficient, the
vertical component, are constructed. The directions of shortening and
elongation axes are compared on the basis of seismic and GNSS data.

The work was carried out within the framework of the state task of
the IPE RAS.

248



3.18 Space Weather Phenomena And Their
Trigger Effects Over Earth Seismic And
Volcanic Activity

Komitov B.P.*, Kaftan V.I.2

L BAS -Institute of Astronomy
2 RAS -Geophysical Center

In the present study evidences that the space weather phenomena
could to play a trigger mechanisms role for a significant part of Earth’s
seismic and volcanic events is given. A few types of data for statistical
analysis has been used:

1. The whole volcanic events data set for the last 470 years
since 1550 to 2020 AD (6215 eruptions with volcanic eruptive index
VEI=>0);

2. The USGS catalog for the strong earthquakes (M=>5.8) since
1958 AD;

3. The full data set for solar X-ray flare activity and related to them
other solar and geophysical events from NASA/NOAA STP —server
since 1958 AD;

4. Catalog of the whole information for the observed susnspot groups
since 1874 and up to 2023 AD;

5. Historical descriptions for the strongest earthquakes in the region
of Balkan peninsula in the end of 19th and the beginning of 20th
century.

6. The Schove’s series as an historical indirect proxy of solar activity
for the 16th and 17th centuries.

The strong solar flares and related to them solar proton events
(SPE), coronal mass ejections (CME) and solar wind and interplanetary
magnetic field (IMF) variations as a primary ,related to solar activity
sources are consider. Geophysical events such as sudden ionosphere
disturbances (SID), radiation storms, ground level enhancements,
geomagnetic storms and galactic cosmic rays (GCR) flux variations,
which are generate due to the above mentioned phenomena, lead to
significant changes of the electrical current parameters in the system
“low ionosphere- stratosphere/troposphere- lithosphere”.

Thus these events could affect the concentrations, motion and
spatial distribution of electrical charges in the mentioned layers. These
regions, which are too sensitive to the corresponding phenomena are the
terrestrial faults, where the larger part of tectonic activity (volcanic and
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seismic) occurs. That’s why in these regions the above mentioned solar-
geophysical events could consider as a trigger mechanisms for some of
the tectonic activity events. The effects are especially very clear visible
for the most powerful volcanic eruptions, where the eruptive volcanic
index VEI is equal to 5 or higher, There is also a similar tendency for the
earthquakes. Two main peaks of strongest volcanic and seismic events
in relation to the Schwabe-Wolf ‘s sunspot cycle has been established in
our study — the first one near to sunspot cycle maxima and the second
one — near to sunspot minima. The both peaks correspond to two types
of primary space weather phenomena- the solar flares activity and GCR
flux maxima respectively.
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3.19 Statistical properties of background seismic
noise on a network of seismic stations in the
region of the Kamchatka peninsula and
strong earthquakes

Kasimova V.A.

Kamchatka Branch of the Geophysical Survey of the Russian
Academy of Sciences, Petropavliovsk-Kamchatsky, Russia

The results of a long-term study of continuous records at a network
of 27 broadband seismic stations of GS RAS in the region of the
Kamchatka Peninsula, Commander Islands and Paramushir Island
(background seismic noise, BSN) using the statistical parameters
proposed by Dr. Sci. A.A. Lyubushin, IPE RAS, are considered.
Time series of the generalized Hurst exponent, medium width of the
singularity spectrum, as well as the minimum normalized entropy of the
squared orthogonal wavelet coefficients and wavelet spectral exponent,
calculated in the time window of one day for each seismic station
were created for 2011-2023. These time series were used to construct
plots and maps of the spatio-temporal distribution and time-frequency
evolution diagrams of the spectral measure of the BSN statistics
coherent behavior.

Spatio-temporal peculiarities of BSN statistical parameters in the
regions of future sources of local earthquakes with magnitudes M=7.2—
8.3 were detected during the period from months to the first years
in a decrease the values of the medium width of the singularity
spectrum, the generalized Hurst exponent, wavelet spectral exponent
and in increase the minimum normalized entropy of the squared
orthogonal wavelet coefficients. An increase in the value of the spectral
measure of coherent behavior of the four-dimensional time series of BSN
parameters was detected before the three strongest earthquakes with
magnitudes at least 7.5. The differences in manifestation of the effect of
spectral coherence measure increase in changes of four-dimensional time
series of BSN statistical parameters constructed from data from groups
of stations identified taking into account spatial configuration of the
network and local seismic background under the influence of sea wave
and volcanic activity were established. Revealed regularities in behavior
of the BSN statistics make it possible to use presented methodology in
the seismic hazard monitoring in the region of Kamchatka Peninsula
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and predicting the locations of earthquakes with magnitudes of 7.5 or
more.

The author is grateful to Doctors of Sciences Kopylova G.N. and
Lyubushin A.A. for setting up research and useful advice.
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3.20 Studies of the stress-strain state of the
geoenvironment by emanation methods, for
example, alpha(t)-radon transport models

Twerdyi D.A.Y2, Makarov E.O.'>3, Parovik R.1.>"

L' Kamchatka State University named after Vitus Bering
2 Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia
3 Kamchatka branch FSBIS FRC Unified Geophysical Service of the
RAS

Continuous monitoring of variations in radon volumetric acti-vity
in order to search for its anomalous values preceding seismic events
is one of the effective methods for studying the stress-strain state of
the geoenvironment. The Cauchy problem is proposed, which describes
the transport of radon, taking into account its accumulation in the
chamber and the presence of the geo-environment memory effect. The
model equation is a nonlinear differential equation with non-constant
coefficients with a derivative in the sense of Gerasimov-Caputo of
a fractional variable order. It is shown that due to the order of
the fractional derivative, as well as the quadratic nonlinearity in the
model equation, the results of numerical simulation give a better
approximation of the experimental data of radon monitoring than by
classical models. This indicates that the hereditary alpha(t)-model of
radon transport is more flexible, which makes it possible to describe
various anomalous variations in the values of radon volumetric activity
due to the stress-strain state of the geoenvironment.

The research was carried out within the framework of the grant of
the President of the Russian Federation MD-758.2022.1.1 on the topic
“Development of mathematical models of fractional dynamics in order
to study oscillatory processes and processes with saturation”.

253



3.21 The reason for abnormal behavior of animals
that use the soil and surface air for breathing
prior to the earthquake

Rulenko O.P.
Institute of Volcanology and Seismology FEB RAS

Since ancient times, numerous evidence for abnormal behavior of
wild and domestic animals before earthquakes has been known. The
nature of the biological precursor is not clearly understood. The paper
considers the cause of abnormal behavior of the animals that use soil
and surface air for breathing like snakes, lizards, mice and rats living
in burrows, as well as cats, dogs, horses, cows, etc., who use the air
coming out of the soil for breathing. Amazing stories of their abnormal
behavior before earthquakes are described in scientific and popular
science papers.

Before earthquakes, the volumetric activity of radon and thoron
in the soil air increases that lead to the rise of both the intensity of
ion formation and the concentration of small positive and negative
ions. The negative ions whose mobility and diffusion coefficient is
greater than that of positive ones, are absorbed more strongly on
the huge total surface of the pore walls in the soil. Therefore, the
excess of positive ions, which is known in atmospheric electricity,
increases in the soil air and in the air coming out of the soil.
Various researchers have revealed that the increase of positive air
ions concentration in the body of animals, including humans, increases
serotonin concentration. Serotonin (5-hydroxytryptamine) is a powerful
and universal neurohormone that significantly influences endocrine,
metabolic and neurological processes and plays an important role in
nervous impulses transmission. It increases nervous irritability and
motor activity of the mentioned animals and causes their abnormal
behavior before earthquakes.
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