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1.1 KomMmnjekcHoe IIpenu3noHHOoe UCCJIeOBaHNe
CIIEKTPOB BBICOKOTO pa3penieHus
JAeiiTepupoBaHHOIO MeTaHa B paiioHe 4.1-5.5
MKM

I'pomosa O.B., Yaenexos O.H., Bexmepesa E.C.
Tomexuti nosumexrnuveckut yrusepcumem

B pamkax peammsarum TpOEKTa 10 WCCIEIOBAHUIO OCODEHHO-
CTell TMOIVIOMIEHNsT COJIHETHONW paauallii METAHOM B J3eMHOI ar-
Mocdepe BBIIOJHEHBI BBICOKOTOYHBIE KOMILJIEKCHBIE HCCIIEIOBAHUS
K0J1ebaTeIbHO-BPAIIATEIbHON CTPYKTYPBhl MOJIEKYJIBI JefiTepUPOBAH-
HOro MeTaHa (IIPEIM3MOHHBIE IIOJIOYKEHUsI JUHUNA U abCOJIFOTHBIE
MHTEHCUBHOCTU KOJIe0ATE/IbHO-BPAIATEIbHBIX JIMHUNA) B JUAIA30HE
4.1-5.5 MKM, TJIe PACIOJIOXKEHBI JIEBATH CHJIb B3aNMOJEHCTBYIOMUX APYT
C JIPYyTOM KOJIeDATEJIbHO-BPAIATEIbLHBIX IOJIOC 3TOH MOJIEKYJIbl. B pe-
3yJIbTaTe BBIIOJHEHHBIX KaK IKCIIEPUMEHTAJIbHBIX, TAK M TeOpeTHYe-
CKUX UCCIIeI0Banuii oty aena uadopMmarys ([0JI0KeHs JITHAN OT/I0-
eHust, ADCOTIOTHBIE MHTEHCUBHOCTH JIMHUI, TApaMETPhI MOJIEJIA MOJIe-
KYJIbI) B Pa3bl IPEBOCXOAIIAs 110 00beMy HOJIy9eHHON nHbOpMAIU U
TOYHOCTHU MMEIOIINECS B JINTEPATYPE TaHHBIE.

Pabora BoimosHeHa mpr pUHAHCOBOI TOIep:KKe TOMCKOTO T0/IH-
TEXHUYECKOTro yHuBepcuTera B pamkax mnpoekta [IPUOPUTET-2030.

1.2 AHaju3 cneKTpa M30TOII0JIOTOB OKHMCHU a30Ta B
obJysiactu 1.86 pm

Bopxos F0.T., Cyraxwuna O.H., Cunuya JI.H.
Hnemumym onmuku ammochepv, um. B.E. 3yesa CO PAH

Okcujt a3oTa, SBISSICh XUMUYECKH AKTHBHON MOJIEKYJIOH, Urpaer
BakKHYIO POJIb B XUMHUHU aTMOChEpBbI, B MEXaHU3MaX IeHepalluyd U Jie-
crpykiun o30Ha. Mosiekyna NO ydacTByeT B mporeccax rOpeHust, Ipu-
CYTCTBYeT OHA W B CIEKTPE U3JIyUYEeHUs HOYHBIX arMocdep IUIaHeT U
MEK3BE3/ITHOM MPOCTPAHCTBE. B HACTOsIIee BpeMsl MPEICTABISeT WH-
Tepec TakKe MHPPAKPACHOE CBEYEHME OKCHJIA a30Ta B CPEJHEl aTMO-
cdepe IpU BHICHIITAHUY IIPOTOHOB BBICOKUX dHEpruii. B cBoro ouepep,
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HCCJIEIOBAHUE CIIEKTPOB BHICOKOBO30Y K IEHHBIX COCTOSHUN ITOM MOJIe-
KYJIBI ¥ €€ M30TOIIOJIOTOB JaeT MH(POPMAIIUIO O JUHAMIYECKUAX IIPOIEC-
cax MPOUCXO/SIINX HA BHYTPH- U MEXKMOJIEKYJISIDHOM YPOBHE.

Jlist  mccyieIoBaHUsT CHEKTPa M30TOIMOJIONOB OKHUCH a30Ta  ObLIa
BeiOpana cmecb or kommanuum 1ZOTOP, mnpencraBnennast aByMst
msoronooramu: 80% YN0 u 20% “N160O. B pesynprare msoromn-
HOro OOMEHa B TaKOil cMecn 0Opa30BajIMCh BCE MIECTH H30TOIIOJIOTOB
okucu a3ora. CIeKTp MOIJIONIEHUsI OKCHJIa a30Ta PEruCTPUPOBAJICS B
muanaszone 4000 - 7000 cm ™! ¢ momombio dypbe-cuekTpoMerpa Bruker
IFS-125M co crnexkTpanbasiM paspemennem 0.0056 cm ™!, 3aperucrpn-
POBAHHEIH CIIEKTP OLLI MPoaHaII3upoBad B obaact 5200 — 5500 cm ™!,
TJie BIEpBbIe OBLIN OOHAPYKEHDBI KOJIE0ATETHHO-BPAIATETbHbIE JTNHUT
110J10ChI 3-0 OCHOBHBIX IIEPEXO/IOB MEXK/Iy JIEKTPOHHBIMU COCTOSTHUSIMUI
Iy n 2I3/5 WeCTH H30TONOJIONOB OKNMCH a30Ta. B pesymbrare
aHaJum3a ObLIO OOHApY2KeHO 625 KoJsiebaTe/IbHO-BPAIATEIbHBIX JTUHUM,
npejcraBiasgionux A-mgybiaersl B mosoce 3-0 OCHOBHBIX TEPEXOJIOB
MEZKJIy 3JIEKTPOHHBIMU COCTOSHUAMHU 2113 J2 U 2Tl /2 C MaKCUMaJIbHBIM
3HaYeHueM BpalllaTeIbHOro KBaHTOBOrO unciaa J=31.5. Buepsbie 66111
ompejiesieHbl TTapaMeTpbl A-paciienjieHus B JaHHON I0JI0Ce, a TaKXKe
MOJIOYKEHNsT W OTHOCUTEJIbHbIE HWHTEHCUBHOCTHA KaK Pa3PEIeHHBIX
koMmmoneHT A-7yGiiera, Tak W HepasperieHHbIX ayOseros. [Iposemena
B3BEIlIeHHAs 00PabOTKAa YaCTOT 3apPernCTPUPOBAHHBIX IIEPEXOI0B U
OIPEe/IeJIEHbl  CIIEKTPOCKOIUYECKIE MapaMeTphl I KoJebaTeaIbHbIX
cocrostamiit v=0, 3. C HaliIeHHBIMU [TOCTOSIHHBIMU BBITIOJTHEHBI PACYETHI
9acTOT MEPEXOI0B B KosedbareabHoil mosoce 3-0 mo J=35.5. IIposemaerno
CpPaBHEHME PACCUYNUTAHHBIX JACTOT IIEPEXOJIOB C MPUBEICHHBIMU B Oase
HITRAN wu mpoekre Exomol.

1.3 Orkiuk armMocdepbl Ha COJTHEYHOE U
reoMarHuTHoe Bo3zjieilictBue B 2024 roay

Muponosa H., Bobpos H., loponun I., Muponos A.
Canxm-Ilemepbypacrutll 20cydapcmseentvill yHusepcumenm

B 2024 romy mpomzornuia cepusi COJIHEIHBIX SPYITHUBHBIX COOBI-
THIii, KOTOPBIE TIPUBEJIN K MOIIHBIM T€OMATHUTHBIM BO3MYIIIEHUSIM. JKC-
TpeMaJibHasi reOMarHuTHas Oypsi Oblia 3aperucrpuponana 10-11 mas
2024 roga u cTajga caMbIM MOIIHBIM M€OMATHUTHBIM COOBITHEM II0 WH-
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nekcy Dst 3a mocsresine 1Ba UK/ COTHEIHON AKTUBHOCTH C MOMEH-
Ta reoMarauTHBIX Oypb 2003 roma. Eire HECKOIBKO MOIIHBIX reodd-
(EKTUBHBIX COJIHEYHBIX COOBITUIN IPUBEIN K T'€OMATHUTHBIM OypsiM B
MapTe, UtoHe U OKTs0pe. Bee coOBITUS COITPOBOXKIAJNCH BHICHIITAHUSIMUI
BBICOKOYHEPTUYHBIX JIEKTPOHOB U IIPOTOHOB, YTO B CBOIO OYEpE.b HE
MOIVIO He MOBJINATH HA BAPUAIINK COCTaBa BEPXHEN U cpemHell armocde-
pBL

B pabote mpejicTaBI€HO MIHPOTHO-JOITOTHOE PACIPEIESICHIE BbI-
CBIIIAHUN SHEPIrUYHBIX YacTUIl ¢ SHeprueii 60see 40 k3B, onerku KOTO-
PBIX BayKHBI JIJIsT M3YI€HUs PEAKINY BHYTPEHHEH MOHOCKEDDI, BepXHE
u cpenHeil arMocdephbl BO BpeMsi T€OMArHUTHBIX BO3MyIneHuii. B cra-
The IPEJICTABJIEHBI IPOAHATN3NPOBAHHBIE TOTOKH YACTHI] 10Ty Y€HHbIE
co cuyraukos POES (METOP01, METOPO03, NOAA15, NOAA18 u
NOAA19) Bo BpeMsi COOBITHIA, CBA3aHHBIX C COJHEYHBIMU M3BEPIKEHU-
MU M T€OMarHUTHBIMU coObITusAME B 2024 Tomy.

3/ech MBI TaKXKe€ OIEHUBAEM YS3BHMOCTH O30HOBOTO CJIOSI IO OT-
HOIIIEHUIO K MPOIECcCaM KOCMUYIEeCKOi morojpl. Ce30HHbIE U MIUPOTHBIE
3¢ dEKTHI UCTOIEHNST 030HOBOI'O CJIOsi, CBSI3aHHBIE C CHJIBHBIMU T'€O0-
MarHUTHBIMU OypsiMU U reo3(pHEKTUBHBIMEU COJTHEYHBIMU COOBITHSIMU,
paccMaTpUBAIOTCS OTIAEIBHO. MbI MOKA3bIBAEM PE3YJIbTATHI yBEIUYe-
unsgs HO; u HNQOs3, a Tak»Ke UCTOIIEHUsI 030HA BO BPEMsl BBICBHITAHUN
SHEPTUIHBIX YacTUIl. MBI HCIOIB3yeM Me30cdepHbIe HAOJIOIEHIST
HO;, HNO3 u 030Ha C IIOMOIIBIO MHKPOBOJHOBOIO JIMMOOBOI'O
sorga (MLS/Aura). Ananus HaGIIOIEHNH, TPOBEIEHHBIX C TIOMOIIBIO
MLS/Aura, nokasbiBaeT, 4TO caMmble BbicOKHe oTHOeHuss HQOs u
HNOj3, a Takxke camoe TiIyDOKOEe pa3pyllIeHHEe O030HA HAOJIOMAIOTCS
BHYTPH CEBEPHOI'O MOJISPHOIO BHUXPs CPa3y IOCJIE MAaKCAMAJIbHOIO
IIOTOKA YHEPTUIHBIX YACTHII.

Bnarogapuoctu
UccitemoBanne BBICHIIAHUN TPOTOHOB IIPOBOJIUJIOCH B PAMKAX I'DAHTA
CIIoI'Y, mudp npoekra 124032000025-1. Uzydenne 3¢pdekToB OT BBI-
CBIMTAHWI YaCcTHIl B aTMocdepe 3eMJIn, TPOBOJIMIOCHh B PAMKAX JIOTOBO-

pa mexay CII6I'Y u HUUA® MI'Y no rpanty PH® Ne 22-62-00048.

24



1.4 OmnpegesieHne XOpOIIEil MOroabl JJIst
n3MepeHusi aTMocEepPHOro JIeKTpUuIdecTBa

Cmupnos C.3.

Huemumym xocmousuneckux uccaedosanutt u pacnpocmpaHerus
paduosoan JIBO PAH

Wsmepenne arMocdepHOTO 3JIEKTPUIECTBA O9€Hb 1yBCTBUTEJIBHO K
oroIHBIM yesoBusiM. OripejiesieHne Xoporei Torojbl Jijist arMocdep-
HOT'O 3JIEKTPUYECTBA OCYIIECTBJISIOCHh METOIOM SKCIEPTHOH OIEHKU
Habsonaresss obcepparopuu. C IepexojloM Ha aBTOMaTU3UPOBAHHBIE
nudpoBble METOIbl U3MEPEHUNl MEeTEeOPOJIOIUYECKUX [MapaMeTpPOB
BOBHUKJIA HEOOXOIUMOCTD OIPEJIEJICHUSI KPUTEPUEB XOPOIIEi MOTOIHI.
B nmammoit paboThl paspaboTaHbl KPUTEPUH XOPOINEH IOroabl IO
mppOBBIM U3MEPEHUSAM B JIETHUN W 3WUMHUI TI€PHOJ HAOJIOICHUH
HCXO/Isl U3 OrPAHUYEHHOT0 HabOpa METEOPOJIOIHYECKUX HHCTPYMEHTOB.
Cosmana 6a3a maHHBIX Xoporreil moromsl ¢ 2009 r. mo HacTosIee
Bpems. Ilpe/ytokeH ajropuTM onpejeieHns TyMaHa B TEYEHUE Cy-
TOK HA OCHOBE WM3MEDEHW BJIA2KHOCTHA BO3[yXa. B CyTOYHOM Xoj1€e
aTMOCGEPHOrO IEKTPUIECTBA, MHOTIA MTOABIETCA 3PDEKT yTPEHHETO
KOHBEKTHUBHOI'O reHeparopa. BpeMmsi MakcuMyMa yTPeHHel KOHBEKITUU
omnpeesisiercss BpeMeHeM Bocxojia CoJiHIa. DTO MOPOXKIAET IIPOOJIEMbI
YCPEIHEHUsI CYTOYHOIO XOJIa 3JIEKTPUUECKOrO IMOJid 33 OOJIBIIOi
epuost BpeMeHu. [IpejiokeHo yInToiBaTh OTIAEIHHO JHU ¢ 3ddheKToM
YTPEHHEro KOHBEKTHBHOTO TeHeparopa W JHU 0e3 3Toro 3dderTa
npu o6pabOTKe IIUTEIbHBIX PSAIOB JaHHLIX. PaboTa MpoBOAMIACD B
paMKax peaju3aluu rocyaapcrsennoro 3aganus 124012300245-2.

1.5 DHeprernyeckmne CIeKTpPbl BO BpeMs
BOo3pacTaHusi (POHOBOTO TaMMa-U3JIyYeHUs B
3arosispbe U B CPeJIHUX MINPOTAX

Banabun FO.B., I'epmanenko A.B., I'eoszdescxuii B.5B.
Hoasproti 2eopusuneckuts uncmumym

B Anarurax m B PocToBcKO# 00J1aCTH IIPOBOIUJINCE U3MEPEHUSI
b depeHIna IbHOrO YHEPreTHIeCKOro CIIEKTPa 3JIEKTPOMATHUTHOIO
n3inydenus B muanaszoHe 0.1-4 MsB. DT1o usiaydenwme obpasyercs B
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arMocdepe Kak BTOPHYHOE U3JIyUYEeHHe OT B3AMMOJEHCTBHUA KOCMUIE-
ckux Jydeit ¢ armocdepoii. Vcmomb3yemMble CIIEKTPOMETPHI COOPAHDI
Ha COUMHTIILIANMOHHBIX Kpucrasiax Nal(Tl) mumamerpom 75x75 M.
CrekTpoMeTpbl KaJubpOBaHBI 110 JUHUSM Ie3usi-137, Hatpus-22 u
kobasbra-60, paspemenue no juaun 660 k3B (ne3uii-137) cocraBusio
5.1%. B Anarmrax cuekTpomMerp paboTaeT B PEKMME MOHUTODUHTA
CIIEKTpa Bechb rof, a JjeroM 2023 I. Ha IPOTSKEHUU TPEX MeCsIEB
[IPOBOJINJICS MOHHTOPHWHI CIEKTPa (POHOBOIO TaMMa-W3JIyUeHUs B
cpeanx muporax (cr. Tamuuckast, PocToBeckast obracts). B Anaturax
3apErucTpUpOBaHO 0oJjiee TSATH JECATKOB BO3PACTAHUI aMILIATYHION
6onbme 10%. B Tanumrckoii 3a JleTHUI CE30H 3aperucTpupoBano HoJee
eCATKa BO3PACTAHUI TraMMa-U3/IydeHdsl IPU OCAJAKAX, AHAJIOITI-
HBIX BO3pacranusiM, HabimojgaeMbiM B Amarurax. Ocobblif mHTEpec
[IPEJICTABJISIET BO3MOXKHOCTb WM3MEpPEHUsI CIIEKTPOB BO BpeMsi I'PO3,
KOTOPbIE B I0XKHBIX peruoHax Poccun He perocTh. AHaM3 CIEKTPOB,
u3MepeHHbix B Amarutax u B TanuHCKOMN, MOKA3a/1, YTO CHEKTPBI IPU
BO3PACTAHUSAX BEChMa OJIM3KM, XOTS IMIYHKTHI HAOIIOACHUI OTIMIAIOTCS
reoU3NIECKUMI U KJIUMATHYECKUMH ycIOBUAME. JI3MeHeHus B
CIIEKTPAaX BO BpeMsl BO3pAaCTAHUN HOCSIT KOHTUHYaJIbHBIA XapakKTep,
BJIUSTHYE JINHAN PaINOHYKJIMJIOB HE3HAUNTEILHOE: SHEPIHs, IPUHECEH-
Hasl KBaHTaMW, U3JIyYEHHBIMHU DPAIUOHYKJIMIAMHU, COCTABJISET OKOJIO
10% oT mosHO# 3HEPruM KBAHTOB, COCTABUBINUX BO3pacTanue. B obonx
IIYHKTaX OIPEJIeJIEH BEPXHUN SHEPreTUIeCKUil Ipe/Iest I N3JIy YeHnsd,
cBa3anHoro ¢ Boszpacranuem. Ou pasen 2.5 MsB jgna AmatutoB u
Tamunckoit. OcobeHHOCTBIO KimMaTa, PoCTOBCKOI 00J1aCTH SIBJISIFOTCSI
«CyXme» TPO3BI: BBICOKAas TI'PO30Basi aKTUBHOCTH IPU OTCYTCTBUU
Kakux-1u60 ocaikoB. OOHAPYIKEHO, UYTO «CyXHUe» I'PO3bI He BHI3BIBAIOT
BO3PACTAHUS FAMMA-M3JIyIeHUs U HUKAK He MPOSABISAIOTCA B CIEKTPAX.
B 1o ke Bpemsi nmaxke HeGosbIue ocagku (MOpsaka 1-2 MM, Korja
cyXasi 3eMJIsl TOJBKO UyTh CMadYMBAETCS JOXKJEM) 0e3 Kakoi-im6o
rPO30BOIl aKTUBHOCTH BBI3bIBAJIN BO3DACTAHUE WM COOTBETCTBYIOIIUE
n3Menennsi B crekrpe. CJie0BaTEIbHO, MOXKHO YBEPEHHO [I€JaTh
3aK/II0YEHNE: CHUJIbHBIE JIEKTPUYECKHE IIOJIsI MEXKIy ObJakaMu He
OKa3bIBAIOT 3hdeKTa Ha MOTOK raMMa-U3JIydeHNs, BO3HUKAIOIIErO B
arMocdepe OT KOCMHYECKHUX Jiydeill M JOCTUTAOMIEro ITOBEPXHOCTHU
3EMJIN.
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1.6 DkcrpemasibHassi MarHuTHasa Oypsi 10-19 mas
2024 r.: B3anuMoeiicTBue HeNTpaJIbHON U
3apsi>KEHHOII KOMIIOHEHT BepxHeii arMocdepbl
" BO3/IeifiCTBHE HA Pa/IMOTEXHUYECKHNE CUCTEMBI

Hcroxesuw 10.B., Bacuaves P.B., Pybuos A.B., Feopos 5.1.,
Koanabopayus UC3® CO PAH

HUnemumym coanevwno-zemmnots usury CO PAH

AKTHBHOE OCBOEHIE KOCMHUYECKOTO MMPOCTPAHCTBA B MHTEPECAX Pe-
[IIEHUs 3318 CBSI3U, HABUTAIINH, JINCTAH- IHOHHOT'O 30HINPOBAHUS 3eM-
JIN B TIOCJIEJIHUE JECSITUJIETHSI aKTyaJU3upyeT U3ydeHue BO3IeifiCTBUs
Coutania Ha, 3eMutto U TpebyeT co3fanusi IPGEKTUBHBIX MOIEel JIist
MIPOTrHO3a KOCMUYIECKOi moro/ibl. Hanbosree CrIbHBIM TPOSIBJIEHUEM KOC-
MUY€ECKOI TOT0/IbI SBJISIOTCS MATHUTHBIE OyPH, ITOPOXKIAIONINE BO3MY-
menus B noHocdepe n armocdepe. K Takum coOBITHSIM OTHOCUTCST Mar-
HuTHasg Oyps, HadaBmasca 10 mas 2024 r., BO BpeMsi KOTOPO# OBaJ
MOJISIPHBIX cUsiHUN ormyctuicst 1o 19° c.mr.. 3a 20 jier co BpeMeHu Ha-
OJIIOIeHNsT TIPOMIJION MArHUTHO#M Oypu MOmOOHOI WHTEHCUBHOCTH OBI-
JIN BBEJIEHBI B CTPOIl HOBbIE HAYYHBIE YCTAHOB- KA B PAaMKaX IIPOEKTA
HarmmonansHoro resimoreodusuyeckoro komiuiekca PAH. Beuio 3ape-
T'UCTPUPOBAHO I'MIAHTCKOE [aJIcHUe 3JIeKTPOHHON KOHIICHTpAILUU (,JZLO 5
pa3 oTHOCUTEIHHO (DOHOBOIO YPOBHS) U PEKOPJI- HOE CBEUEHME BepXHei
armocdepbl (IPeBbICUBIIEE B KPACHOIN JIMHUU aTOMAPHOIO KUCJIOPOIA
25 kPi1) jJaxke 10 OTHOIIEHUIO K CHIbHEAIM OypsaM 23-T0 IUKJIA COJI-
HeyHoil aktuBHOCTH. OObEIUHEHNE ONTUYICCKAX W PAJMOMDU3TICCKIX
usMepenuii B Bocrounoit Cubupu, JI010JIHEHHOE JJAHHBIMU IJI00aIbHBIX
cereil, Mpo- JIEMOHCTPUPOBAJIO CBsI3b IOBBIIIEHNSI TEMIIEPATYPhI BEPX-
Helt aTMocdephbl ¢ PE3KUM YMEHbBIIIEHNEM 3JIeK- TPOHHON KOHIIEHTPa-
U B MOHOCGEpPEe Ha CPEeIHUX IMAPOTAX MU3-38 MOBBIIMIEHHON PEKOMOU-
Hanuu Bo Bpems Oypu. CoBMmernenne u3MepeHuil cereifi HOHO30HIOB U
KOPOTKOBOJIHOBBIX Pa/IapPOB IIPOJAEMOHCTPUPOBAJIO 3HAYNTEIHHOE YX Y-
IIIeHNe YCJIOBUN PaCIpOCTPAHEHUs PaIUOBOJIH. B3amMO/I0II0IHIEMOCTh
pa3BEpPHYTHIX B HACTOsIII[ee BPEMsl HAYYHBIX MWHCTPYMEHTOB OTKDBLIBA-
€T HOBbI€ BO3MOXKHOCTH MOHHTOPWHTA COCTOSIHHUS OKOJIO3EMHOTO ITPO-
CTPAHCTBA, U3YYEHUS W MOJEIMPOBAHUS JTUHAMUIECKAX IIPOIECCOB BO
BpeMsI IIOJ00HBIX SKCTPEMAJILHBIX SIBJIEHUI C HEJOCTYIIHON paHee JeTa-
Jn3aleit.

Pa6ora Beimosnena npu nogmepxkke PH® Ne23-17-00157.
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1.7 OcobeHHOCTH IJI00AJIBPHOI'O pacCIpPOCTPaHEHUS
reoMarHuTHBIX IryJibcaruii Pcls

IHapromos B.A.Y, Muwun B.B.2, Mapuyx P.A.2,
Josbnsa B.B.3, Bauwes J.I'*, Xomymos C.FO.5,
Ecenesuw B.I'2, Iluokasa K.

! Batixaavckuti 2ocydapemeentolti yrueepcumen
2 Uncmumym coaneuno-semmnoti usuxu CO PAH
3 Unemumym gusuxu Semau um. O.FO. Ilmudma PAH
4 Mnemumym xocmodusuneckur uccaedo6amnuti U aspoHOMUL UM.
I0.I'. Illagepa CO PAH
5 Hnemumym xocmopusuneckur uccaedoamuti u pacnpocmpanerus
paduosoan IBO PAH

6 Ynusepcumem 2.Hazos

[IpuBossiTcst  pe3ysbTaThl  MCCIACJIOBAHUN  IIUPOTHO-JIOJTOTHBIX
3aKOHOMEDHOCTEl TeOMArHUTHBIX Tyjbcanuit Pcls Ha ocHoBe jmaH-
HBIX WHIYKIMOHHBIX MATHUTOMETDPOB Ha JIBYX MEXKIYHAPOTHBIX
nosmronax CARISMA  (https://www.carisma.ca) u IUGONET
(https://stdb2.isee.nagoya-u.ac.jp/magne/).

Buepsble mysbcaruy uceyieryeMoro TUIa, ObLTH OOHADPY KEHBI 1 OTIH-
canbl B [Fukunishi et al. 1981; Tos6us u 3oros,1985]. Junamudeckuii
crektp Pcls mpejicrasiisier coboit cepuio mocie[0BaTeIbHBIX CUTHAJIOB,
gacrora (0.1 - 1 I'm). Ksasunepuos ux nmosropenus (5-12 MunyT) He
3aBUCAT OT HIUPOTHI IIYHKTa Ha6J’[IO,7leHI/I5{. KOHe6aHI/IH TUITUYIHBI JJIA
[IEPUOIOB YMEPEHHON MArHUTHOW aKTUBHOCTH U HAOJIIOIAIOTCS C 6OJIb-
et BepoaTHOCTBIO ITpu Kp = 1-2. [lo yTBepKaeHnIo aBTOPOB, CIyda-
€B OJIHOBPEMEHHOIO TIOSIBJIEHUsI CUTHAJIOB Ha PA3HECEHHBIX MO MHPOTE
craanusx He Gbui0. [Tozmree Kim et al., [2015] mabmonanm Takne xo-
sgebannsa B Tedenne ~ 20 gacos Ha nonurone CARISMA B imanasone
mmpor L ~ 4 — 6, HO B y3KOM JlosroTHOM cekTope (~ 20°). Mbr Habito-
Jasm mysabcaruu Pcls Ha IBYX IMOJUTOHAX B JUANTA30HE JTOATOT ~ 180°
u mmpot ~ 25°. [Ipuxon qmaMarauTHONW CTPYKTYPBI COJTHETHOTO BETPA
(IC CB) BbI3Bas Cy60ypIO, BO BpeMs KOTOPOil HAOIIOAAIUCH HECKOJIb-
KO IIUPOKOIOJIOCHBIX IIyToB myJbcanuit PiB, a mocsie ee okoHYaHust B
Teuenne 16 gacos myru Pcls. OcHOBHBIE PE3yJIbTATHI:

1. Pcls nabmonanuch mocse ymepenHoit cy66ypu (SML ~ —500
uTu) robanbro o mosarore or cr. Istok o cr. PINA u B auanasone
reoMarHuTHLIX mupoT 40° =+ 64°.
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2. MakcuMyM aMILUTATY/bI 110 ITHPOTE COOTBETCTBYET CTATHCTHYIE-
ckoit mpoeknnu miasmonaysbl (L ~ 4 — 6 Re).

3. ObuapyKeHHOe JOJITOTHOE 3ala3/[bIBAHNE B PETMCTPAINN I1yJIb-
caruil MOXKeT OBITH CBSI3aHO C a3UMYyTaJbHBIM JpeithOM MOHOB, BBI3bI-
BAIOIIUX NEHEPAIUIO TIYIhCAIHIA.

4. O6cyxa0Tcs JBa BO3MOXKHBIX WCTOYHUKA WOHOB- IIPOHUK-
noeenre ajibda ugacrur, u3 JIC CB, a Tak:ke MOHOB KHCJIOPOIA W3
noHochepbl BO BpeMs cyo0ypu.

1.8 IIporHo3upoBaHue mHAeKkca Fiy; C
WCIIOJIb30BAaHNEM AJITOPUTMA BapUAIIMOHHOM’
MOJIO0BOI JE€KOMIIO3UIINN W MOJEJN MAIINHHOTO
obyuyenus TiDE

Faopos 4. 1.
Hremumym coanewno-zemnoti pusuxuy CO PAH

TouHoe TPOrHO3UPOBAHNE TAPAMETPOB BEPXHUX CJI0EB aTMOCHEpDI
WMeeT peraroree 3HatMeHne s MOBBIMeHsT 3(PDHEeKTUBHOCTA PabOTHI
CIIyTHUKOB M CHUKEHWsI PUCKOB, CBSI3aHHBIX C BO3BpAIEHUEM KPYII-
HBIX 00JI0MKOB. ATMOchepHOe COMpPOTUBIIEHNEe, KOTOPOE CYIECTBEHHO
BJIMSIET HA TPAEKTOPUM KOCMUYECKUX AlapaToB, B 3HAYUTEILHON CTe-
[eHU 3aBUCHUT OT COJIHEYHOM akTuBHOCTH. OJIHUM U3 Hambojee BaxK-
HBIX [MOKa3aTesiell COJMHEYHOM aKTUBHOCTH siByisieTcss mujeke Fig7. B
9TOM HMCCJIEIOBAHUN TIPEJICTABIIEHA HOBAsI MOJIEJIb NIyOOKOTO 00y IeHus,
pa3paboTaHHasi JJjIsl IPOrHO3UPOBAHU ITOro nokasaress. [Ipesarae-
Masl MOJIETb O0bEeIUHSET aJrOPUTM BAPUAIMOHHON MOJIOBOM JEKOMIIO-
surun (VMD) ¢ meiiponHoit cerbio Time-series Dense Encoder (TiDE).
CpaBHUTEIBHBII AHAJIN3 C CYIIECTBYIONIMEI MOJIEISIMUA TIOKA3bIBAET,
ITO TIPEJJIOYKEHHBI TOAX0J] MO3BOJISIET MMOBBICUTH TOYHOCTH TPOTHO-
3upoBaHus WHjeKca Fig7 B JiBa pa3a. Peajmn3oBaH eKeIHEBHBIN cep-
BHC OHJIAMH-TIPOI'HO3UPOBAHUS ¢ FOPU30OHTAMU [IPOrHO3UPOBAHUA 7 U
27 mmeii.

Pabora Bemosinena npu noggepxkke PH® Ne23-17-00157.
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1.9 TeomarautHo-unayuupoBanubie Toku (GIC) Bo
BpeMsi JIBYX COOBITHII KOCMUYECKOI IMOTOoAblI B
Mae u okTsiOpe 2024 r.

Iocnupax U.B.Y, Ceuxo II.B', Jhobwuw A.A.', Caxapos 5I.A.",
Cenrusanos B.H.2

L Moaaproti zeopusuveckuti uncmumym
2 Ienmp dusuxo-mernuveckux npobiem snepeemury Cesepa KHI]
PAH

N3zy4deno BoszuukHoBeHue ['M'T B ajieKTputdeckux IeIsx Ha CEBEPO-
zamajsie Poccum BO BpeMsi JABYX MOIIHBIX Oypb KOCMHUYECKON 3pbI
10-12 masg u 7-12 okrsabpsa 2024 r. AHajus TPOBOIUICS JJIs JTUTE b
HBIX 1eprooB — ¢ 10 mo 12 mast u ¢ 07 o 12 okTsi0pst 1 OCHOBBIBAJICS HA
npsambix u3mepenuax [T wa 3 crannumsax (Boixopnoit, Jloyxu u Konmo-
1ora), paclioyIoKeHHBIX Ha MIMPOTax aBPOpPaJsbHOl 30HBI OT 62° 10 69°
GLAT". TloarBep:kaeno, uro ucrounnku I'MI'T pacmpemenennl mo cex-
ropam MLT: ncrounnkamu nurescusubix IUT (15-30 A) B BeuepHeM
W HOYHOM CeKTopax Obum cybOypu m cymepcyOOypu, a MCTOTHHKAMUI
I'UT ( 15-30 A) B yTpeHHeM ceKTOpe ObUIM I'€OMATrHUTHLIE IIYJIbCa-
muu Pcb/Pi3. Kpome Toro, HabIH0AaI0Ch HECKOIBKO CHIIBHEHIINX 11~
koB GIC 50-62 A. DTu nuku OBLIN BBI3BAHBI CYIEPIO3UIHENH ITHX
WCTOYHUKOB W JIOKAJbHBIMUA MArHUTHBIMU BO3MYIIEHUSIMU, BHI3BAHHBI-
MU OOJIBITIMM CKAYKOM JUHAMWYECKOTO JTABJIEHUsI COJTHEYHOTO BETPa U
noBoporoM BZ-kommonerntsr MMII ¢ oTpuriateIbHBIX 3HATEHUH Ha, ITO-
JioxkuTeabHble. OCOOEHHOCTBIO MaliCKO OypH OBbLIIO HAJIMYKE JIBYX Cy-
nepcy60yps (SSS) B HOUHOM U JHEBHOM cekTopax. GIC B qHEBHOM CeK-
TOpe OBLIN CBsI3aHBI C MHTEHCU(PUKAINENH BOCTOTHOIO JIEKTPOJIZKETA BO
BpeMsI pa3BUTUS BTOPOro SSS.
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1.10 T'nobanbHbIE HABUTAIIMOHHBIE CITYy THUKOBbBIE
CUCTEMBI /I N3y4YeHus noHocdepbl 3emMJiu

Scioxesun FO.B., Acmagvesa E.2, Ezopos S.H.", Kuceres A. B.1,
Jebedes B. I1.Y, Masreywuti B.M.?,
Iadoxun A. M.*, Carumos B. I'*, Becrun A. M.

L Hnemumym coaneuno-zemnoti dusury CO PAH
2 Université Paris Cité, Institut de Physique du Globe de Paris
(IPGP), CNRS UMR

Tnobasbuble  Hasuranmonubie crayraukosbie cucrembl  (THCC)
MIPEIOCTABJISIIOT OOIUPHBIE HADOPHI JAHHBIX JJIs U3y YE€HUsT HOHOCHEPDI
3eMJI ¥ PA3JIMIHBIX ACIEKTOB BJIUSTHUS KOCMUYIECKOW moromasl. B mo-
KJaJ1e OyJIyT KPaTKO PACCMOTPEHBI 9KCIIEPUMEHTAILHBIE HCCIIEIOBAHUST
na ocHoBe 'HCC monocdepubix 5¢pHeKTOB OT COJIHEUHBIX BCIIBIIIEK,
COJIHEYHOTO TEPMUHATOPA, COJIHEYHBIX 3aTMEHUN, MATHUTHBIX Oypb U
T.71. [TompobHo 006CyKIar0TCsT HeaBHIE COOBITHSI, TAKHe KakK moHOoC(hep-
ubie 3ddexTo! 3emierpsicenns B 1Typruu 2023 roia nin B3pbIBa KOCMU-
geckoro kopabstsi Starship 18 mosibpst 2023 roma. Takue ucciemoBanust
OCHOBAHBI HA BapHAIUAX IIOJHOTO JIEKTPOHHOIO cojeprKanms. Harma
KOMaHj1a pa3paborasa GeCIIaTHYIO CHCTEMY JUJIsi 00pabOTKU JAHHBIX
I'HCC — SIMuRG (https://simurg.iszf.irk.ru). Cucrema moxer GbITH
[IOJIE3HA, JIJIsT U3y YeHUsT HOHOChEPHO KOCMUYIeCKOit Torojpl. Mbl TakKe
pa3paboTrajin HHCTPYMeHT st nporao3upoBanus [I19C u mporHo3HbIx
MH/JIEKCOB JIJIs YIIPABJIEHUS NOHOC(EPHBIMU MO/JIEISIMU.

Pa6ora Beimonena npu nojmepxkke PH® Ne23-17-00157.
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1.11 IIporpamMHoO-aImapaTHblii KOMILIEKC Ha 0a3e
CIEUATN3UPOBAHHBIX HAa3€MHBIX CPEJICTB U
MaJIor0 KOCMUYECKOT'0O alrrapara JIJis
MCCJIeIOBAaHUS IIPOIECCOB B MOHOC(Epe n
MarHuTHOM moJie 3eMJi1 Ha TeppUuTOpUn
Benapycn

Aponos I'A.Y, Komos J[.C.2, Haymos A.0.2, Kodvimos A. A1,
Jaszrwox B.M."

L Henmp eeofusuneckoeo monumopunza Hauuonarvrot axademuu
naykx Beaapycu
2 Vnumaproe npednpusmue Teoundopmayuormmie cucmemol
Hayuonanrvrot axademuu nayx Berapycu
3 Unemumym npuraadnoti gusuru Hayuonarvnoti axademuu nayx
Benapycu

3a mocieHue NEeCATKA JieT HaDJII0/IaeTCsl aKTUBHOE CMeIeHHe Ce-
BEPHOI0 MArHUTHOIO MOJII0ca 3eMJu co cropoHbl Kanaackoit ApkTuku
B cropoHy Poccun n yuuThiBast 9TO ceffdac MPOUCXOIUT MUK aAKTHBHO-
ctu 11-ro COTHETHOTO TMKJIA, KaK CJIeJICTBHE Ha Tepputopun berapycu
CTaJIM TOPA3JI0 Yallle MMPOSBJISITbCS HMOJIsIPHBIE CUsTHEs. [Ipoiecchl BO3-
HUKAWOIINE B HOHOChEpPe U MarHUTHOM I10Jie 3eMJIM CIIOCOOHBI OKa3bI-
BATh CEPhE3HOE BO3MIEHCTBUE HA PAINOCBA3b, PAINOIOKAIIAIO, PAIUOHA~
BUTAIMIO, ABUAIIMOHHYIO O€30I1aCHOCTD, JHEPreTuKy u aAp. iist uzyde-
HUsI TIPOIECCOB TTPOUCXOJISAIINX B HOHOChEPE U MATHUTHOM I0JI€ 3eMJTH
Ha TeppuTopun Beapycu pazpaboraH mporpaMMHO-aIIapaTHBIA KOM-
IUIEKC Ha Da3e CIenuaIn3upPOBAHHBIX HA3€MHBIX CPEJICTB U MaJIoro KOC-
MHUYECKOro armapara. KOMILIEKC O3BOJISIET OIEHUTH BJIMSHUE <«KOC-
MHUYECKOIl ITOTO/Ibl» Ha PA3JINYHBbIE aCIHEKThl TEXHOJOTHIECKON mHbpa-
CcTPYKTypbl. PazpaboTka KOMIIJIEKCa XapaKTepU3yeTcst 0COOOH aKTyasIb-
HOCTBIO B CBSI3U C BHEJIPEHUEM BBICOKOTEXHOJOTUIHBIX IIPOM3BOJICTB B
HaIleil cTpane, a TaKKe ¢ pa3BUTHEM KOCMUYIECcKol orpaciiu u Besopyc-
CKOIl KOCMHUYECKOM CHCTEMBI JUCTAHIIMOHHOTO 30HIUPOBAHUST 3E€MJIN.
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1.12 BuiusHue Bapualiuii 00Ilero coaep>kaHus
BOJISTHOTO I1apa Ha PaJAualiioHHbIil POPCUHT
YIJIEKHCJIOTO Ta3a U MeTaHa B arMocdepe

Yecnorosa T.JFO.', Oupcos K.M.2, Pasmonos A.A.2

L Hnemumym onmuxu ammocgepv. um. B.E. 3yesa CO PAH
2 Bonazoepadckuti 2ocydapemeeniniti yHueepcumen

IToroku KOPOTKOBOJIHOBOI'O (COJIHEYHOIO) U JJIMHHOBOJIHOBOI'O COO-
CTBEHHOTO M3JIy9YeHUsI TIOBEPXHOCTH M ATMOChEPBl 3eMITH OIIPE eS0T
paaualnOHHbBIi OaJIAHC U PEryJINPYIOT IUPKYJIAIN0 arMocdepbl. Bos-
HOI1 TIap UrpaeT KJIFOYEBYIO POJIb B MAPHUKOBOM (P eKTe U BIuseT Kak
HA MUKPOKJIUMAT OTJEJIHHOIO PErHOHA, TAK U Ha NI0DAJLHBINA KIMMAT.
Tem He MeHee, CONJIACHO MEXKIYHAPOIHBIM KJIMMATHIECKAM OTIETAM
IPCC, poct armocdepHOro cosmepKanusi YIIeKUCJIOro ra3a U MeTaHa
paccMaTpHUBAIOTCH Cefiuac KakK TJIABHBIA (baKTOp IIPOUCXOJAIIETO I10-
TeIlJIeHns] KJIMMAaTa, TOIa KaK BKJIAJl BOISHOIO IIapa B HaDJIIOIaeMoe
B IIOCJIEJTHEE CTOJIETHE TOBBIIEHNE TEMIIEPATY Pl TOBEPXHOCTH U ATMO-
cdepnl 3eMiin TPOSBIISIETCS Y€Pe3 €ro 00PATHBIE CBI3H.

MrHOBeHHBIN paMaIMOHHbINH (DOPCUHT YIVIEKUCJIOTO Ta3a U MeTaHa
(pasnocts morokos MK msiydeHust Ipu pasinmdHOM COJEPIKAHUU o U
CH, B armocdepe 3eMiin) sIBISETCA CIOCOOOM OIEHKH BJIUSIHUS BO3-
pacTaHusi KOHIIEHTPAIINU MAPHUKOBLIX T'a30B Ha HArpeB arMocdepbl u
MoBepXHOCTH 3emuin. B Hamrelr pabore Ha OCHOBE MaCCOBBIX PACIETOB
CJIeJIAHbI OIEHKU BJIMSIHUSI ODINEro COJEPXKAHUs BOJSHOTO Tapa B aT-
Mocdepe Ha notokn UK usnydenus u paanarinoHHbI (DOPCUHT yTiIe-
KHCJIOTO T'a3a U MeTaHa 3a CYeT Bo3pacTaHus KoHIeHTparuu o u CHy
3a nocaenaue 50 yer mis yeaosuit cpenaux mupor (Huxknee ITososi-
xkbe u 3anaaaag Cubups). Beprukajibable npoduin remueparypbl u
BJIAYKHOCTH OPAJIUCh COTJIACHO JIAHHBIM a3POJIOIMYECKOTO W CITYy THHKO-
BOTO 30HMpoBanust arMocdepbl. CTaTHCTUIECKUMI METOJIAMU UCCIIe-
JIOBaHO BJIMSIHME ITEPEKPBIBAHUS I10JIOC MOTJIONIEHUSI o C ITOJIOCAMH o U
CH, Ha pe3y/bTaThl pacdyeTa paJualliOHHOrO (POPCUHTa STUX I'a30B B
aTMocdepe pU PA3INIHOM COJIEPKAHUU BOJSTHOTO I1apa.

[Tokazano, 4T0 paguAIMOHHBIN (DOPCHUHT 5 Y IMOBEPXHOCTU 3EMJIH
PE3KO YMEHBINAETCS [PU yBEJUIEHUU OOINEro COMEPXKAHUS o B aTMO-
cepe, 9TO PUBOAUT K MEHBINIEM HATPEBY OBEPXHOCTH 3eMJid. BbI-
SBJIEHO, UTO pajuanuonubiii popcurr C'Oy B Tporocdepe ¢ pocToM Biia-
rOCOJIEpKAHUST BO3PACTAET 110 aDCOJIIOTHON BeJIMYMHE, TOTA KaK Paii-
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AIMOHHBIN (popcumr 4 B Tpormocdepe He 3aBUCUT OT BEJTUIUHBI OOIIETO
COJIepKaHUs BOJSTHOTO Iapa B BEPTUKAJIBHOM CTOJIOE aTMOCDEDHI.

Pab6ora BeinosiHeHa B paMKax rocyigapcrsensoro saganust TOA CO
PAH.

1.13 Metoa JuHEHON YKCTPATOJIAIIAN
JUHAMUYIECKNX CHEKTPOB BUCTJIEPOB,
3aperucTpupoBaHHbIX HA KamdaTrke Jis
pacdyéra HOCOBOII 4YacCTOThI

Mapuenxo JI.C., IHaposux P.H.

Hnemumym KocmoPuduseckus ucciedosanutl U pacnpocmparerus
paduosoan IBO PAH

DsekTpomaruuThbie Bojabl OHY-muamna3ona, pacipocTpaHsionme-
Csl BJIOJIb CHJIOBBIX JIMHWIT MATHUTHOTO TIOJIsT 3€MJIM, HA3bIBAIOTCS BUC-
TepaMu. V3BECTHO, 9TO € TOMOIIBIO BUCTJIECPOB MOXKHO MPOU3BECTH
pacUeT JIEKTPOHHOW KOHIIEHTPAIMY TIa3MOChEpbl, 3HasT HOCOBYIO Ya-
CTOTY U abCOJIIOTHOE BPEMs I'DYIIIOBOIO 3alla3/blBaHus (IPeeIbHyTo
npuctiepenio). OZHAKO TAKOH pacueT 3aTpyJHACTCA TeM, 9TO Ha CPEe-
HUX MIAPOTAX BUCTJIEPHI OOBIYHO PETUCTPUPYIOTCH B IMAIA30HE TaCTOT
HUZKe HOCOBOIA, uTo XapakTepno Jjsa Kamuarku. Kpome Toro, mjist onpe-
JIeJICHUST BPEMEHH 33 IePXKKU HYKHO 3HATDH 3allyCKaomuii armochepuk
(MOJIHHEBBII Pa3psil), YTO HA CIEKTPOIPAMME 9TO CAEJIATH IIPAKTHYE-
CKHU HEBO3MOKHO. 1103TOMY OOBIYHO HCIOJIB3YIOTCSI METO/bI, OCHOBAH-
HBIE Ha YKCTPAIIOJIAINN CJIeJa BUCTJIEPA 10 NMEOIIENCs YacTh CIIEKTPA.

B pabore mpemgmorken MeTOHd JUHEHHON IKCTPAIOJISIINNA CIEKTPOB
BUCTJIEPOB, 3apeructpupoBanibix Ha Kamuaarke. CyTh MeTOma 3aKIIIO-
qaeTcss B TOM, 9TO (OPMUPYETCA HEKWH JUHEHHBIH (YHKITHOHA:
Q:(f) = (ti\/ﬁ)fl, r7le BpeMeHa t; U COOTBETCTBYIOIINE MM HYacCTO-
oI f; GepyTcst u3 ciega Bucriepa. Jlajee mpoBOAUTCS SKCTPAIIOJIAIIHS
IpsIMOii 110 TIepecederus: ¢ ochbio dacToT (Q = 0), 9TO JlaerT BeJUUUHY
fo, KOTOpast JInHEHO CBsI3aHA C HOCOBOW YAaCTOTOH f, COOTHOIIEHUEM:
fo=afn,a=3,09+0,04. Kpome Toro, sxcrpanossius upamoit Q (f)
110 nepecedenust ¢ ocbio opauaatr (f = 0) Jaer npeesbHyIO JIUCIEePCHIO
Dy, KOTOpYI0 MOXKHO IOJIy4uTh U3 coorHommenus Qo = 1/Dy . BHas
mapaMerpsl f, 1 Dy MOXKHO pacCUuTaTh XapaKTEPUCTUKY SJIEKTPOHHOMN
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KOHIIEHTPAIUH T1a3Mocdepbl ¢ ToMOIIbio Meroguku [lapka B pamkax
Mozenn Tuddy3noHHOTO PABHOBECHSI.

Jajiee B pabore OBbLIM IIPOBEJEHBI pacdyeThbl HOCOBOW YaCTOTHI fp
¥ TpeJesbHOM auctepcun Dy Jjist 3aperncTpUpOBaHHBIX BUCTJIEPOB HA
KamuaTke, Ha OCHOBE KOTOPBIX OBLIN JAHBI ONEHKU 3JIEKTPOHHON KOH-
IIEHTPAINN B TIa3Mocdepe.

Pabora Bommonmena 3a cuer locymapcrsBennoro 3amanus NKUP
JBO PAH (per. Ne rembr 124012300245-2).

DKcIlepuUMeHTaIbHbIE JTaHHbIe, WUCIIOJb30BaHHbIE B JAHHOI pa-
6ore, Obutm monyuenbl u3 llenrpa Kosutektusuoro Ilomp3oBanust
«Cesepo-Bocrounblii resmoreodusnueckuii  nenrp» (IIKIT CBI'IL)
CKP_ 558279.

1.14 MaremaTndecKoe MoAeJINPOBaHUE JUHAMUKNI
3JIEKTPUYECKOT0 MOJIsi BHYTPU (ppaKTaIbHOI
0o0JIavHOM CcpeJIbl

Kymowos T.C.', Haposur P.H.?

L Huemumym npuxaadnoti mamemamuru u aemomaemusayuy KBHIT
PAH
2 Mnemumym xocmousuneckux uccaedosamuti U pacnpocmpanetus
paduosoan JIBO PAH

OHUM U3 BaXXHEHUINX SJIEKTPUIECKUX apaMEeTPOB I'PO30BBIX 00-
JIAKOB SIBJISIETCS HAIIPSI)KEHHOCTh JIEKTPUYECKOIO II0JIsi M3MepEeHue,
KOTOPOTO SIBJISIETCS CJIOXKHOM 3amadeil. B cuay mOporoBusHBI HATYD-
HBIX 9KCIEPUMEHTOB, JIAIOIIUE TPEJICTABIEHUE 00 SJIEKTPUIECKIX TTOJISTX
KY9IeBO-JI0XK/IEBBIX 00IAKOB, UCCJIJI0BATEISIM IIPUXOINTCST TPUOEraTh K
pa3paboTKe MaTeMaTUIECKUX MOJejieil, KOTOpble MOTYT 3aMEHUTh Ha-
TYpHBIE HAOJIIOIEHNS, J1a U K TOMY K€ B IIOCJIeTHIE I'OJIbI B CBSI3U C Oyp-
HBIM Pa3BUTHEM BBIYUCIUTEILHON TEXHUKU YUCJICHHOE MOJIEINPOBAHUE
npuobpeTraeT Bce bosbItiee pacnpocTpanenue. [loaTtomy paspaboTka Mo-
JieJieil, MO3BOJISIONINX UCCIIJIOBAHNE JIEKTPUIECKOTO COCTOSTHIST TPO30-
BOI1 JIesITeJIbHOCTY KOHBEKTUBHBIX 0DJIAKOB HOCUT BECbMa aKTYyaJIbHBII
xapakTep. Pe3ysibraTel Hccae0BaHnil 371eKTPOMU3NIECKIX [TPOIIECCOB,
MIPOTEKAOINX B T'PO30BBIX 00JIAKAX OTPAXKEHBI, KAK B KJIACCHIECKUX
paboTax MpOILIOTrO CTOJIETUS, TAK U B paboTax COBPEMEHHBIX reou3u-
KOB, B KOTOPBIX ODOJIaka PacCMaTpUBaiOTCa 6e3 ydeTa (ppakTaIbHOCTH
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obnagnoii cpegpl. O dparraabHOit hpopMe 06JIAKOB reodU3UKU 3ar0-
BOpWJIH TIOCJIe BbIxosa paborel Bb. MamaennOpora, XoTs onucaHue Ju-
HaAMUKH caMOil 00J1a9HOil (DpaKTaJIbHONU CpeJibl OCTaeTCsl ITPOOJIEMOii.
B nacrositiiee Bpemsi B HampapjieHUN (DU3UKU aTMOCHEPBI CO3IAI0TCS
MaTeMaTUIeCKue MOJIEN C IPUMEHEHNEM OJTHOTO U3 COBPEMEHHBIX, Ha~
YUHBIX HOHTHUI Ha3biBaeMoe (PPaKTAIbHON (IPOOHOIT) IUHAMUKOIA.

B manmoit pabote, cunTast KOHBEKTUBHOE 001aK0 (DPAKTAIHHON cpe-
JIOl, pacCMaTpPUBAETCs IPO30Bast MOJIE/b Ky JYEBO- 102K IEBBIX 00JIAKOB, B
KOTOPOil yUUTHIBAETCS BJIUSIHIE U3MEHSIOIIEr0oCsi BO BDEMEHU ITapaMeT-
pa dpaKTAIBLHOCTH CPEIbl HA JUHAMUKY HAIPSI)KEHHOCTH JIEKTPUIe-
ckoro nosigd F (), HauMHas ¢ HEKOTOPO#l HAYAJIbHON HAIPAYKEHHOCTH
FEy, KoTOpast ONMMCHIBAETCST ;Lpo6H0—m/1cbdpepeHH,HaanbIM ypaBHEHHEM:

o) 5(t) _
92— a(t)a() E(t)+ - B(i) 9y, 'E(t)+ B2E(t)=0 (1)
i (&
By =2mhogp + = — FwRnArive, By = ot mRnArvn i (s — vi) +
Tr Uk

+ (47r Ao — 16/37arA7‘2v) (% + 7r>\3¢> ,

— paJInyc IPAJIuHbL; 'y — PAJINYC KAILIN; vrr, Vg — KOHEYIHAsI CKOPOCTh
IMaJieHus I'paJIUHbI 1 KallJIU; A — KOHCTaHTa; W — 9aCTOTa CPpbIBa KalleJIb
C TPaJuHBI, \s5g, — dddekrTuBHas nposoguMocts, t € [0,7] — Bpems,
T > 0 — BpemsI MOJIeJIUPOBaHUs, N — KOHIIEHTpaIus rpaaus, 6 > 0 —
XapakTepHOe BpeMsl mporecca BO (hpakTaabHONW CTPYKTYpe IPO30BOrO
obuiaka, npobuble npoussoanble I'epacumona-Kamyro 1 < a(t) < 2,0 <

B (t) <1

a(t) _ 1 " ('r) dr
801} E(t)_ F(2—Oé(t)) J (t—’r)a(t)il,
E(r)dr

Prg _ 1
Fo= r(l—ﬁ(t»o/(t_ﬂww

rae I (+) — ramma-dyrxmust. st mogenpHOro ypassenus (1) cripases-
bl HauaeEbe yenopus: E (0) = Eo, E(0) = 0, u 3a 0CHOBY Mexa-
HU3Ma TeHEepaIui 3apsiJIoB, IPUHIMAEM JIEKTPHU3AIIIO TIPU COYIape-
HUM TPAJMH ¢ KaIuisiMd. PaspaboTanHas MOJE/b YIUTHIBACT JBa KJIIO-
YEeBBIX aCleKTa: (PpaKkTajbHbIe CBOHCTBA ODJIAYHON CPeJIbl U ee XapakK-
TEePUCTHYECKUI IapaMerp apobHoil crpykTypsl §. B ocHoBe nomxona
JIEZKUT alrapaT APOOHOro MHTerpo-auddepeHnaaIbHOr0 UCIUCIeHUs.
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UcciremoBanne moaTsep:K1aeT, 9T0 BpeMennas (GpakTaaIbHOCTh KyIeBO-
JOXKJIEBBIX 00JIAKOB OKa3bIBAET HEIIOCPE/ICTBEHHOE BINSHUE HA BHYTPH-
obJiavHbBIe 3JIEKTPOJUHAMUYECKHE IIPOIECChl. B Momenn 310 cBOCTBO
YUIUTBIBAETCS depe3: (DeHOMEHOJIOIMIEeCKre IapaMeTphbl o U 3, ompeje-
JISIOIIE MHTEHCUBHOCTD N3MEHEHUST HAIIPS>KEHHOCTH IT0JIST; XaPaAKTePH-
ctuaeckoe Bpems 6 ero sBosmornuu. [IpemmaraeMbril 1OIX0/ TO3BOJIAT:
JOMOJIHATH COBPEMEHHYIO TEOPUIO I'PO30BOI0 JIEKTPUIECTBA, PACCMAT-
puBasi 06JIaKO KaK IIPUPOJIHBIN (ppaKTaJbHBI 0O0bEKT; YJIYUIIUTD [IPO-
THO3MPOBaHNE I'PO30BOI aKTUBHOCTH; YCOBEPIIIEHCTBOBATH KJIMMATHYIE-
CKHUe MOJIEJIN; YIIyOuTh MOHUMAaHUEe aTMOC(EPHBIX JIEKTPOIUHAMMIIE-
CKHUX IIPOIECCOB. 3HAYNMOCTD UCCIEIOBAHUS 3aKII0IAETCS B CO3IaHUN
TEOPETUIECKON OCHOBBI JIJIsI aHAJIN3a B3AUMOCBSI3U MEXKIY (hpakTaib-
HOI CTPYKTYPOil 00JIAKOB M UX IJIEKTPUIECKUMU XapPaKTEPUCTUKAMHI.

Pa6ora Bemosinena B pamkax tembl HUP MITMA KBHIL PAH,
per. Ne 125031904215-5 (mocraHoBKa 3aJa9M U UHTEPIPETALUA Pe-
3y/bTaToB) U rocyiapcrsennoro 3ajganus UKUP JIBO PAH, per. Ne
124012300245-2 (auaropurm pacdera, KOMIBIOTEDHOE MOJEIMPOBAHUE U
BU3YaJIN3alls Pe3yJIbTATOB).

1.15 MoagenupoBaHue U aHAJNU3 JAHHBIX O
Bapualugax IMOoToOKa KOCMUYECKNX JIy4deil Ha
OCHOBE METO/I0B MAIlIMHHOTO O0y4eHUsI:
NpuMeHeHne B 33JladaX KOCMUYECKOU IOTodbl

Mandpuxosa O.B., Mandpuxosa B.C.

Hnemumym x0cmoPusureckus uccaiedosanul u pacnpocmpaHerus
paduosoan JIBO PAH

B macrosmee Bpemsi, ¢ yueToM aKTHBHOTO pa3BUTHs WHQOpMa-
IMOHHBIX TeXHOJ’IOFI/II‘/JI, BO3MOXKHOCTHU IIOCTPOEHUA I\/IOJ:LeﬂeI‘;I KOCMO-
(bI/ISI/I‘IGCKI/IX HapaMeTpOB U METOIO0B HX HCCJ/JI€TOBaHHA CYHIECCTBECHHO
pacmupsiiorcs. AKTyaJbHOCTh TaKUX 3ajad OOyCJIOBJIEHA KaK Teope-
TUYECKUMU ACIEKTAMM, HAIIPUMED, U3yUIeHUEeM TJI00AJHHOTO CTPOEHUST
Bceenenmnoit, Tak m TPUKIATHLIMA HAIIPABICHUSIME, CBSI3aHHBIMHU C
WCCJIEIOBAHUEM BO3IEHCTBUSA PA3TUIHBIX (DAKTOPOB KOCMUYIECKOMN
[OroJbl Ha OKOJIO3EMHOE IIPOCTPAHCTBO. B paboTe omucanbl paspa-
6OTaHHbIe aBTOpaMM METO/Ibl MaIllXHHOI'O O6y‘IeHI/I$I JJId aHaJIUu3a
JIAHHBIX O BapHalusix moroka kocMmmdeckux Jrydeil (KJI), ocHoBauHBIE
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HAa KOMOHMHAIIMM HEWPOHHBIX ceTell apXuTeKTyp ABTOKOIMPOBIIUK
u Kosmoroposa-ApHosbiaa ¢ BeiiBier-duiabrparmeit. Meroabl 1mo3-
BOJISIIOT IIOJIABUTH AIMMapaTHBIA Oesiblii IIyM, & TakKKe IPUPOJIHBIE
KOPPEeJINPOBAHHbBIE [TOMEXH, CBs3aHHBIE ¢ Iukjamu COJTHEYHOW aKTHUB-
HOocTH. duCjieHHAs peam3alisl METOIOB IO03BOJISIET MX HCIOJIb30BATH
B OIIEPATHBHOM pexkuMe (B TeMIle IOCTYIUIEHUs JAHHBIX B CHCTEMY
obpaborku). Pemaerca 3anaua obuapyxkenus Popbyur-adbderros,
[PEJIIIECTBYIONIUX U COILYTCTBYIOIIUX NeOMarHUTHBIM OypsiM. VIcmosib-
3yIOTCsI JJaHHBIE HA3EMHBIX HEATPOHHBIX MOHUTOPOB BBICOKOIITMPOTHBIX
crannuii  [nmdb.eu|. B paBore BBIIOJHEHO CpaBHEHHE METOIOB,
¢ mosuinit nX 3GHPEKTUBHOCTH B 3aJade MPOTHO3a KOCMHUIECKOM
morozpl.  IIpeioskeHpl  ajJropuTMUYECKHE —PEIIeHUsi, UCIOIb3YIO-
e KOMOWHAIME Pa3spabOTaHHBIX METOJIOB, JJjisi OOHAapyKeHUs u
onenku mapamerpoB Popbyr-addekToB pazHoro Tuma (BHE3AIHbIE
KOPOTKOIIEPUO/IHBIE IOBBIIIEHUs] WX ITOHUKEHUsI WHTEHCUBHOCTHU
noroka KJI, rinybokue @opbymr-nionmxkenus, GLE-cobbitus). B mo-
KJIaJle TPEJCTABJIEHBl DPE3yJIbTAThl IIPUMEHEHH METOJOB 3a IE€PUO/T
2023-2025 1T, comep:Kalue TE€OMATrHUTHBblE OypH pa3HOU CHJBI U
dusuueckoit mpupobl. PaboTa BBIIOIHEHA 33 cueT 10Cy1apCTBEHHOIO
zaganug UKNP JIBO PAH (per. Ne rembr 124012300245-2).

1.16 YwucseHHBIIl TPOTrHO3 I'PO3 HAJl TEPPUTOpPUE
METPOIIoJINCA C YYETOM DPa3JINYHON
a’dpO30JIbHOI HArpy3Ku

Jemenmuvesa C.0.12, Baazuna A.I1V>2, Kyauxos M.FO.1»2

L Hrnemumym npukaadnot dusuru um. A.B. Tanonosa-I'pevosa PAH
2 Hauuonanonwti uccaedosamenvcrut Huorcezopodexudi
2ocydapecmeennnill ynusepcumem um. H.HU. Jlobauwesckozo

PasBurue quciieHHBIX MOJEIEil TPOTHO3a MOTOIBI SBJISETCST OIHUM
n3 nHanbosee 3HPEKTUBHBIX CIOCOOOB CBOEBPEMEHHOI'O IIPE/IYIIPEKIe-
HUsI 0O OMACHBIX METEOPOJIOTHYECKUX SIBJICHUSIX W CHUKEHUS PUCKOB
UX HEraTUBHBIX MOCJEeACTBUl. [IpenMyInecTBOM YUCIEHHOIO ME30MAaC-
mrTabHOrO MOJIEJIUPOBAHMS SIBJISIETCS. OTCYTCTBHE IIPUBSI3KU MOJIEHN K
KOHKPETHOU TEPPUTOPUU, UTO JIEJIAT IUCJEHHBIE MOJEH YHUBEPCAb-
HBIM MHCTPYMEHTOM ucciieoBanns. OMHAKO, [IJIs IOy 9eHUs TPOTHO3a
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C BBICOKOIl TOYHOCTBIO, KAK IIPABUJIO, HEOOXOIUM YIET JIOKAJIHHBIX OCO-
OGeHHOCTElT paccMaTpuBaeMbiX TeppuTopwuit. st TeppuTopuit ¢ cyie-
CTBEHHBIMY AHTPOIIOI€HHBIMH BBIOPOCAMU OJHUM M3 TaKuX (DaKTOPOB
SIBJISIETCsT a3PO30JIbHAsI HArpy3Ka. B paboTe BBIMIOJIHEHO YNCIEHHOE MO-
e IMpOBaHNe KOHBEKTUBHBIX COOBITUI Ha Teppuropun Hmkeropomckoit
00JIACTH C YyIeTOM DPA3JIUIHON a3PO30JIbHON HATPY3KHU C IEJBI0 YIIyd-
[IEHUs KAYeCcTBa IIPOrHO3a I'Po30BbIX coObiTHil. llenTpoM paccmarpu-
BaeMoii obJsiacTu siBjisiercst ropoji Huxkuuit HoBropos — npowmbiiiieH-
HBII MEeTPOIIOJINC, PACIIOJIOYKEHHBIN B IEHTPaJibHON YacTu Bocrouno-
Esporeiickoit paBannb, B MecTe ciusiaus pek Oxu u Bosru. B kagecrse
6a30BOr0 MHCTPYMEHTA YHCJIEHHOTO MOJE/JIMPOBAHUS B PabOTe IpuMe-
HsIeTCsT Me3oMacITabHas Mojieb nmporuo3a norogsl WRF-ARW. s
OIpesiesIeHns JIEKTPUIECKUX I1apAMETPOB I'PO30BBIX O0JIAKOB UCIIOJIb-
3yeTcsi mapaMeTpu3alius JIeKTPUIECKUX IIPOIECCOB, B KOTOPYIO 3aJ10-
2KeH Oe3bIHIYKIMOHHBI MEXaHW3M pa3le/ieHus] 3apsiOB Ha TBEPIBIX
rugpomMeTeopax. B pabore BBIMOTHEHA CEPUs IUCIEHHBIX IKCIEPUMEH-
TOB II0 YY€Ty PA3JIUYIHBIX yPOBHEHN a3p0o30JbHON HArpy3Ku. st sToro
NIPUMEHSIACH ITapaMeTPH3aIus MUKPOPU3NIECKIX IIPOIIECCOB, B KOTO-
poil B SIBHOM BHUJI€ yYUTHIBAETCS AKTUBAIMS a’dPO30Jiell B BHJE KOH-
JeHCcAI OOJIAYHBIX Kalle/lb WX JIBIWHOK. B JaHHOil mapamerpusa-
[V YMCJIEHHBIE 3HAYEHUS KOHIIEHTPAIMIT adp030jieil MOKHO OpaTh u3
YCPeJHEeHHBbIX 3a 7 jier pacderos riobasbuoit mogesn GOCART c pas-
pemernem 0.5 rpaj. no monrore u 1.25 rpaj. no mmupore. Kpome toro,
MOYKHO 33/1aBaTh TPOU3BOJIBHOE HAYAJIBHOE PACIIPE/IETICHAE a3PO30JIel.
B gacTHOCTH, MOXKHO 100aBJISITH JIOKAJbHBIE OCOOEHHOCTH KOHIIEHTPa-
AU a3pPO30Jieil Hal TOPOJCKON arjiomeparueil, He ydTeHHbIE B MOJE-
su GOCART B cuity 10BOIBHO TpyHOT0o TPOCTPAHCTBEHHOIO pa3pere-
Husd. Takum oOpa3oM, 3a CYET BAPbUPOBAHUS BXOIHOTO PACIIPEIeIEHUST
aspo3oJieil B paboTe NPOBEJEHBI YHUCJIEHHBIE SKCIEPHUMEHTHI IO MOJIe-
JINPOBAHUIO I'PO30BBIX COOBITUI C YIE€TOM Pa3IMYHON a’9pPO30JIbHOM Ha~
rPY3KH, IPOBEEHBI CDABHEHUE PA3JIMYHBIX CIIEHAPHUEB U BepUDUKAIUST
WX PE3YJbTATOB, & TAKYKE BBISBJICHBI ONTHUMAJbHBIC TAPAMETPHI MOJE-
JINPOBaHUS B KOHTEKCTE YJIYUIIeHNs KA4eCTBa IIPOrHO3a rpo3. Pabdora
BBITIOJTHEHA 3a CY€T rocyiapcrBenHoro 3ananus HHIY Ne 0729-2020-
0037.
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1.17 YucjaenHoe MoaeMpOBaHHe BJusHUsA (a3
KK n 9HIOK Ha BoJIHOBBIE ITPOIIECCHI B
armocdepe

Judenxo K. A2, Kosanv A.B.13, Epmaxosa T.C.1:3, @adees A.C.1

L Canxm-Iemepbypeckuti 2ocydapemsentolli YHUSEPCUMEM
2 Hncmumym 3emro20 MazHemuama, UoHoCHeps U PacnpoCmpaHeHus
paduosoar um. H.B. Iywxosa Poccutickoti Axademuu Hayx
3 Poccufticxut 20cydapcmeenHbitll 2u0POMEMEOPOAOLUHECKUT
YHUBEPCUMEM,

C nespio n3yueHust BIUAHUS (a3 KBA3UIBYXJIETHETO KOJIebaHNs 30~
HAJIBHOrO BeTpa B dKkBaTopuabHoii crparocdepe (KIK) u Duib-Hunbo
FOxxnoro konebanus (QHIOK) na cranumonapHble u pacnpocTPaHIO-
mpecs Ha 3anaj] wianerapublie Boaubl (I1B) ¢ pasiudnbiMu 30HaIbHBI-
MU BOJITHOBBIMH YHCJIAMU U IIEPUOIAMU, ObLIIa IIPOBEJIEHA CEPUS IHCIIEH-
HBIX 9KCIIEPIMEHTOB. MojiempoBanme TpOBOINIIOCE JIJIsT yCJIOBHIT Gope-
AJILHOI 3UMBI C MCIIOJIb30BAHUEM MOJIEJIH OOIEill IUPKYJISIIN CpeiHeit
u Bepxueit armocdepsr (MCBA). PesyubraTsl uccienoBanuii mokasa-
JIW, 9TO BO3/IEHCTBUE E€CTECTBEHHBIX JOJITOTIEPHUOIHBIX OCIUJIJISINI B
TPOIUKaX CHOCOGHO M3MEHATH aMILIuTyAbl I1B BrioTs 10 35% B oba-
CTSIX UX MakcMMyMOB. B ycioBusix Dab-Hunubo, He3aBucuMo ot a3l
KAK, makcumyMm aMmnTybl ctarmonapuoit [1B ¢ 3oHabHBIM BOTHO-
BoiM guciiom 1 (CIIB1) ememaercs B cropory BbicOKuX mupoT. CTpyK-
typa ammtutyn CIIB2 B ocHoBHOM poTuBonosiozkua crpykrype CIIB1.
[Ipu xombunaruu Bocrounoit dazsr KK u rermoit pazsr 9HIOK mo-
JeJIUPYIOTCS yBEJNYEHUs IIOTOKOB BOCXOJSINIEN BOJIHOBOU aKTHBHOCTU
5-, 10-, 7-mueBubix 11B, a Takxke ammauryn 10- u 7-aueBHBIX 11B.
Ocrabjrenns oTaeabHbIX aMiinTyd [IB 1 moToKoB BOJTHOBOIT aKTHBHO-
cTH OOBIYHO HADJIIOMAITCS B yeaoBusx 3ananuoil daszer KK, a takxke
upu kombunanuu Jla-Hunbs /3anagnas daza KK B 0cobbix ciaydasx
(ranpumep, st CIIB1). Baxkuaocts uceaenosanuit 1IB o6yciasanBa-
ercsi UX 3HAYUTEJbHBIM BJIUSHUEM Ha [UPKYJIAINAI0 CPeJHENl U Bepx-
Heil arMocdepsl, BKIOUYas KOH(MUIYPAITUIO CTPATOCHEPHOrO IMOISPHO-
ro BuUXps, JedopMaIys KOTOPOrO MOXKET IPUBOAWTH K BO3HUKHOBE-
HUIO 9KCTPEMAaJIbHBIX MTOTOIHBIX ABJIeHUN B ApKTHdeckoM n A3mnaTcko-
TuxookeaHCKOM permoHax B TedeHne OOpeabHOW 3UMBI.

UccnenoBanne BBIIOJHEHO MIPHU TOJIEPKKe Poccniickoro HayIHOro
donga PHO, rpant # 25-47-00122.
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1.18 Ilone3nas Harpys3ka JJisi U3y4eHUd
arMocdepHbIX TaMMa-BCIbBIIIEK 1
TPaAaH3MEHTHBIX SBJIEHUIl HA OOpPTY MaJjioro
crunyTHuKa «CKOpnuoH»

Bozomonos B.B.1'2, Beaos A.A.', Boeomonos A.B.},
Bocxpecencrkos E.JI.2, Hodun A. @}, Kaumos IT1.AY,
Kyuepenxo U.A.2, Mypawos A.C.', Ceepmunos C.H.12

L Mockoeckuti 2ocydapcmeenmonti yrueepcumem um. M.B.
Jomonocosa, Hayuro-uccaedosamenvcrut uncmumym A0eprot
Pusuru um. . B. Crobeavuyvina
2 Mocxoscruti 20cydapemeermnmtl ynusepcumem um. M.B.
Jlomonrocosa, pusuveckuls darxysvmem

Bamyck magoro cuyrauka Ckoprmon B dopmare xkybcar 16U 3a-
wraauposan Ha 2025 rox. Ero mosie3mnoit Harpy3koil SBJISIETCS KOM-
mieke Haygnoro obopymoBanus HUNA® MI'Y, npeana3Ha<deHHBIH
B IIEPBYIO O4Yepejib JJjisl M3YyUYEHUs IIePEXOJHBbIX sIBJIEHWI B BEPXHUX
cinosix armocdepsl. [lonesnasi HArpy3ka BKJIIOYaeT B ce0s ramMma-
cuektpomerp TGS, omrmueckuit u YDP-poromMerp u CIEKTPOMETD-
cuekrpomerp SONET, a Takke KOMILIEKC JETEKTOPOB KOCMHIECKOTO
U3JIydeHus 1 ONOKOHTENHED /I U3y YeHNs BJIUAHNS KOCMIIECKNX pak-
TOPOB Ha MUKPOOpraHu3Mbl. CIyTHUK OyjieT BbIBEJIEH Ha KPYTOBYIO I10-
JIIpHY10 opbuTy BbicoToM 500 KM, IPUTOIHYIO JIJIsT HAOJIFO/IEHUIT BO BCEX
paitoHax, BKIOYasl paifoHbI TPO30BOI AKTUBHOCTH BOJIM3M IKBATOPaA U
BBICOKHE IITUPOTHI, BAyKHBIE Il N3YIE€HUs SBJICHUN, CBI3aHHBIX C COJI-
HEYHOIl aKTUBHOCTBIO.

I[Tpubop TGS upexcrasisier cob6oil CHMHTUJLISIIUOHHBIA TraMMa-
CIIEKTPOMETP, KOTOPBIi BBIOJIHIET U3MepeHust B auarasone oT 50 k3B
10 10 MsB. On cocrouT u3 dernipex MOJLyjeil, 00eCIeTHBAIONIIX TyB-
CTBUTENLHYIO 06JIACTL IIIOMAILI0 0Koao 250 cM?. IBa MOmymis mpes-
CTABJISIOT COOON IO3UIMOHHO-IYBCTBUTE/IbHBIE [IE€TEKTOPLI, OCHOBAH-
Hble Ha 64 JIeTeKTUpYIONuX NuKceasax pasmepoM 10 MM X 10 MM X
20 MM, KOTOpPBIE ITPOCMATPUBAIOTCS IOJIYITPOBOIHUKOBBIMU (DOTOIIPU-
emuukamu SiPM. Ipyrue momynu ocuoBanbl Ha kpucrasiax Csl (T1)
6osbmoit mnomaau. [Ipubop Oymer remepupoBaTh JaHHBIE KAK B (HOp-
MaTe MOHATOPHUHTA, KOTOPBIN COMEPYKUT CKOPOCTH CYETa B HECKOIBKUX
SHEPreTUYeCKNX KaHaIaX, TaK U B (popMaTe IOCOOBITUHHO 3aIUCH, KO-
TOPBI MMO3BOJISIET 3AIMCHIBATH BPEMEHHON MPOQUIIb BCIBIIIKA C TOY-

41



HOCTBIO JI0 MUKPOCEKYHI. D10 Heobxomumo g usydenus TGF ¢ xa-
PaKTepHON IHTebHOCTHIO 200 MUKDPOCEKYHI.

[Tpubop COHIT upennazHavyeH jjis U3ydIeHUsI IIPOCTPAHCTBEHHOM
U BPEMEHHOHN JMHAMUKU U CIEKTPAJIHLHOIO COCTaBA U3JIyYeHUsI OT TPAH-
3UEHTHBIX aTMOCKEPHBIX SBJIEHUN 1 I'PO30BLIX pa3psiaoB. OH BKIIOYaET
B ceba remeckonn AURA-T, npencrapisionuii coboil BEICOKOIYBCTBH-
TeJIbHBIN n300pazkaromuii GOTOMETp, CIEKTPOMETDP, OCHOBHBIM HA3HA-
YEHMEM KOTOPOI'O SBJISIETCS ONpPEJEJIEHUE THUIA U BBICOTHI BCIBIIIKH,
U KaMepy-00CKYyPY, HAIPABJIEHHYIO Ha JIUMO C YIVIOBLIM pa3pelieHneM
30 mpa.

Oba ynoMsHyTBHIX mpubopa obecredar COBMECTHOE HCCJIeIOBAHUE
BepxHEl aTMOChEpPBI, IPU ITOM JJIsI AHAJIN3a TaKXKe OY/IyT HCIOJIb-
30BaHbl JIAHHBIE JIDYTUX I[PUOOPOB IOJIE3HOM HATPY3KM CILyTHHUKA
Cxoprumon. Cyrounsiit o6beM ganabix 100 MB nmossosut nepenaBaTh
0JIPOOHY 0 UHMOPMAIHIO HA 3EMJIIO IIPU OJIHOBPEMEHHBIX U3MEPEHUAX
BCEMU TTpUOOpaMU.

1.19 IlIpenu3uoHHOEe olpeaejieHre IOJIOXKEHUI
auanii MoJiekyabl CO B HIMpOKOM
CHEKTPAJIbHOM JMana3oHe OT MUKPOBOJIH 10
BUAMMOI 006JIacCTH CIIeKTpa

Vaenexos O.H., bBexmepesa E.C., I'pomosa O.B.
Tomexutt nosumerHuveckuts YyHusepcumen

CoBpemMenHble 3aja49u (HU3MKH AaTMOCKHEPBI TPEOYIOT ITOBBIIIEHUS
TOYHOCTU U3MEPEHUsSI U PACYeTa IOIVIONIEHUS COJIHEYHOTO U3JLydeHUsl,
MIPOXOJISAIIEro depe3 arMocdepy 3eMJIn PA3JIMIHBIMA TTOTJIOMIAKITIMI
KOMIIOHEHTAMU aTMOCGEPBI, OJHIUM U3 OCHOBHBIX KOTODPBIX SIBJISETCS
CO. Kak cyesicrBue, HajJimane BEICOKOTOYHON HHGOPMAIMN O TTapaMeT-
pax CHEeKTPAJIbHBIX JIMHHUI MOTJIOMIAOIINX KOMIIOHEHT aTMOCQEPHI siB-
JISIETCsI BECbMa, BaXKHBIM YCJIOBHEM JIJIsl YCIIEITHOTO PeIleHUs] MHOTOYUC-
JIEHHBIX 3319 aTMOCHEPHON OITUKYU U CMEXKHBIX 00JIacTell HayKHU.

B pamkax pasBuTOoro B rpyIme MOJEKYISPHON CIEKTPOCKOIIIHI
ToMCKOTro MOIUTEXHUYIECKOTO YHUBEPCUTETA HOBOIO YHHUKAJIBLHOTO
MeTOoJIa omnpejiesiennsi (byHIAMEHTAJIbBHBIX IAPAMETPOB MOJIEKYJI U3
BBICOKOTOYHBIX 9KCIIEPUMEHTAJIbHBIX JJaHHBIX MHUKPOBOJIHOBOTO U Cy6-
MUIJJINMETPOBOIO JUAIIA30HOB IIKAJIbI JJINH BOJIH Ha OCHOBE MH(pOPMa-
U O MOJIOXKeHnAX 30 MHKDPOBOJIHOBLIX JIHHMET m3oTonosoros 2C160,
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13C160 1 12C'80 6b1m onpeIeseHbl ¢ TOYHOCTBIO B CPE/IHEM Ha, yPOBHE
107% cm~!  mosokenmsi  gmHWEE  noriomenns  6ostee deM 20
KoJ1e0aTe/IbHO-BPAIlATEbHBIX  II0JIOC  PA3JIMYHBIX  H30TOIOJIOTOB
mosiekyabl CO B IMHUPOKOM CHEKTPAJIHLHOM UANA30HE OT MUKPOBOJIH
0 BUOMMOM obJylacTu cmekTpa. B IoKjaame oOCYKIAIOTCS KaK OCO-
OEHHOCTH HOBOTO pPa3pabOTAHHOTO METOHa, TaK W Pe3yJIbTATHI €ro
MPUJIOXKEHUsI K onpeiesennio crekrpa noryommenus CO.

Pabora BeIintosiHeHaA 1pu PUHAHCOBON IOIepKKe TOMCKOTO I0JIN-
TeXHUYECKOro yHuBepcuTera B pamkax npoekta [IPUOPUTET-2030.

1.20 PermoHasibHasi mapaMeTpu3aliid MJIOTHOCTU
MOJIHUI Ha OCHOBe HoJc4yéra 00 bEMOB C
3aJaHHOI PaaMOJIOKAIIMOHHOM
OTPa>KaeMOCTbhIO

Bageuna A.ILY2, Jemenmuesa C.0.12, Hlamanuna M.B.5?2

L Hnemumym npukaadnot dusury um. A.B. Tanonosa-I'pexosa PAH
2 Huoicezopodexudi 2ocydapemeennniti ynusepcumem um. H.H.
Jlobawesckozo

st IporHo3a MOro/bl B HACTOSINEE BPEMsI IMUPOKO HCIIOJIB3YIOTCS
quciieHHble Mozesin, Hampumep, Weather Research and Forecasting
Model (WRF). Iyist mporHo3a OmacHbIX KOHBEKTHBHBIX METEOSBIICHMUIA,
B YACTHOCTH, TI'PO3, MOYKET WCIIOIb30BATHCA KaK MPAMONU pPacyéT
JEKTPUIECKUX IMapaMeTpoB aTMocdepbl O JAHHBIM MOJIETHPOBa-
HUsl, TaK U Pa3JIMYHbIE [MAPAMETPHU3AINN JIEKTPUIECKUX IIPOIECCOB
B armocdepe. B mamnHoil pabore mpejjaraercs napamMeTpH3aIys
MIPOCTPAHCTBEHHOW IJIOTHOCTH MOJIHUEBBIX PAa3PSI0B 10 T[PO30OBBIM
obbémam. Ilox rpozoBbiM 06BEMOM mOHHUMAETCH O0OBEM (KOJIMIECTBO
dA9eeK MOJIEJIN), DaJMOJIOKAIMOHHASl OTPayKaeMOCTh KOTOPOI'O Ipe-
BBIIIACT OIPEJICJEHHBI TOpOr. Pajnosokanontass 0TpaxkKaeMoCThb
onpenensiercs o ganabiM WRE. [lpu nogbope moporosoro 3nadeHust
OTPAXKAEMOCTH YIUTHIBAIOTCST PErHOHAJIBHBIE OCOOEHHOCTH PA3BUTHUS
rPO30BLIX COOBITHIT B Pa3IMIHBIX IIHPOTAX. 1AK2KE BBITOJIHIETCS
IIOMCK OIITUMAJIBHON METONMKM IPUMEHEHUs IIOPOrOBOIO 3HAYEHUS —
KO Bceil MOJeIbHOI 00siacTh, JIOO K OOJIACTH MEXKJy U30TEepMaMu,
B I'PaHUIAX KOTODPBIX Pa3/IeJeHNE JEKTPHUICCKOIO 3apsiia ITPOUCXO0-
mut Hambosee addekruBHO. Paszpaborannas mapamerpusaiusi OyeT
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BepudUIIUPOBAHA M0 JAHHBIM BCEMUPHON I'PO3OIEIEHTAIMOHHON CeTH
WWLLN. Pabora BbITOJHEHA 3a CYET TOCYJAPCTBEHHOTO 33 aHUS
HHT'Y Ne 0729-2020-0037.

1.21 WccaepoBanue JUHAMHYECKHUX IPOIECCOB B
YCJIOBUSIX HEOIIPEIEJEHHOCT! Ha NpuMepe
3aJa4Y1 MEeTEeOpPOJIOTUU

Kydpunckas O.B.', Iaposux P.H.2

b Kamuamexuiti 2ocydapemeennoti ynusepcumem um. Bumyca
Bepunea
2 Hnemumym kocmoPuduveckus uccaedosarut U pacnpocmpaHer U

paduosoan /IBO PAH

UccnenoBanme BKIIOYaET KOMHOBIOTEPHOE MOJIEIUPOBAHUE ATMO-
cdepHbIX SBIEHUI, OCHOBAHHOE HA MOKA3ATEISTX aTMOCHEPHOrO /1aB-
JIEHUs U UCIOJIb3YIOlee TeOPUI0 HeYeTKUX MHOXKECTB.

B nmacrosmiee BpeMsa 3HAYNTEIbHOE BHUMAHNE yYUEHBIX HAIIPABJIEHO
Ha pa3zpabOTKy MOJIeJIel JUHAMUYIECKUX [POIECCOB, OCJIOKHEHHBIX Ha-
JITYUEM HEOIIPEJIeJIEHHOCTH M HEXBATKOMN IOJTHOTHI MCXOTHBIX JTAHHBIX.
Pemtennem nmannoil mpobJieMbl CJIy?KUT TPUMEHEHUE TEOPUH HEIETKUX
MHOXKECTB, II03BOJIAIONIEN aHaJIU3UPOBATh CUTYAIlUH, B KOTOPBIX CTaH-
JapTHBIE METOMABI C YETKUM OIIPEJIeJIEHNEM I'DAHUIL HE 00eCIIeYNBAIOT
TpeOyeMOro ypoBHSI TOYHOCTH.

JlpHaMITIeCcKHe IIPOIIECCHI, TPOUCXOAAIINE B CJIOXKHBIX CHCTEMAX, 3a-
9aCTyI0 MOMBEP2KEHBI BJUSHUIO BHEITHUX W BHYTPEHHUX KOJIEOAHUI,
OMeX U CJIyYalHbIX (PAKTOPOB, UTO MOPOXKIAET HEOIPEIEIEHHOCTD B
HavaJbHBIX YCJIOBUAX U BXOMHBIX Iapamerpax. Kiaccumueckme marte-
MaTU4YeCKue MOJEJIN HEPEIKO UCHBITHIBAIOT TPY/HOCTU IIPU OIUCAHUU
110/100HbIX curyanuit. [Tosromy ncnosib3oBaHue METO/IOB HEUETKON JIO-
ruku npuobperaeT 0coOyI0 3HATUMOCTD, TIOCKOJIBKY JTaéT BO3MOXKHOCTH
OTPaXkKaTh HEUYETKHNE XAPAKTEPUCTUKN OOBEKTOB, HEIETKO OUYePICHHBIE
TPaHUIbl U HeYeTKUE BEPOATHOCTHBIE 3aBUCHUMOCTHU COCTOSHUN CHCTe-
MBI.

HeteTkoe MHOXKECTBO IIPEJICTABIIAET COOONH MATEMATHYIECKYIO MO-
JIeJIb KJIACCa ¢ pa3MbIThivMu (HedeTkuMmu) rpaunamu. OCHOBOI 3Toro
I10/1X0/1a ABJIAETCA JIOTUKA, OIIepUPYIOIas He4eTKON HICTUHHOCTBIO, Pa3-
MBITBIME CBSI3SIMH M HEYETKUMU [IPABUJIAMU BbIBOoma. Heuérkas jioruka
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MIAPOKO IIPUMEHSIETCS B PA3JIMIHBIX HAYIHBIX OOJIACTAX U CETOMHS Ma-
TEMATHYECKOE MOJIEIMPOBAHIE C ITO3UINH HEYETKIUX MHOXKECTB UCIIOJIb-
3yercsl B T€X HAYYIHBIX OOJIACTSIX, B KOTOPBIX TPY/HO WJIM HEBO3MOYKHO
[MOJIyYUTh TOYHBbIE KOJUIECTBEHHBIE OIMeHKN. K TakuMm HalpaB/IeHUsIM
MOXKHO OTHECTH YKOHOMUKY, METEOPOJIOTUIO, COIMOJOrnio u T.a. 1lpnm
PEIeHIH CI0XKHBIX 33,189 U AHAJII3€E CJIOKHDBIX CHCTEM OBLIO 3aMEYEHO,
9TO YeM CJIOYKHEe CHCTEeMa, TeM MeHee TOYHBIMU CTAHOBATCH CyKIe-
HUSI O €e IMOBEJIEHUH, OJIHAKO UMEHHO TaKWe CYKJECHUsI JacTO MMEIOT
HaMOOJIBIIYIO IPAKTUIECKYIO [[EHHOCTD.

3aKOHOMEPHOCTH, OLPEIEISIONINE IOBE/IEHIE ITPOIECCOB U sIBJIEHUIT
B YCJIOBUSIX HEOIPEIEIEHHOCTH, TECHO CBS3aHBI CO CJIyIaWHBIMUA COOBI-
TUSMH, CIOCOOHBIMHU PA3BUBATHCS HEOJAMHAKOBO JAXKe IPU AOCOJIOTHO
OJIMHAKOBBIX 00CTOsITEJILCTBAaX. PaccmarpuBas Takue 3aKOHOMEPHOCTU
KaK COOBITHsI, HAXOMAIINECS B COCTOSIHUN HEOUPEIEIEHHOCTH, CJIEIYeT
OTMETHUTD, YTO CAMO OIIMCAHUE HEOIPEJIEIEHHOCTH CYIIECTBEHHO 3aBH-
CUT OT KOJIMIECTBA W KAYECTBA MMEIOITUXCS UCXOIHBIX JAHHBIX. TaKuM
00pa30M, TOYHBIN YACIOBON aHAJIN3 IMHAMUKU CJIOKHBIX CUCTEM HEJIO-
CTATOYEH IS IPAKTUIECKOrO MCCJIEIOBAHNS PeaJbHBIX IIPOIECCOB MU
SABJIEHUIT. DTO OOCTOATEJBCTBO JIETIAET HEOOXOINMBIM HCIIOJIH30BAHNE
I0/IXOJIOB, TJie OObEKTAMU aHAJIN3a SBJISIOTCH He KOHKPETHBIE YUCIIA, a
VMEHHO HEYETKHNE MHOXKECTBA.

Peanmuzarus asropurMa BEIYUACIEHUS JETEPMAHAPOBAHHBIX U MHTE-
rPaJIbHBIX MHIEKCOB PAHXKUPOBAHUS JIJIsI OIIUCAHUS XaPAKTEPUCTHK aT-
MOCGhEPHBIX YCIOBUI ¢ TPUBJIEUYEHUEM HEYETKHX MHOXKECTB OCYIIECTB-
JIsTeTCsl B MaTeMaTUJecKoil mporpaMmmuoil cpege Maple2021 ¢ mpume-
HeHreM OHOIMoTeKn JuHeiHoi anrebpsl LinearAlgebra. ccrenosanus
[MOKA3aJId, YTO [PU YMEPEHHOM WJIM YMEPEHHO BBICOKOM aTMOCGhEPHOM
[AaBJIEHUN HA CJIEIYIONIUI JIeHb yCTAaHABJIMBAETCs OoJiee siCHASI U COJI-
HEYHAs [I0T'0JIa 10 CPABHEHUIO C YCJIOBUSIMU YPE3BBIYAHO HU3KOT'O J1aB-
JIEHUSI.

B pamkax mcciemoBanus Ha IpuMepax ObLIO ITOKA3aHO, ITO MHTE-
rpajibHbIC WHICKCHI PAHXKUPOBAHUS JIAIOT 00JIee TOYHBIE PE3yJIbTAThI
[0 CPABHEHUIO C TPAIUAIIAOHHBIME J€TEPMUHUPOBAHHBIMU HHIEKCAMU.
Orpanuvenve JJeTEPMUHAPOBAHHBIX WHJIEKCOB 3aKJIIOYAETCS B UTHOPU-
poBaruE (GOPMBI U BHUAA (PYHKIMH IPUHAJIEIKHOCTH CPABHIBAEMBIX
HeYeTKUX BesndanH. JlJIst ycTpaHeHusl JAHHOTO HEJIOCTATKA MCIOJIB3Y-
FOT UHTErpaJjIbHbIE HHIEKCHI PAHKUPOBAHUsI, KOTOPBIE ITO3BOJISIIOT yIl-
TBIBATH 0COOeHHOCTH (POPM (DYHKITUN MPUHAJIEZKHOCTH U OBBIMIAIOT
TOYHOCTDH AHAJIU3A.
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1.22 Cynepcy60ypu Bo BpeMs cynepoypu
10-12 mag 2024 roma

Locnupax U.B., Jhoowuyw A.A., Heodkuna O.H.
Hoanproil 2eousureckuts uHcmumym

[Hespro JAHHOTO MCCIIEIOBAHUS SIBJISIETCST TIPOBEJIEHNE JIETAJTHLHOIO
aHaJIN3a CUJIbHBIX NEOMATHUTHBIX BO3MYINEHHUI BO BpeMsi Cymnepoypu
10-12 mas 2024 roga. 1o ObLIa BTOpasl MO CHJIE TeOMArHUTHAs Oypsi
kocmmaeckoii spbl (SYM/H -518 uTi). TnaBuast dasa 6ypu Habimona-
gach ¢ 17:15 UT 10 masg mo 02:15 UT 11 mas, dasza BoccTaHOBIIE-
Hus Obuia 3aperunctpupoBana 11-13 masi. Bo Bpems cymepbypu Obuin
3apEruCTPUPOBAHBI YPE3BBIYAHO WHTEHCUBHBIE T€OMATHUTHBIE BO3MY-
IIeHUs, TaK HasblBaeMble cynepcy0oypu (SML<-2500 uTu). Coruacuo
6a3e maHubIX SuperMAG, ObLIO HECKOIBLKO cobbiThii SSS: B 19:20 n
19:50 UT, 22:35 m 22:40 UT 10 mas, B 09:00 u 09:50 UT, B 12:45,
13:32 m 13:43 UT 11 masga 2024 roma. IlnanerapHoe mpoCcTpaHCTBEHHO-
BPEMEHHOE DAaCIpeieieHne MATHUTHBIX BO3MYIIEHUII BO BpeMs 3TOr0O
SSS m3y4ayioch ¢ UCIOJIB30BAaHUEM JIAHHBIX, COOPAHHBIX C HA3EMHBIX
cereit (SuperMAG, INTERMAGNET u IMAGE), a takxke Maraut-
HBIX perucrpanmii cozsezaueM Iridium u3 66 ciyTHUKOB Ha BhicOTE 780
KM, PaCIpEeEeIEHHBIX 0 IECTH IJIOCKOCTSM OPOUT, PABHOMEDHO pa3-
necenubiM 110 goarore (mpoekr AMPERE). Mbl usy4uiu skcrpemMasib-
HbIe T€OMATHUTHBIE BO3MYIIEHHsT BO BpeMs 5SS, nu3ydnB MOPdOJIOruio
aBPOPAJIbHBIX 3JIEKTPOJIZKETOB, IIJIAHETAPHYIO CTPYKTYPY IIPOJOJIbHBIX
rokoB (FAC), cOOTBETCTBYIONME MOJOKUTEILHBIE MAIHUTHBIE OYXThI
Ha CPEJHUX MIMPOTaX W WX UCTOYHWKM B COJHEYHOM BeTpe. QOCyKia-
FOTCH PA3JINIHBIE OCOOEHHOCTH PA3BUTHs 5SS BO BPEMS ITUX UETHIPEX
COOBITHIA.
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1.23 KouebaresbHasi CTPYKTypa U CHEKTP
MOIJIOMIEHNs MeTaHa B IIMPOKOM uarna3oHe
BILJIOTh JI0O BUAUMOII 00JIaCTH CIIEKTpa

Bexmepesa E.C., I'pomosa O.B., Yaenexos O.H.
Tomexuti nosumexnuveckul yrusepcumem

CoBpemennbie 3ajaun GU3NKU aTMOChEpPbl TPEOYIOT TOBBIMICHUS
TOYHOCTU U3MEPEHUS U PACUeTa IOIVIONIEHUS COJHEYHOTO U3JIyIeHUs,
MTPOXOJIATIEr0 depe3 aTrMocdepy 3eMiid Pa3TuIHBIMU MOTJIOMIAIOIITNMI
KOMIIOHEHTAMH aTMOC(EPHI, U3 KOTOPBIX 0c00asi POJib OTBOIUTCS MeTa~
HY, KaK OIHOMY M3 OCHOBHBIX MOIJIOIIAIONINX KOMIIOHEHT aTMOC(EpHI
Semitn.

B pamkax pa3BuTOro HaMH HE MMEIOIIETO aHAJIOTOB MUPE METOMA
AHAJIMTUIECKOIO OIPEJIeIeHHs BOJHOBBIX (DYHKIWI (Kak KoJjebaTesib-
HBIX, TaK U KOJIebaTeIbHO-BPAIATEIbHBIX) B CUMMETPU30BAHHON dop-
Me BIIepBbIe ObLIU OIIPEIe/IEHbI ¢ BBICOKOIM TOYHOCTBIO IIEHTPHI Beex He3
WCKJTIOYEHUsI KOJIE0ATEIbHO-BPAIIATEIbHBIX TOJI0C PA3JIMIHON CHMMET-
pun MosieKysbl MeTtaHa BILIOTh 110 12000 cm-1. Tlosyuenusie pesysbra-
TBHI CO3/IAIOT XOPOIIYIO OCHOBY [JIi BHICOKOTOYHOI'O OIpEIesIeHns KakK
K0J1ebaTeIbHO-BPAIIATEIbHOM CTPYKTYPhI CIIEKTPOB IIOIVIOIIEHUS TOM
MOJIEKYJIbI, TAK W MPEJCKA3aHUsI IaCTOTHON 3aBUCUMOCTU KO3 durim-
€HTa IIOTJIOIIEH!sI MeTaHa BO Beeil nH(MpaKpacHOil 06JIacTH CIIeKTPa.

Pabora Bermosmena npu bUHAHCOBON MOAAEPKKE TOMCKOTO mMOJIn-
TEXHUYIECKOro yHuBepcurera B pamkax mpoekta [IPUOPUTET-2030.
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1.24 PasBurune MeTOa0B HCCJIEIOBAHUA
(PU3NKO-XUMUIECKUX MPOIIECCOB B
Me3ocdepe—HUKHeEN TepMocdepe 1o JaHHBIM
CIIy THUKOBOT'O 30HANPOBAHUS

Kyauros M.FO.Y2, Beauxosuyw M.B.Y'2, Yybapos A.I.1:2,
Jemenmovesa C.0.52, @etizun A.M.

L Hrnemumym npukaadnot gusuku um. A.B. Tanonosa - I'pexosa
PAH
2 Hupicezopodcxuti 2ocydapemeermwiti ynusepcumem um. H.H.
Jlobauesckozo

B namnoM mokjazie mpejicTaBieH KpaTKuil 0030p mybJmKarumii, B
KOTOPBIX yCJIOBAE PABHOBECHUSI XMMUYECKH aKTUBHBIX MAJIBIX [IPUMeCceit
aTMocephbl TPUMEHSETCsT B PA3JUYIHBIX 337a9aX BOCCTAHOBJIEHUSI
HeusMepsieMbIX  (IUIOXO M3MEpseMbIX) XapaKTEePUCTHK Ha BBICOTAX
Tpotmocdepnl, cTpaTocdepbl U Me30cdephbl — HUXKHeHl TepMocdepsbl.
CyMMUpPOBAHBI Pe3yJIbTaThl HAINIUX MCCJIEIOBAHUN, PA3BUBAIOIINX
MaTeMaTUIeCKN KOPPEKTHbBIH aHAJM3 PABHOBECHUS] MAJIBIX IIpUMeceit
C TpHUBJIEYEHUEM JaHHBIX T[IO0AJBHBIX 3D XUMUKO-TPaHCIOPTHBIX
MOJleJiell, U WX NPUIOKEHU! K 00pabOTKe DPA3IUYIHBIX CIIY THUKOBBIX
JAHHBIX Ha BBICOTAaX Me3ocdepbl — HUXKHel Tepmocdepnl. Pabora
BBITIOJTHEHA 32 CYET CPEJICTB TEMBI IOCYIaPCTBEHHOIO 3a/aHusl B cdepe

mayku Ne 0729-2020-0037.
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2 T'eodmsmyeckme moasda m nx
B3auMo/deiicTBue
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2.1 Mogeab 6-19€iIKOBOrO reoANHaMO C JBYMS
BUaMU PACIIOJIOKEHUS TUeeK

QDewenko JI.K., Bodunwap I".M.

Huemumym xocmofusuneckur uccaedosanutt u pacnpocmpaHerus
paduosoan JIBO PAH

Paspaborana masomomoBas MOIEIb TE€OAMHAMO, IPUBOIUMOIO B
JIBU2KEHUE MEeCTUCTPYHHON KOHBeKIwel B syipe 3emin. Momesb ocHO-
BaHA HA KOCBEHHBIX JIAHHBIX O KPYITHOMACIITAOHOU CTPYKTypPe KOHBEK-
UU. JTH JAHHBIE OBLIN MOJIyYeHbl paHee, UeM (PYHKIUU PaCIIeIlIeHUsI
cBOOOIHBIX Kojiebanuii 3emiin.

OrmeTnM, 9TO KOHBEKTUBHAS CTPYKTYPA U3 IIECTH STI€EK JJIsT KU
KOro siyipa 3eMuin ObljIa TOJyYeHa B pe3ysbTaTe MPsSMOT0 YHUCJIEHHO-
0 MOJIEJTMPOBAHUS JJIsi HEKOTOporo 3uadenus [Ipencrasiisier nnrepec
pa3paboTKa KOMOMHMPOBAHHONW MOJIE/IHN IIECTUSTIEHCTON KOHBEKIIUY, B
KOTOPOil BEpTUKAJIbHAsS COCTABJISIIONIASI CKOPOCTHU OIMCHIBAJIACH OBl JIH-
HellHO# KoMOmHanuel cchepuiecknx rapMoHuK Yo u Yz. B pabore omu-
CBIBAETCs JaHHAS KOMOMHUPOBAHHAS MOJIEJIb.

Pabora Bommonmena 3a cuer locymapcrsennoro 3amanums NKHP
JIBO PAH (per. Ne HUOKTP 124012300245-2).

2.2 IlpumeHeHUe HEMPOHHBIX ceTeil
KosamoropoBa-ApHosba B 3aJa4ax aHAJIN3a U
MMPOTHO3a r€OMarHuTHOroO mHjekca Dst

Honozos FO.A., Mandpuxosa O.B.

Hnemumym KocmoPuduseckus ucciedoganutl U pacnpocmparerus
paduosoan JIBO PAH

B pabore mpejjiaraercs MCHob30BaHUE HEHPOHHBIX ceTeil apxu-
tekTypbl KAN juis pemenust 3aja9u aHaju3a U POrHO3a JAHHBIX
reoMarauTHOro magekca Dst. Mcnons3ys BosmokuocTn KAN B ompe-
JesieHnn  (DYHKITMOHAIBHBIX 3aBUCHUMOCTEH, HA OCHOBE OOyYIEHHBIX
HEUPOHHBIX CeTel M3y4YeH XapakTep CBA3CH MeXKJy BXOJIHBIMU JIaH-
HbIMK (3HaveHust Dst mHIEKca W mapamMeTpbl MeXKILJIAHETHO CpeJibl)
U BBIXOJHBIMU JIAHHBIME CeTH (IPOrHO3HBIE 3HaveHus Dst uHIeKca).
IIporuos Dst Beimosasiicss Ha 3 daca Biepes 3a nepuoj 2021-2023 rr.
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ITokazano, 4TO pasHble MapaMeTPhl MEXKILIAHETHON CPeIbl OKA3LIBAIOT
pa3HbIil BKJIAJ B IPOrHo3 Dst B 3aBUCHMMOCTH OT PACIOJIOXKEHUS] UX
[peJbIIYIMX 3HAYeHnii Ha BpeMeHHOU ocu. [lokazaHbl pe3yJsibTarbl
paboThl OOYYEHHBIX HENPOHHBIX ceTeil B IEePUOIbl T€OMATHUTHBIX
BO3MYyIIeHU. Pe3yabraTnl mpoaeMOHCTPUPOBAIN EPCIEKTUBHOCTD
[IPEeJIAraeMOoro IOIX0/a, s 3a/1a9 aHAIU3a U IIPOrHO38 KOCMUYECKON
norospl. Pabora BbimosHeHa 3a cdeT l[ocymapCTBEHHOrO 3a aHUs
NKUP IBO PAH (per. Ne rembr 124012300245-2).

2.3 OmneHka CKOpPOCTH IlepeMeIleHus I0>KHOTIo
MarguTHoro mnoJiroca B XIX—XXI Bekax

Cemarxos H.H.Y?2, YVkonos J].A.31

L Hosocubupckuti nayuora ol ucciedosamenbekul
20¢cYy0apcmeentvili YHUBEDPCUMEM
2 Apxmusdeckuti U GHMAPKMUMECKUT HAYYHO-UCCALI068AMenbeKUl
UHCTUMYM,
3 Eounas zeofpusuueckasn cayocba PAH

B pabore BbImOTHEHA OIEHKA CKOPOCTH W HAINPABJICHUS TEpPEMeITe-
Hug 102kHOro MaruutHoro mnosoca B XIX-XXI Bekax. Mcnonp3oBanb
JIAHHBIE MArHUTHBIX HAOJII0eHni B paiionax KOzkHOTO noJryIapust, rjie
YIroJI MArHATHOTO HakJIoHeHus npesbiiaer 60°. OrMedeHbl pernoHalb-
HBIE OCODEHHOCTU PACIIOJIOXKEHUsT PACUETHBIX MATHUTHBIX IIOJIIOCOB, a
TaKKe BBISBJIEHBI 00IIMe 3aKOHOMEPHOCTH uX apeiida. s yroanenust
mapaMerpoB repeMertennsi B xofe 70-it Poccuiickoit anrapkTuyaeckoit
sxenemuun (2024-2025 r.) nposeneno 6osee 40 cepuii yruioBBIX Mar-
HUTHBIX HAOJIIO/IEHN HA MOPCKOM JIbJly U B IPUOPEXKHBIX oasucax AH-
TapKTUJIBL.
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2.4 ABTomMaTM4YecKuii aJropuT™m BbIIeJIEHUS
reOMarHuTHbIX Oypb

Abynuna M.A., Maypues E.A., Illawx H.C.,
benos A.B., Abynun A.A.

Huemumym 3emnozo mazrnemusma, wonochepv, u pacnpocmpareris
paduosoar um. H.B. ITywrosa PAH

U3ydensl pasiudnble napaMerpbl FeOMarHuTHOM akrtuBHOCTH (Ap-
n Kp-uagekcer) 3a nepuox ¢ 1932 mo 2023 rr. Pacemorpensr o6mue
CTATUCTUYIECKUE U3MEHEHUs KOJMYECTBAa WHTEPBAJIOB IeOMAarHUTHBIX
Oypb 3a Bce BpeMsl HaOJIIOJEHMIT, & TAaKXKe 3a OTJIeJbHbBIC COJIHETHBIE
mukJIel. [Tokazano, aTo okoso 46% Bpemenu reoMarHuTHasT OOCTAHOBKA
OCTAETCsA CIOKOMHOMW, W TOJBKO B 7% BCEro BpeMeHW HaOJIONAIOTCS
MepUOIbI MATHUTHBIX Oyph. BBIT pa3paboTaH aBTOMATHYIECKHUI aJro-
PUTM BbLJICJIEHNA TI'€OMarHUTHBIX 6ypb PaCCl\lOTpeHa JJINTEJIbHOCTD
MarHUTHBIX OYPb 3a BECb [IEPUO/L MCCJIEIOBAHMUSI.

2.5 XapaKTepHCTHKH CUTHAJIOB HU3KOYACTOTHBIX
nepeJIaT4YnKoOB 110 HADJIIOJeHUSM HAa CITy THUKAaX
«Nonocdepax.

Konnax B.M.1 2, Mozunresckuti M.M.", Esdoxumosa M.A.Y,
Qyeynun J.B.Y, Andpeescxuti C.E.2, Illnozaes F0.B.2,
Kuavuyoe M.B.A

L Huemumym xocmuneckus uccaedosaruti PAH
2 Mnemumym 3emmo20 mMazHemusma, uoHoC@Hepv U pacnpocmpaneHus
paduosoan umenu H.B. ITywrxosa PAH
3 Hayuno-uccaedosamenvcruti paduodusuneckuti unemumym um. H.
H. Jlobauescrozo
4 000 <«HIIII» Acmpor Daexmporuka«

Ha 6opry cunytaukoB «MoHocdepay yCTaHOBJIEH KOMILIEKC, COCTO-
amuit u3 npudbopa HBK2, maraurnoro maraunka M/ n ssekrpudeckux
naraukoB DJ1. Vcmonb3yst n3MepeHus: mojeil STUM KOMILJIEKCOM JJIEK-
TPOMArHuTHBIX B jauamnaszone dactor 10 I'm — 23 x['1ip 6611 poBenéH
aHajn3 curaayioB HazemHbix OHY nepeaTynkoB, IPpUHSTHIX HA 6OPTY
KA. 3oubl 3acBeTkKu HOHOChEPHI CUTHAJAMH TEPEJATINKOB ObLIN
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OTIpEeJIeIeHbI Ha OCHOBE CTATHUCTHYECKOro aHajmu3a. CpaBHeHHe 3THX
30H C 30HAMH, MOJYYEeHHBIMH Ha CIIyTHHUKe JlemeTep, ITOKa3bIBAIOT,
9TO 00JIaCTH 3aCBETKM B HACTOsIIlee BpeMs CyIIEeCTBEHHO MEHBIIIE,
geM B repuojn paboThl cryTHHKA Jlemerep. DTO MOXKeT OBITH CBs-
3aHO C COJIHEYHOW AKTUBHOCTBIO, KOTOPAs HPUBOAUT K yBEIUICHUIO
IJIOTHOCTU HOHOCHEPHI. AMIIMTYIHO-9ACTOTHBIM AHAJN3 CUTHAJIOB
nepesaTInuKa, [pOMeAnil depe3 Marautocdepy, yKa3blBaeT Ha
MEKBOJIHOBOE B3aMMOJICHCTBAE BOJU3M SKBATOPUAJIBHON 00JacTH —
CUT'HAJIBI TIepeIaTInKa IIPOMOJIYIMPOBAHBI  KOJIEOAHUSIMUA  CHJIOBOI
TpyOKHU, B KOTOPOIl PACIPOCTPAHSAETCS] CUTHAJ. DBLIN TOITBEPXKIEHBI
pe3yabraThl 00 YIMUPEHUU CUTHAJIOB IIEPEIATINKA, IOJIyJIeHHbIE HA
cuyTtuuke aTepkocmoc-19.

2.6 XapakKTepuCTHUKU TOKOHECYIIIEH TOILy ST
3JIEKTPOHOB B MHTEHCUBHBIX TOKOBBIX CJIOSX B
XBOCT€E 3€eMHOII MarHuTocdepbl

Jleonenrxo M.B., I'pueopenko E.E., 3eaenwviti JI. M.
Hrnemumym kocmuveckux uccaedosanuti PAH

Ucnonwszys cuytaukosbie Habmoaerns MMS B xBocTe maraurocde-
pbl 3eMiutn, TOKa3aHO, YTO B ropsideil GeCCTOJKHOBUTEIBHON IL1a3Me,
TypOyJIN30BaHHON 3a CYET PaACHpPOCTPaHEHUs] OBICTPOrO IJIA3MEHHOI'O
[IOTOKa U3 00JIACTU TIEPBUYHOIO [IEPECOETNHEHS, TIPOUCXOIUT (DOPMU-
pOBaHNe MHOXKECTBEHHBIX BTOPUYHBIX HCTOYHUKOB YCKOPEHUS JIEKTPO-
HOB. TakuMMU UCTOYHMKAMHU MOTYT OBITH OOJIACTH BTOPHUYIHBIX MUKPO-
[epPEeCcOeINHEHNH, TIPOUCXO/IAIINX HA JIEKTPOHHBIX KUHETHIECKUX MacC-
mrabax. Takum o6pazom, criyrauku MMS BriepBbie 1103BOJ NI OOHAPY-
JKUATh, YTO B TYPOY/JIU30BAHHON OBICTPBIM ILJIA3MEHHBIM ITOTOKOM ILIa3-
Me JHEPIrUsi MOXKET JIMCCUTTIPOBATE MOCPEICTBOM MHOXKECTBEHHBIX KAC-
KaJIHBIX MUKDOIEPECOEINHEHNI, KOTOPbIe 00pa3yioTcst B CBEPXTOHKMUX
WHTEHCUBHBIX TOKOBBIX CJIOSIX. B maHHON paboTe mcciieryioTcs TOKO-
HECYIIHe MOIMYJISIUN JIEKTPOHOB B MHTEHCUBHBIX TOKOBBIX CJIOSIX HA
3JIEKTPOHHBIX KUHETUYIeCKUX Maciirabax. IIpesjioxken MeTo BbIIEe-
HUST TOKOHECYIIEH TOITYJISIIIUHN, ONPEJIEISIIOTCS. KOHIIEHTPAIIUsT U HETUPO-
TPOIUsi TOKOHECYTIIUX Homy isnuii. [IpucyrcrBue Hermporponuu cBuie-
TEJILCTBYET O PA3MATHUICHHOCTH JIEKTPOHOB. TakzKe IPOBEIEHO CPaB-
HEHHE XapaKTEPUCTUK TOKOHECYIIUX MOILYJISIIIAN B TOKOBBIX CJIOSIX Pa3-
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HBIX TUIOB: [MAPAJUIEJIbHBIX U MEPHEHIUKY/ISPHBIX K BHEIIHEMY Mar-
HATHOMY IIOJIIO B PA3HBIX 00JIACTAX IJIA3MEHHOIO CJIOS T€OMArHUTHOI'O
XBOCTa 3€MJIN.

Pabora Beimosnena npu nogaepxke Poccniickoro Hayurnoro @onya
(rpant PH® Ne 23-12-00031).

2.7 DBaza JJaHHBIX TapaMeTPOB COOCTBEHHBIX MO,
noJieit reo/luHaAMO U KO3 puiimeHToB
CIIEKTPAJIbHBIX MOJIeJIeil Teo/IMHaMO

Jucromxun C.C., Bodunwap I'M., Kasaxos E.A., @ewenro JI.K.

Hnemumym koemopuauneckux uccredosanutl U pacnpocmpaHeus,
paduosoan JJBO PAH

Tleonuramo mpecTaBisieT coOO CJIOKHOE HEJTUHEHHOe B3anmMOJIe-
CTBHE B sifipe 3eMJI TpeX reoU3NYecKuX II0JIeil: CKOPOCTU, MarHUT-
HOI mHyKImu U Temueparypbl. ClleKTpajbHbIE MOJIEJA JACTO UCIIOJIb-
3YIOTCsl TIPU U3YUYeHUH 337184 reoquHamMo. CocTaBiieHne CIeKTPaIbHbIX
Mozelieili TpebyeT pacdera IapaMeTpoB OA3UCHBIX MO, & 3aTeM U KO-
spdurmenToB mMozenu (Koaddunuents! Ianepkuna).

B CIIeKTpaHbHOﬁ MOJIeJin reoJJuHaMO €CTb TpI/I KOMIIOHEHTBHI IIOJId:
CKOPOCTHOE, MATHUTHOE U TeMIIepaTypHOe. 3a/1a9i CKOPOCTHOTO U Mar-
HUTHOTO TI0JIsSI PEMIAIOTCS Pa3/e/ibHO B KJIACCe TOPOUIAJIBHBIX U TI0JIO-
UJIAJbHBIX HOJIEH.

Kosdpdurmentsr lasepkuna mpegacTaBasiioT OO0 WHTErPaJibl 0
00beMy JKHMJIKOTO $Jipa OT OY€Hb I'POMO3JIKUX MYJIbTHILIMKATUBHBIX
KOMOMHAIWT 6a3UCHBIX MOJ] U OIIEPATOPOB BEKTOPHOI'O aHAJN3a B cde-
pudeckux KoopaunHaTax. CaMu MOJIBI BBIPAYKAKOTCS Uepe3 chepruiecKue
rapMoOHUKHU u cdeprudeckue OyHKIMN beccesrst.

Kazkmast Mozia CKOPOCTH M MArHUTHOI'O II0JISI OIIPEIEISIeTCS MYJIbTU-
nuzexcamu Buza (k,nm, type), rue k, n 1 m cooTBeTCTBYIOT AUCKDPETH-
3aliy CIIEKTPa 110 T, § U ¢ COOTBETCTBEHHO, & type — OMHAPHBIN HHIEKC
THUIIA MOJbI: TOPOUJIAJIbHASI WJIN TIOJIOU I bHasI. TeMiepaTypHble MOJIbI
onpeessiorest Myabruuaaekcaru (k,n,m).

sist pacdera MO, TOPOUIATIBHON CKOPOCTH HEOOXOIUMO HAUTH COO-
CTBEHHBIE 3HAYEHN s N;}Fn 7 K03DDUIMEHTHI A;{n u B;{w JJIS TIOJIOU N AJIb-
HBIX ,u,fn u C}, . Jna TemueparypHbIX BEIYHCIISIOT COOCTBEHHBIE 3HAMeE-
HUSA Mgy, U KOIDPUIUEHTHI Ay, Dpn. JJIsT MATHUTHBIX TOPOMIAIBHBIX

MO ﬁ]{n u a;{n, IIOJION TAJIBHBIX 77116377, u len
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Broraucisorces koadpburuentst lanepkuna: Cy;, Hy;, ;;, Eii, Whpij,
Quij, Faij, Buij.

[Tosyuyennbie cobCTBEHHBIE 3HAYEHMS MO M KOI(DMUIUEHTOB IIOMe-
maloTcst B 6a3y JIAHHDIX.

B pmoknaze npencraBiaeHo omnucanue 6a3bl JAHHBIX JJI XPAHEHUsT
U 3anucu cOOCTBEHHBIX 3HadYeHuit Moj u Koddduimentos (koaddurmy-
enrsl [ajlepkuna) ypaBHeHUii CHeKTPaJIbHON Mozesn reopuHamo. Bee
BbIUKC/IeHUsI TIpoucxoaaTr B Maple. st 3amucu 3HaveHuii u 3a1pocoB
Ha rojiydenne JaHHbIX ucrnosb3yercs CYB/I mariadb.

Pabora Bwimosinena 1o rocyjapcrsennoMy 3ajanuio UKWP JIBO
PAH (per Ne HUOKTP 124012300245-2).

2.8 3aBHCHMOCTH MJIOTHOCTH IIJIa3Mbl B
miasmocdepe oT reorpadmUUecKoil JIOJITrOThI MO
JAHHBIM CIY THUKOBBIX U3MeEpeHM’iA

Yyeynun /1.B., Komosa I A.
Hrnemumym kocmuveckux uccaedosanuts PAH

Pabora mocssitiena ncciieIOBAHUIO 3aBUCUMOCTH 3AII0JTHEHUS 11183~
MOC(hEPHBIX MATHUTHBIX CHJIOBBIX TPYOOK OT reorpaduvecKoil I0Jro-
THI B CIIOKOIHOe BpeMms. HecmoTpst Ha To, UTO Marmmrocdepa B OC-
HOBHOM OITUCBIBAETCSl MATHUTHBIMU KOODJIMHATAME, HA €€ 3aIl0JTHEHUe
MOHOC(EPHOH TJIa3MOI BIIUSIET W PA3HUIIA B OCBEIIIEHHOCTU OCHOBaHUI
CUJIOBBIX JIMHUI MArHUTHOIO 110JIsi. B a0l paboTe 3TOT BOIIPOC U3y-
YaeTcs ¢ MOMOIIBIO M3MEPEHN KOHIIEHTPAINI HOHOB Ha ciryTHuKe VTH-
TEPBOJI u kournenTpaiuu 3jeKTpoHoB Ha ciyrtauke ERG. s wc-
CJIeJTOBAHUSI BHIOMPAJIUCH TOJILKO JIJINTEJIbHBIE CIIOKOWHBIE ITEPUOJIBI, B
TedeHre KOTOPBIX MarHUTHbBIE TPYOKM YCIIEBAJIN 3AII0OJTHUTHCS I1JIA3MOI
1o auddy3noHHOr0 paBHOBecHus. [loKa3aHO, 9TO JJIsi OJTHUX U TEX XKe
PEOMATHUTHBIX KOOPJUHAT ILJIOTHOCTH IIA3Mbl B IjIa3Mocdepe 3aBu-
cut oT reorpaduIeckoil moarorsl. Vcciemyercs, Kak 9Ta MpOsBIASIETC S
B PA3HbIE CE30HBI.
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2.9 OmnpegesieHne BbICOThI I'PO30BOr0 pa3psaa
METOJ0M MHOT0JIy4YeBOil mHTepdepoOMeTpUun

Manxun E.U., Illesuyos b.M., Kasaxos E.A., Yepnesa H.B.,
Cannuxos /I.B.

Hnemumym xKoemopuauneckux uccredosanutdl U pacnpocmpaHeHus,
paduosoan JJBO PAH

Panee ObLIa onpejiesieHa BBICOTA JIEKTPUIECKOIO Pa3psijia ¢ IIOMO-
mpio OHY-paauorneienraropa MeTOI0M JIBYX-JIy9€BOi HHTEpdEPOMeT-
pun. CyTb MeTO/1a 3aKII0YAETCS B CPABHEHUH MOJIEJTBHOTO U PEAIbHOTO
CIIEKTPOB MOIIHOCTH CHTHAaJA. B JaHHOMi paboTe IjIst yBEeIUIeHHsT TOT-
HOCTHU OIIPeesIeHUs] BBICOTBI I'PO30BOI0 Pa3psiia MCIIOIb3yeTCsl METO/I
MHOI'OJIy4eBoii mHTepdepoMmerpun. BbicoTa, paccunTaHHAasl 110 CBEPT-
K€ MOJIEJIBHOT'O CIIEKTPa MOIIHOCTH C PEAJIbHBIM CIEKTPOM MOIIHOCTHU
CUT'HAJIA COBIAJAET € O0JIACTHIO CTPATOIAY3bI, TJIe TEMIEPATYPa UMe-
€T JIOKAJbHBI MAKCUMYM, KOTOPBI, TTO-BUANMOMY, CITOCOOCTBYET JIeK-
TPUYECKOMY BBICOTHOMY Pa3psiiy.

Pabora Boimonmena 3a cuer locymapcrsBennoro 3amanus WKUP
JBO PAH (per. Ne HUOKTP 124012300245-2).

2.10 BosmynieHusi napaMeTpoOB CPeAHENIMPOTHBIX
cy0-moHOC(hEpHBIX CUTHAJIOB BO BpeMs
CUJIBHBIX U 3KCTPEMAaJIbHbIX '€OMAarHUTHBIX

oypb

Conosvesa M.C.', Kopxuna I M.%2, Byaamosa H.P.2,
Kacumosa B.A.?

b Hnemumym gusuru Semau um. O.J0. HImuoma PAH
2 Eounasa zeofpusuneckas cayoicba PAH, Kamuamexuti guiuvan

JlaHHbIE HEIIPEPHIBHOIO MOHUTOPUHTA CyO-MOHOCEPHBIX CUTHAJIOB
B IlerpomasiioBcke-KamuaTckoM OBLIN HMCITOJIB30BAHBI I AHAJIN3A
HOYHBIX Bapuanuii aMmnTy bl 1 dassl cpegaemuporaoro JJY (40kI'm)
CUTHAaJa BO BpeMs IVIABHOM CTaWHM CUJIBHBIX M SKCTPEMAJBHBIX Teo-
MarHUTHBIX Oyph 3a MEPHUOJ[ TPeX IUKJIOB COJHEYHONH AKTUBHOCTHU
(2000-2024 rr.). Pesynbrarsl mokazajm, 9TO U3 BCEX PACCMOTPEHHBIX
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53 T€OMArHUTHBIX OYPb, TOJHLKO 15 BBI3BAJU BO3MYIIEHUS PAJIAOCHUI-
Haja. DPEPEeKT HalijleH JJisi TeX TeOMArHUTHBIX OYpb, TJIABHAS CTAJIHs
KOTOPBIX IIPUIILJIACH Ha BpeMsl MeCTHOH Houu. Bcero Obu10l9 Takmx
ciaydaeB. AMmuTyaHble anomaanu JJY curHasa cocTaBWiau OT 3 0
18 aBb, dazoBeie — or 29° mo 135°, mpum 3TOM MIPSIMOIl 3aBUCHUMOCTH
MEXK/Iy CTEleHbI0 F€OMArHUTHOW AKTHBHOCTH U BEJTMIHMHON aHOMAJIUU
JJY curnana maiigeno #e 0bL10. B 4 cydasx, KOrga riiaBHasl CTaIAs
MarHUTHBIX Oypb IIPUXOIUTCS HA BPEMsi MECTHOIO JIHS WJIM Ha BpPeMsi
JIBUKEHUSI COJIHEYHOTO TEPMUHATOPA 4Yepe3 TPacCy pacIpOCTpaHEHUs
curHajia, ObLT HANIEH aHOMAJBHBINA CIBUT TIOJIOKEHUS XapPaKTEPHBIX
MUHUMYMOB B CYyTOYHOM XOJ€ CyO-MOHOCHEPHBIX CUTHAJIOB B MOMEHTHI
3aX0/la WM BOCXOJIa COJIHIIA OTHOCHUTEJIHHO UX HOPMAJIBHOI'O IIOJIOZKE-
HUs B CTOPOHY yBeJIUYEHUs [IPOJIO/KUTEIBHOCTH HO4uM Ha 1-2 gaca.

2.11 BpI3bIBaloT JiM COJIHEYHBIE BCIBIINKU U
MeXKIIJIaHETHbIE yJapHble BOJIHBI
3eMJIETPSICEHUS 7

Sunxun J.B., Huaunenxo B.A.
Huemumym gusuru Semau um. O.FO. HImuoma PAH

B reocdusnueckoii imreparype ak THBHO 00CY K IA€TCsI BOSMOXKHOCTD
TPUITEPHOI'O BO3LCHCTBUA COJIHEYHON aKTUBHOCTUA U CBA3AHHBIX C HeEll
BO3MYIIEHUIT T€OMArHUTHOTO IOJIs HA CEHCMUYHOCTb 3emiu. B gact-
HOCTH, TIOIYJIIPHA HJIes] O COJTHEYHBIX BCIIBIIIKAX M MEXKIIJIAHETHBIX
YJIApHBIX BOJIHAX KaK TPpUITepax ILIaHeTapHORl celiCMUYeCKON aKTHUB-
Hoctu. B pabore mpoBejieHa CTATUCTUYIECKAs] ITPOBEPKA ITUX TUIIOTES.
MeTto10M HAJIOXKEHHBIX 3MOX PACCMOTPEHA CTATUCTUKA TOBEPXHOCTHBIX
3eMJIETPSICEHUT HA OCBEIEHHON CTOPOHE 3eMJIU JI0 U [IOCJIE€ COTHETHBIX
BCHBIIIEK U MeXKIIJIAaHETHBIX yaapHbIX BoH 20102020 rr. B mHTepBaIe
+2 mua u +1 gac, coorBercTBeHHO. CTATUCTUYECKN 3HAYUMBIX U3ME-
HEHUI CEfICMUYHOCTH B paMKax HAJIOKEHHBIX OI'DAHMYEHUil 1Mo TTyou-
HaM U TI0 JIOKAJbHOMY BPEMEHU OYara 3eMJIETPsICeHUs He OOHAPYKEHO.
[losrygennble pe3yabTaThl CTABAT IO/, COMHEHUE THIOTE3Y O COJIHEY-
HOMl BCIIBIIIIKE WJIN MMITYJIbCE BHE3AITHOIO HAYAJIA MATHUTHOIN Oypu Kak
BO3MOXKHBIX TPHUITEPax 3eMiieTpsiceruit. Tem He MeHee, HEKOTOPBIE CTa~
TUCTUIECKUE PE3YIbTATHI BCE eIlle TPYIHO 0O0bICHUTH HA OCHOBE CYIIe-
CTBYIOIIUX IIPEJICTaBJIEHUII.
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2.12 DKclepuMeHTAJIbHbIN KOMILJIEKC JIJIs
WCCJIeJOBAaHUI aHOMAJIbHBIX 3¢ dHEKTOB B
reou3nYecKnx I0JIIX B PErMOHe CEBEPHOIro
Taub-ITansa

Iax T.J1.Y, Canuxos H.M.', Hypaxwnos C.M.', Hlenemos A.JI.}+2

L Hremumym uonocdepvt Aspokocmuneckozo komumema
Munucmepcmea yudposozo pazsumus, UHHOBAUUL U
AIPOKOCMUHECKOT, NPOMBIAUNEHHOCTIU
2 Quauneckuti uncmumym umeny I1.H. Jlebedesa PAH

4 mapra 2024 r. Ha SMUNEHTPAJILHOM paccTogHun 12.2 KM OT KOM-
IJIEKCA U3MEPUTEIFHOIO 0DOPYIOBAHNS, IIPETHAZHAYEHHOTO JIJIsi MOH-
TOpUHTa reoU3NIECKUX T0JIell B celicMoakTuBHOM pernore CeBepHOTO
Taup-1llans, npousonuio KpymnHoe 3emieTpscenne MarauTyaoir M6.1.
[ToaroToBKy 9TOTO CEACMUIECKOTO COOBITAST MBI OOHAPYKUJINA B Peasb-
HOM BpeMeHU 3a 8 JiHell 10 OCHOBHOI'O TOJIYKa, KOTJa B BapPHAIUIX I10-
TOKa raMMa-KBAHTOB B CKBaxKuHe Ha TyiyoutHe 100 M BO3HHUKJIO Xapak-
TepHOe OYyXTOOOPA3HOE MOHMAKEHNE, ITO COIJIACHO HAIUM IPE BTy UM
HCCIIEIOBAHUSIM, C OOJIBIION BEPOSTHOCTHIO CBUIETEIBCTBOBAJIO O IIPU-
OIMZKAIOIIEMCST 3€MJIETPSICEHUN. DKCIEPUMEHTAIBHBIN reou3nIecKuit
KOMILJIEKC, UCIIOJIB30BAHHBI JJIs PETUCTPAIUN AHOMAJILHBIX 3ddeKTOB
[IOJITOTOBKY 3emJjeTpsiceHnsi M6.1 pacroJioxkeH Ha Hay9YHOU CTaHIUU
(N43.042 E76.944) na BbicoTe 3340-3400 M HaJs ypoBHEM MOpsl. B pa-
60Te UCIOJIb30BAIH:

- MuorokanaibpHbIl Teodusndeckuit  perucrparop MI'P-02-16
(h 3400m), npesHa3HAYECHHBIA I MOHUTOPUHIA BPEMEHHBIX Ba-
pUaIuii eCTeCTBEHHOI'O MMILYJIbCHOTO 3JIEKTPOMATHUTHOIO IIOJIST
Semsm Ha jByx dacrorax VLF - 7.5 k' u 10,0 x['. Ise B3a-
UMHO OPTOIOHAJIbHBIE (DEPPUTOBBIE AHTEHHBI PETMCTPATOPA YCTa-
HOBJIEHBI B HampasJjeHusax cesep-ior (7,5 k') u 3amai-BOCTOK
(10,0 &l'm). Ilomcyer uMIYJIBCOB BEAETC C UHTEPBAJIOM B
10 cexym;

- Maraurabii  garunk  MIMC-008  UMHIYKIIMOHHOTO  THIIA
JUIS  PErucTpaliy — Bapualud  TI'OPU3OHTAJbHON  cocTaB-
JIAIONIEl  HAUpPS?KEHHOCTHM  MACHUTHOIO — IIOJII  3eMJId B
YHY-quanazone (0.0001 — 20 'm) ¢ 9acToTOl JUCKPETU3AIUN
66,6 ', opueHTHpPOBAHHBIN B HaIpaBeHun cesep-for. s Toro,
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9TOOBI PErUCTPUPOBAJIMCH TOJIBKO CHTHAJBI B Juamnaszomne Y HY,
UCIIOIb30BAIN (DUJIBTP HUKHUX JacTOT JeObImeBa 12-ro mopsii-
Ka ¢ moJtocoit cpesa 20 ', Takxke UCIob30BaICA PEKEKTOPHBIH
GUIBTP JJIsl JIY4IIero MOJaBIeHUs CUTHAJIOB OT IIPOMBIIIIEHHON
cetu 50 I'm;

- CkBaxkmna rybmuoit 300 M, 3amnojiHeHHas BOJOH 10
15045 meTpos;

- Kpucrammmgeckuit  ramma-gerekrop — Nal(TI) (SDN.30,
nuamerp (D40 MM) ycTaHOBJIEH B CKBaxkKuHE Ha IIyOHHE

100 M, IIpeTHa3HAYeHHON JJIST n3MepeHust Bapua-
muit  NOTOKa  TraMMa-U3JIy4deHUs. KamubpoBka  ramma-
JEeTeKTOpa BBIIIOJIHEHA c HCIIOJIb30BaHUEeM 3TaJIOH-

HbIX  ucTOuHMKOB  Am-241 (Eu=60 ksB) wu Cs-137
(Eu=660 k2B). Cuer raMMa-UMILyJIbCOB IIPOU3BOJUTCS C MHTED-
BasioM B 10 CeKyHJ B IIECTH SHEPreTHYECKUX IHAIA30HAX:
20-40, 40-80, 80-200, 200-400, 400-800 wu >800 k3B.
Tpu  gardmka — TeMieparypbl — yCTAHOBJIEHBI — Ha  IUIy-
ouae 1, 24 wmw 39 ™MerpoB w® OIWH CHapyXxw BOJU3U
CKBa)KWHBI. lemmepaTypa BO3AyXa B CKBaXXKHHE  HIKE
24 MeTpOB HU3MEHSETCA Ha HECKOJBKO COTBIX TIPaayca, 9UTO
obecrieqnBaeT CTaOUIbHBIE YCJIOBUS st PabOTHI 9JIEKTPOHHBIX
cxeM u kprucrajuia Nal(T1). Hazemuast vacThb Bcex reodusnaeckux
PEruCTPATOPOB HMEET TEMIIEPATYPHYIO CTA0MIM3AINIO0  OKOJIO

2040,25° C.

st permcTpanuy BO3MYIIEHUN B HMOHOCHEPE HUCIOJIb3YETCH Me-
TOJ[ JIOILIEPOBCKOrO 30HIUPOBAHUS MOHOChEDPHI HA HAKJIOHHON pa-
JUOTpacce C HeIpepbhIBHONW Hecymieil. B OCHOBY IOMIEpOBCKUX U3-
MEepeHUil 3ajI0yKeH NpUHIMI paboThl merin (ha30BOH aBTOIOIACTPOL-
ku vacrorsl (D®AITY) u peanms3oBaHa BO3MOMKHOCTb HM3MEPEHHUS
nortepoBekoro  casura  dacrorsl  (JICY) Gosbmiero mo aMmsmTy-
e Jyda B YCJIOBASAX MHOIOJyYEBOIO CHUTHAJA. BBIOOD ONTHMMAIIb-
HOIl paJMoYacTOThl IIPOBOJUTCS COIJIACHO KaTajora BpuTaHCKOil Be-
maresnbHolt Koprnopamuu (BBC) www.short-wave.info. ust usmepe-
mug JICY wcmonb3oBaan paguonepesaTdnk BelmaTe/bHON paano-
crannuu B r.Jlyman6e (Tamkukucran), paboramomuii Ha dacToTe
f = 7245 x['u (N37.533 E68.700). IIpuemuoe mormiepoBckoe o6opy-
JIOBAHUE PACIIOJIOXKEHO B JIBYX U3MEPUTEJbHBIX MYyHKTaX: I. AJIMATHI,
Nucturyt nonocdepsr (43.176° N, 76.953° E) u «Panuonosmron Op-
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Gura» (43.058° N, 76.973° E). BrinosHeHHOE HCCIIEIOBAHNEE CEHCMO-
TEeHHBIX AHOMAJIUH B PA3IUIHBIX Me0PU3NIECKUX TOJISIX YKA3bIBAJIO HA
3aBEPINAIOIINIT TAIl [TOJI'OTOBKU KPYITHOT'O 3€MJIETPSICEHUS.
UccnenoBanue BoInosHeHO 1pu hbUHAHCOBOM momep:xkke Komurera
Hayku MwuHHECTEpCTBA HAayKW W BBICIIEro obpa3oBanus PecmyOiauku
Kaszaxcran, rpant Ne AP19678127 «Paspaborka MeTOI0B MOHUTOPUHTA
reopusnIecKux TmoJieit B cucreme Jmrocdepa-armocdepa-nonocdepa-
marauTocdepa B ceiicmoornacuom pernone CesepHoro Tsaub-Illams .

2.13 BuusgHue CBEepXHU3KOYACTOTHBIX MAarHUTHBIX
noJieii IIlymaHOBCKOro auama3oHa Ha
JIEKTpUYeCcKre peakIiiui y pacTeHuit

TIpunbepe M.A.2, Havun H.B.', Hemyosa FO.A.2,
Capagparnos @.I'', Hsanosa A.B.2, Joaunun A.A.", Iupozosa I1.A.2,
Bodenees B.A.%2, Mapees E.A.!

L Huemumym npukaadnot gusuky um. A.B. Tanowosa-I'pexosa PAH
2 Hayuonanonwti uccaedosamenvcruts Huorcezopodexud
eocydapcmeennoil yrusepcumem um. H.U. Jlobauesckozo

Ha mkasie 9acToT 37I€KTPOMATrHUTHBIX TOJIEH eCTh 0coOble 00J1aCTH
WHTEpeca, KOTOPbIE, ¢ OJIHOW CTOPOHBI, B CHJIYy PA3JUIHBIX TPUIUH MO-
YT MEHSTHCS B IPHUPOAHBIX YCJIOBHSAX, C JIDYTOH CTOPOHBI, OKA3bIBA~
FOT BBIPDAXKEHHOE BJIMSIHUE Ha COCTOSIHEE YKUBBIX OpraHm3MoB. OHOI
73 TaKuX 00JIacTell SIBJIsIeTCS JUAIIA30H CBEPXHIU3KOYIACTOTHBIX MMOJIEi B
okpectroctr [TlymanoBckux pezonancos. OupeieieHne BIUSTHAST TAKAX
MATHUTHBIX IOJIEfl Ha »KUBbIE OPraHU3MbI 3HAYUMO B IBOJIIOIMOHHOM
7 9KOJIOTUIECKOM ACIEKTaX, IIOCKOJIbKY BBIPAYKEHHOCTH ACCOITUUPOBAH-
HBIX ¢ pe3oHaHcamu IllymaHa y4acTKOB CIIEKTPa MOYKET MEHSIThCH II0
Mepe M3MEHEHUsl KJIMMATa 3a CYET 3aBUCUMOCTH OT TJIOOAJIBHON MOJI-
HUEBOI aKTUBHOCTH.

B skcrepuMenTax M3y9aaoch BAUSHIE MATHUTHOTO MOJIS C 9aCTOTOMN
Bropoii rapmonuku [Ilymanosckoro pesonanca (14,3 ') na ssexkrpu-
Jeckue peakiuu pacrenuii mmenntinl (Triticum aestivum L.). DuekTpu-
YecKue peakInu, IIpeIcTaBIIsone coboii CKOOPAMHIPOBAHHOE H3MEHE-
HU€ BEJIUYUHBI 3JIEKTPUYECKOrO MOTEHIna a Ha MeMOpaHax KJIETOK y
JKUBBIX OPTaHU3MOB, SIBJISTIOTCSI YHUBEPCAJIBHBIM CUTHAJIOM, ITO3BOJISTIO-
UM 3aIlyCKATh Pa3HOOOpa3Hble (PU3NOJOTHIECKHE OTBETHI HA U3MEHe-
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HUe OKPY2KAIOIIUX YCJIOBU (TeMIlepaTypa, CBeT, MeXaHUIecKoe BO31eli-
crBue u T.7.). IlokazaHo, 9TO MOBBIMIEHHOEe MarHuTHOE moste (9 M)
¢ gacroroii 14,3 't yBeinunBaeT aMIUIUTY/Ly JIEKTPUIECKUX PeaKIuit
pacTeHuil, BBI3BAHHBIX CBETOM BHIUMOIO JTUAIa30Ha. J[omoHuTeIbHOE
UCCIIEOBAHKME YaCTOT B OKPECTHOCTAX Bropoil rapmonuku (10,5, 13,3,
14,3, 15,3, 18 I'it) semMoncTpUpyeT HAJIMIUe pe30HaHCHOrO dhdekTa Jis
OMOJIOTMYIECKNX OTBETOB: BIUSHUE 0I5 ¢ YacToToit 14,3 I'it numeno nan-
boJiee BhIPasKEHHBINH XapaKTep.

WccieroBanusi BBIIOJHEHBI B paMKaX TIOCYIapPCTBEHHOTO 3aIaHUSI
UII® PAH Ne FFUF-2025-0009 u wmayunoit mnporpammvbr Haru-
OHAJILHOTO IIeHTpa (U3MKM U MareMarTuku, nHanpasjieame N° 10
«DKCIEPUMEHTAIbHAS JTADOPATOPHAs ACTPOMU3NKA U TeODUIUKAY.

2.14 SDddekThl costHeuHOIT Benblnku X3.9 KJjacca
Ha BBICOKOHMIMPOTHYIO noHocdepy 10 mas
2024 roma

Munzanesa A.O., Baazosewenckan H.@., Karvwun A.C.,
Feopos U.M., Bopucosa T./].

Ap%:mu%ec%uﬁ U anmap%‘mu%ec%:uﬁ de%HO-UCC,/Le(?OSame./L’bC%U’(Z
urcmumym

B nmanmoit pabore paccMoTpenbl HOHOChEPHBIE TPOSIBICHUS COTHEY-
HO# Benbimku X3.9 Kjacca, KOTopasl IPOM30IIia B aKTUBHOI obJyracTu
AR 13664 Comnna B 06:54 UT 10 mas 2024 roma. Penrrenosckoe u
yabTpaduoseroBoe u3iaydenue CoJIHIA BO BpeMsl BCIBIIIKA IPUBOIUT
K BO3PACTAHWIO JIEKTPOHHON KOHIeHTpanuu Ha BbicoTax D-, E- m F-
cji0eB MOHOCQEPHI, BBI3bIBasl BHE3aIlHble MOHOCQEpPHBIE BO3MYIIEHUS
(BUB). Ozuum u3 tunos BUB siBiisiercst TOMVIOIIEHWE DPaJMOBOJIH
KB mumamnasona, ob6ycjoB/IeHHOe PEHTIeHOBCKUM wu3jyderuem CoJiHIIA,
BBI3BIBAIOIIMM DOCT HMOHU3aluu B HuxKHell monocdepe (short wave
fadeout, SWF). B pafore BbIIIOJIHEH J€TAJIbHBIA AHAIU3 HOBEIEHUS
rmapaMerpoB HMOHOCQEpPbl U YCJIOBUN pacCIpOCTPAHEHHS paHOBOJIH
B 3allaJ[HOM pPeruoHe apKTU4YecKoil 30HbI P® BO BpeMsi BHE3AITHOI'O
noHOCGEPHOTO BO3MyIneHns Tuna SWEF, BBI3BAHHOIO COJTHEYHOI
penbimkoi X3.9 kiracca 10 mag 2024 roga. Anaaus 3¢pPeKToB IPOBO-
JMJICS 110 JAHHBIM CTAHINNA BEPTUKAJILHOIO 30HIUPOBAHNS MOHOCKHEPDI
(B31), a Takke HakJIOHHOrO 3oHgupoBanust uonocdepst (H3N)
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nernpepuiBHbIM JIUM-curnasom na cetu paguoTPacc B apKTUIECKOM
peruone P®. Ceancet B3I u H3U upoeoguiauce 1 pa3 B 15 mMunHyT.
[Ipoanasu3upoBanubie jgannbie oxBarbiBaioT mepuosd ¢ 06:00 mo 10:00
UT 10 mas 2024 roma. Ilokazano, aro B mepumon, SWF mpoucxomur
BO3pacTaHWe MUHUMAJBHBIX dYacToT fmin Ha wonorpammax B3U.
Mo mamueim H3U ma cetm pagmorpacc HaBIIIOIATOCH BO3pPACTAHUE
HamHW3MMX Habmogaembrx  dactor (HHY), ymenbumenwe xommde-
CTBa MO/ PACIPOCTPAHEHUSI PAJIMOCUTHAJTIOB W CYKEHHE JIHAIla30HA
pabouux YacTOT, CBUJECTEJILCTBYIONUX O BO3PACTAHUH IIOTJIOIICHUS
paauoBOJIH B HUXKHeEil noHOchepe. BBIMOIHEHO CpaBHEHUE TIOBEIEHUST
fmin w HHY ¢ morsomennem pagmoBOIH, U3MEPEHHBIX PHOMETPOM
Ha BBICOKOIIMPOTHBIX CTAHIUAX. VI3ydeHre BHE3AIHBIX MOHOCKHEPHBIX
BO3MYIIEHUH [pelcTaBiigeT HE TOJbKO HAy4YHDBINA, HO U IIPUKJIAIHON
WHTEPEC. DTU BO3MYIIEHHUS OKA3BIBAIOT CYIECTBEHHOE BJIMSHEIE HA
HaJIE?KHOCTb PabOThl KOCMHUYECKUX AllllapaToB, CHCTEM paJIMOCBI3H,
PaJUOHABUTAINN W 3aTOPU30HTHON PaINOJIOKAIIUN.

2.15 OnbIT TPpUMEHEHUS METOAa IeopPaTUOJIOKAIUN
B pailoHaX aKTHUBHOTI'O BYJKAaHU3Ma

IHasaosa B.JO.", Axbawes P.P.?

b Kamuamexuti 2ocydapemeenmoiti ynusepcumem umenu Bumyca
Bepunea
2 Eounas zeofpusuneckas cayocba PAH, Kamuamexuti guiuan

Opaumu u3 Hambojiee WHTEPECHBIX U CJIOXKHBIX PErHOHOB IIPH
HCIIOJIb30BAHUU T'€0pPaIAPOB  SBJIAIOTCHA PalOHbl AaKTUBHOI'O BYJIKa-
HU3Ma. DoJIbIllas MOIIHOCTD ITOYBEHHO-TTUPOKJIACTUIECKOTO YeXJIa,
MMOJTUTeHeTHIeCKre TPOMUIN [T0YB, 3HAYUTEIBHOE IUC/I0 TOTPeOEHHBIX
MMOYBEHHBIX TOPU30HTOB, PAa3JEJIEHHBIX MPOCJOAMEU TedpPbl PA3HOTO
IPaHyJIOMETPUYECKOI'0 COCTaBa U BO3pacTa, C OJJHON CTOPOHBI, CO3/IaI0T
XOpoIliie ycJIOBUs It (POPMUPOBAHUS UYETKHUX JIMHAN PaBHBIX a3
OTparkKeHHBIX CUIHAJIOB (Ocell CMHMA3ZHOCTH) Ha reopaMoIOKATIMOHHOM
npoduite, a ¢ APyroif CTOPOHBI — BATPYIHSIOT UX WHTEPIPETAIUIO.
CylmecTByOmMuMii  OMBIT HUCIOJb30BAHUS TIeopajapoB B paiioHax ¢
AKTUBHBIMH BYyJIKaHAMW HeBeJUK. MHOrme acmeKThl HCIIOIb30BAHUST
reopa/lapoB B BYJIKaHHYECKUX palioHaX OCTalOTCd HeJOCTaTOYHO
U3yUeHHBIMU. Bce 3TO ompesesnser aKTyaJbHOCTb HUCCIAeIOBaHUS. B
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JIAaHHON paboTe MpeJICTABIEHBI PE3YJIBTAThl MHOTOJETHUX HCCIIEI0-
BaHWII C TOMOIIBIO METOJa TeOPAINOJIOKAIINNA B DaifOHaX AKTUBHOTO
By/kanu3Mma Kamaarkm, a Takxke Ha octpose Ilapamymmup (Kypuib-
cKue OoCTpoBa). BliepBble BbLIEIEHBI reopaJapHble danuun B paiioHe
HEKOTOPBIX BYJKAHOB. ODTO 3aTParvMBaeT aKTyaJbHBIE BOIPOCHL O
reHe3nce BYJIKAHUYECKUX OTJIOKEHUH, YTO TOMOTaeT B BBISICHEHUN
XapakTepa BYJIKAHUIECKOW JIeSITETLHOCTA UCCJIEyeMoil  OOJIACTH.
Biaromapst MeTo/ty reopainoJIOKaui BO3MOXKHO JIETAJILHOE U3yIeHNe
BEpXHEH YaCTH IeOJIOTUYECKOrO pa3pe3a C OIPEJICIEHUEM MOIIHOCTEN
CJIOEB, a TaKKe BBIJEJIEHNE IeOpPaIAPHBIX (Dalnii, 9TO BHOCUT BKJIA]]
B HM3ydeHme Imporecca pebedoobpa3oBanusl B palioHaX AKTHUBHOIO
ByJKaHu3Ma. PaboTa BBITOJHEHa TPHU TMOAAepXkKe MuHOOpHAYKH
Poccun (B pamrax rocymapcrsenHoro saganus FZSS-2025-0007) u
Tembl HUP «IIpumenenue mertoma reopajuosiokarnuu Ha KamaaTkes
(KamI'V um. Buryca Bepunra).

2.16 kKcnepuMeHTHI HA cnyTHUKaX MOCKOBCKOTO
YHUBEPCUTETA 110 N3YYEHUIO BEPXHEN
arMocdepbl 1 MOHUTOPUHTY KOCMUYECKO
OTO/IbI

Ceepmuanos C.U., Bozomoros B.B., Bozomonos A.B., Hwdun A.D.,
Kaneeaes B.B., Msaexosa U.H., Ocedao B.H.

Mocxosckuti 2ocydapecmeenmviti ynusepcumem um. M.B.
Jomonocosa, Hayuno-uccaedosamenvcrkuts unemumym s0eprot
dusuru um. /.B. Crobesvuvina

PaccmarpuBarorcst OCHOBHBIE TIEJIH U 331290 KOCMUIECKUX MUCCHHT
MoCKOBCKOTO yHUBEPCUTETA 110 U3YYEHHUIO BepXHeH arMocdepbl, MOHU-
TOPUHTY KOCMUYECKOI [TOT0/IbI, 8 TaKKe COJTHEYHOI akTuBHOCTU. B Ha-
CTOSIITIEE BPEMsI OCYIICCTBIIAETCS Pa3BEPThIBAHUE I'PYIIIUPOBKNA HAHO-
cuytaukoB Mockosckoro yuuBepcurera «Coszsesue-270» - 3alryiieHo
20 coyTHEUKOB hopMmaTa KydcaT, 11 m3 KOTOPBIX MPOIOIKAIOT (DYHKIIH-
oHMpoBaTh Ha opburTe. OCHOBHOI 3a/adeil MyJIBTH-CILy THUKOBOI IpyTI-
MIUPOBKU SIBJISIETCS MOHHUTOPHHI KOCMUYECKOH IOTOIBI U JIEKTPOMAr-
HUTHBIX TPAH3UEHTOB PAa3JIMYHON IIPUPOJBI, B TOM YHCJE aTMocdep-
HOTO, acTPOMUINIECKOr0 M COJHETHOTO MPOUCXOXKaeHus. s mpose-
JIeHNsT 9KCIEPUMEHTOB Ha CIIyTHHKaX opmara Kybcar pa3paboTaHbl

63



pa3/udHbIe TPUOOPHI [IJIs PETUCTPAINN 3aPAKEHHBIX YACTUIL BHICOKAX
SHepruil (rIaBHBIM 06PA30M 3JIEKTPOHOB U IIPOTOHOB, TAMMA-KBAHTOB B
OKOJIO3EMHOM IIPOCTPAHCTBE, & TAKZXKe OITHIECKOro (yabTpadroaeToBo-
ro u KpacHoro) ceedenus armocdepsl. K nacrosimemy BpeMeHu B Xoje
U3MEpEHNil Ha CIyTHUKAX TIPYHNIAPOBKU MOCKOBCKOIO yHHUBEPCHTETA
TmoJiyvena BaykHasg wHdopMars o0 3ddekTax KOCMUIECKON TOrO/IbI,
CBA3AHHBIX C PA3JUYHBIMU IIPOSBIECHUSIMHU BCIIBIIIEYHON AKTUBHOCTU
CoJtHIla ¥ ee BIUSIHIEM Ha T€OMATHUTHYIO OOCTAHOBKY B OKOJIO3E6MHOM
npocTpaHcTBe. B gacTHOCTH, MOJIyYeHDbI JAHHBIE O JUHAMEIKE IOTOKOB
CyO-peJIATUBUCTCKUX JIEKTPOHOB B O0JIACTSX BBICBHIIAHUI U3 BHYTPEH-
Hero (L 1.7 - 1.8) u BHemHero mosicoB — Tak Ha3blBacMast, 00JIaCTb
«3a3opay» (L 2.2 - 3.0), mostyueHbl HOBbIE JIAHHBIE O OBICTPBIX BapHa-
[USIX [TIOTOKOB JIEKTPOHOB Ha APKTUYECKOI KPOMKE BHEIITHET'O I105Ca U
B noJisipHOit manke. Ocobo cieryer OTMETUTb PE3YIbTAThI HAOIIOMEeHU T
sIBJIEHU{1, TPUBOJSIIUX K CYIIECTBEHHOMY H3MEHEHHIO DaHaIlHOHHBIX
yCJIOBHIT B OKOJIO3€MHOM IIPOCTPAHCTBE. B 9acTHOCTH, K TaKUM SBJIe-
HUASM OTHOCHUTCS IPOHUKHOBEHIE COJTHEYHBIX KOCMUYECKUX JIydeil B 00-
JIACTU TOJIAPHBIX INAIOK, IPUBOJAIIEE K CYIIECTBEHHOU II€PECTPOIKe
PaJIMaIMOHHBIX TI0JIeil BO BHyTpeHHEel MaruuTocdepe. Takyke BazKHBIM
JITSl OTIPEJIeJIeHNUs] JIOKAJIbHBIX JIO30BBIX HAPY30K Ha 3a/[aHHBIX OPOH-
Tax SBJISIETCS M3MEHEHUE MPOCTPAHCTBEHHON CTPYKTYDPBI PACIIpeesie-
HU$ TTOTOKOB JIEKTPOHOB BBICOKUX SHEPIUil BO BHEIIHEM IIOSICE BCJIE-
CTBHE MArHUTHBIX OYypb, B CBOIO O4Yepe]b OOYCJIOBJIEHHBIX M3MEHEHU-
€M IIapaMeTPOB COJIHEYHOI'O BETpA BCJIEJCTBHE AKTHBHBIX IIPOIIECCOB
una Couanie. Vcnosib3oBaHue UMEHHO I'DYIIIUPOBKH CIIy THUKOB, HO3BO-
JIIOIIUX TIPOBOJUTH OJIHOBPEMEHHBbIE U3MEPEHHsI B PA3HBIX 00JIACTSIX
OKOJIO3EMHOTO ITPOCTPAHCTBA, ODECIIEINBAECT YCJIOBHUA IJIs MPAKTHIE-
CKY HEIIPEPBIBHOTO TATPYJINPOBAHUS BCIBIIIETHON akTuBHOCTH COTHITA
B KECTKOM JHalla30He JIEKTPOMATrHUTHOIO CIIEKTPA.
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2.17 TeoMarHuUTHBII OTKJIMK HA 3eMJIETPsICEHUE
Marautyaoi 7,7 8 Mbeaame 28 mapta 2025 1.

Ps6osa C.A.12

L Huemumym dunamuru zeocep umenu axademura M.A.
Cadoscroeo PAH
2 Uncmumym gusuru Seman um. O.F0. HImudma PAH

B nacrosmeit pabore aHaJM3UpyeTCss NeOMArHUTHBIA OTKJIMK Ha
3eMmJieTpsiceHne MaruuTygon Mww 7.7, KoTopoe HPOHM3OIIO B OKPY-
re Cukaiin B Mbsiame 28 mapra 2025 r. B 12:50:54 o mecTHOMY Bpe-
Mmeru (06:20:54 UTC). DuuneHTp OCHOBHOIO TOTYKA 3€MJIECTDSICEHUS
HAXOJWJICS B 14 KM K ceBepo-ceBepo-3amajry or ropoja Carawar m B
16 kM K 3amajgy ot ropoxa Manjasas. B kadecTBe MCXOIHBIX IIPUBJIE-
KAJINCh JIaHHBbIE PErHMCTPAIMA TPEX KOMIIOHEHT MarHUTHOW WHIIYKITUU
Ha 3€MHOI IMOBEPXHOCTH, BBIMOJHEHHOW Ha JBYX BBETHAMCKHUX 00OCep-
Baropusx «Dy Txwm» u «lanar» u Ha ABYyX MHINNACKIX MATHUTHBIX
obcepBaTopusax «Joyrynmasa» u «Xaiimapabas. Mcmnomb3oBaanch gaH-
Hble UHCTPYMEHTAJIbHBIX HAOJIIOIEHUI 38 BapUAlUAMHA I€OMArHUTHOTO
[oJjisl ¢ JAuCKperusalyeil 1 MuH, IpejcTaBjieHHble Ha caiite MexyHa-
poanuoit ceru INTERMAGNET. HabionaeMble TeOMarHiTHLIE Bapua-
[ WHTEPIPETUPOBAHBI KaK PE3YJIbTAT PACIPOCTPAHEHNS TPEX THUIIOB
BOJIH, O0YCJIOBJICHHBIX 3eMJIETPSICEHIEM: ceficMuIecKux BOIH Pestest, re-
HEPUPYIONUX aKyCTHYECKNE BOJIHBI, aTMOCKHEPHBIX BHYTPEHHUX BOJIH,
BO30YKJIa€MBIX B SIUIEHTPE 3€MJIETPSICEHMsI, U MeJJIEHHBIX MAarHU-
TOIUJIPOIMHAMUYECKUX BOJIH, 00YCJIOBJIEHHBIX JUCCHUIIAINEN aKyCTHKO-
rPaBUTAIIMOHHBIX BOJIH B HIKHel moHocdepe. VcciemoBannst BBITO-
HeHbl B paMmKax rocynapcreerroro saganus WITI" PAH «IIpeobpaso-
BaHWe Teo(U3NIECKUX TIOJIeH KAaK OCHOBHOI (DAKTOP MEXKTeoChepHBIX
B3anmoseiicteuity (Ne 125012700798-8) u B paMKax rocyIapcTBEHHOTO
sastanns 11O3 PAH.
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2.18 UMonocdepHblil OTKJIUK Ha I[yHAMHU IOCJIE
3emJyieTpsiceHus Toxoky-okmu 2011 roza

Ps6osa C.A.12

L Huemumym dunamuru zeocep umenu axademura M.A.
Cadoscroeo PAH
2 Uncmumym gusuru Seman um. O.F0. HImudma PAH

Hesnpio HacTosIel pabOThl SABIISIETCS N3YYeHUEe MOHOCHEPHOTO OT-
KJIMKA Ha [[YHAMH II0CJIe 3eMJIETPsICEHUs, TPOU30Iieaiero B monun
11.03.2011 r. 3emnerpsicerne npousonwio B 05:46 UT (14:46 LT) Bo-
CTOYHEE SMOHCKOro OCTpoBa XoHCIO n umeno maruuryay 9.0. IMocie
9TOro 3eMJIeTpsiceHusl ([I0JIyYUBIIEro Ha3BaHue cOObITUs B TOXOKY-0KN)
BO3HUKJIO I[yHAMH, JOCTUTAIONIEE BBICOTHI B HECKOJIBKO JECSITKOB MET-
POB, KOTOpOE IIPUBEJIO K aBapuu Ha aroMHO# cranmuu Pykycumal u
Tpare/IMu HaIMOHAJILHOrO Macinraba. s aHain3a OTKJIMKA HUKHEN
noHOC(hEPDI UCIOJIB30BAINCH JIAHHBIE T€OMATHUTHOTO MOHUTOPHHTA HA
craumuu [onomysty. C 1ebio onpeiesieHns BpeMeHH MPUXO0JT IlyHaMu Ha
octpoB ['OHOITYTYy MCIOB30BAIMCH JJAHHBIE 00 YPOBHE BOJIbI, ITOJIYIEH-
HBIE C IIOMOIIbIO YPOBHEMEPHON IPUJIMBHON CTAHIIUU MOHUTOPWHIA ITy-
mamu 1612340, pacrosioxkennoit Ha mobepexkbe [onomyity. s anasu-
3a OTKJIMKA BEpXHEH MOHOChEPHI UCIOJb30BAIUCH JAHHBIE CITyTHUKOB
GPS, nossoJisiiomnue onpeesisiTh BAPUAIMNA TTIOJTHOTO JIEKTPOHHOTO CO-
JepxKanns nonocdepsl. B xoe 06paboTKu u aHaM3a JAHHBIX YCTAHOB-
JIEHO, 9TO BOJIHOBBIE BO3MYIIIEHUSI TIOJHOTO SJIEKTPOHHOTO COJIEPXKAHMUS
¥ TeOMarHUTHBIE BO3MYIIEHNS OIIEPEXKAI0T IIPUXO/T IlyHAMU, IIPUIEM 00-
Hapy2KeHHbIEe NOHOC(EPHBIE BAPUAIINN HAXOIATCS B JUAIIA30HE TaCTOT
BHyTpeHHuX rpasuTanunonabix Bosid (BI'B). Kpome toro nosyueno, aro
HU3KOYACTOTHAS 9aCTh BO3MYIIEHUSI IIPUXO/UT PAHbBIIE, KAK U JOJKHO
obITh s BI'B, renepupyembIx myHaMu.

WcciteioBanusi BBIIIOJHEHBI B paMKaxX TIOCY/IapPCTBEHHOTO 33 IaHUsI
T PAH «IIpeo6pazoBanue reodpusndyeckux Iojeli Kak OCHOBHOM
dakrop mexkreocdepnbix Blaumoeitcreuity (Ne 125012700798-8) u B
paMkax rocymapcreennoro 3aganus 1O3 PAH.
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2.19 MHorypoBHeBasi IpyIIAPOBKAa KOCMUYECKNX
anmnapaToB JJi MOHUTOPHUHIa paauanuy B
OKOJIO3€MHOM IPOCTPAHCTBE

Ocedno B.H.', Iasros H.H.', Pybunwmetin U.A.1,
Ceepmunos C.HU.2, Tyiynos B. 1.1

L Mockosckuti 2ocydapcmsenmonti yrueepcumem um. M.B.
Jomonocosa, Hayuno-uccaedosamenvcrut uncmumym A0epHot
Pusuru um. /. B. Crobeavuyvina
2 Mockosckuti 2ocydapcmeenmont yrnusepcumem um. M.B.
Jlomorocosa, dusuveckuts darysvmem

K ocHOBHBIM KOMIIOHEHTAM PaUAIIANA B OKOJIO3EMHOM KOCMIIECKOM
upocrpancrse (OKII), orHocaTCs 3apszKeHHbIE YACTHUIBI HOHOCHEPHON
u MarauTochepHOil IIa3Mbl, TOTOKH SHEPTUIHBIX YACTHIL PAIUAIIAOH-
HBIX nosicoB 3emutn (PII3), coHETHBIX U ralaKTHIECKIX KOCMUIECKHIX
aydeit (CKJI u TKJI) B mupokoM jnamna3one sHepruif. AKTyaJIbHOCTD
MOHHUTOPWHIA I[MOTOKOB STHUX YACTHI] OOYCJIOBJIEHa, KakK (QyHIaMeH-
TaJbHO HAYYHBIMHU 33JIa9aMU, CBA3aHHBIMA C peIIeHneM IpodjeM
YCKOPEHHUs 4YaCTUIl, B3aUMOJEUCTBUI <«BOJHA — 4YaCTUIA», HEJWHER-
HBIX JUHAMAYECKUX IIPOIECCOB B MaruuTochepHOil mia3me, Tak u
NPpUKJIQJHBIMIA  aClleKTaM#i, IIOCKOJIbKY HWHTEHCHUBHbIEC BO3paCTaHUA
IIOTOKOB KOMITOHEHTOB KOCMHMYECKOW paJMalliid MOXKET IIPUBECTU K
MMOBPEXKJIEHUIO W BBIXOY W3 CTPOsl PAINOIEKTPOHHON AIapaTyphl,
YCTAHOBJIEHHON Ha kKocMudueckux armmaparax (KA), crars npuaunoit
HapYIIEeHNUsT KOPOTKOBOJIHOBOII CBsI3W B BBICOKOIIAPOTHBIX pailoHAX,
IPUBECTH K COOSIM B HABUTAIMOHHBIX CHCTEMAX, CHUXKEHUIO TOYHOCTHU
cucreM TJI00AJIBHONM HABUTAIUU ¥ [TO3UIIMOHUPOBaHUs. [[jisi mporHosa
guHaMuky paguaruonsabix mojeit B OKII mHeobxoguM mX MOHUTOPHHT
Ha pa3HBIX OpPOMTAX B INMHPOKOM [HAIA30HE BBICOT - OT HHU3KHAX
kpyroeoix (400 — 500 KM) 10 BBICOKOAIIOTEHHBIX U IeO0CTAIMOHAPHBIX
(BbIcOTOI 0 40 000 KM). OZHUM U3 My Tell peneHnst yKa3aHHOH 3a1a9u
IIPEJICTABJISIETCS UCIIOIb30BaHNEe HAOIIOMCHUHN ¢ TTOMOTIIHIO OHOTUITHBIX
npubOPOB, YCTAHOBJEHHBIX HA CIyTHUKAX MHOIYPOBHEBOH (110 BbICO-
ram) rpynmuposku KA. Tlpejcrasisiercs, 910 B KadecTBe HOAOOHOM
TPYHIUPOBKU MOTYT PaCCMATPUBATHCS METEOPOJIOTHYECKre U reodu-
3UYeCKHe CIIyTHUKU, BbIBEJIEHHbIE HA PA3HbIE OPOUTHI, C yCTAHOBJIEHHOMN
HA HUX Aalllaparypoii, obecriednBaloONieil PEruCTPAIUIO 3aPSIKEHHBIX
gacTul (TJIABHBIM 0O0Pa30M 3JIEKTPOHOB M [POTOHOB) B INMUPOKOM
Jluara3oHe dHepruii — or moJei k3B 110 1ecaTKoB (JIEKTPOHBI) U COTEH
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(uporonst) MaB. Takas annaparypa paspaborana B8 HUNAD MI'Y u
B TeYEHHE DPsjia JeT 0DeCIeInBACT MYJILTH-CIIyTHUKOBBIE U3MEpPEHUSI
Ha KA, BbIBelIeHHBIX Ha OpPOUTHI C MIUPOKUM JIHAIIA30HOM BBICOT:
«Mereop» (kpyrosag opbura 830 kM), «Monocdepa-M» (kpyrosas
opbura 820 kM), «Apkruka-M» (3jumnnTrdeckas opbuTa ¢ BHICOTAMEI
anores u nepures 39 000 u 600 kM), «Dsekrpo-JI» (reocranuonapHas
opbura B miaockocru skBaropa Beicoroil 36 000 km). B mociennee
BpeMsi TpynnupoBka KA MereopoJiorm4eckoro u Treodu3nIecKoro
Ha3HAYEHWs JIONOJIHSETCs HAHO-CIlyTHUKaMu ¢opmara Kybcar. B
paMKax peaju3anuu COOCTBEHHON KOCMUYeCKo#l mporpammbl Moc-
KOBCKOI'O YHUBEDCHUTETa OCYINECTBJISETCS pPa3BepThIBaHWE Ha OpbOuTe
MYJIBTH-CIIy THUKOBOW TPYIIUPOBKI TaKUX AlapaToB. B HacTosiImee
ocymiectBiieH 3amyck 20 cryTHHKOB dopMmara Kybcar, Ha KOTOPBIX
TaKKe YCTAHOBJIEHBI OJHOTHUIIHBIE JETEKTOPHI YACTHUI[ M KBAHTOB, CIIe-
HUaJbHO aJAlTUPOBAHHBIE st (DYHKIIMOHUPOBAHUS B COCTaBE TAKUX
KA. B jokiajie aHATU3UPYETCsl ONBIT UCIOJb30BAHUS U3MEPEHUN Ha
KA MHOroypoBHEBOII T'DYIIIUPOBKHA C IOMOINBIO PEruCTpUpPYIOIeit
anmaparypsl HUMAD MI'Y, B vacTHOCTH, aHAJTU3UPYIOTCSA HEKOTOPbHIE
3bdeKT KOCMUYeCcKO#l morojibl, Habmomasmuecs B 2024 r.. esa-
ercsi BBIBOJ O TOM, 9YTO IPHUBJIEYEHHEM WHQMOPMAINNA UIEHTUIHBIX
U3MEPUTENbHBIX TpubopoB Ha KA, HAXOmSAMXCs HA PA3HBIX BBICOTAX
MMO3BOJISIET TIOJIYYUTh 0Oo0Jiee TOJHYI0 KAPTHHY O MPOCTPAHCTBEHHOM
pacIpesieJIeHUH W JIMHAMUKE TIOTOKOB YACTHIl ¥ KBAHTOB B OOIIHUPHBIX
obsractsax OKII.

2.20 Mopenb reHepanuu CeiCMUIECKOTO
3JIEKTPUYIECKOTO MOJII B aTMocdepe

Xaepdunos H.C.
Hrnemumym adeproir uccaedosanuti PAH

Pamee, B page mnyOaumkamuii, OCBemaIOCh YHHKAJLHOE COOBI-
Tre, nupousoresmniee Ha Kaskaze B mepuon 01-02.09.2019. B Héwm,
B paitone IlenTpanbroro Kaskaza, B XOpOIIyIO IOTrofy, MO Bapu-
anyusM BTOPUYHBIX YaCTUI[ KOCMUYECKUX JIy4deil, PEruCTPUPYEMBIX
KOMILJIEKCHOH ycTaHoBKOi «KoBEp», HaOIIOMATIOCH TPO30BOE IOJE B
aTMocdepe, 3aBepIuBIIeecs CBedeHneM HoUHOro Heba. Boiam, Takxe,
3apEeruCTPUPOBAHbl  KPATHBIE YBEJMYEHUs] IIOJIHOI'O 3JIEKTPOHHOI'O
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cojlepKaHusl MOHOChEPHI, KOPPEIUPYIONHEe € BO3MYIIEHUSIME IIOJIS.
B paitone Magmgoro KaBkaza, B 3TOT mepuoj, APYyroil KOMILJIEKCHOM
YCTAHOBKON «Aparairy, HabJIOJaaCh I'PO30Basi AKTHUBHOCTb, SIIH-
30/IUYECKU  COIIPOBOXKJAEMasi pPerucTparueil Ha 3emje, Ha BBICOTE
rop, raMMa — W3JIy9eHUs] U BOCXOJSANUX KOMIIAKTHBIX CBETSIIIXCS
obpazoBanwmii. Vcnosb3yst apXuBHBIE JAHHBIE CIIYTHUKOBBIX CHUMKOB
(https://weather.us) u gaHHBIE pPACIOIOXKEHUs AKTUBHBIX DAa3JjI0-
mos Espasum (AFEAD) (http://neotec.ginras.ru/database.html),
[IOJIyYIEHBl CBUJIETEILCTBA KOPPEJIAINU I'PO30BOI aKTHBHOCTU HAJL
rIyouHHbIME paziomamu Masoro KaBkaza ¢ BO3MYNIEHHSAMHU 3JI€K-
TPUYECKUX TIAPAMETPOB M3MepeHHbIX B ropax llenrpasnbroro Kaskaza
ycranoBkoit  «Kosép». Ilpemmaraerca crenapuii reodU3UICCKOTO
mporecca, IIPOTEKABIIero B yKa3aHHbIN nepuon Ha Kaskase, Ha kade-
CTBEHHOM YPOBHE O00bSICHAIONIMIT JaHHbIe HAOJIIOICHUT.

2.21 MoaepHu3alusa CTaHIIUT
3JIEKTPOTEJLIIy pU4EeCKUX HAOJITIO/IeHU
Bepxnsas Ilaparynka, Bocrounas Kamuarka:
nepBbIe Pe3yJIbTAaThl HAOJIIOJeHUit

Kacumosa B.A., Konvinosa I.H
Edunas eeopusuveckan cayorcoa PAH, Kamuamerudl duauan

B 2023 r. Oburta BbITOJIHEHA MOJEPHU3ANMA IIYHKTa DBepxHss
[Taparynka, BKJIIOYAIONAsi OPraHU3AINI0 MU3MEPEHUN DPA3HOCTH IJIEK-
Tporesutypuydeckux morennuasnos (TII) ma wersipex smaMsx (100-20
M) ¢ gacroroit 1 I'n, MeTeoposorndyeckux mapamerpos (armocdepHoe
JIaBJICHUE, TEMIepaTypa BO3/yXa), & TaKyKe TeMIepaTypPbl U BJIAXK-
HOoCcTh TpyHTa Ha raybmuax 0.3 m 1.7 m. IlpeacraBiensr pe3ysbraThbl
HEIIPEPBIBHOTO MOHHTOPUHTA HAOJIIOJAEMBIX TAaPAMETPOB B COIIOCTAB-
JIEHUU C TEeOMArHUTHOH AKTHUBHOCTBIO M CEUCMUYHOCTBIO 33 IIE€PUO/T
2 deBpasta 2024 - 31 gasaps 2025 rr. Boumo 06HAPYKEHO 3HATUTETHHOE
BJIMsTHEE Ha ypoBeHb Bapuaruii pasnoctu TII ce3oHHOrO TasiHus cHera
B BECEHHUII MMepuoJ, KOrjia Temieparypa Bosmyxa jgocturaer 15° C, a
BJIA’KHOCTDH TIOYBBI yBejamdmBaercsd Ha 20 IPOIEHTOB Ha TiiyOWHe 110
1.7 m (Bropas nosoBuna amnpess — Mait). 2Kuiakue armocdepnbie
ocaJiku B Mae-Hosbpe TakxKe compoBoxkJasnch Bapuarusmu TII. B
BapHUaIlWsX PA3HOCTH TeJLyPUIECKUX IMOTEHIUAJIOB OOHAPYKEHBI BbI-
COKOYAaCTOTHBIE KOJieDaHUs, BhI3BAHHBIE BO3MYIIEHUSMU MATHUTHOI'O
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moJisi 3eMJIM € WHJEKCOM MarHuTHOM murencuBHocTn Kp=6 u 6Gosee,
KOTODPBIE MPEJCTABISIIOT €000 MArHUTHBIE OypH OT <«CPETHHUX» C
kiraccoM G=2 J10 «9KCTpeMaJIbHO CUJIbHBIX» Kjiacca G=>5. I3 paccmor-
peHHBbIX 44 MarHUTHBIX Oyph, HANOOJIEE STPKO B JAHHBIX TEJITY PUIECKUAX
MMOTEHITUAJIOB TPOsABUIIUCH 12 Oypb ¢ Kimaccom G3-G5. CaMbiM MOIITHBIM
CODBITHEM 33 PACCMATPUBAEMBIN IEPUOJ] BPEMEHN ObLIa SKCTPEMAJIHHO
cusbHasg MarauTHas Oyps 11 mas 2024 r. (Dst=-412 uT, knacc G=5),
BBI3BaBINasl WHTEHCHUBHBIE BO3MYIIEHUs] TEJIIyPUYECKUX ITOTEHIUA-
JgoB ¢ ammmrygamu 10 0.6 MB/M B Teuenume cyrok. Takwke ObLin
paccmorpenst Bapuanuu 111 Bo Bpemsild-tu Mesiko-cpeaHedOKyCHBIX
semyterpsicenuii ¢ M1=5.3-7.0 (no mamubim Kamuarckoro dumana
OUIT EI'C PAH), upousonieiuux Ha SIHUIEHTPAILHBIX PACCTOSHUAX
de=70-160 kM. Bosbmas 4acTh ceficMUYECKUX COOBITHII OTHOCHUTCS
K aKTUBU3AIMU, BBI3BAHHOU 3emiierpsicenrem 17.08.2024 r., M1=7.0,
de=150 kM um ero opIIOK-apTEPIIOKOBLEIM IIPOIECCOM. bBoJibImas
9aCTh PACCMATPUBAEMBIX 3€MJIETPSICEHMII MPOUCXOMWIN BO BpEMsi
MarauTHbIX Oypb. B gacraocTu, 3emuerpsicenne 17.08.2024 r., a Takxke
ero Gopmok n adTEPIIOKN COBIAJNA C BOSHUKHOBEHHEM MAIHUTHBIX
O6ypb Kitacca G2 u Gosiee. Iloaromy wieHTHDUKALMS CIAOBIX CEACMO-
reHHbIX 3derToB B m3meneHusx TII mpescrasiisiia ompeesieHHYIO
CJIOYKHOCTb.

2.22 MosnutopuHr mysnbcauuii Pc3 B ycioBusix
MarHuTHoii 0ypu c ucnosibzoBanuem OHY
perucrparopa

Cusoxonv B.II.

Hremumym xocmopuduueckuxr uccredo8aruts U pacnpocmpareru.s,

paduosoan /IBO PAH

B ycnoBusix maruuTnoit 0ypu mysiabcanun Pc3 TPyIHO BBLIETUTDH HA
domne mynbcarmit 60JbIeil UHTEHCUBHOCTH, TaKuX Kak Pch. Vcmonn3yst
HeJIMHENHHbIe CBOWCTBa Os10uHOr0 Tpancdopmaropa Myraosckoit [eo9C
MOYXKHO TIOJIYInTh 3GMEKT MOIYIISINN MyabcarnusyMu Pc3 rapMoHUK
[IPOMBIIIJIEHHOT'O0 TOKA, MPOTEKAIOIIEr0 B BBICOKOBOJIGTHOH JuHUA. B
KadecTBe PelenTopa 3Tux rapmMonuk ucrosbdyercs OHY perucrparop,
HaXO[ANUNCA HA YIAJEHUH OKOJIO 2 KUJIOMETPOB OT JIMHUM 3JIEKTPO-
nepegadn. AHaJIM3 TOJYYEHHBIX JAHHBIX [MOKA3aJl MPUHIAITAAIBHYIO
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BO3MOXKHOCTEL ucnoib3oBanus OHY menenraropa mo HOBOMY Mpeji-
HazHadeHuio. PaboTa BbIMOHEHA 33 cdeT ['0cyIapCTBEHHOTO 33 aHUS

NKUP IBO PAH (per. Ne HIOKTP 124012300245-2).

2.23 MmuoromaciutabHast MOJeJb I'€oAMHAMO
ynpaBJjsgeMoro 6-sg49eiikoBoii KOHBeKIneil

Bodunwap I'M., @ewenko JI.K.

Hnemumym KocmoPuduseckus ucciedoganuts U pacnpocmpaHerus
paduosoan ABO PAH

[IpenmymecTBO MAJIOMOJIOBBIX MOJIE/IEH T€0AMHAMO B TOM, YTO OHU
MTO3BOJISTIOT BOCIIPOU3BOIUTD JJINTE/IbHBIE BDEMEHHBIE PSIIbI MOIETbHBIX
mojiefl CKOPOCTH, TeMIepaTyphl U MAarHUTHON muaykimn. OgHAKO 9TH
MOJIEJIA OYEeHb TPYIHO COYETATh C TYPOYJIEHTHOI KOHBEKINEN B sifipe.
L7151 9TOrO IPUXOANTCS UCIIOJIb30BATh HE MOJIEKYIIAPHbBIE, y TyPOYJIeHT-
Hble 3HAYEHWS JIUCCUIIATUBHBIX KO3 dunmenToB. CaMu xKe 9TU 3HAYE-
HUS SIBJISIIOTCSI CBOMICTBAMHU HE CTOJIBKO CPEJbI, CKOJIBKO KOHKDETHOI'O
JIBUYKEHUS 3TOU CPEJIbl, 3HAYUT UX HAJO BBIAUCIATH. OIUH U3 BO3MOXK-
HBIX IIOJIXOJI0B - 9TO COIPS?KEHNE MAaJIOMOIOBOI KPYIHOMACIITAOHON
MOJIESTN C KaKOMW-TMO0 MOJIE/THI0O METKOMACIITAOHOH TYpPOY/IEHTHOCTH.
YT06BI IPU 3TOM COXPAHUTH pasyMHOe dncyo Mo (~ 20 — 30), MOKHO
coIpsiraTh KPYIMHOMACIITAOHYIO MOJE/b C KACKaHON MOJEJIbI0 TypOy-
JIBHTHOCTH. BriepBble mjesi MOMOOHOIO COMIPSZKEHUS JJIsi TOCTPOEHUST
MHOTOMAaCIITabHBIX MOJesell TypOyaernTHoCcTH Oblta mpemoxkena JI. 1.
CoxkouioBeiM u IL.I. @purom B 2003 1. B KackagHON MOIEIU HCIIOJIb-
3yeTCs CTelleHHasl nepapxus MaCIHTa6OB7 Y9TO IIO3BOJIFAET IIOKPBLITH BECh
WHEPIMOHHBI WHTEPBaJ MAaCIITaOOB OTHOCUTEIBHO HEOOJIBIIAM YHC-
JIOM MO,

B mokmane mpezncraBiena m obcyKgaeTcs KOMOMHMPOBAHHAS MO-
JIeJib, B KOTOPOIl COIPs?KEHBI MCCJIEIOBAHHAS aBTOPAME DaHEe MaJio-
MOJIOBast MOJIEJIb 6-s9eiffKOBOTO JMHAMO U CIIENUAIbHO pa3padoTaHHas
HEeJIOKaJIbHAsl KACKaJIHAsl MOJEe/Ib MATHUTOIUJIPOJINHAMUYIECKON KOH-
BEKIIMHU. IDTHU IOJMOJEN OOMEHUBAIOTCS MEXKIY co0oit mHDOpMAIY-
eit. Kackagaast oaMo/1es1b mMo3BOJIsIET PACCINTATD TYPOYICHTHBIE 3HA~
9eHusi JUCCUIATUBHBIX KOIMDMUIMEHTOB KPYIHOMACIITAOHOTO 1ist G-
sg4eiikoBoro nquaamo. KpynromacmrabHast IoaMo/eb 1aeT FPAHIIHbIE
3HAYEHUs KOJIJIEKTUBHBIX IIEPEMEHHBIX KACKaJIHON YacTu.
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O6cyzkmaercss cxeMbl OOMEHa AAHHBIMU MEXKIY IIOAMOJEJISAIMU, Pe-
3yJIBTAThl BHIYUCIUTEIbHBIX IKCIEPUMEHTOB.

Pabora Boimonnena 3a cuer locymapcrBennoro 3ajganus WNKUP
JBO PAH (per. Ne HUOKTP 124012300245-2).

2.24 Hosoe cobbrtue GLE74 (11.05.24) B
COJIHEYHBIX KOCMHMYECKHUX JIydax

Banrabun 10.B., I'epmanenro A.B., Muzaaxo E.A., I'sosdescrxuti B.B5.
Hoaspnoili 2eopusuneckuts unemumym PAH

B mae 2024 roma mpomsonuio cobbitme GLE (emy mnpucsoeso
oboznauenue GLE74). Bospacranme B KOCMUYECKHX JiydaX OBLIO
3apEruCTPUPOBAHO MOPOBOH CETHIO HEATPOHHBIX MOHHTODPOB. 3a
HECKOJIBKO JIHEH JI0 9TOTO Mpeblayinas BenbimKka Ha CosHIe BbI-
3Bajia KOPOHAJIbHBIN BbIOpoc Macc, gocrurmmii 3emum 10.05.2024.
DTOT BBIOPOC BBI3BAJ CHJIbHYIO MArHUTHYIO OypIO, & B KOCMUYIECKUX
JIydax IpOM3BeJ 3HauuTeabHoe (hopbym-nonuzxkenne: 6onee 10%. Otu
obcrositesbeTrBa ocoxkusOT anaan3d GLE74. Temeparus cormednbix
KOCMUYECKUX Jiydell Tpou3onuia B akTuBHOU obmactu AO 13664
tuna Beta-Gamma-Delta ¢ koopmuraramu S17W47, Berblika uMmesa
kjacc X5H.8, makcumyM m3isydenus gocturayT B 01:39 UT 11.05.2024.
Ha moment nagasa GLET4 na 3emie OymieBasia MarauTHast Oyps,
Dst-uanexc cocraBun mmxke -400 vIn, a B KOCMHYECKHX JIydax B
KOHIIE TPEIbIIYINX CyTOK Hadajcs Gopoym-3dhdeKT, BHI3BAHHDIN
IIPUXOJIOM IIJIa3MEHHOro 00Jjiaka OT npefbiayineii. [lonnkenne moroka
KOCMUYeCKUX Jy4deil B ciieficTBHe DopOym-addexTa Ha IOIAPHBIX
HEHTPOHHBIX MoHuTOpax cocrasmio 10%. HebGosbimas aMimTysa
COOBITUST OCJIOXKHSIET BBIJIEJIEHHE TAKOro coObITusi Ha (hoHE OOIIero
[MOHWKEHUsI YPOBHs, T€M HE MEHee 9TO BO3MOXKHO. JIaHHBIX MUPOBOI
CeTH [IOCTATOYHO I DPEIIeHuss OOpaTHOM 3aJadun: OIpeesIeHne
apaMeTpOB IIOTOKA COJIHEYHBIX KOCMHUYecKux Jydeil. Ha HeiTpoHHBIX
monuTopax B Anarurax u BapenuOypre (IIInuuGepren) sospacranue
MIOTOKa KOCMHMYECKHX Jydeit cocrasmio 4-5%. Kpome Toro, s
pacdera aCHMITOTHYECKAX KOHYCOB IpUE€Ma HEATPOHHBIX MOHUTOPOB
TpebyeTcst TOYHOE OIUCAHWE COCTOSTHUsT MarauTocdepbl. OO6BIIHO
HaMU HCIOIb3yeTcs Mozenb llpiranmenko-01, XOpOIIO ONIHMCHIBAIOIIA
MarauTocdepy B CIOKOIHOM U BO3MYIIEHHOM cocTosiHuu. JIjst Hameit
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METOIWKH pelrenns oOpaTHON 3aadvu, WCIOIbL3YIONel MoapoOHbIH
U TOYHBII pacdeT aCHUMITOTUYECKMX KOHYCOB IIPHEMa HEHTPOHHBIX
MOHHUTOPOB, HEOIIPEJIEJIEHHOCTh COCTOSIHASI MArHUTOC(EPBl BHOCHT
OCHOBHYIO OINMMOKY IIPW PENIeHUHU, [OITOMY BayKHO TOYHOE 3aJ[aHUe
cocrostaust MmarauTocdepsl. st onucanusi cOCTOSHIS MArHUTOCHEPHI
B Oypro nogxoaut Mmojensb Llpiranenko-03. Panee ona ucrnosb3oBatach
upu pereHun obpaTHol 3aiauu B cobbituu GLE66 (29.10.03), xoraa
Dst-unzexc omyckascs nmxke -450 a1, u mokasaJa xoporiee COOTBET-
CTBHE C peasibHbIMU HabjtofeHusMu. [Ipu pemrennn obpaTHOi 3a1a4u
g GLET74 takke Oblia ucrmosb3oBana mozesab llpranerko-03. Pe-
3yJIBTATOM BBILIOJHEHUST PEITEeHUs] ABJISIOTCS SHEPIEeTUIECKIE CIEKTPhI
U THUTY-YIJIOBOE DPACHpPEe/IeHre IIOTOKA COJTHEYHBIX KOCMHYIECKUX
Jiydeil Ha IPOTS2KEHNN MaKCHUMAaJIbHON (ba3bl COOBITUS C IIArOM B 5
MUHYT.

2.25 HoBbIil B3I HA TPAJIUINOHHYIO 3a1a4y:
CBHUCTHIIE aTMOC(epuKn

Esdoxumosa M. A.Y, Mozunescruti M.M.*, Qyeyrnun J1.B.",
Anopeescruti C.E.2, Illnozaes F0.B.2, XKuavyos M.B.*

L Hnemumym xocmuneckus uccaedosanuti PAH
2 Hnemumym 3emio20 MazHemusma, uoHOCHEPDL U PACHPOCMPAHEHUA
paduosoar umenu H.B. ITywxosa PAH
3 Hayuno-uccaedosamenvexuti paduodusuveckuti uncmumym um. H.
H. Jlobauesckozo
4 000 «HIIII» Acmpon Baexmpornuras

Ha 6Gopry cunyrnukos <«Monocdepas NTpoBOAUTCS HeEIpepbIBHAS
perucTtparus BOJHOBOI (GopMbl curHaja B jumanazone or 10 I'm mo
23 k['m mpu momomu npubopoB HBK2, marmutnoro marumka ML u
EKTPUIeCKUX JAaTI9nKOB /I, Mbl HCIIOIB30BAIN PE3YIBTATHI ITHX
U3MEpeHuil Il aHajm3a IPOXOXKJIEHUS CBHUCTSIINX ATMOCHEPHUKOB
(CA), saperncrpupoBanubix Ha 06opry KA, uepes wmonocdepy un
WX PaACIpPOCTPAHEHHME I10 CUJIOBON JIMHUM MArHUTHOrO moJs. IIpo-
BEJIEH CTATUCTUYECKUN aHaJM3, HA OCHOBE KOTOPOTO TMOCTPOEHO
npocrpancTBennoe pacupeqenenne CA: TOJMHO JUCIIEPCHBIR CHTHAI
Habsroaercst OJiMyKe K BBICOKMM MIMPOTaM, YACTUYHO JUCIEPTUPO-
BaHHBI CHTHAJ — OJMXKe K 3KBATOPY. B MeECTHOE HOYHOE BpeMs
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CA mabioatorcsi CyImecTBEHHO dallle, 9eM B JIHEBHOE, YTO BIIOJIHE
COIJIaCcyeTCsl C OOINENPUHATHIME IPEJCTABICHUAME 00 W3MEHEHU!
IUIOTHOCTU HUOHOChEPHL. 3a IpejeaMu  Ia3Mochepbl  CBHCTSIIIIE
armocdepukn He Habsoaorcs. llomydeHHOe cTaTHCTHYECKOE pac-
npenesenne CA, zaperucrpupoBanubix Ha KA cpaBHuBaercs ¢
pacipesieJieHIeM MOJIHUEBBIX Pa3psijIoB Ha MOBepXHOCTH 3emiu. Jjrst
UIeHTHMUKAINA MOJHUEBBIX Pa3PsA/I0B ObLIa MCIIOIb30BAHA HA3EMHA
cerb JjiokaropoB Blitzortung.org. C momompio 3TOil ceTw BI€pBBIE
OBLIO YCTAHOBJIEHO IPEJIIOIOKUATEIHLHOE MECTOIOJIOKEHNE NCTOTHAKA
CBUCTSIIIETO aTMOCGhEPUKA, 3aPETNCTPUPOBAHHOTO Ha OOPTY CILy THUKA.

2.26 llepcreKTuUBBI OJHOILyHKTOBOI I€JIEHTaI[uu U
nambHOMeTpuu B OHY aumama3zone Ha
KamuaTtke.

Katicun A.B., Maaxun E.H.

Hremumym xocmopuduveckuxr uccaedosanuti U pacnpocmpaHerus

paduosoan IBO PAH

B mammoit pabore mpeamoxken aaroputm rpososokarnuun B OHY ana-
Ma30He, OCHOBAHHBIN Ha METOaX MHTeP(PEPOMETPUN U OIHOIIYHKTOBOM
neserrarun. MeTom OMHOMYHKTOBO MeJIEHTaIuN 3aK/II0YaeTCsT B PET-
CTPAIUK JIEKTPUIECKON I MATHUTHBIX KOMIIOHEHT C ITOCJIE Y IOIITUM BbI-
qucjienneM asumyTta. HTepdepoMeTpust UCIOIb3yeTCsT B OIPE e/ IEHUN
JAJBHOCTU JI0 MCTOYHUKA, [T0 BBICOTE OTPAXKAIOIIErO CJIOS MOHOCKhEPHI
7 BPEMEHU 33JI€PYKKU NOHOC(EPHOTO OTPAXKEHUST OTHOCUTE/IHHO CUTHA~
Jia 3eMHOM BOJTHBI. IIpoBepKa TOYHOCTH METOa OJHOIYHKTOBOMH I'PO30-
JIOKAITMU OCHOBAaHA HA CPABHEHWU C JaHHbIMA BceMupHO cetu ompe-
nenernst Mecrononoxkenus mosuuit (World Wide Lightning Location
Network — WWLLN).

Pabora Bemosimena 3a cuer locymapcrBennoro samanms VKUP
JABO PAH (per. Ne HUOKTP 124012300245-2).
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2.27 IIpoekT «Monocdepa»
Yyeynwun /1. B., Komanda npoexma "Honocgepa"
Hrnemumym xocmuveckux uccaedosanuti PAH

IIpoekt «Momocdepar cOCTONT M3 UETHIPpEX HU3KOOPOUTATHHBIX
CIIyTHHKOB, IIepBasl Iapa M3 KOTOPbIX 3alrylleHa B kKouie 2024 1.
[IpoekT HampaBjieH Ha HM3y4YEHUE COJIHEYHO-3EMHBIX W HOHOC(EPHO-
MarHuTOCEPHBIX CBs3efl W MOHUTOPHUHI BepxHell noHocdepbl. Ha
CIIyTHUKHU YCTAHOBJICH IIIMPOKUI CIIEKTP IIEJIEBOI AIapaTyPhbl, IMEIOT-
cst IpUOOPBI JJII M3MEPEHUs JACTHI PA3INIHBIX SHEPIHil, YCTAHOBJIEH
KOMILJIEKC AIapaTypbl [Uid paguodU3nYecKux u3Mepenuit u ap. B
JOKJIaJIe IIPEJICTABJIEHBI [IeJIN U 3aJa4u IIPOEKTa, COCTaB HAy4HOH all-
nmaparypsl U ee xapakrepuctuku. [IpejicraB/ieHbl epBbie MOy YeHHbIE
pe3y/IbTATHI.

2.28 Pacno3naBaHue rpynnbl BUCTJIEPOB B
paanocurnasax OHY-auanazona

Jdymueea E.A.Y, Bodunwap I.M.?

b Kamuamexuti 2ocydapecmeennsili mexnuseckuti ynusepcumen
2 Hncmumym KoCMOPUSULECKUT UCCALI08aHUL U DACTPOCTPAHEHUA
paduosonn JIBO PAH

B nmammoit pabore ommcaH MOAXOA K PACIO3HABAHUIO TPYIIIHI
BHUCTJIEDOB B YaCTOTHO-BPEMEHHBIX CIleKTpax pajuocuraagop OHY-
nuana3oHa. VICXOaHbI CUIHAJ TPOXOIUT CJIEYIONIe STalbl 06padoT-
Ku: (DUIbTpaIus CUTHAJIA, TEePEeX0Jl B HOBYIO CHCTEMY KOODJIUHAT JIJIsi
BBITIPSMJIEHHST 00pa30B BUCTJIEPOB, HMOUCK T'PYII BUCTJIEPOB, BBIIPIM-
JIECHHBIE 00pa3bl KOTOPBIX MEPECEKAIOTCST B OHOM TOYKE Ha BPEMEHHOMN
oCH.

Pa6ora semmonnena 3a caer HAUP I'BT ®I'BOY BO «Kamuarckmii
rOCYJAPCTBEHHBIA TEXHUYECKUil yHuBepcureT»> (HOMEP rocyapCTBEeH-
woit perucrpanuu  124022500267-1) u Tocymapcrsennoro 3aianus
NKUP IBO PAH (per. No HUOKTP 124012300245-2).
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2.29 Perucrpanus reoMarHuTHO-UH/LYIITAPOBAHHBIX
TOKOB Ha MyTHOBCKOI1 reoTepMajibHOM
JIEKTPOCTAHIINN

TI'sozdapes A.1O.', Xomymos C.FO.', Cusoxonv B.IL",
Yuatiwun E.O.?

L Mnemumym xocmodusureckus uccaedosanuti U pacnpocmparenus
paduosoan /IBO PAH
2 Topro-Aamatickuti 2ocydapcmeennvili yrusepcumem

B wmapre 2025 r. n#a MyTHOBCKOIl TreoTEpPMAJILHON 3JIEKTPO-
CTAHIIMK YCTAHOBJIEHA CHCTEMa JIJIsi PEruCTPAIMUA  [eOMArHUTHO-
WHJYIIUPOBAHHBIX TOKOB B HeiTpaju 6Ji09HOrO TpaHchopMaTopa.
3azeMmyisdIoniasi IMHUHA TPAHC(POPMATOPA OXBAadeHa TOKOBBIMHU KJle-
MAaMH, B KOTOPBIX YCTAHOBJEHBI JBa Jardmka Xojaa. Curman c
9TUX JIATYUKOB PETrUCTPUPYETCS HU3MEPUTEHHBIM KOMILUIEKCOM Ha
OCHOBe MHUKPOKOHTpoJuepa u 24-paszpsyaroro AIIIl. Tis xaaubpoBku
U3MepeHuil pa3 B JBa Yaca II0 TOKOBOW IIeTJie, 3aXOMdAIleil B KJje-
U, TOJAeTCs OWIOJISIPHBIA KaJMOPOBOYHBIN CHUTHAJ aMILIATYION
0.4151 A, cozmaBaeMblil crienuaJ bHBIM 0JJ0KOM KaJubpoBKu. CHHXPO-
Hu3aIms BpeMeHu ocytectsisiercss mpu nomonu GPS. Cobersenubrit
myMm ycranoBku He mpesbimaer 10 MA. B jokiane obcyxkmarorcs
MeTOIYeCKre OCOOEHHOCTH U Pe3yJibTaThl u3MepeHuii. Pabora BbIIOJI-
Hena 3a cuer Locymapersennoro saganua UKUP JIBO PAH (per. Ne
HUOKTP 124012300245-2).

2.30 BzaumMmocBa3b CHUJIBHBIX Bapualiuii
reOMarHMuTHOTO MOJIsd U CeCMUYeCKO
AKTUBHOCTH

Hosuxos B.A.', Jlazapesa E.A.?

L O6sedunenmvni unemumym evicoxuxr memnepamyp PAH
2 Haywnas cmanyus PAH e Buwkexe

Pamee  Teopermueckm  OBLIO  MOKA3aHO, UTO  COJTHEIHAS
BCIIBIIIIKQ (CB) MOZKET BbI3bIBATh IIyJ'H)C&L[I/II/I I'€OMAarHuTHOI'O II0-
ast (TMII) u BCIIecK TeJUIypUYIeCKUX TOKOB B IIPOBOJSIINX PA3JIOMAX,
COITOCTABUMBIE TI0 IJIOTHOCTH C TOKAMU B 3€MHOI1 KOp€e, TeHepUPYEMbIMU
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HUCKYCCTBEHHBIM HMCTOYHAKOM W HPUBOAANIAMUA K IIPOCTPAHCTBEHHO-
BPEMEHHOMY IIepepacIpeIesIeHNI0 PEernoHaJbHOM celicMuaHOocTH. B
KayecTBe IPOBEPKU JAHHBIX PE3YJIbTATOB IPOBEIEH CTATUCTUYECKUI
apaiau3 Bosgeiicreus 50 cuinbmeiimmx CB kmacca X Ha rmobalib-
HYIO CEHCMHUYECKYI0 AKTHBHOCTb, & TaKXKe HA 30HBI IOJATOTOBKU
semsterpsicennii (3T), pacrosoxkeHHble Ha OCBEIIEHHON YacTH 3eM-
Horo mapa u B paamyce 5000 KM BOKPYI' IIOJICOJTHEYHON TOUYKH
(TICT). MeTomoM HAJIOXKEeHHWsI SMOX IOKa3aHo, 4ro B TedeHue 10
cyrok nociie CB mo cpasrernuto ¢ 10 cyrkamu g0 CB nHabiomaercs
pocr ceficmuanoctH, ocoberHo B 3oHe IICT (B 1.4 pasa). Ha ocrose
pPe3yJIbTaTOB IOJIEBBIX HAOJIOAEHUI U JTaDOPATOPHBIX IKCIIEPUMEHTOB
paHee yCTAHOBJIEHO, YTO JMHAMUYECKOE U 3jieKTpoMaruuTHoe (M)
MHUINAPOBAHNE 3€MJIETPSICEHII BO3MOXKHO, KOIJ[a 3eMHAsl KOPa HaXO-
JIUTCS B CYOKPUTUYIECKOM HAIIPSIKEHHO-1e(DOPMUPOBAHHOM COCTOSIHUM.
OO6BIYHO TaKOE COCTOSIHUE MPUCYTCTBYET B adTepioKoBbix 30Hax (A3)
cunbabix 3T B mepumoj; mepepacipesie/leHns HANPSKEHUN B 3eMHON
KOpe TocJie TyiaBHoro tosaka. Ha nmpumepe A3 cunpaoro 3T ¢ M=9.1
(Cymarpa-Anmamanckue octposa, 26.12.2004) mocme CB  kiacca
X7.2 (20.01.2005) mokazaso, 4TO KOJIHIeCTBO adrepiiokos ¢ M>2.5
yBesmmanBaercs bojiee aem B 20 pa3 mocsie CB ¢ 3ajepkkoit B 7 CyTOK.
g A3 Hapdunackoro 3T (M=7.1, 04.09.2010, Hosas 3esanusi)
nokazano, uro cuwibhble CB kmaccop X u M, BEepoOsSTHO, CIPOBOIUPO-
BaJM Tpu cuibHbIX adrepuioka (M>5.5) ¢ oquHaKOBOil 3aepXKKOii B
6 maHeit Ha paszyome [TopT-Xujr3, KOTOPBI sIBJISIETCsST 1Y BCTBUTEIBHBIM
K BHemHeMy DM BO3IEHCTBUIO C TOYKHU 3PEHUsI €r0 3JIEKTPOIPOBOJI-
HOCTH U OpPHEHTAIMUA. AHAJIOTUYIHBIE PE3YILTATHI ObLIM MOy YeHbI JIJTst
orkiauka A3 cemu cmibHbIx 3emierpsicennii Ceseproit Kanmudopuun
Ha 24 cuIbHBIE Bapualliyd TOPU3OHTAJILHON KommoneHTbl dBx I'MII
(|dBx/dt|>50 uTn/mMuH), 3aperucTpupoBaHHBIE Ha OGCEPBATOPUU
®pecuo B nepuos, 1991-2024 rr. Pusndeckuii MEXaHU3M TPUTTEPHOTO
OM-BozeiicTBus Ha 30HY HOAroToBKH 3T MOXKET OBITH CBfA3AH C
noBeieHneM bJriona Bo BpeMsi cuibabix Bapuarmit ['MII, anamoruamo
TPUITEPHOMY BO3JEHCTBUIO yIAJEHHBIX cUIbHBIX 3T. st mpoBepku
9TOI rUIOTE3bI OBLI IIPOBEJIEH CTATUCTUYECKHUI aHAN3 CEHCMUYIHOCTU
Ha Tpex reorepmasbHbix 10X (I'TII) Ceseproit Kamudopauu
B mepuoy, 24 cunbHbIXx Bapuanuit I'MII. Tlokasan craTtucTudecku
3HaunMblil poct ceiicmuanoctu ['TII ¢ 3amepxxkkoit ot 2 o 10 gHeit
nmocste Bapuanuu ['MII. D70 cBHIETEIHLCTBYET HE TOJIBKO O HAJIMYUN
TPUTTEPHOTO TOTeHNHuaa CUIbHbIX Bapuamuit ['MII, Ho m o posm
duronioB B mHMnuupoBanuun 3T. Ha ocHOBe aHHBIX 110 OTKJIUKY

7



CeiCMUYHOCTH HAa CHJIbHBbIE BHemmHue DM-BO3AeiicTBus Ha 30HDBI IOJ-

roroeku 3T mpejyiaraercss MOIXOJ, JIJIsd MTOJIYYEHUs JOIOJTHUTEIbHBIX

IIPOrHOCTUYECKUX JAHHBIX JJIs KPATKOCPOYHOro mporuo3a 37T.
WccnenoBanme BBITOJHEHO 3a cUeT rpanTa Poccuiickoro HayvIHOoro

donga (mpoekr Ne 24-27-00205).

2.31 OTKINMK aKyCTHUY€CKOIl 3MUCCUU
NPUNOBEPXHOCTHBIX OCAJ0OYHBIX MOPOJ HA
O/JIM3KWil IPO30BOIl pa3psiJ B MyHKTE
«KappimMimuaa»

Mapanyaey, FO.B.', Pyaenxo O.IL%, Muwenxo M.A.

L Hnemumym xocmodusunecku uccaedosanuti U pacnpocmparenus
paduosoan JIBO PAH
2 Hnemumym eyaxanonoeuu u ceticmonoeuu JBO PAH

Uccmemytorcs  BO3MYINEHUS ~ METEOPOJOTMYECKUX  BEJIMYWH,
JIEKTPUYIECKOTO TIOJIsSI B TPU3EMHONW arMocdepe ¢ aKyCTHIeCKON
SMUCCUU IIPUIIOBEPXHOCTHBIX OCAIOYHBIX MOPOJL B IyHKTe «Kapbimim-
Hay. DTH BO3MYIIEHUs 3aPErMCTPUPOBAHBI BO BPEMEHHOW OKPECTHOCTHU
rpo30Boro paspsiza 11 okTsiopst 2022 1., TPOU3OIIE/INIEr0 Ha PACCTOs-
Hum 1.2 KM OT JaHHOrO myHKTa. 110 0cOOEHHOCTSIM CKavka rpaueHTa
MMOTEHITNAIA ATMOCHEPHOTO IJIEKTPHUIECKOTO IOJIA BBIICHEHO, YTO
pa3ps ObLT OT 00JIaKa HA 3€MJIIO C IEPEHOCOM Ha Hee OTPULATEIHHOIO
zapsiga. OmpeJiesieHo BpeMsi PesIaKCAIlU ITOrO TOJsI MOCe pa3psijia,
orneHeHa 3>Q@eKTuBHAsT SJIEKTPUYECKasi I[POBOIUMOCTb B obJiake,
CBSI3aHHAS C BEJIMIUHON JIEKTPUIECKUX ITOTEPh, BHOCUMBIX OMUIECKON
u TypGynenTHO# mposoamMocThio. Oma cocrasmma 2 - 10713 Cm/wm.

Yepes 128 ¢ mocsie rpo30BOro pa3psifia MOSBUIOCH AHOMAJIBHOE aKy-
CTHYECKOe U3JIyUeHUe IIPUIIOBEPXHOCTHBIX OCAJJOYHBIX IIOPOJI, KOTOPOE
OBLTIO OJIHOBPEMEHHO 3aPErUCTPUPOBAHO TPEXKOOPIUHATHBIM CEHCcMO-
npueMHUKOM B Jimanaszone dactorT 0.5-400 I'm m Tpemsa pa3HeceHHBI-
MH TIO TIJIOMA TPUEMHUKAMH aKyCTUIeCKOW SMHUCCHM Ha TacTOTaxX
0.05-10 xI't. AxycTudeckne BO3MYIIEHUsI, 3aPETUCTPUPOBAHHDBIE KaXK-
JBIM U3 YeTHIPEX JATYMKOB, OTJINYAJINCH BPEMEHHOI (POpPMOil U CIeK-
TPOM. DTU OCODEHHOCTU OTKJIMKA OCAIOYHBIX IIOPOJL Ha jie(POPMUPOBA-
HIE MOYKHO OOBSICHUTH Pa3IUINeM TeKCTYPblI M JUCIEPCHOIO COCTaBa
IOPOJT, B TOYKAX YCTAHOBKU JATUYUKOB.
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[Ipennaraercss BO3MOXKHBIA MeXaHU3M TIeHEPAIMA aKyCTHIECKON
SMUCCHU MPUIOBEPXHOCTHBIX OCAJ0YHBIX MOPOJ IPH IEPEHOCe B HUX
JIEKTPUIECKOT0 3apsijia U3 I'PO30BOr0O 00JIAKA.

UcciieroBanre  BBIMIOJHEHO TpHU  OIJIEpKKe [ 0CyIapcTBEHHOTO
zamanus UKWP JIBO PAH, perucrpalnOHHBIE HOMED TeMBbI HCCJIe-
nosanust 124012300245-2 u Tocymapcreennoro 3amanust UBUC JIBO
PAH, perucrpanuonnsiii Homep Tembl ucciegoanus 124031400016-8.

2.32 Ceiicmorennbie 3(pdeKThI B Bapualiusix
reodu3nYecKux I0JIeil mepe/
3emJieTpsiceHnneM marHutyzaoiit M6.1 B pernone
CeBepuoro Taub-IlTans

Canuzxos H.M.', Iax I JI.', Hypaxwros C.M.", Illenemos A.JI.21

L Hnemumym uonocgepnv. Asporkocmuneckozo komumema
Munucmepemea yugdposozo pazsumus, UHHOBAUUT U
AIPOKOCMUHECKOT, NPOMBAUNEHHOCTIAUL
2 Qusumeckuti uncmumym umenu I1.H. Jle6edesa Poccutickoti
arxademuu HAYK

Ceiicmorennbie 3hdeKTh B Bapranusix reou3naecKux Mojei Ie-
pex 3emserpsicearem marauTygoit M6.1 B perumone Ceseproro TsiHb-
[Tamnsa 4 mapta 2024r. Ha SMUIEHTPATBHOM PACCTOTHUN 12.2 KM OT KOM-
ILUIEKCA M3MEPUTEIBHOIO O0OPY/IOBAHWS, MPETHAZHAIEHHOTO MJId MO-
HUTOPWHTA Teodu3nIecKux moJieil B ceiicMoakTuBHOM pernone Cesep-
Horo Tanp-Ilanst, mpou3oIIO0 KPYyIHOE 3eMJIeTPsiCEHHNE MarHUTYI0i
M6.1. B meramnosuce r.Ayimarsl Ha paccrosHuu 30 KM OT SIUIEHTPA
3eMJIeTPsICEHNE OIIYIIAJ0OCh UHTEHCUBHOCTHIO 5-6 6ajuioB 1O IIKaJe
MSK-64 r. ITonroroBky 3T0r0 CefiCMUIECKOrO COOBITHS MBI OOHADY K-
JIX B peajIbHOM BPEMEHU 3a 8 JIHEll 10 OCHOBHOT'O TOTYKA, KOT/Ia B BAPU-
anusax MOTOKA raMMa-KBaHTOB B CKBarkuHe Ha ruryonHe 100 M BO3HUKIIO
XapakTepHoe 0yXTOOOPA3HOE MTOHUYKEHNE, ITO COTJIACHO HAIUM ITPEIbI-
JYIIUM UCCJIEIOBAHUSIM, C OOJIBIION BEPOSITHOCTBIO CBUJIETEIHCTBOBA~
JIO O IpUOJIMKAIONIEMCsT 3eMyeTpsiceHnn. Panee momobubiil 3dbdeKTh
6yXTOOOPA3HOTO MOHUYKEHUS WHTEHCUBHOCTH IMTOTOKA aMMAa-KaHTOB B
ckBakune (Ha rurybune 40 1 100M) MBI HEOIHOKPATHO PEIHCTPUPOBAIIH
nepe;t 3emyerpsicenusamMu MaruuTy ot M4.2-7.1. UccnenoBanb! ceficmo-
reHHble 3 @EKTHI TOJIOTOBKU 3eMJIETPSICEHUs] B BAPUAIUSX Me0(U3u-
YEeCKUX MOJIEH: eCTECTBEHHOTO UMITYJIbCHOTO 3JIEKTPOMArHUTHOTO TIOJIS
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Bemimn (EMI9MIIB) na gacrorax VLF nuamazona (7500 ' u 10000I');
seKTpoMaranTHLIX curaanos ULF mumanasoma (0,0001 — 20 I'n); un-
TEHCUBHOCTU IIOTOKA I'aMMa-KBAHTOB B CKBaxkmue Ha riybune 100 w;
JIOTIJIEPOBCKOTO CJBUTA YaCTOTHI MOHOCGEPHOrO CHUTHAJA. YCTAHOBJIE-
HA BPEMEHHAsl COMPSIKEHHOCTH IMOSIBJIEHUS AHOMAJILHBIX 3(hMEKTOB B
BapUAIMAX JIEKTPOMArHUTHBIX BOH nuana3onoB VLF u ULF wacrtor
C IMHAMUKON TaMMa-U3JIy9eHUsl MOIIOYBEHHBIX CJIOEB MOPHBIX TOPOJ
Ha 3Tale MOJIOTOBKH 3eMJyeTpsicenns. Vcmonb3yst JOIIepOBCKUil Me-
TOJ, 30HUPOBaHUs NOHOCKHEPDI, ObLIA UCCJIEJOBAHA BOZMOXKHOCTD Pac-
[IPOCTPAHEHUsI CEHCMOTeHHDBIX BO3MYIIEHHUI OT JIUTOCHEPHI JI0 BBICOT
nonocdepsl. BeigBiieHa TOCIEI0BATEIBHOCTD MOSIBJICHUST BO3MYIIEHU
CHAYAJIA B BAPUAIUSX €CTECTBEHHOI'O MMITYJIBCHOTO 3JIEKTPOMATHUTHO-
0 10JIst 3eMJIU U BAPUAIIUX TOTOKA FAMMa-KBAHTOB B CKBaXKUHE, OTPa-
JKAIOIIIX aKTUBU3AINIO TEKTOHMIECKUX IIPOIECCOB B jTOcdepe, a 3a-
TeM B JIOIJIEPDOBCKOM CJBHUI'€ YaCTOTHI HOHOChEpHOro curHajia. Ksasu-
OJTHOBPEMEHHOE BOBHUKHOBEHUE CeICMOTEHHBIX AHOMAJINN B PA3JIHIHBIX
reodU3NIECKUX MOJISX YKA3BIBAJIO HA 3aBEPIIAIONINIl ITAIT TIOJANOTOBKI
3eMJIETPSICEHUS.

UccnenoBanue BoINoJMHEHO 11pu bUHAHCOBON momiepxkke Komurera
Haykun MuHHCTEPCTBA HAyKH U BbICIIEro obpaszoBanusi Pecrybsmkn
Kazaxcran, rpant Ne AP19678127 «Pa3paborka MeTOI0B MOHUTOPUHTA,
reodu3NIECKUX TOJIEll B cucteMe JuTocdepa-armocdepa-noHocdepa-
marauTocdepa B ceiicmoonacuom pernone Ceseproro Tsub-Ilams».

2.33 Maublie 3¢pdekTh B MATHUTHBIX U3MEPEHUIX
Ha obcepBaTopusX: BJAUSHUE TeMIepaTypbl

Xomymos C.FO.', I'sozdapes A.FO.', Apopa Kycymuma?,

Jurzara Manorcynra?

L Miemumym xocmodusuneckux uccaedosanuti u pacnpocmpanenia
paduosoan JJBO PAH, Poccus
2 CHIM - Hauuorasohvidl uHCmumym 2eousuieckus ucciedosanud,

Hroua

Paccmorpensr  pasimanble  acCHeKTHI BJWSHAS TEMIEPATYpPbI Ha
MarHuTHbIE U3MepeHus Ha obcepBaropusx «Ilaparyukas> UKWP JIBO
PAH (Poccust), «Xatimapaban» n «Joyrymnan» CSIR-NGRI (Unaus).
OnuceIBalOTCs anmapaTHble CPEJICTBA KOHTPOJISA U YIIPABJICHUS TEMITe-
pPaTYPHBIM PEXKMMOM B H3MEPHUTEIHHBIX aBUJIbOHAX. Jlesiaercs orenka
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BO3MOXKHBIX TEMIIEPATYyPHBIX IGMDEKTOB B Pe3ysbTarax HU3MepPeHuit
MArHUTOMETPAMH  PA3JMIHOTO TUMA. AKIEHTHPYETCS —CJIOXKHOCTD
peanbHOro yuéra 3TuX 3(h@PEeKTOB, HAINPABICHHOTO HAa IIOBBIIICHIE
JIOCTOBEPHOCTH TIOJTYIaeMbIX MATHUTHBIX JaHHBIX. Pabora A.FO. I'Bos-
mapea u C.FO. XomyToBa BBIIOJHEHA B paMKax | OCyJapCTBEHHOTO
saganust UKVIP JIBO PAH (per. Ne rempr 124012300245-2).

2.34 Maubie 3¢dpPeKTbl B MArHUTHBIX U3MEPEHUAX
Ha obcepBaTOPUAX: BO3SMOXKHO€E BJIMSIHUE
JABUKEHHUsI aBTOMODOMJIE 1o 1mocce

Xomymos C.IO., I'eozdapes A.FO.

Huemumym xocmofpususeckux uccaedosarutt u pacnpocmpaHerus
paduosonn JIBO PAH

C poCcTOM TEXHUYECKON HACBIMEHHOCTH YeJIOBEYECKON JTesaTeThHO-
CTH KOJINYECTBO BO3MOXKHBIX HMCTOYHUKOB IIOMEX B PE3YJIbTATaX W3-
MepeHuil Ha MarHUTHBIX obcepBaTopusix pactér. Hampumep, j1BuxKe-
HUE aBTOMOOWJIEN IO IIMocce, IPOJIOKEHHOMY BO/IM3M oOcepBaTOpun
«[Taparyaka> UKP JIBO PAH (Kamuarka), IOTEHIMAIBHO ABJIS-
ercsi MOJOOHBIM UCTOYHMKOM. B paMKax MacTep-KJacCoB, ITPOBEIAEH-
HBIX COTPYIHUKAMU 0DOCEPBATODPUIl /I yIYACTHUKOB MOJIOJEKHBIX Me-
poupusTuii, oprann3oBanubix IIpasurenscrBom Kamuarckoro kpas B
2023-2024 ropax, ObLIN BBIMOJHEHBI IPSIMble M3MEPEHUsI CUTHAJIOB B
MAarHUTHOM I10JIe, BOSHUKAIOIINX Ha paccTosHusXx ot 4 10 40 M ot mpo-
€3KAI0IuX TI0 Tocce aBToMobmeil. 3adukcupoBaHHbIE aHOMAJIUHN Jie-
2KaT B upegesax or 2 go 120 uTur, B 3aBUCHMOCTH OT PACCTOSHUS, THIIA
aBTOMOOUJISI ¥ HAIIpaBJIEHUS ABMKeHUsA. B 1megom, 3hdPeKT moHmKaeT-
cs Kak R™3, u mpsiMoe BIIMsIHUE HA perysispHbe MATHUTHBIE H3Mepe-
HUsI, BBIMIOJIHSIEMBIE Ha, PACCTOSTHUU OKOJI0 250 M OT IIIocce, OyKUIAeTCst
HecyTecTBeHHBIM. Ipyrum 3¢bdeKTOM HEMATHUTHON MPUPOIBL SBJIs-
ercsi BUOpaIusi, co3/aBaeMas MHOTOTOHHBIMUA T'DYKEHHBIMH TDY30BH-
KaMH, TPOE3KAIONIIMHE II0 MIOCCce. DTa BHOPAIUs BH3YaIbHO MPOSBIIS-
ercsi KaK KoJieDaHUsl aBTOKOMIIEHCATOPA IIKAJIbI BEPTUKAJIBLHOTO KPyra
teomosnra 3T2KII, ucrosb3yeMoro npu abCOIOTHBIX HAOJIIOIEHUSIX, U
MOXKET TPOSIBJIATHCS KaK KOJIEOAHUST MATHUTHBIX JATIYNKOB HA Kap/IaH-
woM nozsece B maranTomerpax FGE-DTU u dIdD GSM-19FD.
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Pabora Bommonmena 3a cuér [ocymapcrsBennoro 3amanms NKUP
JIBO PAH (per. Ne rembr 124012300245-2).

2.35 ChnekTpaJjibHbIII METO/, IeJIeHralfumn
ncrodankoB OHY-uzny4genuns

Manxun E.H.

Hnemumym K0cmopusureckus uccaiedosanut u pacnpocmpaHeru
paduosoan JIBO PAH

IloapobHO onMChHIBAETCS AHTEHHBIA KOMILIEKC, METOIUKN OIIpee-
JIEHUsI a3UMyTa, KAJMOPOBKa W MPOBepKa KoMILieKca. /laHo ommcanue
pa3paboOTaHHOIO METOA OIPEJeJIEHUAs a3uMyTa II0 CIHEKTPAJIbLHBIM
KOMIIOHEHTAM 3JIEKTPOMATHUTHOrO curiaja. CHeKTpabHbIA MeTol
3aKJIF0YAETCsI B OIIPeJIeJIEHUN a3MMyTa UCXO/sl U3 3HAYEHUH CIIeKTPaJib-
wbix KoMroHeHT OHY-cdepuka. Ocoboe BHUMaHNE yIe/IEHO IIPOBEPKE
JOCTOBEPHOCTH TIOJIyYeHHBIM JaHHBIM. B pesysbrare ObLIN CHHXPOHU-
3UPOBAHbBI 0a3bl JAHHBIX, IIOJIyYeHHbIE ¢ KOMILIEKCa PaIuoHabIII0IeHui
AWDANet, WWLLN wu OHY-pammonenenraropa. IlpoBepka na
KOHTPOJIBHON BBIOOPKE IIOKa3aJia, 9TO MOIPENIHOCTh JAHHOIO MeTO/a
coctaBasger ~ 0.2°. Pabora BbIoOJHEHA 3a cYeT [0OCyIapCTBEHHOIO

zaganust UKVIP IBO PAH (per. Ne HIOKTP 124012300245-2).

2.36 UccaenoBanue moJsapu3alMOHHOTO
mxera/SAID Ha ocHOBe M3MepeHMIA
poccuiickux ciryTHuUKoB «MoHnocdepa-M»

Cunesuw A.A.Y2, Yepronwos A.A.Y, Qyeyrnun J.B.Y,
Iyauney C.AY, Iubyas K.I'2, Mozunescruti M. M.

L Hnemumym Kocemumveckux Hceaedosanuti PAH
2 Unecmumym 3emm020 Ma2HEMAUIMA, UOHOCHEPDL U PACTPOCTPAHEHU,
paduosonrn um. H.B. ITywrosa PAH
3 Hnemumym npukaadnot seodusury um. axademura E.K. Pedoposa

TMonstpusanmonnsiii mker (Polarization Jet, PJ, Takke nspecTHbIi
kak Subauroral Ion Drift, SAID) — aBienue, npoucxosinee B Cy6aBpo-
pabHOM noHOCKEPHOIT I1a3Me, ITPEJICTABIISIONEee COO0N Y3KYIO TOJIOCY
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CHJILHOTO 3aIIaTHOTO Jpeiida MOHOB Ha BbICOTax F-cyios BOM3M rpanm-
[IBI TPOEKINH IIJIa3MOIIay3bl. B maHao0it paboTe BIepBbIE UCIIOIH30BAHDI
u3Mepenusi noHo30H1a JIADPT Ha 6opry crnyrHuka «onocdepa-M»
Jis ucesenosanus crpykrypsl PJ/SAID. Kpome Toro, 66110 HpoBeIeHo
CpaBHEHUE KaK C JAHHBIMU U3MEDPEHU#l APyrux TpubOpOB Ha pa3/ind-
HBIX CIlyTHUKAX, TAK U ¢ U3MEPEHUSIMI HA3€MHBIX HOHO30HI0B. IIpoekT
«MoHo30H1» HaIIpaBJIEH Ha PeIleHre 33/1a9 MOHUTOPUHTa OKOJIO36MHO-
ro KOCMHYECKOrO IIPOCTPAHCTBA M (DyHIAMEHTAJbHBIX HCCJIeI0BaHUi
KOCMMYECKO IIJIa3Mbl M BOJIHOBBIX IIporeccoB B Heil. Ha 6opry Kaxk-
JIOT0 M3 CIyTHUKOB KOCMUYECKOI cucrembl «VOHO3OHI» yCTaHOBJIEH
ciyTHUKOBBIN nono3ou1 JTADPT, nozBosstiomuii Mpou3BOIUTH 30H U~
poBamnue moHocdepbl HaJ, JI000H TOUKOM 3eMHON moBepxHOCTH. [l0ss-
pusanuonnsiii ket (Polarization Jet, PJ), B aHr1os3b19HO# JuTepary-
pe u3BeCTHBIH Kak cybGaBpopasibHbIi noHHBIH apeiid (SubAuroral Ion
Drift, SAID), dbopmupyercss B cyGaBpopaibHOii obaacTu nOHOChEPDI
(reomaraurnbie mupoTsl 70°-50°) npesacraBisier cobGol y3KyIO 110 IIH-
pore (1°-2° mWUpPOTHI) 1OJIOCY CHILHOIO MOHHOrO Apeiida Ha 3aman Ha
BbIcoTax F-citos BOJIM3U IpaHUIBl TPOEKINH 11a3Moray3bl. CKOpOCTh
peiiha MOHOB B TAKOii I10JIOCE MOYKET JOCTUIaTh HECKOJbKHX KUJIO-
METPOB B CEKYHIY, & HEOTHOPOIHOCTH ILIA3MEHHBIX [APaMeTPOB BHYT-
PY MOTYT UMETh MACIITabbl BILUIOTH JIO JIECSITKOB-COTEH MeTpoB. Takue
BBICOKHE CKOPOCTHU U TaKasi CTPYKTYPUPOBAHHOCTD TIJIA3MbI BIUIIOT HA
[TPOXOXK/IEHIE PAJIMOCUTHAJIA U MTPOSIBJISIIOTCS HA MOHOIPAMMAX, TOJIY-
YEeHHBIX Ha3eMHbIMHU HOHO30H{aMu. OTHAKO UCCIe0BaHue IapaMeTPOB
PJ/SAID HazeMHBIMU HOHO30HIAMHU 3aTPYIAHEHO, IIOCKOJBKY JJIsl 9TO-
ro Heobxoaumo, urobnl reorpaduaeckoe pacrnosioxkenune PJ/SAID cos-
MaJjio ¢ HAPaBJICHUEM 30HMPOBAHUSI MOHO30HJIA, YTO OBIBAET JIOCTa-
TOYHO peakro. Kpome Toro, 30HmmpoBaHue ¢ 3eMJIM OIPAHUYEHO BbI-
COTO TVIABHOTO MOHOCGEPHOI0 MAKCHMyMa, 9TO HE MO3BOJISIET UCCJIE-
nosarb PJ/SAID B Bepxueit wacru F-cjios — Ha BBICOTE M3MEpEHUI
uonocdepubix cuyTHuKoB (450-800 kM). 30HIMpPOBAHTE, OCYIIECTBIICH-
HOE HOPTOBBIM MOHOZOHJIOM € BBICOTHI OPOUTHI KOCMUYIECKUX AlllapaToB
«Uonocdepa-M» ( 800 kM), HO3BOJISIET HOLYIUTH UOHOIDAMMBI BEPX-
ueii gactu F-ciost monocdepst B monoce PJ/SAID Haz mr060ii reorpa-
buueckoit TouKoit (B TOM YmCIIE HAJl OKEAHOM) U CDABHUTH X C JJAHHBI-
MU W3MEpPEHU JPYTUX CIyTHUKOB, ODOPY/IOBAHHBIX JpelidmerpamMu u
zoujamu Jlenrmiopa. Kpome Toro, 910 1a€T BO3MOXKHOCTH OJHOBPEMEH-
uoro 3ouuposanus PJ/SAID mazeMHBIM 1 GOPTOBBIM UOHO30HIOM.
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2.37 CuHXpOHHBIE COOBITUSA MHOXKECTBEHHOCTH
HENTPOHOB HA ABYX HEMTPOHHBIX MOHUTOpPaX

Banabun FO.B., I'epmanenko A.B., I'eoszdescxuil B.5B.
Hoasprwvi 2eopusuneckuts unemumym PAH

B naboparopun Kocmudeckux Jiydeit B Amarurax jaBa pasjddHbIX
PErucTpupyomux npubopa (CTaHAAPTHBI HEATPOHHBIE MOHUTOD
(HM) u 6eccBunnoBas cexkuus HM) ofbeiuHeHbl BBICOKOCKOPOCTHOMN
CHCTeMOI peructpanuu B euHbIil gerekTop. CrucreMa BRICOKOCKOPOCT-
noii paspaborana B II['U, ona sBasercs equHoit 1y AByX TPUOOPOB
u (PpUKCUPYeT IOsIBJIEHNE KaKJIOTO MMILYJIbCA ¢ TOYHOCTBIO JI0 1 MKC.
Ucnonwpayercst npusstska 1o curnagam GPS. Paznuuus cranmapraOro
HM wu GeccBUHION CEKIIMM COCTOAT B SHEPreTHIECKUX UAIla30HAX, B
KOTOPBIX OHU 3PDEKTUBHO PErUCTPUPYIOT HEUTPOHBI. CTaHIapTHBII
HM sdbdextuen mams gacturr ¢ sxeprusasmu ot 50 MsB no emqumunig
I'sB u 6osiee. BeccBunnosast ceknust HM gyBcTBUTEIbHA K TEILIOBBIM
HEHTPOHAM W HEHTpOHAM C JHeprusiMu JI0 coreH K3B. Pasmemenbr
oba mpubopa B omHoit kKomHaTe. COOBITHE MHOXKECTBEHHOCTH HOMEDA
M ma HM - sro perumcrparms M HeATpOHOB 3a BpeMsi TMOPSIKA
1-2  Mc, Torza Kak CpeJHUI HWHTEPBAJ MeEX/Jy Perucrpa-
IUsAMA ~ HEWTPOHOB  cocrtasiser 7-9  wMc. Bepoarnocts  Ta-
KOT'O COOBITHUST B pesyJibrare CJIy9aiHOTO COBIIQIEHUSI
BecbMa Majla W ObIcTpo  yObiBaer ¢ pocrom M, mpm
M >10 Takme coOObITHS TPHU CJIYIAHHOM COBIAJEHUU BO3MOXKHBI
He Oojiee pasa B o, TO[/Aa KaK PEAJbHO OHHU PErUCTPUPYIOTCS
exxemrHyTHO. (Cunraercs, MHOYXKECTBEHHbIE HEUTPOHBI BO3HUKAIOT
Kak B CBUHIOBOI o06osiouke HM oT OIMHOYHON BBICOKOSHEPTIMIHON
YACTHIBI, TaK U 00pa3yiorcs B armocdepe, B ToMm gucie mpu [TTAJ.
Bo BropoMm cityuae mx Ha3BIBAIOT aPOHHBIMA JUBHAMU. OTMETHM, 9TO
BHeIIHssI ToJmdTuaeHoBas 3amura HM npengarcTByer BBIXOLY HAPYXKY
HelfiTpoHOB, obpa3oBasiuxcs: B cBuHIie. OMHOBpEMEHHAs] PETUCTPAIINS
na HM u 6eccBUHITOBO CEKITUU COOBITHIT MHOXKECTBEHHOCTH YKAa3bIBAET
Ha TO, YTO TaKue COOBITUSI MHOXKECTBEHHOCTHU IIPOU3OILIN OT 0DJIAKOB
HEHTPOHOB, HAKPBIBAIONUX 00a mpubopa. B aIpoHHBIX JIMBHSX TPU-
CYTCTBYIOT HEHTPOHBI UM HYKJIOHBI PAa3/IMIHBIX dHepruii. Paszpaborana
METO/MKA IIOUCKA OJHOBPEMEHHBIX MHOXKECTBEHHOCTEHl Ha NBYX IIpU-
bopax. Boimonena oopaborka gannbix HM n GeccBurioBoit ceknuu 3a
psiz Jier, uro coctasuio 6osiee 1000 mgreit. OTobpaHbl COOBITHST MHOXKE-
CTBEHHOCTH, OjiHOBpeMennbie Ha HM u GeccBuHIIOBOI cekiuu. Anajus
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OTOOPAHHBIX COOBITHII MHOYXKECTBEHHOCTH ITOKA3BIBAET, IYTO OHU MMEIOT
rapaMeTpsl, OTJIMYAIOIINECS OT CPEIHUX COOBITHII MHOXKECTBEHHOCTHU
Ha camom HM. D710, BO-IIE€PBBIX, IOATBEPXKJAET PA3HYIO IPUPOLY
COOBITUIT MHOYKECTBEHHOCTH: PA3MHOXKEHUE BHYTPU CBUHIIA WJIM BHEII-
HUIl UCTOYHUK MHOXKECTBEHHBIX HEHTPOHOB. BO-BTOPBIX, TO3BOJISET
pas3/myaTb UCTOYHUKU MHOXKECTBEHHBIX HEMTPOHOB: KOCMOI'€HHbBIE UJIN
JIOKaJIbHbIE. TakuM 00pa30M, IapOoil IeTEKTOPOB — HEMTPOHHBIM MOHU-
TOPOM U OECCBUHIIOBOI CEKITHEl — MMeeTCss BO3MOXKHOCTD OIPE/IC/IATD
UCTOYHHUKHU BCIJIECKOB HEHTPOHOB y ITIOBEPXHOCTU 3E€MJIU.

2.38 O1eHKa MOHMU3AIMU KOCMUYECKUMHU JIyYaMU
arMocdepbl 3eMuiu 1Jisi 00JIaCTU BBICOKUX
MINPOT BO BPEMS COJIHEYHBIX ITPOTOHHBIX

cobbITHIA

Maypues E. AL, JTudenxo K.A.?

L Moaspronti zeopusuveckuti uncmumym PAH
2 Uncmumym 3emno20 MazHEMU3Ma, UOHOCHEPDL U PACTPOCTIPAHEHUA
paduosonn um. H.B. ITywrosa PAH

Apkruuecknit pernon Poccuiickoit @eneparun pacrosaraercs B 00-
JIACTH BBICOKHX IMHMPOT, B KOTOPHIX 3HAYECHNE BEPTUKAJBHON YKECTKO-
CTH T€OMArHUTHOrO O6pe3aHus MPUHUMAET HEOOJIbIINe 3HadYeHUs (He
6ouee 0.65 I'B). Ha rpanune maraurocdepsl Beerja CymecrByer HOTOK
[IPOTOHOB TajlakTHIecKux kKocmudecknx Jay4deii (I'KJI), koropsrii siBis-
eTCs HEeNPEPBIBHBIM U U30TPOMHBIM. B 3aBUCHMOCTH OT CBOEN SHEprumn
9TU YaCTUIBI MOIYT JOCTHIaTh IpaHuiibl armocdepsl (B 3Toit pabore
yeaosao 100 KM) U B3aMMOJEHCTBOBATH C sIpaMH KUCJIOPOJa U a30Ta
KaK 4epe3 IIPOCTOM MPOIECC - NOHM3AINIO, TAK U depe3 0oJiee CII0KHDIN
- KACKAaJIHBIA MPOIECC, BILUIOTH 10 ypoBHs 3emin. CoJiHEedHbIE KOCMHU-
vyeckne ayun (CKJI) B cpesHeM MMEOT OTHOCHTEIBHO HU3KOIHEPTHU-
ueiit cuexrp (or exuann MsB mo makcumym 5 I'9B), Ho npu sToM ux
abCOJTIOTHAST BEJIMINHA ITOTOKA 3HAYATENHHO mpeBbimaer moTok ['KJI
(BILIOTB 0 HECKOJIBKUX TIOPSAIKOB). [Ip1 9T0OM 9TH YacTUIbl TaKXKe KAk
u I'KJI B3anmoeiicTBy0T ¢ arMocdepoil 3eMJIi U BbI3bIBAIOT IIOBHIIIIE-
HUs CKOPOCTU MOHM3AINHU B guarta3one BbicoT oT 10 kM g0 100 kM, 9TO,
B CBOIO OY€pe]ib, BIAUSIET KAK HA YBEJIUUECHUE 3HAYUCHUS IKBUBAJICHT-
HOM [103bI M3JIyYEHUs], TAK U HA XUMUIECKUE porecchl. B aroit pabore
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PACCMATPUBAIOTCS [IPUMEPBI, B KOTOPBIX PACCIUTHIBAINCEH JTuddepen-
[HAJbHBIE YHEPreTUYIecKrne CIeKTPhl TPoTOHOB nepBudHbix CKJI miis
cobbITHUil 24-25 IUKJIOB COJIHEYHOI AKTUBHOCTU U OIEHUBAETCS UX BJIU-
siHAe Ha CKOPOCTh MOoHu3anuu. [IpuBOaSTCS BBICOTHBIE MPOMUINA JIJIst
PA3JINIHBIX 3HAYEHUH BEPTUKAILHON YKECTKOCTH NeOMarHUTHOTO 00pe-
3aHUs.

WccnenoBanme BBITIOJTHEHO 3a CUYeT I'paHTa Poccuiickoro HayvHOro
donma Ne 25-17-20038, https:/ /rscf.ru/project/25-17-20038,/.

2.39 IloBegeHue BBICOKOMIMPOTHOI mMOHOCHhEPHI B
nepuo/; MarHuTHol cynepoypu 10 - 13 mas
2024 roma B 3a0aIHOM CEKTOpEe apKTHUYecKOoi
30HbI Poccun

3azopckuts I"A, Munzanesa A.O., Baazoseuencrasn H. D.,
Karvwun A.C., Feopos U.M.

Apxmuneckutd u aRmMapEmMuseckutl Hay¥Ho-UcCAed08amMeAbCKUl
UHCTNUMYM,

B pabore mpencraBieH gaHHble, XapaKTEPUIUPYIOIINE ITOBEICHIE
BBICOKOITUPOTHOM MOHOCKEPHI B 3aIIaTHOM CEKTOPE apKTHUIECKONH 30HDI
Poccun, Bo Bpems maiickoit cynepoypu 2024 romga. lamuble ObLIN 110-
JIYIEHHBIX C IIOMOIIBI0 MOHO30H/OB, YCTAHOBJIEHHBIX HA CETH CTAHITUI
Pocrunpomera, ocyIecTBIISIONNX HEMPEPHIBHOE HAKJOHHOE W BEPTU-
kasibHoe 3ouupoBanne (H3W u B31) ¢ yacroroii 4 pasa B uac, a Tax-
2K€ PHOMETPOB, €XKeMUHYTHas 3amuch. Jis ananmsa O6bud IpuBIIede-
HBI JIAHHbBIE OIKMCHIBAOIINE Te0(pU3NIECKIE YCIIOBUS U XaPAKTEPUCTUKI
COJIHITA U COJIHEYHOI'O BeTpa JI0 Hadaja Oypu u Bo Bpems Heé. [Ipoana-
JIM3WPOBAHHbBIE JIaHHBIE OXBaThIBaeT rmepuof ¢ 10 mo 13 maa 2024 roza.

o anagm3mpyeMoro mepuojia IPOU30ILIO HAJIOKEHNE HECKOJIDBKIX
KOpoHaJbHBIX BbIOGpocoB Maccel (KBM) or Cosnna, KoTopble umesnn
MecTo ¢ 8 mo 10 masa. B pesysbrare, 10 mas B 17:00 — 17:15 UT 6s110
3aUKCUPOBAHO PE3KOe M3MEHEHUE B 00JIACTH OTPHUIATE/IHLHBIX 3HAUYE-
uwmit wagexca SYM-H u DST, B 310 ke Bpemsi Ha 3eMJII0 BBICHITAJICS
IIOTOK SHEPIUYHBIX IIPOTOHOB, C dHeprueir 6osiee 10 M3B, uro npuse-
JIO K JJTUTEIbHOMY UCYE3HOBEHUIO OTpakeHuil or F2-ciios, Kak XopoIro
BUJIHO Ha JaHHbix B3I

OcobeHHO BaXXHO OTMETHTb, YTO B BEUEpPHHE U HOYHBIE dYa-
Cbl PpACIPOCTPAHEHUE PaJMOBOJIH HA BBICOKOIIMPOTHBIX TPACCaX
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OCYIIECTBJISIIOCh HCKJIIOYATEIHHO OJiarofgaps OTPAaXKEHUIO OT CIIO-
pajgudgeckoro E-cios. Dr1o HaOIIOAEHNE TOATBEPXKIACTCS JTAHHBIMU
PHUOMETPUYIECKIX H3MEPEHU, COOPAHHBIX HA CETH CTAHIUH, KOTOPBIE
YKa3bIBAIOT Ha HAJUYNE BBIODOCOB SHEPTUYHBIX IPOTOHOB B BBICO-
KAX IMHAPOTax. Pe3ysbTarshl aHaan3a MOTIEPKUBAIOT CYIIECTBEHHYIO
3HAYNMOCTb T€OMATHUTHBIX Oypb I MOHOCHEPHBIX IMPOIECCOB, UX
KOJIOoCCaJIbHOE BJIMSHUAE Ha PaJIMOCBA3b B apKTUYECKOM peruoHe, a
TaK>Ke TMOKA3bIBAIOT HEOCIA0EBAIONTYIO 3HAMNMOCTh HA3€MHBIX METOJIOB
JUACHOCTUKY [1aPaMeTPOB HOHOCEPHI.

2.40 BuausiHne BO3MYIIEHUU MArHUTHOTO I10JIS
3emiu Ha ceiicMUYecKyr OOCTAaHOBKY Ha
Tepputopuu A3zepbaiigxkaHckoii Pecirybinknu

Badipamos A.A.}, A6dyanaes @.H.', Cynetimanos C.C.},
Emupmuwan I Jowc.t, Muxaviios X.M.?

L Pecnybaurancxuti Lenwmp Ceticmonoeuneckoti Cayoicbvl npu
Havuonanrvroti Axademuu Hayx Asepbaiioocana
2 Baxuncxuti Tocydapemeenmonti Ynueepcumem

Bormpocer, kacarormuecs cBgI3u ceificMrIIecKoit 0OCTAHOBKU B TOM HJIH
JpyroM paifoHax 3eMJid ¢ TeOMATHUTHBIMEU BO3MYIIICHUSIMU, SIBJISTIOTCS
OIHUMH U3 aKTYaJIbHBIX B OOJIACTH B3aMMOJEHCTBUSA IreoU3MIECKUX
mojiefi u U3NKKM TIPEBECTHUKOB 3emjieTpsicenuii. Mexanndeckue
3¢ddeKkTh B odYare 3eMJIETPSICEHUs, BAPUAIMH 3JIEKTPODUIUIECKUAX
CBOMICTB CpeIbl, BO30YKJEHNE MOIIMHBIX CEHCMUYECKUX CUTHAJIOB U
apyrue (akTOpbl OKA3bIBAIOT BJIUSHUE HA PEXKUMBI IeO(PU3UIECKIX
rosief, BKJ/IIOYasi reomMarHuTHoe mosie. HecMoTpst Ha 60JIbBIIIOE YHCIIO
Hay4YHBIX ITyOJIMKAIWi, 10 CUX IIOP HEeT ODIIENPUHSATOrO0 KOHCEHCyCa
B perteHnn 3T1oi mpobsieMbl. [losToMy cymiecTByeT HEOOXOIUMOCTH B
JIOMOJTHUTETbHBIX HCCIEOBAHUSX B 3TOM Hampasienunu. B Pecry6u-
karckoMm llenrpe Ceiicmostorndeckoit Ciyzk6b1 npu  HanmonasbHoit
Axkanemnn Hayk Aszepb6aiimxkana npu nomzgep:kke QPonuga Paspurus
Hayku, B uuncje mpouymx, MPOBOISITCS WCCJIEIOBAHMS, KaCAIOIIHeCs
BJIMSIHUSI TEOMAarHUTHBIX BO3MYIIEHWII 3eMju Ha WHTEHCUBHOCTH
3emJierpsiceHnii Ha Teppuropun Aszepbaiikanckoii Pecrybauku. 3a
epuos ¢ sHBaps 1o Aekabpb 2024 roma ObLIM TPOBENEHBI U3MEpPe-
HUAY UHTEHCHBHOCTU 3eMJjeTpscenmit ¢ marauTymoit ML B mpemenax
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3.0 — 5.3 U MHTEHCHUBHOCTH T€OMArHUTHOI'O IITOPMa BapHAIMil Mar-
HUTHOTO TOJs 3eMJIM C HHJEKCOM N0 BozjeiictBuio G B mpemesax
2 - 5. AHa/i3 11epBBIX PE3YIILTATOB UCCJIEJOBAHUIN ITOKA3BIBAET, YTO KaK
npaBuiio, 3a 5 — 8 mHeill nepe MmarHuTHbIME Oypsivmu ¢ G = 3 — 4 npouc-
xoaaT (DOPINOKK 3eMjieTpsiceHnit Ha rryomHax ot 50 kM 10 70 KM, a mo-
CJle MAarHUTHBIX OyPb - ABTEPIIIOKN Ha MEHBINMUX IIyonHax ot 13 KM /10
20 kM. ABrOpaMu BBIJBUTAIOTCS JIBE BEPOATHBIE MPUIMHBI STUX
sIBJIEHHII: TeOMarHUTHbIE OypU IIPOBOIUPYIOT IOJ3eMHBbIE TOJTYKH U
CIABUT TEKTOHUYECKUX ILJINT; T€OMArHUTHBIE OYpPU BBI3BIBAIOT BBICOKUI
TPaJMEeHT TeMIepaTyp B HeApaxX 3eMJIM HA OKPAMHAX TEKTOHMIECKUX
wint. Jlanneiit paxkTop MOXKET OBITH CBs3aH C 3(hDEKTOM DTTHHICray-
3eHa: 3pheKT BOSHUKHOBEHUS I'DAINEHTA TEMIIEPATYDP B HAXOSAIIEMCS
B MarHUTHOM IIOJIEé IIPOBOJHUKA, Yepe3 KOTOPBIN IIPOTEKAET dJIEKTPU-
geckuil TOK. IIpu 9TOM, eciin TOK IPOTEKaeT BJIOJIb OCH X, MArHUTHOE
[ojie  HAIPABJIEHO BIOJb Ocu Y, TO TPAJAUEHT TeMIeparyp Oyraer
BO3HUKATH BJIOJb ocu Z. ['pammeHT Temmeparyp, B CBOIO OUY€pEIb,
CO3[aeT CHJIbl HAIIPSYKEHHUS] MEXKJy CTPYKTYypaMu (TeKTOHUIECKUMU
mwmTaMu). B pesynbraTe 5TOTO MPOUCXONAT IOA3EMHBIE TOJTIKH, C
3ala3/bIBAHNEM B HECKOJIbKO JjiHel. OTMeTruM, 9TO 3TO TOJIBKO OJUH
3 (paKTOPOB, SBJISIIONTUNCS TPUINHON 3eMJIETPSICEHMUIA.

2.41 Ilouemy He Bce PopOyII-3dpPeKThI CBI3aHBbI C
reOMarHuTHbIMU OypsaMu?

Hlnwx H.C., Beaos A.B., Abynuna M.A., Beaos C.M.

HCMUMYM 3eMH020 MAZHEMUZMA, UOHOCPHEPDL U PACTPOCTNPAHEHUA
u 3 ,
paduosonrn um. H.B. ITywrosa PAH

Buigenenst u uccienoBanbl cobbrtust @opOyir-3¢hdhekToB B rajiakTu-
YECKUX KOCMUYECKHX JIy9aX (110 JAHHBIM CeTH HEHTPOHHBIX MOHUTOPOB )
¥ COILyTCTBYIOIIUX T'€OMArHUTHBIX BO3MYIIEHUN 33 JJINTEIHHBIN HepH-
or ¢ 1957 o 2022 rr. Ilpoanamn3npoBanbl CTATUCTUYECKIE CBA3U MEXK-
JIy Pa3/IMIHBIME IIapaMeTpPaMy BApHUAIUil IOTOKAa KOCMUYECKUX JIydeil
¥ UHJEKCAMU IeOMArHUTHON aKTUBHOCTU. YCTAHOBJIEHO, UTO BEJTMIMHA
DopOyr-3¢pHeKTOB HETUHEHHO 3aBUCUT OT KJIACCA T€OMATrHUTHON Oy-
pu. Haitzena ymepennast koppessinus (10 0.67) MexK 1y sKCTpeMaJibHbI-
MU 3HAYEHUSIMU PA3IMIHBIX UHIEKCOB NeOMArHUTHON akTUBHOCTH (Ap,
Kp, Dst) u xapakrepuctnkamu KocMmudeckux Jydeil. ITokasano, uro
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OJIHOBPEMEHHas PEerucTpallid 3KCTPeMaJsbHBIX 3HaYeHHUil IapamMeTpoB
KOCMHMYECKHX JIydell U reOMarHUTHONH aKTUBHOCTH IIPOUCXOJIUT JTAJIEKO
HE BCEr/a, a 3aBUCHUT OT 3HAKa Bz-KOMIIOHEHTHI MEXKILIAHETHOTO Mar-
HUTHOTO IOJI B KOHKPETHOM COOBITHH.
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3 ®dusuka NpPeJBECTHUKOB 3eMJIeTPICEHU
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3.1 CpaBHuUTe/bHBIII aHAJN3 YNCJIEHHBIX METOJIOB
penieHnsi MaTeMaTu4IecKoil Moiesi
BbICOKOYACTOTHOI Ie0aKyCTUYeCKOI 3IMUCCUN

Cepauenxo J.@.1 2, Haposux P.H.1+2

b Kamuamexuti 2ocydapecmeennsili yrusepcumem umenu Bumyca
Bepunea
2 Hncmumym KOCMOPUSULECKUT UCCALO08AHUL U PACIPOCTPAHEHUA
paduosoan J[BO PAH

Maremarnyeckass MOJI€JIb BBICOKOYACTOTHOU TI'€0aKyCTHYECKO
SMUCCHUU OCHOBaHA Ha CHCTEME CBSI3aHHBIX OCIUJLISITOPOB, OIIM-
ChIBAEMbBIX  JIMHEHHBIMUH  OOBIKHOBEHHBIME (D (DEPEHITNATBHBIMI
YPABHEHUSIMU BTOPOT'O IIOPS/IKA C HEIMOCTOSHHBIMUA KO3 dUIneH-
TaMu, JEMOHCTPHUDPYIOIMIMME AaCHUMIITOTAYeCKOoe 3aryxanume. Kaxxiaoe
YPaABHEHHE CHCTEMbI MOJEJUPYET OTMEJbHBI HMIIYJIbC SMUCCHH C
YHUKAJIbHBIME [TapaMeTpaMu, a OOMEH SHeprueil MexKy HMITYJIbCaMu
onpeesiercss KopUIMeHToM JMHEeHHON cBsizu. st MaTemarnde-
CKOIl MOJIeJI OBLII IPOBEJIEH KOJNIECTBEHHBIN U KAIECTBEHHBIN aHAJIN3,
OBLIO JOKA3aHO, YTO MATEMATHIeCKasi MOJEIb MOXKET OBITH YKECTKOM
[IpU OLPEJEJIEHHBIX 3HAYEHUSX [1apaMeTpoB. B craTbe IpecTaBiIeHo
uccJjieJoBanue qupréX YUCJICHHBIX METO/JI0B JIJIgd PEeHIeHusd MaTeMa-
THUYECKO! MOJIEJI BBICOKOYACTOTHON TIe0aKyCTHUYEeCKOW 3MUCCAU Ha
s3bIKe TporpammupoBanns Python: meron Pozenbpoka 4-ro mopsiika
rounoctu, meros, Radau, meron BDF u merom LSODA. Peanmuzosan
metoy; Pozenbpoka Ha Python, meronsr Radau, BDF u LSODA B3saTst
u3 6ubsmorekn Scipy Python. B crarbe npejcrapiena Teopust Kayk10ro
YUCJIEHHOI'O MEeTOa, YTO I[03BOJisieT 0O0CHOBATH BBIOOD METOJIOB JIJIsl
pemenns 3amaun. [lespio paboThl SABJISIETCS CPABHUTEJIBLHBIN aHAJIN3
ux 3pOEKTUBHOCTA M0 KPUTEPUSIM TOUYHOCTH, CTAOMJIBHOCTH U BBI-
GUCJIUTENBHON CiIoKHOCTU. 1IopsAmoK TOYHOCTH MeTOH0B OBbLI OleHEH
Ha sa3bike Python c¢ momorpio mpasuiaa Pyrre, a tak:ke mpoaHaJu-
3UPOBAHBI UX XapaKTEPUCTUKU IIPU PEIIeHUU CUCTEMBI. Pe3ysibTarsb
HCCJIE/IOBAHUSI BU3YaJU3UPOBAHBI IPAMDUIECKE B BUE OCIUJLIOTPAMM,
CIEKTPOB, (DA30OBBIX TPAEKTODPUil, a TaKXKe TI'PAGUKOB 3aBUCAMOCTHU
MOPSA/IKA TOYHOCTU OT IIara BBIYUCICHUI PU PA3IUIHBIX YCJIOBUAX:
HAJIMYUsl YKECTKOCTH, HeycToianBocTu u T.n1. CorjiacHo pesysbraTam
ncceIoBanust, MeToj; PozeHOpoka obecrieanBaeT BBHICOKYIO TOYHOCTH
JIJIS PA3JINYHBIX [IAPAMETPOB MOJIE/IU, B TO BPEMsl KaK IMOPSJIOK JPYTHX
METOJIOB MMeeT IKCIIEPUMEHTAJbHBINA MOPSIOK HUXKE TEOPETUIECKOrO.
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UccnenoBanme mo3BOUT BBIOPATH HAMOOJI€E TOIXOISIINN TUCTCHHBIN
MeTOH, IS aHaJM3a Ie0aKyCTHYeCKUX IIPOIECCOB M MOXKeT OBITh
HCIIOJIB30BAHO I IIPOrHO3UPOBAHUS Ae(POPMAIMOHHBIX SBJICHUNA B
POPHBIX TOPOIAX.

3.2 O mpujo>keHuu 3pe/IMTAPHON MaTeMaTUYIeCKON
MO/IeJIU JIJIsl OI€eHKU N3MEeHEHUs IJIOTHOCTU
IIOTOKa PaJloHAa BO BPEMEHHOII OKPECTHOCTHU

CUJIBbHBIX 3eMJieTpsiceHmnii Ha KamuaTtke

Teépowii JI.A.Y, Maxapos E.O.2, Ilaposux P.H.'

L Mnemumym xocmodusuneckux uccaedosanuti u pacnpocmpanena
paduosoan IBO PAH
2 Founas zeofpusuueckasn cayocbe PAH, Kamuwamexut guauan

Mg Kamyarckoro kpasi mpobJeMa CeiiCMUTIHOCTH UMEeT HaUBBIC-
Uil IPUOPUTET, TaK KaK IOJIyocTpoB KamdyaTKa pacIOozKeH B Of-
HOM M3 HamboJjiee ceficMoonacHbIX paiioHoB 3emin. OQHUM M3 METOIOB
U3yYEHUsT TAKUX [IPOIECCOB sIBJISETCSI MOHUTOPUHI U3MEHEHMS KOHIIEH-
Tpaluy ra3a pajioHa. B ncciesoBaHuu ¢ UCIIOIB30BAHUEM SKCIIEPUMEH-
TAJbHBIX JIAHHBIX 00BEMHOI akTuBHOCTH pagona (OAP), momyYeHHbIX ¢
nyukToB Habogenus Ilerponasnosck-KaMuaTcKoro reoauHaMudecKo-
IO MOJIMTOHA, NMOKA3aHO M3MEHeHHe IIoTHOCTH moToka pajona (ITITP)
BCJIE/ICTBUE BO3JICHCTBUA CEHCMUYECKUX BOJIH U IIOCTCEHCMUYECKON pe-
Jlakcaru cpejibl. [IpoBoauTcss MaTeMaTHIecKoe MOJEIMPOBaHUE IPO-
1ecca HAKOILJIEHHs PaJIOHA B HAKOIIUTE/IbHON KaMepe Ha IIyHKTe HaDJIFo-
Jenus. B KauecTBe MO pacCMaTPUBAETCs SpeauTapHas a(t)-Moesn
OAP na ocuoBe MeToza JIpOOHOI IIPOU3BOMHON JJIs yIETa HEJTOKAJILHO-
CTH IIPOIIECCa MACCOIIEPEHOCA PAJIOHa B Teocpeie, TJle IepeMeHHbII 10-
PSLIOK IIPOM3BOIHON CBsI3aH ¢ MHTEHCUBHOCTBIO IIpoliecca. st moabopa
ONTUMAJIbHBIX 3HAYEHUN HEKOTOPBIX IMapaMeTpoB MOJEe/ U (bopMyIupy-
ercst u pernaercs KoaddunmenTras odpaTHas 3a1a4da. [losryueHHbe Mo-
nenbable KpuBble OAP Xopolo coryacyorces ¢ peaJbHbLIMU JAHHBIMHU,
a moydennbie onenku IIITP cormacyiorcs ¢ teopumeit. Pabora BoImos-
HeHa 3a cuer rocygapcrsernoro 3amanus UKUP JIBO PAH (per. Ne
HUOKTP 124012300245-2).
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3.3 MHcnoap3oBaHue HelipoceTeBbIX METOIO0B JIJIs
006paboTKM aKyCTUYECKUX CUTHAJIOB MPU
MPOTrHO3€ 3eMJIeTPsICEHU

Kopouenyes B.H.', Illesxyn C.A.', Haymos C.B.2, I'y6ro JI.B."

L Maavnesocmounoii @edepanvinvidi Ynusepcumem
2 Eounas zeofpusuueckas cayocba PAH

IIpu ceitcmostornaecknx HAOJIIOIEHNAX WHTEHCUBHBIE TEXHOTEHHBIE
[IOMEXM OKa3bIBalOT HerarupHoe BiausHue. OIHAKO B psijie paboT oTMe-
YEHO, YTO TEXHOICHHBIH MCTOYHUK MOXKHO HCIIOJIb30BaTh KaK 30HIU-
pYIOIIHUil CUTHAJ IS CO3J@HUs IOMOJTHUTEILHON CceficMIYIecKoil “mo-
cBeTKN TEeOCpebl W BBIABICHUS HEOTHOPOIHOCTEH C CHIBLHBIMHU PaC-
CENBAIONINMU, OTPAXKAIOIINME CBOicTBaMu. V3BecTeH SKCIEepUMEHT Ha
OJIHOM U3 MecTopoxKAeHuil 3amaanoit CuOUpHU 0 M3YyYEHUIO U3MEHE-
HUS aKYCTUIECKOTO CUTHAJIA, BRI3BAHHOTO MTOBEPXHOCTHBIM BUOPAITHOH-
HBIM BO3JIelicTBIEM. BUOpaIlmoHHOe BO3IeiiCTBIE OCYIIEeCTBIISIIIOCH C Ya-
croroit B muamnazone 10-33 I't. OCHOBHBIM pe3yJIbTaTOM IIPOBEIEHHBIX
HCCJIEIOBAHNM OBITO HHCTPYMEHTAIBLHOE TOATBEPIKICHIE BO3MOYKHOCTH
WHUITUIAPOBAHNST BHYTPEHHUX aKyCTHIECKUX KOJIEOAHWI BO3/IeiiCTBIEM
¢ moBepxHocTH. B jmanHoit paboTe mpeiaraeTcst UCIOJIH30BATh B Kate-
CTBE IIPEJABECTHUKOB 3eMJICTPACECHUA PErUCTPALUI0 U3MCHCHUS XapaK-
TEPUCTUK OTKJIWKA Ha BUOpAIMOHHOE BO3jelicTBue. B wactm mpuema
CUTHAJIA TpeJjIaraeTcs NUCHOJb30BATH ONBIT CKBAKUHHOTO I'€OAKyCTH-
9EeCKOTO MOHUTOPHUHTA, IPOBOAMMOTO Ha TeppuTopuu IleTpomasBioBek -
Kamgarckoro reommHaMmdaeckoro moaurona. IIpoBeseno maTeMaTute-
CKO€ MOJICINPOBaHUE C UCIIOJIb30BaHUEM HEHPOHHBIX ceTel, IIpe JIoZKeH
crioco6 06pabOTKM PErHCTPUPYEMOr0 aKyCTHIECKOTO0 CATHAJIA, C IIEJIBI0
BbIJICJICHUS TPU3HAKOB U3MEHEHUS ITPOCTPAHCTBEHHOI'O PACIIOJIOXKEHUS
HEOTHOPOIHOCTEH B Teocpeie. VccremoBane BBITOTHEHO TPH MTOIICPK-

ke rpanta FZNS-2023-0008.
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3.4 W3meHeHme oceii rJIaBHBIX HAIPSXKEHU Kak
BO3MOXKHAasl IIPUYUHA NpeaceiicMUIecKnX
aHOMAJINiI HAIIPABJIEHHOCTH I'€0aKYyCTUYIECKOTO
U3JIyYeHusl B MMyHKTe Habomenuii « Mukm>ka»

Tanees M.U., Mapanyaey, FO.B., Coaoduyx A.A.

Huemumym xocmofpusuneckur uccaedosanuti u pacnpocmpaHerus
paduosoan JIBO PAH

MexaHn9yecKne IPOIECCHI, OIPEIE/IAONINe U COIPOBOXK TAIOIINE
[IOJITOTOBKY TEKTOHUYECKOT'O 3eMJIETPSICEHUSI, IIPUBOJIAT K U3MEHEHUIO
HAIPSIZKEHHO-/1€(hOPMUPOBAHHOIO COCTOSIHUST 3€MHOIl KOpPBI. DTH W3-
MEHEHUsI SIBJISIOTCS MPUYNHON BO3ZHUKHOBEHMS AHOMAJIMIA B Pa3Jidd-
HBIX TNeo(PU3NYECKUX TOJIsIX. B ciydae, eciim OHU BO3HUKAIOT IEPE.
3eMJIETPSICEHUSME, WX KJaccuuimpymoT kak npeiasectukn. Cpemn
BBISIBJIEHHBIX [PEJICECMUYEeCKIX AHOMAJIUN B Me0pU3NIECKUX TIOJITX
na KaMuaTke oOHApyKeH BBHICOKOYACTOTHDIN aKyCTOIMUCCHOHHBIHN 3-
dexr. OH 3aKII0YAETCsI B POCTE HHTEHCUBHOCTU T'€0aKyCTUYECKOTO M3-
JIyI€HUs TP YBEJIMYEHUN CKOPOCTU IeOpMAaIlii MaCCHUBOB TOPHBIX
mopoz. HawmbGosee sipko 310T 3hdEKT MpOsABLETCs B KHJIOTEPIIOBOM
[WANa30He YaCTOT 33 OMHU-TPOE CYTOK Mepel 3eMJIETPICEHUSMH Ha
VJIAJIEHUU TIEPBBIX COTE€H KHJIOMETPOB OT UX SnuileHTpoB. [lokazamo,
9TO 1pu 3(PdeKTe TaKKe BOZHUKAET SIPKO BbIparKeHHasl HEPABHOMEpD-
HOCTb a3UMYTAJIBHOIO PaCIpeesieHns] Ie0aKyCTHIeCKOro U3JLyeHUsl,
KOTOpast 00yCJIOBJIEHA OPUEHTAINENl MCTOYHUKOB aKyCTHIECKUX KOJIe-
GaHuil B 1IOJIe HANIPSPKEHUI MPUMIOBEPXHOCTHBIX OCAI0YHBIX ITOPOJ.

Il cOmOCTaB/IEHUST BBISBJIEHHBIX MAaKCHUMYMOB a3WMYTAJIbHO-
IO PpAaCHpeJesIeHUsT T[e0aKYyCTUIECKOrO0 W3JIyYeHUs] C OpHEeHTAIWs-
MU OCell TJIABHBIX HAIIPSI?KEHWII ITOPOJ IIPU IIOJATOTOBKE 3eMJIeTPsI-
CeHUil TPOU3BEIEHO MATEMATHIECKOE MOJIEJTUPOBAHNE HAIPAXKEHHO-
1eOPMUPOBAHHOTO COCTOSHUS 3€MHON KOPBI. Bhraumciienus: mpoBoOIu-
JIUCh B PAMKAX CTATHIECKON yIpyroit Mojiesn. 3eMHast Kopa ObLiIa mpeji-
CTaBJIeHA B BUJIe M30TPOMHOIO YIPYTroro moJyrnpocrpaHcTsa. Mcrod-
HUK TOTOBSIIETrOCs 3€MJIETPSICEHUs] — B BHJE KOMOWHAIIUU JTBOWHBIX
map CuJi, ”HTEHCUBHOCTb KOTOPBIX BBHIOMPAJIACH B COOTBETCTBHUU C KOM-
MMOHEHTAMU TEH30Pa CEHCMUIEeCKOr0 MOMEHTa. B Mojeb Takke ObLI
BBeJZieH KodddurimenT ycurenus nedopMariiii, OCHOBAHHBII Ha OIEHKE
[MOTEHIINAJIBHON SHEPTUU, HAKOIJIEHHOW I[PHU IIOJTNOTOBKE 3eMJIeTpsiCe-
Husi. MojieJinpoBaHue IPOBOIUIIOCH JIJIsi KAMYATCKAX 3€MJIETPSICEHUA,

94



npousorneqmux B mepuof ¢ 1986 mo 2020 rozger. lammbie mo HuM, comep-
JKallFie B TOM YHCJIe SKCIEPUMEHTAJIBHYIO OIEHKY TeH30pa CelcMude-
CKOTO MOMEHTA, B3SThl U3 KATAJIOra MEXaAHHUKH OYAaroB 3eMJIETPSICEHUIT
«Global Centroid Moment Tensor Catalog». Ilo pesyiabpraTram mojienn-
pPOBaHUS MOCTPOEHBI A3NMY TAJIbHBIE PACIPEIE/ICHNsT HAIIPABJICHUsT OCeit
TJIABHBIX HAMPSXKEHWI, COOTBETCTBYIONINX CXKATHIO U pacTszkenuto. [1o-
Ka3aHO, 9TO Pe3yJIbTAThl MOJIEIUPOBAHNS COIJIACYIOTCS C BBISIBIIEHHBI-
MU MaKCHMyMaMH a3UMYTaJIbHOIO PACIPEJIEJCHIS Me0aKyCTHIeCKOTO
W3JIyY€HUs, 3aPErUCTPUPOBAHHOIO B IIyHKTe HaO/moernit « Muknkas.

Pabora Bemosimena 3a cuer locymapcrBennoro samanms WKUP
OBO PAH (per. Ne rembr 124012300245-2).

3.5 PazBurme MeTOA0B aHAJIN3Aa JTAaHHBIX
N3MEPEHU JIEKTPOTELITy PUIECKUX
HOTEHI[NAJIOB

Baxynun A.C., Cmosbyn H.C., Bozomonos JI.M., Kocmuwines /I.B.,
Lyduenxo U.I1., l'yasxos C.A.

Hrnemumym Mopcexot Teoaoeuu u Teogusuru JIBO PAH

B pabore mpencraBiieHbl pe3ysabraThbl 00pabOTKU JAHHBIX JIEK-
TPOTEJUTypUIecKuX mnoTeHmaaoB Ha HOxxuo-CaxaJmHCKOM TeonHa~
MHYecKoM mosurone. M3mepenusi BemyTcs ¢ umiona 2023 roma, m C
YUIETOM IpPeBaPUTEIbHBIX PE3YJIBTATOB, KOTOPBIE ObLIN IIPECTABIEHBI
B 2024 romy, B HACTOLAIEe BPEMs OTOXKJECTBJIEHBI C MOHUTOPHHIOM
CefiCMOTeHePUPYIOMINX CErMEHTOB OJIMKaiIero pasjoMa ¥ KpaT-
KOCPOYHBIM IIPOTHO30M 3emJieTpsicennit. IIpeiiorkeHHbIe  MeTOIbI
U CDE€JICTBA, IPUMEHsieMble B HAIIUX H3MEPEHUSX, SBJSIOTCH I
JIAHHOT'O HAIIPABJIEHUSI MHHOBAIIMOHHBIME, B TOM YHUCJIE U 110 XapaKTepy
peIBeCTHUKOB. [Ipe/iBeCTHUK Ompee/isieTcsi OJHO3HAYHO U HEIPOTH-
BopeunBo. Ha mepBoM rare OH MPOSBJISETCS B MOSBICHUN HEKOTOPOI
(OIHOBHAYHO BBIIEJIAEMOl MOJOCOBBIM (DUILTPOM) IIyMOBOH KOMIIO-
HEHTbl B HOYHOE BpeMs. DTa HOYHAs (B COOTBETCTBUH C 3aXOIOM U
BOCXOJIOM COJIHI[A [0 MECTHOMY BPEMEHH) KOMIIOHEHTa IIPEJICTaBJICHA
KBA3UIEPUOIUIECKIUMHI HUMITYJIbCAMU JJINTEIbHOCTbIO 2-3 CEeKYH/IBI.
[Tociie mepBOrO MOSIBJICHWS HOYHON IITyM MOYKET IIPOJOJIKUTEHHOEe
BpeMs CyIIECTBOBaTH (MHOIHE MECSIbl), IPUYEM KaxKIblil JeHb,
U I1apaMeTpbl WUMILYJIbCOB MIPAKTHUYECKN HE MeHSoTCs. Ha BTopoM
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srane (3a HECKOJBKO HEeIENb 10 3eMJIeTDsCEeHHs) B HOYHOM IIyMe
U3MEHSIOTCS JTUTEIHHOCTD CUTHAJA, [IEPHOJ, ero cjieJoBaHus, dhopma
¥ aMILUTATY1a UMILyjibca. Ilepen camum 3emiieTpsiceHreM Bce HabJIro1a-
eMble U3MEHEHUsI JOCTUTa0T MaKCHMyMa. B HacTosiliiee BpeMs 3a JIBa
roma u3meperuii Ha FOxxu0-CaxalnHCKOM TeOMHAMAYECKOM ITOJIUTOHE
BBIJIEJIEHO J[BA 3MH30/[a PETPOCIEKTUBHOTO MPOrHO3a 3eMJIETPICEHUt
B Gimxueii 3ome (no 20 KMm) Anpenosckoro pasmoma (FOr ocrposa
Caxanun). 3emsterpsicernst npousonuin 9 asrycra 2023 roma (M=3.4)
u 24 ausapga 2025 roga (M=2.1), upuuém daxTypa IpeIBeCTHUKA KOP-
pesupyet ¢ sHeprueil cobbiTus. B padore Takke mpuBeIeH mMOIPOOHBII
aHan3 OJIMKAUINUX K IMYHKTY PECUCTPAIUH CefCMOreHepUpYIOInX
CerMeHTOB ATIPEJIOBCKOTO pa3JjioMa, KOTOPBIA yTOYHSIET YTO 9TH JIBa
3eMJIETDSICEHNs eJIMHCTBEHHbIE U3 HE3aBUCUMBIX (CO3aBUCHMBbIE UCKJIIO-
YEHBI M3 PACCMOTPEHUs) 3a BCE BpeMs. IIpUTOM, YTO IpeIBECTHUKA
TOXKE J[Ba U OHU KJIEAJBHO COBIAJAIOT C CEHCMUYIECKUMU COOBITUSIMU,
TO KOPPEJIAIHsT MEXKLy JBYMsl ITPOIECCAMEI OYEBUIHO OYEHDb BBICOKA.

3.6 OcobenHOCTU PA3BUTHUSA CEIICMUYECKOTO
Imporiecca repes AyIeToM 3eMJIeTPsiICEHUil B
Typrun (06.02.2023, Mw="7.8, Mw="7.6)

Baxynun A.C.
Hnemumym Mopcexoti Teonoeuu u Teopusuxu JIBO PAH

B pabore npejicTaBieHbl pe3ysIbTaThI HCCIEI0BAHNS CEHCMUIECKOIO
nporecca B paiione Bocrouno-Anarosuiickoro pasznaoma (Typrus),
rae B despase 2023 roma MpoOM3ONLIN ABa KATACTPODUIECKHX 3€M-
sgerpsicenust (nymuter). Ilocrpoensl rpaduky aKTUBHOCTH JIsl IECTH
obJracTeil ¢ IEHTPOM B SMUIIEHTPE [IEPBOIO 3eMJIETPsICEHNsI. BhiiesieHbl
XapaKTepHbIe IEePUOJbl C IMOCTOSHHONW CKOPOCTBIO CEHCMUIECKOTO
mporecca n ToYKu mepexofa. OOHAPYKEHbI JIOKAJIbHBIE aKTUBU3AIIUN
B 2012 m 2022 rr., KOTOpble NMPUYPOUEHbI K SMHUIEHTPAM IyIJIeTa U
ABJISIOTCS JIOMUHUDPYIOIIMMI Ha IPOTSKEHUH I€PBBIX COTEH KHJIO-
MEeTPOB TI0 pa3jioMy. Bece akTuBmzamuu ObLIN IPUYPOYEHBI K OJHON U
TOI Ke 30He HEMHOI'O0 BOCTOYHEE SIUIEHTPA IEPBOrO (heBpabCKOro
3emsterpsicerus. 1lokazaHo, 9TO 9TH AKTUBHU3AIMHN HE COOTBETCTBYIOT
CTAHIAPTHOH cxeme pabOThI CEICMUYIECKOTO OdYara, TO €CTh HE MMEIOT
OJIHO3HAYHO OIIPEJIEIIEMOI0 [JIABHOI'O COOBITHS U XapaKTEPHOI'O
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adrepiiokoBoro mpomnecca. CKauKOOOPa3HbIA IPOIECC aKTUBHOCTU B
2022 rony 3akonuniics 3a 40 mgHeil 10 IynseTa 3eMIeTPICEHNn N, U MOYKeT
OBITH PACCMOTPEH B Ka4eCTBE KPATKOCPOUHOIO ITPOTHO3HOTO IPU3HAKA.
I'mtaBHBIMU  XapaKTepUCTHKAMU TaKONl KpaTKOCPOUYHON aHOMAaJIUU B
CECMUYECKOW aKTUBHOCTH SIBJISIETCSI COKpAIlleHUe JJIUTETbHOCTHU
KarKJI0# TMOCTeIyToneil aKTUBU3AINNA U YMEHBbIIIEHNEe BPEMEHN MEXK Ty
uumu. JlokanbHas aktuBm3arus 2012 roma, Cyas MO pacHpeaeeHunio
SMUIIEHTPOB 3eMJIETPsICEHUIl, BEPOSITHO, SIBJSIETCS HAYaJbHBIM 3Ta-
IIOM Pa3BUTHUSI IIPOIIECCA, KOTOPDIH IMOJTY M TpofoKenne B 2022 romy.

3.7 Teoakyctmyeckue HaAOJIIOAEHUS B yJIaJI€HHOM
nyukTe «Kpyrobeperoso»

Muwenro M.A., Cenxesun FO.H.

Hﬁcmumym ’EOC‘M,OdBUSU’%BCT{ZUI uceaedosaruti u pacnpocmpaHerHuA

paduosoan JIBO PAH

Ha ceBepe Kamuarkm nymkre nHabmomenuit «Kpyrobeperosos c
ocern 2021 roma MpOBOAUTCS MOHUTOPHUHT CUTHAJIOB T'€0aKyCTUIECKOM
smuccuu. HakorieHn modTu AByXJIeTHUN HENPEPBIBHBIN Pl aKyCTHIe-
CKUX NaHHBbIX. ['eoakycTryeckass IMUCCASA PACCMOTPEHA B BHUJE ITOTOKA
aKyCTUIECKUX UMITYJIbCOB. 1IpeicTaBieHbl pe3yIbTaThl aHAIN3a JTUHA-
MUKW PAaCIpPeJIeJIeHUs] aMILIUTYJIbl UMITYJIbCOB W UX COIIOCTABJIEHUS C
PErnoOHAIBHBIM CEeACMUYIECKAM KATAJOTOM.

Pabora Bemosmena 3a cuer locymapcrBennoro 3amanms VKUP
IBO PAH (per. Ne HUOKTP 124012300245-2).
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3.8 MHMucranToHHaAsg MOIEJb IOTOKAa
dopIoK-ad TEPIITOKOBBIX COObITUI (€aUHBIH
KUHETUYECKUIl MMOIX0/)

Bozomonos JI.M.', Pooxur M.B.1:%3, Coves B.H.*

L Hremumym mopekoti eeonozuu u 2eofusuxu JBO PAH
2 Hnemumym dusury Seman um. O.FO IImudma PAH
3 Unemumym meopuu npoenosa semaempacenuti u
mamemamueckot seopusury PAH

WucTanTOHBI — JIOKAJIN30BAaHHBIE BO BPEMEHU BO3MYIIEHHUsS u-
3UYECKUX I0Jiefi, KOTOpble PACCMaTPUBAKOTCSI B psije pa3IesioB
TEOpPeTUIecKOil (PU3UKU KaK YIIPOIIEHHAsT MOE/b IePEXOIHBIX IPO-
meccoB. Ha3BaHme «WHCTAHTOHBI» TOMYEPKUBACT WX AHAJOTHIO C
COJINTOHAMH, T.€. IIPOCTPAHCTBEHHO-JIOKAJN30BAHHBIMA BOJHOBBIMUI
BO3MYIIIEHUSIMA, KOTOPas IPOSBJILETCS [IPUA 3aM€EHEe B YPABHEHUAX JIJIsI
BOJIHOBOI (POPMBI TeKyIIeit KoopaumHaThl X Ha Bpems t. Harmsaubrit
00pa3 MHCTAHTOHHOT'O PEIeHNs] — IPOU3BOHAs 10 BPEMEHU OT JIOI'H-
cTuveckoi (S - 0Opa3Hoil) 3aBUCHMOCTH, OIKCBHIBAIOIIEH IePeXOIHbIH
mnporecc. TpakToBka AeOPMAIMOHHBIX IPOIECCOB B 00JIACTH BOKPYT
TOTOBSIIIEr0CHd OYara 3eMJIETPSICEHUS KaK IePeX0o/[a MEeXKJy COCTOSHI-
AMH <«JIO» M <«IIOCJie» IJIaBHOI'O CO6BITI/15I JIOBOJIbHO TpHUBHaJIbHa IIPU
paccMOTpeHMH Ha KadeCTBeHHOM ypoBHe. Ho KojmmdecTBeHHOE ormca-
Hre (POPIIOKOB U AMDTEPIITOKOB TPOBOJAUTCS, KAK MIPABUJIO, PA3IEJIHHO.
Ucnonp3oBanne KMHETHYECKUX YPABHEHUI, MMEIONNX WHCTAHTOHHBIE
pelleHnst, Jyisi MOIEJIMPOBAHUS ITOTOKA CECMUYECKUX COOBITHIl IIe-
pe/l um IoCje TJIABHOIO yIapa II03BOJIAET YHUMDUIMPOBATH OIUCAHUE
GOopIIOKOBBIX u  adTepIIOKOBLIX Hoc/eoBarebHoCTel. (CX0ICTBO
TUX IOCJIEIOBATEILHOCTEH BUJIHO YK€ W3 MOMO00UsT MATEMATHIECKUAX
BBIDAYKEHMIT JJIsi mpsiMoro u obparHoro 3akoHoB Omopu — Yrcy.
Eme 6osee TecHyio aHajorumio MeXKy HUMH IIOKA3AJIHM HUCCIEIOBAHUS
0606menHoii okpecTHOCTH CcHibHOTO 3emuterpsicenus (OOC3). Beuio
yOeINTeIbHO IIOKA3aHO, YTO CXOJCTBO PACIPOCTPAHSIETCS TaK:Ke Ha
AHOMAJIMU U3MEHEHWsl HAKJIOHA Ipaduka HNOBTOpsAeMOCTH (CpeiHeii
MACHUTY/bI 3€MJIETPACEHUs) U Ha Psifl JAPYTUX XapaAKTEPUCTUK IIPO-
necca akruBuzanuu. I[Ipu srom Bce BhigBiasemble B OOC3 anomasiuu
JIOIIYCKAIOT BIIOJIHE OIIPEIEJIEHHYIO KOJTMYECTBEHHYIO [IapAMETPU3AIINIO.
EcrecrBenHO, B pa3sHBIX Clydasix 3HAYEHUs [IApAMETPOB COOTBETCTBY-
FOIUX PErpecCUOHHBIX COOTHOIIEHWI W TaKhe XapaKTEePUCTUKHU, KaK
HEKOE CpeJIHee OTHOIIEHWE YHuCjia (POp- U adTEPIIOKOB, BAPBUPYIOT.
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[Monyuennsie B OOC3 sMmmupraeckrne 3aKOHOMEPHOCTH MbI UCIIOJIH3YEM
I 1of0Oopa IapaMeTpOB MHCTAHTOHHOI Mojernu. lless mokmama —
[IPOJIEMOHCTPUPOBATH ILJIOJOTBOPHOCTD KMCIIOJIb30BAHUSI WHCTAHTOHHOMN
MOJe/IM Ha IIpUMepe 3eMJIeTpsiCeHuil B IOoKHOU dactu o-Ba Caxa-
gua 3a 2003-2022 rr. DMOuUpUYECKHe 3aBUCAMOCTH CEHCMUYIECKON
AKTUBHOCTH OT BPEMEHH CTDPOWINCH [JIsi TEPPUTOPUUA B MPEIEIax
(44.5° — 50.5° C.II., 141.5° — 43.5° B ./.). Ilpu comocrasiennn
SMIIMPUIECKUX I'PA(pUKOB U PEIleHnl KHHETUIEeCKUX YpaBHEHUN ObLIN
mo106paHbl  [TapaMeTpbl MOJIEJIbHBIX YPaBHEHUI Jjis HHCTAHTOHOB.
[Tokazano, YTO yIOBJIETBOPUTEIBHOE CXOICTBO BPEMEHHBIX 3aBUCH-
MocTeil B mHTepBajie Iioc MuHYC 20 CyTOK OT IJIABHOTO COOBITHS
00€eCIIeYnBAIOT CPABHUTEIBHO IIPOCTHbIE KUHETUYECKUE YPaBHEHUS
[IEPBOTO IOPANKA. Dojiee CJIOKHBIE YpaBHEHUsI BTOPOrO IIOPSIKA
MTO3BOJISIIOT OIUCATH 3aKOHOMEPHOCTD, UYTO KOJUYIECTBO a(TEPIIOKOB U
[epUoJT WX AKTUBHOCTH OOJibIlle, ueM [jisi (popIIoKoB. VHCTAaHTOHHOE
ommcaHne O0ODIMAET €CTECTBEHHBIM OOpPa30M MOJEIh CAMOPA3BUBA-
romuxcst uporeccoB (CPII), B pamrax KoTopoil Bbluessiercs craius
B3PBIBHOT'O pOCTa 4ncja (POPIIOKOB II€pPe]] IJIABHBIM COOBITHEM, YTO
MOXKeT OBITH IIPOrHO3HBIM NpusHakoM. Peasmmsarust CPII ecrs He uTO
WHOEe KaK XOPOIIO H3BECTHBIA CJIy4ail pexXuMoOB ¢ obocrpenmem. U
OHA CTAJKHABAETCS C MPUHIUIUAJBHON TPYIHOCTBIO — OIMCHIBAEMBIN
9TOI MOJEJIHI0 HEOTPAHUYIEHHBI POCT AKTUBHOCTH, T.€. CUHTYJISIPHOCTD
pelleHnst, Iepej Wik B MOMEHT IJIABHOI'O COOBITUS HE OTBEYAET PeaJib-
HbIM HaOJIFO/IEHUsIM, & W BOOOIIE SIBJISIETCS YUCTO MaTeMaTHIeCKOi
abcrpakiueii. VHCTAaHTOHHAsT MOJIEb yYCTPAHSIET 3TO MPOTUBOPEYHE,
TaK KaK W3 Hee IMOJIYIAIOTCH PEIIeHUsl C NUKOM AaKTUBHOCTH, HO
6e3 cunarynsgpaoctr. MakcuMmasibHasi aKTUBHOCTh MOXKET IIPEBBINIATH
HAYaJbHYI0 HA OJUH - Ba IOPANKA, IPUYEM MK JTOCTUTAETCA IPHU
HAKOIIEHUN OIIPEJICJIEHHOIO YUCJa COOBITUN. DTO UUCIO 3aBUCUT OT
HaYaJbHBIX YCJIOBUM W MOXKET PACCMATPUBATBCS KaK ITPOrHO3HBIN
mapamerp. CreHapuii ¢ WHCTAHTOHAMHM HAXOAWTCS B COOTBETCTBUU
C TPEJCTABICHUSIMA O KOHIIEHTPAIMOHHOM KDPUTEPUU DPa3PYIICHUS
CILJIONITHOCTH CPEJIbI.
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3.9 MHccaenoBanune fMHAMHUKN OO0bEeMHOI
AKTUBHOCTHU PAJOHA C yIE€TOM
Hanpsi>keHHO-1e(POPMUPOBAHHOI'O COCTOSTHUS
reocpeabl

Crosnenv I'A.Y, ITaposux P. H.?

b Kamuamexuii 2ocydapemeennoiti ynusepcumem umenu Bumyca
Bepunea
2 Mnemumym xocmousuneckux uccaedosamuti U pacnpocmpanenus
paduosoan IBO PAH

OMaHAIMOHHBIN MeTOJ| UCCJIeJOBaHUSI MUTDAIIMOHHBIX CBOWCTB pa-
JOHA U3HAYAJIBHO IIPUMEHSIJICS JI/Id IIOUCKa YPAHOBBIX DY/, HO €ro IIpH-
MEHEHUEe PACIINPUIOCh. MeTol UCIob3yeT MaTeMaTUuIeCKue MOJIEIN
JJld aHaJIu3a PaclIpPOCTPaHEHHs PaJioHa B II0YBaX, NOPHBIX IIOPOJAX,
aTMocdepe U JIPYrux MATEPUATIAX, UTO BAXKHO JJIsi TIOHUMAHUS PaJIiv-
AIMOHHOIO ODJIYUYeHHUsI U 3aIlUTHl OT HErO B 3JIAHUSX U COOPYKEHUSIX,
a TakKzKe IS ITPOIHO3MPOBAHUS I'€OIMHAMUYECKUX ITPOIECCOB, CBA3aH-
HBIX C CeICMMYECKO!l aKTUBHOCTHIO U TOPHBIMU y/IapaM# B ITaxTax.

B mamnom ciygae OyzieM paccMaTpuBaTh CIEAYIONLYIO 33ady:

O (1)

—5 = AC) +q(t), Clto) = Co, (1)

rue C(t) — KOHIEHTpalUsl PAIMOAKTUBHOIO KOMIIOHEHTA B [IOPHCTOM
reocpejie Ha eUHUIY obbema, K-Bo wactum/M%; t € [to,T] — Bpems
paccMaTpuBaeMoro mporecca; tg, 7 — HadabHBI ¥ KOHEYHBIA MOMEHT
Bpemenn, ¢; A = 2,1 -107% — mocrosHHAZ PaIEOAKTHBHOTO pACIa-
na, ¢ 1 q(t) = qo - exp(f(o(t))) — dyHkmus uCTOURUKA PajoHa, K-BO
gactut/ (M3c), xapakTepusyeT MOCTYIIEHHE PaJHOAKTHBHOTO KOMTIO-
HEHTA B €€ HAIPS?KEHHOM COCTOSIHUU, KOTOPOE OIPEIeIAeTCs QOyHKIM-
eit f(o(t)), o — MHTEHCUBHOCTH SMAHUPOBAHUST PAIMOAKTUBHOIO KOM-
[IOHEHTA B HE HAIIPSI?KEHHOM COCTOSTHIIH.

Banauy Kommu (1) moxuo nepenucars B repmunax OAP B cuiry To-
ro, 9TO OHA OOBIYHO M3MEPSIeTCs Ha MYHKTAX PErHCTPAIUU PAJIOHOBO-
ro mouuropunra. s nepexona Kk OAP Heo6X0IMMO BOCIIOIB30BATHCS
dopwmyioit:

A(t) = AC(t)
n

)

rae 7 — KO3 GUIMEeHT MOpUCTOCTH.
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OcobeHHOCTD PAabOTHI 3aKJIIOYAETCS B HOBOM MOJXOJIE CO CTOPOHBI
TEpMUHOB OOBEMHOM aKTUBHOCTU PAJIOHA, UTO IIPUBOJUT K HOBBIM 3a-
JagaM Jjist aHasm3a. 1lojryyeHHbIe MOJIe/IbHbIE PACYETHI OBLIN COIIOCTAB-
JIEHBI C PeajIbHbIMU JAHHBIMU JIJIsl IPOBEPKU X TOYHOCTU U PEJICBAHT-
HOCTH.

®unancupoBanue. [ocyrapcreennoe 3amanne UKNP JIBO PAH
Ne124012300245-2. Tema «BzammoseiicTBre pu3ntdeckux MPOIECCOB B
cucreme GIMIKHETO KocMmoca u reocdeps (2024-2028 rr.).

3.10 JImrocdepHo-uoHocdepHoe B3anmMoO/IeiicTBUE
M COITPOBOXKIAIOIIHE €Tr0 SBJICHUS

Illesyos B.M., Illepememuvesa O.B.

Hnemumym kKocmoPuduseckus ucciedoganutl U pacnpocmpareHus
paduosoan IBO PAH

PaccmarpuBaercss KOMILIEKC (DU3MYECKHUX ITPOIECCOB, ITOPOXKIAI0-
mux B3anMmozeiicTeue jimrocdepsl u nonocdepnl. Hanpsizkennst B 3em-
HOIi KOpe, BBI3BIBAIOIINE IJIACTHYECKHE 1eDOPMAITIH, COITPOBOXK JTATOTCS
JIUCJIOKAITMOHHBIMYI M3MEHEHUSIMU, TeHEPUPYIONUMHU UMITYIBCHI JJIEK-
TPUYECKOTO TOKA. [ eHEepaIus 3JIEKTPUIECKOrO TOKA B TOPHBIX MTOPOJIAX
[IPUBOJIUT K OOBEMHOMY Pa3JIeJIEHUIO JIEKTPUIECKUX 3apsOB U BbI-
XOJly WX Ha 3eMHYIO IIOBEPXHOCTh. BcejeicTBrue HU3KON MTPOBOIUMOCTHU
HIZKHEN aTMocdepnl hopMupyeTcsi 00bEMHBIN JIEKTPUIECKAN 3aPsil Y
3eMHOI1 I0BEPXHOCTH (3J1eKTPOAHBIA 3 deKT), a 3a cueT TOKOB CMele-
Husi (popMupyercss OObEMHBII JIEKTPUIECKUIT 3apsij] ITIPOTUBOIIOIOXK-
HOI'O 3HaKa B HIDKHeN noHocdepe. Haj MOpCKOi TOBEPXHOCTHIO JI€K-
Tpu3aius arMocdepsl IpoTekaeT anajgorndno. Kouduryparus oobeM-
HBIX JIEKTPUYECKUX 3aPsI0B B aTMOocdepe MOIIePKUBACTCs TeHEPATTH-
el JIEKTPUYIECKOT0 TOKA B TOPHBIX MOPOJIAX. DJIEKTPUUECKUE 3aPSI bl
y 3eMHOI IIOBEPXHOCTU MOTYT OBITH IIEHTPAMY KOHIIEHTPAIIUN BOJISTHBIX
[IAPOB, & BBIJIEJsIeMast IIPU ITOM TEIIOTA HCIIAPEHUsT MOYXKET OBITh MpPHU-
YUHOM IIyJIbCAIINN TeMIIEpaTyPhbl M MEPIIAHUS TEILJIOBOIO U3JIyYEHUST aT-
mocdepsl. B To ke BpeMsi 06beMHBIE 3apsijibl B HOHOCHEPE MOT'YT OBITH
MPUYIUHON BBICHIIAHUN 3aPIyKEHHBIX YACTHUI] U3 PAIUAIIMOHHBIX [TOSICOB.
COBOKYITHOCTD 3THUX CJIa0bIX W HEYCTOWIUBBIX (DU3MIECKUX MPOIECCOB
pPacCMATPUBAETCS KaK KOMILJIEKC ITPEIBECTHIKOBBIX KPUTHIECKIX STBJIE-
HUI IIOJATOTOBKYU 3eMjieTpsiceHusi. MHOroieTHIE HAOJIIOMEHNS 38 ITUMUI
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IIPOTIECCAMU TTO3BOJIMJIA YCTAHOBUTH BEPOSITHOCTH MX BO3ZHUKHOBEHUS,
KOTOPBIE MOYKHO UCITOJIB30BATH B IEJISIX MIPOTHO3a CEHCMUIECKUX COOBI-
TUM.

Pabora Bemosiena 3a cuer locymapcreennoro samanms WKUP
JIBO PAH (per. Ne HUOKTP 124012300245-2).

3.11 MyapTunapaMerpuieckuii MOHUTOPUHT B
CUCTeMe IIPOTHO3MPOBAHUS CUJIBHOTO
3emuieTpsicenuss Ha KamuaTtke

Konwvirosa I'H., Cepagumosa FO.K.
Eounas zeopusuneckasn cayorcoa PAH, Kamuamexut duarvan

C xomma 70-x rr. XX B. Ha KamuaTke MOBOASTCS KOMILIEKCHBIE
HaOJIIOJIEHUST C TeJIbI0 W3yUYEHUS IIPEIBECTHUKOB 3€MJIETPSICEHUM.
OCOBGEHHOCTHIO MYJIBTUIIAPAMETPUIECKON CeTH reodU3NIECKUX U Ieo-
XUMUAYeCKUX HaOJIIOJEHUIl ABJISETCs ee PACIIOIOKeHrne Ha HeOOJIBIIOi
reppuropun Ilerponasiosek-Kamuarckoro mosmrona (ITKIT). Iessto
WCCJIEJIOBAHUSI SIBJIsieTCsI u3ydeHne 3pdeKTa KOMILUIEKCHOIO IMPOsIBJIe-
uug npeasectaukon (DKIII) B MyabTuIapaMeTprudecKux JAHHBIX JJIst
obecriedeHns MPOrHO3a CHJIBHOTO 3€MJIETPSICEHNS, OMACHOTO JJIs HAaCe-
Jnenust n nandpactpykTypsl Ilerponasmosek-Enmm3oBckoit ariomeparin.
ITox DKIIII norHumaercs: 3abjaroBpeMeHHOE IIPOsIBJIEHHE HE MeHee
80 mIpOIEHTOB BUJOB IPEIBECTHUKOB U3 BCEl WX paccMaTpuBaeMoil
copokynHocTH. C WCIOJIB30BAHUEM OIYOJMKOBAHHBIX MATEPHUAJIOB,
BemmosiaeH  aHasm3 OKIIII mepex menko-cpennedOKyCHBIMEA — 3€M-
JgerpsiceHusMu ¢ MarHutyzmamu Mw=6.6 u 0ojsiee 1O JAHHBIM O
MATH BUAaX TpeaBecTHUKOB B 1987-2004 rr. ¥ 1O dYeTHIpHAINATH
BujgaM 1pensecTHHKOB B 2005-2022 rr. B Tedenme 1987-2022 rr.
MPOU3O0IIIN CEMb 3eMJIETPSICEHUl, Iepes KOTOPBIMHU (DUKCUPOBAJICS
OKIIII. Omenensl mapamMeTpbl TAKMX 3€MJIETPSICEHUN: MAarHUTY/IbI
Mw=6.6-7.8, runoriearpasbubie paccrogaus a0 rnearpa [IKIT de=110-
210 KM, OTHOIIIEHNE THUIOIEHTPAJILHOIO PACCTOSHUS K Pas3Mepy odara
semsterpsicenust L, kM (3aBbsuios, 3oros, 2021) de/L= 1.6 — 3.8,
ornomerre Mw/lgdh=3.08-3.39. Bce Takue 3emjerpsicenusi COIPO-
Boxkmasuch Ha Tepputopun IIKII corpsiceHmaMu WHTEHCUBHOCTBHIO
4.5 — 5.5 bautoB o mkasme MSK-64. Vcknrouennem sBiisteTcst 3emie-
rpsicenue 8 mapra 1999r., Mw=7.0, dh/L=2.8, nepe koropsim DKIIII
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HE TPOSBJISIICA. DTO 3eMJIETPsICEHHE MPOU30MII0 depe3 15 Mmecsien
nocyte cunbHeiero Kponornkoro zemierpsiceHuss Ha (oHe mocTceii-
CMUYECKUX JePOPMAIMOHHBIX U THJAPOre0JIOTNYIECKUX IIPOIECCOB.
Ob6cyxmaercs nepcnektuBa npumenerns JKIIIT B cucreme mporso-
3UPOBaHUS 3€MJIETPSICEHUIT J1jist 60JIee OOOCHOBAHHOM ONEHKHU BEJIUINH
MAarHUTYIBI U YAAJEHHOCTH OXKHIAEMOT0 CHJIBHOIO 3€MJIETPSCEHNs], 10
CPABHEHUIO C BO3MOXKHOCTSIME OTJIEJIHHBIX CEHCMOIPOrHOCTHIECKUAX
METOJOB U TEOPETUYECKUMHU OIEHKAMHU 30HBI IOJIOTOBKH CHUJIBHOI'O
3eMJIETPsICEHNS, B YaCTHOCTH, 10 «opmyJsie JIo6pOBOJIbCKOTO».

3.12 HeiipoeTekTop aHOMAaJINii BBICOKOYAaCTOTHOM
AKYyCTUY€E€CKO 3MUCCUU B MEPUOIBI
NpelecTBYIONIE U II€PUO/bI CJleyIole 3a
CUJIBbHBIMU 3eMJleTpsiceHnsasMu Ha Kamuarke

Cenxesuw 10. 1.

Hnemumym KocmoPuduseckus ucciedosanut U pacnpocmpareHus
paduosoan IBO PAH

IIpencraBiienbl pe3yabTaThbl pa3paboTKu KiaccudukaTopa obHapy-
JKUBAEMBIX CIEM(PUIECCKIX OTKJIOHEHUIT XapaKTEePUCTUK CUTHAJIA BbI-
COKOYACTOTHON aKyCTUIECKOIl IMUCCHUU, MPOSBJISIONINXCI B IEPUOJIBI
MIPEITIECTBYIONINE CUIbLHBIM 3€MJIETPSICEHNII M TEPUOJBI CJIETYIOIIIe
1ocjie TAaKAX 3eMJIETPSICEeHNN C MCIOIb30BaHUEM METOJOB HCKYCCTBEH-
HOT'O MHTEJLJIEKTA.

Pabora Bemmonnena 3a cuer locymapcrBennoro 3ajganus NKUP
JBO PAH (per. Ne HUOKTP 124012300245-2).
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3.13 YwuciseHHbIe OIIEHKHU U JIAOOpaTOPHBIE
WCCJIeJOBAaHUS TEIJIOBOTO MeXaHU3Ma
3JIEKTPOMATrHUTHOTO WHUITAUPOBAHUST

3eMJIeTPSICEHU

Hosuxos B.A.12, Kyavkos /JI.C.3, Hapos C.B.2, Topvuun M.I1.3

L O6sedunermnuiti uncmumym svcoxur memnepamyp PAH, e.
Mocxkea, Poccus
2 Uncmumym dunamury 2eocdep um. axademuxa M.A. Cadoscroeo
PAH, 2. Mocksea, Poccus
3 Hayunas cmaryus PAH, 2. Buwskex, Kopewizcman

Hecvmorpss Ha 0607b110# 00BEM  BBIMIOJIHEHHBIX IIOJIEBBIX 9KCITE-
PUMEHTOB W HaOJIIOJEHWII, a TakkKe JiabOpaTOPHBIX WCCIEIOBAHUMT,
MMOTBEPAUBIIUX CYIIECTBOBAHUE JIEKTPOMATHIUTHOTO MHUIIMUPOBAHUS
3eMJIeTPsICeHM T, (DU3MIECKNIT MEeXaHU3M ITOTO SBJIEHUS 10 CUX IIOD
HE sICEH, UTO CJEPXKUBAET €ro MPAKTUIECKOE HMCIOJIH30BAHUE B IEJITX
CHIDKEHUSA CEHCMUYECKON OITaCHOCTU, KaK B YACTU HUCKYCCTBEHHOU
JIEKTPOMATHATHON Pa3PsAIKA TEKTOHUYIECKUX HAIMPSKEHUN, TaK U B
9acTH KPATKOCPOYHOTO IIPOTHO3a 3eMJIETPSCEHUN MPHU JIEKTPOMAr-
HATHOM TPHUITEPHOM BO3/IEHCTBUM CHJILHBIX BapHAIlUll €CTECTBEHHOI'O
TeOMArHUTHOTO IIOJIsI HA oOdYar 3emjerpsicenus. B jgannHoit pabore
paccMOTpeHa IIpeJJIOZKEHHAsI paHee TMIoTe3a TEIIOBOT'O TPUITEPHOTO
MEXaHU3Ma BO3EUCTBUs 3JIEKTPUYECKOIO TOKA HA IMOPUCTYIO (JIFO-
WJIOHACBHIIIEHHYI0 TOPHYIO IOPOIY, KOIJa JI2KOYJIeB HarpeB GIIonga
(MuHEpaIM30BAHHON BOJBI) B HOPAaX M TPEHIMHAX IPUBOAUT K DPOCTY
BHYTPHUIIOPDOBOI'O JIABJIEHNSI U CHI2KEHUIO d(PEPEKTUBHON IPOYHOCTU
rOpHO# TOPOIbl. UNCIEHHBIMY OIIEHKAMU ITPOTEKAHUS TOKA B TIOPUCTOM
GIIIONIOHACHIIIIEHHON CpeJle MMOKAa3aHO, UYTO IOBBIIMIEHUE TEMIEPATYy-
pbl duonga u, Kak CJIEICTBHUE, €ro JIABJIEHUsI B IMOPAX COCTABJISIET
HECKOJILKO TPOIEHTOB, UTO MOXKET OODbSCHUTH TPUITEPHBIH 3PdeKT
BO3JEHCTBUS IJIEKTPUIECKOI'O TOKA, KOIJ/Ia TI'e0Cpeja HAXOIUTCH B
HAIPSI2KEHHO-/1e(DOPMUPOBAHHOM  COCTOSTHUH, OJIM3KOM K  IIPEJIENTY
MIPOYHOCTH TOPHBIX NOPOJI. /JaHHbBIE PE3YIbTATHI TIOITBEPKICHBI B 9KC-
MMepUMEHTaX HA OJTHOOCHOM IIPECCe C IUJIMHIPUIECKAME 00pa3laMu u3
HUCKYCCTBEHHOT'O MECUYAHNKA M MpaMopa B opMe MPIMOYTOJHHOIO IIa-
paJjiesenueia ¢ KBaJIPATHBIM CEYeHNEM C PA3JIMIHON MOPUCTOCTHIO,
a TakXKe B 3KCIIEPUMEHTaX C MOJEJbHON IeJIeBO II0JIOCTHIO, UMUTHU-
pymoIieil TpemuHy Wid 1opy. UHWCIeHHBIE OIEHKU ¢ JIaOOpaTOpHBIE
9KCIIEPUMEHTHI MMOKA3BIBAIOT, UTO TUIIOTE€3d O TENJOBOM TPHUITEPHOM
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BOBEHCTBUN JIEKTPUIECKOTO TOKA Ha TOPHDLIE MOPOIBI MOYXKET OBITH
MPUHSATA B KadecTBe pabodueil /s majbHeieit mpopaboTKu B YCJIO-
BUSX J1TAOOPATOPHBIX IKCIIEPUMEHTOB Ha IIPECCe U MPYKUHHO-OJIOTHON
MOJICIN  CEHCMOICHHOTO pPa3jioMa JJid  OIPEJEJICHUA ITOPOTrOBBIX
3HaAYCHUI YPOBHHA CABUTOBBIX HAIIPAKCHUI W BEJIMYUHBI 3JICKTPUIECKO-
I'0 TOKA B MOJIEJILHOM PA3JIOME, IPUBOJAIINX K TPUTTEPHOMY 3D dEKTy.

3.14 CsoiicTBa nedopMamOHHOIO MpoIliecca B
dazax dpopIiokoB u apTEPINOKOB JIJI 30HBI
cyonykuuu Kypmniao-KaMmdarckoii ocTpoBHOI

AyTH, olpeaesisieMble IPOOHBIMU
napaMerpaMu 3MnupuiecKknx pyHKIni
pacrpeaesieHus

Hlepememuvesa O.B., Ilesuos B.M.

Hnemumym K0cmoPusureckus ucciedosanul u pacnpocmpaHerus
paduosoan JIBO PAH

WccnenoBanme mpoBOAUTCA B paMKax JIpoOHOM Momenn medopma-
IIMOHHOT'O TIPOIECCa B CEHCMOAKTMBHOM DEruoHe. B KadecTBe MOJIEIH
paccMaTpUBaeTCs COCTaBHON crereHHO# nporecc [lyaccona B 1pobHOM
[IPEJICTABJICHUN 10 BPeMEeHHU. BepOosiTHOCTHBIE XAPAKTEPUCTUKU ITOTO
mnporecca BoipaxkaeT dyukmusa Mwurrar-Jledbdaépa co cremeHHbIM ap-
TYMEHTOM, KOTOPasl YIUTHIBAET CTEIIEHHOE PACIIPEEIEHIe JACTOT I10-
BTOPsIeMOCTH COOBITH. JIJ1sT BepuduKamnm MoJIe/IN UCIIOIb3YIOTCS JaH-
Hble KaraJjiora 3emerpsicenuit Kamuarckoro dpuimana PI'BYH Peje-
paJbHBII uccienoBaTeIbCKUil NMeHTp «EnuHast reodusmdeckas: CIyxK-
6a PAH» 3a mepuos, ¢ 01.01.1962 mo 31.12.2002 mjist 30HBI CyOIyKIun
Kypumo-Kamaarckoit octpoBHoit gyru. Pacaér sMmupuaecknx 3aKOHOB
pacupesesiennsi (hOPIIOKOB U adTEPIIIOKOB IIPOBOIUTCS HA OCHOBAHUU
JIBYX aJI'OPUTMOB, IIEPBBIil U3 KOTOPBIX PACCMATPUBAET COOBITHUSI, KOP-
peJIUpyIoIe TOJbKO C IJIABHBIM COOBITHEM HA OCHOBAHWM IIPUHSITHIX
KPUTEPUEB MPOCTPAHCTBEHHO-BPEMEHHOM U 9HEPreTUIECKON CBSI3HOCTU
cobbrTuit. BTopoii aaroputm yauThIiBaeT BETBJIEHHE IIPOIIECCA, PACCMAT-
puBasi COOBITUS CTATUCTHYECKN CBA3AHHBIE KAK C IVIABHBIM COOBITHEM,
TaK WU CO CBA3aHHBIMHU C I'JIaBHBIM. SI\IHI/IpI/ILIeCKI/Ie 3aKOHBI pacIipe/e-
JIEHUsI alllIPOKCUMUPYIOTCsI TpéxnapamMerpudeckoil dpyrkimeir Murrar-
Jledbduiépa. 3uadenust APOOHBIX APAMETPOB XapaKTEPU3yIOT CBOINCTBA

105



9PEUTAPHOCTH U HECTAIMOHAPHOCTHU J1ePOPMAIMOHHOIO IIPOIEcca B
ceiicMOaKTUBHOM pernone. [IpoBejieHO cpaBHeHHe 3HAYEHUIT JTPOOHBIX
rapaMerpoB SMIIMPUIECKUX 3aKOHOB paclipejieieHus (OPIIOKOB U ad-
TEPIIOKOB MPU UCIOJIb30BAHUN JIBYX AJTOPAUTMOB U CJEJIAHBI BBIBOIBI O
BJIUSTHUY KJIACCA [JIABHOT'O COOBITUS HA WX 3HAYCHUS.

Pabora Boimonmena 3a cuer locymapcrBennoro 3aganmsa WNKIUP
ABO PAH (per. Ne HUOKTP 124012300245-2).

3.15 Ilouck YHY curnaoB ot JuTocdepHbIX
WCTOYHHUKOB 110 MAarHUTOTEJLJIy PUIECKUM
JaHHBIM

Huaunenxo B.A.Y, Sunxun J.B.Y, Hlawkos A.A.2, Kacumosa B.A.3

L Huemumym dusuru Semau um. O.J0. IImudoma PAH
2 Cankm-Ilemepbypeckuti 2ocydapecmeentvlii ynusepcumen
3 Edunas zeofpusuneckas cayoicba PAH, Kamuamexuti guivan

OcHoBHOIT TTPOOJIEMOIT U3YUEHHS TEKTPOMATHUTHBIX BO3MYIIEHHUIT,
CBA3aHHBIX C CEHCMUYECKOH AaKTHUBHOCTBIO, sIBJISIETCA pa3paboTKa
3 dEKTUBHBIX AJTOPUTMOB, IIO3BOJISIONNX OTJIMYNTH STU BO3JEi-
CTBHUS OT IPUPOIHON WX TEXHOTEHHON AesTeabHOCTH. [Ipesmaraembrit
HaMH MeTOJ OCHOBaH Ha OCOOEHHOCTSIX TI'HIIOTETUYECKUX CHIHAa-
JIOB CEeMCMUYECKOI'O IIPOMCXOXKJEHHsI U TPeOyeT OJIHOBPEMEHHOI'O
HCIIOJTb30BaHNs KaK MArHUTHON, TaK W 3JIEKTPUYECKON COCTaBJIs-
onmx  yiabrpa-Huskodacrororo (YHY) curnama. Ilpejaraemsiii
MOAXOZ, JaeT HPUHINNHAIBHYI0 BO3MOXKHOCTD —AUCKPUMHIHAIIN
MarauTochepHO-HOHOCHEPHBIX U CEMCMOI'€HHBIX BO3MYIIEHHUIl 110 Ka-
JKYIIEMYCsl UMIIEIAHCY BO3MYIIEHHI (T.e. OTHOIIEHWIO CHEKTPAJIBbHBIX
AMILIUTY, 3JIEKTPOTEUIYPUUIECKON U MArHUTHON KOMIOHEHT). Jljist
TEOPETHIECKOTO ODOCHOBAHUSI METOJIA PACCIUTAHBI JIEKTPOMATHUT-
Hble IIOJII B CHUCTEMe 3eMJsl-aTMocdepa, CO3/1aBaeMble I0/[36MHBIM
TOPU30HTAJIBHBIM TOKOBBIM MCTOYHUKOM KOHe4YHOM jymHbl. Mojenmnpo-
BaHME II03BOJIMJIO JIETAJIBHO PACCMOTPETh XapaKTepHble OCOOEHHOCTH
VYHY orknmmKa Ha NOJ3eMHBIH KPYyHTHOMACIITaOHBIN H3JIy4YaTesb,
KOTOPBIE MOT'YT OBITH HCIIOJIB30BAHBI JIJIsI MOUCKA SJIEKTPOMATHUTHBIX
IIPE/IBECTHUKOB 3eMJleTpsiceHuil. UmcileHHbIe pacdeThl ITOKa3BbIBAIOT,
9T0 KaKyIuics WMIETAHC 3JIEKTPOMATHUTHOTO IOJS ITOA3EMHOTO
HUCTOYHMKA HA 3€MHOM ITOBEPXHOCTHU Ha IOPSIJIOK IIPEBBIINIAET HUMIIEIAHC
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3eMId, 9TO MOXKET ObITH HCIIOJb30BAHO sl IUCKPUMHHAIUU BO3MY-
MIEHUI OT CefiCMOreHHBIX UCTOYHMKOB. Tak:Ke IMpPeJCKa3aHo, 4TO IpU
OJIMHAKOBOI BeJINYMHE TOPU30HTAJIBHOW MAIHUTHON BO3MYIIEHHOCTU
MOA3EMHBIN MCTOYHUK CO3/A€T B CKBasKMHE ropasno OOJIbIlee BEPTH-
KaJbHOE 3JIEKTpHUIecKoe moje Kz, dem mMarunTocdepHO-moHOChEpPHDBIH
ncrounuk. OOHAKO BCe 3TU OCOOEHHOCTH IIPOSBJIAIOTCA TOJIBKO B
okpecrHocTu Jjmrocdepuoro ucrounuka (<30 KM Jyid  TUIyOUHBI
20 km). VmmenaHCHBI MeTOs OOHAPYZKEeHHsI AHOMAJBHBIX CHUTHAJIOB
JIUTOCEPHOr0 IIPOUCXOXKIEHUS alpoOUPOBAH IO JAHHLIM MATIHHTO-
TeJUTypudeckux HaOJoneHunit Ha obcepBaropun Bepxuss [laparyrka
Ha Kamuarke.

3.16 CeiicMuuecKue U3MepeHus C IIOMOIIBIO
Jla3epHbBIX
nHTepdepomeTpoB-aedopmorpadoB

Jy6pos M.H.*, Anexcandpos J.B.", Jlapuonoe H.A.2

L Ppasuncruti uauan Hnemumyma paduomesrury U saeKmporuKy
um. B.A. Komeavnuxosa PAH
2 Hncmumym KOCMOPUSULECKUT UCCALO08aHUL U PACTPOCTPAHEHUA
paduosoan JIBO PAH

Nzydenne kosiebanuil 3¢MHON TOBEPXHOCTH, BBI3BIBAEMBIX 3€MJIe-
TPSICEHUSIMU, U3BEPXKEHUSIMUA BYJIKAHOB M MOIIHBIME JIMHAMUAIECKIMUI
nporeccamu B armocdepe 3emiin 1 MUPOBOM OKeaHe, SIBJISIETCS BaXK-
HBIM Pa3e/ioM SKCIIEPUMEHTAJIBHON ceiicMosiornu u (DU3NKH T€HE3UCA
zemsierpsicennii. JlaHHbIE, TOJyYaeMble € TOMOMIBIO HU3MEpHUTeIeit
nedopmarnit - Ja3epHbIX J1edopMorpadoB, CIYKAT CYIECTBEHHBIM
JIOIIOJIHEHUEM K Teodu3ndeckoil nHGOpMaIun, OCHOBHBIM UCTOYHUKOM
KOTOPOH SIBJIIOTCSI PA3JIMIHOTO POJIa AKCEJEPOMETPHI, CEHCMOMETPHI,
reodoHbl. Pe3ysibraThl MpOBOAMMBIX HAMU HA IMPOTSKEHUH MHOTUX
JecaTUjieTnit paboT 10 CO3MAHUIO W [PUMEHEHUIO TPOTAKEHHBIX
JazepHbIX uHTEepdepoMeTpoB-aedopMorpadoB s  CeHCMUIECKUX
HaOJIIOJIEHNIT TIPEeJICTABIEHBI B HACTOSIIEM JOKJIa €. B uccieoBannsx
UCHOJIB3YIOTCs JiBe (Ga30Bble KOHCTPYKIUKM MHCTPYMeHTOB: 1) medop-
Morpadbl, MOCTPOEHHBIE IO CXEMaM KJIACCHYIECKOT0 PABHOILIEYEro WU
MOJIEPHU3NPOBAHHOIO HepaBHOIJIedero unrepdepomerpa Maiikesib-
cona; 2) nedopmorpadsl Ha OCHOBE Ja3epHOro uHTEpdEpoMeTpa C
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ONTHUYIECKON 00paTHO cBsA3bI0. [IpuBOINTCS ONMCAaHUE CXEM YCTAHOBKU
IpubOPOB, BXOAAININX B COCTAB CUCTEMBI JIA3€PHBIX NHTePdEPOMETPOB-
nedopmorpadoB € IPOCTPAHCTBEHHBIM pasHecenueM oT 400 M 110
6.7 Teic. KM. Perucrpupyrorcs medopmanum 3eMHON TTOBEPXHOCTH, BbI-
3BaHHBbIE CEICMUYECKAMU M aKyCTHIECKUMU ee KOJeOAHUSIMU C IIeJIBIO
BBIJIEIEHNE CJAA0BIX TeOPU3NIECKUX CHUTHAIOB Ha (POHE CIIyIaHBIX
nomeXx. IIpumenenne 4acTOTHO-CTAOMIN3UPOBAHHBIX U TEPMOYIIPABJIsIe-
MBIX JIA3€POB, & TAKKe CHCTEM U3MEPEHUSI CIIBUTOB MHTEP(hEPOrpamMMbl
KOMIIEHCAI[MOHHOTO U MOJIYJISIIMOHHOTO TUIIOB 00ECIIEYNBAIOT a0COJIIOT-
HOoe mHCTpyMeHTaybHoe pasperterue (.1...0.01 HM Ha U3MepUTETHHBIX
bazucax 3-300 M, 3aIMMUIIEHHBIX BO3/yXOHAIIOJTHEHHON TpyOOil mpu
WX HA3EMHOM WJIXA WOJA3EMHOM pPA3MEINIEHHH B TEPMOCTAOMIbHBIX
YCJIOBHUSIX. AHAJIM3UPYIOTCS ITOTPEITHOCTH HU3MepeHus JedopMarinii
BCJIEJICTBHE HECTAOMJIBHOCTH OITHYECKOW JJIMHBI H3MEPUTEIHHOIO
wreua uHTepdepomerpa u GIIyKTyaruit yactorsl Jjazepa. OCHOBHBIE
XapakTepucTuku gedopmMorpadoB MOATBEPKIAIOTCH PE3YIbTATAMI
PEruCTpAIN PEAIHHBIX T'eOMU3UIECKUX IMIPOIECCOB. MuHIMAIbHAT
AMIUTUTY/Ia WU3MePSeMbIX OTHOCUTENbHBIX JedOopMalnii HAXOIUTCS
Ha yposHe e=10(-11)-10(-12) u orpanununBaercst (HPOHOM JIOKAJBHBIX
MUKPOCEHCMUIECKUX IIYMOB. JleMOHCTpUPYIOTCS Pe3yabTaThl HAOJIIO-
JEHUS AHOMAJIBHBIX CEHCMHUYECKUX IIPOIECCOB, MPEJINIECTBYONNX U
COIIPOBOXKTAIOIINX CHUJIbHEHNIIIE 3eMIETPSICEHNsT TPOILIBIX JIET, B TOM
qucie IBYX IOCTIeJHUX Pa3pyMHUTeSbHBIX 3eMmyeTpscennii: 06.02.2023
Mw 7.8, Typrusa u 28.03.2025 Mw 7.7, Mbauma. Pabora BbIoHEHA
B paMKaxX rocyiapcrBeHHbiX 3aganuii IPD um. B.A. KorenpHukosa

PAH Ne075-00395-25-00 1 UKUP JIBO PAH Ne124012300245-2.

3.17 Ucnosb3oBaHue 1@ POBBIX METO/IOB CBA3U
JJI. KpaTKOCPOYHOTO MPOTHO3a
3eMJIeTPsSICeHU

Kopouenyes B.M.Y, Ilesxyn C.A.', Cmauenxo JI.T.Y,
Haymos C.B.2, Iy6ko M.A.", Ipuwenko B.B.!

L Haavnesocmounoii Dedepanvividi Ynusepcumem
2 Founas zeofpusuueckasn cayocba PAH

B nammoit pabore mpesparaercd pacIImpUTb HAOOD IPEIBECTHU-
KOB 3eMJIETDPSICEHUsI 3a CYEeT BBIABJIEHUs (DIYKTyalud BO BPEMEHU
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30HJIUPYIONIET0 CUTHAJA, B KAYeCTBE KOTOPOIO HUCIOJB3YIOTCS 3JIEK-
TPOMATHUTHBIE BOJIHBL. 30HANPOBAHUIO MOJBEPTAIOT HEIIOCPEICTBEHHO
36eMHOIl MaCCHUB, IPEIIIOYTUTEIBHO B CEHCMOOIIACHBIX paiioHax, IIpU
9TOM UBJIyYaTesb 30HIUPYIONIEr0 CUTHAJA PACIOJATAIOT IOJ, OBEPX-
HOCTBIO 3eMJi. 3a CUET 9TOr0 CHUYKAETCS YHCJIO BHEITHUX (DAKTOPOB,
MCKaYKAIONNX XapakTep HHMOPMAIMOHHOTO curHajia. CUTHAJ ¢ TpHeM-
HBIX AHTEHH MOYKeT OBbITh IepeJIaH Yepe3 CIy THUKOBBIM PETPAHCIIATOD
B IEHTp 00pabOTKM JaHHBIX. [IpOBeEHO MaTeMaTUIeCKOe MOJIeJIN-
poBaHMe il BBIIEJEHUs ITPU3HAKOB, COIPOBOXKJIAIOIIAX ITPOIECCHI
3apOXKIEHUS YIPYTUX JedOPMAIHii, © COOTBETCTBYIONIETO UM U3MEHE-
HUS MACHUTHBIX U 9JIEKTPUIECKUX OCTOAHHBIX. JIJIs TPOrHO3a MOXKHO
WCIOJIb30BATh KAK BPEMEHHON TaK W MPOCTPAHCTBEHHBIN XapakTep
U3MEHEHUsI TPU3HAKOB. JIaHHBIN crocod MOYKHO HCIOJIB30BATH JIJIsI
[POI'HO30B 3€MJIETPSICEHUSI IIPU BBICOKOIl OINEPATHUBHOCTH IIOJIYIeHUST

pesynbTaToB. HcciiemoBanue BBIIOTHEHO IIPH  IMOJJEPXKKE T'PAHTA
FZNS-2023-0008.

3.18 CrarucrTnyecknii aHajan3 MOHOCHEPHBIX
BO3MYIIIEHU, IIPE/IIEeCTBYFOMINX
HACTYIIEHUIO 3emiieTpsiceHnii B KamyaTrckom
perunone

ITasnos A.B.

Hrnemumym kocmodpusduveckux uccaedosanuts U pacnpocmpaHeHus,

paduosoan IBO PAH

Bosmymiennsi, perucrpupyemble B pPa3HBIX 00JaCTsIX HOHOChE-
PBI 3a HECKOJIBKO YacOB WM CYTOK JI0 HACTYIUIEHUS CPaBHUTEJb-
HO CHUJIbHBIX 3eMJIETPSICEHN, MOTYT PacCMaTPUBATBHCS KaK BO3MOK-
Hble HOHOChEPHBIE MPEIBECTHUKNA 3TUX 3eMierpsiceruit. C 1esbio
WUJIEHTU(DUKAIINNA  CeICMOMOHOCEPHBIX BO3MYIIEHUMN, IIPEIIIEeCTBYO-
MUX HACTYIUIEHWIO 3eMiieTpsiceHnii B KamvaTckom permone, B pa-
60Te WCIOJIB30BAHBI PE3yJIbTATHl M3MEPEHUl, IPOBEIEHHBIE HA HOHO-
cdepHoil cTaHIUKM BEPTUKAJIHHOTO PAIHMO30HINPOBAHIS, PACIIOIOXKEH-
Ho#t B c. Ilaparymka (52.97° c.m., 158.24° B.1.) 3a mepmonm 2016-
2021 rr. B kadecTBe BOBMOXKHBIX MOHOCKHEPHBIX IPEIBECTHUKOB 3€M-
JIETPSICEHUIT pPaccMaTPUBAJIOCH IOSIBJIEHWE B YCJIOBUAX HHU3KOHM T€o-
MAarHATHON AaKTUBHOCTH CTATHUCTUYECKH 3HAYUMBIX OTKJIOHEHUH OT
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¢doHOBOrO YpOBHSI TPEIETHLHON YacTOThl oTpakenusi foFs, 4acToThbl
skpanuposanus fbEs u neficryiomeii BeicoThl h' Es criopaJIndecKoro
cinosi E's, xpurudeckoit gactorbl foF2 u BbiCOTBI hmF'2 MakcuMaib-
HOM 3JIEKTPOHHOI KOHIIEHTpaIuu CJiost F'2, a TakzKe BBICHITIAHUE 3apsi-
JKEHHBIX YaCTUI] U3 PAMAIMOHHBIX MOSICOB B MOHOChEDPY, (OPMUPOBaA-
are aud@y3nOHHOTO CIIOPATUIECKOro caost F's, (popmupoBanme cropa-
augeckoro ciiosi E's tuma r, pa3BeTBIIEHHBIN WA IPEPBIBUCTLIN CIIE
HA MOHOTpaMMaxX BOJIM3M KpuTudeckoil dactorbl foF'2. ljist oneHku
MIPOrHOCTUYECKON 3(PpPHEKTUBHOCTU KOMILIEKCA HOHOC(HEPHBIX BO3MY-
mennii ucnosbzoBasuch Meroauku A.A.T'ycesa, I'M. Moguana, kpu-
tepuit Xancena-Koiimepa, a Takke BBIYUCIISIACH JOCTOBEPHOCTD U Ha-
JIE’KHOCTD TIpeBecTHUKA. OIEHKH MPOTHOCTUYIECKON 3 deKTuBHOCTH
MPOBOJUIINCEH JJIsI 3eMiieTpsicennii ¢ marautygamu M > 5.0, M > 5.5,
M > 6.0, mpozomeamux Ha TyomHax ;10 100 KM U STUIEHTPAJIbHBIX
paccrostaustx 10 500 KM OT MecTa pacloJIoKeHUsT MOHOCHEPHON CTaH-
nuu. [losmydyeHsl SMnupudeckne 3aBUCAMOCTH, CBI3BIBAIOIINE SITUICH-
TPaJIbHbIE PACCTOSHUS 3€MJIETPSACEHUS U BPEMs YIIPEXK ICHIS KOMILIEK-
ca MOHOC(GEPHBIX BO3MYIIEHUN MOMEHTa HACTYIJIEHUS 3€MJIeTPsICEHU
C UX MarHuTy0i.

Pabora Bemosiena 3a cuer locymapcreennoro samanms WKUP
JBO PAH (per. Ne rempbr 124012300245-2).

3.19 Crarucruka ceiicMmononocdepHbix 3ddexkToB
B F-obJsiactu monocdepbl B HOUYHOE U JTHEBHOE
BpeMs 110 JaHHBIM CTAHINN BEPTUKAJIBHOTO
noHocdepHOro 30HaupoBanus TOKNO

Jluneposckas E.B.*, Pooxun M.B.}»?:3

L Hnemumym gusuru 3emau um. O.10.IImudma PAH
2 Unemumym meopuu npoenosa semaempaceruti u
mamemamuueckots seopusury PAH
3 Inemumym mopekoti 2eonozuy u zeodusuxu JBO PAH

IIpu uccremoBanmu uTOChEPHO-MOHOCKEPHBIX CBA3EH 3a CeitcMOo-
nonocdepubie 3HdEKTH, KaK MPABUIO, TPUHAMAIOT BO3HUKHOBEHHE
obJiacTeil IOBBIIEHHBIX WJIM ITOHWKEHHBIX 3HAYEHWIl ILJIOTHOCTU
WOHU3AINN, HAD/IIOJaeMbIX BO BpPEMEHHONH © IPOCTPAHCTBEHHON
okpecTHOCTH 3emiierpsiceHuii. [lo JmrepaTypHBIM JaHHBIM, BpEMsi
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MIPOSIBJIEHUST CEHCMONOHOC(HEPHBIX I(PGHEKTOB OOLITHO COCTABJISIET O
5 CyTOK /10 3eMJIeTPsICEHUI U HECKOJbKO jHeil mocye, 3hdeKTh B
F-obmactn mabmonaauch st 3emyerpsicennit M6+-. IIpeamonoxenue,
qro  ceficmononocdepHbie 3MMEKTH JIydllle BBISIBJIAIOTCA B HOYHOE
BpeMsi, BBICKA3bIBAJIOCh HEOJHOKPATHO. B OOJIBIIMHCTBE CIIyIaeB 3TU
BBIBOJIBI JIEJIAJNCH HA OCHOBE AHAJM3a OT/EJBHBIX COOBITHI. 3ajada
paboThl - CPABHUTH AMILIUTYAY CEHCMOMOHOCKHEPHBIX 3PDHEKTOB B
F-obsacty B JHEBHOE W HOYHOE BpeMsI W OIEHUTh WMX CTaTUCTHYE-
CKYIO JIOCTOBEPHOCTb. 110 JaHHBIM SITIOHCKON CTAHIMH BEPTUKAJIBLHOI'O
sonupoBannst noHocdepsl Tokwmo (Kokubunji) sa 1957-2020 roser
PacCMOTPEHBI YaCOBbIE BapHWAIlUd KPUTHIECKoi wacToTel foF2 B
cBa3u ¢ 3emyerpsicenusamu ¢ M6+, H<70 kM, R<2000 km. Hacrora
foF2 szasucur ot 1l-merHero m 27-IHEBHOIO COJIHEYHBIX IUKJIOB,
OT BpeMeHH CYTOK U OT ce3oHa. C IeJIbl0 MUHUMM3AIWMU BKJIAJA
CUJIbHBIX JIJIMHHOIIEPUO/IHBIX BAPUAIUIl IIPU ITOUCKE ITPEIIIOIAraeMbIX
ceficmononocdepHbIx anomasnit BeqwawH foF2 mis kaxmoro waca
paccmarpuBaiuck df -orkjonenust foF2 or ckomb3smeil MeauaHbl,
HODMHUPOBAHHBIE HA 3Ty Ke MeauaHy. MarHutoBo3MylleHHbIE JTHU
HCKJIIOYaJINCh. BOBMOXKHOCTD HEOJHOKPATHOI'O y4YeTa OJHUX U TeX Ke
WHTEPBAJIOB BPDEMEHU TAKXKe MCKJII0YAJIACH, JIJId 9ero ObLIa MpoBeIeHa
COPTHUPOBKA 10 MATHUTYE 3eMJIETPSICEHMI, HAYNHAS C CHUJIbHEHIIero.
Anamuz mpoBojuics B TOpsifiKe yOBIBAHUS MATHUTYJ] 3€MJIETPSICE-
unii. VuTepBas HaOJIOEHNSs, OTBEYAIONINI OKPECTHOCTH CHUJIBHOIO
3eMJIETPSICEHUsI, WCKJIIOYaeTCsd W3 JajbHeiimero anaimsa. [lasee
MIPOBOJIMJIOCH HAJIOXKEHUE SII0X C WCIOJb30BAHUEM TOJIBKO HOYHBIX
u/um qHeBHBIX YacoB. Hounoit unrepsas 6b11 BoiGpan ¢ 19 mo 04 LT,
nueBnoit — ¢ 10 1016 LT. Ocpemnennstii ceiicMononocdepubiii addexr
BbIpazkaercs B yBeandennn df 3a 1-4 cyT 710 3eMiteTpsiCEHUN U B YMEHb-
mennn B TedeHune 1-3 cyr nocsie. C eI HUCKJIIOUNTH 27-JHEBHBIE
Bapuanuyu OBLIO MPEJJIOKEHO WCIOJIb30BAaTh PA3HOCTh HOYHBIX U
JHEBHBIX Bapuanuii. [Ipu ucrnoibp30BaHny THEBHBIX HWHTEPBAJIOB TAKOM
adbdekT nHabmomaercss Ha paccrognnu g0 1500 KM OT SIUIEHTPOB,
IIPU WCIIOJIb30BAHUM HOYHBIX JTAHHBIX - Ha paccroguuu 710 2000 kM.
MeTomoM MOIIEIMPOBAHUA CIAYyYallHOTO IIpoliecca ObLIa IIPOBEEeHA
CTATUCTUYECKAsI OIEHKA JOCTOBEPHOCTH HaOJIIOJIeHHOro 3ddeKTa.
Bruto mosydeno, 94ro B ciydyae aHaJM3a JHEBHBIX, HOYHBIX YaCOB U
Pa3HOCTA HOYHBIX W JHEBHBIX 9YaCOB HEC/IYyYailHOCTh OCPEIHEHHOTO

adbdekTa 60ee 0.95.
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3.20 Moaepuu3aius
nedopmorpada-nHTEepdepomMeTrpa B MyHKTE
«KapbiMinuHay: onmcanve u pe3yJIbTaThl
nu3MepeHuin

Japuonos U.A.Y, Tybpoe M.H.2, Bacoxun B.A.!

L Mriemumym xocmodusuneckux uccaedosanuti u pacnpocmpanen
paduosoan JJBO PAH
2 @Ppasunckuts Puavas Hnemumyma paduomernuky U saeKmponuky
um. B.A. Komeavrnuxosa PAH

B pabore npuBesneno onncanne MOIEPHU3AINN CHCTEMBI PETUCTPA-
nuu JjasepHoro jgedopmorpada-unrepdepoMeTpa, YCTAHOBIEHHOTO B
skcrepuonHoM nyHkTe «Kapemvmuaay TKWP JIBO PAH. Ilpu6op
WCIIOJIB3YeTCs  JIJIsl  HWCCJIeJOBAaHUN J1e(DOPMAIMOHHOIO IIPOIecca B
MIPUTIOBEPXHOCTHBIX OCAOYHBIX ITIOPOJIaX, KOTOPBIE IIPOBOJIATCS B
ceficMOAKTHBHOM pernoHe Ha mosyocrpoBe Kamuarka. M3iararorcs
pe3yabTaThl u3MepeHuil gedopMmaruit B TEYEHHHM 3UMHE-BECEHHETO
nepuoga 2025 r., TOKA3aHO BJMSHUE METEOPOJOTHIECKUX (PaKTOpPOB
Ha [POBOJIMMbIE U3MEPEHUsI, IPUBEIEHBbl IPUMEDPBI PEruCTPaIun
HEKOTOPBIX CEHCMUYIECKNX COOBITHIA.

3.21 Bapwmanumu noroka TerJIOBbIX HENTPOHOB
20-21.11.2024 r.

Banaabun FO.B.Y, Tepmonunuxos A.B.2, Copoewrun A.B.3,
Obenvuenxo J.C.4

L Monaprwti 2eofpusuneckuti unemumym PAH
2 Hnemumym npukiadnoti 2eodusuxy umeny axademura B. K.
Dedoposa
3 Poccutickuti yrusepcumem 0opyoicoos 1apodos umeny Hampuca
JIymymoot
4 Boponesicckuti 2ocydapemeeniiti yrueepcumen

B Bapumanusix MHTEHCUBHOCTU IIOTOKA HU3KOIHEPIHMYHBIX (Terio-
BBIX) HEATPOHOB B AHAIe BBISIBJIEH NIPEJBECTHUK CJIA00T0 3€MIIETPSICe-
Hust Sanaaaoro Kapkasa u 5h@deKT 0T TeXHONeHHOIO 3eMJIETPSICEHUsT
21.11.2024 r., mOATBEPKIAIOIINIT TIOTOK TEILJIOBBIX HEHTPOHOB “‘cHU3Y”
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n3-3a jgedopmanuii BemecTBa 3eMHON KOPDLI. Y YT€HBI BO3MYIIEHUS
KOCMUYeCKOil 1morojibl. OTMeueHbl aHOMAJIbHBIE U3MEHEHUsI MOTOKOB
BBICOKO?HEPIUYHBIX ~ HEATPOHOB, PpErUCTPUPYEMbBIX HEHTPOHHBIMU
mouuTopamu Ha dunckoi crauiuun Oyiny n B Amarurax mocie Tex-
HOTE€HHOTO COObITHsI. PaspaboranHa MeToanka OOpabOTKM JAHHBIX
U3MEpPEHnil W IKCIPEeCC-aHajiM3a AHOMAJUN HA OCHOBE YETBEPTOIO
MOMEHTa PaCIpPeIe/IeHnsl BPEMEHHBIX PAIOB B CKOJIB3SIIEM BPEMEHHOM
okHe u MeTosa “KoHTposbHbIX KapT'. O6CYXKIAI0TCSA MPU3HAKK IIPeJl-
BECTHUKOB B BapHaIUsIX IIOTOKA TEIJIOBBIX HEUTPOHOB, KOTOPBIE MOL'YT
OBITH OOYCJIOBJIEHBI TPOXOXKJIEHUEM BOJIHBI JedopMaruii B 3eMHOI
kope. [IpuBeneHbr TpUMEPHI PETUCTPAIIMN AHAJOTUIHBIX TEXHOT€HHBIX
cobbITuil. [J1s1 TEXHOTEHHBIX CEICMUYIECKNX COOBITUIN JATINK TEIIOBBIX
HEATPOHOB B AHalle 1T03BOJIsIET peliaTh 3aja4u ceiicMorpada.

3.22 Bapwmanuu BepTUKAJIbHOW COCTaBJISIIONIEH
JIEKTPOTEJIJIyPUYECKOTO MOJIsA U
ceilicMnyecKasi akKTUBHOCTb IOXKHOI YacTu
Caxanuna B 2024-2025 rogax

Cmosbyn H.C.', Bozomonos JL.M.', Saxynun A.C.1,
Jyouenxo U.ILY, Dyaaxos C.A.Y, Kocmuvines J.B.2

L Hnemumym mopcexkoti eeonoeuu u 2eofusuru Jasvnesocmounozo
omdenenus PAH,
2 Edunas zeofpusuveckas cayscoba PAH, Caxaruncrut @uruan

C suBaps 2024 roja Ha Teppuropun MHCTUTYTa MOPCKOii reosioruu
u reodusuKu (QYHKIMOHUPYET CTAIMOHAPHBIA IIYHKT MOHUTOPUHIA
BEPTUKAJIBHOI coCTaBJIsitoNIeli aieKTporesuryprdeckoro mossi (BOTII).
Beprukanbaas xkommonenta IDTII m3mepsiercss mo pasHOCTH TOTEH-
[MAJI0B MEXK/y MEeTAJIMIECKUMH ILIACTUHAMY, PACIIOJIOXKEHHBIMHA B
rpyHTE OJIHA HaJ, JAPYToii, Ha IyiybuHe OK0JO 2 M. BpLIO ycTaHoBIIEHO
JIB€ CHCTEMBI ILJIACTUH, PACCTOSTHHE MEXKJIy KOTOPBIMHU COCTABJISIET
10 m. B xagecrBe AIIIIl ucnosnb3yercs: 8-KaHAIbHBINA MOJY/Ib AHAJIOTO-
Boro BBoza Mogeau «ADAM-4017». Perucrpanus Beaercs HeIIPepbIBHO
¢ yacroroii 10 I'm. OcHoBHas 1e/1b JAHHOI'O UCCJIEJIOBAHUS - AHAJIU3
papuaruit BOTII B 3aBucuMocTu OT M3MEHEHUsI CEHCMUYHOCTH IOra
Caxammua. Mounuropuar BOTII ma 1ore Caxajmna mpejcraBisier
0CObBINT MHTepec GJrarofapsi HAJUYUIO KOPOBBIX 3€MJIETPSICEHUN, SIIH-
[EHTPHI KOTOPBIX YACTO PACIOJIATAIOTCS BOJIU3YM HACEJEHHBIX ITyHKTOB.
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Wsmepenust, npoBogumbie Ha paccrogauu 10-50 KM OT SIHUIEHTPOB,
CIIOCOOCTBYIOT WM3YYEHHUIO TIeOMpU3NIeCKHX IMPOIECCOB B PEruoHe ¢
BBIPAXKEHHON ceficMUYecKoil aKTUBHOCTBbIO. B mporecce amamuza
U3MepeHnil Ha BCeX KaHajaxX ObLIM OOHApYKEHBI YeThIpe <«OyXTOo00-
pasHble» AHOMAJIMU PA3IUIHON JJIUTESLHOCTH U (POPMBI. AHOMAMN
SPKO BBIPAXKEHBI Ha (DOHE CPETHErO 3HAYEHUs [TOTEHITHAJIA, IIPU ITOM
MaKCHUMaJbHasd JJINTEIbHOCTh cocTaBisgeT 102 gHd, a MHHUMAaJIbHA
— 17 nmeii. B xoze ananusa Karajora 3emiierpsicenuii ora CaxajmHa
(M> 3) 6bUIO YCTAHOBJIEHO, UTO JBa OJIMXKAMIIUX K M3MEPUTEHHO-
My IYHKTY 3eMJIETPSCEHHsI IO BPEMEHW COBIQJAIOT C OKOHYAHUEM
MEPBBIX ABYX aHoMaJmil. Tperbss aHOMAJNS 3aBEPIIMIACH 3a 2 CYTOK
10 TiryboKo(OKyCcHOro 3emiierpsicenus (riaybuna odara 453 kM) ¢
M = 6.1. Ilpu sToM aHau3 BCEX 3eMJIETPsICEHUII KaTajora IOKa3aJl,
qTo u3 30 cOOBITHI, TPOU3OIIEINX C sdHBaps Mo HosA6ph 2024 rona,
24 coBmamamT ¢ mepuomamMu OOHADPYKEHHBIX aHOMAJUH. IDTOT pe-
3yJIbTAT OKa3aJjicsd 3HAYNMbIM, U B KoHIle 2024 roma OBLT yCTAHOBJIEH
JOIIOJIHUTE/IbHBIA M3MEPUTEJIbHBIII IIYHKT B 3allaJHOH YaCTH Iora
Caxamuua (Hesesbckmii roposickoilt okpyr). Meroguka yCTaHOBKH
U U3MEpHUTE/NbHAS AaIlapaTrypa IOJHOCTHIO HUIEHTHUYIHBI y2Ke Jeii-
crByromeit cranmuu. llpm 3ToMm 3amagHas dacrth fora CaxaymHa
XapakKTepu3yercs 0oJiee BBICOKON CEeHCMUYIECKON aKTUBHOCTBIO II0
CPaBHEHUIO C IEHTPaJbHON dYacThio. Anamus m3menenuwit BOTII na
AByx craHiuax ora CaxajuHa Mo3BOJMT 00Jiee TOYHO BBISIBUTH IOSIB-
JIEHHWE TIOJ00HBIX aHOMAJINil B 3aBUCUMOCTHU OT YPOBHS CEHCMUYHOCTH
¥ OIEHUTH MX IOTEHIHMAJ KaK IPEIBECTHUKOB CEHCMUYIECKUX COOBITHUIA.

3.23 Bapwmanuu napamMeTpoB JIEKTPOMArHUTHOTO
MOJIsA JIJIsi CUJIBHBIX U CJIA0OBIX 3€MJIeTPsSICEHUA
CeBepuoro Taub-IITanst

Bbamaanesa E.A., Heneuna K.C.
Hayunas cmanyus PAH 6 2. Buwkeke

Ha reppuropun Cesepo-Taup-Illanbckoro — ceiicMOAKTHBHOTO
peruona yxke 6osee 20 JieT IPOBOJIATCS HCCJIEIOBAHNAS BaPUAIIAI KOM-
MTOHEHT €CTEeCTBEHHOT'O JIEKTPOMATHUTHOTO TOJISI B JUANA30HE YaCTOT
10-2 I't - 40 xI'tt. B macrostieit pabore HaMU PacCMOTPEHBI ceficMude-
ckue cobprrust 2024 . (Kuraii, 22.01.2024 r., Mpv 6,9 u Keipremcran
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04.03.2024 r. 06:22:04 UTC, Mpv 54) u 2025 r. (Tamkuxucran,
13.04.2025 04:24:01 UTC, Mpv 5,9 u Kazaxcran
28.03.25 1., 10:52:43 UTC, Mpv 5,1). HaGmroneHusi BBIIOJIHEHBI B
IBYX IYHKTAX MAarHUTOTEJIyPUYECKOINO MOHUTOPHUHIA, PaCIOJIO-
keuubix B Uyifickoit Bunagune (Axcy 42.60911 c.m., 74.00833 B.1.;
You-Kypuak 42.62828 c.u1., 74.60671 B.1., CeBepubiit Taun-11lans) na
reppuTopuu Bumnikekckoro reopunamudeckoro nosurona (BI'IT). Oco-
00€e BHUMAaHUE YIeJISeTCsl PE3YJIbTaTaM, [IOJIyYeHHBIM HA CTAI[HOHAPHOM
MOHHUTOPWHIOBOM ITyHKTe AKCy, I'le yCTaHOBJIEHa MAarHUTOTEJLLYpPU-
qeckasi cranrus Phoenix MTU 5 u ceficMocTaHIusi, TO €CTh UMEETCst
BO3MOXKHOCTBb OIIEHHTBH BPEMsl NPUXOJa CUTHAJA Ha 0ba mpubopa. 3a
repros; HaOJIOIeHNT OOHADYXKEH psJ AHOMAJINI KOMIIOHEHT 3JIEK-
TPOMArHUTHOT'O IIOJIS, OTOXKJECTBJISIEMBIX C IIPOSIBJIEHUSMU OTKJIUKA
oT 3emyerpscenuit ¢ Mpv 6Gosee mim pasuoit . JleranbHbiil aHam3
JAHHBIX CEHCMUYECKOTO U MAarHUTOTEJIyPUIEeCKOIO0 MOHUTOPHUHIA
MIO3BOJIMJI YCTAHOBUTH CBsI3b IIPOM3OIIEININX 3€MJIETPSACEHUl ¢ Ba-
pUausgMu KOMIIOHEHT PErHUCTPUPYEMOTO 3JIEKTPOMATHUTHOTO IIOJIS,
rIyOMHOM 3ajleraHus odara, SHEPrud M KOOPJWHAT SIHUIEHTpa cefi-
CMUYECKOI'O COOBITHS. YUUTHIBAsl OTJIMYME (PU3NIECKUX MEXAHU3MOB
MIOJIPOTOBKYU 3eMJIETPSICEHUN HA Pa3HOI TJIyOMHE 3eMHOM KOPBI U BEPX-
Hell MAHTHHM, MOXKHO OOBSCHUTH PAa3JIMYMe OTKJIMKA Te0JIOTHIeCKON
Cpezbl Ha MPOIECCHl WX MOAroTOBKU. HabsogaeMble BApUaum MOTYT
OBITH OOYCJIOBJIEHBI MEXAHOIJIEKTPUIECKUMHU IIPOIECCAMU, BO3HUKAIO-
MU Ha KCTPEMAJIBHON CTAJUU IIOATOTOBKU OYara 3eMJIeTPsICEHUsI
U B XOJle peajm3aiuu ceificMmdeckoro cobbitus. llepen cuibHBIMEU
CefICMUYECKUMU  COOBITUSAMHU  HAOJIOMAI0TCA  AeOpMaIuu  TOPHBIX
IIOPOJ, PE3KOe W3MeHeHne QIIIONTHOIO PEXKUMa W MHOTOE JIPYroe,
9TO NPUBOIUT K U3MEHEHUIO (DU3NIECKUX IaPAMETPOB I'€0JIOTUIeCKOMN
Cpesbl, HAIIPUMEDP, SJIEKTPOIPOBOJHOCTH W H3MEHEHHUIO B CHCTEMAaX
TOKa, YTO, B CBOIO O4Yepellb, NMPUBOIUT K AHOMAJbHOMY IIOBEIEHUIO
PerucTpUpyeMbIX CUTHAJIOB. Pe3ybraThl nCCaeqOBaHUil, B KOMILIEKCEe
C IPYTUMU JAHHBIMA MOHUTOPWHIOBBIX HAOJIIONECHUN, IOy 9€HHBIMA Ha
Tepputopun BI'TI, npu obbenuHeHnr UX ¢ TEXHOJOTHEH MCKYCCTBEH-
HOTO MHTEJIJIEKTA U MAIIMHHOIO OOyYeHHs MOI'YT HAlTH IpUMEHEHUe
npu pas3paboTKe MeTOIOB KOHTPOJIS 3a CEeHCMUYECKON aKTUBHOCTBIO
B IOTEHIMAJBHO OIACHBIX permoHax. Pabora BBIMIOJIHEHA B paMKax
rocynapcrsennoro 3aganug HC PAH Ne 10210552806445-4-1.5.1.
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1.1 A comprehensive precision study of
high-resolution spectra of deuterated methane
in the region of 4.1-5.5 ym

Gromova O.V., Ulenikov O.N., Bekhtereva E.S.
Tomsk Polytechnic University

As a part of the project of study the features of solar radiation
absorption by methane in the Earth’s atmosphere, high-precision
comprehensive study of the vibrational-rotational structure of the
deuterated methane molecule (precision line positions and absolute
strengths of vibrational-rotational lines) were performed in the range of
4.1-5.5 pm, where nine interacting vibrational-rotational bands of this
molecule are located. As a result of both experimental and theoretical
research, information was obtained (absorption line positions, absolute
line strengths, parameters of the model of the methane molecule)
which is several times higher both in an amount and an accuracy in
comparison with the data available in the literature.

The work was supported by the Tomsk Polytechnic University in
the frame of the PRIORITY- 2030 project.

1.2 Analysis of the spectrum of nitrogen oxide
isotopologues in the region 1.86 pm

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

Nitrogen oxide, being a chemically active molecule, plays an
important role in atmospheric chemistry, in the mechanisms of
ozone generation and destruction. The NO molecule participates in
combustion processes, it is also present in the emission spectrum of
night planetary atmospheres and interstellar space. Of current interest
is also the infrared emission of nitric oxide in the middle atmosphere
during high-energy proton fallout. In turn, the study of the spectra
of highly excited states of this molecule and its isotopologues provides
information about the dynamic processes occurring at the intra- and
intermolecular levels.
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To study the spectrum of nitrogen oxide isotopologues, a
mixture from the IZOTOP company was chosen, represented by two
isotopologues: 80% N80 and 20% “N'60. As a result of isotopic
exchange in such a mixture, all six isotopologues of nitric oxide
were formed.The absorption spectrum of nitric oxide was recorded
in the range of 4000 - 7000 ¢m ™! using a Bruker IFS-125M Fourier
spectrometer with a spectral resolution of 0.0056 cm~!. The recorded
spectrum was analyzed in the region of 5200 — 5500 cm ™!, where
vibrational-rotational lines of the 3-0 band of the main transitions
between the II;» and II3/5 electronic states of six nitric oxide
isotopologues were first detected. As a result of the analysis, 625
vibrational-rotational lines were found, representing A-doublets in
the 3-0 band of the main transitions between the electronic states
*I1y /o and 2II35 with the maximum value of the rotational quantum
number J=31.5. For the first time, the parameters of the A-splitting
in this band were determined, as well as the positions and relative
intensities of both the resolved components of the A-doublet and the
unresolved doublets. A weighted processing of the frequencies of the
registered transitions was carried out and spectroscopic parameters
for the vibrational states v=0.3 were determined. With the constants
found, calculations of the transition frequencies in the 3-0 vibrational
band up to J=35.5 were performed. A comparison of the calculated
transition frequencies with those given in the HITRAN database and
the Exomol project was carried out.

1.3 Atmospheric responses to solar and
geomagnetic forcing in 2024

Mironova I., Bobrov N., Doronin G., Mironov A.
Saint Petersburg State University

In 2024, a series of solar eruptive events occurred that resulted
in powerful geomagnetic disturbances. An extreme geomagnetic storm
was recorded on May 10-11, 2024 and became the most powerful
geomagnetic event according to the Dst index over the last two
solar activity cycles since the geomagnetic storms in 2003. Several
more powerful geoeffective solar events resulted in geomagnetic storms
in March, June, and October. All events were accompanied by
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precipitation of high-energy electrons and protons, which in turn could
not but affect variations in the composition of the upper and middle
atmosphere.

The paper presents the latitude-longitude distribution of
precipitation of energetic particles with energies greater than 40
keV, the estimates of which are important for studying the reaction
of the inner ionosphere, upper and middle atmosphere during
geomagnetic disturbances. The paper presents analyzed fluxes of
protons and energetic electrons obtained from the POES satellites
(METOPO01, METOP03, NOAA15, NOAA18 and NOAA19) during
events associated with solar eruptive and geomagnetic events in 2024.

Here we also evaluate the vulnerability of the ozone layer to space
weather processes. Seasonal and latitudinal effects of ozone depletion
associated with strong geomagnetic storms and geoeffective solar
events are considered separately. We show results of enhancements
of mesospheric volume mixing ratios of HOy and nitric acid HNOs3
as well as ozone depletion during energetic particle precipitation. We
utilize mesospheric observations of HOy, HNQO3 and ozone from the
Microwave Limb Sounder (MLS/Aura). Analysis of observations made
with the MLS/Aura show the highest volume mixing ratios of HO5
and HNOs3 and also deepest ozone destruction are observed at the
north polar vortex right after the maximum flux of energetic particles
participation.

Acknowledgements

The study of proton precipitation was conducted within the framework
of the grant of St. Petersburg State University, project code
124032000025-1. The study of the effects of particle precipitation in
the Earth’s atmosphere was conducted within the framework of the
agreement between St. Petersburg State University and the Scientific
Research Institute of Nuclear Physics of Moscow State University under
the grant of the Russian Science Foundation No. 22-62-00048.
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1.4 Determination of fair weather for atmospheric
electricity measurements

Smirnov S.E.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

Measurements of atmospheric electricity are very sensitive to
weather conditions. Fair weather for atmospheric electricity was
determined by the method of an observer expert essessment. With the
transition to automatic digital methods of meterorological parameter
measurements, the necessity of determination of the criteria for fair
weather appeared. In this paper we develop the fair weather criteria
based on digital measurements in summer and winter periods of obser-
vations according to the limited set of meteorological instruments. A
data base of fair weather since 2009 up to the present time was formed.
The algorithm for determination of fog during a day based on air
humidity measurements was suggested. Morning convective generator
effect appear sometimes in the diurnal variation of atmospheric
electricity. The time of moning convection maximum is determined
by the sunrise time. This entails the problems of electric field diurnal
variation averaging over a long period of time. It was suggested to
take into account the days with morning convective generator effect
separately from the days without this effect during long data series
processing. The work was supported by IKIR FEB RAS State Task
(subject registration No. 124012300245-2).

1.5 Energy spectra during the increase of
background gamma radiation in the Arctic
and at mid-latitudes

Balabin Yu.V., Germanenko A.V., Guozdevsky B.B.
Polar Geophysical Institute

In Apatity and in the Rostov region, measurements of the
differential energy spectrum of electromagnetic radiation in the
range of 0.1-4 MeV were carried out. This radiation is formed in
the atmosphere as a secondary radiation flux from the interaction of
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cosmic rays with the atmosphere. The spectrometers are assembled
on scintillation crystals Nal(T1) with diameter 75x75 mm in size. The
spectrometers are calibrated using the lines of cesium-137, sodium-22
and cobalt-60, the resolution on the line of 660 keV (cesium-137) is
5.1%. In Apatity, the spectrometer operates in the spectrum monitoring
mode all year round, and in the summer of 2023, the background
gamma radiation spectrum was monitored for three months in mid-
latitudes (Tatsinskaya station, Rostov region). More than five dozen
increases with an amplitude of more than 10% were recorded in
Apatity. In Tatsinskaya, more than a dozen gamma radiation increases
during precipitation were recorded during the summer season, similar
to the increases observed in Apatity. Of specific interest is the
possibility of measuring spectra during thunderstorms, which are usual
in the southern regions of Russia. Analysis of the spectra measured
in Apatity and Tatsinskaya showed that the spectra during increases
are very close, although the observation points differ in geophysical
and climatic conditions. Changes in the spectra during increases are
continuous, the influence of radionuclide lines is insignificant: the
energy brought by quanta emitted by radionuclides is about 10% of the
total energy of the quanta that made up the increase. In both points,
the upper energy limit for the radiation associated with the increase
is determined. It is equal to 2.5 MeV for Apatity and Tatsinskaya.
A feature of the Rostov region climate is “dry” thunderstorms: high
thunderstorm activity in the absence of any precipitation. It was
found that “dry” thunderstorms do not cause an increase in gamma
radiation and do not manifest themselves in the spectra. At the same
time, even small precipitations (about 1-2 mm, when dry soil is only
slightly moistened by rain) without any thunderstorm activity caused
an increase and corresponding changes in the spectrum. Therefore,
we can confidently conclude: strong electric fields between clouds do
not affect the gamma radiation flux generated in the atmosphere from
cosmic rays and reaching the earth’s surface.
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1.6 Extreme Magnetic Storm of May 10-19, 2024:
Coupling between Neutral and Charged
Components of the Upper Atmosphere and
the Effect on Radio Systems

Yasyukevich Y.V., Vasiliev R.V., Rubtsov A.V., Egorov Ya.l.,
ISTP SB RAS Collaboration

Institute of Solar-Terrestrial Physics SB RAS

Active exploration of space for communication, navigation, and
Earth remote sensing in recent decades has drawn increased attention
to the study of the Sun’s impact on the Earth and requires creating
effective models for space weather forecast. Magnetic storms that
produce disturbances in the ionosphere and atmosphere are the
strongest manifestation of space weather. Among such events is the
magnetic storm that started on May 10, 2024, during which the auroral
oval reached 19° N. Over the past 20 years since the last magnetic
storm of similar intensity was observed, new scientific facilities have
been put into operation as part of the National Heliogeophysical
Complex of the Russian Academy of Sciences. A huge decrease in
the electron density (by a factor of five relative to the background
level) and record breaking airglow of the upper atmosphere (the
atomic oxygen red line airglow exceeded 25 kR) compared to the
strongest storms in solar cycle 23 were recorded. The combined optical
and radiophysical measurements in Eastern Siberia, supported by
data from global networks, demonstrated the correlation between
the temperature increase in the upper atmosphere and a strong
decrease in the ionospheric electron density at mid-latitudes due to
increased recombination during the storm. Combined measurements
from ionosonde and high-frequency radar networks have shown a
significant deterioration in the conditions of radio wave propagation.
The complementarity of the currently deployed scientific instruments
opens up new opportunities for monitoring the state of the near-Earth
space, as well as for studying and modeling dynamic processes during
such extreme phenomena with unprecedented detail.

The work was supported by the Russian Science Foundation No.
23-17-00157.
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1.7 Features of the global propagation of
geomagnetic pulsations Pcls

Parkhomov V.A.', Mishin V.V.2, Marchuk R.A.2, Dovbnya B.V.3,
Baishev D.G.*, Khomutov S.Y.%, Eselevich V.G.2, Shiokawa K.

' Baikal State University
2 Institute of Solar-Terrestrial Physics SB RAS
3 Schmidt Institute of Physics of The Earth RAS
4 Shafer Institute of Cosmophysical Research and Aeronomy SB RAS
5 Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS
6 Nagoya University, Japan

The article presents the results of studies of latitude-longitude
patterns of geomagnetic pulsations Pcls based on the data of
induction magnetometers at two international testing sites CARISMA
(https://www.carisma.ca/) and IUGONET (https://stdb2.isee.nagoya-
u.ac.jp/magne/).

The pulsations of the studied type were first discovered and
described in [Fukunishi et al. 1981; Dovbnja and Zotov, 1985]. The
dynamic spectrum of Pcls is a series of successive signals, frequency
(0.1 - 1 Hz). The quasi-period of their repetition (5-12 minutes) does
not depend on the latitude of the observation point. The oscillations are
typical for periods of moderate magnetic activity and are observed with
a higher probability at Kp = 1-2. According to the authors, there were
no cases of simultaneous occurrence of signals at stations separated
by latitude. Later, Kim et al., [2015] observed such oscillations
for ~ 20 hours at the CARISMA test site in the latitude range of
L ~ 4 — 6, but in a narrow longitudinal sector (~ 20°). We observed
Pcls pulsations at two test sites in the longitude range of ~ 180° and
latitude of ~ 25°. The arrival of the diamagnetic structure of the solar
wind (DS SW) caused a substorm, during which several broadband
trains of PiB pulsations were observed, and after its end, Pcls trains
were observed for 16 hours. Main results:

1. Pcls were observed after a moderate substorm
(SML ~ —500 nT) globally in longitude from Istok station to
PINA station and in the range of geomagnetic latitudes of 40° + 64°.

2. The maximum amplitude in latitude corresponds to the statistical
projection of the plasmapause (L ~ 4 — 6 Re).
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3. The detected longitudinal delay in the registration of pulsations
can be associated with the azimuthal drift of ions causing the generation
of pulsations.

4. Two possible sources of ions are discussed - the penetration
of alpha particles from the SW DS, as well as oxygen ions from the
ionosphere during the substorm.

1.8 Forecasting Fjp7; index using the Variational
Mode Decomposition Algorithm and the
Deep-Learning Time-series Dense Encoder
model

Egorov Ya.l
Institute of Solar-Terrestrial Physics SB RAS

Accurate prediction of upper-atmosphere conditions is critical
to improving the efficiency of satellite operations and mitigating
risks associated with large debris re-entries. Atmospheric drag, which
significantly affects spacecraft trajectories, is highly dependent on solar
activity. One of the most important index of solar activity is the
F1o.7 index. This study presents a novel deep learning model developed
to predict this index. The proposed model combines a variational mode
decomposition (VMD) algorithm with a Time-series Dense Encoder
(TiDE) neural network. A comparative analysis with existing models
shows that the proposed approach achieves a twofold improvement in
the forecasting accuracy of the Fjg 7 index. A daily online forecasting
service has been implemented with 7- and 27-day predicting horizons.

The work was supported by the Russian Science Foundation No.
23-17-00157.
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1.9 Geomagnetically Induced Currents (GICs)
during space weather events in May and
October 2024

Despirak I.V.Y, Setsko P.V.Y, Lubchich A.A.}, Sakharov Ya.A.!,
Selivanov V.N.?

L Polar Geophysical Institute
2 Northern Energetic Research Centre, Kola Science Center RAS

The occurrence of GIC in electrical circuits in the northwest of
Russia during two strong storms of the space age on 10-12 May and
7-12 October 2024 was studied. The analysis was carried for long
periods- from 10 to 12 May and from 07 to 12 October and based
on GIC direct measurements at 3 stations (Vykhodnoy, Loukhi and
Kondopoga) located at auroral zone latitudes from 62° to 69° GLAT®".
It was confirmed that GIC sources are distributed over MLT sectors:
sources of an intense GICs ( 15-30A) in the evening and night sectors
were substorms and supersubstorm, while sources of GICs ( 15-30A)
in the morning sector were Pc5/Pi3 geomagnetic pulsations. Besides,
there were several strongest GIC peaks of 50-62 A. These peaks
were caused by the superposition of these sources and local magnetic
disturbances caused by a large jump in the solar wind dynamic pressure
and the turning IMF BZ component from negative to positive values.
The feature of May storm was the presence of two supersubstorms
(SSS) in night and day sectors. GICs in the day sector were linked to
intensifications of the eastward electrojet during the development of
the second SSS.
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1.10 Global Navigation Satellite Systems to study
the Earth’s ionosphere

Yasyukevich Y V.1, Astafyeva E.2, Egorov Ya. I.', Kiselev A. V.1,
Lebedev V. P.*, Maletckii B.M.%2, Padokhin A.M.", Salimov B.G.},
Vesnin A.M."

L Institute of Solar-Terrestrial Physics SB RAS
2 Université Paris Cité, Institut de Physique du Globe de Paris,
CNRS UMR, Paris, France

The Global navigation satellite systems (GNSS) provide vast
data sets to study the Earth’s ionosphere and various aspects of
space weather impact. The talk will briefly review GNSS-based
experimental studies of the ionospheric effects from solar flares,
solar terminator, solar eclipses, magnetic storms, etc. Recent events
such as the ionospheric effects of the 2023 Turkey earthquake, or
the 18 November 2023 Starship explosion are discussed in details.
Such researches are based on total electron content variations. Our
team developed a free-to-use system to treat GNSS data — SIMuRG
(https://simurg.iszf.irk.ru). The system could be useful for studying the
ionospheric space weather. We have also developed a tool to forecast
the TEC and forecast indices to drive ionospheric models.

The work was supported by the Russian Science Foundation No.
23-17-00157.
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1.11 Hardware and software complex based on
special-purpose surface facilities and a small
spacecraft designed to investigate the
ionosphere and geomagnetic field processes
within the territory of Belarus

Aronov G.A.Y, Kotov D.S.2, Naumov A.0.3, Kadymau A.A.",
Laziuk V.M.

L Center of Geophysical Monitoring of the National Academy of
Sciences of Belarus
2 Unitary Enteerprise “Geoinformation Systems” of the National
Academy of Sciences of Belarus
3 Institute of Applied Physics of the National Academy of Sciences of
Belarus

An active shift of the magnetic north pole from the Canadian Arctic
side towards Russia observed in the Northern hemisphere over the past
decades, as well the currently occurring peak of the 11-th solar activity
cycle are responsible for the fact that the polar lights appear much
more often in the territory of Belarus. The pro-cesses taking place in
the ionosphere and geomagnetic field can have a significant impact on
radio communication, radiolocation, radio navigation, aviation security,
energy infrastructure, etc. A hardware-software complex based on
special-purpose surface facilities and a small spacecraft was designed to
investigate the processes occurring in the iono-sphere and geomagnetic
field within the territory of Belarus. This complex makes it possible to
evaluate the “space weather” impact on various aspects of the techno-
logical infrastructure. The creation of this complex is currently highly
relevant in the context of the implementation of high-tech productions
in our country, as well as the development of the space industry and
the Belarusian space system of Earth remote sensing.
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1.12 Impact of total water vapor content
variations on the radiative forcing of carbon
dioxide and methane in the atmosphere

Chesnokova T.Yu.', Firsov K.M.2, Razmolov A.A.?

L V.E. Zuev Institute of Atmospheric Optics SB RAS
2 Volgograd State University

The shortwave (solar) and longwave fluxes of the Earth’s surface and
atmosphere determine the radiation balance and regulate atmospheric
circulation. Water vapor plays a key role in the greenhouse effect
and affects both the microclimate of a region and the global climate.
However, according to the international IPCC climate reports, the
increase in atmospheric carbon dioxide and methane is now considered
as the main factor in the global warming, while the contribution of
water vapor to the observed increase in the temperature of the Earth’s
surface and atmosphere over the past century is manifested through its
feedbacks.

Instantaneous radiative forcing of carbon dioxide and methane (the
difference in IR radiation fluxes at different COy and C H,4 contents in
the Earth’s atmosphere) is a way to estimate the impact of increasing
greenhouse gas concentrations on the heating of the atmosphere and the
Earth’s surface. In our work, based on mass calculations, we estimated
the effect of the total water vapor content variation in the atmosphere
on the IR radiation fluxes and radiative forcing of carbon dioxide and
methane due to the increase in the concentration of COy and CHy
over the past 50 years for mid-latitude conditions (Lower Volga and
Western Siberia). The vertical profiles of temperature and humidity
were taken according to the data of aerological and satellite sounding
of the atmosphere. Statistical methods were used to study the effect of
the overlap of the absorption bands of HoO with the bands of CO5 and
C H, on the results of calculating the radiative forcing of these gases in
the atmosphere at different water vapor contents.

It was shown that the radiative forcing of C'O at the Earth’s surface
sharply decreases with an increase in the total content of HyO in the
atmosphere, which leads to less heating of the Earth’s surface. It was
found that the radiative forcing of C'O5 in the troposphere increases in
absolute value with increasing water vapor content, while the radiative
forcing of C Hy in the troposphere does not depend on the value of the
total water vapor content in the vertical column of the atmosphere.
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The research was supported by the Ministry of Science and
Higher Education of the Russian Federation (V.E. Zuev Institute of
Atmospheric Optics, SB RAS).

1.13 Linear extrapolation method for dynamic
spectra of whistlers recorded in Kamchatka
to calculate nose frequency

Marchenko L.S., Parovik R.I.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

Electromagnetic waves of VLF range that propagate along the
Earth’s magnetic field lines are called whistlers. It is known that using
whistlers, it is possible to calculate the electron concentration of the
plasmasphere by knowing the nose frequency and absolute group delay
time (limiting variance). However, such calculations are complicated
by the fact that at mid latitudes, whistlers are usually recorded within
the frequency range below the nose frequency, which is typical for
Kamchatka. Moreover to determine the delay time, it is necessary to
know initiating atmospherics (lightning discharge), and it is practically
impossible to do on a spectrogram. Therefore, methods based on the
extrapolation of a whistler trace from the available part of a spectrum
are typically used.

The paper proposes a method of linear extrapolation of whistler
spectra recorded in Kamchatka. The essence of the method lies in
forming a certain linear functional: Q; (f) = (t:v/fi) ~! where times ¢,
and the corresponding frequencies f; are taken from the whistler trace.
Then the straight line @ (f) is extrapolated until it intersects with the
frequency axis (Q = 0), yielding the value fy, that is linearly related to
the nose frequency f,, according to the ratio: fo = af,,a = 3.09+0.04.
Furthermore, extrapolation of the straight line @ (f) until it intersects
the ordinate axis (f = 0) gives the extreme dispersion Dy, which can
be obtained from the ratio Qo = 1/Dy. Knowing the parameters f,
and Dy, one can calculate the characteristic of the electron density
using Park’s methodology within the framework of diffusion equilibrium
model.

129



Next, in this paper, the nose frequency f, and limiting variance
Dy were calculated for the whistlers recorded in Kamchatka, based on
which electron concentration in the plasmasphere was estimated.

The work was carried out at the expense of the State assignment of
IKIR FEB RAS (reg. topic No. 124012300245-2).

The experimental data used in this work were obtained from the
Shared Use Center “North-East Heliogeophysical Center” (SWHC
CUC) CKP_558279.

1.14 Mathematical modeling of electric field
dynamics inside a fractal cloud environment

Kumykov T.S.*, Parovik R.I.?

L Institute of Applied Mathematics and Automation of the
Kabardino-Balkarian Scientific Center RAS

2 Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

One of the most important electrical parameters of thunderclouds
is the electric field strength, the measurement of which is a complex
task. Due to the high cost of natural experiments that provide an
idea of the electric fields of cumulonimbus clouds, researchers have
to resort to developing mathematical models that can replace natural
observations, and in recent years, due to the rapid development of
computer technology, numerical modeling is becoming increasingly
widespread. Therefore, the development of models that allow the study
of the electrical state of thunderstorm activity of convective clouds is
very relevant.

The results of studies of electrophysical processes occurring in
thunderclouds are reflected both in classical works of the last century
and in the works of modern geophysicists, in which clouds are
considered without taking into account the fractality of the cloud
environment.

Geophysicists began to talk about the fractal shape of clouds after
the publication of B. Mandelbrot’s work, although the description of
the dynamics of the cloud fractal environment itself remains a problem.
Currently, in the field of atmospheric physics, mathematical models are
being created using one of the modern scientific concepts called fractal
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(fractional) dynamics. In this paper, considering a convective cloud as
a fractal medium, we consider a thunderstorm model of cumulonimbus
clouds, which takes into account the influence of the time-varying
fractality parameter of the medium on the dynamics of the electric
field strength F (t), starting from a certain initial strength, which is
described by a fractional differential equation:

1 (e} Bl
WaOt(t)E(t) M=I0) SO (E (1) + BB (1) = 0 (1)
where 16
B1 =21 + Ol —nwRnAr? Vg
Tg 3

16
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re — hailstone radius; 7y — radius of the drop; vg, vk — final velocity
of fall of hailstone and drop; A — constant; w is the droplet shedding
frequency from a hailstone, A is the effective conductivity, ¢ € [0,7] is
the time, T' > 0 is the simulation time, n is the hailstone concentration
(const), € is a positive constant, represents the characteristic time of
the process in the fractal structure of a thundercloud, which can be
associated with relaxation processes in it, Gerasimov-Caputo fractional
derivatives 1 < a(t) <2, 0< B (t) <1

t .
a(t) _ 1 E (T) dr
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where I' (+) - gamma function.

For the model equation (1) the following initial conditions are valid:
E(0) = Ey, F(0) = 0, and as a basis for the mechanism of charge
generation, we take electrification during the collision of hailstones with
drops. The developed model takes into account two key aspects: the
fractal properties of the cloud medium and its characteristic parameter
of the fractional structure 6. The approach is based on the apparatus
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of fractional integro-differential calculus. The study confirms that the
temporal fractality of cumulonimbus clouds has a direct impact on
intra-cloud electrodynamic processes. In the model, this property is
taken into account through: the phenomenological parameters o and
B, which determine the intensity of the change in the field strength;
the characteristic time 6 of its evolution.

The proposed approach will allow: to supplement the modern
theory of thunderstorm electricity, considering the cloud as a natural
fractal object; to improve forecasting of thunderstorm activity; to
improve climate models; to deepen the understanding of atmospheric
electrodynamic processes.

The significance of the study lies in the creation of a theoretical
basis for the analysis of the relationship between the fractal structure
of clouds and their electrical characteristics.

The work was carried out within the framework of the research
topic of the IPMA KBSC RAS, reg. No. 125031904215-5 (problem
statement and interpretation of results) and the state assignment
of IKIR FEB RAS, reg. No. 124012300245-2 (calculation algorithm,
computer modeling and visualization of results).

1.15 Modeling and Analysis of Cosmic Ray Flux
Variations Data Using Machine Learning
Methods: Application to Space Weather

Problems

Mandrikova O.V., Mandrikova B.S.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

Currently, given the active development of information technologies,
the possibilities of constructing models of cosmophysical parameters
and methods for their study are significantly expanding. The relevance
of such problems is due to both theoretical aspects, for example,
the study of the global structure of the Universe, and applied areas
related to the study of the impact of various space weather factors
on near-Earth space. The paper describes the machine learning
methods developed by the authors for analyzing data on cosmic ray
(CR) flux variations, based on a combination of neural networks of
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the Autoencoder and Kolmogorov-Arnold architectures with wavelet
filtering. The methods allow suppressing hardware white noise, as
well as natural correlated interference associated with solar activity
cycles. Numerical implementation of the methods allows them to be
used in real time (at the rate of data receipt by the processing
system). The problem of detecting Forbush effects preceding and
accompanying geomagnetic storms is solved. Data from ground-based
neutron monitors of high-latitude stations [nmdb.eu] are used. The
paper compares the methods from the standpoint of their effectiveness
in the task of space weather forecasting. Algorithmic solutions are
proposed that use combinations of the developed methods to detect and
estimate the parameters of Forbush effects of different types (sudden
short-period increases or decreases in the CR flux intensity, deep
Forbush decreases, GLE events). The report presents the results of
applying the methods for the period 2023-2025, containing geomagnetic
storms of different strengths and physical nature.

The work was carried out at the expense of the State Assignment
of IKIR FEB RAS (reg. topic number 124012300245-2).

1.16 Numerical forecast of thunderstorms over the
metropolitan area taking into account
different aerosol loads

Dementyeva S.0.1>2, Blagina A.P.}>?, Kulikov M. Yu.!»?

L Institute of Applied Physics RAS
2 Lobacheuvsky State University of Nizhni Novgorod

The development of numerical weather forecast models is one of
the most effective ways to provide timely warnings about hazardous
meteorological phenomena and reduce the risks of their negative
consequences. The advantage of numerical mesoscale modeling is that
the model is not tied to a specific territory, which makes numerical
models a universal research tool. However, to obtain a forecast with high
accuracy, it is usually necessary to take into account the local features of
the considered territories. For territories with significant anthropogenic
emissions, one of such factors is the aerosol load. The paper presents
a numerical modeling of convective events in the Nizhny Novgorod
region, taking into account different aerosol loads in order to improve
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the quality of thunderstorm forecast. The center of the considered
region is the city of Nizhny Novgorod. This is an industrial metropolis
located in the central part of the East European Plain, at the confluence
of the Oka and Volga rivers. The mesoscale weather forecast model
WRF-ARW is used as a basic numerical modeling tool. To determine
the electrical parameters of thunderclouds, the parameterization of
electrical processes is used, which includes a non-inductive mechanism
of charge separation on solid hydrometeors. A series of numerical
experiments to account for various levels of aerosol load was performed.
For this purpose, the parameterization of microphysical processes was
used, which explicitly takes into account the activation of aerosols in
the form of condensation of cloud droplets or ice particles. In this
parameterization, the numerical values of aerosol concentrations can
be taken from the GOCART global model calculations averaged over
7 years with a resolution of 0.5 deg. in longitude and 1.25 deg. in
latitude. In addition, an arbitrary initial distribution of aerosols can
be specified. In particular, local features of aerosol concentration over
an urban agglomeration can be added, which are not taken into account
in the GOCART model due to a rather coarse spatial resolution. Thus,
by varying the input distribution of aerosols, numerical experiments
were conducted in the work to simulate thunderstorms taking into
account different aerosol loads; various scenarios were compared and
their results were verified; optimal modeling parameters were identified
in the context of improving the quality of thunderstorms forecasting.
The work was carried out at the expense of the state assignment of
UNN No. 0729-2020-0037.
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1.17 Numerical modeling of QBO and ENSO
phase impact on the atmospheric waves’
processes

Didenko K.A12, Koval A.V.%:3, Ermakova T.S.3, Fadeev A.S.!

L Saint Petersburg State University
2 Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio
Wave Propagation RAS
3 Russian State Hydrometeorological University

A series of numerical experiments to study the impact of the
Quasi-Biennial Oscillation phase of the zonal wind in the equatorial
stratosphere (QBO) and the El Nino-Southern Oscillation (ENSO)
on stationary and westward travelling planetary waves (PWs) with
different zonal wave numbers and periods were performed. The
simulation was carried out for boreal winter conditions using the general
circulation model of the middle and upper atmosphere (MUAM).
The results of the studies demonstrated that the impact of tropical
oscillations is capable of changing the PW amplitudes by up to 35% in
the areas of their maxima. Under the El Nifio conditions, regardless of
the QBO phase, the amplitudes’ maximum of stationary PW with wave
number 1 (SPW1) shift toward high latitudes. The structure of SPW2
amplitudes is basically opposite to the structure of SPW1. Increases of
the upward wave activity fluxes of 5-, 10-, 7-day PWs, as well as the
amplitudes of 10- and 7-day PWs are modelled when easterly QBO
phase is superimposed on the warm ENSO phase. Attenuations of
the individual PW amplitudes and wave activity fluxes are typically
observed under the westerly QBO conditions, as well as under La-
Nina/westerly QBO conditions combination in special cases, such as
SPW1. The PW study is important due to their significant influence
on the circulation of the middle and upper atmosphere, including the
configuration of the stratospheric polar vortex which deformation can
influence the occurrence of extreme weather events in the Arctic and
Asia-Pacific Region during the boreal winter.

The research was supported by the Russian Science Foundation
(grant No 25-47-00122).
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1.18 Payload for the study of atmospheric
gamma-ray flashes and transient phenomena
onboard small satellite “Scorpion”

Bogomolov V.V.12, Belov A.A.}, Bogomolov A. V.,
Voskresenskov E.D.2, Iyudin A.F.', Klimov P.A.', Kucherenko I.A.2,
Murashov A.S.Y, Svertilov S.1.1+2

L M.V. Lomonosov Moscow State University, D.V. Skobel’tsyn
Institute of Nuclear Physics
2 M.V. Lomonosov Moscow State University, Physical Department

The Scorpion small satellite in the cubesat 16U format is scheduled
for launch in 2025. Its payload is a complex of scientific equipment
from SINP MSU, designed primarily to study transient phenomena
in the upper atmosphere. The payload includes the TGS gamma-
ray spectrometer, the SONET optical and UV photometer and
spectrometer, as well as a complex of cosmic radiation detectors
and a biocontainer for studying the influence of space factors on
microorganisms. The satellite will be launched into a circular polar
orbit with a height of 500 km suitable for observations in all areas,
including the areas of thunderstorm activity near the equator and high
latitudes important for studying phenomena related to solar activity.

The TGS device is a scintillation gamma-ray spectrometer that
performs measurements in the range from 50 keV to 10 MeV.
It consists of four modules providing a sensitive area of about
250 em?. Two of modules represent position-sensitive detectors based
on 64 detecting pixels with size 10 mm x 10 mm x 20 mm, viewed
by SiPM semiconductor photodetectors. Other modules are based on
large area CsI(T1) crystals. The device will generate data both in
the traditional monitoring format, which contains counting rates in
several energy channels, and in the event by event recording format,
which allows recording the flash time profile with microsecond accuracy.
It is necessary for studying TGFs with a characteristic duration of
200 microseconds.

SONET scientific equipment is designed to study the spatial and
temporal dynamics and spectral composition of radiation from transient
atmospheric phenomena and lightning discharges. It includes the
AURA-T telescope, being a highly sensitive imaging photometer, a
spectrometer whose main purpose is to identify the type and height
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of the flash, and a limb camera, being a pinhole camera aimed at the
limb with an angular resolution of 30 mrad.

Both mentioned instruments will provide joint research of upper
and the data of other devices of the Scorpion cubesat payload will
be also used for the analysis. The expected daily data volume of
100 MB will allow detailed information to be transmitted to Earth
with simultaneous measurements by all instruments.

1.19 Precise determination of the line positions of
CO molecule in a wide spectral range from
microwaves to the visible spectrum

Ulenikov O.N., Bekhtereva E.S., Gromova O.V.
Tomsk Polytechnic University

Modern problems of atmospheric physics require increasing the
accuracy of measurement and calculation of the absorption of solar
radiation passing through the Earth’s atmosphere by various absorbing
components of the atmosphere, one of the main ones being CO. As
a consequence, the availability of highly accurate information on the
parameters of the spectral lines of the absorbing components of the
atmosphere is a very important condition for the successful solution of
numerous problems of atmospheric optics and related fields of science.

Within the framework of a new unique method developed in the
group of molecular spectroscopy of Tomsk Polytechnic University for
determining the basic parameters of molecules from high-precision
experimental data of the microwave and submillimeter ranges based
on information on the positions of 30 microwave lines of 12C160,
BC160 and '2C'80 isotopologues, the positions of absorption lines of
more than 20 vibrational-rotational bands of different isotopologues
of the CO molecule were determined with a mean accuracy of
107% em™! in a wide spectral range from microwaves to the visible
region of the spectrum. The report discusses both the features of the
new developed method and the results of its application to determining
the absorption spectrum of CO. The work was supported by the Tomsk
Polytechnic University in the frame of the PRIORITY- 2030 project.
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1.20 Regional lightning density parameterization
based on volumes with a certain radar
reflectivity

Blagina A.P.12, Dementyeva S.0.%2, Shatalina M.V.}>?

L A. V. Gaponov-Grekhov Institute of Applied Physics RAS
2 Lobacheuvsky State University of Nizhni Novgorod

Numerical models, such as the Weather Research and Forecasting
Model (WRF), are widely used for weather forecasting. These models
are used to predict dangerous convective weather events, such as
thunderstorms. To do this, both the direct calculation of electrical
parameters based on modeling data and the parameterization of
electrical processes can be used. This paper proposes a new method
of parameterization of the spatial density of lightning based on
thunderstorm volumes. Thunderstorm volumes are defined as the
number of model cells with radar reflectivity exceeding a certain
threshold. The reflectivity is calculated from WRF data, and the
threshold value is determined by considering regional features of
thunderstorm development in different latitudes. We are also searching
for the optimal technique for applying the threshold value to the
entire model range, or to the area between isotherms within which
the separation of electric charge occurs most efficiently. The developed
parameterization will be verified according to the World Wide
Lightning Location Network (WWLLN). The work was carried out at
the expense of the state assignment of UNN No. 0729-2020-0037.
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1.21 Research of Dynamic Processes under
Uncertainty Using a Meteorology Problem
Example

Kudrinskaya O.B.', Parovik R.1.2

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

The research includes computer simulation of atmospheric
phenomena based on atmospheric pressure indicators and using the
theory of fuzzy sets.

Currently, considerable attention of scientists is focused on the
development of models of dynamic processes complicated by the
presence of uncertainty and lack of completeness of the initial data. The
solution to this problem is the application of fuzzy set theory, which
makes it possible to analyze situations in which standard methods with
a clear definition of boundaries do not provide the required level of
accuracy.

Dynamic processes occurring in complex systems are often
influenced by external and internal fluctuations, interference, and
random factors, which creates uncertainty in the initial conditions and
input parameters. Classical mathematical models often have difficulties
in describing such situations. Therefore, the use of fuzzy logic methods
is of particular importance, since it makes it possible to reflect the
fuzzy characteristics of objects, indistinctly outlined boundaries and
fuzzy probabilistic dependencies of system states.

A fuzzy set is a mathematical model of a class with blurred (fuzzy)
boundaries. The basis of this approach is logic based on fuzzy truth,
blurred connections, and fuzzy inference rules. Fuzzy logic is widely
used in various scientific fields, and today mathematical modeling from
the perspective of fuzzy sets is used in those scientific fields in which it is
difficult or impossible to obtain accurate quantitative estimates. These
areas include economics, meteorology, sociology, etc. When solving
complex problems and analyzing complex systems, it has been observed
that the more complex a system is, the less accurate judgments about
its behavior become, but it is precisely such judgments that often have
the greatest practical value.

The patterns that determine the behavior of processes and
phenomena in conditions of uncertainty are closely related to random
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events that can develop differently even under absolutely identical
circumstances. Considering such patterns as events in a state of
uncertainty, it should be noted that the very description of uncertainty
significantly depends on the quantity and quality of the available
source data. Thus, an accurate numerical analysis of the dynamics of
complex systems is insufficient for the practical study of real processes
or phenomena. This circumstance makes it necessary to use approaches
where the objects of analysis are not specific numbers, but rather fuzzy
sets.

The algorithm for calculating deterministic and integral ranking
indices for describing the characteristics of atmospheric conditions
using fuzzy sets is implemented in the mathematical software
environment Maple2021 using the LinearAlgebra linear algebra library.
Studies have shown that when atmospheric pressure is moderate or
moderately high, the weather is clearer and sunnier the next day
compared to extremely low pressure conditions.

As part of the study, it was shown by examples that integral
ranking indexes provide more accurate results compared to traditional
deterministic indexes. The limitation of deterministic indexes is to
ignore the shape and type of the membership function of the compared
fuzzy quantities. To eliminate this disadvantage, integral ranking
indexes are used, which allow taking into account the features of the
membership function forms and increase the accuracy of the analysis.

1.22 Supersubstorms during superstorm on 10-12
May 2024

Despirak 1. V., Lubchich A.A., Yagodkina O.1.
Polar Geophysical Institute

The aim of this study is to conduct the detailed analysis
of the strong geomagnetic disturbances during superstorm on
10-12 May 2024. It was the second-strongest geomagnetic storm of the
space era (SYM/H -518 nT). Storm main phase was observed from
17:15 UT on May 10 to 02:15 UT on May 11, the recovery phase was
registered on May 11-13. Extremely intense geomagnetic disturbances
so-called supersubstorms (SML<-2500 nT) were recorded during the
superstorm. According to the SuperMAG data base, there were several
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SSS events: at 19:20 and 19:50 UT, 22:35 and 22:40 UT on
10 May, at 09:00 and 09:50 UT, at 12:45, 13:32 and 13:43 UT on
11 May, 2024. The planetary space-time distribution of the magnetic
disturbances during this SSS were studied using the data collected
from the ground-based networks (SuperMAG, INTERMAGNET
and IMAGE) as well as the magnetic registrations by the Iridium
constellation of 66 satellites at 780 km altitude, distributed over
six orbit planes spaced equally in longitude (AMPERE project).
We studied the extremal geomagnetic disturbances during SSS by
examining the morphology of the auroral electrojets, the planetary
pattern of the field-aligned currents (FAC), the corresponding positive
magnetic bays at mid-latitudes, and their solar wind drivers. Different
features of SSS development during these four events are discussed.

1.23 Vibrational structure and absorption
spectrum of methane in a wide range up to
the visible region of the spectrum

Bekhtereva E.S., Gromova O.V., Ulenikov O.N.
Tomsk Polytechnic University

Modern problems of atmospheric physics require increasing the
accuracy of measurement and calculation of the absorption of solar
radiation passing through the Earth’s atmosphere by various absorbing
components of the atmosphere, of which a special role is given to
methane, as one of the main absorbing components of the Earth’s
atmosphere.

Within the framework of the method of analytical determination
of wave functions (both vibrational and vibrational-rotational) in
symmetrized form developed by us and having no analogues in
the world, the centers of all vibrational-rotational bands of various
symmetries of the methane molecule up to 12000 cm ! were determined
with high accuracy for the first time. The obtained results create a good
basis for high-precision determination of both the vibrational-rotational
structure of the absorption spectra of this molecule and prediction of
the frequency dependence of the absorption coefficient of methane in
the entire infrared region of the spectrum.
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The work was supported by the Tomsk Polytechnic University in
the frame of the PRIORITY- 2030 project.

1.24 Development of methods for studying
physicochemical processes in the mesosphere
- lower thermosphere based on satellite
sensing data

Kulikov M. Yu.Y2, Belikovich M.V.%2, Chubarov A.G.12,
Dementyeva S.0.12, Feigin A.M*

LA. V. Gaponov-Grekhov Institute of Applied Physics RAS
2 Lobachevsky State University of Nizhny Novgorod

This report presents a short review of studies where the equilibrium
of chemically active atmospheric gases is used in the retrieval of
unmeasurable (poorly measured) characteristics of the troposphere,
stratosphere and mesosphere - lower thermosphere. We summarize
our studies about the development of mathematically correct analysis
of trace gas equilibrium, that employs simulations of the global
3D chemical transport model, and the applications of these studies
in satellite data processing at the mesosphere-lower thermosphere
altitudes.
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2 Geophysical fields and their interaction
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2.1 A model of a 6-cell geodynamo with two types
of cell arrangement

Feshchenko L.K., Vodinchar G.M.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

A low-mode model of the geodynamo driven by six-jet convection
in the Earth’s core has been developed. The model is based on
indirect data on the large-scale structure of convection. These data
were obtained earlier than the splitting functions of the Earth’s free
oscillations.

Note that the six-cell convective structure for the Earth’s liquid core
was obtained as a result of direct numerical modeling for a certain value
It is of interest to develop a combined model of six-cell convection in
which the vertical velocity component would be described by a linear
combination of spherical harmonics Y5 and Y3. This combined model is
described in the paper.

The work was supported by IKIR FEB RAS State Task (subject
registration No. 124012300245-2).

2.2 Application of Kolmogorov-Arnold neural
networks to the tasks of analysis and
forecasting of the geomagnetic index Dst

Polozov Y.A., Mandrikova O.V.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

The paper proposes the use of neural networks of KAN architecture
to solve the problem of analysis and forecasting of the geomagnetic
index Dst data. Using the KAN capabilities of determining functional
dependencies, the nature of relationships between input data (Dst
index values and parameters of the interplanetary environment) and
output data of the network (forecasted values of the Dst index) is
studied on the basis of trained neural networks. The Dst forecasting
was carried out for the period 2021-2023 with a 3-hour advance. It
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is shown that different parameters of the interplanetary environment
make different contributions to the Dst forecasting, depending on
the position of their previous values on the time axis. The results of
the operation of the trained neural networks during the periods of
geomagnetic disturbances are shown. The results show the promising
potential of the proposed approach for the tasks of space weather
analysis and forecasting. The work was carried out at the expense
of the State Assignment of IKIR FEB RAS (reg. topic number
124012300245-2).

2.3 Assessment of the south magnetic pole drift
rate from the 19th to the 21st Century

Semakov N.N.':2, Ukolov D.A.3!

1 Nowosibirsk State University
2 Arctic and Antarctic Research Institute
3 Unified Geophysical Service RAS

This study assesses the velocity and direction of the South Magnetic
Pole drift from the 19th to the 21st century. The analysis is based on
geomagnetic observation data from areas of the Southern Hemisphere
where the magnetic inclination exceeds 60°. Regional peculiarities
in the location of calculated magnetic poles have been identified,
along with general patterns of their movement. To refine the drift
parameters, over 40 series of angular geomagnetic observations were
conducted during the 70th Russian Antarctic Expedition (2024-2025)
on sea ice and in coastal Antarctic oases.

2.4 Automatic algorithm for geomagnetic storm
selection

Abunina M.A., Maurchev E.A., Shiyk N.S., Belov A.V., Abunin A.A.

Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio
Wave Propagation RAS

Some parameters of geomagnetic activity (Ap and Kp indices) were
studied for the long period (1932 — 2023). General statistical changes

145



in the number of geomagnetic storm intervals for the entire observation
period, as well as for individual solar cycles, were considered. It was
shown that about 46% of time the geomagnetic activity remains
quiet, and only 7% of time magnetic storm intervals are observed.
An algorithm for automatic selection of geomagnetic storms was
developed. The duration (in hours) of magnetic storms for the entire
study period is considered.

2.5 Characteristics of low-frequency emission from
ground based transmitter observed on
“lonosfera” satellites.

Kolpak V.I.1:2, Mogilevsky M.M.", Evdokimova M.A.',
Chugunin D.V.*, Andreevsky S.E.?, Shlugaev Y.V.3, Zhiltsov M.V.*

L Space Research Institute RAS
2 Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio
Waves Propagation RAS
3 The Radiophysical Research Institute
4 “NPP” ASTRON ELECTRONICS LTD

The «Ionosferas satellites are equipped with a complex consisting of
the NVK2 device, the MD magnetic sensor, and the ED electric sensors.
Using the measurements of electromagnetic fields by this complex in
the frequency range of 10 Hz — 23 kHz, an analysis of the signals
of ground-based VLF transmitters received on board the spacecraft
was performed. The zones of ionospheric illumination by transmitter
signals were determined based on statistical analysis. Comparison of
these zones with the zones obtained on the Demeter satellite show that
the illuminated areas are currently significantly smaller than during
the operation of the Demeter satellite. This may be due to solar
activity, which leads to an increase in the density of the ionosphere.
The amplitude-frequency analysis of the transmitter signals that passed
through the magnetosphere indicates interwave interaction near the
equatorial region — the transmitter signals are modulated by oscillations
of the force tube in which the signal propagates. The results on the
broadening of the transmitter signals obtained on the “Intercosmos-19”
satellite were confirmed.
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2.6 Characteristics of the current carrying
electron populations in the intense
electron-scale current sheets in the Earth
magnetotail

Leonenko M.V., Grigorenko E.E., Zelenyi L.M.
Space Research Institute

Using MMS satellite observations in the Earth’s magnetotail, it
has been shown that in hot, collisionless plasma turbulized by the
propagation of a bursty bulk flow from the primary reconnection
region, multiple secondary sources of electron acceleration are formed.
Such sources can be regions of secondary microreconnections occurring
at electron kinetic scales. Thus, the MMS satellites have, for the
first time, enabled the discovery that in plasma turbulized by a
bursty bulk flow, energy can be dissipated through multiple cascading
microreconnections formed in superthin, intense current sheets. In
this study, the current carrying electron populations in intense
current sheets at electron kinetic scales are investigated. A method
for isolating the current carrying population is proposed, and both
the concentration and the non-gyrotropy of these populations are
determined. The presence of non-gyrotropy indicates that the electrons
are demagnetized. A comparison of the characteristics of the current
carrying populations in current sheets of different types -parallel and
perpendicular to the external magnetic field - in various regions of the
plasma sheet of the Earth’s magnetotail is also carried out.

This work was supported by the Russian Science Foundation
(23-12-00031).
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2.7 Database of geodynamo fields eigenmodes
parameters and geodynamo spectral models
coefficients

Lisytkin S.S., Vodinchar G.M., Kazakov E.A., Feshchenko L.K.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

Geodynamo is a complex nonlinear interaction of three geophysical
fields in the Earth’s core: speed, magnetic induction and temperature
Spectral models are often used in the study of geodynamo problems.
The compilation of spectral models requires the calculation of the
parameters of the basic modes, and then the coefficients of the model
(Galerkin coefficients).

The geodynamo spectral model has three field components: velocity,
magnetic, and temperature. The problems of the velocity and magnetic
fields are solved separately in the class of toroidal and poloidal fields.

Galerkin coefficients are integrals over the volume of a liquid core
from very cumbersome multiplicative combinations of basic modes
and vector analysis operators in spherical coordinates. The modes
themselves are expressed in terms of spherical harmonics and spherical
Bessel functions.

Each mode of the velocity and magnetic field is determined by multi-
indexes of the form (k,n,m, type), where k, n, and m correspond to the
sampling of the spectrum in r, 6 and ¢, respectively, and type is the
binary index of the mode type: toroidal or poloidal. Temperature modes
are determined by multi-indices (k,n,m) .

To calculate the toroidal velocity modes, it is necessary to find the
eigenvalues pf  and the coefficients AT and B}, , for poloidal uf and
C; .. For temperature values, the eigenvalues A\g, and the coefficients
akn, bin are calculated. For magnetic toroidal modes ngn and a;}an
poloidal 77,1;" and a,fn

Galerkin combinations are obtained: Cj;, Hg;, oir Eiiy Wpijs Quij,
Fsina B;.

The obtained eigenvalues of modes and coefficients are placed in the
database.

The report describes a database for storing and recording
eigenvalues of modes and coefficients (Galerkin coefficients) of equations
of the geodynamo spectral model. All calculations are performed in
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Maple. The mariadb database management system is used to record
values and query data.

The work was supported by IKIR FEB RAS State Task (subject
registration No. 124012300245-2).

2.8 Dependence of plasmasphere density on
geographic longitudes according to satellite
measurements

Chugunin D.V., Kotova G.A.
Space Research Institute

The work is devoted to the study of the dependence of the
plasmaspheric magnetic flux tubes filling on geographic longitude
during quiet time. Despite the fact that the magnetosphere is mainly
described by magnetic coordinates, the filling of it with ionospheric
plasma is also affected by the difference in the illumination of the base
of the magnetic field lines. This issue is studied in this work using
measurements of ion concentration on the INTERBALL satellite and
electron concentration on the ERG satellite. For the study, only long
quiet periods were selected, during which the magnetic flux tubes
had time to fill with plasma to diffusion equilibrium. It was shown
that for the same geomagnetic coordinates, the plasma density in the
plasmasphere depends on geographic longitude. This dependence is
also studied for different seasons.

2.9 Determination of lightning discharge height by
the multiple-beam interferometry method

Malkin E.I., Shevtsov B.M., Kazakov E.A., Cherneva N.V.,
Sannikov D.V.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

The electric discharge height was earlier determined by the VLF
radio direction finder by the method of two-ray interferometry.
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The essence of the method is the comparison of model and real
spectra of signal strength. In this paper, in order to improve the
accuracy of determination of a lightning discharge height, the multiple-
beam interferometry method is used. The height, estimated by the
convolution of the model power spectrum with the real power spectrum
of a signal, coincides with the stratopause region where temperature has
local maximum and which evidently promotes height electric discharge.

The work was supported by IKIR FEB RAS State Task (subject
registration No. 124012300245-2).

2.10 Disturbances of midlatitude sub-ionospheric
signals during intensive and super
geomagnetic storms

Solovieva M.S.', Korkina G.M.?, Bulatova N.R.?, Kasimova V.A.?

L Schmidt Institute of Physics of the Earth RAS
2 Kamchatka Branch of the Federal Research Center “Unified
Geophysical Service RAS”

Data of the continuous monitoring of the sub-ionospheric signals
in Petropavlovsk-Kamchatsky have been used to analyze nighttime
variations in the amplitude and phase of mid-latitude JJY (40 kHz)
signal during the main stage of strong and extreme geomagnetic storms
over three solar cycles (2000-2024). The results show that for the
total 53 geomagnetic storms, only 15 caused disturbances in the radio
signal. The effect was found for those geomagnetic storms whose main
stage was during the local night. There were 19 such cases in total.
The amplitude anomalies of the JJY signal ranged from 3 to 18 dB,
phase anomalies varied from 29° to 135°. No direct relationship was
found between the strength of geomagnetic activity and the JJY signal
anomaly. In 4 cases, when the main stage of magnetic storms was during
the local day or during the movement of the solar terminator through
the signal propagation path, an anomalous shift in the position of
characteristic minima in the diurnal variation of sub-ionospheric signals
at the moments of sunset or sunrise relative to their normal position
was found. Minima shifted by 1-2 hours towards increasing the duration
of the nighttime.
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2.11 Do solar flares and sudden storm
commencements trigger earthquakes?

Zinkin D.V., Pilipenko V.A.
Institute of Physics of the Farth RAS

The possibility of a trigger effect of solar activity and related
disturbances of the geomagnetic field on the Earth’s seismicity is
actively discussed in the geophysical literature. In particular, the idea
of solar flares and sudden storm commencements (SSCs) as triggers of
planetary seismic activity is popular. The paper provides a statistical
test of these hypotheses. The statistics of shallow earthquakes on the
Sun-illuminated side of the Earth before and after solar flares and
SSCs of 2010-2020 in the range of -2 days and +-1 hour, respectively,
are considered by the superimposed epoch method. There were no
statistically significant changes in seismicity within the limits imposed
on the depth and local time of the earthquake source. The results
cast doubt on the hypothesis of solar flare or SSC as possible triggers
of earthquakes. Nonetheless, some statistical results are still hard to
comprehend on the basis of existing notions.

2.12 Experimental complex for the study of
anomalous effects in geophysical fields in the
north Tien Shan region

Pak G.D.', Salikhov N.M.', Nurakynov S.M.', Shepetov A.L.*»?

L Jonosphere Institute LLP Aerospace Committee of the Ministry of
Digital Development, Innovation and Aerospace Industry
2 P. N. Lebedev Physical Institute RAS

4 March 2024, an M6.1 earthquake occurred in the seismically active
region of the North Tien Shan at the epicentral distance of 12.2 km from
the geophysical monitoring complex. The preparation of this seismic
event we detected in a real time eight days before the main shock,
when a characteristic cove-like depression appeared in the gamma-
ray flux in the borehole at a depth of 100 metres. We detected the
preparation processes of this seismic event in real time eight days before
the main shock, when a characteristic cove-like depression appeared in
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the gamma-ray flux in the borehole at a depth of 100 metres, which
most likely indicated an approaching earthquake. The experimental
geophysical complex used to record the anomalous effects of the M6.1
earthquake preparation is located at the scientific station (IN43.042
E76.944) at an altitude of 3340-3400 m above sea level. The following
were used in the work:

- Multi-channel geophysical recorder MGR-02-16 is located at an
altitude of 3400 m. The device is designed for monitoring the
temporal variations of the Earth’s natural pulsed electromagnetic
field at two frequencies VLF - 7.5 kHz and 10.0 kHz. Two mutually
orthogonal ferrite antennas of the geophysical recorder are set in
the north-south (7.5 kHz) and west-east (10.0 kHz) directions.
The counting of pulses is counted at 10-second intervals.

- IMS-008 magnetic sensor of induction type, which registers the
variation of the horizontal component of the earth’s magnetic
field strength in the ULF range (0.0001 - 20 Hz) with a sampling
frequency of 66.6 Hz. The magnetic sensor is oriented in a north-
south direction. To ensure that only signals in the ULF frequency
range were recorded, a 12-order Chebyshev low-pass filter with a
cut-off bandwidth of 20 Hz was used. A notch filter was also used
to better suppress signals from the 50 Hz industrial network.

- a borehole about 300 m deep, quipped for the study of
seismogenic effects. The borehole is filled with water to a depth of
150£5 meters.

- Nal(TI) crystal gamma detector (SDN.30, diameter (»40 mm) has
been installed in a borehole at a depth of 100 meters designed to
measure variations in the gamma-ray flux. The gamma detector
was calibrated using the reference sources Am-241 (Eu=60 keV)
and Cs-137 (Eu=660 keV). Gamma ray pulses were counted at
10 second intervals in six energy ranges: 20-40, 40-80, 80-200,
200-400, 400-800 and >800 keV. Three temperature sensors are
installed at the depths of 1, 24 and 39 meters and one outside
near the borehole. The air temperature in the borehole below 24
metres varies by a few hundredths of a degree, providing stable
conditions for the operation of electronic circuits and the Nal(T1)
crystal, which are affected by temperature variations. The ground
part of all geophysical recorders has a temperature stabilization
of about 20 £ 0.25° C.
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For the registration of the ionospheric response to disturbances
propagating from the lithosphere to the height of the ionosphere, we
use the method of Doppler sounding on an inclined radio path with
continuous carrier. Doppler measurements are based on the principle
of operation of the phase-locked loop (PLL) and the possibility of
measuring the Doppler frequency shift of a larger amplitude beam in the
conditions of a multibeam signal is realised. The selection of the optimal
radio frequency is carried out according to f the British Broadcasting
Corporation (BBC) catalogue (www.short-wave.info). Doppler shift
measurements (f=7245 kHz) were made on the inclined radio pass
Dushanbe-orzu (Tajikistan) - Almaty (Institute of Ionosphere). The
receiving Doppler equipment is located in the two measuring points:
Institute of Ionosphere (43.175940 N,76.953420 E) and Radiopolygon
Orbita (43.058310 N, 76.973610 E). The completed study of seismogenic
anomalies in various geophysical fields indicated the final stage of
preparation for a major earthquake.

This research was funded by the Science Committee of the
Ministry of Science and Higher Education of the Republic of
Kazakhstan, grant number AP19678127 "Development of the methods
for geophysical fields monitoring in the lithosphere-atmosphere-
ionosphere-magnetosphere system in a seismically hazardous region of
Northern Tien Shan”.

2.13 Effect of extremely low-frequency magnetic
fields in the Schumann resonance frequency
band on electric reactions in plants

Grinberg M.A.1>2, Ilin N.V.', Nemtsova Yu.A.2, Sarafanov F.G.1,
Ivanova A.V.2, Dolinin A.A.", Pirogova P.A.2, Vodeneev V.A.2,
Mareev E.AL

L Gaponov-Grekhov Institute of Applied Physics RAS
2 Lobachevsky State University of Nizhny Novgorod

In the electromagnetic field frequency spectrum, there are special
bands of interest, which, on the one hand, due to various reasons, can
change in natural conditions, on the other hand, have a pronounced
impact on the state of living organisms. One such band is the extremely
low-frequency Schumann resonance fields. Determining the effect of
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such magnetic fields on living organisms is interesting in evolutionary
and ecological aspects, since the severity of the spectral band associated
with Schumann resonances can be modified due to its dependence on
global lightning activity under climate change conditions.

The experiments studied the effect of a magnetic field with
a frequency of the second harmonic of the Schumann resonance
(14.3 Hz) on the electrical reactions of wheat plants (Triticum aestivum
L.). Electrical reactions, which are coordinated changes in the electrical
potential on cell membranes in living organisms, are a universal signal
that can trigger a variety of physiological responses to environmental
factors (temperature, light, mechanical action, etc.). It has been
shown that an increased magnetic field (9 mcT) with a frequency of
14.3 Hz enhances the electrical responses of plants caused by light. An
additional study of frequencies in the vicinity of the second harmonic
(10.5, 13.3, 14.3, 15.3, 18 Hz) demonstrates the presence of a resonance
effect for biological responses: the influence of a field with a frequency of
14.3 Hz was most pronounced.

The studies were carried out within the framework of the state
task of the AP RAS Ne FFUF-2025-0009 and the scientific program
of the National Center for Physics and Mathematics, section Ne 10
“Experimental laboratory astrophysics and geophysics”.

2.14 Effects of the X3.9 class solar flare on the
high-latitude ionosphere on May 10, 2024

Mingaleva A.O., Blagoveshchenskaya N.F., Kalishin A.S.,
Egorov I.M., Borisova T.D.

Arctic and Antarctic Research Institute

We examine the ionosphericc effects of the X3.9 class solar flare
occurred in the active region AR13664 of the Sun at 06:54 UT on
May 10, 2024. In the course of the solar flare the X-ray and ultraviolet
radiation leads to the electron density increase in D-; E-, and F region
of the ionosphere causing the sudden ionospheric disturbances (SID).
One of the SID types is the Short wave fadeout (SWF) induced by the
X ray radiation of the Sun leading the electron density enhancements
in the lower ionosphere (D-region). It was completed the detailed
analysis of the behavior of the ionospheric and radio wave propagation
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features during the Sudden ionospheric disturbance of the SWF type
induced by the X3.9 class solar flare on May 10, 2024. The effects were
analyzed from 06:00 to 10:00 UT by using the vertical ionospheric
sounding (VIS) data and oblique ionospheric sounding (OIS) data
both obtained at stations located in the west Arctic region of the
Russian Federation. The VSI and OSI sessions were carried out once
every 15 minutes. It was shown that during SWF the minimum
frequency, fmin, on the VSI ionograms increase. In the same time
the OSI data on several radio paths demonstrate the increase of the
lowest observable frequencies (LOF), the disappearance of the high
order modes on the ionograms and narrowing the operation frequency
range, indicating an increase of the absorbtion in the lower ionosphere.
A comparison of the behavior of fmin and LOF with the absorption
measured by riometers at the high latitude stations was made. The
study of the Sudden ionospheric disturbances is of not only scientific
but also applied interest. These disturbances have a significant impact
on the reliability of spacecrafts, radio communication systems, radio
navigation, and over- horizon radars.

2.15 Experience of application the GPR method
in areas of active volcanism

Pavlova V.Yu.', Akbashev R.R.?

v Vitus Bering Kamchatka State University
2 Kamchatka Branch of the Federal Research Center “Unified
Geophysical Service RAS”

Some of the most interesting and challenging regions for application
the GPR method are areas of active volcanism. The large thickness
of the soil-pyroclastic cover, polygenetic soil profiles, a significant
number of buried soil horizons separated by tephra layers of different
granulometric composition and age, on the one hand, create good
conditions for the formation of clear lines of equal phases of reflected
signals (phase axes) on the GPR profile, and on the other hand,
complicate their interpretation. The existing experience of application
the GPR method in areas with active volcanoes is small. Many aspects
of application the GPR method in volcanic areas remain insufficiently
studied. All this determines the relevance of the study. This paper
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presents the results of long-term research application the GPR method
in areas of active volcanism in Kamchatka, as well as on Paramushir
Island (Kuril Islands). For the first time, ground penetrating radar
facies have been identified in the area of some volcanoes. This touches
upon current issues of the genesis of volcanic deposits, which helps
to clarify the nature of volcanic activity in the study area. The GPR
method makes it possible to study in detail the upper part of the
geological section with the determination of the thickness of the
layers, as well as the identification of ground penetrating radar facies,
which contributes to the study of the process of relief formation in
areas of active volcanism. The work was supported by the Ministry
of Education and Science of the Russian Federation (within the
framework of the state assignment FZSS-2025-0007) and the research
theme «Application of the GPR method in Kamchatka» (Vitus Bering
Kamchatka State University).

2.16 Experiments on study upper atmosphere and
space weather monitoring on-board Moscow
university satelltes

Svertilov S.I1.*, Bogomolov V.V.2, Bogomolo A.V.2, Iuydin A.F.3,
Kalegaev V. V.1, Myagkova I.N.2, Osedlo V.I.*

M.V. Lomonosov Moscow State University, D.V. Skobel’tsyn
Institute of Nuclear Physics

The main goals and objectives of Moscow University space missions
to study the upper atmosphere, monitoring of space weather and
solar activity are considered. Currently, the Moscow University
nanosatellite constellation Sozvezdie-270 is being deployed, i.e.
20 cubesat satellites have been launched, 11 of which continue to
operate in orbit. The Sozvezdie-270 project also involves the creation
of a network of receiving stations distributed along the meridians.
The main goal of the multi-satellite constellation is to monitor space
weather and electromagnetic transients of various natures, including
atmospheric, astrophysical and solar origin. To conduct experiments
on CubeSat satellites, various instruments have been developed to
detect high-energy charged particles (mainly electrons and protons),
gamma quanta in near-Earth space, as well as optical (ultraviolet
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and red) atmospheric glow. By now, important information on the
effects of space weather associated with various manifestations of
solar flare activity and its influence on the geomagnetic environment
in near-Earth space has been obtained during measurements on the
satellites of the Moscow University constellation. In particular, data
on the dynamics of sub-relativistic electron fluxes in the precipitation
areas of the inner (L 1.7 - 1.8) and outer belts - the so-called slot
region (L 2.2 - 3.0) have been obtained, new data on rapid variations
in electron fluxes on the Arctic edge of the outer belt and in the
polar cap have been obtained. Of particular note are the results of
observations of phenomena that lead to significant changes in radiation
conditions in near-Earth space. In particular, such phenomena include
the penetration of solar cosmic rays into the polar cap regions,
leading to significant restructuring of radiation fields in the inner
magnetosphere. Also important for determining local dose loads on
given orbits is the change in the spatial structure of the distribution
of high-energy electron flows in the outer belt due to magnetic storms,
which in turn are caused by changes in the parameters of the solar
wind due to active processes on the Sun. The use of a group of satellites
that allows simultaneous measurements in different areas of near-Earth
space provides conditions for virtually continuous patrolling of solar
flare activity in the hard range of the electromagnetic spectrum.

2.17 Geomagnetic response to the Mww 7.7
earthquake Myanmar on March 28, 2025

Riabova S.A.1:2

L Institute of Geosphere Dynamics RAS
2 Institute of Physics of the Earth RAS

The geomagnetic response to the Mww 7.7 earthquake that occurred
in Sagaing County, Myanmar, on March 28, 2025, at 12:50:54 local
time (06:20:54 UTC) is analyzed. The epicenter of the main shock of
the earthquake was located 14 km north-northwest of Sagaing City and
16 km west of Mandalay City. The initial data were the registration
data of three components of magnetic induction on the Earth’s
surface, carried out at two Vietnamese observatories “Phu Thi” and
“Dalat” and at two Indian magnetic observatories “Chowthuppal” and
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“Hyderabad”. The data of instrumental observations of geomagnetic
field variations with a discretization of 1 min, presented on the website
of the International INTERMAGNET network are used. The observed
geomagnetic variations are interpreted as the result of the propagation
of three types of waves caused by the earthquake: seismic Rayleigh
waves generating acoustic waves, atmospheric internal waves excited
at the epicenter of the earthquake, and slow magnetohydrodynamic
waves caused by the dissipation of acoustic-gravity waves in the lower
ionosphere. The research was carried out within the framework of the
state assignment of the Sadovsky Institute of Geosphere Dynamics of
Russian Academy of Sciences “Transformation of geophysical fields as
the main factor of intergeospheric interactions” (No. 125012700798-8)
and within the framework of the state assignment of the Schmidt
Institute of Physics of the Earth of the Russian Academy of Sciences.

2.18 Ionospheric response to the tsunami after the
2011 Tohoku-oki earthquake

Riabova S.A.1:2

L Institute of Geosphere Dynamics RAS
2 Institute of Physics of the Earth RAS

The aim of research is to study the ionospheric response to
a tsunami following the earthquake that occurred in Japan on
March 11, 2011. The earthquake occurred at 05:46 UT (14:46 LT) east
of the Japanese island of Honshu and had a magnitude of 9.0. This
earthquake (called the Tohokuoki event) generated a tsunami reaching
a height of several tens of meters, which led to the accident at the
Fukushimal nuclear power plant and a tragedy of national scale. To
analyze the response of the lower ionosphere, geomagnetic monitoring
data from the Honolulu station were used. In order to determine the
time of the tsunami arrival on Honolulu Island, water level data were
used, obtained using the tidal tsunami monitoring station 1612340,
located on the coast of Honolulu. To analyze the response of the upper
ionosphere, GPS satellite data were used, allowing the determination
of variations in the total electron content of the ionosphere. During
data processing and analysis, it was found that wave disturbances of
the total electron content and geomagnetic disturbances precede the
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arrival of the tsunami, and the detected ionospheric variations are in
the frequency range of internal gravity waves (IGWs). In addition,
it was found that the low-frequency part of the disturbance arrives
earlier, as it should be for IGWs generated by tsunamis. The research
was carried out within the framework of the state assignment of the
Sadovsky Institute of Geosphere Dynamics of Russian Academy of
Sciences “Transformation of geophysical fields as the main factor of
intergeospheric interactions” (No. 125012700798-8) and within the
framework of the state assignment of the Schmidt Institute of Physics
of the Earth of the Russian Academy of Sciences.

2.19 Multi-satellite group of spacecraft for
radiation monitoring in near Earth Space

Osedlo V.I.', Pavlov N.N.', Rubinshtein I.A.\, Svertilov S.1.2,
Tulupov Yu. V.t

YM.V. Lomonosov Moscow State University, D.V. Skobel’tsyn
Institute of Nuclear Physics
2 Physics Department of Lomonosov Moscow State University

The main radiation components in near-Earth space (NES) include
charged particles of ionospheric and magnetospheric plasma, fluxes
of energetic particles of the Earth’s radiation belts (ERB), solar
and galactic cosmic rays (SCR and GCR) in a wide energy range.
The relevance of monitoring of these particle fluxes is due to both
fundamental scientific and applied problems. Scientific goals associate
with solving the problems of particle acceleration, wave-particle
interactions, nonlinear dynamic processes in magnetospheric plasma,
etc.. Applied aspects mainly connected with that, since intense
increases in the space radiation fluxes can lead to damage and failure
of spacecraft (SC) electronic equipment, cause disruption of short-wave
communications in high-latitude areas, lead to failures in navigation
systems, and reduce the accuracy of global navigation and positioning
systems. To predict the dynamics of radiation fields in the near-Earth
space, it is necessary to monitor them in different orbits in a wide
range of altitudes, i.e. from low circular (400 - 500 km) to high-apogee
and geostationary (up to 40 000 km). One of the ways to solve this
problem is to use observations using identical instruments installed
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on satellites of a multi-level (by altitude) grouping of spacecraft. It
seems that meteorological and geophysical satellites launched into
different orbits with instruments installed on them that ensures the
detection of charged particles (mainly electrons and protons) in a wide
energy range, i.e. from parts of keV to tens (electrons) and hundreds
(protons) of MeV can be considered as such a group. The instruments
were developed at the SINP MSU and for a number of years has
been providing multi-satellite measurements on spacecraft launched
into orbits with a wide range of altitudes, i.e. Meteor (circular orbit
830 km), Ionosfera-M (circular orbit 820 km), Arktika-M (elliptical
orbit with apogee and perigee altitudes of 39 000 and 600 km),
Electro-L (geostationary orbit in the equatorial plane at an altitude of
36 000 km). Recently, the constellation of meteorological and
geophysical spacecraft has been supplemented by nanosatellites of
the CubeSat format. As part of the implementation of Moscow
University’s own space program, a multi-satellite constellation of such
spacecraft is being deployed in orbit. Currently, 20 CubeSat satellites
have been launched, which also carry identical particle and quantum
detectors, specially adapted for operation on this spacecraft. The
experience of using measurements on a multi-level grouping spacecraft
using the detecting instruments of the SINP MSU are analyzes in
the report. Also there are discussed results of observations of some
effects of space weather observed in 2024. It is concluded that by
using information from identical instruments on spacecraft located at
different altitudes, it is possible to obtain a more complete picture of
the spatial distribution and dynamics of particle and quantum fluxes
in large areas of the near-Earth space.

2.20 Model of seismic electric field generation in
the atmosphere

Khaerdinov N. S.
Institute for Nuclear Research RAS

Previously, a number of publications covered a unique event that
occurred in the Caucasus in the period 01-02.09.2019. In it, in the
Central Caucasus region, in good weather, according to variations
in secondary cosmic ray particles recorded by the Carpet complex
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installation, a thunderstorm field in the atmosphere was observed,
ending with the glow of the night sky. Increases in the total electron
content of the ionosphere were also recorded, correlating with field
disturbances. In the Lesser Caucasus region, during this period,
another complex installation, Aragats, observed thunderstorm activity,
episodically accompanied by the registration on the ground, at the
height of the mountains, gamma radiation and ascending compact
luminous formations. Using archival data from satellite images
(https://weather.us) and data on the location of active faults in
Eurasia (AFEAD) (http://neotec.ginras.ru/database.html), examples
of correlation of thunderstorm activity over deep faults of the Lesser
Caucasus with disturbances of electrical parameters measured in the
mountains of the Central Caucasus by the “Carpet” installation were
obtained. A scenario of the geophysical process that took place in the
Caucasus during the specified period is proposed, which qualitatively
explains the observation data.

2.21 Modernization of the Verkhnyaya Paratunka
electrotelluric observation station, Eastern
Kamchatka: first results of observations

Kasimova V.A., Kopylova G.N.

Kamchatka Branch of the Federal Research Center “Unified
Geophysical Service RAS”

In 2023, modernization of the station Verkhnyaya Paratunka
was carried out, including measurements of electrotelluric potential
(TP) differences on four lines (100-20 m) with a frequency of 1 Hz,
meteorological parameters (atmospheric pressure, air temperature),
as well as soil temperature and humidity at depths of 0.3 and
1.7 m. The results of continuous monitoring of observed parameters
are presented in comparison with geomagnetic activity and seismicity
for the period from February 2, 2024 to January 31, 2025. A significant
influence of seasonal snowmelt during spring on level of TP difference
variations was detected, when air temperature reaches 15°C, and soil
humidity increases by 20 percent at depth of up to 1.7 m (second
half of April - May). Liquid precipitation in May—November was
also accompanied by TP wvariations. High-frequency oscillations
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caused by disturbances of the Earth’s magnetic field with magnetic
intensity index Kp=6 and morewere detected in variations of telluric
potential difference, which represent magnetic storms from “moderate”
with class G=2 to “extreme” class G=5, according to NOAA
classification (National Oceanic and Atmospheric Administration,
https://www.swpc.noaa.gov/noaa-scales-explanation). Of the 44
magnetic storms considered, 12 storms with class G3-G5 were most
clearly manifested in the telluric potentials. The most powerful
event during the period under consideration was the extreme strong
magnetic storm on May 11, 2024 (Dst=-412 nT, class G=5), which
caused intense disturbances of telluric potentials with amplitudes of up
to 0.6 mW /m during the day. Variations of telluric potentials during 14
shallow-to-medium-focus earthquakes with M1=5.3-7.0 (according to
Kamchatka Branch of the Geophysical Survey of the Russian Academy
of Sciences), which occurred at epicentral distances of de=70-160 km,
were also considered. Most of seismic events are related to activation
caused by the earthquake of August 17, 2024, M1=7.0, de=150 km, and
its foreshock-aftershock process. Most of the considered earthquakes
occurred during magnetic storms. In particular, the earthquake of
August 17, 2024, as well as its foreshock and aftershocks, coincided
with the occurrence of magnetic storms of class G2. Therefore, the
identification of weak seismogenic effects in TP variations presented a
certain difficulty.

2.22 Monitoring Pc3 Pulsations in Magnetic
Storm Conditions using a VLF Recorder

Sivokon V.P.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

In magnetic storm conditions, it is difficult to distinguish Pc3
pulsations against the background of higher intensity pulsations, such
as Pcbh. Using the nonlinear properties of the block transformer of the
Mutnovskaya GeoPP, it is possible to obtain the effect of modulation
by Pc3 pulsations of harmonics of industrial current flowing in the
high-voltage line. A VLF recorder located at a distance of about
2 kilometers from the power transmission line is used as a receptor of
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these harmonics. Analysis of the obtained data showed the fundamental
possibility of using the VLF direction finder for a new purpose.

The work was supported by IKIR FEB RAS State Task (subject
registration No. 124012300245-2).

2.23 Multiscale model of a geodynamo driven by
6-cell convection

Vodinchar G.M., Feshchenko L.K.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

The advantage of low-mode geodynamo models is that they allow
reproducing long time series of velocity, temperature and magnetic
induction model fields. However, these models are very difficult to
combine with turbulent convection in the Earth core. For this, it is
necessary to use not molecular, but turbulent values of dissipative
coefficients. These values themselves are properties not so much of the
medium as of a specific flow of this medium, which means they must
be calculated. One possible approach is to couple a low-mode large-
scale model with some model of small-scale turbulence. In order to
preserve a reasonable number of modes (~ 20 — 30), it is possible to
couple a large-scale model with a shell model of turbulence. The idea of
such a coupling for constructing multiscale turbulence models was first
proposed by D.D. Sokolov and P.G. Frick in 2003. The shell model uses
a power hierarchy of scales, which allows covering the inertial range
scalings with a relatively small number of modes.

The report presents and discusses a combined model that combines
the previously studied low-mode 6-cell geodynamo model and a
specially developed non-local shell model of magneto-convection. These
submodels exchange information with each other. The shell submodel
allows calculating the turbulent values of the dissipative coefficients
of a large-scale 6-cell geodynamo. The large-scale submodel gives the
boundary values of the collective variables of the shell part.

The data exchange schemes between the submodels and the results
of computational experiments are discussed.

The work was supported by IKIR FEB RAS State Task (subject
registration No. 124012300245-2).
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2.24 New GLE74 (11.05.24) In Solar Cosmic Rays
Balabin Yu.V., Germanenko A.V., Mikhalko E.A., Gvozdevskiy B.B.
Polar Geophysical Institute

In May 2024, a GLE event occurred (it is designated GLET4).
The increase in cosmic rays was recorded by the global network of
neutron monitors. A few days before, a previous solar flare caused a
coronal mass ejection that reached Earth on 10.05.2024. This ejection
caused a strong magnetic storm, and in cosmic rays produced a
significant Forbush decrease: more than 10%. These circumstances
complicate the analysis of GLET74. Generation of solar cosmic rays
occurred in the active region AO 13664 of the Beta-Gamma-Delta type
with coordinates S17TW47, the flare had a class X5.8, the maximum
radiation was reached at 01:39 UT on 11.05.2024. At the time of
the beginning of GLET74, a magnetic storm was raging on Earth, the
Dst-index was below -400 nT, and at the end of the previous day,
the Forbush effect began in cosmic rays, caused by the arrival of
a plasma cloud from the previous one. The decrease in the cosmic
ray flux due to the Forbush effect on polar neutron monitors was
10%. The small amplitude of the event complicates the isolation
of such an event against the background of a general decrease in
the level, however, it is possible. The data of the world network is
sufficient to solve the inverse problem: determining the parameters
of the solar cosmic ray flux. At the neutron monitors in Apatity and
Barentsburg (Spitsbergen), the increase in the cosmic ray flux was
4-5%. In addition, to calculate the asymptotic reception cones of
neutron monitors, an accurate description of the magnetosphere state
is required. We usually use the Tsyganenko-01 model, which describes
the magnetosphere well in a quiet and disturbed state. For our method
of solving the inverse problem, which uses a detailed and accurate
calculation of the asymptotic reception cones of neutron monitors,
the uncertainty of the magnetosphere state introduces the main error
in the solution, so an accurate specification of the magnetosphere
state is important. The Tsyganenko-03 model is suitable for describing
the magnetosphere state during a storm. Previously, it was used
to solve the inverse problem in the GLEG66 event (10/29/03), when
the Dst-index dropped below -450 nT, and showed good agreement
with real observations. The Tsyganenko-03 model was also used to
solve the inverse problem for GLE74. The result of the solution is
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the energy spectra and pitch-angle distribution of the solar cosmic
ray flux during the maximum phase of the event with a 5 minutes step.

2.25 New vision on traditional problems: whistlers

Evdokimova M.A.', Mogilevsky M.M.", Chugunin D.V.,
Andreevsky S.E.2, Shlugaev Y.V.3, Zhiltsov M.V*

L Space Research Institute
2 Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio
Waves Propagation RAS
3 Radiophysical Research Institute (NIRFI)
4 “NPP” ASTRON ELECTRONICS LTD

On the board of the “lonosfera” satellites, continuous recording
of signal waveforms in the range from 10 Hz to 23 kHz is carried
out using NVK2 instruments, the magnetic sensor MD, and electric
sensors ED. We used the results of these measurements to analyze the
passage of whistlers registered onboard through the ionosphere and
their propagation along the magnetic field line. A statistical analysis
was conducted, and based on it, the spatial distribution of whistlers
was constructed: fully dispersed signals are observed closer to high
latitudes, while partially dispersed signals are observed closer to the
equator.. During local nighttime, whistlers are observed significantly
more frequently than during the daytime, which is consistent with the
generally accepted understanding of changes in ionospheric density.
Outside the plasmasphere, whistlers are not observed. The obtained
statistical distribution of whistlers registered onboard is compared
with the distribution of lightning discharges on the Earth’s surface.
To identify lightning discharges, the ground-based lightning detection
network Blitzortung.org was used. With the help of this network, the
presumed location of the source of whistler signal registered onboard
was identified for the first time.
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2.26 Perspectives of one-point direction finding
and distance measuring in VLF range in
Kamchatka

Kaisin A.V., Malkin E.I.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

The paper suggests the algorithm for thunderstorm location in VLF
range.It is based on interferometry methods and one-point direction
finding. The method of one-point direction finding involves recording
of electric and magnetic components followed by azimuthcalculation.
Interferometer measurements are used to determine the distance to a
source with respect to the height of ionospheric reflecting layer and
thedelay time of ionospheric reflection relative to the ground wave
signal. Verification of the accuracy of one-point thunderstorm location
method is based on the comparison with the data of the World Wide
Lightning Location Network (WWLLN).

The work was supported by IKIR FEB RAS State Task (subject
registration No. 124012300245-2).

2.27 Project “Ionosphere”
Chugunin D.V., Ionosphere team
Space Research Institute

The Ionosphere project consists of four low-orbit satellites, the
first pair of which was launched in late 2024. The project is aimed at
studying solar-terrestrial and ionosphere-magnetospheric connections
and monitoring the upper ionosphere. The satellites are equipped with
a wide range of instruments, there are devices for measuring particles
of various energies, a set of equipment for radiophysical measurements,
etc. The report presents the goals and objectives of the project, the
composition of the scientific instruments and its characteristics. The
first results obtained are presented.

166



2.28 Recognizing a group of whistlers in VLF
radio signals

Luttseva E.A.Y, Vodinchar G.M.?

L Kamchatka State Technical University
2 Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

This paper describes an approach to recognizing a group of whistlers
in the frequency-time spectra of VLF radio signals. The original signal
undergoes the following processing stages: signal filtration, transition
to a new coordinate system for straightening whistler images, and
searching for groups of whistlers whose straightened images intersect
at one point on the time axis.

The work was carried out at the expense of the research and
development work of the State Technical University of the Federal
State Budgetary Educational Institution of Higher Education
“Kamchatka State Technical University” (state registration number
124022500267-1) and IKIR FEB RAS State Task (subject registration
No. 124012300245-2).

2.29 Registration of geomagnetically induced
currents at the Mutnovskaya geothermal
power plant

Gvozdarev A.Y.', Khomutov S.Y.!, Sivokon V.P.!, Uchaikin E.O.?

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

In March 2025, a system for recording geomagnetically induced
currents in the neutral grounding bus of block transformer was
installed at the Mutnovskaya geothermal power plant. The grounding
bus of the transformer is covered by current clamps, in which two
Hall sensors are installed. The signal from these sensors is recorded
by a measuring system based on a microcontroller and a 24-bit ADC.
To calibrate the measurements, a bipolar calibration signal with an
amplitude of 0.4151 A, generated by a special calibration unit, is
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applied every two hours via a current loop entering the clamp. Time
synchronization is performed using GPS. The installation’s own noise
does not exceed 10 mA. The report discusses methodological features
and measurement results. The work was supported by IKIR FEB RAS
State Task (Reg. Nesubject registration 124012300245-2).

2.30 Relationship between strong variations of
geomagnetic field and seismic activity

Novikov V.A.Y, Lazareva E.A.2

L Joint Institute for High Temperatures RAS
2 Research Station RAS in Bishkek

Theoretically it was shown that a solar flare can cause the
pulsations of geomagnetic field (GMF) and a burst of telluric currents
in seismogenic faults comparable in density to electric currents in
the Earth’s crust generated by an artificial source and resulted in a
spatiotemporal redistribution of regional seismicity. As a verification of
the proposed approach the statistical analysis of impact of the top 50
solar flares (SF) of X-class on the global seismic activity, as well as on
the earthquake (EQ) preparation zones located in illuminated part of
the globe and in the area of 5000 km radius around the subsolar point
(SSP) was carried out. It is shown by a method of epoch superposition
that for all cases the increase of seismicity is observed, especially in
the region around the SSP (by 1.4 times) during 10 days after the
SF in comparison with preceding 10 days. Based on the field and
laboratory results it is clear that the dynamic and electromagnetic
(EM) triggering of EQs is possible when the Earth’s crust is in the
subcritical stress-strain state. Usually, it occurs in the local aftershock
areas of strong EQs during the stress redistribution after the main
shock. The case study of aftershock sequence of strong M=9.1 EQ
(Sumatra-Andaman Islands, 26.12.2004) after the SF of X7.2 class
(20.01.2005) demonstrated that the number of aftershocks with M>2.5
increases more than 20 times after the SF with a delay of 7 days. For
the case of the Darfield EQ (M=7.1, 04.09.2010, New Zealand) it was
shown that strong SFs of class X and M probably triggered three strong
aftershocks (M>5.5) with the same delay of 6 days on the Port Hills
fault, which is the most sensitive to external EM impact from point
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of view of the fault electrical conductivity and orientation. Similar
results were obtained for aftershock sequence responses of 7 strong
EQs of Northern California to 24 strong variations of the horizontal
component dBx of the GMF (|dBx/dt|>50 nT/min) recorded at the
Fresno Observatory in the period 1991-2024. The physical mechanism
of EM-EQ triggering may be connected with fluid behavior during
EM impact, similarly to EQ triggering by strong remote EQ. For
verification of this hypothesis a statistical analysis of seismicity was
performed at three geothermal fields in Northern California during 24
strong variations of GMF. A statistically significant rise in seismicity
of geothermal fields with delay of 2 to 10 days after the GMF variation
is shown, when the daily number of EQs exceeds the average number
of EQs determined for the previous 15 days, plus a threefold value of
the standard deviation. This effect indicates not only the presence of
an EQ triggering potential for GMF pulsations, but also the possible
role of fluids in the EM triggering of EQs. An approach to obtaining
additional prognostic data for short-term earthquake forecast based on
the results of reliably recorded seismicity responses to strong external
EM impacts is proposed and discussed.
The research was supported by RSF (project No. 24-27-00205).

2.31 Response of near-surface sedimentary rock
acoustic emission on a close lightning stroke
at “Karymshina” site

Marapulets Yu.V.', Rulenko O.P.%2, Mishchenko M.A.!

L Institution Institute of Cosmophysical Research and Radio Wave
Propagation FEB RAS
2 Institute of Volcanology and Seismology FEB RAS

Disturbances of meteorological values, electric field in the near-
ground atmosphere and near-surface sedimentary rock acoustic
emission at “Karymshina” site are under investigation. These
disturbances were recorded in time vicinity of the lightning stroke,
which occurred at the distance of 1.2 km from the site on October
11, 2022. It was discovered from the features of the jump of
atmospheric electric field potential gradient that the stroke was from
a cloud to the ground with negative charge transfer to it. The
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field relaxation time after the stroke was determined. The effective
electric conductivity in the cloud, associated with electric losses
caused by ohmic and turbulent conductivity, was estimated. It was
2-10713 S/m.

Anomalous acoustic radiation of the near-surface sedimen-tary
rocks appeared 128 s after the lightning stroke. It was simultaneously
recorded by the three-coordinate seismic recei-ver in the frequency
range of 0.5-400 Hz and three spaced acoustic emission receivers at
the frequencies of 0.05-10 kHz. The acoustic disturbances recorded by
each of four sensors differed in time form and spectrum. These features
of sedimen-tary rock response on deformation can be explained by the
difference in composition and size-consist of rocks at sensor installation
points.

Possible mechanism of acoustic emission generation in near-surface
sedimentary rocks during the electric charge transfer from a lightning
cloud is suggested.

This study was supported by the State Assignment
of the IKIR FEB RAS, research project registration
no. 124012300245-2 and by the State Assignment of the IVS
FEB RAS, research project registration no. 124031400016-8.

2.32 Seismogenic effects in the variation of
geophysical field before a M6.1 earthquake in
the North Tien Shan region

Salikhov N.M.*, Pak G.D.', Nurakynov S.M.", Shepetov A.L."?

L JTonosphere Institute LLP Aerospace Committee of the Ministry of
Digital Development, Innovation and Aerospace Industry
2 P. N. Lebedev Physical Institute RAS

Seismogenic effects in the variation of geophysical field before a
M6.1 earthquake in the North Tien Shan region On 4 March 2024, an
M6.1 earthquake occurred in the seismically active region of the North
Tien Shan at the epicentral distance of 12.2 km from the geophysical
monitoring complex. In megapolis Almaty city at the distance of
30 km from epicentre this earthquake was felt with intensity of 5-6
MSK-64 scale. The preparation of this seismic event we detected in
a real time eight days before the main shock, when a characteristic
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cove-like depression appeared in the gamma-ray flux in the borehole
at a depth of 100 metres. We detected the preparation processes of
this seismic event in real time eight days before the main shock, when
a characteristic cove-like depression appeared in the gamma-ray flux
in the borehole at a depth of 100 metres, which most likely indicated
an approaching earthquake. Previously, we repeatedly recorded similar
effects of cove-like decrease of gamma ray flux intensity in the borehole
(at the depth of 40 and 100m) before earthquakes of magnitude
M4.2-7.1. Seismogenic effects of earthquake preparation in variations
of geophysical fields: natural pulse electromagnetic field of the Earth
at frequencies of VLF range (7500 Hz and 10000 Hz); electromagnetic
signals of ULF range (0,0001 - 20 Hz); intensity of gamma-ray flux in
the borehole at the depth of 100 m; Doppler frequency shift (DSF)
of ionospheric signal. A temporal conjugacy of the appearance of
anomalous effects in variations of electromagnetic waves of the VLF
and ULF frequency ranges with the dynamics of the gamma-ray flux in
the subsoil layers of rocks at the stage of earthquake preparation has
been established. Doppler method of the ionosphere sounding has been
applied for investigating the possibility of seismogenic disturbances
propagate from the lithosphere to the heights of ionosphere. A sequence
of disturbances was revealed: first in variations of the natural pulsed
electromagnetic field of the Earth and gamma-ray flux in the borehole,
indicating the activation of tectonic processes in the lithosphere,
and then in the DSF of the ionospheric signal and immediately in
variations of electromagnetic waves of the ULF range before the
earthquake. All observations were carried out taking into account
the current geomagnetic situation (https://ionos.kz/geomagnetic-
observatory). Quasi-simultaneous occurrence of seismogenic anomalies
in different geophysical fields indicates the final stage of preparation of
a large earthquake.

This research was funded by the Science Committee of the
Ministry of Science and Higher Education of the Republic of
Kazakhstan, grant number AP19678127 "Development of the methods
for geophysical fields monitoring in the lithosphere-atmosphere-
ionosphere-magnetosphere system in a seismically hazardous region of
Northern Tien Shan”
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2.33 Small effects in magnetic measurements at
observatories: influence of temperature

Khomutov S.Y.Y, Guozdarev A.Y.Y, Arora Kusumita?,
Lingala Manjula?

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

Various aspects of the effect of temperature on magnetic
measurements at the observatories Paratunka (IKIR FEB RAS,
Russia), Hyderabad and Choutuppal (CSIR-NGRI, India) are
considered. Hardware means for monitoring and controlling the
temperature in measuring pavilions and outdoor are described.
An assessment is made of the possible temperature effects in the
measurement results with magnetometers of various types. The
complexity of the actual consideration of these effects, aimed at
increasing the reliability of the magnetic data obtained, is emphasized.
The work of S. Khomutov and A. Gvozdarev was supported by IKIR
FEB RAS State Task (subject registration No. 124012300245-2).

2.34 Small effects in magnetic measurements at
observatories: possible impact of car traffic
on highways

Khomutov S.Y., Guozdarev A.Y.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

The increasing of the technical saturation of human activity
leads to an increase in the number of possible sources of noise in
the measurement results at magnetic observatories. For example,
the movement of cars along the highway located near the Paratunka
Observatory (IKIR FRB RAS, Kamchatka, Russia) is potentially a
similar source. During the workshops held by the observatory staff
for the youth events that the Kamchatka Government organized in
2023-2024, direct measurements of signals in a magnetic field that
occur at distances up to 40 m from passing cars along the highway
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were carried out. The recorded anomalies range from 2 to 120 nT,
depending on the distance, type of car and driving direction. In general,
the effect decreases as R~2 and is not expected to be significant in
regular magnetic measurements performed at a distance of about
250 m from the highway. Another effect of the non-magnetic nature is
the vibrations of the soil created by multi-ton loaded trucks passing
along the highway. These fluctuations are visually noticeable as
motion of the pendulum autocompensator of the vertical circle scale
of the theodolite 3T2KP used for absolute observations, and can
manifest themselves as fluctuations of magnetic sensors on the gimbal
in the magnetometers FGE-DTU and dIdD GSM-19FD. The work
was supported by IKIR FEB RAS State Task (subject registration
No. 124012300245-2).

2.35 Spectral method of direction finding of VLF
radiation sources

Malkin E.1

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

The antenna complex, azimuth determination methods, complex
calibration and checking processes are described in detail. The
developed method for azimuth determination based on electromagnetic
signal spectral components is described. The spectral method involves
determination of the azimuth from VLF spheric spectral component
values. Special attention is given to the validity test of the obtained
data. As the result, the data bases obtained from the observation
complexes of AWDANet, WWLLN and the VLF direction finder were
synchronized. Tests on the control sample showed that this method
error is ~ 0.2°.

The work was supported by IKIR FEB RAS State Task (subject
registration No. 124012300245-2).
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2.36 Study of polarization jet/SAID based on
measurements by Russian satellites
Ionosfera-M

Sinevich A. A2, Chernyshov A.A.', Chugunin D.V.1,
Pulinets S.A.", Tsybulya K.G.2, Mogilevsky M.M.

L Space Research Institute
2 Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio
Wave Propagation RAS
3 Institute of Applied Geophysics

Polarization Jet (PJ, also known as Subauroral Ion Drift, SAID)
is a phenomenon occurring in the subauroral ionospheric plasma,
representing a narrow band of strong westward drift of ions at
F-layer altitudes near the boundary of the plasmapause projection.
In this paper, measurements of the LAERT ionosonde on board the
Tonosfera-M satellite are used for the first time to study the PJ/SAID
structure. In addition, a comparison made with measurement data from
other instruments on various satellites, as well as with measurements
from ground-based ionosondes. The Ionozond project is aimed at
solving the problems of monitoring near-Earth space and fundamental
research into space plasma and wave processes in it. Each satellite of
the Ionozond satellite system carries a satellite ionosonde LAERT,
which allows sounding the ionosphere above any point on the earth’s
surface. Polarization Jet (PJ), known as SubAuroral Ion Drift (SAID),
is formed in the subauroral region of the ionosphere (geomagnetic
latitudes 70°-50°) and is a narrow in latitude (1°-2° latitude) band of
strong ion drift to the west at F-layer altitudes near the boundary of
the plasmapause projection. The ion drift velocity in such a band can
reach several kilometers per second, and the irregularities of the plasma
parameters inside can have scales up to tens to hundreds of meters.
Such high velocities and such plasma structuring affect the passage of
a radio signal and are manifested in ionograms obtained by ground-
based ionosondes. However, studying the PJ/SAID parameters with
ground-based ionosondes is difficult, since this requires the geographic
location of the PJ/SAID to coincide with the direction of ionosonde
sounding, which is quite rare. In addition, sounding from the Earth is
limited by the height of the main ionospheric maximum, which does
not allow studying PJ/SAID in the upper part of the F-layer at the
height of ionospheric satellite measurements (450-800 km). Sounding
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carried out by an onboard ionosonde from the orbital altitude of the
Tonosfera-M spacecraft ( 800 km) allows obtaining ionograms of the
upper part of the ionosphere F-layer in the PJ/SAID band over any
geographic point (including over the ocean) and comparing them with
measurement data from other satellites equipped with driftmeters and
Langmuir probes. In addition, this makes it possible to simultaneously
sound PJ/SAID by a ground-based and onboard ionosonde.

2.37 Synchronous neutron multiplicity events on
two neutron monitors

Balabin Yu.V., Germanenko A.V., Gvozdevskiy B.B.
Polar Geophysical Institute

In the Cosmic Ray Laboratory in Apatity, two different recording
devices (a conventional neutron monitor (NM) and a lead-free NM
section) are combined into a single detector by a high-speed recording
system. The high-speed system was developed at PGI, it is common
for both devices and records the occurrence of each pulse with an
accuracy of 1 mcs. GPS signals are used. The differences between the
standard NM and the lead-free section are in the energy ranges in
which they effectively record neutrons. The standard NM is effective
for particles with energies from 50 MeV to several GeV and more.
The lead-free section of the NM is sensitive to thermal neutrons and
neutrons with energies up to hundreds of keV. Both devices are located
in the same room. An event of multiplicity of the number M on the
NM is the registration of M neutrons in a time of about 1-2 ms, while
the average interval between neutron registrations is 7-9 ms. The
probability of such an event as a result of a random coincidence is very
small and quickly decreases with increasing M; at M > 10, such events
are possible no more than once a year by chance, while in reality they
are registered every minute. It is believed that multiple neutrons arise
both in the lead shell of the NM from a single high-energy particle
and are formed in the atmosphere, including during extensive air
showers. In the second case, they are called hadron showers. Note
that the external polyethylene protection of the NM prevents the
neutrons formed in the lead from escaping. Simultaneous registration
of multiplicity events on the NM and lead-free section indicates that
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such multiplicity events originated from neutron clouds covering both
devices. Hadron showers contain neutrons and nucleons of different
energies. A method for searching for simultaneous multiplicities on
two devices has been developed. The NM and lead-free section data
have been processed for a number of years, which amounted to more
than 1000 days. Multiplicity events that are simultaneous on the
NM and lead-free section have been selected. Analysis of the selected
multiplicity events shows that they have parameters that differ from
the average multiplicity events on the NM itself. Firstly, this confirms
the different nature of the multiplicity events: multiplication inside
the lead or an external source of multiple neutrons. Secondly, it allows
distinguishing between the sources of multiple neutrons: cosmogenic
or local. Thus, a pair of detectors—a neutron monitor and a lead-free
section—makes it possible to determine the sources of neutron bursts
near the earth’s surface.

2.38 The Earth’s atmosphere cosmic ray
ionization estimation for the high latitude
region during solar proton events

Maurchev E.A.Y, Didenko K.A.2

L Polar Geophysical Institute
2 Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio
Wave Propagation RAS

The Arctic region of the Russian Federation is located in the area
of high latitudes, in which the value of the vertical geomagnetic cutoff
rigidity takes small values (no more than 0.65 GV). At the boundary
of the magnetosphere, there is always a galactic cosmic ray proton flux
(GCR), which is continuous and isotropic. Depending on their energy,
these particles can reach the boundary of the atmosphere (in this work,
100 km) and interact with oxygen and nitrogen nuclei through either
a simple process, ionization, or a more complex cascade process, down
to ground level. On average, solar cosmic rays (SCR) have a relatively
low-energy spectrum (from units of MeV to a maximum of 5 GeV),
but at the same time their absolute flux value significantly exceeds the
GCR flux (up to several orders). At the same time, these particles,
as well as GCR, interact with the Earth’s atmosphere and cause an
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increase in the ionization rate in the altitude range from 10 km to 100
km, which, in turn, affects both an increase in the equivalent radiation
dose and chemical processes. In this paper, we consider examples in
which the differential energy spectra of protons of primary SCR were
calculated for events of 24-25 cycles of solar activity and their effect on
the ionization rate is estimated. Altitude profiles for various values of
vertical geomagnetic cutoff rigidity are presented.

The research was supported by the Russian Science Foundation
(grant No 25-17-20038), https://rscf.ru/project,/25-17-20038/.

2.39 The behavior of the high-latitude ionosphere
during the magnetic storm of May 10-13,
2024 in the western part of the Arctic region
of Russia

Zagorskiy G.A., Mingaleva A.O., Blagoveshchenskaya N.F.,
Kalishin A.S., Egorov I.M..

Arctic and Antarctic Research Institute

This work presents data characterizing the behavior of the high-
latitude ionosphere in the western sector of the Arctic zone of
Russia during the May superstorm of 2024. The data were obtained
using ionosondes installed at the Rosgidromet station network, which
conducts continuous oblique and vertical sounding (OSI and VSI) at
a frequency of 4 times per hour, as well as riometers that record data
every minute. For the analysis, data describing geophysical conditions
and solar and solar wind characteristics before and during the storm
were considered. The analyzed data covers the period from May 10 to
May 13, 2024.

Prior to this analyzed period, several coronal mass ejections (CME)
from the Sun occurred from May 8 to May 10. As a result, on May 10,
between 17:00 and 17:15 UT, a sharp change was recorded in the region
of negative values of the SYM-H and DST index, and at the same time,
a flow of energetic protons with energies exceeding 10 MeV reached the
Earth, leading to a prolonged disappearance of reflections from the F2
layer, as clearly seen in the VSI data.

It is particularly important to note that in the evening and
nighttime hours, the propagation of radio waves along high-latitude
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paths occurred exclusively due to reflections from the sporadic
E-layer. This observation is supported by riometric measurements
collected from the station network, indicating the presence of energetic
proton bursts at high latitudes. The results of the analysis highlight the
significant importance of geomagnetic storms for ionospheric processes,
their enormous impact on radio communication in the Arctic region,
and also demonstrate the continued relevance of ground-based methods
for diagnosing ionospheric parameters.

2.40 The influence of disturbances in the Earth’s
magnetic field on the seismic situation in the
territory of the Republic of Azerbaijan

Bayramov A.A.', Abdullayev F.N.*, Suleymanov S.S.",
Yetirmishli G.Dj.', Mikailov Kh.M.?

L Republican Seismic Survey Center of the Azerbaijan National
Academy of Sciences
2 Baku State University

The problems concerning the connection between the seismic
situation in one or another region of the Earth and geomagnetic
disturbances are among the most pressing in the field of interaction
of geophysical fields and the physics of earthquake precursors.
Mechanical effects at the source of an earthquake, variations in the
electrical properties of the medium, excitation of powerful seismic
signals and other factors influence the regimes of geophysical fields,
including the geomagnetic field. Despite the large number of scientific
publications, there is still no generally accepted consensus on solving
this problem. Therefore, there is a need for additional research in this
direction. At the Republican Center for Seismological Service at the
National Academy of Sciences of Azerbaijan, with the support of the
Science Development Fund, among others, research is being conducted
on the influence of geomagnetic disturbances of the Earth on the
intensity of earthquakes in the territory of the Azerbaijan Republic.
For the period from January to December 2024, measurements were
taken of the intensity of earthquakes with a magnitude ML in the range
of 3.0 - 5.3 and the intensity of a geomagnetic storm of variations in
the Earth’s magnetic field with an impact index G in the range of 2 - 5.
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The analysis of the first research results shows that, as a rule, 5-8 days
before magnetic storms with G = 3—4, earthquake foreshocks occur at
depths from 50 km to 70 km, and after magnetic storms, aftershocks
occur at shallower depths from 13 km to 20 km. The authors put
forward two probable reasons for these phenomena: 1) geomagnetic
storms, interacting with powerful flows of electric fields in the Earth’s
crust, cause aftershocks and shifts of tectonic plates; 2) geomagnetic
storms cause high temperature gradients in the Earth’s interior at
the edges of tectonic plates. This factor may be associated with the
Ettingshausen effect: the effect of the appearance of a temperature
gradient in a conductor located in a magnetic field through which
an electric current flow. At the same time, if the current flows along
the X axis, the magnetic field is directed along the Y axis, then a
temperature gradient will appear along the Z axis. The temperature
gradient, in turn, creates tension forces between structures (tectonic
plates). As a result, aftershock occur with a delay of several days. Note
that this is only one of the factors that causes earthquakes.

2.41 Why aren’t all Forbush effects associated
with geomagnetic storms?

Shlyk N.S., Belov A.V., Abunina M.A., Belov S.M.

Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio
Wave Propagation RAS

Forbush decreases in galactic cosmic rays (according to data
from a network of neutron monitors) and accompanying geomagnetic
disturbances over a long period from 1957 to 2022 have been identified
and studied. Statistical relationships between various parameters of
cosmic ray flux and geomagnetic activity indices are analyzed. It has
been established that the magnitude of Forbush decreases depends
nonlinearly on the class of geomagnetic storm. A moderate correlation
is found between the extreme values of various geomagnetic activity
indices (Ap, Kp, Dst) and the characteristics of cosmic rays. It is also
shown that the simultaneous registration of extreme values of cosmic
rays and geomagnetic activity parameters does not always occur
but depends on the sign of the Bz-component of the interplanetary
magnetic field in a particular event.
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2.42 Statistical analysis of abnormal phase-shift
quiet days in low/mid-latitudes during solar
minimum and maximum phases of solar cycle
24

Ali M.}, Nahayo E.2, Katamzi-Joseph 7.2, Tshisaphungo M.?

L Rhodes University
2 South African National Space Agency

Abnormal Phase Shift Quiet Days (APQDs), phase shifts observed
in the regular normal quiet day variations of the horizontal component
of the Earth’s magnetic field, have been compared statistically during
solar minimum phase (2009) and maximum phase (2015). 1-min data
from 15 pairs of INTERMAGNET conjugate geomagnetic observatories
were used. Quiet days were selected using a l-minute Symmetric-H
(SYM-H) index, |SYM-H| < 10nT. Hourly values of Solar quiet (Sq)
variations of the horizontal H-component, used to identify APQDs,
were calculated after data conversion to local solar time and correction
for non-cyclic variations. Sq focus positions have been calculated and
cross examined with the equivalent current vectors. Seasonal deviations
of Sq focus positions from normal Sq focus magnitude latitudes (30°)
have been analysed for three longitude sectors selected between
(£60°) magnetic latitude (North/South America, Europe/Africa,
and Asia-Japan-Australia). The results show that most variations
of Sq focus positions in 2009 were in the D-season (Jan, Feb, Nov,
Dec) and J-Season (May, Jun, Jul, Aug), and the highest percentage
occurrence of normal Sq focus positions in 2009 and 2015 in the
Northern Hemisphere (NH) were 3.8% and 8.3% in the E-Season
(March, April, September, October) and D-season, respectively. In the
D-season, the highest occurrence of APQDs at low latitudes (LL<30°)
in 2009 and 2015, 30% and 31% of APQDs were identified in the NH,
and 9% and 13% in the Southern Hemisphere (SH), respectively. At
Mid-Latitudes (30° < ML < 60°), the highest occurrence of APQDs
in 2009 were identified in the D-season with 23% and 28% in the NH
and SH, respectively. In 2015, the highest APQDs were identified in
the E-Season, 14% and 24% in the NH and SH, respectively. The mid
latitude observatory of CZT had unusually higher APQD percentages
of 57% and 71% in 2009 and 2015, respectively. At low latitudes,
a South Atlantic Anomaly observatory HUA showed a relatively
higher percentage of APQDs in 2009 with 11% and anomalous APQD

180



amplitudes ranging between 45 to 138 nT. At the normal Sq focus
positions, in 2009, 9 and 5 APQDs were identified in the NH and SH,
respectively, and in 2015, only 4 APQDs were identified in the NH.

181



3 Physics of earthquake precursors
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3.1 Comparative analysis of numerical methods
for solving a mathematical model of
high-frequency geoacoustic emission

Sergienko D.F.12, Parovik R.I.}:?

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

The mathematical model of high-frequency geoacoustic emission
is based on a system of coupled oscillators described by linear
ordinary differential equations of the second order with variable
coefficients demonstrating asymptotic attenuation. Each equation of
the system simulates a separate emission pulse with unique parameters,
while the energy exchange between the pulses is determined by the
linear coupling coefficient. A quantitative and qualitative analysis was
carried out for the mathematical model, and it was proved that the
mathematical model can be rigid for certain parameter values. The
paper presents a study in the Python programming language of four
numerical methods for solving a mathematical model of high-frequency
geoacoustic emission: the Rosenbrock 4th order of accuracy method,
Radau, BDF, and LSODA. The Rosenbrock method is implemented
on Python, the Radau, BDF, and LSODA methods are taken from the
Scipy Python library. The paper presents the theory of each numerical
method, which makes it possible to justify the choice of methods for
solving the problem. The purpose of the work is a comparative analysis
of their effectiveness according to the criteria of accuracy, stability
and computational complexity. In Python, the accuracy order of the
methods was evaluated using the Runge rule, and their characteristics
were analyzed when solving the system. The results of the study
are visualized graphically in the form of waveforms, spectra, phase
trajectories, as well as graphs of the order of accuracy depending
on the calculation step under various conditions: stiffness, instability,
etc. According to the results of the study, the Rosenbrock method
provides high accuracy for various parameters of the model, while the
order of the other methods has an experimental order lower than the
theoretical one. The study will allow choosing the most appropriate
numerical method for analyzing geoacoustic processes and can be used
in predicting deformation phenomena in rocks.

183



The work was supported by IKIR FEB RAS State Task (subject
registration No. 124012300245-2).

3.2 About application of the heredity

mathematical model for estimation of radon

flux density changes in the temporal vicinity
of strong earthquakes in the Kamchatka

Twerdyi D.A.', Makarov E.O.2, Parovik R.I.!

L Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS
2 Kamchatka Branch of the Federal Research Center “Unified
Geophysical Service RAS”

For Kamchatka region the problem of seismic activity has the
highest priority, as Kamchatka peninsula is located in one of the
most earthquake-dangerous regions of the Earth. One of the methods
of studying such processes is monitoring of changes in radon gas
concentration. In the study, using experimental data of volumetric
radon activity (RVA) obtain- ed from observation points of the
Petropavlovsk-Kamchatka geo- dynamic polygon, the change of radon
flux density (RFD) due to the impact of seismic waves and postseismic
relaxation of the medium is shown. Mathematical modelling of the
process of radon accumulation in the accumulation chamber at the
observation point is carried out. As a model we consider an heredity
a(t)-model of RVA based on the method of fractio- nal derivative to take
into account the non-locality of the process of radon mass transfer in
the geosphere, where the variable order of the derivative is related to the
intensity of the process. The coefficient inverse problem is formulated
and solved to select optimal values of some model parameters. The
obtained model RVA curves are in good agreement with real data, and
the obtained estimates of RFD are in agreement with the theory.

The work was carried out of the state assignm- ent of IKIR FEB
RAS (No. 124012300245-2).
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3.3 Acoustic signal processing in earthquake
forecasting using neural network methods

Korochentsev V.I.', Shevkun S.A.', Naumov S.B.2, Gubko L.V.1

L Far Fastern Federal University
2 Federal Research Center “Unified Geophysical Service RAS”

During seismological observations, intense man-caused interference
has a negative impact. However, man-caused interference can be used
as a sensing signal to create additional seismic “illumination” of the
geo-environment and identify inhomogeneities with strong scattering
and reflecting properties. There is a well-known experiment at one
of the deposits in Western Siberia to study changes in the acoustic
signal caused by surface vibration. The vibration effect was carried out
with a frequency in the range of 10-33 Hz. The main result of the
conducted research was instrumental confirmation of the possibility
of initiation of internal acoustic vibrations by exposure from the
surface. In this paper, it is proposed to use the registration of changes
in the characteristics of the response to vibration as precursors of
an earthquake. In terms of signal reception, it is proposed to use
the experience of downhole geoacoustic monitoring conducted on
the territory of the Petropavlovsk-Kamchatsky geodynamic polygon.
Mathematical modeling using neural networks has been carried out,
and a method for processing the recorded acoustic signal has been
proposed in order to identify signs of a change in the spatial location of
inhomogeneities in the geo-environment. This work has been supported
by the grant FZNS-2023-0008.
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3.4 Changes in the axes of the principal stresses
as a possible cause of pre-seismic anomalies in
the direction of geoacoustic radiation at the
Mikizha observation point

Gapeev M 1., Marapulets Yu.V., Solodchuk A.A.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

Mechanical processes that determine and accompany the
preparation of a tectonic earthquake lead to a change in the
stress-strain state of the earth’s crust. These changes are the cause
of anomalies in various geophysical fields. If they occur before
earthquakes, they are classified as precursors. Among the identified
pre-seismic anomalies in geophysical fields in Kamchatka, a high-
frequency acoustic emission effect was discovered. It consists of an
increase in the geoacoustic radiation intensity with an increase in the
rock deformation rate. This effect is most clearly manifested in the
kilohertz frequency range one to three days before earthquakes at a
distance of the first hundreds of kilometers from their epicenters. It
is shown that with the effect, a strongly marked unevenness of the
azimuthal distribution of geoacoustic radiation also occurs. It is caused
by the orientation of the sources of acoustic oscillations in the stress
field of near-surface sedimentary rocks.

To compare the identified maxima of the geoacoustic radiation
azimuthal distribution with the orientations of the principal stresses
axes of rocks during the earthquakes preparation, mathematical
modeling of the stress-strain state of the earth’s crust was performed.
Calculations were carried out within the framework of a static elastic
model. The earth’s crust was represented as an isotropic elastic half-
space. The source of the preparing earthquake was represented as
a combination of double pairs of forces, the intensity of which was
selected in accordance with the components of the seismic moment
tensor. A strain amplification factor based on an estimate of the
potential energy accumulated during the preparation of the earthquake
was also introduced into the model. The modeling was carried out
for Kamchatka earthquakes that occurred between 1986 and 2020.
The data on them, including an experimental estimate of the seismic
moment tensor, were taken from the “Global Centroid Moment Tensor
Catalog”. Based on the modeling results, azimuthal distributions of the
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direction of the main stresses axes corresponding to compression and
tension were constructed. It was shown that the modeling results are
consistent with the identified the azimuthal distribution maxima of
geoacoustic radiation recorded at the observation point “Mikizha”.

The work was supported by IKIR FEB RAS State Task (subject
registration No. 124012300245-2).

3.5 Development of methods for analyzing
electrotelluric potential measurement data

Zakupin A.S., Stovbun N.S., Bogomolov L.M., Kostylev D.V.,
Dudchenko 1.P., Gulyakov S.A.

Institute of Marine Geology and Geophysics FEB RAS

The paper presents the results of processing electrotelluric
potential data at the Yuzhno-Sakhalinsk geodynamic polygon. The
measurements have been carried out since June 2023, and based on
the preliminary results that were presented in 2024, they are currently
being identified with monitoring of the seismogenerating segments of
the nearest fault and short-term earthquake forecasting. The proposed
methods and tools used in our measurements are innovative for this
area, including the nature of the precursors. The harbinger is defined
unambiguously and consistently. At the first stage, it manifests itself in
the appearance of a certain (unambiguously allocated bandpass filter)
noise component at night. This nocturnal component (in accordance
with sunset and sunrise in local time) is represented by quasi-periodic
pulses lasting 2-3 seconds. After the first appearance, nighttime noise
can exist for a long time (many months), and every day, and the pulse
parameters practically do not change. At the second stage (a few
weeks before the earthquake), the duration of the signal, the period
of its repetition, the shape and amplitude of the pulse change in the
night noise. Before the earthquake itself, all the observed changes
reach a maximum. Currently, over two years of measurements at the
Yuzhno-Sakhalinsk geodynamic polygon, two earthquake retrospective
prediction episodes have been identified in the near zone (up to 20 km)
of the April fault (South of Sakhalin Island). The earthquakes occurred
on August 9, 2023 (M=3.4) and January 24, 2025 (M=2.1), and the
precursor texture correlates with the energy of the event. The paper
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also provides a detailed analysis of the seismogenerating segments of
the April fault closest to the registration point, which clarifies that
these two earthquakes are the only independent ones (codependent
ones are excluded from consideration) for all time. Despite the fact
that there are also two precursors and they perfectly coincide with
seismic events, the correlation between the two processes is obviously
very high.

3.6 Features of the development of the seismic
process before the earthquake doublet in
Turkey (02/06/2023, Mw=7.8, Mw=7.6)

Zakupin A.S.
Institute of Marine Geology and Geophysics FEB RAS

The paper presents the results of a study of the seismic process in
the area of the East Anatolian Fault (Turkey), where two catastrophic
earthquakes (doublet) occurred in February 2023. Activity graphs
have been plotted for six regions centered at the epicenter of the first
earthquake. Characteristic periods with a constant velocity of the
seismic process and transition points are highlighted. Local activations
were detected in 2012 and 2022, which are confined to the epicenters
of the doublet and are dominant throughout the first hundreds
of kilometers along the fault. All the activations were confined to
the same area slightly east of the epicenter of the first February
earthquake. It is shown that these activations do not correspond to
the standard scheme of operation of a seismic source, that is, they do
not have an unambiguously definable main event and a characteristic
aftershock process. The spasmodic process of activity in 2022 ended
40 days before the earthquakes doublet, and can be considered as
a short-term predictive sign. The main characteristics of such a
short-term anomaly in seismic activity are a reduction in the duration
of each subsequent activation and a decrease in the time between
them. The local activation in 2012, judging by the distribution of
earthquake epicenters, is probably the initial stage in the development
of the process, which was continued in 2022.
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3.7 Geoacoustic observations at the remote point
“Krutoberegovo”

Mishchenko M.A., Senkevich Yu.l

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

In the north of Kamchatka, the Krutoberegovo observation point
has been monitoring geoacoustic emission signals since the fall of
2021. An almost two-year continuous series of acoustic data has been
accumulated. Geoacoustic emission is considered as a stream of acoustic
pulses. The results of the analysis of the dynamics of the pulse
amplitude distribution and their comparison with the regional seismic
catalog are presented.

The work was supported by IKIR FEB RAS State Task (subject
registration No. 124012300245-2).

3.8 Instanton pattern of foreshock - aftershock
events flow (unified kinetic approach)

Bogomolov L.M.*, Rodkin M.V.}:%:3 Sychev V.N.!

L Institute of Marine Geology and Geophysics FEB RAS
2 Schmidt Institure of Earth Physics RAS
3 Institute of Farthquake Prediction Theory and Mathematical
Geophysics RAS

Instantons are temporally localized perturbations of physical fields,
which are considered in numerous fields of theoretical physics as
a simplified model of transient processes. The name “instantons”
emphasizes their similarity with solitons, i.e. spatially localized wave
disturbances, which manifests itself when replacing the current x
coordinate with time t in the waveform equations. The treating of
the process of earthquake preparation and realization as a transition
between the states “before” and “after” the main event is quite trivial
when considered at a qualitative level. But the quantitative description
of foreshocks and aftershocks is usually carried out separately. The
use of kinetic equations with instanton solutions for modeling the
flow of seismic events before and after the main shock enables to
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unify the description of foreshock and aftershock sequences. The
likeness of these sequences is already visible from the similarity
of mathematical expressions for the direct and inverse Omori-Utsu
laws. An even closer analogy between them has been shown by
studies of the generalized vicinity of a large earthquake (GVLE).
It was demonstrated convincingly that the similarity also extends
to anomalies in the b-values and to a number of other activation
characteristics. Meanwhile, all GVLE anomalies allow for a quantitative
parameterization. In different cases the variations occur, of the
parameters of the corresponding regressions and characteristics such as
a certain average ratio of the number of foreshocks and aftershocks. We
use the empirical patterns obtained in the GVLE to select parameters
of the instanton model. The aim of the presentation is to demonstrate
the mentioned and other advantages of the instanton model using the
example of earthquakes in the southern part of Sakhalin Island in
2003-2022. Empirical temporal dependences of seismic activity were
constructed for the area 44.5°-50.5°N.; 141.5°~143.5°E. The satisfactory
correspondence of time dependencies in the interval 20 days before
and after from the main event is provided by relatively simple kinetic
equations of the first order. More complicated second-order equations
allow us to describe the well - known generalization that the number
of aftershocks and the period of their activity are greater than for
foreshocks. The instanton model naturally modifies the model of self-
developing processes (SDP), within which the stage of explosive growth
in the number of foreshocks before the main event is highlighted, which
may be used as an indicator for a seismic prediction. The realization of
the SDP is nothing more than a well-known case of blow-up regimes.
The principal problem of the SDP is the unlimited growth of activity
described by this model, i.e. the singularity of the solution, before or
at the time of the main event does not correspond to real observations.
The instantaneous model is able to eliminates this contradiction.
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3.9 Investigation of radon volume activity
dynamics taking into account the
stressed-deformed state of geomedium

Skovpen G.A.', Parovik R.1.2

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

The emanation method for studying radon migration properties
was originally used to search for uranium ores, but its application has
expanded. The method employs mathematical models to analyze the
distribution of radon in soils, rocks, atmosphere, and other materials,
which is important for understanding radiation exposure and protection
in buildings and structures as well as predicting geodynamic processes
associated with seismic activity and rock bursts in mines.

In this case, we will consider the following problem:

T~ xew) +aw), o) =Co, )

where C(t) — represents the concentration of a radioactive
component per unit volume in porous geological medium, particles/m3;
t € [tg,T] — denotes time over which the process is considered; to, T
— are initial and final moments of time, s; A\ = 2,1-107% — is the
constant of radioactive decay, s™!; q(t) = qo - exp(f(c(t))) — is the
source function representing the input of the radioactive component
under stress conditions determined by the function f(o(t)), go —stands
for the intensity of radon emanation in an unstressed state.

The Cauchy problem(2) can be rewritten in terms of VRA (Volume
Radon Activity Rate) due to the fact that it is usually measured at
points of radon monitoring registration. To transition to VRA, one
must use the formula from:

n

where 7 is the porosity coefficient.

The novelty of this work lies in a new approach regarding terms
related to volumetric activity of radon, leading to new challenges for
analysis. Model calculations were compared with real data to verify
their accuracy and relevance.
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Funding. State assignment of IKIR FEB RAS No. 124012300245-
2. Topic «Interaction of physical processes in the system of near space
and geospheres» (2024-2028).

3.10 Lithospheric-ionospheric interaction and its
accompanying phenomena

Shevtsov B.M., Sheremetyeva O.V.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

A complex of physical processes generating the interaction of the
lithosphere and ionosphere is considered. Stresses in the Earth’s crust
that cause plastic deformations are accompanied by dislocation changes
that generate electric current pulses. The generation of electric current
in rocks leads to the volumetric separation of electric charges and their
release to the earth’s surface. Due to the low conductivity of the lower
atmosphere, a volumetric electric charge is formed at the earth’s surface
(electrode effect), and due to displacement currents, a volumetric
electric charge of the opposite sign is formed in the lower ionosphere.
Above the sea surface, atmospheric electrification proceeds similarly.
The configuration of volumetric electric charges in the atmosphere
is supported by the generation of electric current in rocks. Electric
charges near the earth’s surface can be centers of concentration of water
vapor, and the heat of evaporation released at the same time can cause
temperature fluctuations and flickering of thermal radiation from the
atmosphere. At the same time, volumetric charges in the ionosphere
can be the cause of precipitation of charged particles from radiation
belts. The totality of these weak and unstable physical processes is
considered as a complex of precursor critical earthquake preparation
phenomena. Long-term observations of these processes have allowed us
to establish the probabilities of their occurrence, which can be used to
predict seismic events.

The work was supported by IKIR FEB RAS State Task (subject
registration No. 124012300245-2).
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3.11 Multiparametric monitoring in the strong
earthquake forecasting system in Kamchatka

Kopylova G.N., Serafimova Yu.K.

Kamchatka Branch of the Federal Research Center “Unified
Geophysical Service RAS”

Since the end of the 1970s, comprehensive observations have
been conducted in Kamchatka to study earthquake precursors. A
special feature of the multiparametric network of geophysical and
geochemical observations is its location on a small territory of the
Petropavlovsk-Kamchatsky testing site (PKTS). The aim of the study
is to investigate the effect of integrated manifestation of precursors
(EIMP) in multiparametric data to ensure the forecast of a strong
earthquake that is dangerous for the population and infrastructure
of the Petropavlovsk-Yelizovo agglomeration. By EIMP we mean the
early manifestation of at least 80 percent of the types of precursors
from their entire set under consideration. Using published materials, an
analysis of the EIMP before shallow-medium focus earthquakes with
magnitudes Mw=6.6 and more was performed based on data on five
types of precursors in 1987-2004 and on fourteen types of precursors
in 2005-2022. During 1987-2022, seven earthquakes occurred before
which the EIMP was recorded. The parameters of such earthquakes
were estimated: magnitudes Mw=6.6 — 7.8, hypocentral distances to
the center of the PKTS de=110-210 km, the ratio of the hypocentral
distance to the size of the earthquake source L, km (Zavyalov, Zotov,
2021) de/L= 1.6 — 3.8, ratio Mw/lgdh=3.08-3.39. All such earthquakes
were accompanied in the territory of the PKTS by tremors with an
intensity of 4.5 — 5.5 points on the MSK-64 scale. An exception is
the earthquake of March 8, 1999, Mw=7.0, dh/L=2.8, which occurred
15 months after the strongest Kronotsky earthquake against the
background of post-seismic deformation and hydrogeological processes.
Before this earthquake, there was no EIMP. The prospects of using the
EIMP in the earthquake forecasting system for a more substantiated
assessment of the magnitude and distance of an expected strong
earthquake are discussed, in comparison with the capabilities of
individual seismic forecasting methods and theoretical assessments of
the preparation zone of a strong earthquake, in particular, according
to the “Dobrovolsky formula”
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3.12 Neural-detector of high-frequency acoustic
emission anomalies in periods preceding and
following Strong earthquakes in Kamchatka

Senkevich Yu.l.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

There are represented the developing results of the deviations
classifier of a high-frequency acoustic emission signal characteristics
in periods preceding strong earthquakes and periods following such
earthquakes using artificial intelligence methods.

The work was supported by IKIR FEB RAS State Task (subject
registration No. 124012300245-2).

3.13 Numerical estimates and laboratory studies
of the thermal mechanism of electromagnetic
earthquake initiation

Nowikov V. A2, Kulkov D. S.2, Parov S. V.2, Gorynin I. P.3

L Joint Institute for High Temperatures RAS
2 Sadovsky Institute of Geosphere Dynamics RAS
3 Research Station RAS in Bishkek. Kyrgyzstan

Annotation. Despite the large volume of field experiments and
observations performed, as well as laboratory studies that have
confirmed the existence of electromagnetic earthquake initiation, the
physical mechanism of this phenomenon is still unclear, which hinders
its practical use in order to reduce seismic hazards, both in terms of
artificial electromagnetic discharge of tectonic stresses, and in terms
of short-term earthquake prediction under electromagnetic the trigger
effect of strong variations in the natural geomagnetic field on the
earthquake source. In this paper, we consider the previously proposed
hypothesis of a thermal trigger mechanism of electric current action on
porous fluid-saturated rock, when Joule heating of fluid (mineralized
water) in pores and cracks leads to an increase in intrapore pressure
and a decrease in the effective strength of the rock. Numerical
estimates of current flow in a porous fluid-saturated medium have
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shown that the increase in fluid temperature and, as a result, its
pressure in the pores is several percent, which may explain the trigger
effect of electric current when the geomedia is in a stress-strain state
close to the ultimate strength of rocks. These results were confirmed
in experiments on a uniaxial press with cylindrical samples of artificial
sandstone and marble in the form of a rectangular parallelepiped with
a square section with different porosity, as well as in experiments with
a model slit cavity simulating a crack or a pore. Numerical estimates
and laboratory experiments show that the hypothesis of the thermal
trigger effect of electric current on rocks can be accepted as a working
hypothesis for further study in laboratory experiments on a press and
a spring-block model of a seismogenic fault to determine the threshold
values of the shear stress level and the magnitude of the electric
current in the model fault, leading to a trigger effect.

3.14 Properties of the deformation process in the
phases of foreshocks and aftershocks for the
subduction zone of the Kuril-Kamchatka
island arc determined by fractional
parameters of empirical cumulative
distribution functions

Sheremetyeva O.V., Shevtsov B.M.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

The study is carried out within the framework of a fractional model
of the deformation process in a seismically active region. The compound
Poisson power-law process in a fractional time representation is
considered as a model. The probabilistic characteristics of this
process are expressed by the Mittag-Leffler function with a power-
law argument, which takes into account the power-law frequency
distribution of events. To verify the model, data from the earthquake
catalog of the Kamchatka Branch of the Federal Research Center
«Geophysical Survey of the Russian Academy of Sciences» for the
period from 1 January 1962 to 31 December 2002 for the subduction
zone of the Kuril-Kamchatka Island arc are used. The calculation of
the empirical cumulative distribution function (eCDF) of foreshocks
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and aftershocks is carried out on the basis of two algorithms, the first
of which considers events that correlate only with the mainshock based
on the accepted criteria of spatial, temporal and energy connectivity of
events. The second algorithm takes into account the branching of the
process, considering events statistically related to both the mainshock
and those related to the main one. The eCDF are approximated by the
three-parameter Mittag-Leffler function. The values of the fractional
parameters characterize the properties of the hereditarity and non-
stationary of the deformation process in a seismically active region.
The values of the fractional parameters of the eCDF of the distribution
of forshocks and aftershocks using two algorithms are compared and
conclusions are drawn about the influence of the class of the mainshock
on their values.

The work was supported by IKIR FEB RAS State Task (subject
registration No. 124012300245-2).

3.15 Search for ULF signals from lithospheric
sources using magnetotelluric data

Pilipenko V.A.', Zinkin D.V.', Shlykov A.A.2, Kasimova V.A.3

L Institute of Physics of the Earth RAS
2 Saint Petersburg State University
3 Kamchatka Branch of the Federal Research Center “Unified
Geophysical Service RAS

The main problem in studying electromagnetic disturbances
associated with seismic activity is the development of effective
algorithms to distinguish these impacts from natural or man-made
activities. The method we propose is based on the features of
hypothetical signals of seismic origin and requires the simultaneous use
of both magnetic and electric components of the ultra-low-frequency
(ULF) signal. The proposed approach provides a possibility of
discrimination between magnetospheric-ionospheric and seismogenic
disturbances by the apparent impedance of disturbances (i.e. the ratio
of spectral amplitudes of the electrotelluric and magnetic components).
For theoretical justification of the method, electromagnetic fields in
the earth-atmosphere system created by an underground horizontal
current source of finite length were calculated. Modeling allowed
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us to consider in detail the characteristic features of the ULF
response to an underground large-scale emitter, which can be used
to search for electromagnetic precursors of earthquakes. Numerical
calculations show that the apparent impedance of the electromagnetic
field of an underground source on the earth’s surface is an order of
magnitude higher than the impedance of the Earth, which can be used
to discriminate disturbances from seismogenic sources. It was also
predicted that, with the same value of horizontal magnetic disturbance,
an underground source creates a much larger vertical electric field Ez
in a borehole than a magnetospheric-ionospheric source. However, all
these features are manifested only in the vicinity of the lithospheric
source (<30 km for a depth of 20 km). The impedance method for
detecting anomalous signals of lithospheric origin has been tested using
magnetotelluric observations at the Verkhnyaya Paratunka observatory
in Kamchatka.

3.16 Seismic measurements by means of laser
strainmeters

Dubrov M.N.}, Aleksandrov D.V.}, Larionov I.A.?

L Kotelnikov Institute of Radioengineering and Electronics RAS,
Fryazino Branch
2 Institute of Cosmophysical Researches and Radio Wave Propagation
FEB RAS

The study of wave movements of the Earth’s surface caused by
earthquakes, volcanic eruptions and powerful dynamic processes in the
Earth’s atmosphere and the World Ocean is an important section of
experimental seismology and the physics of earthquake genesis. Data
obtained using deformation measuring devices - laser strainmeters -
serve as a significant addition to geophysical information, the main
source of which are various types of accelerometers, seismometers, and
geophones. The results of our work carried out over many decades on
the development and application of extended laser interferometers-
strainmeters for seismic observations are presented in this report.
The studies use two basic instrument designs: 1) strainmeters built
using the classical equal-arm or modernized unequal-arm Michelson
interferometer; 2) strainmeters based on a laser interferometer with
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optical feedback. A description is given of the installation schemes for
the instruments that are part of the laser interferometer-strainmeter
system with a spatial separation from 400 m to 6.7 thousand km.
Deformations of the earth’s surface caused by seismic and acoustic
vibrations are recorded in order to isolate weak geophysical signals
from random interference. The use of frequency-stabilized and
temperature-controlled lasers, as well as systems for measuring
interferogram shifts of compensation and modulation types, ensures
absolute instrumental resolution of 0.1...0.01 nm on measuring bases
of 3-300 m, protected by an air-filled pipe when they are placed
above ground or underground in thermally stable conditions. The
errors in measuring deformations due to instability of the optical
length of the measuring arm of the interferometer and laser frequency
fluctuations are analyzed. The main characteristics of the strainmeters
are confirmed by the results of recording real geophysical processes.
The minimum amplitude of measured relative deformations is at the
level of e=10(-11)-10(-12) and is limited by the background of local
microseismic noise. The results of observation of anomalous seismic
processes preceding and accompanying the strongest earthquakes of
past years are demonstrated, including the two most recent destructive
earthquakes: 06.02.2023 Mw 7.8, Turkey and 28.03.2025 Mw 7.7,
Myanmar. The work was supported by IRE RAS State Task (subject
registration Ne075-00395-25-00) and IKIR FEB RAS State Task
(subject registration Ne124012300245-2).

3.17 Short-term earthquake prediction using
digital communication methods

Korochentsev V.I.', Shevkun S.A.', Statsenko L.G.', Naumov S.B.?,
Gubko M.A.}, Grischenko V.V.!

L Far Eastern Federal University

2 Federal Research Center “Unified Geophysical Service RAS”

In this paper, it is proposed to expand the set of earthquake
precursors by detecting fluctuations of the sounding signal.
Electromagnetic waves are used as a signal. The Earth’s mass is
directly probed, preferably in earthquake-prone areas. The signal
emitter is located below the surface of the Earth. The number of
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external factors that distort the nature of the information signal is
decreasing. The signal from the receiving antennas can be transmitted
via a satellite repeater to the data center. Mathematical modeling
has been carried out to identify the signs accompanying the processes
of elastic deformation generation and the corresponding changes in
magnetic and electrical constants. Both the temporal and spatial
nature of the feature changes can be used for forecasting. This method
can be used for long-term and short-term earthquake forecasts with
high efficiency in obtaining measurement results. This work has been
supported by the grants FZNS-2023-0008.

3.18 Statistical analysis of ionospheric
disturbances preceding the occurrence of
earthquakes in the Kamchatka region

Pavlov A. V.

Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS

Disturbances that appear in different regions of the ionosphere
several hours or days before the onset of relatively strong earthquakes
can be considered as possible ionospheric precursors of these
earthquakes. In order to identify seismoionospheric disturbances
preceding the onset of earthquakes in the Kamchatka region, the
paper uses the results of measurements carried out at the ionospheric
vertical radio sounding station located in the Paratunka (52.97° N,
158.24° E) for the period 2016-2021. The following were considered
as possible ionospheric precursors of earthquakes: occurrence of
statistically significant deviations from the background level of the
limiting reflection frequency foFE's, the screening frequency fbEs and
the virtual height h'E's of the sporadic E's layer, the critical frequency
foF2 and the height hmF2 of the maximum electron concentration
of the F'2 layer under conditions of low geomagnetic activity, as well
as the precipitation of charged particles from the radiation belts into
the ionosphere, the formation of the diffusion sporadic Es layer, the
formation of the sporadic E's layer of type r, a branched or intermittent
trace on ionograms near the critical frequency foF2. To assess the
prognostic efficiency of the complex of ionospheric disturbances, the
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methods of A.A. Gusev, G.M. Molchan, the Hansen-Kuiper criterion
were used, and the reliability and validity of the precursor were
calculated. The prognostic efficiency was estimated for earthquakes
with magnitudes M > 5.0, M > 5.5, M > 6.0, occurring at depths
of up to 100 km and epicentral distances of up to 500 km from
the location of the ionospheric station. Empirical dependencies were
obtained linking the epicentral distances of the earthquake and the lead
time of the complex of ionospheric disturbances of the moment of the
earthquake onset with their magnitude. The work was supported by
IKIR FEB RAS State Task (subject registration No. 124012300245-2).

3.19 Statistics of seismoionospheric effects in the
F-region of the ionosphere at night and

during the day according to data from the

Tokyo vertical ionospheric sounding station

Liperovskaya E.V.', Rodkin M.V.2:1:3

L Schmidt Institute of Physics of the Earth RAS
2 Institute of Farthquake Prediction Theory and Mathematical
Geophysics
3 Institute of Marine Geology and Geophysics FEB RAS

In the study of lithospheric-ionospheric  connections,
seismoionospheric effects were usually taken to be the occurrence
of areas of increased or decreased ionization density values observed
in the temporal and spatial vicinity of earthquakes (Eqs). According
to literature data, the time of manifestation of seismoionospheric
effects is usually up to 5 days before Eqs and several days after, effects
in the F-region were observed for Eqs with M6+. The assumption
that seismoionospheric effects are better detected at night has been
expressed repeatedly. In most cases, these conclusions were made
based on the analysis of individual events. The objective of the work is
to compare the amplitude of seismoionospheric effects in the F-region
during the day and night and to assess their statistical reliability.
According to the data of the Japanese vertical ionospheric sounding
station Tokyo (Kokubunji) for 1957-2020, hourly variations in the
critical frequency foF2 in connection with earthquakes with M6+,
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H<70 km, R<2000 km. The foF2 frequency depends on the 11-year
and 27-day solar cycles, on the time of day and on the season. In
order to minimize the contribution of strong long-period variations
when searching for supposed seismoionospheric anomalies of foF2
values, df -deviations of foF2 from the moving median, normalized
to the same median, were considered for each hour. Magnetically
disturbed days were excluded. The possibility of repeatedly using
the same time intervals was also excluded, for which purpose sorting
by Egs magnitude was carried out, starting with the strongest. The
analysis was carried out in descending order of Eqs magnitudes. The
observation interval corresponding to the vicinity of a strong Eqs is
excluded from further analysis. Then, the epochs were superimposed
using only night and/or day hours. The night interval was chosen from
19 to 04 LT, the daytime interval — from 10 to 16 LT. The averaged
seismoionospheric effect is expressed in the increase of df 1-4 days
before the Egs and in the decrease during 1-3 days after the Egs. In
order to exclude 27-day variations, it was proposed to use the difference
between the night and day variations. It was also found that when
using daytime intervals, such an effect is observed at a distance of up
to 1500 km from the epicenters, when using night data — at a distance
of up to 2000 km. The statistical assessment of the reliability of the
observed effect was carried out using the random process modeling
method. It was found that in the case of analyzing daytime, nighttime
hours and the difference between nighttime and daytime hours, the
non-randomness of the average effect was more than 0.95.

3.20 Strainmeter-interferrometer upgrading at
Karymshina site: description and
measurement results

Larionov I.A.Y, Dubrov M.N.2, Vaskin V.A.!

L Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS
2 Kotel’nikov Institute of Radioengineering and Electronics RAS

The paper describes the upgrading of the laser strainmeter-

interferometer recording system installed at Karymshina expedition
site of IKIR FEB RAS. The instrument is used for the investigations
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of the deformation process in near-surface sedimentary rocks. The
observations are carried out in the seismically active region on
Kamchatka peninsular. The results of deformation measurements are
presented for the winter-spring priod of 2025. Meteorological factor
effect on the performed measurements is shown and examples of records
of some seismic events are described.

The work was supported by IKIR FEB RAS State Task (subject
registration No. 124012300245-2).

3.21 Variations in the thermal neutron flux on
November 20-21, 2024

Balabin Yu.V.', Tertyshnikov A.V.2, Syroeshkin A.V.3,
Obelchenko D.S.*

L Polar Geophysical Institute
2 Institute of Applied Geophysics
3 Peoples’ Friendship University of Russia
4 Voronezh State University

A precursor to a weak earthquake in the Western Caucasus
and the effect of the man-made earthquake of November 21, 2024,
were revealed in the variations in the intensity of the low-energy
(thermal) neutron flux in Anapa, confirming the thermal neutron
flux “from below” due to deformations of the earth’s crust. Space
weather disturbances were taken into account. Anomalous changes
in high-energy neutron fluxes recorded by neutron monitors at the
Finnish Oulu station and in Apatity after the man-made event were
noted. A technique for processing measurement data and express
analysis of anomalies was developed based on the fourth moment of
time series distribution in a sliding time window and the “Control
Charts” method. Signs of precursors in thermal neutron flux variations,
which may be caused by the passage of a deformation wave in the
earth’s crust, are discussed. Examples of registration of similar
man-made events are given. For man-made seismic events, the thermal
neutron sensor in Anapa allows solving the problems of a seismograph.
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3.22 Variations in the vertical component of the
electrotelluric field and seismic activity in the
southern part of Sakhalin in 2024-2025

Stovbun N.S.', Bogomolov L.M.', Zakupin A.S.', Dudchenko I.P.},
Gulyakov S.A.*, Kostylev D.V.?

L Institute of Marine Geology and Geophysics FEB RAS
2 Sakhalin Branch of the Federal Research Center “Unified
Geophysical Service RAS”

Since January 2024, a permanent monitoring station for the vertical
component of the electrotelluric field (VETF) has been operational
at the Institute of Marine Geology and Geophysics. The vertical
component of the electrotelluric field is measured as the potential
difference between two metal plates placed in the ground, one above
the other, at a depth of approximately 2 meters. Two sets of plates
were installed, spaced 10 meters apart. An 8-channel analog input
module, model ADAM-4017, is used as the analog-to-digital converter.
Data is recorded continuously at a frequency of 10 Hz. The primary
objective of this study is to analyze variations in the VETF in relation
to changes in seismic activity in southern Sakhalin. Monitoring the
VETF in this region is of particular interest due to the occurrence of
crustal earthquakes, whose epicenters are often located near populated
areas. Measurements conducted 10-50 km from earthquake epicenters
contribute to understanding geophysical processes in a region with
significant seismic activity. Analysis of the measurements across all
channels revealed four anomalies of varying duration and shape. These
anomalies are clearly distinguishable against the background of the
average potential, with durations ranging from a maximum of 102
days to a minimum of 17 days. By examining the earthquake catalog
for southern Sakhalin (M > 3), it was found that two earthquakes
closest to the monitoring station coincided temporally with the end
of the first two anomalies. The third anomaly ended two days before
a deep-focus earthquake (depth of 453 km) with a magnitude of
6.1. Furthermore, analysis of all earthquakes in the catalog showed
that, of the 30 events recorded from January to November 2024,
24 occurred during the periods of the identified anomalies. This
result proved significant, and in late 2024, an additional monitoring
station was established in the western part of southern Sakhalin
(Nevelsk). The installation method and measurement equipment are
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identical to those of the existing station. The western part of southern
Sakhalin is characterized by higher seismic activity compared to
the central part. Analyzing VETF variations at both stations will
enable more precise detection of such anomalies in relation to seismic
activity levels and assess their potential as precursors to seismic events.

3.23 Variations of the electromagnetic field
parameters for strong and weak earthquakes
in the Northern Tien Shan

Bataleva E.A., Nepeina K.S.
Research Station RAS in Bishkek, Kyrgyzstan

Research into variations in the components of the natural
electromagnetic field in the frequency range of 10-2 Hz - 40 kHz has
been conducted in the Northern Tien Shan seismically active region
for over 20 years. In this paper, we consider seismic events in 2024
(China, 01/22/2024, Mpv 6.9 and Kyrgyzstan 03/04/2024 06:22:04
UTC, Mpv 5.4) and 2025 (Tajikistan, 04/13/2025 04:24:01 UTC, Mpv
5.9 and Kazakhstan 03/28/25, 10:52:43 UTC, Mpv 5.1). Observations
were carried out at two magnetotelluric monitoring points located
in the Chuy Basin (Aksu 42.60911 N, 74.00833 E; Chon-Kurchak
42.62828 N, 74.60671 E, Northern Tien Shan) on the territory of the
Bishkek Geodynamic Polygon (BGP). Particular attention is paid to
the results obtained at the Aksu stationary monitoring point, where
a Phoenix MTU 5 magnetotelluric station and a seismic station are
installed, i.e. it is possible to estimate the time of signal arrival at
both devices. During the observation period, a number of anomalies
in the components of the electromagnetic field were detected, identified
with manifestations of the response from earthquakes with Mpv greater
than or equal to 5. A detailed analysis of seismic and magnetotelluric
monitoring data allowed us to establish a connection between the
earthquakes that occurred and variations in the components of the
recorded electromagnetic field, the depth of the source, energy and
coordinates of the epicenter of the seismic event. Given the difference
in the physical mechanisms of earthquake preparation at different
depths in the earth’s crust and upper mantle, it is possible to explain
the difference in the response of the geological environment to the
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processes of their preparation. The observed variations can be caused
by mechanoelectric processes that occur at the extreme stage of
preparation of the earthquake source and during the implementation
of the seismic event. Before strong seismic events, deformations of
rocks, a sharp change in the fluid regime and much more are observed,
which leads to a change in the physical parameters of the geological
environment, for example, electrical conductivity and a change in
current systems, which, in turn, leads to an anomalous behavior of the
recorded signals. The results of the research, in combination with other
monitoring observation data obtained on the territory of the BGP, when
combined with artificial intelligence and machine learning technology,
can be used in developing methods for monitoring seismic activity in
potentially hazardous regions. The work was carried out within the
framework of the state assignment of the RS RAS No. 10210552806445-
4-1.5.1.
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