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permone Ha OCHOBE KOPPEJISIIHOHHOTO AHAJII3A, .

Boromosos JI.M., Borunckasst H.B., Cerues B.H. MaTe—

MaTUYEeCKUI apceHan MOJe/In CZM\IOpBBBHB&IOHLHXCH Ipo-
meccoB JJId aHaJIu3a CbOpIHOKOBI)IX I10CJIeJ0BAaTEJIbHO-
cTell n BEPOATHOCTU CHUJIBHOT'O 3€MJIETPACEHUA .

Mymuner; C.A., Byumnukos II.A., Ilysmumer M C

Metoanka paCHOSHaBaHI/IH HOHoccbeprIx TIpeIBEeCTHH-
KOB 3eMJIeTpsiceHuit Ha (pOHEe TeOMATHUTHON BO3MYIIEH-
HOCTHU

Cypxkos B. B HI/I.HI/IHeHKO B A MOFyT JIM Bapualyun

AKTUBHOCTHU pa,ILOHa B CeICMOAKTUBHOM PETrHOHE BO3JIE-
CTBOBaTh Ha moHOCHEpPy? e

lamees M.U. MopgenupoBanue 30H T€OaKyCTHIE-
CKOI'O U3JIy4eHUs IIePeJl CHJIbHBIMU 3€MJIETPSCEHUSI-
mu Ha Kamuarke, mpowusorneanumu B nepuona ¢ 2019
mo 2021 r.

MapxomoB B.A., Xomyros C.IO., Ilorman B.,

Benepuukosa T.1I. Hekoropble acmeKTbl TPOSIBICHUST
JI0DAJIBHBIX T€OMATHUTHBIX CHUTHAJIOB KaK MPEJ/IBECTHU-
KOB CHUJIBHBIX 3€MJIETPSICEHUM

Baranesa E.A. O nuaamuke 3/1eKTPOMArHUTHBIX TIapa-
merpos sinrocdepbl CeBeproro Taub-ITlams
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Bormanos B.B., ITassios A.B. OueHnka BeposiTHOCTH Ha-

CTYIJICHNs 3eMJIeTpsiCeHnsa B KaMdJaTCKOM pPErmoHe II0
CefICMOJIOrMIECKOMY U KOMILJIEKCY MOHOCKEPHBIX IIPe/I-
BECTHHKOB .

JIsickoBa E.JIL., CaHHI/IKOB K IO Ap}KaHeHKOBa A H

HonﬂpmaHHOHHHH aHAJIN3 B UCCIEJOBAHUAX DPaIUAIb-
HOII aHU30TPOINHA .

Iy6pos M.H., Boskos B.A., Jlapuonos U.A.,

Mpauna 4., Tlomak B., Asekcangpos JI.B. Ilpumene-
HU€ PA3HECEHHOU CUCTEMBbI JIA3ePHBIX NHTEPHEPOMETPOB
7 HAKJIOHOMEPOB J[JIst OOHAPYKEHUS [IPEIBECTHIKOB 3€M-
JIeTPsICEHUIT C
Cypxkos B.B. (DI/ISI/I‘IGCKI/IG MeXaHU3Mbl HECEHCMUIECKUX
sIBJIGHUIA, COITyTCTBYIOIMUX 3emjerpsicenusiM. O630p .
Corues B.H., Croruesa H.A., Kynskos /I.C. Durpomnus
Tcammca B anamn3e CeCMOJIOTUIECKUX U IKCIEPUMEH-
TAJbHBIX TAHHBIX
Teepawrit  I.A., HapOBHK P I/I MaKapOB E O

Qupcros I1.II. SpegHTapHaﬂ MaTeMaTUdecKasl MO/Ie/hb
Pukkaryu ¢ 3anmasnpiBaHueM it UCCJIEIOBAHUS JTUHAMI-
KU KOHIIEHTPAINHU PaJOHA B HAKOIUTEIBHON Kamepe

ABTOpCKUiT yKasarTejb
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1.1 Experimentum crucis: Bo3pactanusi ¢poOHOBOro
raMMa-u3JIy4YeHns MPU OCATKAX B aKBATOPUU
JlemoBuToro oxkeaHa

Banabun F0.B., I'sozdesckuti B.B., I'epmanenro A.B.,
Muzxanrxo E.A., Maypues E.A.

Honsapnoili zeopusuyeckuts unemumym, Anamumos, Poccus

B xome Mopckoit HaydHOI SKCIIEIUIINN C TOMOIIBI0 MHOTOKAHAJIb-
HOTO KOMILIEKCA, JIJIT MOHUTOPUHTA KOCMHYECKUX JIyUel MTPOBOJIUIUCH
HelpepbIBHBIE N3MepeHtsi (POHOBOIO IIOTOKA TaMMa-M3JIy deHus! (uamna-
3on suepruii 20-600 k3B). Bo Bpemsa niiaBanug B akBaTopun bapennesa
u ['pennangckoro Mopeil ObLIN 3apPErHCTPUPOBAHBI THUIIMYHBIE BO3-
pacTaHusl raMMa-M3JIy9eHdsl BO BPeMs OCaJIKOB. Takme ke BO3pac-
TaHWs MHOTO JIET OTMEYAIOTCd Ha cTraHnusax B Anarurax, Bapeni-
6ypre (apx. InunGepren), Pocrose-na-/lony, Hefirpuno (Ceseprbrii
Kaska3z), r. Xyuyraii (Bocrounnsie Casiabl). Buepsoie nabirojenust Ba-
puanuit raMMa-u3JIydeHns IPOBEJIEHO B OTKPBITOM Mope. AMmuTyaa
Bospactanmii cocrasuia ~20%, ammrensHocts — 2-3 waca. LlennocThb
9TUX HAOJIOEHUN COCTOUT B TOM, YTO OKOHYATEIHHO MCKJIIOYAETCS TH-
1I0Te3a, TOBBIIIIEHHOTO BbIJIEJIEHUST PAIMOHYKJINJIOB U3 TTOYBLI BO BPEMs
ocajikoB. Habsroenne Bo3pacTanuii raMMa-(pOHa, B COTHSIX KHUJIOMET-
pPOB OT OEpEeroBoil JINHUK OIHO3HAYHO YKA3bIBAET, UTO MPUIUHON BO3-
pacTaHus He MOTYT ObITh HU BBIIEJICHUS PAINOHYKJIAIOB U3 TOYBbI, HU
IIEPEHOC IPOMBINIJIEHHBIX BHIOPOCOB BO3/LYIIIHBIMYI MaCCaMU.
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1.2 Bapwuamuu napamerpoB atmMocdepbl 1
nonocdepbl 3emMJii BO BpeMsl BO3/ieiicTBUs
MOIITHOTO KOPOTKOBOJIHOBOTO PAJINON3JIy YeHUS
cregya «Cypa»

Beaeuxuti A.B.', Hacwpos H.A.2, Coupenosa T.E.', Kozoeun J.A.2,
TIpavw C.M.3, ITundun A.B.2, Bazpemounos P.B.?

L Hnemumym conmenno-semmoti dusuru CO PAH, Poccus
2 Kasanexuii (Hpusoasicexuti) dedeparvronti yrusepcumem, Poccus
3 Hayuonarvnwiti uccaedosamenvcruti Huorcezopodexudi
2ocydapcmeennviti ynusepcumem um. H.U. Jlobawesckozo, Poccus

B pabore aHajm3upyroTCs IIPOCTPAHCTBEHHOE PacIpejesieHne
WHTEHCUBHOCTH  aTMOC(EPHO! 3MHCCHM aTOMAPHOIO  KUCJIOPOIa
630 HM W TPOCTPAHCTBEHHAd KAPTUHA ITOJHOTO 3JIEKTPOHHOTO CO-
nepxanug (I[I9C), nosydeHnble BO BpeMs SKCIEPUMEHTAJIbHBIX
kammanuit 2012-2018 rr. mo BO3AEHCTBUIO HA HMOHOCHEPY MOIIHOIO
KOPOTKOBOJIHOBOTO pajmonsiaydenus crenpa  «Cypay. Ourmyeckne
U3MEepEeHUsl IPOBOJUJIUCH C IIOMOIIBIO ITHPOKOYIOJIBHONW CHUCTEMBI
KEO Sentinel (mosie 3penus 145°, noaymupusa uaTepdepeHmoHHOro
dwibrpa ~ 2 uM, sxcnosunus 30c), pacnosiokennoit B ~ 170 kM
K BOCTOKY OT CTE€H/Ia Ha TEPPUTOPUU MArHuTHO obcepBaropun KOV.
Kapter [I9C crpomnmncs na ocuose mupokoit cetu 'HCC-cranmmit,
PAaCIIOJIOKEHHBIX B OKPECTHOCTU CTeHjia. V3MepeHus ITPOBOIUIINCH
KaK BO BpeMsl BKJIIOUEHHUsI CTEHJ]a, TaK W 0e3 ero BO3JEWCTBUs, UTO
MO3BOJISIET AHAJU3UPOBATHL BJIMSIHUE W3JIy9YeHUs] CTEHIA HA BapUAIIUH,
MTPOSIBJISIIONINAECST B MHTEHCUBHOCTH ATMOCHEPHOH 3MHUCCHE aATOMAPHOTO
kucgopoga 630 um u II9C. Ilpu obpaborTke JAHHBIX HCHIOJB30BAJICS
pa3paboTaHHBIN paHee aJIOPUTM IeorpadUUIEcKOil IPUBSA3KU KaJPOB
onrtuueckoit cucrembl KEO Sentinel.
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1.3 BuwusiHue MoHOB KucJjopoga Ha bopMHUpOBaHUeE
TOKOBOI'O CJIOs B XBOCTe MarHuTocdepbl 3eMJin

Ceyxo II.B., Muneanes O.B.
Hoasaprot Teogpusuveckutc Ancmumym

Ilo namapiM nHabsogenuit Ha coytHukax Cluster, Themis, ISEE,
Imp7 B mimasmennom ciioe HA PA3JIMYHBIX PACCTOSHUSX OT 3eMJIA
MIPUCYTCTBYIOT IIOTOKH MOHOB KHCJIOPOJIA, BHITEKAIONINE U3 NOHOChEPDI
BJ/IOJIb CHJIOBBIX JIMHMII MarHUTHOIO IIOJIs. B BO3MYIIEHHBIX yCJIOBU-
sIX Ha IPeJIBAPUTENIbHON (ase cyOOypu 3TH IMTOTOKM yCUJIUBAIOTCSI.
B pabotre uccnemyercs BiausiHME MOHOB KHCJIOPOJa Ha (pOPMUPOBAHUE
TOHKOT'O TOKOBOTO CJIOsI B OJTMKHEM XBOCTE MArHUTOCHEPHI 3eMJIH TIPU
IIOMOII YHUCJIEHHOIO MojenaupoBanus. 1lokazano, 410 TOHKHI TOKO-
BBIII CJIOM MOYKET IOJJIEP?KUBATHCS OJHUMHU ITOTOKAMH OTHOCUTEJIHHO
«XOJIOJIHBIX» MOHOB KUCJIOPOJIa ¢ TemiepaTypoit ~ 0.2-0.4 k3B, mpuyuem
[MIUPUHA CJIOsT TpuMepHO B 1.5 pasa OoJibIlle 10 CPABHEHUIO C aHAJIO-
TUYHBIM CJIOEM Ha OJHUX IIPOTOHAX, & B MPOMMIISIX MJIOTHOCTA TOKA U
KOHIIEHTPAIMU YCUIMBAETCs XapaKTepHoe pasisoenue (6udypkarsi).
Tax2ke 10Ka3aHO, YTO BO3MOXKHBI KOH(DUTYPAIINN STOI'0 TOKOBOI'O CJIOs,
[I0/[JIEP?KUBAaEMbIe TTIOTOKAMK MOHOB KHCJIOPO/a M IIOTOKAMU IIPOTOHOB,
B KOTOPBIX MOHBI KHCJIOPOJA IEPEHOCAT 3HAUYNTEIbHYI0 9aCTh TOKA.

1.4 Buiauganue co/iHEeYHOII aKTUBHOCTU HA
BO3pacTaHus (pOHOBOIO raMmMa-mu3JIydYeHus Mpu
ocaJIKax

Banrabun 10.B.
Hoasproili eeousuneckuts unemumym, Anamumot, Poccus

Ha craamum kocmmueckux Jydeit IITU (Amarursl) MOHHTO-
PUHT  3JIEKTPOMArHUTHON KOMIIOHEHTBI BTOPUYHOI'O KOCMHUYECKOI'O
m3inydenus Begercs ¢ 2010 r. B kagecrBe merekropa doHOBOrO
raMMa-M3JIy9€HUs] UCIOIb3yeTCsl CIIEKTPOMETD, CO3/IAHHBIA HA OCHOBE
kpucrasuia Nal(Tl), sddexrusubiii B sHEpreTHyecKoM JIuala3oHe
20-600 x3B. Bour obHapyx)en 3bdeKT Bo3pacTaHust TaMMa-U3JTy I€HUsT
npu ocajkax. AHaau3 JAHHBIX [OKa3aJ, YTO BO3PACTAHUS TaMMa-
M3JIYY€HUs] IPH 0CAJIKAX HAOJIONAIOTCs KPYTJIBI [OJ| Ha BCEX CTAHITHUX,
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rJie IPOBOJATCS HAOIIONEHUSI. DT BO3PACTAHUS HE CBA3AHBI C PAJINO-
aKTUBHBIM 3arpsg3HEHHeM OCaJKOB. B maHHOI paboTe mpescraBiieH
pe3yjbraT aHaJM3a COOBITUI BO3pACTAHUS TaMMa-U3JIydeHUs IIPU
ocaJikax 3a BeCb 24-i1 COJIHEUHBIN IUKJI U BBIIIOJHEHO CPABHEHME TIapa-
METPOB BO3PACTAHWI MPU PA3IUIHBIX (da3ax COJHEIHON AKTUBHOCTH.
Obuapy:keHo, 910 (GOHOBBI YPOBEHb raMMa-U3JIy YeHus CI1ab0 3aBUCHT
oT a3bl COJIHEYHOTO IUKJIA, B TO K€ BPEMs B COOBITHSX BO3PACTAHUS
raMMa-M3JIyIeHus IPU OCaJIKax HabJI0/IaeTcsl siBHAsI 3aBUCUMOCTB OT
COJIHCYHOH aKTUBHOCTU.

1.5 DBpicbinanue BbICOKOYHEPTETUIECKUX
3JIEKTPOHOB B aTMoc(depy 110 JaHHbIM
adPOCTATHBIX U CILyTHUKOBBIX HaOJIIOIeHMIA

Mupownosa H.A.Y, Cunnxybep M.2, Basusescran A3,
Bopmaxyp M.?, T'panxun J.B.Y, Mazmymos B.C.3,
Posanos E.B.145, Cyxodoros T.B.5*°

L Kagedpa dusuru Semau, dusuveckuts darysomem,
Carxm-Ilemepbypecruti 2ocydapcmeernvili yrusepcumem, Poccus
2 Unemumym memeoposozut u KAUMAMUNECKUT UCCAC06aHUT,
Texnonoeuueckut uncmumym Kapacpys, Iepmarus
3 Qusuneckuti uncmumym um. I1L.H. Jle6edesa PAH, Poccus
4 PMOD/WRC u IAC ETHZ, Ilsetiuyapus
5 Hncmumym ammochepruie u xiumamuveckux wayx, ETH Zurich,
Hlsetiuyapus

OIleHKa peaKL[I/II/I aTI\/IOCd)epr Ha BBICHIIIaHUE 3HepFI/I‘{HbIX QJIEK-
TPOHOB BaykKHa, JjIs KOPPEKTHOIO OIMCAHMS IIPOIECCOB B aTMocdepe
3emun. UToOBI TPaBUIBHO KOJUMIECTBEHHO OIEHUTH TH IPQPEKTHI C
HCIIOJIb30BAHNEM XUMUKO-KJITIMATHIECKIX MOJEEl, CIIEKTP BBITaIai0-
UX YACTHIL JIOJ?KEH ObITh M3BECTEH C BBICOKOH TOYHOCTBHIO BO BCEM
JIMAIIa30He BBICHIIAIOMUXCS 3JIEKTPOHOB. OOBIYHO CIIEKTPBI BBICHIIIA-
HUSI SHEPIUYHBIX 3JIEKTPOHOB MOJIyYaOT C IIOMOIIBIO CIIyTHUKOBBIX WH-
CTPYMEHTOB, KOTOPble O0ECIIETNBAIOT IJI00AJBHBIN OXBAT C PA3pPEXKEH-
HBIM BPEMEHHBIM U IIPOCTPAHCTBEHHLIM Pa3PeIIeHneM U OIPAHNYCHHBIM
SHEPreTUYIECKUM OXBATOM. DaJIOHHBbIE HAOJIONEHHUS JAI0T IEHHBIE 10~
[IOJIHUTEJIbHBIE CBEJIEHUSI O PeaJIbHBIX II0TOKAX BBHICHITAIOIIMXCSA B ATMO-
cdepy 2JIeKTPOHOB U UX SHEPreTHIeCKUX CIeKTpax. B 3ToM ucciieioBa-
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HUW MBI UCIOJb3YyEM KOMOWHAIUIO a3POCTATHBIX W CIy THUKOBBIX JIAH-
HBIX JIJIsl OIIEHKM TOTEPH O30HA C TOMOIIBI0 XUMUKO-KJIMMATHIECKUX
MOJIEJIEl ¢ BBICOKOH TOYHOCTBIO.

Pafora BbIIOJIHEHA B paMKaX IIPOEKTa IEePMaHO-POCCHIACKOro
corpymandectBa «H-EPIC», dunancupyemoro Poccuiickum dommom
dyunamenTanbubix ucciaenosanuii (mpoekr POOIU Ne 20-55-12020) u
Hewmergnm ucciegosarensckum dongom DFG (rpant SI 1088/7-1).

1.6 T'omoBoit X0/ MakCMMyMa CyTOYHOU Bapuaruu
arMocdepHoro ajieKTpuiectBa Ha KamuaTke

Cmupnos C.5.

Hremumym xocmopuduueckux uccredosaruts U pacnpocmpareru.s,

paduosoan IBO PAH

Cyrounas Bapuarus aTMOC(HEPHOTO JIEKTPUIECKOTO TI0JIsI, U3Me-
PEeHHAad B yCJIOBUAX XOPOIIEH MOroAbl HaJl IOBEPXHOCTHIO OKEAHOB, NMe-
er xapakTepuyio ¢hopMy, Ha3bIBaeMOil yHUTApHOI Bapuarmeit. OHa mpu-
Bsi3aHa K BCEMHUPHOMY BPEMEHU U IIPOUCXOJIUT OJHOBPEMEHHO IIO Bceit
mwranere. OHAKO CyTOYHAsI BapUallns, U3MEPEHHAasl Ha CyIlle, 3aBUCUT
OT MHOXKECTBA JIOKAJIbHBIX (haKTOPOB. MakcuMyM CyTOYHOIO XOJa rpa-
JIIEHTa, TIOTEHITHAJIA SJIEKTPIUIECKOTO TIOJIST, T3MEPEHHOT0 Ha 00CcepBaTo-
puu Ilaparymka, mMeeT MakCUMyM OJTU3KUIT IO BPEMEHN K MAKCUMYMY
YHUTapHO! Bapuaruu. B paboTe Mmoka3zaHO UTO ITOT MAKCUMYM OIIpe-
JleJisieTcsl JIOKQJIbHBIMU YCJIOBUSIMHU U 110 BpEMEHU MPUBSI3aH K BOCXO/LY
Coutaria. MakcuMyM CyTOYHOTO XOJIa I'PAJIMEHTa [TOTEHITUAJIA JJIEKTPU-
9EeCKOTO TOJIsI, U3MEPEHHOro Ha obcepBaTopuu IlapaTyHka B yCIOBHUSIX
XOpOIIIeit HOroJibl, UMeeT T'OJOBOI X0/, COBIA/IAIONINI C IOJIOBBIM XOJI0M
JIOKaJIbHOTO BpeMeHu Bocxoga CoJtHiia.

Pabora mpoBogmiach B paMKax peasu3aiiuu TOCY/IapCTBEHHOIO

sagaana AAAA-A21-121011290003-0.
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1.7 TI'po3oBasi aKTUBHOCTb IIPU U3BEP>KEHUU
BYJIKAHOB CE€BEPHOI I'PyNIIbI

Masxun E.M.Y, | @Qupcmos I1.I1.% |, Yepresa H.B.', dpyorcun I 1.}

L Hnemumym xocmodusuneckur uccaredosaruti U pacnpocmpaneris
paduosonrn JIBO PAH
2 Kamvamexuti guavas QUL «Edunas zeofusureckas
cayotcoa PAH»

M3Bepxkenne ByJKaHa sBJIAETCS KATACTPO(PUIECKUM IIPOIECCOM,
KOTOPBIit B JajbHeil 30He BO3EHCTBUS MPEACTAB/ISET HAUOOJBIIYIO
OIIACHOCTB B BHUJIE 3pYNTUBHOTO obsaka (D0), coCTosIIero us mnemmsa u
BYJIKAHUYIECKHUX ra30B. MoruTopuHr pacrnpocrpatnenust 90, ocymecTs-
JISTIOTITUHCST PA3IMIHBIMU METOJIAMH, TTO3BOJISIET OTIOBECTUTD O TEIJIOBOM
ONACHOCTH, ITO JIa€T BO3MOYKHOCTD IPUHATDH IPEBEHTUBHBIE MEPHI C Tie-
JIBIO yMEHbIeHUsT moceAcTBuil. OHIM U3 METOJIOB OIPEJIETIEHUsT Me-
crorosiozkernsi DO SABJISETCS OIPEJIETICHIE MECTOIOJIOXKEHHST MOJTHIE-
BBIX Pa3psJIOB, BOSHUKAIONINX B COIYTCTBYIONMIEH BYJIKAHUIECKOH T'PO-
3e. B pabore npuBeieHbl cilyyan peruCcTparud MOJHUEBOI AaKTUBHOCTU
OHY-nesenraropom (30 I'p — 40 k['ir), pacnoioKeHHBIM B KOMILIEKC-
HOM reoduzmdeckoM dKcreauuonHom cramuonape (KI'DC) «Kapbiv-
MINHAY, BO BPeMs CUJIbHBIX dKCILI03mit ByakaHoB [lIusenyd u Bespivsta-
HbIi B tepuoj ¢ 2017 . mo 2019 1. BbIsIBJIEHBI OCOOEHHOCTH 3JIEKTPOMAr-
HUTHBIX UMITYJILCOB, COOTBETCTBYIONINX PA3IUIHBIM CTAJIUAM PA3BUTHST
BYJIKaHUYIECKOHI I'DO3LI.

Pabora npoBosmiace B paMKax peam3aiiiui rocyIapCTBEHHOTO 3a-

nanng AAAA-A21-121011290003-0.

1.8 MWccaenoBaHue BiusiHus PPaKTaJIbHOCTUA
cpeabl Ha 3JIEKTPUYECKOe I10Jie B I'PO30BBIX
obJrakax

Kymwixos T.C.', Hdpexcaep I1.2

L Unemumym npukaadnoti mamemamury u asmomamusayun
KBHI] PAH
2 Texnonozuneckuti ynusepcumem BPHO, Yewckas Pecnybauka

Kak B kj1accuyecknx paborax IPOILJIOTO CTOJIETHS, TAK U B Pabo-
TaX COBPEMEHHBIX Ne0(U3UKOB 0COO0E BHUMAHUE YIEJISAETCS BO3PACTa-
oIl 3aBUCUMOCTHY 9eJI0BEYECTBA OT I'PO30BBIX SIBJIEHUI B aTmMocdepe.
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C KayKJbIM TOJIOM CTAHOBUTCS BCE OCTpee MOTPEOHOCTH B HCCJIEI0BA-
HUU 3JIEKTPUYIECKOTO COCTOSIHUSI M IIPOTHO3€ T'PO30BOI JIEATETHHOCTH
KY4€BO-J102K1eBbIX 00j1ak0B. COBpeMEHHBIIl ypOBeHb 3HaHUil busnye-
CKHUX U, OCOOEHHO, JIEKTPUIECKUX, IIPOIECCOB, IPOTEKAIOIINX B I'PO30-
BBIX ODOJIAKAX, €Ille He IMO3BOJISEeT PEIlaTh TU 33a9l B COOTBETCTBUU
¢ iobasbabIME 3ampocaMi. OObEeKTUBHYIO (DU3MIECKYI0 KAPTHHY Pa3-
BUTHsI TPO30BBIX IIPOIECCOB B OOJIAKAX HE YJAETCS MOCTPOUTH B 3HA-
YUTEJIbHONW Mepe M3-3a OI'PAHUYEHHOCTH SKCIIEPUMEHTAJIbHBIX JAHHBIX
00 3JIEKTPUYECKUX [apaMerpax aKTHUBHOM I'DO30BOI 30HBI HA Pa3/IMd-
HBIX CTa X pa3BuTus 00akoB. [losTroMy mccmenoBanusi, HAITPABJICH-
HBIE HA PAa3BUTHE IPEJCTABIEHUN 00 71eKTPOMU3NIECKUX MIPOIECCcaxX B
IPO30OBBIX 00JIAKAX ONMUPAIOINIUECS] HA PA3TUIHBIE AIMIAPATHI MATEMATH-
YECKOT'0 MO/JIEJIMPOBAHUSI, KOTOPBIE TO3BOJISIIOT aJIEKBATHO WX OMHUCHI-
BaTh, HOCUT aKTYaJIbHBIA XapakTep.

B nociieiaue JrecatuiieTus 3HaMUTEIBHO PACHIMPUINCH UCCIIET0BA~
HUs (DU3UIECKUX MIPOIECCOB B IPO3OBBIX 00IaKaX, B KOTOPBHIX 0DJIAKO
paccMaTpuBaeTcs Kak (ppaKkTaabHBI 00bHEKT.

O61aKa OTHOCATCS K HEPETYJISAPHBIM caMOaUHHBIM (hbpakTaiaM,
U IIPOIIECCHI, TPOTEKAIOIINE B TAKOI Cpe/Jie, OIUCHIBAIOTCS JudDepeHIu-
AJIBHBIMU YPABHEHUSIMU, COJIEPYKAIIIMU IIPOU3BO/IHBIE IPOOHOTO ITOPSII-
Ka. Takoil moIxo 1 MO3BOJIIeT HESIBHO BKJIIOYATH JIOMOJTHUTEIbHBIE (haK-
TOPBI B3auMoieiicTBust hpusmaeckoii cucrembl. OqauM n3 Takux (hakTo-
poB siBsieTcs (BpaKTATIBLHOCTDL 00/1adHOoil cpenbl. PpakTaabHas cpeiaa
[IpeJICTABIIAET CODOM CpeJly, PACIPEIETIEHHYIO B IPOCTPAHCTBE, MACCO-
Basi Pa3MEPHOCTH KOTOPOW MEHBIE PAa3MEPHOCTH 3AII0JIHSIEMOIO IIPO-
CcTpaHCTBa. Y4er 3Toro (pakTopa ¢ NPUMEHEHHEM ammnapara JIPOOHOTO
uHTErpo-1udGepeHInPOBAHNS TPUHIIAIAAIFHO MEHSIET PACCMATPUBA~
eMble YPaBHEHUS JIMHAMUKN ATMOCHEPHBIX MPOTIECCOB, MPEBPAITasT UX
B muddepeHimaabable YPaBHEHUS JIPOOHOTO TOPSIIKA.

st dusukm 06s1aKOB IIpecTaBisieT OOJIBINOM HHTEPEC pa3padoT-
K& MaTeMaTHIeCKUX MOJe/ieii KOHBEKTUBHBIX OOJIAKOB C JI€TAJIHHBIM
YI€TOM BJIUSHUS (DPAKTAJTHHOCTH CPEIbl HA PA3JUIHBIEC TE€OIPOIECCHI
B 00/1aKaX, CITOCOOCTBYIOININX PA3BUTUIO OOIIEH KApTUHBI (DUIUKU 00-
sakoB. ['po3oBbIe 00/1aKa ¢ MOIMHBIMU KOHBEKTHBHBIMU TOKAME UMEIOT
dpakTaJIBHYIO CTPYKTYPY C PpaKTAJIBHON Pa3MEPHOCTHIO, paBHOil 1,36.
B paborax mcciaenoBanbl aTMocdepHBIE POIECCHl ¢ MCIOJIb30BAHUEM
dpakTanbHbX CTPYKTYP. PpakrasbHble CTPYKTYPBI SBJISIOTCS CJIE]I-
CTBHEM MHOT'HX IIPOIECCOB U SBJICHUI HEOOPATHMOrO POCTAa, HAIIPUMED
Takux, KaK guddysusi, arperupoBaHue, pa3pyIieHune, MePKOJISAIUs, T~
HAMHUYECKHII Xa0C, PACTBOPEHME W IIPOIECCHI B HUX XOPOIIO OINUCHIBA-
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IOTCSI € TOMOINBIO AIMAPATa JPOOHOTO UCUUCIEHUsI. ITO OTHOCUTCS U
K I'DO30BBIM ObOJiaKaM, B KOTOPBIX IPUIAETCS CYIIECTBEHHOE 3HAYEHUE
HCCJIEJIOBAHUIO JIEKTPUYECKOTO TIOJIS.

OOBbeKTOM HCCIEIOBAaHUsI B JAHHOW paboTe sIBJISETCsl IPO30BOE
00JIaKO, B KOTODO#l pacCMaTPUBAETCS CTEIEHb BJMAHUSA (DPAKTAIb-
HOCTH OOJIAYHON Cpembl HA HAIPSKEHHOCTH CTAIHOHAPHOTO 3JIEK-
TPUYECKOTO II0JIsi € IPUMEHEHHEeM alapara JIpOOHOr0 UHTErpo-

mudepeHIMpPOBaHMSI.

1.9 MNccaegoBaHue oCcOOEHHOCTEH JUHAMUKUI
crpaTtocdepbl APKTUKI U UX BJIUSHUS HA
Tponocdepy B 3uMHHUE ce30HbI 2019—-20 n

202021 rr.

Bapeun IT.H 2, JIyxvanoe A.H.', Ileemxosa H.J.!

L [Tewmpanoras asporozuveckas obcepeamopus,
Mocxkosckan obaacmo

2 U®A PAH um. Obyzosa, 2. Mocksa

C wucnonb3oBanneM Janubix peanasm3a NCEP u ERAS mpo-
AHAJIM3UPOBAHLI U3MEHEHUsSI 30HAJbHOI'O BETpa, TEMIEPATypbl U
pacipocTpaHeHusi ILJIAHETAPHBIX BOJIH B 3uMHHE ce30HbI 2019-20
u 2020-21 rr., pe3KO OTIMYAOIINECs IUPKYJIIueil crparocdepbl
Apkruku. Ceszon 2019-20 r. xapakTepu30BaJjCs HEOOBIUAIHO CUIBLHBIM
U XOJIOJHBIM CTPATOC(HEPHBIM IOJAPHBIM BHXPEM W3-33 3aHUKEH-
HOI'O pacCIpPOCTpaHeHMsI BOJHOBOI aKTUBHOCTH U3 Tponocdepsl. B
pesyibrare Becroii 2020 r. HaOJIFOIAI0CH OUYEHb CUJILHOE Pa3pyIleHue
030HOBOTO ¢J1osi. C MCIIO/Ib30BAHUEM JAHHBIX O30HO30HIOB CyMMapHAast
BEJIMYMHA XUMHUYIECKOrO pa3pylienusi 030Ha cocraBuiaa 157 emx. Job6-
cona. Hupkysnusa Tporocdepbl XapakTepru30BAIACh [TOJI0XKUTEIBHON
daszoit  Apkrumueckoit ocnmmsiinn (AO) ¢ CHIIBHBIM  30HAJLHBIM
IIEPEHOCOM U TIOJIOYKUTETbHBIM AHOMAJIUAM TEMIIEPATYPbI BO MHOTHUX
permonax. Cezon 2020-21 r. XapakTepu30BAaJICS IMOJISIPDHBIM BHUXPEM,
ocabJIeHHBIM B HAYaJIe SHBAps B PE3y/IbTaTe IVIABHOI'O BHE3AITHO-
ro crparocdepHOro IMOTEIUIEHUs, COIPOBOXK/IABIIETOCH yCUJIEHUEM
AJjteyTckoro aHTHIMKJIOHA. B pe3sysibrare pas3pylleHue O30Ha ObLIO
MuHUMaJIbHBIM. B Hauase deppadist 2021 r. Haj ceBepo-BocTOKOM EBpa-
3un HAOJIIOJAJIOCh PACIIPOCTPAHEHUE TTOTOKOB BOJTHOBOI aKTHBHOCTHU B
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crpatocdepy W OTparkKeHme B HUKHIOIO cTpaTocdepy m Tporocdepy
HaJ| ceBepo-3amajioM KaHaibl, KOTOpOE COIPOBOXKIAJIOCH yCHUJIEHUEM
00J1aCTH IIOHMXKEHHOI'O JIaBJIEHUsI W II0XOJIoJaHueM. B mexkabpe —
despaite dpaza AO ObLIa OTPUNIATETHLHON C YCHJIEHHBIM MEPUINOHAb-
HBIM II€PEHOCOM U OTPHUIATE/bHLIMU AHOMAJIUSAMH TEMIEPATYPHl BO
MHOI'MX PeruoHax. IIpoBeseHO MOIEJMpPOBaHME TPAEKTOPHUi, pacdyer
M-yHKIMHT 11 MCCJIEIOBAHAS M3MEHYUBOCTU TOHKON I'OPU3OHTAJIb-
HOW CTPYKTYPBI CTPATOC(EPHOTO MOJISTPHOIO BUXPsSI U €I'0 TPaHUIIBI.

1.10 KHY amamnazoH 3JIeKTPOMarHuTHOTO
M3JIyYeHUs I'PO30BOT0 pa3psga Kak
WHANKATOP copaiita

Upyotcun I'U.Y, Maaxun E.M.', Kanycmuna O.B.2,
Muzxatinos FO.M.?

L Huemumym xocmodusuneckux uceaedosarnuti u pacnpocmpanenus
paduosoan IBO PAH
2 Unemumym 3emioz0 maznemusma, uonocdhepvi u pacnpocmpaneru
paduosoar um. H.B. ITywrosa PAH

CupaiiTel ObLIM OOHAPYKEHBI HEJIABHO W ciyd4aiiHo, B 1989 ro-
Jy. PerucTpupyror mX B OCHOBHOM C IIOMOIIBIO OINTUYECKUX KaMep.
ITockonbKy TPO3bI U crpaiiTel MOXKHO perucrpupoBarh B KHY-OHY
JMANa30He, Mbl MOMBITAINCH 3aPErUCTPUPOBATH cIpaiTel. [l 3Toro
0ThUIHBTPOBBIBAINCH U3JIy9IeHUs OT I'PO30BBIX PA3PA/IOB B IUAIA30HE
o 1 kI'm wmmrepBasia B 20 Mc, OPEBBIIIAIONNE CpPE/HEE 3HAYEHHE
SHepruu Ha 7 1D, oleHeHHBbIE B TeyeHHe 1 MHUHYTBI. 3aT€M Ha ITOM
WHTEpBaJIe BBIIEJISINCh aTMOCHEPUKN U OIPEIE/ISINCh XapaKTepu-
crukn: MakcumyMoB B OHY u KHY nuamazonax, moJisipHOCTH IT€PBBIX
nonynepuonoB armocdepukoB B KHY-anamazone. IlogcumreiBasocs
qncyio 20-CeKyHIHBIX MHTEPBAJIOB, IIPEBBIMIAIONINX CPEIHUN YPOBEHD
SHepruu Ha 7 1B, W YHCTIO0 OOHAPYKEHHBIX B 9TUX WHTEPBAJIAX <«XBO-
CTOB» aTMOC(EPUKOB, KOTOPbIE MOI'YT CBHJIETE/ILCTBOBATH O HAJIUIUU
CIIPayTOB.
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1.11 MozaennpoBaHue MOHU3ANMUN aTMOCHEPHI
3eMJyin IPOTOHAMU TAJTAKTUYIYECKUX U
COJIHEYHBIX KOCMHUYECKHUX JIydei

Maypues E.A., I'epmanenxo A.B., Barabun FO.B.
Honapnui 2eopusuneckutdl uncmumym

HemanoBaxkuoit 3amadeii u3nky KOCMUIECKUX JIyU€Hl SBIISIETCS
[POBEJIEHIE OIEHKU PaUMAllMOHHON 0e30IacHOCTH BO BPEMsl BCIIBIIIEK
na CoutHile, KOTOPBIE COIPOBOXKIAIOTCS COOBITUSIME BO3PACTAHUS CKO-
POCTH CYU€eTa Ha HEHTPOHHBIX MOHUTOpaxX, HasbiBaeMbiMu GLE (Ground
level enhancement). 91o sBIEHIE MOXKHO OOBSICHUTD TEM, YTO B IIOTOKE
[IEPBUYHBIX IPOTOHOB YBEJININBAETCH KOJIUIECTBO YACTHIL B [IUAIIA30HE
suepruit ot 1 I'9B 10 10 I'sB, crmocobHBIX TEPSATH CBOIO SHEPTUIO KAK
Ha HWOHM3AINIO, TaK W TJIYDOKO IMPOHMKATH B aTMOCKHEDPY, BbI3BIBAS
kackamuble nporeccol. B IlonsgpHoM reodusmyeckom mHCTATYTE ObLIT
paspaboran mnporpammusii kommieke RUSCOSMICS, rmaBmoit u3
BO3MOXKHOCTEIl KOTOPOI'O SIBJISIETCS CIIOCODHOCTDH IIOJIy9aTh BBICOTHBIE
npoduiii MOHU3AIUU JJI 33J@HHOTO yYacTKa aTMOCQepbl, UCIOJIb-
3ysl B KadecTBe BXOIHBIX JIAHHBIX CIIEKTPBbI IIEPBUYHBIX IIPOTOHOB
KOCMHMYECKUX JIydell, KaK COJIHEYHBIX, TaK W rajakrudeckux. llpm
9TOM METOJWKA paCYeTa CIIEKTPOB, a TaKXKe KOHYCOB IpHeMa u
NUTY-YIJIOBBIX PpACIpeeeHnii Takke paspaborana B Illossprom
reopus3nIecKOM HHCTUTYTE. BayKHOI 0COOEHHOCTHIO, HUCIIOIB3yeMOit
B 3TOil paboTe, SBJISIETCS TO, YTO IPU MOJIEJUPOBAHUM B3aUMOJIEli-
CTBHsI YaCTHUI HMCIOJb3YIOTCs Iapasule/ibHble BblUucaeHus (Ha 0Gasze
BBIYUC/IMTETLHOTO IIEHTPa C YCTAHOBJIEHHBIM comporieccopoM Intel
Xeon Phi 5110 u ocuoBubiM uporieccopom Intel Core i7), uro 1mo3so-
JIIeT PACIINPUTH IPUMEHSEMOCTh MOJIEIN C JIOKAJBHOTO yYacTKa Ha
rJ106aJIbHYI0 reoMeTpuio arMocdepbl 3emiiu. B pabore mpejcraBiieHbl
pe3yJIbTaThl, IOJyJYeHHbIe KaK JJjIs TaJIAKTUIECKUX, TaK U JJIsl COJI-
HEUYHBIX KOCMUYECKHUX JIydeil B BHJI€ MOHOIDAMM Ha BBICOTAX OT 1 KM
a0 80 kM ¢ marom 1 KM JIjIsi BCeX 3HAYEHUU IMUPOTHI U JIOJTOTHI
¢ maroMm 5 rpajycoB. Pamee HaMu TakxKe MPOBOJIMIACH BePUMUKAIUS
MOJIEJIA C WCIIOJIb30BAHUEM JIAHHBIX, IOJyYEHHBIX BO BPEMs 3aIlyCKa
[IAPOB-30H/IOB, HA CErOJHSI 3T YACTb HCCJIEJIOBAHUS TPOJOJIKACTCS,
BKJIIOUAsi TaKKe B cebs pa3spaboTKy COOCTBEHHON CHCTEMbI M3MEPEHUs!
ITIOTOKOB 3aPS?KEHHBIX JaCTHUII.
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1.12 MogeaupoBaHue COEKTPOB U3JIyYEeHUS
moJsiekysi OH u OD B ynbTpadmosieToBoii
obJtacTu

Cyaaxwuna O.H., Bopkxos IO.T.
HOA CO PAH

B pabore mpoBesieHO MOJIEIMPOBAHUE CIIEKTPOB H3JIyIEHUsT JIBYX-
aTOMHBIX cTabuibHbIX pagukasop OH u OD B ysbrpaduoseroBom
JIana30He JJIs 3IeKTPoHHEIX cucteM A2t - X 2Tl u B2Yt - X211, na
MOJIEJTUPOBAaHUS MCIOJIb30Bajach mporpamma «SpecRad», cozmanmas
aBropamu. MoJIeKyJIsipHbIe TapaMeTpbl HeOOXOUMbIE JIJIsT pacdeTa Ja-
CTOT TIEPEXOJIOB B YKA3aHHBIX JIEKTPOHHBIX CHCTEMAX ObLIM HaiiIeHbI
myTeM OoOpabOTKU JIOCTYIHBIX IKCIEPUMEHTAJIbHBIX JaHHLIX. BeposT-
HOCTH [I€PEXOJIOB OIPEIEISIINCH HA OCHOBE MMEIOIIUXCS JIUTEPATYPHBIX
JaHHBIX. MoJie/IbHbIe CIIEKTPBI CPABHUBAJIUCH € IKCIIEPUMEHTAILHBIMU.

1.13 MogaenupoBaHue TyBCTBUTEJIbHOCTU
ry100ayibHOI aTMOChEpPHO MUPKYIAAIANA U
MJIaHETAPHBIX BOJIH K U3MEHEHUSM COJTHEYHOM
AKTUBHOCTU

Taepunoe H. M., Kosaav A.B.', ITozopesvuee A.M.2,
Epmaxosa T.C.2

L Canxm-Iemepbypeckuti 20cydapemsenioli yHUSEPCUMEN

2 Poccutickut 20cydapcmeerHbill 2udPOMEMEOPOAOLUECKUT

ynusepcumem, Canxm-Ilemepbypeckuti 2ocydapcmeenHvili
YyHUsepcumem

ArmocdepHble BO3MYIIEHHsT TJIOOAJIBHONO MaciuTaba, Takue Kak
tanerapubie BoJHbL (I1B), urpaioT 3Ha4uTebHYI0 Posib B (hOPMUPO-
BaHUU OOIEN IMUPKYJISIIUU aTMOCQEPDI, BJIUsis HA €€ TUHAMUIECKAN U
TeITOBON pekuM. V3MeHeHusT COTHETHON paaualinu, 0O0YyC/IOBJICHHBIE
[UKJIMYeCKIMU U3MeHeHusiMu coJineqnoii aktuBHocTu (CA), Biusiior
Ha TEIJIOBYIO CTPYKTYPY U U3MEHHAIOT yCJIIOBUA PACIPOCTPAHCHUS U OT-
PpaXKeHusi BOJIH B PA3JIMYHBIX CJIOAX aTrMocdepbl. Vcrob3yst YncjaieHHoe
MoeIupoBaHue o0Ieil aTMOChEepHON UPKYJISINN JIJIsi YCAOBUI 3UMBI
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B CEBEPHOM IOJIYIIAPHUH, HOJYIEHbI CTATUCTHIECKN TOCTOBEPHBIE CBU-
JeresbeTBa Toro, uto mamenennsi CA B Tepmocdepe Ha BbICOTaX 60-
siee 100 KM MOT'YT BJIMSITH Ha, yCJIOBUSI PACIPOCTPAHEHUSI U OTPaXKEHUsT
I1B, crocobcTBysl M3MEHEHUIO IUPKYJIIuu cpemneir armocdepsr. c-
[OJIb3YeTCsl Ync/IeHHas Mexanucrudeckas mouens (MCBA), mossos-
TOINAsT BOCITPOU3BOANUTEL aTMOCKHEPHYIO MUPKYIIINIO U CTPYKTypol 1B
na BeicoTax 0-300 kM. 1 qOCTHMKEHUST JOCTATOMHON CTATUCTUIECKOM
3HAYUMOCTH TOJIYIYEHBI aHCAMOJIHM ITIPOTOHOB MOJIEJIH, COOTBETCTBYIOIINE
Hu3Koii u BeicOKOI CA. Pesysbrarsl, ycpeIHEHHBIE TI0 TUM aHCAMOJISIM,
MOKA3bIBAIOT, 4TO BozelicTere CA Ha BbIicOTE Gostee 100 KM MOXKET 3HA-
9UTETHFHO U3MEHSATD II0JIsI CPETHErO 30HAJIBHOIO BETPA U TEMIIEPATYPhI
Ha BbicoTax Hmke 100 kM. OCHOBHBIM MEXaHU3MOM 3THX M3MEHEHUi
fIBJISIETCs U3MEHEHNe YCJIOBU paciupocTpanenus u orpaxenud 1B, re-
HEPUPYEMbBIX B HIMXKHUX CJIOSX armocdepbl. Hamnpumep, crarmcrmye-
cku 3HaunMble u3meHerns amiumTy CIIB, cBsazanable ¢ n3MeHeHHEM
CA na Boicote 60osee 100 KM, jmocruraior B cpemneit armocdepe 10—
15 mpoIeHTOB B 3aBUCUMOCTH OT 30HAJIHLHOIO BOJIHOBOTO 4mciia. V3me-
HEHUST aMILIATY/T BOJH COOTBETCTBYIOT BAPUAIINSIM ITOTOKA DJIUACCEHA~
[TasibMa, 1 MOTI'YT BADBUPOBATH JIMHAMUYECKOE U TEILJIOBOE BO3IEICTBUSI
[1B ma cpemnwmit BeTep U TEMIIEPATYPY.

1.14 MoHUTOPUHT NPO3PAYHOCTH aTMOCHEpPHI
B HOYHOE BpeMs HAa OCHOBE JaHHBIX
onTmviecKnx mHCTpyMeHToB HammonasbHOro
I'esmmoreodusunyeckoro Kommiekca

Beaeyruti A.B., Coupenosa T.E., Bacuaves P.B., Tamapnuros A.B.,
HJezn06a E.C.

Hremumym coaneuwno-zemnoti pusuxu CO PAH, Poccus

B pabore paccMaTpuBaeTcss BO3MOXKHOCTH MOHUTOPHHTA ITPO3Pat-
HOCTH aTMOC(hepbl B HOYHOE BpeMsl CyTOK C ITOMOIIBI0 HA3€MHBIX OIl-
Tuyeckux wHCTpyMeHTOoB Hanmonanbaoro Iesmmoreodusuaeckoro Kom-
iekca (KaMepsbl Bcero Heba, CIIeKTPOMETPhI BUIUMOTo 1 MH(pPaKpacHo-
ro auanasonos, ¢poromerpsl, uarepdepomerpsl Pabpu-Ilepo). Ouenka
TPO3PAYHOCTH OCHOBAaHA HA OJTHOBPEMEHHOI PErHCTPAINN HMHTEHCHBHO-
CTHU 3B€3]] M3BECTHOW CBETUMOCTHU C PA3HBIMU YIJIAMU MECTA U B PA3JIAY-
HBIX Y3KUX CIEKTPAJbHBIX JiMaa3oHax. ABTOMATHYECKOE PACIO3HABA-
HUe U uIeHTAMUKAIIS 3Be3/1 Ha Kapax IMUPOKOYTOJbHBIX ONTHIECKAX
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CUCTEM IIPOBOJIUTCH C IIOMOIILIO PaHnee pa3pabOTAHHOIO IPOrPAMMHOIO
obecrieaenusi. Kourposb mpo3padrHocTu aTMochepHO# TOIN B HOYTHOE
BpeMsl II03BOJIUT YBEJIMYUTh TOYHOCTH U3MEPEHUsI MHTEHCUBHOCTU aT-
MOC(hEPHBIX IMUCCHIA, a TaKXKe IDOEKTUBHOCTh UICHTU(MDUKAIIN BO3-
MyIIEHUl B COOCTBEHHOM WM3JIyI€HUU BEPXHENH aTMOChEpPhl, HHIYIIAPO-
BAHHBIMHA, B TOM YHUCJI€, MOIIHBIMUA TPOIOCQEPHBIMU U JIUTOCHEPHBIMI
UCTOYHUKAMU.

Pabora Boimosnena B pamkax Kpymaoro mnpoekta Munucrep-
CTBa HAYKM U BbICIero obpaszoBanusi «DyHmaMeHTAJbHbIE OCHOBBI,
METOJbl W TEXHOJIOTMH [H(POBOIO MOHUTOPUHTA W IIPOTHO3UPOBAHUST
9KOJIOTMIECKON 00CTaHOBKM DBallKaJbCKOM NPUPOMHON TEPPUTOPUU»

(rpant Ne 13.1902.21.0033).

1.15 Mi00OHHDBII TeJeCKOII B KOMIIJIEKCHOI CucCTeMe
perucrpanum KOCMAYECKNX JIydeit
B Anarurax

Banabun FO.B., I'epmanenko A.B., Maypues E.A., Muzaaxo E.A.,
I'sosdesckuii B.5.

Hoasprol 2eopusuyeckut unemumym, Anamumo, Poccus

Ha cranmun kocmudecknx Jydeit [losisiproro reodusndeckoro ns-
cruryTa B Anmaturax 6Lt cozgan Moonubli Teseckorn (MT). DTo cambrii
ceepubiit MT B mupe. Teseckon nmeer j1Be MIaCTUHBI CHIUHTUILIATOPA,
pa3zesieHHbIX cjioeM cBuHIA 10 M. DJIEKTpOHHAsT cxema obecrevInBa-
€T CJIeIyIOIIe BBIXOIHbIE KAHAJbI: BEPXHUNU CIUHTUILIATOD, HUKHUN
CIIMHTWLIATOD M KaHAJ COBIAJEHUI MeXKJIy MMIYJIbCAMU BEPXHErO U
HIKHETro eTeKTopoB. M'T BK/IIOUEH B CUCTEMY MOHUTOPUHTA BTOPUIHBIX
KocMmaeckux Jiydeit B Amarurax. Conmunednast aktupaocts B 2020 1. Ha-
XOJUJIACh B MUHUMYMe, 3HAYNTETHbHBIX BapUAIINN KOCMUYECKUX JIy9ei,
KaK IOKAa3bIBAIOT JIaHHBIE HETPOHHBIX MOHHTOPOB, B 9TOT IEPHUOJ HE
6b110. OTMEYEHBI TOJBKO CE30HHBIE BAPUAIINU ITOTOKOB MIOOHOB, CBSI-
3aHHBIE ¢ mporieccamu B atMocdepe. Kpome toro, marnasie MT ucmosib-
3YIOTCS TIPU AHAJIM3€E BapUAIUil MSITKOTO FraMMa-U3J/Iy YeHUs, CBI3aHHOTO
c ocagkamu. Takxke manuabie MT ucnosnb3ytores mjist BepuduKaIuy amc-
JIEHHBIX MOJIeJIEil pacipocTpaneHne KOCMAIECKUX JIydeil B armocdepe
IIyTeM CPaBHEHHUS PACYETHOIO ITOTOKA 3aPsAKEHHBIX YACTHI] Ha YPOBHE
3eMJTH ¥ peasibHO HAOJII0IaeMOTO.

WccnenoBanue BBITIOJTHEHO 3a CUET IpaHTa POCCHIICKOTO HAYYTHOTO

dbonma Ne 18-77-10018, https://rscf.ru/project/18-77-10018/.
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1.16 HabaoaeHnss pe30HAaHCHOT'O pacCestHUSA
B TepMocdepe u BepxHeii Mme3ocdepe
B 3uMHHIA ce3oH 2021 r.

Buukos B.B.Y, Cepedxun H.H.', JTmumpues A.B.23

L Huemumym Kocmodususeckus uccaedosanuli U pacnpocmparerus
paduosoan JIBO PAH
2 Hayuonarvonwiti yenmpasvuwid yrusepcumem, Tatisans
3 MTYy

IIpejgcrasiien aHaj W3 JaHHBIX JUJApHON craHiuun Kamdarkw,
moiydYeHHbIX B sHBape—despase 2021 roma. Beipakenubie cBeTopac-
cemBaOIIue CJIou OOHApyKeHbl Ha BbicoTax okoyio 300 kM. Cjou Ha
9THX BBICOTAX MOSBJILAIOTCS IPU BBICHIIAHUAX 3JIEKTPOHOB C IHEP-
russmu okosio 300 3B. Ananu3 JuJapHBIX JAHHBIX [MOKA3aJl, YTO HA
BBICOTaX Me30cdephbl HAOJIIOMATOCH TOBBIIIEHHOE CBETOPACCESTHUE,
COITPOBOXKIABINIEECs] POCTOM HOHOCEPHOrO mapamerpa fn. Crenan
BBIBOJ, O TOM, UTO HaOJIIOMABIIHECS adpPO30JbHBIE 00pa30BaHUs B 00-
JIACTU ME30Iay3bl MOTJIA ObITh BBI3BAHBI BBICHIIAHUSIMH 3aPIKEHHBIX
qacrur; ¢ sHeprusiMu Menbiie 500 3B. AspozosnbHble 06pazoBaHus B
obnactu 60-75 KM JIOJKHBI OBITH HMPU3HAHB MHUMBIMH. OHH MOTyT
BBI3bIBATHCSI PE30HAHCHBIM pacCesiHueM Ha BO30YKJIEHHBIX MOHAX
aTOMApPHOrO a30Ta.

1.17 HoBble cneKTpocKonn4yeckKue JITaHHbIEe
0 JIMHUSAX TorJiomienuss MoJjiekKyia HoO u CO,

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

L Huemumym onmuku ammocgepvs um. B.E. Byesa CO PAH,
Poccus
2 Tomcxuti Tocydapemeenmnmidi Ynusepcumem, Poccusa

CoBpemenHble 3a0a49u (HU3UKH aTMOC(HEPBI TPEOYIOT MOBBIIIIEHUS
TOYHOCTH U3MEPEHUs U pacydeTa IOIJVIONIEHUS COJTHEYHOIO M3JIydeHUs,
MIPOXOIAIIEro Yepe3 armMocdepy 3eMJIN U J0BE/IEHUE €€ 10 HECKOTbKIAX
nporieHTOB. OCHOBHBIMU KOMIIOHEHTAMU, HOTJIOIAIONUMY U3JIy YeHTEe

27



B arMocdepe, SIBJISETCS MOJEKYJbl BOJbI, YIVIEKUCJIOIO Ta3a W MeTa-
Ha. Ilapbl BOJIBI UIPAIOT BEAYIIYIO POJIb B PA3JIMIHBIX (DU3NIECKUX U
XUMUAYECKUX IIPoIeccax B aTMocdepe BOJSIHON [ap OTBEYAeT IIPUMep-
uo 3a 70% noromenus usnyuenus. syokucs yriepoga (COy) u me-
rai (CHy) SBJIMIOTCS CUIBHBIM MOLJIOTUTEISIMU HHMPAKPACHOTO U3JLY-
YeHUs, 38JIePKUBAsT TEIJIO U BBI3bIBas MOIHBIN TAPHUKOBLIN 3(DdEKT.
VBesinvuenne uxX KOHIEHTPAIUE B aTMOC(epe MOXKET UMETh CEPbe3HbIe
[IOCJIEJICTBUS JIJIsT KJIUMATa 3EeMJIN.

DddeKTUBHBIME METOJAMU KOHTPOJISI KOHIIEHTPAIMY T'a30B B aT-
Mocdepe 3eMiin SBIISIIOTCsT CIIEKTPOCKOIIMYECKHEe METOJbl. B cBs3m
C 9TUM YBEJUYUBAIOTCS TPeOOBaHWS K HUCXOJHOM CIEKTPOCKOIHYIE-
cKoif MH(MOPMAIUN MO JTUHUSAM IOTJIONIEHNsT JAHHBIX ra3oB. B pabore
Ha Dypee-crekrpomerp IFS-125HR Bbicokoro paspernenus (r. ToMck)
[IPOBEJIEHBI M3MEPEHHs] CIIEKTPOB ITOTJIOIIEHUsI PACCMOTPEHHBIX Ta30B
B IIAPOKOM CIIEKTPAJbHOM HHTEpBaJe IIPU BAapUAIUU JIABJIEHUS] aT-
mocdeproro Bo3mayxa. C HCIOJIB30BAHUEM COBPEMEHHBIX METOIIOB 00-
pabOTKHU TOJIyYeHbl HOBbIE 3HAYEHUS APAMETPOB JIMHUHN MTOTJIOIIEHN I,
KOTOPBIE BKJIIOYAIOT B ¢eOsl 3HAYMEHUS MMOJIOXKEHWIA TEHTPA CIIEKTPAIIb-
HOIl JINHUM, € MHTEHCUBHOCTH, KOI(MMOUIMEHTOB YIIUPEHUs] W CIBUTA
JaBJIeHIEM aTMOC(HEPHOTO BO3/IyXa.

PesynbraThl m3Mepenuii CpaBHUBAJIUCH ¢ PACYETaMU, BLIIOJTHEH-
HBIMU TI0 MTOJIYIMIMPUIECKOMY METOJY, B KOTOPOM BHYTDPUMOJIEKYJISIP-
HbIe 3 MEKTHI YINTHIBAIOTCS HA OCHOBE TOYHBIX BOJHOBBIX (DYyHKIHI 1
YPOBHEH SHEPIUH, IMOJIyIaeMbIX U3 BAPUAIMOHHBIX PACUYETOB.

Asrops! 61arogapar 3a GpuHAHCOBYIO noIepKKy PODU (rpanTot
Ne18-45-700011 p__a u Ne19-03-00389A).

1.18 O To4YHOCTHU oIpeaeJasIeMbIX BUJIUMbIX I'DAHUI]L
TMOJISIPHBIX CUSHUN B MOJIEJIN

OVATION Prime (PC)

Huxonaes A.B., /loazauéea C.A., Yepnsesa C.A.

Apxmuneckutd u aRMapKMuUYeckutl HaYYHo-UCCACIO8AMEALCKUT
uHcmuUmym

OreHKa IOJIOXKEHUsT IKBATOPUAJBHBIX TI'PAHUI] aBPOPATHHOTO
oBaJla IIPU PAa3HBIX MArHUTOCQEPHBIX YCJIOBHUAX, HECET B cebe WH-
dopmarnio 0 GHOPMUPYIONNXCSA IJIa3MEHHBIX CTPYKTYpax, TIyOnHe
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WX TPOHUKHOBEHHUSI BO BHYTPEHHIO Maruurocdepy, JIBUKEHUN
BHYTDEHHEH TPAHWIIBI ILUIA3MEHHOrO CJIosi U T.J. PasBurme ajaropur-
MOB OIPEJIEJCHUS IOJOXKEHUST BUIUMON 3SKBATOPUAJBLHON TPAHUIILI
aBPOPAJILHOTO OBaJjla SIBJISETCS] BaXKHON YACTBIO WCCIIEIOBAHUN, CBs-
3aHHBIX C Pa3pabOTKONW MOJEJell XUMUUIECKOrO0 COCTaBa HOHOCKhEpPHI,
Mojiesielt aBpOPAIbHBIX BBICBHIIAHUN YaCTHUI[ U OIEHKH TOYHOCTH ITHX
MoJjiesielt. HeMautoBaKHyI0 pOJIb HCCIIEIOBAHUS OJISIPHBIX CHSTHUI
(IPOTHO3, MHTEHCHBHOCTD, IIOJOXKEHWE) WUrPaloT M JUisl DPa3BATHSI
TYPUCTUIECKOrO cerMeHTa B ApKTHKe U MH(MOPMAIMOHHBIX PECyPCOB
CIy>k0 MOHUTOPUHIA W IMPOrHO3a KOCMUYECKOW morojbl. B pamkax
WCCJIEIOBAHUS OIEHKM TOYHOCTH IOJIOYKEHUsI BUJIUMBIX T'DAHUI OBaja
CUSIHUN B MOJIEJISIX aBPOPAJIHLHBIX BBICHIIAHUI YacTUIl ObLIa BBIOpaHA
HazeMHasl HaOJIomaTe/IbHasl CeTh ONTHIEeCKHX Kamep Bcero ueba
npoekta THEMIS, samymennas B 2008 1., u MoaudUIMpPOBaHHAS
mozenbr OVATION Prime (PC), paspaborannas B otuene [eodbusuxu
OI'BY «AAHUUW», ucnonb3yiomnas B Ka4eCTBE BXOIHOIO MapaMerpa
HaseMHbII uHgekc nosgpHoit mankn (PC-nugexc).

1.19 Omnpenesienue coaepkaHnsi MeTaHa U OKCUI0B
yrJjiepojia u3 aTtMocdEepPHbIX CHEKTPOB
COJTHEYHOT'O U3JIyYeHUusA

Yecnowosa T.FO.', Yenyos A.B.', Poxomsn H.B.2, 3axapos B.H.%3,
Tpugonosa-Ixosaecea A.M.*

L Hnemumym onmuku ammocgepvs um. B.E. Byesa CO PAH
2 Vpaavexuti pedepanvrniti yrusepcumem
3 Unemumym mamemamuru u mexanuru YpO PAH

Huokceny yroepoga (CO3), monookcuy yriaepoga (CO) u wme-
tan (CHy) B GOJIBIINX KOJMYECTBAX SBJISIOTCH TOKCHYHBIMU Ia3aMHu,
a TaKzKe BJINSAIOT Ha MaPHUKOBBIN 3bdeEKT. YBeIudeHne NX KOHIIEHTPa~
UK B aTMOCchepe IIPOUCXOINT, KaK 3a CIeT aHTPOIOTeHHBIX (haKTOPOB,
TaK M 34 CYET €CTECTBEHHBIX NMPUYUH ([IPUPOJIHBIE MOKAPLI, BYJIKAHU-
yeckue BbIOpOCh). T109TOMY NPOBOAMTCS PEryJIsiPHBIA MOHUTOPUHT CO-
JIeprKaHus OKCHJIOB YTJIEpOJia U METaHa B aTMOCGhEpe C UCITOMb30BAHIEM
JACTAHIIMOHHBIX CIIEKTPOCKOIMIMIECKAX METO/IOB, B KOTOPBIX DEIIAeTCs
obpaTHas 33/1a4a OIIpPeIeIeHUs COJIEPXKAHNS Ta3a U3 CIIEKTPOB COTHEY-
HOT'O U3JIyJeHNs, U3MEPEHHBIX CIIyTHUKOBBIMU M HA3€MHBIME TTPUOOpa-
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mu. B narmeit pabore mpoBeIeHO MOJAEINPOBAHNE aTMOCHhEPHOTO mepe-
HOCA COJTHEIHOTO n3aydenus B omkuem VK nnanasome u ompeseeHo
conepzkanne C'Oy, CO u C Hy B cTosibe arMocdepe U3 COJTHETHDIX CIIEK-
TPOB, W3MEPEHHBbIX Ha, HazeMHOM Pypbe-CIeKTpOMeTpe, PacIIOJIOKeH-
HOM B obcepBaropuu Koyposka, Exarepuudbypr. Craenano cpaBHeHue
CO CIOYTHUKOBBIMU u3MepeHusiMu. OIEHEHO BJIUSHUE HCXOIHON CIIeK-
TPOCKOIUYIECKONH MHMOPMAIIAU 110 JIMHUSIM TOTJIONMIEHUsT aTMOCGHEPHBIX
ra3oB U METEOPOJIOIIIECKUX apaMETPOB aTMOChePhl Ha TOYHOCTH pe-
meHusi 0OPaTHON 3a/1a9M OIpesiesieHnsi coJlepKanus ra30B. Ha ocHoBe
KOMIIJIEKCHOTO TTOIXOa C MCIIOJIb30BAHNEM OOJIBIIIONO MACCUBA U3MEpPe-
HUI U CTATUCTUIECKUX KPUTEPHUEB OIEHKN KA9eCTBa PEIeHsT 00paTHOMN
331291 OBLIN MTOJIYYEHBl PEKOMEHJIAINH 110 TPUMEHEHUIO CIEKTPOCKO-
nuvIeckux 0a3 JIAHHBIX 110 JIMHUSM IIOTJIONIEHUs] B 3aJad9aX JIUCTAHIIN-
OHHOI'O0 30HJUPOBAHUS COJIEPYKAHUSI T'Aa30B, UTO IMO3BOJISET IOBBICUTH
TOYHOCTB OIPEJIEJIEHNUSI COJIEPKAHUS Ta30B.

WccnenoBanus BBIMOJTHEHBI MPU (DUHAHCOBOM MOJIEPIKKE B PaM-
kax rocymapcreennoro 3ajganuss TOA CO PAH wu upoexkra POOU
(rpanr Ne 18-45-700011 p_a).

1.20 OcobeHHOCTH T'PO30BOII AKTUBHOCTU
B ApKTuke mo HabJoaeHnsaAM B 0yxTte Tukcm

Toponos A.A.
HK®HA CO PAH

B pabore npuBojisiTcsi pe3yJibTaThl UCCJIEIOBAaHUST OJIMKHUX TPO3
¢ 2014 no 2020 rox B 6yxre Tuxcu (Ilongpuas reokocmodusndeckas
obcepsaropus UKOUMA CO PAH, 71,35 N, 128,46’ E). dua peru-
CTpaIuu OJIMKHUX I'PO3 HCIOJIb3YeTCs JIEKTPOCTATUIECKUI (DITIOKC-
Merp Boltek EFM-100. I'po3bl nposiBIsSIOTCS B JaHHBIX JIEKTPOCTa-
TU4IeCcKoro (hJIIOKCMETpa B BUJE PE3KOTO CKAYKa, OOJIBLION aMILIATY-
JIbl U IJIABHOT'O CIaJIa B TEYEHUE eIUHUI] WU JaXKe JIeCSITKOB CEeKYH/I,
9TO TO3BOJISET HAJEKHO HUIACHTUMUIIMPOBATH KaXKIyI MOJHUIO B pa-
muyce 15-20 KmyioMeTpoB OT IMyHKTa Habsrogenus. Jlnama3on n3meps-
eMOii HAIIPSI?KeHHOCTH 3JIeKTpudeckoro nous: +/ — 20 kB/mM, ¢ Touno-
creio +/ — 10 B/m. Paspemenne naHHbIX — OJIHA CEKYHJIA. DJIEKTPO-
craTudecKuii (bJIFOKCMETP pa3MeIleH Ha KpBIIle 31aHusl HeHTPOHHOI'O
monuropa I1T'O Tukcu.
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Ilo pesysbraram wuccaemoBaHus IMOKA3aHO, YTO KAaXKIBIA IO
B OKDECTHOCTSIX IIYHKTa HAOJIIOEHUs] IPOUCKXOMAT Ipo3bl. Jlaumresn-
HOCTBH Tpo3: or 18 mMuuyT 0 150 mMunyT. KomamdaecTBO MOJHUEBBIX
pa3psiIoB 3apErNCTPUPOBAHHBIX 3a OHY T'PO3Yy HMMeeT OOJIbINON pa3-
6poc — ot 3-x 10 138 pa3psaoB. THTEHCUBHOCTD MOJTHUEBBIX PAa3PsIOB:
or 1 mMosrHIN Kazkiple 36 ceKyHa 10 1 MomHnm Kaxkjple 50 MUHYT.

Wccnenosanue BuImoHEHO TIpu pUHAHCOBOI momep:kke PODU B
paMKax Hay4HOIO IpoekTa HoMmep 18-45-140028 p_ a.

1.21 OrmeHKa IIPpU3eMHOI METeopOoJIOTUN Ha
M3MEeHEeHUsl 00JIaYHOU MUKpPOU3nKM,
BBI3BAHHOU aHOMAaJIMSIMU TOKAa SICHOM

noroap! Jz moj Bo3jelicTBueM
MEe>KIJIAaHETHOT'O MAarHUTHOTO IOJIs

Kapazooun A.B.', Muponosa H.A.', Posanos E.B.2!

L Kagedpa dusuru 3emau, dusuneckuti daxyivmem,
Canxm-Ilemepbypackutl 20cydapcmeennviti ynusepcumem, Poccus
2 PMOD/WRC and IAC ETHZ, Switzerland

B xozme mamboro mccienoBaHHMS B KadeCcTBE OCHOBHOI'O HHCTPY-
MEHTa aHAJIN3a COJIHEYHO-3€MHBIX CBSA3€H MBI HMCIOJIb30BAIU XUMHUKO-
rimMaTaeckyio Momneab SOCOLvV3, 4Tobb! ONEHNTD PEAKIUIO TPU3EM-
HBIX METEOPOJIOTHYECKUAX IIapaMeTPOB Ha W3MEHEHHE CKOPOCTH aBTO-
KOHBepcuM B 0O0JIakax W3-3a BapHalyil B ILIOTHOCTU TOKa Jz. Mbl 00-
HAPYKUJIM, 9TO Jayke HeOOJbINNE W3MEHEHUs B Jz M COOTBETCTBYIO-
1€ U3MEHEHNsI CKOPOCTH ABTOKOHBEPCUU B PETMOHAX, II€ BO3HUKAIOT
AHOMAJIMH 3JIEKTPUYIECKOIO IIOTEHIINAJIA OJSIPHOIL IIallKU, BEI3SBAHHBIE
By KOMIIOHEHTOIl MEXKIIJIAHETHOI'O MarHUTHOI'O II0JIsl, MOTYT IIPUBECTHU
K KPYIHOMACIITAOHBIM AHOMAJUSM B IIPU3EMHOM JIABJICHUNA U TEMIIe-
paType BO3JyXa B BBICOKUX M CPEIHHMX IMUpoTax. Pabora mokasbIBaeT
BasKHOCTD JTAJILHEMINEr0 UCC/IeI0BAHUS CBI3M MEXKIY COJHEYHON aK-
TUBHOCTBIO M IIPU3EMHOII MeTeopoJiorueii yepes [1obaibHyo DJIeKTpu-
qeckyto llenb ¢ UCIOJNb30BaHUEM TIJIOOAJBHBIX KJIUMATHYECKUX MOIE-
JIei.

Pabora Bumosaena B CIIGLIY «JlabopaTopust ncciie1oBaHust 030-
HOBOT'O CJIOf M BepxHeil armocdepbl» Ipu mnoiajuep:kke Munucrepcrsa
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HayKHW ¥ BbICITEro obpasoBanusa Poccuiickoit Pemepalunm Mo coriarie-
amio Ne 075-15-2021-583.

Pa6ora BeimosiHena B pamkax npoekrta Poccuiickoro dponua ¢yH-
navenTaababix uceaenosanuii (IIpoexr PODIT Ne 19-35-90134).

1.22 TIlociencTBusi paHHUX BHE3AITHBIX
cTpaTocdepHbIX TTOTEIJIeHU

Epmarosa T.C.52, Kosaav A.B.', Oxyauvesa A.A.2

L Canrm-Iemepbypeckuti ocydapcmeennmiti yrueepcumem
2 Poccudickuti 20cydapcmeerniti 2udpomemeoporoeusieckui
yrusepcumem

Kanazckue Buesanmbie crparocdepubie noremienus (KBCIT) npo-
HUCXONAT B HavaJie 3uMbl B crparocdepe CeBepHOro mosrymapus, 00bId-
HO C CepeanHbl HOgA0ps [0 Hadasga Jaekabps. Hecmorps Ha TO, 9TO
onpenesenne BCII u ux kiraccudukaiiust 66111 cOPMYyJINPOBAHBI Y7Ke
nasuo, numenno o KBCII maso uro mssectno. Ilesb paboThl — ompe-
nenerne dactorel obpazoBanusi KBCII u ananm3 wux mposiBjieHusi B
3uMHel cTparocdepe CeBEepHOrO MOJIYIIapus ¢ WCIOJb30BAHUEM JTaH-
HbIX JByX peanaian3oB JRA-55 u MERRA-2. Aunanus nccieioBaHHBIX
suM (¢ 1958 roma) nokazas, yro KBCII nabiionaorcs B KaxKIoM Je-
CATUJIETUN OT 2 ciiyuaeB u 6oJjiee. I3BeCcTHO, YTO 4acToTa «KJIACCHYe-
ckuxy» BCII camxkena B 1990-1999 rr. B coorBercTByOmUX mccIeao-
Banusix He yunrtoiBasmnch KBCII, ojiHako 1o 1mosyueHHbIM pe3ysibraTamM
nmvenno gacrora KBCII ysesmaniach B 910 fecaTuierue.

Iorertenne bUKCHPYIOT, KOTJIA COCTOSIHAE 30HAJHLHON KOMIIOHEH-
Thl BE€Tpa HNMeeT OTpHHaTeﬂbeIﬂ 3HaK, €€ TPaJUIIMOHHO CMOTDPAT Ha
CPeHUX MIUPOTAX, & AHOMAJIMIO TEMIIEPATYPhI B IOJISIPHON 00JIaCTH.
PesynbraThl jJaHHBIX JIeT MOKa3a/d, 9TO AHOMAJIAS 110 TEMIEPAaTy-
pe B HOs0pe IPOJOJIKAETCs, KaK IMPABUJIO, HEIOITO W €€ BeJUInHA
HE CTOJIb 3HAYNTE/IbHA 11pu cpaBHennn ¢ BCII, nmeromumMu MecTo B 3uM-
uue mecsipl. ObparaeT Ha cebst BHUMAHUE OBE/IEHIE 30HAJIBHON KOM-
[IOHEHTHI: O0pAIlleHIe 30HAJBHON COCTABJISIIONE MOYXKET HADJIIONATHCS
OT HECKOJIbKUX JIHeil 10 mapbl Hemesb. [lociemncrBust Takoro obpare-
HUsl [MO-PA3HOMY IPOSIBJISIIOTCS B JUHAMUKE TIOJISIPHOM CTPATOChEPHI.
Econ 3oHa/IbHAST COCTABIIAIONIAST UMEET OTPUIATEIHLHOE 3HAYECHUE TTPO-
JIOJIKUTEJIbHOE BpeMsi, TO ciejyioriee «Kiaccndeckoe» BCII Bo Bropoii
[I0JIOBUHE JleKabpe WM B HadaJle siHBapsl NPUBOJIUT K PACIIEILJIEHUIO
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crparocdeproro noJsipaoro suxps (IIB). Ilpu ne upomoirkurensHoM
obpamenuu, nocuaenayoiiee BCII uMmeer TeHIEHIUIO TOJIBKO K CMeIIe-
HUIO Win BeITsiruBanuio 11B.

Pabora Boimosinena npu ¢purancoBoit nogaepxkke PH® B pamkax
mpoekTa Ne 20-77-10006.

1.23 Peakuusa me3ocdepbl 1 HUKHeEl TepMocdepbl
Ha JUHAMUKY HUKeJjexKaleil arMmocdepbl

Sopraavuesa O.C., Bacuaves P.B., Caynwkun A.B., [lodarecnoii C.B.

Hremumym coaneuwno-zemnots gusuru CO PAH, Upxymcerut
Tocydapcmeennoiti Yrnusepcumem

B pabore wusywena peakims wme30chephl-HUKHENR TepMocde-
pet (MHT) na BHesamsble crparocdephble noremsenust (BCII) u ax-
TUBHOCTH IuiaHeTapHbix BosH (IIB). Bpulo mpoaHanusupoBaHO OI-
TUYIeCKOe W3JIydeHwe HH7,7 HM JJis OIpesesieHUus BeTpa W TeMIlepa-
Typet MHT ¢ momomisio eamncrBenHoro B Poccum ummrepdepomerpa
Dabpu-Ilepo (UPIT). UDII pacuosoxken Ha cpefHux muporax Bocrod-
Hoii Cubupnu Ha Teppurtopun obcepsaropun Topsr (TOP) Uucturyra
conrevno-3emuoit pusnkn CO PAH (MIC3® CO PAH, 51,8° c.u.,
103,1° B.1.). Peryngapubiii unrepdepoMerpudeckuii MOHUTOPUHL Ha-
qajca B gekadbpe 2016 roma. B pabore BbimosiHeH aHaIN3 BPEMEHHBIX
M3MEHEHU!l WHTEHCHUBHOCTH U3JIydeHus H57,7 HM, a TaKxKe KoJiebaHuit
BETPa M TEMIIEPATYPhI, U3MepeHHbIX B TedueHue 3uMbl 2016-2021 romos.
OxazaJsioch, uro u BCII, u IIB umeoT oauHakoBO cHIbHbBIE 3(DEPEKTHI
B BEPXHUX CJI0stX aTMocdepbl. Korma smuccust 557,7 HM yMEHBIIAETCsT
u3-3a Hekoropwix Biusuuil cuuzy (BCII wam IIB), remueparypa 3na-
9UTEIHFHO YBEJIMINBAETCs, KAK U €e Juclepcus B TedeHnu Houn. Jluc-
repcusi 30HAJBHOI'O BETPA HE ITOKA3bIBAET 3HAYUTEIbHBIX M3MEHEHUH,
koppesupytonux ¢ [IB u BCII, Ho mpeobJiajgaromuii 30HaIBHBIN Be-
Tep MHT wmensier HanpasiieHue Bo Bpemsi OCHOBHBIX coObrTuit BCII
OIHOBPEMEHHO C YCPeIHEeHHEIM 30HAILHEIM BeTpoM Ha 60V c.m. B cTpa-

Tocdepe.
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1.24 Peaknus cucrtembl noHocdepa—armocdepa
Ha COJIHEYHBbIE BCIBIIIKA W BBICHITIAHUS
SHEPIruYHbIX YaCTHUI[ BO BpeMs
9KCTPEeMAaJIbHbIX COOBITHUIA

Mupownosa H.A.", Kaumenxo M.B.Y2, ITuxyauna I1.0.Y, Posanos
E.B.1:34 Cyzodoros T.B.134, Sxosuyx O.C.1+°

b Kagedpa dusuru Semau dusuveckoeo daxyrvmema
Canxm-Ilemepbypeckozo eocydapcmeernozo ynusepcumema, Poccus
2 UBMHUPAH, Poccus
3 PMOD / WRC u IAC ETHZ, Illsetiyapus
4 Hnemumym ammocheprox u kaumamuveckux nayk, ETH Zurich,
Hlsetiyapusn
5 Hnemumym uccaedosanuti sxonozudeckus cucmem, Ocrabprokcrkut
ynusepcumem, Iepmarus

B nmamnoit  paboTe aHaJIM3UpyeTCS  peaKIUs  HOHOCKEPHI-
arMocepbl Ha 3KCTPEMAaJbHYI0 COJIHEYHYIO aKTHUBHOCTb. 3JECh
[IpeJICTaBJICHBI HOBbIE OIEHKU BO3JECHCTBUS IKCTPEMAILHON COJTHEIHOMN
aKTUBHOCTHU Ha aTMocdepy 1 HI2KHIOI nonocdepy. Hopble pesyibrarht
JIOIOJIHAIOT HAallle PAacTyIlee MOHMMAHHWE TOrO, KaK WMILYJIbCUBHBIE
COJIHEYHBIE COOBITHS U BBICHIIIAHUS SHEPIUYHBIX YaCTUI[ BO BpeMs
FEOMArHUTHBIX Oypb, & TaKKe COJHEYHDbIC BCIBIIIKKA BJIUAIOT Ha
cucreMy moHocdepa-armocdepa 3eMyi U 0DECIIEYNBAIOT OCHOBY JIJIst
MOHUMAHWS UX COBOKYITHOTO BO3JEHCTBUs Ha aTMOCHEPY U KJIUMAT.

Pabora BbIimosiHeHa B pamkax mpoekTa Poccmiickoro HaydIHOTO

donga. (IIpoexkr PH® Ne 20-67-46016).
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1.25 PezyabraThl GU3NIECKOTO MOAEJINPOBAHUSA
OTKJIMKA TPaJMEHT IOTeHIaia
3JIEKTPUYIECKOTO MoJisi arMocdepbl
Ha IIPOXO0XKJIEHNE PYITUBHBIX 00JIaKOB
OT 3KCILJIO3Ui1
ByskaHa D6eko (o. [Tapamyrtup)

Axbawes P.P., ’ Qupcmos I1.11. ‘

KO oUl] EI'C PAH

B mepmuon ¢ 29.07.2020 r. mo 05.08.2020 r. BBIIOJIHEHBI HATYDHBIE
9KCIIEPUMEHTAJIbHBIE PAOOTHI 10 PErUCTPAIUU T'PAJUEHT MOTEHIHATA
as1eKTpudeckoro mosd armocdepst (V' DIIA) Bo Bpems usBepkeHuit
ByJIKaHa DOEKO. 3aperncTpupoBaHbl OTKJINKN B TPeX MYHKTaX HaBJIIO-
genus. [IyHkTel HaOMIONEHUT OBLIN PACIIONIOKEHBI OT KpaTepa BYJIKa-
Ha 110 OHON JIMHU Ha PA3HBIX PACCTOSHUSX. BBIIEIEHO TPU OCHOBHBIX
Tuna OTKJIUKOB. C IEIbI0 00bICHEHNST TIPUPO/IBI 3aPErUCTPUPOBAHHBIX
OTKJIMKOB TIPU HATYPHOM 9KCIEPUMEHTE, OBLIO MPOBEIEHO (DU3NIECKOE
MozenupoBanue. s 3Tux 1esieit OB OTOOPaH Ieres ¢ CKJIOHA BYJI-
KaHa D6eKO, MOATOTOBJIEH JKCIIEPUMEHTAJbHBINA CTEH. DKCIIEPUMEH-
TaJbHBINA CTEH]I ITO3BOJIAJI MOJEINPOBATH IEILJIOBOE 00JIAKO U 33/1aBATh
€ro HAIIPABJIEHNE W CKOPOCTb PACIIPOCTPAHEHUsI. YCTPONCTBO IKCIIEPU-
MEHTAJILHOTO CTEHJIA BBIMOJTHEHO TaKUM 0OPA30M, 9TOOBI 3apsizKeHue
qacTUYEK TEIJIa MPOUCXOINIIO 38 CUET TPUOOIIEKTPUIECKOTO 3hdek-
Ta. B pesynbrare HU3NIECKOro MOJEJIUPOBAHUS OJYIEHBI OTKJINKA
V7 BITA, coorBercrBytoniue oTkaukaM V'’ IIIA | saperucrpupoBaHHBIM
[IpU HATYPHOM KCIepuMenTe. Pe3yabrarhl (hU3mIecKoro MoIe ImpoBa-
HUsI TIO3BOJIMJIN O0bIICHUTE (DU3UKY MPOIECCa PETUCTPUPYEMBIX OTKJIH-
koB V'’ DIIA mpu HATYPHOM IKCIIEpUMEHTE.
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1.26 PegakcaiimoHHbIe 1 HeJMHEIHbIe KOJIeOaHMsI
MarHUTHOT'O JAMHAMO: OMeHUsI B COJIHEYHOI
AKTUBHOCTU

Ilesuyos B.M.

Hnemumym x0cmopusureckus ucciedosanut u pacnpocmpaHeru
paduosoan JIBO PAH

IIpemmoxken obmuit n yHUBEPCAIBHBIN MTOAXOM K IpobIeMe TruHA-
MO. MariuTHoe JUHAMO PacCMaTPUBAETCs KaK PEJIAKCAIIMOHHAS CUCTe-
Ma, B KOTOPOil aHrapMOHUYECKHE KOJIeDaHUsI BO3HUKAIOT B PE3YJIbTa-
Te HAKOILIEHWsI W BBICBOOOXKIEHUsI MArHUTHON sHepruu. HesimaelHbIit
JIMHAMO-MEXaHU3M OIpPeJIe/IsieTcsl DaJancoM MeXKy cujiamMu Apxumesna
u Jlopenrna. Ilosyueno obobimennoe ypasuenne Jluenapa 11 Marout-
HOl mHAYKIuUU. OCHOBHBIE JIMHAMO-YUC/IA PACCIUTAHBI JJIsI COJTHETHON
AKTUBHOCTH, U OBLJIO IOKA3aHO, YTO MarHuTHbIE Kojiebanus CotHIa siB-
JISTFOTCsT KBa3UTaPMOHUYECKUMU. BBISBJIEHBI paHee HEN3BECTHBIE HeJIH-
HellHble MarHuTHble KoJjiebaHus. OOCYKIAIOTCA TPU PEXKUMA JTUHAMO
B 3aBUCUMOCTH OT MHTE€HCUBHOCTU KOHBEKIIUU.

Pabora mpoBommmach B paMKax peasu3ariui TOCYIapCTBEHHOTO

sagannst AAAA-A21-121011290003-0.

1.27 TepmocdepHusblii Jugap: pe3oHaHCHBbIE
oTpakeHusi 1 0630p HaDJIIOIEeHUI

Ilesuos B.M.

Hremumym xocmopuduveckuxr uccaedo8aruti U pacnpocmpaHeHus

paduosoan JIBO PAH

Paccmorpenbl Teopusi pe30HAHCHBIX OTPaXKEHUIA, CTATUCTUIECKHE
3ddekTol, K03DDUIUEHT paccesiHUsl, TOTIEPEIHOE CEIeHNE, POJIh NOHU-
3aIUU U PEKOMOUHAIINT, HEHTPAJIbHBIE ATOMBI, KOMIIOHEHTHI TepMOcde-
pBI, oOpaTHasl 3ajada paccesHusi, 0030p HabsroaeHuit. O6CyXKIa0TCHA
JIMJIapHbIe HAOJIIOIEHNs HAa CBEPXJIMHHBIX TpaccaxX B arMocdepe.

Pabora mpoBojguiack B paMKax peasu3aliiil I'OCYIapCTBEHHOTO
samanusg AAAA-A21-121011290003-0.
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1.28 DuekTpudeckue CTPYKTYPbI 3PYITUBHBIX
00JIaKOB Ha MpUMeEpPe IKCIJIO3UiT ByJIKaAHA
D0€eKO U BHYTPUMAaCCOBBIX KYy4Y€BO-T02KIE€BbIX
00J1aKOB

AxbawesP.P., ITIycmosanos K.H.2, Hazopcruti I1.M.2,
Qupemos ILILY

L @oHI] EIC PAH
2 Hncmumym MOHUMOPUH2G KAUMGTUNECKUL U IKOAO2UMECKUL
cucmem CO PAH

IIpoBeneno cpaBuenne @GOpPM OTKIMKA T[PAAUEHT MOTEHIIHAJIA
JIEKTPUIECKOro 1ot arMocdepnl (MejyieHHbIX Bapuanuii V' DIIA),
[PU [IPOXOXKJEHUU SPYNTUBHBIX 001ak0B (D0) 0T IKCILIO3MH ByJIKa-
Ha D6EKO U BHYTPUMACCOBBIX KYYEBO-I0XKIEBBIX (IPO30BBIX) 00JIAKOB,
MIPEACTABJISIONINX COOOM OMUHOTHBIE KOHBEKTUBHBIC TICHKN.

Bynkan 96eko ua o. [Tapamymup mo 4acTore n3BepKeHUiT SBJIsI-
eTCs OTHUM U3 aKTUBHEHINX BYJIKaHOB KypHIbCKO# OCTPOBHOM MyTH.
B okrsibpe 2016 . HayaJiCsl HOBBINM IUKJI aKTUBHOCTH BYJIKaHa DOEKO,
BBIPA3UBIIENCS] B SIU30UYECKH ITPOUCXOMAIINX SKCILUIO3USX BYJIKAH-
ckoro Tuma. [Ipun Hanbosee CUILHBIX KCILIO3UAX BhIcoTa nX D0 mocTu-
raet 4-5 kM H.y.M. B KO OUIT «Eaunas reodusnaeckas ciryxkba PAH»
Besercss monutopunr V' DITA B 1. Ceepo-Kypuincke, pacmosiozken-
HBIM B 7 KM OT Kparepa By/jkaHa. Ha 3amucsx orkiuka V'’ 9ITA mo xu-
HEMaTUYECKUM U JUHAMUYECKUM XapPaKTEPUCTUKAM BbIJIEJIEHBI Y€THIPE
TUIA BO3MYIIEHUA.

B kagecrBe mpumepa dopm orkiuka V' OIIA mpu npoxoxkie-
HUM BHYTPUMACCOBBIX KYYEBO-IOXKIEBBIX (IPO30BBIX) 00JAKOB ObLIN
paccmorpenbl Mejiennble Bapuarnuu V' OIIA; 3aperucrpupoBaHHbe
Ha reodusndeckoit obcepsaropun IMKIC CO PAH (r. Tomck).

CpapaurenbHblll  anaau3 dopMm orkimka V' IITA  nokaszad,
9TO TPU MPOXOXKIEHWM 3IPYITUBHBIX OOJAKOB W BHYTPUMACCOBBIX
KY4EeBO-J02KEBbIX (IPO30BbBIX) OBJIAKOB OTMEYAIOTCs 10j100HbIe (hOop-
MBI MezJieHHbIX Bapuaiuit V' OITA, omHako abCOIFOTHBIE 3HAYEHUS
V7 IIIA B cityuae mocjieJHUX Ha MOPsAJIOK Bbile. VIcXois 3 BbIIIECKa-
3aHHOI'O MOYKHO CJIEJIATH BBIBOJL O CXOJICTBE SJIEKTPUUIECKON CTPYKTYPbI
SPYUTUBHBIX U BHYTPUMACCOBBIX KYYI€BO-II0XKIEBBIX 00JIAKOB.
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2 T'eodmsmyeckme moasda m nx
B3auMo/deiicTBue
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2.1 Amnajgu3 nmoHocdepHbIX IIapaMeTPOB Ha OCHOBE
HelipoHHBIX ceTeil NARX

Mandpuxosa O.B., Iorozos HO.A.

Hnemumym KocmoPuduseckus ucciedosarut U pacnpocmpaHerus
paduosoan IBO PAH

B pabore mnpejicraBiieHbl pe3ysIbTAThl aHAIN3a HOHOCKEPHBIX Ia-
pamerpos foF2 ¢ npumenennem neiiponnnix cereii NARX. ITocTpoennt
cetu NARX paznoit apxurektypsl. [Ipu mocrpoenun cereil yduThbi-
BaJlach CJIOXKHas auHamuka foF2, 3aBucsias oT ypoBHS aKTUBHOCTHU
Couitnia u ce30Ha. Jljisi pa3HbIX HEHPOHHBIX CETEll BBIIIOJHEHO CpaBHEe-
Hue KadecTBa anmnpokcumanuu foF2. Pabora mpopojauiack B paMkax
peasiuzaruu rocynapcrsennoro 3ajganus AAAA-A21-121011290003-0.
B pabore wucnonbzoBanocs obopyrnoBanue lleHTpa KOIIEKTUBHOTO
nosib3oBanus  «CeBepo-BOCTOUHBIN  Tenoreopu3ndeckuii  meHTp»

CKP 558279, YHY 351757.

2.2 Amnajgm3 KoporkKonepuoaHbix Bapuanuii IMF
Bz u AE ungekca

Ilonosoe IO.A.

Hnemumym KocmoPuduseckur ucciedosanuts U pacnpocmparerus
paduosoan IBO PAH

Bapunanuun komnonents: IMF Bz Biausitor Ha MarHuTHOE I10JIe
3emin, ocobeHHO TpuM pas3Bopore Ha ior. CBga3aHHas ¢ U3MEHEHH-
aMmu Maraurocdepbl BesmunHa AE uHaekca [oKasbiBaeT ypOBEHDL
SHEPruu, MpOHUKAIoMmui B MarHuTocdepy u moHochepy. Oba srmx
mapaMeTpa OTPasKaloT BO3JefcTBHE KOCMUYECKO# moroabl. B pabore
MIPOBeJIeH aHAJN3 KOPOTKOIEPUOIHBIX M3MeHeHuit B jJaHHbIX IMFE Bz
u AE ungekca. OreHeHa CTATHCTHYECKAS 3aBUCUMOCTH MEXKJIY STUMU
mapamerpamu. Pabora mpoBOAMIACH B paMKaxX peann3alluid rocyaap-

creennoro saganna AAAA-A21-121011290003-0.
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2.3 Amnanms ocobeHHOCTEI
IPOCTPAaHCTBEHHO-BPEMEHHOT'O pacIipeieJIeHus
reo3JIEKTPUYECKNX HEOITHOPOJHOCTE B 3€eMHOM

KOpe U CeliCMUYeCKUX COOBITHUI

Bamasnesa E.A.
Hayuwnas cmanyus PAH 6 2. Buwkeke

B pabore mpescraBiieHbl pe3yabTaThl SKCIIEPUMEHTOB, BBIIIOJIHEH-
HBIX Ha PEXKMMHBIX IIYHKTaX MarHUTOTEJJIyPHUYECKOIO MOHUTODHUHIA
Kak Ha TeppuTopuu Bumkekckoro reoguHamudeckoro moaurona (Ce-
Bepublii Taub-IIlann), Tak U 1O cepuu MOHUTOPHUHIOBBIX IpoduIiei,
3aJI0KEHHBIX B PA3JIMIHBIX T€OJIOTUYECKUX yCJIOBUAX. Pamee mpose-
JICHHBbIE HCCJIEJOBAHUA CBUJETEIBCTBYIOT O B3aMMOCBSA3M Bapualnii
JIEKTPOMArHUTHOI'O M CEHCMMYECKOIo I10Jiel, JIyHHO-COJTHEYHBIX IIPU-
JIMBHBIX BO3JICHCTBUI, CEICMHUYECKOI'O PEKMUMa C HPOIECCaMU TPEIIn-
HoobpazoBanusi. llespio HacTosIEel PabOTHI SIBJISETCS yCTAHOBJICHUE
XapaKTEePHBIX OCOOEHHOCTEN B3aMMOCBSI3M MEXKJY IIPOCTPAHCTBEHHO-
BPEMEHHBIM paclpe/ieJIeHIeM CEICMIYHOCTHU U PACIIPe/IeIeHUA [e03JIeK-
TPUYECKUX HEOIHOPOIHOCTE B 3eMHOI Kope (pa3JIoMHO-6JI0KOBOI TeK-
TOHUKON pernona). Ha ocHoBe aHasm3a pe3yibraToB MHTEPIPETAIUH
MATHUTOTEJITYPUIECKUX JAaHHbIX (2D-MHBEpCUsl) U HOBBIX JETAJbHBIX
ceiicMoToMOrpadUIecKIX IIOCTPOEHUI, IPOBe/ieHa BepudUKaIns reo-
3JIEKTPUYECKUX MOJEJIeHl, BBIITOJHEH aHAJU3 PACIpeeIeHUs TUIIOIEeH-
TpOB ceiicMudeckux cobbiTuit. Ocoboe BHUMAHUE YIEJSJIOCH TPIYPO-
YEeHHOCTH 3eMJIETPSCEHUI K Pa3/IOMHBIM CTPYKTYpPaM JIMCTPUYECKOI
dopmbl. B3anMocBs3b MeXKy pacupeeseHus TUIIOIEHTPaAMy CelicMu-
9eCKHUX COOBITHIT M HPOCTPAHCTBEHHBIM IOJIOKEHIEM AHOMAJIU dJIeK-
TPOIIPOBOIHOCTU HAXOJIUT CBOE IIOJATBEPXKJEHHUE B IIPEIJIOKEHHOM aB-
TopamMu 00bsCHeHNN (PU3NIECKON MTPUPOILI BBIABICHHBIX TPOBOISIIINAX
CTPYKTYP, OCHOBAHHOM Ha rUnoTe3ax (OIIONIU3AINN I YaCTUIHOTO PAC-
IJ1aBa IOPOJ, 3¢MHOI KODBI.

Pabora mpoBoininchy B paMKax BBIITOJIHEHUSI TOCYIAPCTBEHHOIO 38~
nanus Haydanoit cranimun PAH mo reme AAAA-A19-119020190063-2.
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2.4 Amnau3 nposiBJIeHUs COBMECTHOI'O
AKYCTHUY€ECKOI'O U 3JIEKTPUUECKOI0 OTKJINKA
IPUNOBEPXHOCTHBIX OCAJ0OYHBIX MOPOJ HA
aedopManuio ceificMIYeCKNMU BOJTHAMU
zemiterpsicenuii FOxkuoit Kamyarku

Muwenxo M.A.Y, Pyaenxo O.IL2, Mapanyaey F0.B."

L Hnemumym xocmodusuneckux uccaredosamuti U pacnpocmpanens
paduosoan JIBO PAH
2 Uncmumym eyaxanonozuy u ceticmonrozun JBO PAH

IIponosrkeHo uccieoBanne 0OHAPYKEHHOIO aBTOPAMHU PAHEEe COB-
MECTHOT'O aKyCTUYECKOI'O U 3JIEKTPUYECKOI'0 OTKJINKA IIPHUIIOBEPXHOCT-
HBIX 0Ca/I0THBIX ITOPOJ, Ha 1eOPMAIUIO CEHCMIYIeCKIMI BOJTHAMU 3€M-
JerpsiceHuii. PaccMOTpeHbl 3eMJIETPSICEHUS C SHEPreTHIeCKUM KJtac-
com K;>11.0, npousormiemqmue ¢ uons 2017 r. mo maii 2021 1. y BocTo4-
Horo mobepexkbs KamuaTrku B mojoce mupotr 51.7-54.0 c.m. U3 stux
3eMJIETPSICEHIIT BBIOpAHBbI 52 COOBITHSA, NPU IIPOXOXKJIEHUU ceficMude-
CKMX BOJIH OT KOTOPBIX HAaOJIONAJICH AKyCTUYECKUH OTKINK JIAHHBIX
mopon, B nyukre «Kapbivmuuay UKUP JIBO PAH. Pacemorpenst
MIPOSABJIEHIE COBMECTHOTO AKYCTHYIECKOTO U IJIEKTPUIECKOIO OTKJIIUKA
[IOPOJ, U IPOsiBJIEHNE KAK HU3KOYACTOTHOIO, TAK U BBICOKOYACTOTHO-
ro (> 100 T'm) ux akycrmaeckoro oTkiauka. Vcnonb3ysi HemapameTpu-
qecKHil KOppessiuoHHblil anaian3s CrnupMmeHna, B 000HX cilydasx oOHa-
py?KeHa CTATUCTUYIECKN 3HAYNMAs CBSI3b MEYKJLY SHEPreTHIECKUM KJIac-
COM PAaCCMOTPEHHBIX 3€MJIETPSICEHUH U yIaJeHIneM Iy HKTa HabJII0IeHu i
OT UX TUIOIEHTDA.

Pabora npoBosimiiack B paMKax pean3aliii IoCy1apCTBEHHOIO 3a-
mansg AAAA-A21-121011290003-0.
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2.5 BekTopnbiit OBepxay3epOBCKHii MAarHUTOMETP
POS-4: onbIT ncnojib30BaHUS U IIEPCHEKTUBDBI
MIpUMEHEHUsT

Xomymos C.JO.', Canynos B.A.2, Henucos A.FO.2, Bopodun I1.B.3,
Kyoun JI.B.*®, Cudopos P.B.*, Bebnes A.C.%, Yepenanosa E.A.3,
Komuxos A.JL*, Kanonudu K.X.”, Bapvawes ILE.S, Typoun FO.I'8

L Hnemumym xocmodusurecku uccaedosanuti U pacnpocmparenus
paduosoan IBO PAH
2 Vpaavcruti dedepanvrot yrusepcumem, 2. Examepunbype, Poccus
3 Hnemumym zeodusuxu YpO PAH, 2. Examepunbype, Poccus
4 Teogpusuueckuti yenmp PAH, 2. Mocxea, Poccus
5 Topro-Aamadtickuti 2ocydapecmeennviti yrusepcumen,
2. Topro-Aamatick, Pecnybauxa Aamat, Poccus
6 Canxm-ITemepbypecruti guruar M3MUPAH,
2. Canxm-Ilemepbype, Poccus
T Hnemumym 3emMHno020 Ma2HEMU3MA, UOHOCHEPDL U PACTIPOCIPAHEHUS
paduosoar um. H.B. Iywrosa PAH, 2. Mocxksa, 2. Tpouux, Poccus
8 Apkmusdeckuti U GHMAPKMUMECKUT HAYYHO-UCCALI08AMenbCKUl
uncmumym Poceudpomema, 2. Cankm-Ilemepbype, Poccus

IIpencraBiiennbl pe3yabTaThl TPAKTUIECKOTNO HUCHOIb30BAHUS BEK-
TopHoro wmarauromerpa POS-4, paspaborannoro HUJI xBaxTOBOM
marauromerpun Yp®Y (Exkarepunbypr) na ocaoBe OBepxay3epoBCKUX
naraukoB POS. Henpepoisabie namepenust ¢ momoinbio POS-4 ¢ 2015
I. BBINOJHsIIOTCsT Ha obcepsaropun «Ilaparynkas (MKWP JIBO PAH,
Kamuarka), B 2017-2018 rr. ma o6cepsaropun «Canxr-IlerepGypr»
(T'LL PAH / CII6® U3MUPAH, Jlenunrpazckas obaacrs), ¢ 2020 r. —
na obcepBaropun <«Apru» (UI'® YpO PAH, Csepmiosckas 06-
JacTh). 3asoxkenHas B 2018 1. HOBasl BBICOKOIINPOTHAS 0OCEPBATOPHUSI
«Besmoe wmope» (Tl PAH / MIV, Benomopckasi Guosormdeckast
cranmus MT'Y, Kapesusa) ucnonssyer POS-4 B KadecTBe OCHOBHOIO
BapuomeTpa. Maraumtomerp B ampesne 2019 1. ycmemHo WCHOJIb-
30BaJICsl B TIOJIEBBIX H3MEPEHUSIX HA JIbJLY, BO BpPEMs SKCIEIUINN
TRANSARCTIC B Bapennesom wmope (AAHUU, Pocrumpowmer).
B magame 2021 r. USMUPAH mnpuctynmi K TECTUPOBAHHIO JIBYX
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marauromerpoB POS-4 ma reppuropun obcepBaropuu  «MockBay.
ITo pesysibraram 06CEPBATOPCKUX M IKCIEIUIIMOHHBIX MU3MEpPEHUi
VIAJIOCh BBISABATH IPEUMYIIECTBA W HEJOCTATKA MArHUTOMETpA U
[IPEIOCTAaBUTEL pa3paboTInKaM WHMOPMAINIO i ero JaJibHeieit
MOZIEPHM3AIMHI C IeJIbI0 MOBbIIeHUS 3P(EKTUBHOCTA U HALEXKHOCTH.
MmuorosierHuii onbIT mcrnob3oBanus POS-4  onpenensier obJactu,
e ero HaydHOe W IPUKJIAIHOE IPUMEHEHUE II03BOJIUT IIOJIy4UTh
Ba)KHBIC PE3yJbTATBI: HAIPUMEP, HPU MArHUTHBIX H3MEPEHUSX B
paiionax Kpaiinero CeBepa Wau IIpU MOHUTOPHHIE AKTUBHBIX 30H
BOKDPYT' BYJIKQHOB. PaboTa BBINOJHSIACH TPU YACTUIHON TOJIEPIKKE

roczamannsg AAAA-A21-121011290003-0 u mpoekTa PH® 16-17-00121.

2.6 BpbIicoKoYacTOTHBIE BEKOBbI€ T€OMarHUTHbBIE
Bapualu Mo JaHHbIM 00cepBaTOPUii
MuxneBo, Beabck nu Bopok

Pasabosa C.A.

Dedeparvroe 2ocydapcmeennoe brodacemnoe yupescoerue HayKy
Hnemumym dunamuru zeocep umenu axademura M.A. Cadoscrozo
Poccutickoti axademuu wayx

BekoBoii (BBICOKOYACTOTHON) Bapuanueil MPUHITO HA3BIBATH U3-
MEHEHHS 3JIEMEHTOB '€OMarHNTHOIO TI0JIsI BO BPEMEHHU, 00YCIOBJIEHHbBIE
mporeccamMu B 3eMHOM sifipe. BeKoBble BapuaIy T€OMArHUTHOTO TIOJIsT
HE TOJIbKO MEJ[JIEHHO M3MEHHAIOTCs, HO U CKJIOHHBI K KDATKOBPEMEHHBIM
ckauKaM (TeOMArHUTHBIE JIZKEPKH). B HACTOSIIIEM COOOIEHNN TIPUBE/Ie-
HBI Pe3yJIbTATHI aHAJIN3a 0COOEHHOCTEN BEKOBOW BapHAIlMH MATHUTHOT'O
oJist 3eMJIH 1O JIAHHBIM DErHUCTPAIH [€OMArHUTHOTO IOJIA Ha CPeji-
HEIMUPOTHBIX obcepBaTopusx Muxueso, Benbck u Bopok. B xome na-
CTOAIIUX MCCJIEOBAHNN BBIYUCIEHBI U TPOAHAIN3NPOBAHBI TPEHIOBBIE
COCTABJISIIONIAE KOMIIOHEHT MATHUTHOTO TIOJIsI 3eMJId. BBITIOJIHEH COno-
CTABUTEJIbHDBIN aHAJIN3 3HAYEHHUI KOMIIOHEHT F€OMArHUTHOTO TIOJIsT, O~
JIYYEHHBIX IIPY WHCTPYMEHTAJILHBIX HAOJIIOJIEHUSIX Ha 00CEpBATOPUSIX U
poranciiennbix mo Mogemn IGRF / DGRF 13 sepcun. Ha ocuose sn-
HEWHOM Perpeccuu ¢ TOYKAMHA IIePEKJIIOYEHNsI 110 JAHHBIM PEruCTPAIun
PEOMArHUTHOT'O IIOJI HA CPEIHENTHPOTHBIX obcepBaTopusax MuxHeso,
Benbck u Bopok BbIjieIeHBI T€OMATrHUTHBIE JI2KEPKH.
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2.7 MHNccnenoBaHue aKyCTUIECKUX ITOJIEi
B ApPKTuYeckoii 30He ¢ HEPOBHBIM JIEJOBbIM
MMOKPOBOM

Kopouenues B.U.', Iempocvsany B.B.*, I'oposoti C.B.",
Yen Benvuzanv?, Jobosa T.2K.', Inax FO.B.!

b Hasvnesocmouniti Pedepanvhniti Ynusepcumem, Poccus
2 Xapbuncxuti unotceneproii yrusepcumem, Kumad

Paspaborana maremarudeckasi MOJIE/Ib PACIIPOCTPAHEHUS YIIPYTHX
BOJIH B JIGIOBOM IIOKPOBE € HEPOBHBIM pesibedoM (Topocst). Teoperuye-
cKas MOJEJb OCHOBAaHAa Ha MPUMEHEHNN HAPaBJIEHHbIX GyHkmmit ['pu-
na. IIpoBenenHo MareMaTnIecKoe MOJIEINPOBAHNE aKYyCTHICCKUX TOJIeH
B mupokroM juarasone yactor oT 10 xI['im qo 100 xkI'tm B apKTHYeckoit
30HE C HEPOBHBIM JI€JIOBBIM TOKPBITUEM U IIPOBEICH IKCIIEPUMEHT, TJIe
aHTeHHa BIJIABJEHA B JieJ C HEPOBHOCTAMU BBICOTON 0 HECKOJHKHUX
MeTpoB. IIpoBemeHnl 3KcepuMeHTAIbHBIE NUCCACIOBAHUS C HUCIOIb30-
BaHUEM U3JIYYIAIONINX THIPOAKYCTHICCKUX AHTEHH, Pa3pabOTaAHHBIX aB-
TOpaMu, Ha, Da3e MTHEBMATUYIECKOTO U IJIEKTPOAKYCTUIECKOTO UMITYJIHC-
HOro m3yry4daresisd. [logydeHbl YucieHHble PE3YIbTATHI I PA3JIMIHBIX
PaCCTOAHUN MEXK/Iy W3JIy4alolMMU W IPUEMHBIMU aHTEHHaMH PacCIo-
JIOXKEHHBIMI BHYTPH CJIOS JIbIa W B BOIHOM cpeme. [lokazano, 9To Mak-
CAMAJIbHOE YCUJIEHUE CHUI'HAJIA ITPOUCXOJUT IPHU PACIOJIOKEHUNA HU3JTy-
JaloONNX W MPUEMHBIX CHCTEM BHYTPHU TOPOCOB. IIpeamorkeHbl METO b
OIITHUMU3AINY PACIIOJIOXKEHUSI aHTEHH ITPU HAJIMIUH HEPOBHBIX JIEJIOBBIX
noJieit.

2.8 HccanenmoBaHue aKyCTOIMHCCHUOHHBIX CUTHAJIOB,
3aperucTpupoOBaHHBIX B MYHKTE HaOJIIOdeHUIA
«Kapbimmuaa» B 2017 romy
(KamuaTckuii Kpaii)

Jyxosenxosa O.0., Conodwyx A.A., Hlepbuna A.O.

Hnemumym koemopuauneckux uccredosanutl U pacnpocmpaHeus,
paduosoan JJBO PAH

B nmoximaze npesjiaraercsa MeTON TPEXMEPHON BHU3yaJU3AINKA da-
CTOTHOIl CTPYKTYPbl UMIIYJIbCHOI'O IIOTOKAa Ie0aKyCTUYEeCKOU IMUCCHH.
C mOMOIIBIO JAHHOTO METOJ[A OIEHUBAETCS JIMHAMUKA CTPYKTYPBI CHUI-
HAJa HA PA3/IMYHBIX BPEMEHHBIX [epUoiax (0T HECKOJBbKUX MUHYT
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110 roza). s BelesleHusT UMITYJILCOB U3 CUIHAJIA UCIOJIB3YETCs aIall-
THBHAsI IOPOr'OBasi CXeMa, JJIsl OIEHKU YaCTOTHOT'O 3aII0JIHEHUS OT/IEJb-
HBIX UMITYJILCOB — JIAIITHBHOE COTJIACOBAHHOE TipeciieioBanne. Pacipe-
JIeJIEHUsT TTOJIy9E€HHBIX TAKUM O0OPa30M 3HAYEHWI YaCTOT OIEHUBAOT-
Cs METOJIOM THCTOIDAMM. ['MCTOrpaMMBl CTPOSITCS IO JAHHBIM, [TOJIY-
9eHHBIM JjIs (PPArMEHTOB re0aKyCTHIeCKOrO CUTHAJIA 33JAHHON MITHI-
MaJIbHOM JINTeNbHOCTH. ['HcTOrpaMMbl OObLEIUHSIIOTCS B TPEXMEPHOE
IIpEeJICTaBJICHNE CJIEYIOIINM O00Pa30M: 110 TOPU30HTAJIBHON OCH OTKJIa-
JIBIBAETCSI BpeMsi HaOJIIOJEHNs, TI0 BEPTUKAJIBHOI — YacToTa 3aIl0jIHe-
HUS UMITYJTECOB, IIBETOM 0DO3HAYAETCSI IO UMITYJIbCOB C COOTBETCTBY-
OIUM 3HAYEHUEM JacTOThI. JIaHHBINA MOIXOM MOXKET HCIIOJIB30BATHCS
JJIsT TIOUCKA TIPeICeCMUIeCKNX aHOMAJIHI B Te0O(PU3NIECKUX UMITYIIHC-
HBIX CUTHAJIAX.

IIpemyiaraembrit MeTos OBLI HMCIIOJIB30BAH JIjIs OIEHKU JIMHAMU-
KH CTPYKTYPbI CUTHAJIA T€0AKYyCTUIECKON IMUCCHAU, 3aPErUCTPUPOBAH-
Horo B myHkTe Habimomenuit «Kapemvmuuaas B mepmom ¢ 01.01.2017
o 31.12.2017. IlpencraBieHsr pe3yIbTaAThI COMIOCTABIEHUS [TOJLY 9€HHO-
0 TPEXMEPHOTO IIPEJICTABIEHUS C KATAJIOIOM KaMYaTCKUX 3eMJIEeTPsI-
CeHuit.

Pabora mpoBoguiack B paMKax peasu3aliiil I'OCYIapCTBEHHOTO

samanusg AAAA-A21-121011290003-0.

2.9 MHccaenoBanue JUHAMUYECKUX PEKMMOB
apoouoro ocrmuisitopa CeiabkoBa
B MOJEJIMPOBAaHUU MUKPOCEUCM

Haposux P.H.*, Paxmonos 3.P.2

L Hnemumym xocmopusuneckuz uccaedosanuti u pacnpocmpaneru
paduosoan JIBO PAH
2 Hayuonaavnoti ynusepcumem Yabexucmana umeny Mupso
Yayebera, Ysbexucman

Juunamudeckas: cucrema CejlbKOBa C yYETOM HACJIeJCTBEHHOCTH
MOXKEeT OBITH UCITOJIb30BAHA JIJIsI OMMCAHUS MEXaHU3Ma, B3AUMOIEHCTBU ST
MEJIKUX 3aTPABOYHBIX TPEIUH U 060Jiee KPYIHBIX TPENINH-MUKPOCEHCM.
BoJtee 3arpaBovHble TPEIUHBI P JOCTUKEHUN KPUTUIECKOTO UHCJIA
IIepexo/idT B MHUKPOCEHCMBbI, KOTOPbIE IIOTOM TEepAIOT CBOIO IHEPIUIO
u OOJIbITIEfl YaCTU OIATh CTAHOBATCA 00Jiee MEJIKUMU TPEITHHAM.
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[Iporecc 3TOT MOBTOpSIETCST W MMEET ABTOKOJEOATENbHBIN XapakTep.
Jutst TOro, ITOOBI CYIIECTBOBAJ aBTOKOJIEOATETLHBIN PEXKUM HaM HEe00-
XOJUMO 3HATh KaKue 3HAYEeHHs [1apaMeTPOB HEOOXOIUMO JIJIS STOIO
BBIOMpATH. DTO CBS3aHO C TEM, UTO JAuHaMudeckasi cucrema CeabKoBa
MOoXKeT obJiafaTh XaoTwdeckumu pexkumamu. Ilostomy B pabore
WCCJIEIyIOTCST JTUHAMUYIECKHE PEXKUMBI 3PEIUTAPHON KOJIebaTeIbHOM
cucrembl CeJIbKOBa € TIOMOIIBIO TIOCTPOEHHS CIIEKTPOB MAKCUMAJIBHBIX
nokasarejieil JIsimyHOBa OT MapaMeTpoB MaTeMaTUYeCKON MOJIeu.
[Tokazaubl 00/1aCTH U3MEHEHNS [IAPAMETPOB, IIPU KOTOPBIX CYIIECTBYET
KaK Xa0THYECKHEe, TAK U PErYJISPHBIE PEKUMBI.

2.10 UWccaepoBaHue 3JIeKTPOMAarHUTHBIX MOJIEi
B ApKTuYeckoii 30He ¢ HEPOBHBIM JIETOBbIM
HOKPBITUEM

Kopouenyes B.H.', Cos Bai?, Yepnenxo B.A.Y, Om A AL,
Tazaes T.H.!

L Taavresocmownwiti Pedepanvrods Yrnusepcumem, Poccus
2 Xapburcxuti unotcereproi yrusepcumem, Kumaii

Pazpaboransl MaTeMaTHuecKne MOJIEIH IIPOCTPAHCTBEHHOTO DPac-
pesieieHusT aMILIUTYIbl UICTOYHUKA SJIEKTPOMATHUTHBIX BOJIH, PACIIO-
JIO?KEHHOT'O BOJIM3M HEPOBHBIX IOBEPXHOCTENH W BHYTPHU JIEIOBOIO IO-
KpbiTust. Mojiesin OCHOBaHBI Ha TEOPUU HAIIPABIEHHBIX yHKIn ['puna
C HEOJIHOPOIHBIMU TPAHUIHBIMU YCIOBUSMHE II0 YIJIOBOI KOODIMHATE.

IIpoBeneno 4mcieHHoe uUCCiIEIOBAHNE SJIEKTPOMATHUTHBIX BOJIH,
PaCIPOCTPAHSIONINXCS BOJIM3U JIEJOBOTO MIOKPOBA C TOPOCAMU PA3JTHI-
HOI BBICOTHI U BHYTPU ILJIOCKOTO CJIOS JibJia Ha Turyouue 0,2 M.

IIpoBesieHbl KCIEpUMEHTAbHBIE UCCJIEJIOBAHUS C UCIIOJIH30BAHM-
eM B Ka4eCcTBE aHTEHHBI IIOJIyBOJTHOBBIX BuOpaTopoB oT 30 g0 40 mer-
POB, BILUIABJIEHHBIX B JieJ Ha IIyomHy mpubian3uresnsro 0,2 merpa, Ha
qacrorax B auanaszone or 10 MI'i go 30 MI'm.

IIpuBeseHbl  pe3ysibTATbl  SKCHEPUMEHTAJBHBIX — HCCJIEIOBAHUN
3aBUCHUMOCTENl aMIIUTY/T HAIPIKEHHOCTEH JIEKTPUIECKOTO TOJsS OT
PaCCTOSHUI MeXK Iy UCTOYHUKAMHU M IPUEMHUKAME CUTHAJIOB.

46



2.11 MHWcroyHuMK OyXTOOOpPA3HBIX OTPUIIATEIbHBIX
aHoMaJ it aTMOCQEPHOro 3JIEeKTPUIECKOTO
MOJIsI TP TEKTOHOCEMCMUYIECKOM IIPOIecce

Pyaenxo O.11.
Hrnemumym syaxarosozuu u ceticmonoeuu JBO PAH

PaccvoTrpen nctoaHuK 6yXTOOOpA3HBIX OTPUIIATEIHHBIX AHOMAJIHH
aTMOC(EPHOI0 JIEKTPUIECKOTO TI0JISI Y 36MHOI TOBEPXHOCTHU, KOTOPHIE
HaOJIIOJIAIOTCA B CEICMOAKTUBHBIX PErMOHAX IIPH XOpoIneil u OJIu3Koi
K Heil morojie. Takne aHOMAJINN BO3SHUKAIOT TIEPe]] YMEPEHHBIMU U CHJIb-
HBIMU JIOKAJIbHBIMA 3€MJIETPSICEHNSIMA, & TAKYKe B UX OTCYTCTBHE, UTO
CBUJIETEJIBCTBYET O CBSI3U C TE€KTOHOCEHCMHUYECKUM IIPOIECCOM. DTOT
IIPOIIECC IIPOTEKAET ITOCTOSHHO U BBI3BIBAET M3MEHEHUs HAIPAKEHHO-
J1eOPMHUPYEMOTO COCTOSIHUSI TOPHBIX MTOPOJ, B peKrMe (POHOBOTO TEK-
TOHUYIECKOTO JIe(hOPMUPOBAHUSI U IIPH ITOIIOTOBKE 3eMJIeTpsiCeHmit. Boi-
SICHEHO, 9TO UCTOTHUKOM JTAHHBIX AHOMAJINI SABJISETCH OTPUIIATETbHDIN
00BEMHBII 3apsi/l, KOTOPBII BO3HUKAET B IIPU3EMHOM BO3IYXE CJIEIYIO-
muM obpasoMm. Bo Bpems pacTsKeHUsl IPUIOBEPXHOCTHBIX MOPOJ, YCH-
JINBAETCsI IOCTYILIEHWE PaJIoHA W TOpOoHa B armocdepy. B ycioBusix
cJ1aboro IepeMeIrmBains BO3/yXa IPU €ro yCTONYInBOil cTparuduka-
U 3TH SMAHAINN HAKAILUIMBAIOTCS B HEKOTOPOM CJIOE, UTO IIPUBO-
[UT K YBEJIMICHUIO MHTEHCHBHOCTH MOHOOOPA30BAHUS M M3BECTHOMY B
aTMOC(hEPHOM IJTEKTPUIECTBE HOSABIEHUIO OTPHUIIATEHHOIO OOBEMHOIO
3apsiga Jierkux noHoB. llocTymnienune pajoHa u TopoHa B aTMmocdepy
IPOUCXOJIUT ITOBCEMECTHO U SIBJISIETCSI HEOT'HEMJIEMON YACThIO «Ta30BO-
ro JbIXaHus 3eMJIA», 8 OTPHUIATEbHBIII 00bEMHBIN 3apsi/l 0OHADYKEH
MHOTHUMH HKCCJIEIOBATENSIMA B aCEICMUYIHBIX PETrHOHAX, IJi€é CKOPOCTH
1edOpMHUPOBAHUS IOPO/T MOJT JEeHCTBIEM TEKTOHMIECKUAX CHJI MEHbIIIE,
YeM B CeICMOAKTUBHBIX PernoHax. PaccMoTpeHa posb KaxKJioil sMaHa-
nuu B 0O6pa30BaHUU ITOrO 3apsijia, KOTOPbI nMeer j1epOPMaIMOHHO-
SMaHAIMOHHYO Ipupoy. Ero nossiieHne u paspylinerne o0yCcaIaBInBa-
10T OyXTO0Opa3HyIo (GOPMY OTPHUIATEHHBIX AHOMAJIHI SJIEKTPUIECKOTO
TIOJISL.
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2.12 Metoa obHapy>KeHUsI TIOMeX B T€OMAarHUTHBIX
JAaHHBIX HA OCHOBE BeiiBJIeT-IIpeoOpa3oBaHusd
¥ aJIANITUBHBIX MOPOTOB

Hanwesa C.1O., Mandpuxosa O.B., Xomymos C.IO.

Hrnemumym koemopuauneckuxr uccredosanutl U pacnpocmpaHeus,
paduosoan JJBO PAH

IIpenoxken meTos OOHAPYKEHHUS MMOMEX B TEOMArHUTHBIX JaH-
HBIX, OCHOBaHHBI{1 Ha COBMECTHOM ITPUMEHEHUN HEeIIPEPBIBHOIO BeBJIeT-
peoOpa30BaHms U aJAlTUBHBIX MOPOroBbiX dyHKIwmit. [lokazano, aro
METOJI, TIO3BOJISIET BBIJIEISITH B N€OMATHUTHOM CHUTHAJIE KOPOTKOIIEPH-
OHBIE OCOOEHHOCTH PA3NIMIHON (POPMBI U JIUTEILHOCTH, XapaKTep-
HbIE JIJIs IEPUOJIOB BOBHUKHOBEHUS TToMeX. VI3y1eHbl Bapualinu BBeJIeH-
HOIl Mepbl MHTEHCUBHOCTU MarHUTHOTO (DOHA B «CIIOKOWHBIE» IIEPUOJIBI
3a 20102016 rr., BLIIOJHEH aHAIN3 HE WACHTU(PUIINPOBAHHBIX TOMEX.
PesynbraTsl uccitemoBanmst TOKa3al BBICOKYIO 3(MDMEKTUBHOCTD IIPE/I-
JIaraeMoro MeTOa JIjIsi OOHAPYKEHUS TTOMEX eCTeCTBEHHOTO ITPONCXOK-
Jenusi. PaboTta nmpoBomiach B paMKax peain3aliiil rocyIapCTBEHHOTO
sagannsg AAAA-A21-121011290003-0.
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2.13 MouutopuHr nonocdepHoii u
MaruuTocgepHoii 1IIa3Mbl 1 IIOTOKOB
3apsI>KeHHBIX 9aCTHUI] BBICOKUX SHEPrHUil
B MYJIBTUCILY THUKOBBIX M3MEPEHUIX
B IMUPOKOM Jgualia3oHe BbICOT

Ocedno B.H.', Abarun O.H.', Baacosa H.A.', Kaneeaes B.B.',
Iasnos H.H.', Ilempos B.JI.', Ilodsonxo M.B.',
Py6urwmetin U.A.", Ceepmunos C.H.1 2, Tysynoe B.HU.},
Hlemyzun A.A

L Mocxoscxuti 2ocydapcmeennvti yrusepcumen
um. M.B. Jlomorocosa, Hayuno-uccaedosamenveruds uncmumym
adeprot pusuku um. JI.B. Crobesvuyvina
2 Mocxkosckuti 2ocydapemeeniiti yrueepcumen
um. M.B. Jlomonocosa, dusuveckutl garxyavmem

B okosnozemuoM koemmaeckom npocrparctse (OKIT) mpucyTersy-
10T 3apsizKeHHbIE YACTHIBI HOHOCKEPHOH U MAarHUTOCGHEPHO IJIA3MBL,
[IOTOKOB SHEPIUYHBIX YACTHUI| PATUAIMOHHBIX TosicoB Jemun (PII3),
COJIHEYHBIX 1 TrajakTmdeckux kocmmdeckux Jjydeit (CKJI n T'KJI) B
IIIPOKOM Auara3one sHepruit. OHE MOTYT IIPUBECTH K IIOBPEXKIEHUIO U
BBIXOJY U3 CTPOf PaJMO3IeKTPOHHOM alllapaTypbl, YCTAHOBJIEHHON Ha
kocMmaeckux anmaparax (KA), MoryT crars npuanHO HapyIIeHns KO-
POTKOBOJIHOBOII CBSI3U B BBICOKOIIMPOTHBIX PAOHAX, IIPUBOJUTE K COO-
M B HABUTAQIIMOHHBIX CHCTEMaX, CHUKEHHUIO TOYHOCTYU CUCTEM IVIO0a b
HOU HaBUTaIlUW W IO3UIUOHUPOBAHUA. B paMKax MyJIbTH-CILy THHKOBBIX
n3mMepernit Ha KA, BBIBOINMBIX Ha OPOHTBHI C IIMPOKUM JHAIIA30HOM

BeicoT («Mereop» — 830 KM, «ApKTHKa» — 3JUIMNITUYECKAsi OpOUTA
¢ BeICOTaMU arores u mepuress ~39 Toic. KM u ~600 KM, «DJIEKTPO»
— IeoCTAIMOHAP B ILIOCKOCTH 3KBATOPa, — 36 THIC. KM), B TEUEHHE

neckosibKuX Jjier B HUMAD MI'V ocymecTBasINCh U MPOJOJIKAIOT-
ca (KA «Apkruka-M» Nel) mouutopubie Hab0eHIs HOHOCHEPHOIT 1
MarauTochepHOil IIa3Mbl U IOTOKOB SHEPTUYHBIX JIEKTPOHOB U IIPOTO-
HoB. KapTuna craHoButTcst 60Jiee IOJIHOI ¢ IIPUBJI€IEHNEM HH(OPMAIIUU
WJIEHTUIHBIX U3MEPUTEIbHBIX TpubopoB. Taxkum mpubopom, paspabo-
TaHHBIM U U3roToBjeHHbIM B HUNAD MI'Y, aBisgerca crieKTpomMeTp
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kocmuueckux u3srydenuil (npubop CKU®) miust mamepenuil 1moTokKoB,
SHEPreTUYIECKUX CIIEKTPOB, BPEMEHHBIX BapHaIlWil M YIJIOBOIO pacipe-
genenust nporonoB u 3jekTporoB PII3, gactun CKJI or cosHedHbix
BCIIBIIIIEK TIPU UX COBOKYyIHOM Bo3zieiicruu. [Ipubop CKUND obecne-
9UBAET M3MEPEHUsi CIIEKTPOB MPOTOHOB M 3JIEKTPOHOB B JIUAINTA30HAX
suepruii 2-160 MaB, 0.15-10 MsB coorsercrBento (crekTpoMeTp sHep-
ru4Hoit paguanun — Mozayis COP npubopa CKI®), a takxke uzmepe-
HUsI CIIEKTPOB HU3KOYHEPIUYIHBIX 3JIEKTPOHOB M IIPOTOHOB B JUAIIA30HE
suepruii 0.05-20 k3B (3/1eKTpocTaTnYecKne aHAIU3ATOPBI 3JICKTPOHOB
n npororoB (DCA) — moxynmu CIMT/-9 n CI'MTII-II). Jloruka mo-
nynsg COP dbopMupyeT HECKOIBKO SHEPTETHIECKUX HHTEPBAJIOB YACTHI]
KarKJIoTo copTa: 6 MHTEPBAJIOB I JIEKTPOHOB M 12 JJIT MIPOTOHOB.
Bechb perucrpupyembiii sueprerudeckuii guanason 0.05-20 ka3B DCA
KaK JIEKTPOHOB, TaK M IIPOTOHOB pa36ut Ha 12 naTepBasioB. Hakorien
¥ TIPOIOJIZKAET YMHOXKATHCsI OOraThlil SKCIEPUMEHTAJIBHBIA MaTEPHUAJL.
[Toydyenne 6oJBITOrO 00bEMA PETYIISPHBIX MOHUTOPUHIOBBIX JAHHBIX
o pajuarmonHoit obcranoke B OKII Ha 6aze MHOrOsIpyCHBIX H3Mepe-
HUl TIO3BOJIIET U3y4YaTh €€ KPATKO- U CPEIHEBPEMEHHYIO JIMHAMUKY,
ee CBsi3b C COJIHEYHOI aKTHUBHOCTBIO, SIBJISIETCS] HEOOXOIUMBIM YCJIOBH-
eM I YTOYHEHUs] IMITUPUIECKUX U JJIs CO3JAHUS ITPOTHOCTHIECKUX
JIUHAMAYECKIX MOJEJIel KOCMIIECKONH ITOTOMbI, [IJIsi TOCTPOEHUS TPEX-
MEPHOM JUHAMUTIECKOW KAPTUHBI PAIAAIAN B HOHOC]EpE 1 BHY TPEHHEH
MarauTocdepe B peajbHOM BPEMEHHU.

2.14 Moxet au riobanbHoe MI'/1 momenmpoBaHue
MpeJ/iCKa3aTh BEJIMYNHY T€OMH/IYyIIMPOBAHHBIX
TOKOB IPY MAarHUTHBIX Oypsax?

Koswipesa O.B.'2, ITuaunenxo B.A.Y2, Cavapos 5.A.1+3

I Teogusuneckuts Henmp PAH, Mocksa
2 Unemumym gusuru 3emau PAH, Mockea
3 Honspwwti Teogusuueckuti Huemumym, Anamumo

K nmacrosimemy Bpemenn riobansaoe MI/] monennpoBanue nuna-
MHUKH OKOJIO3€MHOI'O IPOCTPAHCTBA C HCIIOJIB30BAHUEM CYTIEPKOMITHIO-
TEPOB JIOCTHUIJIO HACTOJIBKO BBICOKOT'O YPOBHSI, UTO ITO3BOJISIET MIPUCTY-
[IATH K ONEPATUBHOMY IIPOTHO3Y KOCMUYECKON TOrojbl u ee 3pdpeKToB
110 JIAHHBIM MEXKIIJIAHETHBIX CIIyTHUKOB B peajbHOM Bpemenu. OHuM
n3 HanboJiee CEePhE3HBIX MPOSIBJIEHUN KOCMHUYECKON ITOTOMBI SIBJISETCS
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Bo36ykAeHue reouHayupoBadubix TokoB (['MT) B uporsKeHHbIX JH-
Husix asekTponepenad (JIDI) nmpu peskux BapHaIysiX TEOMATHUTHO-
ro noJist. Ilockoubky riiobansaoe MI'JL MmoeiupoBanme mpeacka3biBaeT
BO3MYIIIEHNE MATHUTHOT'O IOJIS 110 BCEl MOBEPXHOCTU 3€MJIM, TO eCTe-
CTBEHHO BO3HUKAET BOIIPOC — MOXKET JIM OHO IPEJICKA3ATH OXKUIAEMYIO
BapuabesnbHOCTh 1oJid dB/dt u ammturymy TUT? IIns orsera Ha 9T0T
BOIIPOC MBI PACCMOTPEIN MarHUTHYIO Oypio 27-28 mas 2017 r. s
910it Oypu ObLIa pacCYUTaHa JIUHAMUKA ILJIAHETAPHOI'O PaCIpele/IeHnsT
PeOMArHUTHBIX BO3MYIIEHUH C IIOMOIIBIO PA3JINIHBIX KOJIOB IVI06aIbHO-
ro MI'JI momempoBaHus ¢ PEATUCTUIHLIMU YCJIOBUSIMU B COJIHETHOM
Berpe. Llespb 9T0i MeXKTyHAPOIHONH KAMITAHUN COCTOSIAa B CDABHEHUU
[IOJIy Y€HHBIX TVIOOAJILHBIX CBONCTB Nr€OMArHUTHBIX BO3MYIIEHUI C BHICO-
KUM BpeMeHHbIM paspemnterneM (1 MuH) ¢ dakTHIeCKUME HAOJIIOEHN-
simu. Bo BpeMsi aHaIm3upyeMoil MAarHuTHON Oypy MarHUTHOE BO3MYIIE-
HUE IIOCTENEeHHO YBEJIMINBAJIOCh, & 3aTeM MelJjieHHO 3aTyxaio. OmHako
BO BpPEMsi MAKCHMAJILHOIO BO3MYIIEHUS HAa MAarHUTHYIO OyXTy HaKJia-
JIBIBAJIMICh WHTEHCUBHBbIE HEpPEryJsipHble myjbcanuun Pi3. DTtu mysnbca-
MU He SABJISIOTCH KBa3W-CUHYCOWJIAJbHBIMYI BOJHAME, KaK TUIIAYHbBIE
mysibcanuu Pch, a ckopee mpencraB/isiior cob60il KBa3UIIEPUOIMIECKYIO
[IOCJIeI0BATEILHOCTh MATHUTHBIX MUMITYJIBCOB C BPEMEHHBIMH MACIITA~
b6amu ~ 10-15 mun. B sroT mepmon ¢ moswimenHoi Pi3 akTuBHOCTHIO
Goutn 3adukcupoBaHbl odeHb Bbicokue 3HadeHust [UT (mo ~ 50 A)
B TpancdopmarTopubix nojacrannusx JIDII wa Komxbckom nosryocrpose.
[TpoBeieHHbIN aHAIN3 BKJIaJ[a T€OMArHUTHBIX BO3MYIIEHU B OBICTPBII
poct I'I'T Bo Bpemsi marauTHOM Oypu 27-28 mast 2017 1. MOKa3bIBaET,
qT0 coBpeMerHoe riaobasbroe M MogempoBanHne MOYKET IIpeacKa3bl-
BaTh BO3BHUKHOBeHUE Oypb U cy60yphb («MarHuToChepHBIX YPAraHoBs ),
HO HE B COCTOSTHUU BOCIIPOU3BECTH BO30YXKJIEHUE MEJKOMACIITAOHBIX
BoaMyInenuit Tuna Pi3 mynbcanumit («MaranTocdepHbIX MOJIHUILY ), KO-
TOpBIE U ABJSIOTCS JpaiiBepoM mHTeHCUBHBIX [T, Pabora nomepxa-
Ha rpaaTom PH® 21-77-30010.
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2.15 MouutopuHr pu3ndecKnx MmporeccoB
B BepxHeil atmocdepe, nonocdepe n
MarHuTocgepe B KOCMUYECKOM IIPOEKTe
«HNonocdepa»

Ceepmuanos C.H.1+2

L Mocxoscruti 2ocydapemeennmiti yrueepcumem
um. M.B. Jlomonocosa, Hayuno-uccaedosamesvbckut uncmumym,
adepnoti pusuru um. J.B. Crobeavuyvina
2 Mocxkosckuti 2ocydapemeenmiti yHueepcumen
um. M.B. Jlomonocosa, gusuueckutl garyasvmem

PaccvaTpuBatoTcst ocHOBHBIE 1€/ W 33JIa9M KOCMUYIECKOM MMUC-
cun «Monocdepay M0 MOHUTOPUHTY (DU3MIECKHX IIPOIECCOB B BEPX-
meit armocdepe, nonocdepe u mMaraurocdepe 3eMiH, a TAKKE COJI-
HedHOU akTuBHOCTU. B pamkax mpoekTta «lonocdepas mpesmnosnara-
eTCsl OCYIIECTBUTD BBIBOJ, HA OKOJIO3EMHYIO OPOUTY YeTHIpEX KOCMUIe-
CKHUX aIapaToB ¢ KOMILIEKCOM IIPUOOPOB, 06ECIIeYNBAIOIINX KOHTPOJIb
resimoreouU3MIecKoil 0OCTAHOBKU B BEpPXHEH armocdepe, noHOchepe
U OKOJIO3EMHOM KOCMHYECKOM mpocTpaHcTBe. Kocmuueckme ammapa-
o1 (KA) «Monocdepay mosKHbI (DYHKIMOHHPOBATH HA OKOJOKDPYTO-
BOIl COJIHEYHO-CHHXPOHHOI 0pbuTe B JBYX OPOUTAJIBHBIX IIJIOCKOCTSAX
(mo 2 KA B kaxmoit mwiockoctr). KA B KaJI0/ IJIOCKOCTH JIOJZKHBI
6b1Th passesensl Ha yroa 180 + .30°. [Tapamerpsl opbuThl mepBoii ma-
pot KA: Beicota ~ 820 km; nepuon obparienust ~ 101 MuH; HAKJIO-
nenne ~ 98°; skcrnenrpucurer ~ 0.001; mosioxkenne mI0CKOCTH OPOU-
Thl OTHOCUTEJIBHO IPSIMOro BocxoxkjeHust cpegrero CosiHna ~ 1352
MEeCTHOe BpeMsl BOCXOJSINero yaja opburel ~ 21 4. Ilapamerpsr op-
6uTel Bropoit mapsl KA oTiimyaercst MOJIOXKEHUEM TLIOCKOCTA OPOUTHI
OTHOCHUTEILHO TPSAMOro BOCXOXKieHus cpemnero Cosnma — ~ 46° u
MECTHBIM BpEMEHEM BOCXOJISIIEro y3ja opburel — ~ 15 4. 3amyck
nepsoit mapsl KA mnanupyercss B Hadase 2022 1., BTOpoil mapel — B
kourie 2022 — nagasie 2023 rr. Hayunas anmapaTtypa BKJIOYaeT mIpudo-
PBI it pajimoToMorpadun BepxHeil arMocdepbl 1 HOHOC(EPBI — HOHO-
30H1 Ha guanazoH 0.1-20 MI'y ¢ nepenatauxkom 137 MI'mn, nByxda-
crorubiii (150, 400 MI'n) nepenarduk, npuGOpBI s KOHTPOJISA Mar-
HUTOBOJIHOBOI 0OCTAHOBKM HU3KOYACTOTHBII BOJTHOBOI KOMILIEKC, JAT-
YUKHU JIEKTPUYIECKOI'0 1 MarunuTHOI'O IIO.)'[eI‘/'I7 JAE€TEKTOPbI FOpH‘{eﬁ Mar-
HuTocepHOil 1IasMbl (3JEKTPOHBI U IPOTOHBI ¢ 3Heprueir 0.1-20.0
k3B) 1 3apsKeHHBIX YacTUL, BBICOKUX dHepruii (3ekrponst 0.15-10.0
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M>5B, nporonst 2-160 MsB), a TakKe CIEKTPOMETD YKECTKOI'O PEHTIe-
HOBCKOro n ramma-u3iydenust (0.2 — 10.0 MsB), nerekrop ramakrude-
ckux KocMuueckux Jiydeit, GPS m3Mepuresb MOJHOIO 3JI€KTPOHHOIO
COJIEP2KAHIST, IHEPIOCIIEKTPOMETP NOHOCHEPHON IIa3MbI U O30HOMETP.
[Mocsienrme nBa mpuboOpa OYLYT yCTAHOBJIEHBI TOJILKO BTOPOil mape KA.
Taxum 06pa3om, B CIydae yCIENTHON PeATH3AIIHI IPOI'PAMMBI SKCIIEPU-
MenToB Ha KA «MoHocdepas Oyaer obecriedeH KOHTPOJIb (PU3MIECKUX
[apaMeTpOB JIEKTPOMATHATHBIX ITOJIeH ¥ KOPILYCKYJ/ISIPHBIX M3JIyYeHUi
B OKOJIO3EMHOM IIPOCTPAHCTBE, OYJEeT IOJIydeHa HOBasg WHMOPMAIUS O
reopU3MIECKUX MPOIECCaX, MPOTEKAIONINX B MarHuToCdepe, nHoHOChe-
pe u BepxHeit arMocdepe B UX CBA3U C COJTHETHOM AaKTUBHOCTBHIO. B ¢BOIO
0Yepeib, ITO MO3BOJIUT CEJIATh BBIBOJIBI O BOSMOXKHBIX BO3EHCTBUAX
YKa3aHHBIX IIPOIIECCOB HA OKPYZKAIONIYIO CPey, BKJIIO4Yas Ha3eMHbIE,
MOPCKWeE, BO3/YIIHbIE U OPOUTAJIBHBIE CPEJCTBA U CUCTEMBI.

2.16 Habiroaenus arMmocdepHBIX ITOMeX
B 3amnaJHO-0epUHTOBOMOPCKOI 30HE

Cusoxonwv B.I1.1:2

L Hnemumym xocmofusureckus uccaedosanuti U pacnpocmparenus
paduosoan JJBO PAH

2 Kamuamexutl 20cydapemeennuili mexHudeckut yrueepcumen

VCToiunBOCTD PAINOCBSI3N JIEKAMETPOBOIO JIUAIIA30HA CYIIECTBEH-
HO 3aBUCUT OT Ie0-(PU3UIECKON 0OCTAHOBKHU, B TOM YHUCJIE OT YPOBHS aT-
MocdepHbIX moMex. VHdopMarms 0 cBOMCTBaxX aTMOC(HEPHBIX MOMEX,
PUMEHUTEIFHO K TEJIEKOMMYHUKAIMOHHBIM CHCTEMaM, COJEPIKUTCS
B pekoMeHgalusix MexX[yHapoIHOTO COI3a 3JIeKTPOCBA3U. B HuUX rpu-
BOJISITCS OYKUJIA€Mble 3HAUYEHUsI aTMOCHEPHOI0 PAINOIIYMa Ha JacTOTe
1 MI'n, a /st ocTaJbHBIX YacTOT IPEJJIaraeTcst CJiejaTh Iepepacder
B IPEIIIOJIOZKEHUN O TOM, UTO PACIpEIesIeHre aMILIATYZ aTMocdep-
HBIX IIOMEX CJIeJyeT JIOrapudMUIeCKn HOPMAJbHOMY 3akoHy. Vcxo-
Jisl U3 MEPCIIeKTUB Pa3BuThsl Cy10X0cTBa CeBEPHBIM MOPCKUM IIyTEM,
0CODEHHOCTEH pacIpOCTpaHEeHNsI JIEKAMETPOBBIX BOJIH B IIPUIIOJISPHBIX
MIAPOTAX HAMU IIPEJNPUHSATA, MOIBITKA TPOBECTH PEAJIbHBbIE U3Mepe-
Hus arMocdepHbIx oMex B 3anaiao-bepurroBomopckoit 3oue. Pajmo-
000pyIOBaHUE CYJIOB /It MOJOOHBIX U3MEPEHUI HCIOJIH30BATh HEBO3-
MOYKHO, OJIHAKO C TosiBJIeHneM Texuosiorun SDR Takas BO3MOXKHOCTD
osiBUJIacCh. 3MepeHust IpOBOIUIINCEH BJIOJIb 110bepexbst KamMdyarku u
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[IO3BOJIMJIA OIEHUTD BapUAINU IapaMeTpoB armMocdepHbix momex. Pa-
6oTa IpOBOIMJIACH B PAMKaX PeaIM3allii I'OCYIapPCTBEHHOI'O 3a/[aHUs

AAAA-A21-121011290003-0.

2.17 HoBas kBaHTOBas MOJieJIb MAarHUTHOTO TIOJIS
ropsiueit 3emuin, JIyHbI U JIAaHET 3€MHOM
rPYIIIbI

Kysneyos B.B.

Huemumym xocmopusuneckux uccaedosanuti u pacnpocmpaHerus
paduosoan /IBO PAH

XapakTep pacupejiesienusi ckopocreil P- u S-BosiH Bo BHyTpeHHEM
spe 3eMITN TO3BOJISIET CANTATD, UTO BEIIECTBO APa HAXOIUTCS B KBAH-
TOBO CIIEIIJIEHHOM COCTOSIHUHM, BO3HHKIIIEM IIPH OOPA30BAHUN 3EMIIH U
CoJTHETHOI CHCTEMBI. DTO MIPEJIIOTIOXKEHIE TIO3BOJISIET TOCTPOUTDH KBAH-
TOBYIO MO/I€JIb 9BOJIIOIAN F€OMATHUTHOTO TI0JISI C MOMEHTA €r0 BO3HUK-
HOBEHUS JI0 MCYE3HOBEHUS. AHAIN3 MATHUTHBIX W TAJIEOMATHUTHBIX
narabix 3emuin, Mepkypust, Jlyasr 1 Mapca B paMKax MOJEIN ropsi-
et 3emin, a TakyKe JAHHBIX 110 OCOOEHHOCTSM HX TPABUTAIOHHOTO
I0JIsI, TIOJIy9EeHHBIX B paMKaxX BbIOIHEeHUsT TpoekTa NASA, mo3Bosmt
[IOJIYIUTh JOCTATOTHO MTOJIHYIO KAPTUHY 00pa30BaHUs ¥ SBOJIIOIUH I1J1a~
HET, & TaK K€ COCTABUTH IIPOTHO3 JAJLHEHINEro pa3sBUTUS 3eMJIA U e
MarHuTHOTO moJist. Pabora mposojmiiach B paMKax peau3aliiil rocy-

napcreerHoro 3agannsg AAAA-A21-121011290003-0.

2.18 O CMHXPOHHOCTU XapaKTEePUCTUK M3MEHEHMIi
MarHMTHOTO MOMEHTA W JIBUYKEHU
MarHUTHOTO MOJIIOCA, IMOJIyYEeHHbIX MO
JaHHBIM MArHUTHBIX 00cepBaTOPUii

INTERMAGNET

Cemaxos H.H'2, Kosanes A. A1, Iasnros A.D.52, ®edomosa O.H.
L HHIT CO PAH

2 Hosocubupcruti 2ocydapcmeennuiti ynusepcumem

B nanHOil crarbe aBTOPHI AHAJIM3UPYIOT JBAa BUJA CUHXPOHHO-
CTU WHTETPAJIbHBIX MArHUTHBIX XapPaKTEPUCTUK: YUCTO BPEMEHHYIO U
MIPOCTPAHCTBEHHO-BpeMeHHY 0. CTereHb YuCTO BPEMEHHON KOPPEJIIIIuT
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(M1 AaHTH-KOPPEJISIN) MHTErPAJIbHBIX YIJIOBBIX U CHJIOBBIX XapaKTe-
PUCTHK OIIEHUBAJIACH [IJIs KaXKJI0il MArHUTHOI oOcepBATOpUU IO KPH-
BBIM CKOPOCTH II€PEMENIEHUST PACIETHOTO MArHUTHOTO IOJIOCA, & TaK-
JKe 110 U3MEHEHUI0 MATHUTHOI'O MOMEHTa (IIPU HOCTOSTHCTBE PaCCTOs-
HUS JI0 KBUBAJEHTHOIO JUIIOJISA) WM 110 U3MEHEHUIO PACCTOSHHUSL JI0
9KBHUBAJICHTHOIO MO (IPU HOCTOSHCTBE €r0 MAIHUTHOTO MOMEH-
ta). [Ipu oneHke IpocTpaHCTBEHHO-BPEMEHHON KOPPEJIAIMU yKA3AHHBIX
BBIIIE XaPAKTEPUCTUK HCIIOJIH30BAJIUCH JIAHHBIE HECKOJIbKUX MAarHUT-
wvbIX 0bcepBaropuii, Bxousimux B INTERMAGNET u pacrosioykeHHbIX
B PA3JINYHBIX PerHOHAaX. {151 BBISBIIEHUS TPOCTPAHCTBEHHO-BPEMEHHBIX
0CODEHHOCTEl MATHUTHOIO II0JIsd, HE CBSI3aHHBIX C CYTOYHBIM Bpalle-
HueM 3eMJd, ObIIO UCIOJB30BAHO CKOJIb3sIIIee 24-9acoBOe OCPETHEHTE
c maroM 1 muayTa. IIpm Takom mozgxose 3a aHAIU3UPYEMBIH IEPHO,
BBISIBJISJIOCH OT 4 710 7 CYNIECTBEHHBIX MATHUTHBIX COOBITUIM B MECSIII.
JlJ1si IpOBEpPKU BO3MOXKHOI CBSI3U TAKUX COOBITUIl B MArHUTHOM ITOJIE
C M3MEHEHUsIMUA HAIIPSI)KEHHOT'O COCTOAHUS 3eMHON KOPBI HEOOXOINMO
HCITO/Ib30BAHNE TOOOHBIX «CKOJIB3SAMINX CYTOUYHBIX» CECMUIECKUX Xa-
PaKTEPUCTUK B JJAHHOM DEruOHeE.

2.19 OOHapykeHUe U aHAJIN3 AaHOMAJIbHBIX
COOBITHUIT B JAHHBIX HEMTPOHHBIX MOHUTOPOB
Ha OCHOBE METO/IOB MAIIIMHHOI'O O0yUueHus

Mamndpurosa B.C.*, Imumpues A.B.>
L Huemumym Kocmodususeckus uccaedosanuti U pacnpocmparerus
paduosoan JIBO PAH
2 Hayuonanroro Henmpanvrod Yrnusepcumem, Tateams

IIpejcrasiienbl  pesysbrarbl  0OpabOTKU  JTAHHBIX BTOPHUYHBIX
KOCMUYECKUX JIydel 3a MEePUOJbl CUJILHBIX M yMEPEHHBIX MAIHUTHBIX
6ypp 3a 2020-2021 rompl. AHajau3 paccMaTPUBAEMBIX COOBITHI OCY-
MMECTBJIEH HA OCHOBE IMOCTPOEHUsSI HEJUHEWHBIX AIMPOKCHMUPYIOMIIX
CXeM U HeWpPOHHOH ceTu ABTOKOJMPOBIIUK. DMIUPUIECKH TOITBED-
KJieHa 3(PPEKTUBHOCTD [IPUMEHEHUsI IIPEJJIaraeMbIX MATEMATHIECKAX
almapaToB Jjisl aHAJN3a JaHHBIX HEUTPOHHBIX MOHUTOPOB CTaHITUI
BBICOKUX M CpeIHUX IMUpOT. [lokazaHa BO3MOXKHOCTH ITPOrPAMMHON
peain3aIiu IpeJIaraeMoro mojixoja. Pabora mpoBoMIach B PAMKAX
peasmzaruu rocymapcreennoro 3ajanns AAAA-A21-121011290003-0
mo teme «®Pu3nMUECKHe IPOIECCHl B CHCTEME OJIMKHErO KOCMOCA U
reocep Ipu COJHEIHBIX U JTUTOCHEPHBIX BO3/IEHCTBUAIX>.
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2.20 OpgHOoBpeMeHHbIe JuTocdepHOo-aTMOochepHbIe
CUTHAJIbI aKYCTUY€CKOT'0 U3JIy4YeHUsi B IyHKTEe
«Kappimimuunay» Ha Kamyartke

Japuornos U.A., Mapanysey FO.B., Muwenrxo M.A.

Hrnemumym Koemopuauneckux uccredosanutdl U pacnpocmpaHeHus,
paduosoan JJBO PAH

Wznaratorcs pe3yIbTaThl KOMILJIEKCHBIX JINTOCEPHO-
aTMOC(EPHBIX HCCJIEIOBAHMI aKyCTUYECKOI'O W3JIy4eHUsi B Celi-
cMoakTuBHOM peruone (nosyocrpos Kamuarka). g nposegennst Mo-
HUTOPUHTA WCIIOJIB3YIOTCH JIa3epHBI medopmorpad-uaTepdepomerp,
reodOH, MIMPOKOIIOJIOCHAST aKyCTUYIECKasl CUCTeMa M MHUKPODapoMeTp,
ycraHoBJieHHble Ha craHiuu «Kapeimmuuaas> HWKWP BO PAH.
PaccmarpuBatorcst pedopmaliusi 1mMopojl, aKyCTHYEeCKOe W3JIydeHue B
MIPUIIOBEPXHOCTHBIX IOPOJaX W B armMocdepe y MOBEPXHOCTH 3EMJIU.
[Ipenoxena MeTOMKA BBISIBJIEHUS aKyCTUIECKUX CUTHAJIOB, OJTHOBPE-
MEHHO PErHCTPUPYEMBIX B IPUIIOBEPXHOCTHBIX IMOPOJAX U arMocdepe y
noBepxHOCTH 3eMir. OHa 3aKJII09YAeTCs B (DUIIBTPAIINN aKyCTUIECKOTO
CUT'HAJIA C JIATYUKOB B PA3JIMYHBIX YACTOTHBIX IOJIUAIIA30HAX OT
JoJIefl 10 TepBBIX COTEH Trepll W JaJibHelleM pacCMOTpeHun abco-
JIOTHBIX 3HAYEHUN aKyCTUYECKOrO JIABJIEHUs. PacCMOTPEHBI JTaHHbIe
¢ cenrsiops 2016 r. mo mexkabpns 2020 r. IlpuBomsTcs npumeps! ofi-
HOBPEMEHHOU PErncTpalii aKyCTUIeCKHX CHUTHAJIOB B IOPOJaX u
armocdepe. VccneioBanne aKTyaJbHO JIJTsl TIOCTPOEHUS MOJIETH CBSI3H
JiaTochEepbl U aTMOCMEPHI B CEICMOAKTUBHOM PETrMOHE.

Pabora npoBosuiach B paMKax peasn3aiii rocy/[apCTBEHHOrO 3a-
nauausg AAAA-A21-121011290003-0.
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2.21 Oruero 3emJisd yCKOpsieT CBO€ BpallleHue
c 2016 .

3omoe JI.B', Mapuyrosa O.B.2, Busyap K.2, Cudopenros H.C.*

L Hayuonanrvnwti Hecaedosamenveruti Ynusepcumem Bocwas
IHTxona Irxoromuru
2 Hnemumym npupodno-mernuveckux cucmem, 2. Cesacmonois
3 Cayorcoa epawenus 3emau, Hapuotceran obeepsamopus
4 Dudpomemuenmp PD

2020 roj, mpU3HAH HAYIHBIM KJIUMATHIECKUM COOOIECTBOM OJTHUM
W3 CaMbIX YKapKUX Ha IjIaHeTe B nocjennue jecsitusierus. OaHOBpe-
MEHHO C 3TUM HaDJIIOIAIOCh aHOMAJBHO 0OJIbIAas CKOPOCTh BPAIIEHUsT
Semutu. IIpomoszkurenbuocts cytok — length of day (LOD) mocruria
MUHUMYMa. DTO MOXKET IPUBECTH K HEOOXOIUMOCTH BBIYECTh CEKYHLY
n3 mKassl Bpemern UTC. UaTepecHo nmousTh, mouemy, Hadntas ¢ 2016
rojia, BpalleHne 3eMJIi CTajI0 YCKOPSIThCSI.

Ha ckopocrts Bpammenusi 3eMJin BJIMSIOT IPOIECCHl B OKeaHe, aT-
mocdepe, Hepax, IPUBO/ISIIIE K OOMEHY YIJIOBBIM MOMEHTOM MEXKILY
0060JI09KaMU, a TaK¥Ke TPUIUBLL, MEHSoNme GUrypy 3eMJId U ee TEH30D
uneprinu. Eciau npunuBabie n aTMocdepHbIE sIBJIEHAs B OCHOBHOM CKa-
3bIBalOTCd Ha I'OJOBBIX U BHYTPUI'OIOBbLIX MHTEPBaJIaX, TO MHOI'OJIECTHUE
KOJIebaHUsI IPOUCXOIAT IO/ JIeICTBIEM OKEaHUIeCKON N3MEHINBOCTU U
[IPOIIECCOB B HEJIPax.

3ametueHo, 9TO KojiebaHus B OKeaHe u arMocdepe, TaKne KaK DJib-
Hunbo FOxHoe konebanme, ATjaHTHYecKass MHOTOJIETHSISI OCIHJLIISI-
st (AMO) u zp. ckasbiBaroTcsi Ha BparieHnn 1ianerbl. OHE Takwxke
3aTparuBaroT Kjaummar. Ham xoresjoch Obl npuBjiedb BHUMaHUEe K FOXK-
HOMY KoJiebaHuio u uepegoBanuio Jyib-Huuvo u Jla-Hunbs. Jla Humbs
00BIYHO cOBIAAA0T ¢ JoKajabHbIMu MuanMyMaMu LOD. Cunbable sB-
sernst Dib-Huubo 1972-73, 1997-98, 2015-16 romoB mpuXOAATCS HA
MUK 3aMe/[JICHIs] BPAIEHUsT 3eMJIH, [TOCJIe KOTOPOT'O IPOUCXOIUT IIepe-
X0J K yckopeHuto. Takue 1mepejioMbl IIPOsiBJISIFOT CUHXPOHU3AIMIO ¢ 18-
JIETHUMU U3MEHEHUSIMU WHTEHCUBHOCTU IIPUJIMBOB B IUKJIE PErPECcCUr
opbuThl JIyHBI, ¢ 60-JIeTHUMEI [TUKJIAMEA U3MEHEHWI aMILUIATYIbI JaH -
JIepoBCKOro KoJstebanust mosroca u AMO.

B moknane Oymer mpoBeneHO CpaBHEHHME KIMMATHIECKHX (DAaKTO-
POB, MHOI'OJIETHUX IIPOIIECCOB, YIJIOBBIX MOMEHTOB arMocdepbl U OKea-
Ha ¥ BpalleHus 3eMyiu. Mbl TOIBITAEMCS BBIBECTH HEKOTOPBIE 3aKOHO-
MEPHOCTH U3 PErYJISPHOCTU BBIMIEIIEPEINCTEHHBIX COOBITHUIA.
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2.22 Onmnenka nosgBjeHns SSC kKak pyHKIN
reorpadu4ecKnuxX KOOPJAMWHAT OT BCEMHUPHOTO
BpeMeHU /iJis psaga oroopanabix ICME

3azatinosa FO.C., I'pomos C.B., I'pomosa JI.H.

HU3MHUPAH

BzanmopeiictBue ¢ marmmrocdepoit  3emMum  MEXKILIAHETHBIX
KOPOHAJIBHBIX BbIOpocoB Maccel (ICME), compoBoxuaromyecs: Mex-
taHeTHBIME  yaapHbiMu BostHamu (ISW), mpuBomuT K M3MeHEHUIO
MarHUTHOIO ITOJIS 3eMJIU. JTOT IIPOIECC OTPAYKAETCSI B PE3KOM CKauKe
u3Menernn reomarauTHoM 1o (SC) pasHON MHTEHCUBHOCTH, KOTO-
PbIfi B HEKOTOPBIX CJIydasiX MOXKET MPUBECTU K PA3BUTHIO MATHUTHON
Gypu, upezcraBiss coboil ee BHesannoe Hadano (SSC). Hampasienue
npuxona dporrta ISW, Takke Kak 1 CKOPOCTb MEXKIIJIAHETHON YIapHOI
BOJIHBI U JIMHAMHUYECKOE JIaBJIEHUsI COJIHEYHOI'O BeTPa, MOIYT OKa3bl-
BaTh BJIMSHNE HA aMILIATYLY U Bpems Hapactanus SC. YTobbl onieHuTH
HaIpaBJIeHWe MPUX0/Ja (DPOHTA MEXKIIJIAHETHON yIApPHOW BOJIHBI TIO
Bpemenu crapra SSC Obn Boibpansl Heckoibko ICME ¢ ncrourmkamu
dopmuposanus B Ceseprom u FOxkuom nosymapuu CostHIIA U COTPO-
soxapmmxest ISW. Bresannoe Hauano 6ypb (SSC) duxcupyercs B
karasiore SC, mpeacrasiasiemoMm IAGA. Ilpu B3anmomeiicTBUM ¢ Martu-
Tocepoit 3emsn orobpanubie ICME BosBaau SI ¢ mocsegoBaBImMm
3a HuMu MarHuTHbiME Oypsamu. ns orobpammsix ICME anamnsu-
posasioch Bpemsi crapra SSC mo mamubiM cetu INTERMAGNET ¢
ceKyH HBIM paspemenueMm. s srux ke ICME BbinosiHeHa OleHKa
nosiejiernss SSC Kak (pyHKIUs reorpaduyecKoil MUPOTHl U JIOJTOThI
or BcemupHOro BpeMmenu. [lokazano, uro ¢ mpuxomgom ICME k 3emite
crapt SSC Ha HA3eMHBIX MAIHUTHBIX 00CEPBATOPUSIX, PACIIOJIOKEHHBIX
Ha IUPOTaxX, OT BBICOKUX JI0 9KBATOPUAJBHBIX, HE SBJISETCS OJIHO-
BpeMeHHBIM: BpeMmsi crapra SSC Ha Pa3HBIX MIMPOTAX OTJIHIAIOTCS
Ha JIECATKU CEKYHJ. B OOJIbIIMHCTBE PaCCMOTPEHHBIX COOBITHAX SSC
perucTpupyercs BHaJYaJle HA MArHUTHBIX O0CEPBATOPHUSIX IOJIYIIAPHUSI
3emsn, ocsamenHoro CojHIIEM, W, B CpeIHEeM, IOSBJISIETCS PaHbIIe
B HIDKHUAX MIMPOTaX, 9eM B BBICOKHX. PaboTa BBITOJIHEHA B PAMKAX
locynapcrBennoro 3amammss Ne 01200953488, mpm YacTUYHON 1O~
nepxkke Poccuiickum  donmoMm  HyHIaAMEHTAIbHBIX —HCC/IeT0BAHMIA,
mpoexT Ne20-02-00150.
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2.23 OwuaroBble nmapaMeTpbl 3eMJIETPsSICEHUI
Bunikekckoro reoqmHaMU4eCKOro moJInroHa
(CeBepupbrit Taub-111ansb)

Coivesa H.A.
Hayunas cmanyus PAH 6 2. Buwkeke

Ha ocnose ceficMudyecKnx BOJIH PACCUNTHIBAIOTCH PA3IUIHbIE OYa-
rOBbIE ITapaMeTPhl 3eMJIETPACEHHIT, KOTOpble NPHUHATO Pa3/esdaTb Ha
KUHEMATUIecKne u auHamudeckne. Mexanusm Bo30y:KJIEHHUST CeCMU-
YCeCKIX BOJIH 09aroM 3€MJICTPACCHHS CBA3BIBACTCA B COBDEMEHHON Cceli-
CMOJIOTAM C BHE3AITHON INOJBUKKOM T'OPHBIX IIOPOJ, MO HEKOTOPOI IO-
BEPXHOCTH OcJsiabJieHHOil pounoctu. Mojess odara (poKaJbHBIT Me-
XaHU3M), [IPEJICTABJIIEHHAS B TPEXMEPHOM BH/JE, XapaKTEpU3yeT OpH-
€HTUPOBKY OcCell TVIaBHBIX CHUMaeMbIX HAIpsKEeHUI U II0JIOKeHWe HO-
JAJbHBIX IIJIOCKOCTEHl CMEMICHHUS II0 Pa3pblBy B CEHCMUYECKOM OdYare
7 KOCBEHHO CBsI3aHa C TEKTOHMIECKHMH HaIpsizkeHusMmu. PoKaIbHbII
MeXaHu3M, TAKUM 00pPa30M, OTHOCUTCH K KMHEMATUIeCKON XapaKTepu-
cTuKe o4ara. /J{nHaMudeckie XapaKTEPUCTUKU CEHCMIYEeCKNX BOJIH 103~
BOJISIIOT OIIPEJE/IATh TaKhe O4aroBble IIapaMeTPhbl 3eMJICTPSCEHAN Kak
pajinyc odara, CKaJsipHbIA CefICMUYIECKHUIT MOMEHT, COPOIIEHHBIE Kaca-
TeJIbHble HAIIPSKEHUS U JIpyTrue, KOTOPble OTHOCAT K JMHAMHYECKUM
mapamerpaMm. Kunemarndeckne u JIUHAMUYECKHE TAPAMETPHI 3eMJie-
TPsICEHUI XapaKTepu3yIoT celicMuiIecKuii mporecc. B pabore mpecras-
JIEHBI XapaKTePUCTUKHA (HDOKATbHBIX MexaHU3MOB (1674 coberrust), po-
n3ommeamux Ha reppuropun CeBeproro Tsaub-Illanst, a Takxke JTuHAMEI-
qeckue napamerpsbr 183 3emserpsicennit Cepeproro Taup-1llans: pagu-
yC odYara, CKaJspHBIi CeiCMUIeCKuit MOMeHT, cOpoc Hampskenuit. [1o-
JIy4eHHbIe JJaHHble MOXKHO MCIIOJIb30BaThb JJIS OIEHKUA CeHCMUYECKOIO
IIPOIIECCa U HAIPS2KEHHO-1e(POPMUPOBAHHOIO COCTOSHUS 3€MHO KOPBI
HUCCJIeAyeMON TepPUTOPUM.
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2.24 IlpumeHeHUMe aJalITUBHOI IIOPOTrOBOIi
BENBJIET-00pabOTKM JIJIsT BOCCTAHOBJIEHUSA
dbopMBbI UMITYJILCOB Ire0(PU3NIECKNX CUTHAJIOB

Jlyxoserxosa O.O.

Hnemumym x0cmopusureckus ucciedosanut u pacnpocmpaHeru
paduosoan JIBO PAH

Perucrpupyembie reodunsndeckne CUrHAIBI 9aCTO COMEPAKAT IILYMbI
U IIOMEXH, IOsIBJIEHNE KOTOPBIX OOYCJIOBJIEHO PSIJIOM IPUYUH, HAIIPH-
Mep, HEOJTHOPOIHOCTHIO CPEJIbI PACIIPOCTPAHEHU ST, BIIMSTHUEM ITOT0JITHBIX
YCJIOBUH, U€JIOBEYECKOH TeATeTbHOCTBIO U JIP.

Tak, curHajbl reoakyCTHIECKOW IMUCCAU COIEPIKAT ITOCTOSTHHO
MIPUCYTCTBYIOMIM (DOHOBBIH IITyM, IPA ITOM €r0 MHTEHCHBHOCTH MEHSI-
€TCs ¢ TeYEeHHEeM BPEMEHH. DTOT IIyM CYMIECTBEHHO MCKaXKaeT pOopMy
re0aKyCTUIECKUX UMITYJIHCOB M TEM CAMBIM OCJIOYKHSIET aHAJU3 XapaK-
TEPUCTUK CUTHAJIA.

B mpeacraBienHoM J10KIa/1€ IPUBEIEHBI PE3YIBTATHI OIEHKU (HO-
HOBOTO IIIyMa T[e0aKyCTHIeCKnx CcuUraajgoB. Ha ocHoBe 3TWx OIEHOK
IS OYUCTKM CHUTHAJA OT IIyMa M BOCCTAHOBJIEHUS (POPMBI OJIMHOY-
HBIX UMIIYJIBCOB IIpeJlaraeTcsd MeTo/, aJallTUBHOMI IIOPOrOBOI BeiBJIeT-
06paboTku. 3HaUYEHNE IOPOra PACCUNTHIBAETCSI C TIOMOIIBIO IMITUPUIe-
ckoro Merona Baiteca. IToporosast 06paboTKa MPOU3BOIUTCS IO MEIH-
AHHOU cxeMe.

B zakurrovenun npuBeseHnr pe3ysibTaThbl BRIMUCIATEILHOTO JKCITE-
puMeHTa, OATBEpKIaoNmne 3GHEeKTUBHOCTD UCIIOIb30BAHNSA BhIOpaH-
HOI'O MeTOJIa JIJIsI IIPe100paboTKU reopU3NIECKUX CUTHAJIOB.

Pabora nmpoBoimiack B paMKax peam3aliii roCyIapCTBEHHOTO 3a-

mauusg AAAA-A21-121011290003-0.
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2.25 @uykKTyaluy pacCessHHOTO HAa MCKYCCTBEHHBIX
HEO/THOPOAHOCTHAX MOHOCdEPHI
3JIEKTPOMArHUTHOT'O U3J1y4YeHUs

Cusoxonv B.II.

Hnemumym KocmoPuduseckus ucciedoganutl U pacnpocmpaHerus
paduosoan IBO PAH

C nomorpo hOpMUPOBAHNS UCKYCCTBEHHBIX MArHUTOOPUEHTUPO-
BAHHBIX HEOTHOPOIHOCTEH MOHOCKHEPHI MPEITOJIATACTCS PEIINTh P
[PUKJIAIHBIX 33129 CBSA3aHHBIX C HOBBIMEHHEM 3(QEKTUBHOCTH pa-
JMOTEXHUYIECKUX cucTeM. Hampumep, B 3a/1a4e mepegadn uH(GOpMaIun
B MEXKCJIOEBOM MOHOC(EPHOM BOJIHOBOJE OHU JIOJXKHBI OOECIEYUTD €0
BOB0OY2K/IEHUE U BBIBOJ[ 3JIEKTPOMArHUTHOIO CUTHAJIA 13 Hero. [Ipu sTom
MIPEIIOIAraeTCsa, 9TO Ha MCKYCCTBEHHBIX HEOIHOPOIHOCTAX HOHOCHE-
pBI OyzeT IpOUCXOAUTh PaccestHie IepegaBaeMoro curaaja. MssecrHo,
9TO paccesiHue Ha HEOJHOPOJHOCTSIX IPUBOIUT K 3aMUPAHUSIM CUTHA-
Jla, BEJIMYMHA KOTOPBIX 3aBUCHAT OT IIapaMeTPOB HEOTHOPOIHOCTEH M
HCITOJIB3YEeMOil 9acTOTHI curHasia. Vcmnosb3ysi HabIIoeHns 3a TTPOBOIH-
MBIMHM HA HAIDEBHBLIX CTEHIAX SKCIIEPUMEHTOB IPEIIIPUHSTA ITOILITKA,
OIEHUTD BEJIUINHY 3aMUPAHUT OT crocoba (GOPMUPOBAHUS HEOTHOPOI-
HocTeil. Pabora nmpoBoauiach B paMKax peajiu3alliid FoCyIapCTBEHHOIO
sagannsg AAAA-A21-121011290003-0.

2.26 IIpoBepKa yCcTOMYMBOCTU peHIeHU
B KACKa/IHBIX MOJIEJISIX C MOMOIIbIO
CUMBOJIbHBIX BBIIUCJICHUN

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

Hnemumym koemopuduneckux uccredosanutdl U pacnpocmpaHeus,
paduosoan JJBO PAH

B pabore paspaborana METOIUKA IMOCTPOEHUS] KACKAIHBIX MO/IE-
steit TypbysnenrHocTr. CocraBiieHne CHCTEMBI ypaBHEHUU Ha Kodhdu-
IIUEHTHI HEJIMHEHHBIX B3aUMOJICHCTBUI B MOJIEJIM U €€ TOYHOE PelIeHnue
peaim3yeTcst ¢ IIOMOIIBIO CHCTEM KOMITLIOTEPHOIT asrebpol. Jlannas me-
TOJAUKa U PpEaIN3YyIolue ee IIporpaMMbl B peIIaroT 3a/la9n 6bICTpOfI n
6e301MO0YHON reHepaIun MeJIbIX KJIACCOB KACKaIHBIX Mojeseii. lan-
Hasl TEXHOJIOIMS MOXKET OBITH JIEI'KO JIOTOJHEHA YCJIOBUSIMHU, KOTOPBIE
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00€eCIIeIBAIOT CYIIECTBOBAHNE CTAIMOHAPHBIX PEIIEHUN CO CTEIEeHHBIM
pacIpe/iesieHueM 110 MACIHITa0y, KOTOPbIe THIIMYHBI JJIs1 TyPOYJIEHTHBIX
cucreM. Takke OBLIO IIPOBEJIEHO UCCJIEJOBAHNE HA YCTONYMBOCTD IOy~
YEHHBIX CUCTEM M IIOCTPOEH aHAJIN3 3aBUCUMOCTH BBOJIMMBIX ITapaMeT-
POB Ha XapakKTep MOBeJIEHUs PEIEeHNN CUCTEM.

Pabora npoBosmiiacs B paMKax peam3aliiui rocyIapCTBEHHOTO 3a-

nanng AAAA-A21-121011290003-0.

2.27 IIporpamma «Drumcorr» aJisi BblaeJIeHUs
MYJIBTUILJIETOB 3€MJIETPSICEHUII HAa OCHOBE
KPOCC-KOPPEeJIAIMOHHOTO aHAJIN3a

3asodeskun U.A., Hlaxuposa A.A., | Pupcmos 111

Kamuwamexuti uaruans Pedepanrvrozo 2ocydapcmeerHnozo
61000tcemmo20 yupesrcderus Hayku PedepasvHozo uccaedo8amesbero2o
uenmpa «Edunas zeopusuveckan cayorcba Poccutickoti axademuu
HayK»

st BBIZE/IeHUs B IIOTOKE 3eMJIETPSICEHHMI MYJIBTUILIETOB pPas-
paborana mpukigagHas mnporpamma DrumCorr Ha oOCHOBE KpOCc-
KOPPEJIAIMOHHOTO JieTeKTUpoBanusd. [IporpamMma peaim3oBaHa Ha si3bl-
ke Python Bepcum 3 m npejHazHadeHa Jjis YTEHUST CEHCMOAKYCTHUIE-
ckux gaHHbix ASCII u MiniSeed dopmaros. B crarbe npuseiieH aji-
ropuT™ paboThl TPOrPaMMbl, OMUCHIBAIONIUN KPOCC-KOPPEISIIMOHHBIN
JETEKTOp U TOCIEIYIONyI0 00pabOTKy IOJIYIEeHHBIX JaHHBIX. [Ipo-
rpaMmMa Obljla TPUMEHEHA K 3eMJIETPSICEHUSIM CEeHCMUIECKOr0 PEKUMa
«drumbeats» (bapabanublii 60il), 3aperuCTPUPOBAHHBIM [IPU U3BEPIKe-
nuu Byiakana Knsumen B 2010-2013 rr., KoTOpbIe reHEPUPOBAIUCH [IBH-
KeHueM (DPOHTa BSI3KOT'O JIABOBOI'O MOTOKA. B pesyibrare aHauza 60-
see 280 000 zemirerpsicennii mporpammoit DrumCorr 66110 BhLIEIEHO 17
MYJIBTHILIETOB, XapaKTEPU3YIOMUXCs OCOOBIMU BOJHOBBIMU (DOPMAMHU.
PesysibraThl aHaim3a Ha KAYECTBEHHOM YPOBHE COBIAJIAIOT C PE3YJIbTa-
TaMu 0OPADOTKU JAHHBIX «PYIHBIM METOIOM>».

62



2.28 IlposiBjieHue naJeHuii KOCMUYECKNX TeJl
B aTMocdepe B reOMarHuTHBIX BapHUausgX

Psabosa C.A.

Dedeparvroe 2ocydapemeennoe brodocemnoe yupescoerue Hayky
Hremumym dunamuxu zeocdhep umenu axademura M.A. Cadoscrozo
Poccutickoti axademuu nwayx

B nociennee Bpems npobiieme acTeponIHO-KOMETHOM yTIPO3BI y/Ie-
JIIeTCs 3HAYUTEIbHOE BHIMaHNEe. BBU/ly YHUKAJIBHOCTH COOBITUS U 3HA-
YUMOCTH IIOCJIEJICTBUI aKTyaJIbHON MIPOOJIEMOIi sIBJISIETCs JETAJIBHOE U
BCECTOpPOHHEee n3ydeHune 3(pGpeKToB naieHnsi Ha 3eMIII0 KayKJ0ro KpyTi-
HOT'O KOCMUYIECKOTO Tejia. B HacTosmeM JTOK/Iae pacCMOTPEHBI TeOMar-
HATHBIE AHOMAJINU B IIEPUOJ, TAJICHUS HECKOJIBKIUX KOCMUYIECKHNX Tes. B
Ka4eCcTBe UCXOJHBIX JAHHLIX UCIOJIB3YIOTCA PE3YJIbTAThl PErUCTPAIUN
TpexX KOMIIOHEHT MarHUTHOIO IoJiss 3eMJin Ha obcepBaropusix Mex-
ayHapogHoii ceru VHTepmarner u Ha leodumsuueckoii obcepBaTopun
«MuxueBoy PenepaabHOTO rOCYIaPCTBEHHOTO OIO/ZKETHOTO yUPEXK Ie-
nus Hayku UucturyTa qunamuku reocdep nvenn akagemuka M.A. Ca-
JoBckoro Poccuiickoit akamemMun HayK.

2.29 Pabora MHOro4acToTHOTO IMapaMeTpu4ecKoro
TUPoJIOKaTopa BOKOBOTro 0630pa B JIeJOBOM
BOJTHOBO/IE

Tapacos C.IL', Yorcy Izanvustonv?, Iusnes ILIL.', Boponun B.A.1,
Kopouenues B. 1.3

L FOoicnmti ghedepanvronti yrusepcumem, Poccus
2 Uncmumym Tudpoaxycmury Xapbuncrkozo Uundiceneprozo
ynusepcumema, Kumati
3 TManvresocmounnti dedepasvimts ynusepcumem, Poccus

IIpakTudeckoe UCIOIB30BAHNE THAPOAKYCTUIECKUX CUCTEM, PabO-
TAIONUX B TPAIUIMOHHOM PEXKMME JIJIsi PEIeHUsT 3889 aKyCTHIECKAX
CHCTEM CBA3M, MTOUCKA ITOJIE3HBIX UCKOIAEMBIX, PEIeHUs] NHKEHEPHBIX
3a/1a9 W 33J]a9 MOHHTOPHUHTA SKOJOIMIECKOTr0 cocrosgnus MwupoBoro
OKeaHa, IMeeT HEKOTOPbIE CYIIIEeCTBEHHbIEC OI'DaHUYICHN . 9TI/I OorpaHnmn4e-
HUsI BO MHOI'OM CBSI3aHBI C COCTOSTHEM MOPCKHUX aKBAaTOPHIii, B KOTOPBIX
MIPOBOJISATCs TT0I00HBIE PAOOTHI. Perierne moqo00HbIX 3a/1a9 BOSMOXKHO C
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HCITO/Ib30BAHUEM IAPAMETPUIECKIX U3JIYJAIONINX AHTEHH B IUIPOAKY-
CTUYECKUX CHCTEMaX.

O/HMM U3 MHCTPYMEHTOB HUCCJIe/IOBaHUsS pejibeda JIHA U JIOHHBIX
0Ca/IKOB SBJISIETCS THAPOTIOKATOP HOKOBOrO 0630pa., MO3BOJISIONTUI 3HA~
9UTEHFHO MOBBICUTH ITPOM3BOIUTEBHOCTh ChEMOYHBIX PAbOT 3a CYeT
MIAPOKOI TOJIOCHI 00CIelyeMOro npocTpancTsa. st mpoBemenust uc-
CJIeZIOBAHUN C IapaMeTPUYECKUM TI'HJIPOJIOKATOPOM OOKOBOro 0030pa
ObuTa pazpaboTaHa MapamMeTpHIecKast U3JIydaloliasl aHTeHHa C IIPO-
KOIi XapaKTePUCTUKOW HAIIPABJIEHHOCTUA B BEPTUKAJIBHON ILJIOCKOCTU U
Y3KOI B TOPU30OHTAJILHOMA.

g noBbimenns 3¢bdOEKTUBHOCTH TPEOOPA30OBAHUS SHEPTUU BOJIH
HaKa4YKM B SHEPIHWIO BOJIHBI PA3HOCTHON YacTOThI B paboTe mpejia-
raeTcs HCIOJb30BaTh B3aMMOJEHCTBAE BOJIH B MHOIOKOMIIOHEHTHOM
curtajie Hakadku. lIlupokasi XapaKTepHUCTHKa HAIPABJIEHHOCTU IIa-
pPaMeTPHUYIECKOro TI'HAPOJIOKATOpa OOKOBOrO 0630pa B BEPTUKAJILHON
IUIOCKOCTH TIPU €ro paboTe B BOJHOBOJE MOXKET 3aCBETUTH HEKYIO
00JIaCTh IIOBEPXHOCTH M3-33 ODOKOBBIX JIEIIECTKOB MAPINAIbHBIX AHTEHH
Hakadky. [Ipu 3TOM BO3HHKaeT OTpakeHWe KaK BOJH HaKa4YKH OT
[TIOBEPXHOCTH, TaK U BOJIH PA3HOCTHOM 4acTOTHI. PaccMOTpeHo BinsiHue
COBMECTHOT'O OTPa’KEHWsI ITUX BOJIH Ha I[I0JIe OTPAYKEHHON BOJIHBI
PA3HOCTHON 4aCTOTHI.

2.30 Pacuer aMmIATYZ SKCTPEMAaJIbHBIX COOBITUI
Ha Tepputopuu Poccum o janHbIM
Ha3eMHbBIX HAOJIIOJeHniT BO BpeMsl
24-10 COJIHEYHOI'O ITNKJIa

Kyoun /[.B., Kpacnonepos P.H.
Teopusuneckuti yenmp PAH

B pabore mcciemnoBaHO CTATHCTHYECKOE PACIIPEIETEHIE TeOMAar-
HATHBIX BO3MYIIEHWII 1O JAHHBIM HA3eMHBIX HAOJIIOMEHUN HA TeppH-
topuu Poccun u conpenenbubix rocyapets. Ompe/ieieHbl 9KCTPeMalb-
HBIX 3HAYEHUs aMILIUTY/] BApUAIUil TOPU30HTAIBHON KOMIIOHEHTHI Mar-
uurHOro 1oJist 3emyn (MII3). s anaiusa ObLL BEIOpAH UHTEPBAJI, CO-
OTBETCTBYIOMWI 24 MUKy COJIHEYHOW AKTHUBHOCTHU, KOTOPBIH, COTJIAC-
o HabsoaeHnsgsM OOcepBaTOPUN COJTHEIHON IUHAMUKHI, HAYAJICA B JIe-
kabpe 2008 rozma. B coorBeTcTBHE € 3THM, aHAJU3UPOBAJIACH JAHHBIE
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obcepBaTopuil, IPOBOUBIIKIX HenpepbiBHyIo peructparnuio MII3 B me-
puog Bcero 11-jieTHero nukia coianednoit aktusHocTu B 2009-2019 rr.
Cpenn JaHHBIX, cojep:Kamuxcs B oobeaunennoi 6asze 'Ll PAH, onm-
CaHHBIM KpHUTEpHsiM oTBedasu 12 obcepBaropuii (8 poccuiickux).

2.31 Perucrparus CUHXPOHHBIX T€OMAarHUTHBIX
nyJbCcalii U MIPOTOHHBIX CUSHUI B MEPUOJT
cyooypu 1 mapra 2017 1.

Bapaamos U112, Iapruxos C.I'2, Hesenwo U.B.%2, Bauwes /J.I'?,
ITuokasa K.3

LPrAOY BO Cesepo-Bocmounwiti hedepanvroti yrusepcumen
umeny M.K. Ammocosa
2 @UI] Axymexuti naywrori yenmp CO PAH, Hnemumym
Kocmopusuneckur uccredosaruts u adporomuu um.fO.I. Hlagpepa
CO PAH
3 Unemumym uccaedosanuti KOCMUMECK020 Npocmpancmea,
Hazotickuti Ynusepcumem

BoinosiHen aHa M3 MaHHBIX PErUCTPAIMA CHHXPOHHBIX TeoMar-
HUTHBIX ITyJIbCAIUIl U MPOTOHHBIX CHUSHWIT B mepuoi cyoOypu 1 map-
ta 2017 1. ma crannuu 2Kwuranck (L=4.5, MHAYKIUMOHHbIH MarHUTO-
metp), Maiimara (L=4, kamepa Bcero ueba) n fdxyrck (L=3.3, numyk-
[IMOHHBIN MATHUTOMETD ), OJJHOBPEMEHHO CO CIIyTHUKOBBIM U3MEPEHUEM
SOMMUILI BoJIH.

Hazemuasi perucrpaiiusi NPOTOHHBIX CHSIHUNW BEChbMa 3aTPYIHU-
TeJbHA BBUJY TOTO, 9TO WX WHTEHCUBHOCTb T'OPA3/I0 HUXKE WHTEHCHB-
HOCTHU CHUSIHUH, BBI3BAHHLIX BTODPYKEHUSIMH IJIEKTPOHOB, HO B COOBITUU
cy60ypeBoit akTUBHOCTH B 3eHuTe cTaHimn Maitmara nab/oganacsh y3-
kast (1° muporsr) npororHas xyra. CHHXPOHHO Ha cTaHIUsAX ZKUraHcK
7 ZKyTCK perucTpupoBainch KoJjiebanns yObIBAIOIErO IEPUo/ia B JINa-
ma30He TeOMArHUTHBIX ITyJsibcaruit Pcl, cBsg3aHHbIE ¢ HHXKEKIHel SHep-
TUYHBIX TPOTOHOB. lloKazamo, YTO MPOTOHHAS Jyra W reOMArHUTHBIE
IIYJIBCAIIAN ABJISIOTCS CJIEICTBAEM MOHHO-IIUKJIOTPOHHON HECTAOUIBLHO-
CTHU B 00JIACTU TIEPEKPBITHS BHEITHEH 1171a3M0CGhepbl SHEPTUTHBIMHE TTPO-
TOHAMH.

Pabora BbImosIHEHA TIpUM puHAHCOBOIN momep:kke rpanta POOU
21-55-50013 AP _a.
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2.32 Pexxumbl reHepanuyu MarHUTHOT'O MHOJIs
B MaJIOMO/IOBOM Mojiesin of)-TnHaMO
C U3MEHSoNIelicd NTHTEHCUBHOCTHIO
a-reHepaTopa, peryjanpyemoii pyHKImei
CO 3HAKONEPEMEHHBIM SPOM

Hepememuvesa O.B.Y, Todomckan A.H.?

L Hremumym xocmodusuneckux uccaredosamuti u pacnpocmpanens
paduosoan JIBO PAH
2 Mynuyunaavhoe 6100o1cemmoe yupesicoenue JonosHUMEeA»HO20
obpazosanusn «Lenmp “JIyv”s, Kamuamexut xkpat, 2. Eausoso,
Poccus

B pamkax w™opmemm af)-IuHAMO pPACCMATPUBAETCH MATHUTO-
rugpoguHaMudeckas cucrema (masee MIJI-cucrema) ¢ BBenEHHON
AJINTUBHON TOMPAaBKOl MHTEHCUBHOCTH a-3ddekTa. V3menenne nn-
TeHCcUBHOCTU -3(pbdekTa co BpeMeHneM ompe/iesisiercs dbyHkiwmeil Z(t),
3HaKoIepeMenHoe a1po J(t) KoTopoit xapakrepusyercs Koaddurmen-
TOM 3aTyXaHus b u cobcTBeHHOI YacToTol a. VccnenoBanue moBeeHust
MAarHUTHOTO TOJIsI ITPOBOJUTCS HA OOJIBIINX BPEMEHHBIX MACIITabax,
MMO3TOMY [IJIsi YUCJIEHHBIX PACIETOB HCIOJIB3YETCS IepeMaciiTabupo-
BanHasi n obe3pazmepennass MI'J/I-cucrema, re B KadecTBE €TUHUIILI
BpEMeHH TPUHATO BpeMs IMCCHIAIM MarmuTHoro mois (10% mer).
ViupapJisifonuMu mapaMeTpaMi CUCTEMbI BBICTYIIAIOT IUCJI0 PeifHO b1
ca W aMIuTyna «-3(P@eKTa, B KOTOPBIX 3aJ0KeHa WHMOOPMAIUs
0 KPYIHOMACIITAOHOM M TYPOYJEHTHOM I'€HEPATOPaX COOTBETCTBEHHO.
Yucsiennoe MOJIEINPOBAHUE DPEKMMOB T'€HEPAIUA MATHUTHOIO IIOJIsT
MIPOBEJICHO [T 3HatMeHn KodddunumenTa 3aryxanusd b = 1 1 cobcTBeH-
voit wactorel ¢ = 0.1, 0.5, 1, 5, 10. Pe3ynpTaTbl MOJIeJUPOBAHUS
OTpaXkeHbl Ha (PA30BBIX ILIOCKOCTHAX YIIPABJISIONIAX IapaMETPOB.
Uccmemyercst Bompoc 0 AWHAMUKE M3MEHEHUsI KAPTUHBI Ha (a30BOi
IUIOCKOCTH B 3aBHCHMOCTH OT COOCTBEHHOI YaCTOTHI @ U B CPaBHe-
HUM C DEe3yJbTaTaMu, IIOJIyYeHHBIMH Il [IOKa3aTesbHOro spa J(t)
¢ KoadpdunuenTom 3aryxanus b = 1. Pabora mpoBoamiachk B paMKax
peasiuzaruu rocyaapcrsensoro 3aganusg AAAA-A21-121011290003-0.
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2.33 Cez30HHBIE BapHuallil €CTECTBEHHBIX
MOTEeHIUAJIOB B KpuoJjuTto3oHe 2016-2021,
Axyrck

Kosaos B. U., Bauwwes /I.I., Ilaenros E.A.

Huemumym xocmoususeckux uccaedosanut U aspoHOMUL
um. FO.I. Hlagepa CO PAH, SSHI] CO PAH

e napsr 100 M ©3MePUTETIHHBIX JIMHII 3aXBATHIBAIOT HEOTHOPO/I-
HOCTH, 3a00JI0UEHHBINH y4acTOK (Mapb). MecTomooKenue JaTIuKoB
BTOPO# mapsl ¢ABUHYTO Ha 1 M. TpeThd mapa pacrnosozKeHa MOJTHOCTHIO
Ha CyXOM ydYacTKe. Bapuanumy [OTEHIWAjOB HA JIMHAX HA CYXOM
ydIacTKe KOPPEeJUPYIOT C BapUAIMAME HA yIACTKE, COIAEPXKAIIEM Maphb
(2016-2021), HO O BesmumHE MeHbIe npumepHo B 10 pas. Becroii ¢
04-17.04 mo 11-27.04 Ha mapax JUHHI ¢ Mapbio HAOJIIOIAETCS PE3KOE
n3MeHeHne moTeHrma 0B Ha 55-90 MB, naee nsmenenue B 0b6paTHYIO
10 20.05 ma 170 mB. o cepeauubl mioist HaOIIOZAETCS TIIATO W 3aTEM
pe3KOoe M3MEHEHrEe B CTOPOHY OTPHUIATEIbHBIX moTeHIna 0B Ha 50 MB.
Hamnee 10 KoHIA OKTSIOpsT HAOJIOIAETCS OCEHHee ILIaTo. B cepeume
HOSIOPST IIPOMCXOJMT PE3KUii IOIbeM JI0 3UMHHUX 3HaYeHuil. 3umoit
Habuirogaercs: wiato. CpaBHUM Bapualliid €CTECTBEHHBIX TOTEHITUAJIOB
MeXKy JaTINKaMA B IEHTPE W HA KPAaK Mapu W Ha IOJHOCTHIO
CYyXOM ydacTke, yaajeHnyio ot nepsoit Ha 140 m. Ce3oHHBIN pazmax
IIOTEHINAJIOB Ha JUHUHU Ha Mape cocrasisgeT 350 MB. Pe3skuii ckauek ¢
BeJINYMHB! CTabMIIbHBIX 3UMHEX 3Hadenuii 01.04-11.04 mo 150 mB/70Mm
cBsi3aH C TasiHueM cHera. Jlajiee ere GoJjiee pe3Kuii CKAI0K B 0OpATHYIO
cropony mo -200 MB/70m mo 22.05. Ilaee HaOIOAA€TCS SKCIOHEH-
uasibHoe JerHee usmenenue 1o -10 MB/70m mo 01.11. B noabpe
WJIeT TOCTENEHHAs II€PECTPOiiKa K CTAOMIBHOMY 3WMHEMY YPOBHIO
22 MB/70M. Ha cyxoMm ydacTke HaOJIIONAETCsS KAUYECTBEHHO IOXOXKAasl
kapruna. Tojpko pasmax cocrasiser 63 MB/140M u crabuibHBII
3uMHUI ypoBenb cocrasiaser or -0,9 no 2 mMB/140m. o 3umuum
HaOJTIOIeHN M HAOJIIOIAeTCsT IJTUTEIbHAS BapUAIINAs C IEPUOIOM OKOJIO
4-x ger. Habmomaiorcst pe3kme BBIOPOCHI BEIUYWH €CTECTBEHHBIX
IIOTEHIINAJIOB BO BpeMs IOXKJIUBBIX JHeil. Pabora BbinosHena mpu
dunancosoit moiepkke Mun. obpazosanus n Hayku PP, Gro/zkeTHAT

Tema, AAAA-A21-121012000007-4.
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2.34 Ceiicmuyeckuii nmpornecc Buinmkekckoro
reogmHamuveckoro nosurona (CeBepHbIid
Tanb-11Taun)

Covivesa H.A., Coives B.H.
Hayunas cmanyus PAH 6 2. Buwkeke

Paccmorpensl paziudible XapaKTePUCTUKH CEHCMUYHOCTA Burr-
kekckoro reoguHamudeckoro mnoaurona (BI'II). ITox BI'TI nornmaer-
Csl TEPPUTOPUsi, KOTOPasl JIEXKUT B IpeJiesiaX IeHTPAJbHOIO CEerMeHTa
Cesepo-Tsaub-I1lanbckoil celicMOreHepUpyIOIIeil 30HbI U ITPEICTABIISET
coboit 3ony couwnenenus 1sub-Illambckoro oporena u Typanckoit -
Tbl. OCHOBHBIMU TEKTOHHYECKUMH CTPYKTYPAMH HCCJIEyEMOTO paiio-
HA Ha HEOTEKTOHHUYECKOM dTale dABJISoTcs Kuprusckas MeraHTUKJIN-
nasb (Kuprusckuit xpeber) n Haxogsmasicss cesepHee Uyiickast Braju-
na. FOxuee Kupruzckoro xpedra pacnostararorcs Cyycambipckast, Kod-
KOpckas u J>KyMrajibcKasl BIIAIWHBI, Pa3eIeHHbIe HeOOIbIINME XPeb-
Tamu. 3anajHee HaxojsaTcs xpebTbl Tasmacckuit, Bosbmoit u Masbrit
Kaparay, a Bocrounee — xpebrhl Kynreii-Anaray u Tepckeii-Anaray
¢ pasgessiomeit ux Mcecwik-Kynbekoit mexkropHoii Briaguaoit. Craniun
ceiicmostormyeckoit cetn KNET pacnosioxkennst na tepputopun BI'TI,
9TO J]2€T BO3MOXKHOCTH MaKCAMAJbHO PETHCTPUPOBATDH MTPOUCXOISAIINE
Ha 9TOI TeppuTopum ceiicMudeckne cobbitusi. K HacTOsIIIEMYy MOMEH-
Ty KaTaJIor 3eMJjeTpsicennii comepkut napamerpsl 6osee 10500 cobbI-
Tuit, Koropoie mpousoniiu ¢ 1994 mo 2020 roawr. B pabote mnpecrasie-
HBI Pa3JIMYHbIE CTATUCTUYECKUE XaPAKTEPUCTUKHU KaTaJIora 3eMJjeTpsi-
CeHMii: ypPOBEHb OMMOOK, KOJMIECTBO 3aperucrpuposanibix das (P- u
S-BOJIHBI), pACIIPE/IeJIEHHs] 10 MATHUTY 1€, BpeMenu, riuybune. s omnu-
canns (PyHKIUU PaCIpPeIesIeHns 3eMJIETPSACEHUI 110 SHEPTUSIM HCIIOIb-
30Bavicst 3akoH ['yrenbepra—Puxrepa. OrnpejiesieHa IpejCcTaBUTE IbHAS
BBIOODKA, KaK JjIsl KaTaJjora, TakK W JJjis OTIEJbHBIX CEIMEHTOB pac-
cmaTpuBaemoii reppuropun. [locTpoensr pacupenesenust b-value B mpo-
CTpaHCTBE U BO BpeMeHu. [IpencTaBiieHO MpOCTPAHCTBEHHOE pacIIpesie-
JIeHr€e KOJIMYIECTBA 3€MJIETPSICEHUN M MHTEHCUBHOCTH CEHCMOTEKTOHU-
qecKoil medpopMaluy Ha UCC/IEIyeMOl TEPPUTOPHU.
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2.35 CHUHXPOHHOCTH IIOJA3€MHO-3JIEKTPUYECKUX
Bapualuii, HabJJIIOJABIINXCA HA CTAHIIASAX
B ropoaax I'opHo-Asraiicke n Kuern
(Nramus)

Bobposcxuii B.C.Y, Illumos A.B.?, Cmonna @.3

L Kocmemeoxop, Hmanus
2 T'opno-Aamatickuti 2ocydapemeennmiti yrueepcumem, Poccus
3 Vnusepcumem Hanyruyuo, Kuemu, Umasus

B pamkax mpeacrasienuit 06 37€KTPOCETEBOM TPUPOJIE TEKTOHM-
YeCKON aKTUBHOCTH TPEJIIIOIATaeTCsl, YTO B 9JIEKTPOCETSIX HEIp 3eMJIn
MIPOUCXOJISIT HECTAITMOHAPHBIE MTPOIECCHI, KOTOPhIE MOTYT MPOSIBJISITHCS
C TO# MM MHOI MHTEHCUBHOCTBIO B JIIOOOM YyIaCTKE 36MHOI KOPBI, TJIE K
MTOBEPXHOCTH MOJXOSAT MOTOKM IIPOTOHOB U3 36MHOTO siyipa. Hecranu-
OHAPHBIE JIEKTPUIECKHE TIPOIECCHI B HEJIPAX UCCIIEI0BAJN € TIOMOIIIBIO
U3MEPUTENBHBIX JTUHAN, HA YbUX KOHIAX HAXOIUJIUCH CBUHIIOBBIE JJICK-
TPOJIBI, 3aKOMAHHBIE B NIyPGbI Ha IVIyOUHY MEPBBIX METPOB.

Tpu mypda craguun Ne5 (C5H) MHHOBAIHOHHOIO MOJIOIEXKHOIO
douma (MM®) «Ilonzemubie ssexrpudeckue rexuosioruuny (II19T), ubu
koopuHaTel H1°57°38.77"N u 85°58’17.54"E, pacnosioKeHbl B ropojie
Topno-Aurraiick (pecmy6anka Asraii, Poccust), B ~ 150 MeTpax ot py-
4bsl, TEKYIIETO TI0 JIOJMHE peKr MaiiMbl 1 Ha PACCTOSTHUM ~ 8 KM JI0 Me-
cTa CJIUSHUSA Pydbsa u p. Maiima.

Tpu mypda crammuun NG (C6-IMOPIIDT), ubu KoOOpAMHATHI
42°22’5.59"N u 14°’50.66"E, pacuosoxensl B ropoge Kuern (nposun-
st AGpyio, Vtanus), Ha CKIIOHE X0aMa B ~ 1.5 KM OT pekn, Tekymedt
or Kueru 13 kM 710 MecTa BrajieHust B AipuaTndeckoe Mope.

ABromMaTHUeCKHe M3MEPEHUsI MPOBOJSATCS C MOMOIBI0 MHOTOKA-
HAJIBHOT'O U3MEPUTEHHOrO peobpasosaress Hanpszkerns LCARD-E-
14-140M. Mogyns LCARD-E-14-140M cropoekTupoBan, pa3paboran u
nzrotossier kommnanueit OO0 «JIkapmy» [http://leard.ru]. TIpeoGpaszo-
BaTeJIb HAIIPSKEHUsT IIPETHASHAYEH JIJIsI €2KECEKYHTHOTO M3MEPEHUS T10-
crostaroro u nepemennoro Toka (0...7 kI'n) noxazemuoit DJIC, nabioga-
€MBIX B BHJIE HECTAIMOHAPHBIX IPOIECCOB, MPOMCXOAANIAX Ha TPAHUIE
smuTochepb-aTMOChEepHI.

Ananus naHHBIX, HOKa3asd, 4dro B mepuox 2013/01/23-29 ua-
GJII0IAIach CHHXPOHHOCTH IOA3eMHO-3jiekTprudeckux  (I19)Bapuanmii
ma C5-IMOIIDT-AJITANT u C6-MIM®IIDT-UTAJINA. Pesynbrars:
OCMOTPAa CBEIEHbI B TAOJIUIL.
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AHajn3 COBOKYIIHOCTHU I'eJIHO-Te0(pUBNIECKIX JTaHHBIX OOHAPY XKIJI
reoMarHuTHOE BO3MYyTIeHue 4 Oajiia, KOTOpoe HAYAIOCh TPAKTUIECKH
cuaxponuo ¢ II9-papuanueii. 9ToT HhakT B 04epe HON Pa3 HOATBEPINII
riobasbHbIT XapakTep [19-Bapuarmii.
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3 ®dDusuka IMpPeJBECTHUKOB 3eMJIeTPICEeHU
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3.1 Anmaparypa u MeTOAMKA PETUCTPAIAN
HOJIIOYBEHHBIX Ta30B Ha KamMuaTke u
CaxaJjinHe C IIeJIbIO IIPOTrHO3a 3eMJIETPSACEHMUIA

Maxapos E.O.1, | Qupcmos ILIL' |, Kocmuvires J.B.2

I Kamuwamerkuti gusuan Pedepanvrozo ucciedosamenbcrkozo UeHmpa
Eodunasn eeopusuueckan cayorcoa PAH

2 Cazaruncrut guruan Pedeparvrozo uUCcAe006aMENLCKO20 UEHMPA
Eodunas 2eopusunecxasn cayorcoba PAH

Ha mosyocrpose Kamuarka, saunnas ¢ 2000 r. GpyHKIHOHUPYET
ceThb MyHKTOB MOHUTOpUHTa noanousenuoro pajona (IIP) ¢ nesbio mo-
WCKa TPEIBECTHUKOB CHUJILHBIX 3eMJjerpsicennii. JlmresbHblil anaim3
munamuky [IP B comocraBiennn ¢ ceiCMUYIHOCTBIO PETHOHA, [TO3BOJISET
yTBEepXK/1aThb O HaJIUINN OIIpeﬂeﬂeHHOﬁ CBA3U ME2K/1y BapUualludMU pa-
JIOHA U CUJIbHBIMU 3eMJIETPSICEHUsIMU. 3a BpeMsi PabOThl ceTu Ipubop-
Hast 0a3a HEIPEePBHIBHO MOJEPHU3NPOBAIaCh. B OCHOBY pabOThI pajno-
merpoB PEBAP, ¢ ucnonbp3oBanreM KOTOPBIX ObLia HA TEPBOM JTAaIe
OpraHm30BaHa CeTh IYHKTOB, OBLI TIOJIOYKEH IPWHIIAI TACCHUBHON pe-
THCTPAIY IPOJYKTOB pacnaja Rn 1mo 6era-m3J/iy9eHnio ¢ MOMOIIBIO
PACIIOJIOKEHHBIX B HAKOIUTEIbHBIX KaMepax Ha riiybunax or 1 0 3 M
JATINKOB.

Bospacraromme TpeboBaHus K HaIEKHOCTH pabOTHI CETH, OIEpa-
TUBHOCTU 00PabOTKY JIAHHBIX, PACIIUDEHNE CETU IIyHKTOB U YBEJIUUe-
HUe KOJIMYECTBA PEruCTPUPYEMBIX HapamMeTpoB (arMocdepHbie TeMIe-
paTypa U JaBjieHne, JBYOKHUCH YIVIEPOJIA, MOJIEKYIISIDHBII BOJIOPOJT) MO~
TpeboBaJIn 3aMeHbl MOPaJIbHO ycTapeparomux paauomerpo PEBAP.
C sr0il menbio ObLT pa3paboTaH W BBEJIEH B IKCILIYATAIWIO AIIapa-
TYPHBIM KOMILIEKC JJIsI PECUCTPAIIHI KOHIIEHTPAIINN TIOIIOYBEHHBIX Ta-
30B, OCHOBY KOTOPOTO COCTABJIsIET cOBpeMeHHbIit marajgorrep ALMEMO
HEMEIIKOI'O IIPOU3BOCTBA. DTOT JaTaaorrep 06Jiagaer CUCTEMO HHTE -
JIEKTYAJIHBIX KOHHEKTOPOB, IO3BOJISIIOIINX BBIMOJHITH PErUCTPAIUIO
BOJIBIIIOrO YUC/IA TAPAMETPOB, 8 TAK K€ OTIMIAETCS BBICOKOW HAaJeXK-
HOCTBIO ITpU paboTe B HEOJIATOIPUATHBIX YCIOBUSIX.

TosiBuBmmuiicss B npojake mudposoit pagnomerp RADEX MR107
OTEYEeCTBEHHOIO TPOU3BOJICTBA, HO3BOJISIET OPTAHN30BATH TOTEHIIUAIb-
HO 6oJsiee 3ddekTuBHy0 perucrpanuto [IP meromom mpuHyIuTe/bHO
KOHBeKIHU. [Ipu 3TOM pajgmoMerp MOMEIaeTcss B T€pMETUIHBIN KOH-
TelHep ¢ U3OBITOYHBIM OOBEMOM, KOTOPBIH BBIMOJHSAET POJIb HAKOTIM-
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TEJIbHOM KAMEPBI, a IOIIOYBEHHBIN BO3/yX U3 3aKPBITOrO Iy Pa [VIyOu-
Hoit 0.5-2.5 M HEIIPEPBHIBHO OTKAYNBAETCSA KOMIIPECCOPOM U IIOCTYIIAET B
9Ty KaMepy. 3a CueT yCTaHOBJIEHHsI PABHOBECHUs PaJOHA C IIPOJLyKTaMu
pacrnajia B HAKOIUTEJBHOU KaMepe yBeJIUINBAETCH IyBCTBUTEILHOCTH
pubopa. D10 0cOOEHHO BaXKHO it KamMuaTku, rje HabII0maeTcs Hu3-
KO€ COJiepKaHue B IIOPoiax Ra, MpoIyKToM pacmajia KOTOPOIo siBJIsSeT-
csa 222Rn. Tak ke 3a cyeT HENPEPHIBHOIO 0TOOPA MOAIIOYBEHHOI'O BO3-
Jyxa u3 60JIbIIIOro 00'beMa IPyHTa yMEHBIIAETCsI BJINsTHAE Ha Pe3y/IbTa-
Thl U3MEPEHUIl METEOPOJIOrMIECKUX BEJUINH (TeMIepaTyphl BO3/LyXa,
arMocdepHOro Jasjenus, BiaaxKuoctu nousbl). CoBmecTHast pabora B
OJIHOIl HAKOIUTEJbHON KaMmepe JaTdnKa 0eTa-m3JIyIeHus ¢ paguoMeT-
pom PEBAP u pajmomerpa MR107 neMoHCTpUpYeT KA4eCTBEHHO CXO-
JKUe Bapualliy PaJIoHa, 9TO II03BOJIAET BBIIOJHUTH METPOJIOIMYECKUN
aHajn3. Amnmaparypa Ha 9acTu IIyHKTOB Ha KamuaTke ObLia 3aMeHeHa
KOMIIJIEKCAMHY J[JIsi PECUCTPAIMY TOIIIOYBEHHOIO PAJIOHA METOIOM IIPU-
HYJUTETbHON KOHBEKINMH. DTU YK€ KOMILIEKCHI JIETJIN B OCHOBY CO3/IaH-
HOIl U PabOTAIONIENl B TECTOBOM DEXKUME CETH IIYHKTOB PEruCTPAIluu
[IO/IITOYBEHHOT0 pajioHa Ha 0. CaxasuH.

C 1es1b10 0DecCIIeYeHsl TIOJIYYeHUs] METPOJIOITYECKH JIOCTOBEPHBIX
JAHHBIX O COJEPXKAHUU PAJIOHA B BO3JYXE MOMIIOYB B OJTHOM U3 ITyHK-
ToB Kamuarckoil cetn B CKBakKuHe IUIyOMHOM 3 M yCTAHOBJIEH ITAJIOH-
Hblit ckBaxkuuublii paguomerp BMC-2 (ALGADE Barisol, @panrus),
BBITTOJTHSIIOIINI PErUCTPAINI0 00bEMHON AKTUBHOCTU PAJIOHA B BO3IY-
Xe 110 aJib(a-u3IydeHnto. KpoMe 3Toro B CKBaXKUHY MTOMEINEH JaTIUK
Gera-m3ryueHusi. B HacTosiIee BpeMst BeJIeTCsi HAKOILIEHUE JTAHHBIX JIJIsT
[IOCJIEJYIOErO AHAJIN3A.

Paspaborka sMaHAIIMOHHOTO METO/A IMPOrHO3a 3EMJIETPICEHU
TpedyeT CcOBpeMeHHOHN I POBOH ammapaTypbl, MO3BOJISIONIEH MTOJTy-
YaTh BPEMEHHBIE PsiJIbl PA3JINYHBIX [IapAMETPOB BO BPEMEHH, OJIM3KOM
K peajibHOMY. AmnmaparypHast 6a3za KaMmuarckoii ceTd MyHKTOB peru-
CTPAIUU TOIIOYBEHHBIX I'a30B IIOCTOSTHHO COBEPIIIEHCTBYETCS U PA3BU-
BAETCs, 9TO OBbI IPEIOCTABIISATD IS MCCJICTIOBAHNI JETATN3NPOBAHHBIE
HEIIPEPBIBHBIE KAYECTBEHHDIE P/l TAHHBIX U COOTBETCTBOBATH MUPO-
BBIM CTaH/IaPTaM.

PaGora Bbinosmmena mpu nogepxke Munobprayku Poccun (B pam-
Kax rocygapcrsernoro sajganug Ne 075-00576-21) u ¢ ucnosb3oBanuem
JIAHHBIX, [OJIyYeHHbIX Ha YHHMKaJbHON HayuHoil ycranoske (Ceiicmo-
nHGPA3BYKOBOI KOMILIEKC MOHUTOPUHTA APKTUIECKON KPUOJATO30HDI
1 KOMILTEKC HEMPEPLIBHOTO CEHCMUIECKOro MOHUTOpUHTa Poccuiickoit
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Qeneparun, comnpenenbHbix Teppuropmit u wmupa) (https://ckp-
rf.ru/usu/507436/, http://www.gsras.ru/unu/), a tak e 1npu dbuHaH-
coBoit nojepkke POPU B pamkax mayanoro mpoekta No 20-05-00493.

3.2 Bapwmanum ¢poHOBOTO CeiCMHUYECKOTro MIiyMa
B paiioHe noJsiyoctpoBa Kamuarka
B 2011-2021 rr.: cB43b C CUJIBHBIMHU
3eMJIeTPSICEHUAMU

Konwinosa I'H., Kacumosa B.A.

Kamuwamexuti guaruan Pedepanrvrozo 2ocydapcmeernozo
61002tcemmno20 yupescdenus Hayku Pedeparvrozo uccaedo8amesberozo
uenmpa Edunas eeopusuueckasn cayorcoa Poccutickoti Axademuu Hayx

C 2011 1. TpOBOANUTCA MOHHTOPHWHI CTATHCTHYECKUX TAPAMETPOB
donosoro ceiicmudeckoro myma (OCI) ¢ ucnonp3oBanueMm Henpe-
PBIBHBIX 3ammceii Ha ceTu u3 21 IIMPOKOIIOJIOCHBIX CEHCMOCTAHIINN
OUIIL EI'C PAH c nocTpoenueM KapT UX MPOCTPAHCTBEHHO-BPEMEHHOI'O
pacupeeieHnsi ¥ rpaUKOB MEIUAHHBIX 3HAYEHUI [0 CETU CTAHIUH.
BrisBnenusie ocobennoctu nosenenus mapaverpos OCIII wa crammsax
TOJATOTOBKN MECTHBIX 3eMmjeTrpsicennit ¢ M, = 6.8-8.3 u aHaJOTUIHBIE
n3menenusivu mapamerpos OCIII meper CHIIBHBIMUA 3eMJIETPSICEHUSIME
B JIPYI'UX PErMOHAX COCTABUJIU OCHOBY IIPOTHO3HOI'O AJITOPUTMa, OIEHKU
MECT CJIEJIYIONINX 3eMJIETPsICEeHUT B paiioHe moyocTpoBa Kamuarka u
COTIPEIESIbHBIX TEPPUTOPHIA.

C ucnosibzoBanueM paaabix OCII, B 2011-2016 1. 661128 BBLIEE-
Ha 00J1aCTb IIOBBIIIEHHON OIIACHOCTH CUJIBHBIX 3eMJIETPSCEHMI B JUalia-
3oHe mupoT H3-58° c.mr., B kotopoit B 2013-2018 rr. nmpousonuiu 5 u3
6-tu 3emserpsicenuit ¢ M,, > 6.6, B . u. Oxoromopckoe ¢ M,,=8.3 u
Bmmkue-Aneyrckoe ¢ M,=7.7. C cepenuubt 2019 1. 0GHADYKEHO CMe-
meHne 00JIACTH OMACHOCTH CUJIBHBIX 3€MJIETPSICEHUIT B I0XKHYIO 9acThb
paifona (nuanaszon mmpor 50-54° c.ur.). 3xecs B mapre 2020 r. npouso-
o Cesepo-Kypuibckoe 3emnerpsicenne ¢ M, =7.5.

B nokiaze paccmarpuBaioTcs (husndecKre IpeioChLIKI IPOrHO3-
nHoro ajiropurma Ha ocHoBe fAaHHbIX DOCII, cocrostHIe U TIEPCIIEKTUBLI
JAJIbHENIINX UCCIeJOBAHUIA.
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3.3 TI'maporeodirongHbie NPeaABECTHUKN: CBSI3b C
nmapaMeTpamMu 3eMJIETPSICEHUI 1
KOHIIENTyaJIbHbIE€ MOJIEJIN

Konwvinosa I"H., Boaduna C.B.

Kamuwamexuti guaruans Pedeparvrozo 20cydapcmeeHnozo
6rodorcemmozo yupescderua nayku Pedepanrvhozo uccaedosameivekozo
uenmpa Edunas eeopusuueckan cayorcéa Poccutickoti Axademuu Hayx

T'uaporeoditioniable IpeiBeCTHUKY (JaBiIeHIe, TeMIepaTypa, Xu-
MHUYeCKHUii COCTaB BOJIbI, CBOOOHOIO M PACTBOPEHHOTO Ia3a) IIPeJICTaB-
JISTFOT aHOMAJIbHBIE M3MEHEHUsI TaPAMETPOB TOA3EMHbBIX BOJT HA CTAMAX
oAroTOBKY 3emyeTrpsicennii. CucreMaTn3anus JOCTOBEPHBIX JTAHHBIX O
TaKUX MPEIBECTHUKAX U UX CBA3U C TAPAMETPAMHE ITOCJIE Y IOIIIX 3eMJIe-
TPsCEHU TIO3BOJIET OIEHUTDh NX 3HAYNMOCTD B BOIIPOCAX CEHCMUIECKO-
ro NMPOTHO3UPOBAHUSI, M3YyUYEHHUsI IIPOIIECCOB MOJINOTOBKU CUJIBHBIX 3€M-
JIETPsICEHUI 1 0COOEHHOCTE N3MEHINBOCTH BO BpEMEHH CBOICTB (hJIFOU-
JOHACHIIEHHON CPeJbl CeICMOAKTUBHBIX peruoHOB. C MCIIOIb30BAHTEM
ABTOPCKUX U OIIyOJIMKOBAHHBIX JAHHBIX O THIPOTeOMIIIONIHBIX IIPE]I-
BECTHHKAX 110 Pe3yJIbTaTaM MHOIOJETHUX HAOJIOAEHUI B CKBaXKMHAX
cefiCMOAKTUBHBIX pailoHOB noJsiyoctposa KaMuarka u Mupa, IOKa3aHo,
9TO TaKWe MPEeIBECTHUKH IPOSIBJISIIOTCS B T€UEHUE MEPBLIX MECHIEB B
GuimKHel u cpenHeil (IPOMEXKYTOYHOM) 30HAX 0YAr0oB 3eMJIETPICEHUI.
DT0 yKa3bIBaeT HA PA3BUTHUE B 0OJIACTH OUAra CUJIBHOTO 3eMJIeTPSICEHUST
[IPE/IIIECTBYIONIETO IIPEUMYIIECTBEHHO aCEHICMIUYIECKOTO IIPOIECCa MeJl-
JIEHHOTO M3MEHEHUs HaIPSKeHHO-/1e(bOPMUPOBAHHOIO COCTOSTHUS Cpe-
JIbI, B YACTHOCTHU, IIPEPBIBUCTONO CKOJIbXKeHUs 10 pasiaomy (Lin and
Rice, 2005; Pebenkuii, 2004, 2005, 2021 u ap.). B pesynbrare passu-
THS TAKOT'O IIPOIECCa B 0YArOBOil 30HE, B HEIIOCPEICTBEHHONH O/IM30CTH
OT HAOJIIOATEIbHBIX CKBAYKUH MOTYT BOZHUKATH 3(PhEKTHI KBA3UYIIPY-
roro u Heyupyroro (JujaTaHCHOHHOIO) U3MEHEHUs! JIABJICHUS [10/13eM-
HOI BOJIBI, & TaKKe HapyIlleHHe CTaIMOHAPHOI'O0 BOJIOOOMEHBI MEXKLy
BOJAMM C KOHTPACTHBIM XMMUYECKUM COCTABOM BOJIBI U ra3a. B jgokiia-
Jie TIPUBOJISATCSI IPUMEPHI TIOCTPOEHNST KOHIEITYyaIbHBIX MOJENel 3ape-
TUCTPUPOBAHHBIX THIPOT€OMITIONIHBIX ITPEIBECTHUKOB IJIst OTIEIbHBIX
HaOJIIOIATEIPHBIX CKBAaYKUH.
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3.4 3akoHoMepHasi CBA3b KPYIHBIX 3€MJIETPACEHUIA
C KOCMUYECKUMHU COOBITUSIMU

Senxun O.B.
OI'BOY Cazxasunckull 2ocydapcmeeHHvill yHusepcumem

Eciu obparurbesi K MHGOOPMAIMOHHBIM MCTOYHUKAM, HAIIPUMED
USGS (reosormyeckas ciayx6a CIIA), T0 MOXKHO ONPEIEIUTH, YTO
KDYIIHBIE 3eMJIeTPsCeHnsi ¢ MaruuTymoit Oosree 6.4M mpoucxomsar, B
cpemaeMm, 10-15 pa3 B rox. YacTb u3 HUX NPUYPOUYEHA K KOCMUYIE-
CKUM COOBITHSIM JIYHHO-COJTHEUHBIX 3aTMennit. Kpome mebecHnoit mexa-
HUKHU JIyHHO-COJTHEYHBIX 32TMEHUI CYIIECTBYIOT U JIPyT'He BHEITHIE Me-
XaHU3MbI BOSHUKHOBEHUsI 3€MJIETPsICEHUI Ha 3eMJie, CBSI3aHHbIE C KOC-
mudeckumu dakropamu. U B KadecTBe TAKOBBIX MBI PACCMATPUBAEM
BO3JIeHCTBYE IUIAHET COJIHEYHOH cucreMbl. OJMH U3 TAKUX MEXaHWU3-
MOB /[IJIsI TIPOTHO3a KPYIIHBIX 3€MJIETPSCEHUI OIpeessieTCsi TOJOBBIM
BpallleHreM 3eMjiu oTHocuTe bHO COJIHIA, U MPOMCXOIUT, TAKUM 00-
pasoMm, ¢ mepuogoM B 365 maHeil. 3eMJIs IPU TAKOM MEXaHU3Me MOYKET
oA IaTh B BEKTOPHOE (bu3mueckoe mose, koropoe CosHile obpasyer
C IUTAHETAMHU B KOCMHYECKOM mIpocrpaHcTse. [lockosbKy, HampuMep, ¢
V/IaJeHHBIMH IJIAHETAMU-TUTAaHTAME 32 [€pUoJ B 1 roj HAIpaBJIeHUE
9TOr'O IIOJIA ITPAKTUYIECKN HE MEHACTCA, TO B CTaTUCTUKE KPYITHbBIX 3€M-
JIETPSICEHUIA, TIPEJIIIOJIOKUTEIBHO, MOYKHO HANTU COOBITHS, TPOUCXOIsI-
e [IeHb-B-JIeHb Ba U 60Jjiee roja noapsii. U nefictBuresbHO, 9TO MMe-
Jo Mecro, Hanpumep, B 2004-2006 rr. (2004/11/15/9 2005/11,/14/21
2006/11/15/11) ¢ pasuuneii B 1 rox u 12 gacos u 1 rox 14 gacos, Korua
3eMJIst TIPOXOJIIIIA CKBO3b BeKTOpHOE 1oJ1e mianet [limyron — FOmurep —
Coutrrnie — 3emutst — Herrryr. MOXKHO yTBEP2KIATH, YTO KPYIIHbIE 3€MJIe-
TPSICEHUs UMEIOT IPUYMHON BHEIITHIE 110 OTHOIIIEHUIO K 3eMJie (DAKTOPBI
nebecHoit Mexanuku. Ecym yTBEepKIEHNE KayKeTCsl HEIOCTATOYHO yOe-
JIUTEJILHBIM, TO MOXKHO IPUBECTH HaydIHOEe 0bocHOBaHue. OCHOBBIBASICH
Ha MaTEMaTHYeCKOH CTATUCTUKE, MBI IIPOU3BEJIA PACUET BEPOSTHOCTU
BO3HUKHOBEHUSI JIEHb-B-J€Hb TPEX KPYIIHBIX 3eMJIETPSICEHUI B TeUYeHUE
JIBYX JIeT, KoTopast okazaJjack Menee 0.2 %. To ecTb coObITHE HEBEPOSIT-
noe. Ho mocKkobKy 3T0 Bee Ke IPOn30IILIo, TO ¢ JIOCTOBEpHOCTHIO 99.8%
MOXKHO CYUTATH, YTO MPUIMHAMA BO3ZHUKHOBEHUSI KPYIIHBIX 3eMJIETPSI-
CeHUIl gABJIgeTCA He HAIPOMOXKJICHUE CydaiiHOCTel, & 3aKOHOMEPHOCTD,
a UMEHHO, TaKasl, KOTOpasi OCHOBBIBAETCS Ha HEOECHON MeXaHUKe.
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3.5 Wpeunrudukamnms noHocdepHbIX
npeaBeCTHUKOB 3eMJieTpsiceHnit B Kamuarckom
pernoHe Ha OCHOBe KOPPEJJSIIMOHHOTO aHAJIM3a

Bozdanose B.B., Ilaeaos A.B.

Hrnemumym xKoemopuauneckux uccredosanutdl U pacnpocmpaHeHus,
paduosoan JJBO PAH

CeiicMuyecKkasi aKTUBHOCTD SIBJISIETCSI OJHUM W3 MCTOYHUKOB W3-
MEHYHUBOCTH WOHOChEpHl. B maHHON pabore Ha OCHOBE METOIUKU
[Pulinets et al, 2004] uccienoBano u3aMeHnenne KOHIEHTPAIUH JIEKTPO-
HOB B HOHOChEpPE, MIPEIIIECTBYIOIIEe HACTYIIEHNIO CHIBHBIX 3eMJIETPSI-
cernit ¢ M > 6.0 B Kamuarckom permone. Jlannast MeTOIMKA OCHOBaHA
HA BBIYUCIEHUN KOI(DDUINEHTA KOPPEISINI MEXK /Y 3HAUEHUSIMU KPU-
Tryeckoit yactorsl foF2 nByX moHOChEpPHBIX CTAHIW, OIHA U3 KOTO-
PBIX PACIOJIOXKEHA BHYTPHU 30HBI MMOJTOTOBKU 3€MJIETPSICEHUsI, & JPY-
ras — 3a ee mpeejaMu. Kcam myHKTH HAOJIIOIEHUN PACIIOIOXKEHBI B
CXOJHBIX TeOrpapuIecKnX YCAOBUAX, TO B HUX OyIyT TakkKe HaOJI0-
JaThCs ONMHAKOBbIE MOHOC(hEPHBIE BapHaluy KaK B CIOKOWHBIX, TaK
¥ B BO3MYIIEHHBIX N'€OMarHUTHBIX YCJIOBUSIX, KPOME TeX IYHKTOB, KO-
TOpBIE PACIIOJIOYKEHBI B CECMOAKTUBHON 30HE. JIOKaJbHbIE aHOMAJIUU
B cioe F2, compoBoxkparoiue MOATrOTOBKY CHJIBHBIX 3€MJIETPSCEHUH,
JOJIZKHBI TIPOSIBIATHCS B YMEHBIIEHUN B3ANMHON KOPPEJISINN KPUTH-
geckux qactoT foF2 Mex iy cTaHIusIME, PACIOIOKEHHBIME BHYTPHU U
BHE ceficMU4ecKoil 30HbI. PaccMOTpEHBI JaHHbIe, IOy YeHHbIE HA JIBYX
cranmusax PETROPAVLOVSK (PK553) u EARECKSON (EA653) 3a
nepuox 01.09.2018-30.04.2021 rr. Crannmus PK553 ¢ xoopmuwHaTaMm
(52.97° c.m., 158.24° B.j1.) pacmnosaranach Ha KamdaTke B 30He mOjI-
TOTOBKH CECMHYECKUX COOBITHIl, & B KA9eCTBE KOHTPOJIBHON CTAHIIUU
paccmarpuBasiack crannus EA653 (52.73° c.m., 185.92° B.1.). Craru-
CTUYECKUil aHaJM3 KpuTudeckux dacror foF2 mokazas, aro s 7 u3
14 zemserpsicenuit ¢ M > 6.0, npousoremmux Ha rayonHax g0 100 kM
U SMUIEHTPAIBHBIX paccTosiausx 10 500 kM ot pacmnosioxkenus PK553,
3a 1-7 CyTOK /10 MX HACTYIJIEHHUS [IPE/IIIECTBOBAJIO 3aMETHOE yMEHbBIIIe-
HEe KO3hDUImenTa KOppeasiim.

Pabora mpoBojmiiack B paMKax peajid3allid T'OCYIapCTBEHHOIO

sagaauag AAAA-A21-121011290003-0.
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3.6 MaremaTndecKuii apceHajl MOJeJiu
CcaMOPpa3BUBAIOIINXCHA MPOMECCOB JIJId aHaJIn3a
($OPpHIOKOBBIX MOCJIE10BATEILHOCTEN U
BEPOSITHOCTU CUJIBHOT'O 3€MJIETPSCEHUSI

Bozomonos JI.M.', Boeuncxas H.B.', Cviues B.H.?'?

L uMrur’ IBO PAH
2 HC PAH

Monens camopassuBatontuxcs tuporeccos, CPII, (aganrarus
ONMCAHUsI PEXKUMOB C ODOCTPEHHEM ISl CeHCMUYECKUX MOCIIeI0Ba~
TeJIbHOCTEH) ¢ YCIIeXOM HPUMEHSLIACH JJIsl CPEJTHECPOUHBIX IIPOIHO30B
CUJIBHBIX 3eMJjieTpsicernii B JlasbHeBocrounom peruone Poccun. AsTo-
pbI AJIrOpUTMa MPOTHO3a Ha OCHOBe 3Toit Mogean A.U. MaJbimes u
N.H. TuxoHoB mpOaeMOHCTPUPOBAIN BO3MOKHOCTD ITPOTHO3a, 3€MJIe-
Tpsicernit Ha CaxajnHe B PeaJbHOM BpeMeHH (HE DETPOCIEKTHBHO).
B Hacrosiliee BpeMsi YHCJIO YCIIENIHBIX IIPOTHO30B CEMCMIYECKUX
coberTuit Ha CaxajmHe ¢ MATHUTYJIAMH BBIIIE D COCTABJISET yKe 8.
Coznannbeiit  «CaxXaJMHCKANE MPENEIeHT» OCTPO CTABUT BOMIPOC O
dusngeckoMm OOOCHOBAHWM STON MOJEIN, IIOMUMO CCBLJIKA HA KOH-
HENIII0 CAMOOPIaHU3AINN — PEAU3AINI0 PeXKUMa ¢ 000CTPEHUEM C
«B3PBIBHBIM» HapaCTaHUEM ceficMU4ecKOoil aKTUBHOCTH nepe/ riiaBHbIM
ToJTukOM. Tak»Ke aKTyaJIbHO JaJibHelIee COBEPIIIEHCTBOBAHIE MOIEIN
CPIl u pa3BuTHe HOBBIX IOAXOJOB K BBISBJIEHUIO IIPEIBECTHUKOB.
B noxksaze mokazano, uro maremarmdeckmit ammapar momesn CPII
AHAJIOTMYEH WM3BECTHOMY B TIHJIPOJMHAMHUKE OIUCAHUIO B3PBIBHOM
HEYCTOMYINBOCTH BOJIH B MeTacTabmabHOU cpeje. [Ipemoxkeno 0600-
menne momesn CPII Manbmnmesa-Tuxonosa, mospodisionee n36e:KaTh
CUHT'YJISPHOCTH B MPEJCKA3BIBAEMOM €10 B3DBIBHOM POCTE aKTHBHOCTH.
Beenenne B momens CPII orpumarenbaoit 00paTHO CBSA3M IO HAKOII-
JIEHUIO COOBITHI MO3BOJISIET YIECTh «CAMOCOXPAHEHUE» TeOJIOTHIECKON
Cpesibl 3a CYeT BBIXOJa U3 pexkuMma ¢ obocrpenumeM. llosydennbie
pellleHrsT OMUCBIBAIOT, YTO OBICTPBIA, «B3PBIBHOW» POCT aKTUBHOCTU
3aMeIIeTCsi U CTaOUIU3UPYETCsl HEIOCPEJICTBEHHO IIepejl TJIABHBIM
coOBITHEM. DTO COTJIACYETCs ¢ (POPIIIOKOBBIMY TIOCTIEI0BATETHHOCTIMI
rmepeJl M3BECTHBIMH 3eMJIETPSACEHUSAMU B J[aJbHEBOCTOYHOM PEruoHe
Poccun (Cumymmpexkue 3JIT, 2006-2007, Hesesnckoe 3JIT, 2007).
O600611eHrE MOJIEIU TIO3BOJIUJIO TPEJJIOKUATH HOBBIE CIIOCOOBI OIEHKU
BEPOSITHOCTH CUJILHOTO 3€MJIETPSICEHUSI KPATKOCPOUHBIH TIEPUO/I.
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3.7 Meroauka paciio3HaBaHUsI NOHOC(HEPHBIX
MpeBECTHUKOB 3eMJIeTpsiCeHuil Ha (poHe
reOMarHUTHOM BO3MYIIEHHOCTH

IIyauney C.A.Y, Byonuwos II.A.2, ITyauney M.C.3

L Hnemumym xocmuneckuz uceaedosanuti (MKHU) PAH
2 Uncmumym npuxaadnoti 2e0pudurt, umeny axalemura
E.K. ®édoposa
3 Hayumo-uccaedosamenvckutds uncmumym adeproti usuku, umen
/1. B. Ckobeavuvina, Mockosckutl 2ocydapcmeentuiil yrusepcumen

Vxe B 70-X romax MpOIIOrO CTOJIETHS, KOTJA [MOsIBUJINCH II€PBBIE
myOuKaImu 00 HOHOChEPHBIX MPEIBECTHUKAX 3eMIETPSICEHIIT, pa3Bep-
HYJIUCh 0’KECTOYEHHBIE JUCKYCCUU 00 MX CYNIECTBOBAHUHM U WX (DHU3NU-
qeckoit ipupojie. OCHOBHBIM apryMeHTOM IPOTUB ObLIT (baKT BBICOKOI
W3MEHYNBOCTUA MOHOChEPHI, B OCOOEHHOCTH BCJIEICTBUE T€OMATHUTHBIX
Oypb, IPU KOTOPOIT MBI MOTJIH ObI HAOJIIOIATH KAPTUHY, CXOXKYIO C TIPeJl-
BeCTHUKAMU 3emMiteTpsicennii. HecMOTpst Ha TOCTUTHY TBIH POTPECC Kak
B IIOHUMAHUY (DU3UKU sIBJIEHUS, TAK U METOJMKAX PACIIO3HABAHUS I1aT-
TEPHOB M3MEHYMBOCTH MOHOCDEPHI, OCTABAJICS Psijl BOIIPOCOB, CBS3aH-
HBIX C PA3JINYUSIMU MEXK]Iy HEIOCPEJICTBEHHO HMOHOCHEPHBIMU IIPejl-
BECTHUKAMU UM TPOIECCAMHU, BHI3BIBAEMBIMU JIPYTUMUA TPUUIHHAMH.

YT00bI TOCTABUTH TOYKY B JAHHOM JUCKYCCHH, MBI DEIJIN IPOBE-
CTH UCCJIJIOBAHNE BAPUAIIHIL ITOJIHOTO 3JIEKTPOHHOIO COJIEPYKAHUS B IIe-
PUO/bI CHJILHOM IeOMarHUTHOI BO3MYIIEHHOCTU W B II€PUO/bI IIOJAT'O-
TOBKM 3emJjieTpsiceruii. [Ipm 3TOM MBI MCXOIUM U3 IOJIOYKEHHS, UTO
pasnuare GU3NIECKUX IIPOIECCOB, OTBETCTBEHHBIX 38 M€HEPAIIUIO HOHO-
cdepHBIX BapHanuii B MPOIECCe MOATOTOBKU 3€MJIETPSICEHUS U BCJIE]I-
CTBUE€ PA3BUTUs TE€OMATHUTHBIX OyPb JIOJ2KHO MPOSIBIISITHCS B TATTED-
HaX MOHOCHEPHON M3MEHUYMBOCTH KAaK B IPOCTPAHCTBEHHOM PACIIpEJie-
JIEHUU, TAaK U B Pa3BUTHH AHOMAJIUUA B JIOKAJBHOM BPEMEHM, YTO OCO-
OEHHO XapaKTEepPHO Jjisi MOHOCQEPHBIX MPEIBECTHUKOB. Takoil xapak-
TEPHBII MATTEPH 3HAYUTEIHFHOIO YBEJINIEHUsT JJIEKTPOHHOTO COJIEPKA-
HUsI B HOYHOE BPEMSI 10 Mepe TPUOJIMKEHNST MOMEHTA 3eMJIETPSICEHUST
OBbLT HA3BAH «MaCKOM MpeaBecTHUKay. JlaHHoe siBjeHne ObLIO MCCIIe/I0-
BaHO JIJIsl PA3JIMYHBIX CeICMOAKTUBHBIX obsiacTeil. OKa3aJIoCh, 9TO 3TU
[MaTTEePHBI TOAO0HBI JjIsl ITUPOKOrO CIEKTPa YCJOBHUI, UTO IMO3BOJIMIO
000CHOBATH BO3MOYKHOCTH aBTOMATUYECKONW KOTHUTUBHOW ujeHTH(hU-
Kanun nOHOCGEPHBIX IPEIBECTHUKOB 3eMiierpscenuit. Ha ciemyromem
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mare Mbl IIPOBEJIM AHAJIN3 MOBeJAeHUS MOHOCKhEPHl BO BPEMs IeOMar-
HUTHBIX BO3MYIIEHUH PA3INIHON WHTEHCUBHOCTHU. 3/1€Ch KapPTHHA OKa-
3aJach CJIOYKHEE B CBA3U C PA3JIMIHON peakiueil monocdepbl Ha pa3-
HBIX IIAPOTAX, & TAKXKE PA3INIUs B PEaKInu HOHOCKHEPH! KaK (pyHKITUN
Hadvaja TeOMarHUTHOH Oypr OT MeCTHOro BpeMeHu. Tem He MeHee, ObI-
JI YCTAHOBJICHBI OIIpeJleJIeHHble 3aKOHOMEPHOCTH, ITOKa3bIBAIOIIUE CY-
[[ECTBEHHOE Pa3/Indie NOHOC(EPHDBIX IIPEIBECTHUKOB U NU3MEHIUBOCTU
noHocEPHI B BpeMs TEOMAarHUTHBIX OyPb.

Bynyr npomemMoHCTpUpOBaHBI «MaCKH» MOHOC(HEPHBIX IIPEIBECT-
HUKOB W F'€OMAarHUTHBIX Oypb, & TaK»Ke Bapualuii B moHocdepe, Koria
Oypst TPOUCXOIMIIA BO BpeMs rrepro/ia (hUHAIBHON CTa U MOATOTOBKI
3eMJIeTPACEHUS].

3.8 MoryT au Bapuanum aKTUBHOCTHU PAI0HA
B CEMICMOAKTUBHOM PETrmoOHe BO31eiiCTBOBATH
Ha moHocdepy?

Cypxos B.B.Y2, ITuaunenxo B.A.!

L Hnemumym gusuxu Seman PAH
2 UBMHPAH

B paze ceficMOAKTUBHBIX PaiOHOB HAGIIIONAIOCH AHOMAJIBHOE YBe-
JIMYEeHUEe aKTUBHOCTU PaJIOHA B IPHU3EMHOM aTMOC(EPHOM CJIoe J0 |
MOCJIe HEKOTOPBIX CHJIBHBIX 3eMJeTpsiceHuil. [IpuHATO cUMTAThH, YTO
3TU JIOKAJbHBIE AHOMAJUHM NPHUBOJIAT K yBEJINIEHNUIO MOHU3AIMNA BO3-
JlyXa, U3-3a PaIMOAKTHBHOIO PACHaja PaJoHa, U, KaK CJICACTBUE, K PO-
CTY 3JIEKTPOIPOBOJHOCTU HUXKHUX CJIOEB arMocdepnl. B janHoii pa-
60Te IIPOBOJIUTCA TEOPETUUCCKUI aHAJU3 M3BECTHON I'MIIOTE3bI O TOM,
YTO AHOMAJMKM AKTUBHOCTH PaJOHA BBI3BIBAIOT BAPUAIMH BEPTHKAJb-
Horo (bOHOBOIO TOKa B aTMocdepe, KOTOpbIe, B CBOIO 0Yepeb, IPHUBO-
AT K 3aMETHBIM U3MEHEHUAM KOHIEHTPAIMA M IOJTHOTO 3JIEKTPOHHOTO
conepxkanust (TEC) asnexrponos B nonocdepe. st aroro BHauase pe-
MIAJIaCh MOJIE/IbHAS CTAIMOHAPHAS 38712498 O BEPTUKAJIHHOM OCECUMMET-
PUYHOM TOKe, BTeKaromeM (U BeITeKaommeM) u3 armocdepst B E-ciioit
nonocgdepsl. JIoKaIbHBIE BAPHAIIMN STOrO TOKA, CBA3AHHBIE C SMUCCHEH
PAJI0HA U3 MOYBBI, IIPUBOIAT K BAPHAIIUSAM TOKA, PACTEKAIOMIECTOC II0
nonocdepe. Perrenne maHHON 32891 MO3BOIMIIO ONEHATH U3MEHEHHE
9JIEKTPOHHOI COCTABJIAIONIEH IJIOTHOCTU TOKa B monocdepe. M3mene-
HUe KOHIIEHTPAIMK 3JIeKTPOHOB B MOHOCQEpPE ONpeesseTcsd KUHETH-
YECKUM ypPaBHEHHUEM, OIMCHIBAIONIEM OAJIAHC MEXK/Ly MPUTOKOM HOBBIX
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CBOOOJHDBIX JIEKTPOHOB M MX YOLLIN BCJIEICTBHE PEKOMOWHAINN C II0-
JIOXKUTEIbHBIMIA MOHAMH W NPUJINIIAHUS K HEHTPAJIbHBIM MOJIEKYJIaM.
[Tosrygyennsie B paboTe OLEHKH B IIPEJIIIOJIOKEHUH, YTO AKTUBHOCTD Pa-
JIOHA B IIPU3EMHOM aTMOC(EDPHOM CJIOe TOBBICUIACH B 2—3 pa3a, MoKa-
3BIBAIOT, YTO MAKCAMAJIbHOE OTHOCUTEIbHOE N3MEHEHNE KOHIIEHTPAIIUN
3JIeKTPOHOB B E-ci10e aTMocdeps! coctasut mopanka 1075, Insg F-cios,
rmapaMeTrpbl KOTOPOIO BapbUPYIOTCdA B Oo0jiee MIMPOKUX IIPEIEIaX, 3Ta
onenka Mensierca B jamamnasone 1072 — 1074, Taxkue m3MmeHenusi ma-
paMeTpoB MOHOCKEPHI TPAKTUIECKN HE HAOIIOMAEMbI. DTOT PE3yJIbTaT
MMO3BOJISIET C/IEJIATH BBIBOJ, O HEIIPABIONONOOHOCTH TAHHOW TUIOTE3HI.
Haburonaempie anomasuun GPS/TEC MonuTopuHra, IpenoaoKuTe/ b-
HO CBsI3aHHBIE C MOHOC(MEPHBIM OTKJIUKOM Ha CefiCMUYecKHne COOBITUS,
[IO-BUIMMOMY, UMEIOT JIPYTYIO IPUPOJLY.

3.9 MozaenupoBaHue 30H re0aKyCTUIECKOTO
U3JIyUueHus nepe]] CUIbHBIMU
3emJieTpsicenusMu Ha Kamuarke,
npousonieqmuMu B riepuop ¢ 2019 mo 2021 r.

Tanees M.H.

Huemumym xocmofpusuneckux uccaedosanutt U pacnpocmpaHerus
paduosonn JIBO PAH

IIpousBemen pacder 30H re0aKyCTUIECKOTO HM3JIYIEHUS IO YPOB-
HSIM OTHOCHUTEJIHHBIX JedOpMaIinii, KOTOPbIi OCHOBAH Ha CTATUIECKOMN
MoJIeu J1e(POPMAITMOHHOTO TIOJIs B paMKaX Teopuu yrupyroctu. B coor-
BETCTBUHU C 3TOU MOJIC/IBIO 3¢MHas KOPa PACCMaTPUBACTCA KaK OJJHOPO/I-
HOE U30TPOITHOE YIIPYTOe MOJIYIIPOCTPAHCTBO, B KOTOPOM IIPUCYTCTBYIOT
Pa3/IMYHbIe NCTOYHUKN HAIIPAKEHNA.

IIpu nmocrpoeHnn MoIeaN PACCMOTPEHBI BAPUAHTHI OYArOB 3eMJIe-
TPsICEHUS B BUJIE COCPEIOTOYEHHOIO UCTOYHUKA C PA3INIHON KOMOUHA-
el TBOMHBIX CUJI M MIPOTAKEHHOI'O MCTOYHUKA: JIMCJIOKAINS — IIPs-
MOYTOJIBHUK C IIOCTOSTHHBIM BEKTOPOM IIOJIBUKKU.

B xome momenmpoBanus paccMaTpUBAIACH MEJIKOMOKYCHBIE 3€M-
serpsicenns wa Kamuarke B mepuon ¢ 2019 mo 2021 r. ¢ MOMeHTHOI
MarauTyoit Mw Beie 5.0, MeXaHUKa odara KOTOPBIX aCCOIMUPOBAHA
C pa3pbIBOM CILJIOITHOCTHU CPEJIbI.

Pabora npoBosmiach B paMKax peasn3alii roCy[apCTBEHHOTO 3a-

mauusg AAAA-A21-121011290003-0.
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3.10 Hekoropble aceKTbl IPOsSIBJICHUS
rJI00aJIbHBIX T€OMArHUTHBIX CUTHAJIOB KakK
MpeABECTHUKOB CUJIbHBIX 3€eMJIETPsSICEHUN

Iapxromos B.A.Y, Xomymos C.FO.?, Ilaemad B.2, Bedepnurosa T.H.!

L Batixanavckut 2ocydapemeennoiti ynusepcumem, Hpxymerk, Poccus
2 Hnemumym xocmodusuneckur uccredosamuti U pacnpocmparerus
paduosoan JIBO PAH
3 Hnemumym acmponomuu v 2eofusuru AH Moneoauu,
Vaan-Bamop, Mownzoausa

WccnemoBanbl BApHAIMN MATHUTHOTO ITOJIsT 3€MJIH TIe€peJT, CUIbHBI-
Mu 3emierpsiceansiMu. CIie/laHO COIOCTaBJIEHNE UX IJI00AJBHOIO U JIO-
KaJIHOTO IposiBjieHusi. [loKa3aHO, YTO BO MHOTUX CJIydasiX UCTOUYHUKU
CUTHAJIOB, IIPEJIIOIAraeMble KaK UMEIOIue JINTOCHEPHOE ITPOUCKOXK JIe-
HUE, HAXOJATCS B MarHuTocdepe W HEIOCPEICTBEHHO PErUCTPUPYIOT-
csI CIIyTHUKAMU HA BBICOKMX opbmTax. TakuMm obpa3om, mo100HbIE Teo-
MarHUTHBIE BAPUAIMHI MeHEPUPYIOTCS DU B3aAMMOJIEICTBUY COJITHEYHOI'O
BeTpa C MarHuTocepoil U He MOI'YT PACCMATPUBATHCsI KAK IIPEJIBECT-
HUKW 3€MJIETPSICEHUI, nMeroIne (pU3NIeCKy0 CBSI3b C MPOIECCAMHU B
ogare (DOPMUPYIOMIETOC CeiCMUIecKOro coobirust. [IpeaBapurepubrit
aHaJIN3 TMOKA3bIBAET, UTO JIJIsl JIOCTOBEPHOI'O BBIJIEJICHUS IPEIBECTHUKA
3eMJIETPACEHU A HeO6XO):LI/H\IO yauThbiBaThb KOMILJIEKCHY IO FeOd)I/ISI/ILIeCKyIO
nHMOPMAIUIO, BKJIIOYAsT IAHHBIE O COCTOSTHIY OKOJIO3€MHOT'O IIPOCTPAH-
crBa. Pabora mpoBojuiiach B paMKax peaju3allid IOCYIapCTBEHHOT'O
samanusg AAAA-A21-121011290003-0.

3.11 O guHaAMHKE 3JIEKTPOMArHUTHBIX IMapaMeTpPOB
autocdepbl CeBepuoro Tanb-11lans

Bamaanesa E.A.
Hayunas cmanyus PAH 6 2. Buwxkexe

OO06006IIEeHBI ¥ CHCTEMATH3UPOBAHBI JJAHHBIE O ITAPAMETPAX JIEKTPO-
MarHUTHOTO T0JIs 3eMHO# KOopbl Ceseproro Tanb-11lans. Vcmosib3osan
9KCIIEPUMEHTAJILHBIN MaTepruaj BUIIKEeKCKOro reoIMHAMUYECKOr0 M0~
JIMTOHa — PEe3YJ/IbTaTbhbl MarHUTOTE/IJIYPDUYIECKOI'O MOHUTOPHUHI'a U KaTa-
Jgior ceru KNET (Kyrgyzstan Telemetered Network), a Takzke karajoru
cereit KRNET (Kyrgyz Republic Digital Network) u ISC (International
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Seismological Centre). Ha ocHoBe ana/m3a 9TUX JAaHHBIX U3Y4YEHA 3a-
BUCUMOCTD OTKJINKA CECMUYECKUX COOBITHI B 3JIEKTPOMATHUTHBIX Ta-
paMeTpax OT PacCTOSIHUS IUIEHTPOB 3eMjieTpsiceruii. Hanbosiee Bepo-
SITHON MPUYNHON BO3HUKHOBEHUSI AHOMAJIBHBIX U3MEHEHUHN B 3JIEKTPO-
MAarHUTHOM II0JIE SIBJISETCH aKTUBU3AIus 1ePOPMAIMOHHBIX IPOIECCOB
[IpU TIOJITOTOBKE CUJIBHBIX 3emuterpsicenuii. Llesbio nacrosimeit pabo-
THI SIBJISIETCS aHAJIN3 BapHAIii MATHUTHOTO THIIIEPA U CEHCMUIECKIX
COOBITHUIA, 3aPErNCTPUPOBAHHBIX PA3JIMYHBIMUA CEACMUIECKUMU CETSIMU.
[IpuauMmast BO BHUMaHUE, YTO BEIIECTBEHHBbIE WHIYKIMOHHBIE CTPEJI-
ku (ReW) cBsi3aHbl ¢ aKTUBHBIMU IJIEKTPUYECKUMU TOKAME, & MHHU-
mbie (ImW) — ¢ peakTUBHBIMU, HAMU OBLIN IOCTPOEHBI U PACCMOTPEHDI
YaCTOTHO-BpeMeHHble psijibl oboux napamerpos (ReW u ImW). Ilpen-
CTABJIEHBI PE3YJIBTATHI YaCTOTHO-BPEMEHHOTO aHAJN3a M PACCMOTPEHBI
OCODEHHOCTH IIPOSIBJIEHHS] B 3aBUCHUMOCTH OT MECTOHAXOXKJIEHUsI TUIIO-
U SIUIMEHTPOB CEHCMUYECKNX COOBITUN W UX MATCHUTYIbL. YCTaHOBJIE-
HBI 3aKOHOMEPHOCTY B TIOBEJICHUN BapHUAINil TUIIIIEPA HA yIAJeHHbIE U
pernoHasbHBIE 3eMiteTpsiceHns 3a nepnom 2010-2020 rr. ¢ snepreruie-
CKIM KJIaCcCOM OT 8 g0 12.

Pabora npoBoguinuck B pamMKax BBIIOJHEHUs T'OCYIapCTBEHHOIO
zamanus Hayuanoii cranimuun PAH o reme AAAA-A19-119020190063-2.

3.12 Or1leHKa BEepOSITHOCTU HACTYILJIEHUS
3emuieTpsicenusi B KamyarckoMm peruone
II0 CEICMOJIOTUYECKOMY M KOMILJIEKCY
noHOC(EPHBIX ITPEIBECTHUKOB

Bozdanos B.B., Ilasros A.B.

Hremumym xocmopuduueckuxr uccredo8aruts U pacnpocmpareru.s,

paduosoan /IBO PAH

B mammoit pabore Ha OCHOBE OObEINHEHUS CPETHECPOIHOTO U KPAT-
KOCPOYHOI'O ITPOTHOCTUYIECKUX MMPU3HAKOB, COIyTCTBYIOMIIX (hOPMUAPO-
BAHUIO 3eMJIETPSICEHUIT, IPECTaBJIEHAa METOINKA OIEHKN 00JIACTH, Bpe-
MEHHOTO IIePUO0/Ia U BEPOSTHOCTU HACTYILJIEHUsI CUJIbHBIX 3eMJIeTpsice-
uuii ¢ Kg > 13.5 (M > 6.0) 8 Kamuarckom peruone. B kagecrse cpeji-
HECPOYHOI'0 IPEABECTHUKA PACCMOTPEH CeHCMOIOrNYeCKUil IIPOTHOCTH-
qeckuil mapamerp &p, MOIYyIEeHHBII HA OCHOBE BEPOATHOCTHON MOJIEIN
CeliCMUYEeCKOr0 peKMMa U OIPEJesIAIONINNA CTAaTUCTUYEeCKU 3HAYUMble
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OTKJIOHEHHsI TeKyInuX BepostHocreil Py (S;) nonaganus ceficMuuecKux
cobbITHUil ¢ 3HEpreTuyeckKuM KijaccomM Kg > 9.0 B obiactu S; oT g0Jr0-
BpeMeHHBIX ((POHOBBIX) 3HAUeHu!t BepositHOCTEl Pr(.S;). O6macth 0xKu-
naHus 3emyierpsicerns ¢ Kg > 13.5 onpepensiiach Kak rpymma obJia-
creit S;, B KOTOPBIX 110 mapamerpy &p ObLIN UIACHTADUITMPOBAHBI aHO-
MaJIMA CEHCMIYIECKOT0 pekmMa. B KadecTBe KPATKOCPOYHBIX ITPOTHO-
CTUYECKUX MMPU3HAKOB C MEPHUOIOM OKUJIAHUS 3eMJIETPSICEHUS /10 5 Cy-
TOK pacCMOTPEH KOMILJIEKC HOHOC(EPHBIX apaMeTpoB: K-ciioii, criopa-
nwdeckuii cjaoit Es tuma r, kpuruueckasi gacrora foF2 u pacciioenne
ciiosg F2 no gacrore. Ha ocnoBe BaitecoBckoro moxoaa mpon3BeieHbI
MMPOTHOCTUYECKHE OIEHKN BEPOATHOCTEN HACTYIJICHUST CUIBLHBIX 3€M-
serpsicennii ¢ Kg > 13.5 (M > 6.0), upousomenmux 3a rnepuos 2019-
2021 rr. 8 KamMmaaTckoM pernone, B 007aCTAX 0KUIAHUS, OIIPEJIETEHHBIX
110 mapamerpy & p, IPU YCJIOBUU, YTO UJIEHTU(DUIINPOBAH KOMILJIEKC aHO-
MaJIbHBIX TAPAMETPOB NOHOCHEPHI.

Pabora mpoBommmach B paMKax peasu3alui TOCYIapCTBEHHOTO

sagaang AAAA-A21-121011290003-0.

3.13 Iloasipu3alimoHHBII aHAJIN3 B UCCJIEJOBAHUIX
paauaJibHON aHU30TPOIINU

Joickosa E.JI.Y, Cannuros K.FO.', Apoicanenxosa A.H.?

L Canrm-Iemepbypeckuti eocydapemeennmiti yHueepcumen
2 Hayuonarvnwiti uccaedosamenvcruti yrusepcumem MTMO

Sajiaun, CBsI3aHHBbIE C U3yYeHHEeM PaJInajIbHOl AHM30TPOIIMKI BEPX-
Hell MaHTUU 3eMJId, He [IEPECTAIOT ObITh AKTYaJbHBIMHU.

OTHOCUTE/IBHO IPUYXH PAIUAIBHON AHU30TPONNH BBICKA3BIBAIOT-
CsI pa3Hble MHEHHUs: OHA MOYKET BO3HUKATH BCJIEICTBUE KOHBEKTHUBHBIX
[IOTOKOB BEIIECTBa B BepxXHEHl MaHTHUU WU JAedOopMallud BelecTBa B
pe3yJibraTe TEKTOHUYECKHUX IIPOIECCOB 38 COTHU MUJLJIMOHOB JieT. Ilep-
Basl IIPUYKMHA, I10-BUJIAMOMY, OIUCHIBAET aHU30TPOIUI OKEAHUIECKON
BepXHel MaHTHH, e Beeraa HabJromaercst npesbiienne Ve g Haa Vgy,
TOra KaK BTOPas — KOHTUHEHTAJIHHYIO0 MAHTHUIO, IJe BO3MOXKHBI pa3-
HbIe COOTHOITEeHnA MeXKay Veg u Vgy .

1 KOHTHHEHTAJIbHBIX 00JIacTell 3HAK MEXK/Iy CKOPOCTSMHU Vs U
Vsy 10 JaHHBIM pa3HBIX aBTOPOB CHJIBHO OTJIUYAETCs, B IIEPBYIO Ove-
pe/lb, BEPOSITHO, M3-3a 0O0Jiee CJI0XKHOI'O CTPOEHUs] KOHTHHEHTAJIbHBIX
obJracTeil M0 CPABHEHUIO C OKEAHUIECKUMU.
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Hamm npeapiaymue nccienoBanus, MOCBSINEHHbIE AHAIU3Y Pac-
npefeneHust Koaddunmenta annsorpornun B Kapmnarcko-Ilannomckoit
cucTeMe, MO3BOJIUIN BBISIBUTL NpeobJiajlaHne aHOMAJUM HU3KUX CKO-
pocreit ox [TarHOHCKUM Oacceitnom m TpaHcuiabBaHueil, pasieseHue
BIoJib 30HbI TopHKBHUCTA-Tecceiipa cTpykTypsl npesaeit Bocrouno-EB-
porieitickoii mIaTdOpPMbl OT MOJIOJIBIX OPOTeHHBIX 30H 3amajHoil EBpo-
IIBL.

st momyvuennst HanboJjiee TOYHOTO pacipeeseHust KodbuimeH-
Ta AaHU30TPOIUU BayKHO YMETDb TOJIYYATh YUCTHIE JIATEPAJIbHBIE CKO-
pocTHbIe pacupenesenns BoyH JIsgBa u Penes. B 6osbmmaCcTBE cotydaes
TeOMETPUYECKHIT A3WMYyT, OTBEYAIONIUIl TPAacce BIOJb JyT'H OOJIBIIOrO
Kpyra, JAefiCTBUTEIHHO, NMPAKTUIECKN COBIIAJA€T C UCTHUHHBIM a3UMYy-
TOM IPHUXOJa BOJIHBI Ha craHiuio. OmaHako st nepuogos g0 3040 ¢
3a CYET CUJILHOHN JIaTepaJbHON HEOTHOPOIHOCTH KOPBI U IOJIKOPOBOI
MAHTUU UCTUHHBIA a3UMyT MOYKET JOBOJBHO CHUJIBHO OTJIMYATHCS OT
reoMeTpUYIecKoro. B aToMm cirydae TpaHCBepcabHAS KOMIIOHEHTa CMe-
[IEHNUs, TOJIyIEeHHAs] UCXO/Isl U3 T€OMETPUIECKOrO a3MMyTa, MOXKET CO-
JepKaTh KpoMe BOJIHBI JIsIBa elre 1 HEKOTOPBIH BKJIa/1 OT BOJIHBI PeJest.
DT0 MOXKET IIPUBOJUTH K CYIIECTBEHHBIM UCKAYKEHUSIMU, OCOOEHHO B 00-
JlacTu epuoioB okoso 20-40 ¢, riae ckopoctu BoJiH Pesest u JIstBa MmoryT
OKa3bIBaThCs Osim3kuMu. [losTroMy mcmepcnonHbIe KpUBbIe BOJIHBI JIs-
Ba, [TOJIy9aeMble UCXO/I U3 T€OMETPHIECKOTO a3UMyTa IIPUX0/IA BOJIHBI,
MOT'YT COJIEPXKATH OIMIMOKHU, CBI3AHHDIE C HAJIO2KEHNEM Ha 3aIIACh BOJIHBI
Penes.

B macrosimeM wucciieloBaHUN TIPEJJIOXKEH METOJ, TOJIYUeHUS YH-
CTBIX JUCIIEPCUOHHBIX KpuBbIX JIsBa m Pejes, 6e3 mpumeceil, HA oC-
HOBE MOJIAPU3AIMOHHOTO aHAII3a. I OTAeIbHBIX IePUOIO0B OTKJIOHE-
HUS OT T€OMETPHUIECKOr0 a3uMyTa JocTuraiau dosee uem 20 rpasycos.
VTo4uHEHHBbIE CKOPOCTHBIE PACIIPE/IEIEHIs I03BOJIMIN IOy YUTh OoJiee
JeTajibHbIe OCOOEHHOCTU B paclpejieieHunn Ko3dpuimeHTa aHm30TpO-
muu B Kapnarcko-IlanrnoHcKo# cucteme.
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3.14 IlpumMeHeHMe pa3HECEHHOI CHCTEMbI
Jla3epHbIX MHTep(dEepoMeTpoOB U
HaAKJIOHOMEPOB JJid OOHapY2KEeHUH
NpeaBECTHUKOB 3eMJIETPSICEHU N

Jly6pos M.H.', Boaxoe B.A.2, Jlapuonos H.A.3, Mpauna 5.2,
Ionax B.*, Anexcandpos /. B.1

b @pasunckuti duavan Hnemumyma paduomernury u 2AexmpoHuKy
um. B.A. Komeavnuxosa PAH, Poccus
2 Hnemumym dusury Semau um. O.F0. IImudma PAH, Poccus
3 Hnemumym wocmodusuneckur uccaedosaruti U pacnpocmpaHer
paduosoan JIBO PAH
4 Teopusuveckuts unemumym AH 9P, Yexus

Harmmmu npenpiayrme ncciaenoBaHus co BCell OYE€BUIHOCTHIO ITOKA-
3bIBAIOT, 9TO CHHXPOHHOE HAOJIIO/IeHNE TVIODAIBHBIX BO3MYIIEHUN aT-
MocdephI 1 JIUTOCGEPHI € TOMOIIBIO TOYHBIX U IIPOCTPAHCTBEHHO Pac-
[IPEeJIEJIEHHBIX UHCTPYMEHTOB siBJIsieTCsi 9(p(PEeKTUBHBIM MeTOJI0M OOHa-
PY?KeHUsI TPEeIBECTHUKOB KPYIHBIX CEHCMUYEeCKUX COOBITUI W JIPYrux
ONACHBIX MPUPOIHBIX SIBJIEHUI. DTO HUCCJIEIOBAHUE PACIIUPSIET IIPO-
CTPaAHCTBEHHBIN Jnarna3oH Hartero mnoucka g0 7000-9000 kM m 1m03BO-
JIIeT Pa3eJUTh PErMOHAJbHbIE U IVIobasbHble BO3MyIenus. [Ipemve-
TOM TIPEJICTABJIEHHBIX MCCJIEOBAHUI SIBJISIIOTCS: 1) aHAIN3 HENPUIINB-
HBIX 1e)OpMAINOHHO-0ApUIeCKUX ¥ HAKJIOHHO-0apUIeCKUX IIPOIECCOB,
PEruCTPUPYEMbIX CACTEMON HA3€MHBIX JIA3€PHBIX MHTEP(EPOMETPOB B
npenesax Mockosckoit Cunexiuzbl (O6uunck, @psasuno) nu Kamuar-
K COBMECTHO C CHHXPOHHO PabOTAIOMINME HAKJIOHOMEDPAMH, YCTAHOB-
JieHHBIME TUIy60KO 11011 3eMiteil B Boremckom maccuse (Ckanna, Ezepn,
ITpubpam); 2) HOMCK KOPPEJSIUil MEKJLy JAHHBIME JA3€PHBIX HHTED-
depoMeTpOB U JTAHHBIMY YIAJEHHBIX HAKJIOHOMEDOB Iepe]] CHIbHBIMUI
zemuteTpsiceHusAME. 1lesTb cocTonT B TOM, YTOOBI PA3ININTh JIOKAJbHBIE,
permoHajbHbIE U IJI00AJbHBIE BAPUAIMN U AHOMAJIHUH, [IPEIBAPHAIONINE
U COIIPOBOXKJIAIOIINE ceficMuyueckue mporecchl. Harmmm mepssiM mmojiia-
FOIUMCsI OIIEHKE OIIBITOM B 9TOM HallpaBjieHWM ObLIa HaiijleHHas CcTa-
TUCTUYIECKY 3HAYNMAS BEJIMYNHA TJI00AJBHON CBsA3U J1e(POPMAIMOHHO-
bapuuecknx aHOMAJIHil, OOHAPYKEHHBIX C ITOMOIIBIO y/IAJEHHBIX WH-
crpymentoB @pssmao — Kamuarka ¢ UCIOIb30BaHMEM METOIa KOD-
pensaruu [lupcona. /Ipyras mombiTka oOHapyKeHus J1edOpMaIMOHHO-
GapuyecKoil U HaKJIOHHO-OAPUYECKON CBsI3U Ha PErMOHAJIBHOM YPOBHE
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ObLIa MIPEANPUHATA [IyTEM CPABHEHUS JAHHDLIX JIA3ePHOTO 11edOopMO-
rpacda B OOHUHCKe ¢ HAKJIOHAMU, 3aPErnCTPUPOBAHHBIMYU B 06CEpBATO-
pun Ezepu. D10 mano koadpdunnent koppensiun Ilupcona R = 0,92,
9TO O3HAYaeT CUJIHbHYIO HANJEHHYI0 KOppeadnui. lakas obpaboTka
JAHHBIX [IPUMEHEHA JJIsi BPEMEHHBIX WHTE€PBAJIOB, BKJIIOYAIONINX CHAJIb-
Hble 3eMuteTpscerns 2015-2020 rr.

Pabora mpoBoammach B paMKax peasu3aiui TOCYIapCTBEHHOIO
sajanus 0030-2019-0014 u AAAA-A21-121011290003-0.

3.15 dPusumuyecKue MeXaHU3MbI HECEICMUYIECKUX
ABJIEHU, COIIyTCTBYIOIINX 3€MJIETPSICEHUSIM.

0O630p
Cypxos B.B.}:2

b Hnemumym dusuru 3emau PAH
2 U3MHPAH

B nmoknane npusoguTcs 00630p TEOPETUIECKUX MOJAENEH, IOCTPOEH-
HBIX el OObACHEHHA HEKOTOPBIX HeCeHCMUYeCKHX ABJICHHN, BO3HHUKA-
IOIIUX JI0, BO BPEMsI U IIOCJIE 3eMJIeTpPsiCeHnil. AHaIN3UPYIOTCsT Teope-
THUYECKHE MOJEJN CJIeIYIOMNX ABJIEHNN, COIyTCTBYIONIUX 3eMJIeTpsace-
HHAM.

(1) JlokajbHble M3MEHEHHs! SJEKTPOIPOBOAHOCTU 3€MJIU, CBSI3aH-
HBIC C ABUXKCHHEM IIPOBOJANICH IOJ3EeMHON YKIUJKOCTA M N3MCHECHUAMUA
IIPOBOJIUMOCTH IIOPOJBI IO, JeHCTBUEM TeKTOHHYECKUX AedOopMaluil.

(2) AHOMAJIBHBIN HHM3KOYACTOTHBIH SJIEKTPOMAIHUTHBIA IIyM,
[IPEJIIONIOKUTE/IBHO CBA3aHHBIA ¢ 00pa30BaHUEM TPEIIUH, P€OMarHUT-
HBIMH BO3MYIIEHUSIMU UJIH 3JIEKTPOKHMHETUIeCKHM 3DdeKToM B mopu-
CTBIX HACBIIEHHBIX BOJOM IOpOJIax.

(3) Ko-ceficMudeckue 3JeKTPOMArHUTHBIE SBJICHUS, BKJIIOYAIO-
mye ceiicModjieKTpudecKuii 3pdeKT; Bo3MyIIeHns reOMarHATHOTO II0-
JI cefiCMIYeCKUMHU BOJIHAMU, PACIPOCTPAHSAIONIIMUCA B IIPOBOAAIINX
CJIOAX 3€MJIN; 3J€KTPOMArHUTHBIN IIPEIBECTHUK CefICMUYIECKO BOJIHBI,
BO3MYIIEHIE HOHOCHEPDI aKyCTUKO-IPABUTAIIMOHHBIMU BOTHAMU.

(4) DmMuccust pajioHa U 3apsYKEHHBIX a9PO030JI€ii U3 HOUBBI U UX BO3-
MOXKHO€ BJIASHEE Ha 3JIEKTPOIPOBOJHOCT aTMOCGEPHI U HMOJHOE JIEK-
TPOHHOE CcoflepXKanue B nonocdepe.

(5) Anomasmu wuHGPAKPACHOIO U3JIy9eHHsl, HAOIIONAEMbIe Ha/T
CefICMUYeCKH aKTUBHBIMU DETHOHAMM, ¥ TEOPETHYECKUE MOJIEJIN 3TOTO
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ABJIEHUsI, BKJIIOYas JOKAJLHBIN MAPHUKOBBIN 3(PPEKT, KOHBEKTUBHBIHN
HarpeB IIOBEPXHOCTU 3eMJIN IOJA3EMHOM >KUJKOCTBIO M HarpeB aTMO-
cdepbl, BBI3BAHHBIN PAJIMOAKTHBHBIM PACIIAJIOM PaJIOHA.

3.16 ODurponusa Tcamnca B ananunse
CENCMOJIOTNTYECKUX U IKCIEPUMEHTAIbHBIX
JaHHBIX

Cvives B.H., Cwuesa H.A., Kyavxos /I.C.
Hayunas cmanyus PAH 6 2. Buwkeke

B ocHoBe amamm3a ceifiCMOJIOTHIECKUX ¥ IKCIEPUMEHTAJIBHBIX
JIAHHBIX [10 OJIHOOCHOMY WCIBITAHUIO HA MPOYHOCTH OOPA3IOB Teo-
MATEpUAJIOB JIEXKUT KOHIEIIWsT SHTPOIUHN, KOTOpasi Oblia BBeJeHa
B 1988 r. Koncraatuno Iasmcom B KagecTBe OCHOBBI JIJIsT OOOOIIEHUSI
CTAaHJAPTHOI CTATUCTUYECKON MEXaHUKU JIJIsl CJIydasi HEIKCTEHCUBHBIX
(meapmuruBHbIX) cucrem. st onucanus (DYHKIUEM DPacOpeieeHus
3€MJIETPSICEHUIT 110 SHEPTUAM HUCIOJIH30BAIUCH MOIUMPUIMPOBAHHAS
MOJIeJTh ovara 3emyerpsicenusi stick-slip — mpepsiBECTOE CKOJIBKEHIE
JABYX ILIUT JAPYI' OTHOCUTEJIbHO /JIpyTa BJIOJIbL Pa3J/IOMa IIpU HaJIU4YUU
TPEeHUS U 3aI0JHAMNX (PPArMEeHTOB MEXK/ 1y ITOBEPXHOCTSIME Pa3JIoMa
W TPUHIUI MakKCcAMyMa 3SHTpormu Tcajummca. YKa3aHHBIA ITOIXOMT
WCITOTB30BAJICH  JJIsI KOJIMYECTBEHHOW OIEHKU JAJbHUX [IPOCTPAH-
CTBEHHBIX KOPPEJISIIHil, BO3HUKAIONUX B IOTOKE 3eMJIETPSICEHuil,
a TakXKe I OIEHKN W3MEHEHWs JAJbHUX MPOCTPAHCTBEHHBIX KOD-
peJisiliuii  HeIoCPeJICTBEHHO IIepeJl TJIABHBIM COOBITHEM ¥ BO BpeMsi
cnefoBanusi  adrepiokoB. [lokazaHo, YTO MOTOK 3€MJIETPSICEHUit
peJIcTaBjIsieT co0Oi CHCTEMy C MaMsSThI0 W JAJbHAMU IIPOCTPAH-
cTBeHHBIX Koppenamusamu. [Tapamerp Tcammmca ¢ mys adpTepITOKOBBIX
[IOCJIEZIOBATEILHOCTEH TIPEBBIIACT 3HAYEHUE ¢, BBIYUCIEHHOE JIJIst
BCEr0 KATAJIOra 3eMJIETPSICEHUIl, YTO YKa3bIBAET Ha TO, YTO JajIbHUE
[IPOCTPAHCTBEHHBIE KOPPEJISIIIUI BO3PACTAIOT [T€PE]] 3€MJIETPICEHIEM U
MIPOJIOJIZKAIOT OCTABATHCH MOBBIIIEHHBIMI BO BpEMs CJIeI0BaHus adTep-
IMIOKOB. DTOT Ke IMOJIX0JT ObLI MPUMEHEH W K aHAJM3y PaCIpe/IeJIeHUsT
CUTHAJIOB aKyCTHYIECKON aMuccHu 1o sHeprusiM. IIpogemoncTpupoBano
[IOJIHOE CaMOIIOJ00Me Ppaclpee/ieHnii 110 SHEPTUsM Ha Pa3JIMIHBIX
MacIITaOHbIX YPOBHSIX.
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3.17 DpeaurapHasg MaTeMaTH4YecKasi MOIeJIb
PukkaTtu c 3ana3apiBaHueM i

MCCJIe/IOBaHUS JIMHAMUKN KOHIEHTPAaIuu
pPaJioHa B HAKONUTEJbHOU Kamepe

Teepdwdi J.AV?, aposux P.H.>3, Maxapos E.O.%,
’ Qupcemos 1114

L Hnemumym npukaadnot mememamury u asmomamusayuy KBHI]
PAH
2 KamI'Y umenu Bumyca Bepunea
3 Unemumym xocmopusuneckur uccaedoamnuti U pacnpocmpanenus
paduosoan JJBO PAH
4 Kamuwameruti puaruan Pedepanvrozo uccaedosamensekozo 4enmpa
«Edunas eeopusuueckasn cayorcoa PAH»

B obmmem ciaydae mpu mpoBeieHHN IMAaHAIMOHHBIX MCCJIETOBAHUIMA
C TIEJISIMU TIOUCKA, [IPEIBECTHIKOB 3€MJIETPSICEHUI, BIJICJIEHUsT PA3IOM-
HBIX 30H 3€MHOI KOPBI, pa3pabOTOK MaTeMaTHIECKUX MOJEeN Macco-
[IEPEHOCa reora3a U paja JAPYIuX 3a/ad TpedyeTcs 4eTKOe OHMMAaHUe
[IPOIECCOB HAKOIUIEHNUS reora3a (B MEPBYI0 0UYepejib PAJIoHA) B 0ObeMe
HAKOIUTEIbHON KaMephl UCIIOJIB3YEMOr0 Mpubopa.

Konmenrpamusa pamoHa, a Tak ke BpeMsi BBIXOJA HA HACBHIIIE-
HU€ [IPU JIOCTHXKEHWH €ro PABHOBECHs C IPOJYyKTaMH DAaCIajia B Ha-
KOIINTEIbHOM KaMepe 3aBUCHT OT BEJIMYHUHBI INIOTHOCTU ITOTOKA PaJIo-
Ha (IIIIP) ¢ moBepxHOCTH B MeCTe yCTAHOBKU Takoil Kamepbl. MoHHTO-
PUHT paJIOHA MPU3HAETCS MHOTUMU UCCJIe0BATE/ISIMA KAK [TePCIEKTHB-
HBII METOJ] IPOTHO3a, CUJILHBIX 3eMJIETPSICEHUI, OCODEHHO ¢ HEOOJIBITION
rryOumoit ouara. [yisi yBepeHHOTO BbIjIeJIeHNsT AaHOMAJIUN B IOJIE TIO-
IIOYBEHHOI'O PAJIOHA IIePeJi CUJILHBIMU CEHCMUYECKUMU COOBITUSIMU HA
doHe TIOMEX PA3IUIHOI TPUPOJIBI, HEOOXOIUMa, PAa3BUTAasI CETh IIyHKTOB
uHabJuirosennii. [Ipu oprarmsaium myHKTOB MOHUTOPUHTA IOAIIOYBEHHOI'O
panona HeobxomuMmo 3HaTh Besmuanny [IITP ¢ moBepxHOoCTH B BBIOpaH-
HOH TOYKe, rie OyJeT yCTaHAB/IMBATHCS HAKONUTEIbHAas Kamepa. Bce
3TO ompeeseT HeoOXOauMOCTh onepaTuBHoi oreHku IITIP mpocTbiM
U JOCTYIHBIM METOJIOM.

B pabore npencrapiena MareMaTndeckasi MOJIE/b Ha OCHOBE TUd-
depennmapHOrO ypaBHeHust PUKkaTu ¢ ormepatropoM apobroro mgudde-
permmposanus ['epacumoBa-KamyTo n mepeMeHHBIM TOPSIIAKOM IPOOHO-
ctu. Moziesib HAKOIJIEHUST PAJIOHA B KAMepPe YINTHIBAET HACJIEICTBEH-
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HBIE CBOMCTBa CpeJibl, B KOTOPOIl MUTPUPYET PaJIOH, a TAK¥Ke UCIOIb3Y-
eT HeJUHEWHyIo QyHKIMIO, KOTOPas OTBEYaeT 338 MEXaHU3MBI TOCTYII-
JleHust pajioHa B Kamepy. llosrydennble Mojie/IbHbIE KPUBBIE COIOCTAB-
JIIIOTCSL ¢ peasibHbIMU JaHHbIMA. [loKa3aHO, 9TO IpejjaraeMasi B pa-
60Te IpeIUTAPHAT MOJIED JAET JIydIlee COTJIACHe MEXK Ly MOIEbHBIMU
¥ peajibHbIMA KPUBLIMHM HAKOIUIEHUST PAJIOHA M MOXKET OBITH HMCIIOJIb-
30BaHa JIsi 60JIee TOTHOIO OIMMCAHUS TIPOIECCOB, ITPOUCXOJISNINX B Ka-
Mepe. Beejienne B ypasuenue adpdexra HACIeICTBEHHOCTH JTaeT JOMOJI-
HUTEJbHYIO CTEIeHb CBOOO/IBI, U ITO3BOJIsIET Oosiee TUOKO MOJIETTUPOBATH
[IPOIIECC HAKOIJIEHUs PaJoHa B KaMepe.

Pabora Bomosnena 1npum  nogmepxkke Tembl AAAA-A19-
119072290002-9 HUMP KamI'V wum. Buryca Bepunra «IIpupomgmsie
kaTacTpodbl KaMaaTkum — 3eMyIeTpsiCeHUs] U M3BEPXKEHUSI BYJIKAHOB
(MOHMTOPHHT, TIPOTHO3, W3Y4YeHWe, IICUXOJIOTHUYECKasl IOJJEePKKa
Hacejienus)» u npoekra PODIU Ne20-05-00493.
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1.1 Annual variation of atmospheric electricity
diurnal variation maximum in Kamchatka

Smirnov S.E.

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

Atmospheric electric field diurnal variation measured in fair
weather conditions over the ocean surface has a typical form which
is called a unitary variation. It is associated with the global time
and occurs simultaneously all over the planet. However, the diurnal
variation, measured over the ground depends on many local factors.
The diurnal variation maximum of the electric field potential gradient,
measured at Paratunka observatory, has the maximum close in time
to the unitary variation maximum. In the paper we show that this
maximum is determined by local conditions and is associated in time
with the sunrise. The diurnal variation maximum of the electric field
potential gradient, measured at Paratunka observatory in fair weather
conditions, has annual variation coinciding with the annual variation
of local time sunrise.

The work was carried out as part of the implementation of the state
task AAAA-A21-121011290003-0.

1.2 Application of artificial intelligence
for recovering of ionograms in Taiwan

Dmitriev A. V.2, Chang Y.-C.2, Hsieh M.-C.?, Hsu H.-W.2,
Huang G.-H?, Li Y.-H.?, Lin C.-H.2, Lin Y.-C.2, Mendoza M.?,
Tsai L.-C.2, Tsogtbaatar E.?

L Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State
University, Russia
2 National Central University, Taiwan

Global Navigation Satellite System (GNSS) plays a crucial
role for positioning and navigation. The GNSS accuracy is directly
controlled by the conditions in the ionosphere. Routing monitoring
of the ionosphere is conducted by ground-based ionosondes, which
provide experimental information about radio-echoes from ionospheric
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layers, so-called ionograms. The ionograms contain a lot of noise from
numerous artificial transmitters such that the recovery of ionospheric
signals becomes a very difficult problem. We present application
of various machine learning (ML) techniques for determination of
the signals from ionospheric E and F layers in very noisy environment
of Taiwan, where the noise is comparable with the signal (SNR ~1).
It is shown that deep ML techniques allow reaching the accuracy up
to 80% even for extremely nosy conditions.

1.3 Characteristics of thunderstorm activity
in the Arctic region according to
the measurement results in Tixie Bay

Toropov A. A.
SHICRA SB RAS

The paper presents the results of a study of nearby thunderstorms
from 2014 to 2020 in Tixie Bay (Polar Geocosmophysical Observatory,
ShICRA SB RAS, 71,35" N, 128,46’ E). A Boltek EFM-100 electrostatic
field-mill is used to register nearby thunderstorms. Thunderstorms
appear in the data of an electrostatic field-mill in the form of a sharp
jump of large amplitude and a smooth fall within a few or even
tens of seconds, which makes it possible to reliably identify each
lightning within a radius of 15-20 kilometers from the observation
point. The range of the measured electric field strength: +/- 20 kV/m,
with an accuracy of +/- 10 V/m. Data resolution is one second.
The electrostatic field-mill is located on the roof of the neutron monitor
building.

The study showed that thunderstorms occur in the vicinity of
the observation point every year. Duration of thunderstorms: from
18 minutes to 150 minutes. The number of lightning discharges
registered in one thunderstorm varies widely — from 3 to 138 discharges.
The intensity of lightning strikes: from 1 lightning every 36 seconds
to 1 lightning every 50 minutes.

The reported study was funded by RFBR, project number 18-45-
140028 r_ a.

96



1.4 Climatic variability of
the stratosphere-troposphere coupling during
the last decade

Didenko K.A.%2, Ermakova T.S.1'2, Pogoreltsev A.I.1:2,
Rakushina E. V.1

L Russian State Hydrometeorological University
2 Saint-Petersburg State University

The analysis of climatic variability of the zonal mean flow,
temperature, and stationary planetary waves amplitudes (SPW1,
SPW2) has been carried out, using Modern Era Retrospective-
analysis for Research and Applications (MERRA) and Japanese 55-year
Reanalysis data (JRA-55). Moreover, climatic deviations of the Plumb’s
wave activity flux distribution under the different phases of the quasi-
biennial oscillation (QBO) were shown with MERRA data Version 2
(MERRA-2).

Results show an increase in the intraseasonal variability of
the mean zonal wind during the last decades and the statistical
significance of these changes at the higher-middle latitudes in
the stratosphere is sufficiently high for all data sets. An increase
in the intraseasonal variability of temperature is observed at lover
stratosphere levels and in 50N-70N latitude band and a weak cooling
can be observed at the upper stratosphere levels in the MERRA data
set.

The changes in the dynamical regime of the stratosphere are
accompanied with the changes in the amplitude of the stationary
planetary waves with different zonal wave numbers. Different datasets
show an increase of the intraseasonal variability of SPW2 amplitudes
and the most substantial changes in the SPW1 and mean zonal
wind at the middle latitudes in the stratosphere during December.
In January and February, the weakening of the SPW1 amplitudes has
been observed during the last decades with the maximum at the higher-
middle latitudes at the height of about 40 km and in February this
weakening is insignificant.

Possible reasons of a strong variability are Quasi-Biennual
Oscillation or/and El Nino Southern Oscillation (ENSO). To show the
stratosphere-troposphere coupling and to estimate the QBO influence,
the distributions of the Plumb’s wave activity at 4 and 30 km for
January were constructed. The years with the eastern and western
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phases of the QBO were selected based on the method of decomposition
of meteorological fields into empirical orthogonal functions (EOFs).
Climatic deviations of the wave activity distribution are observed over
the southern part of Eastern Siberia at 4 km with a shift to the region
of Russian Far FEast at 30 km. Different QBO phases are characterized
by a regional change of the wave activity flux from the troposphere
to the stratosphere, and its redistribution in the troposphere. For
further research and analysis, the middle and upper atmosphere model
(MUAM) data will also be used.

The work was performed under the state assignment of the
Ministry of higher education and science of the Russian Federation
(project no. FSZU-2020-0009).

1.5 Development of a substorms catalog including
the MPB observed at Panagjurishte station,
Bulgaria

Guineva V.', Werner R.', Atanassov A.', Bojilova R.2,
Raykova L.}, Valev D.*, Setsko P.V.3, Lubchich A.A.2, Despirak I.V.?

L Space Research and Technology Institute (SRTI), Bulgarian
Academy of Sciences, Stara Zagora Department, Bulgaria
2 National Institute of Geophysics, Geodesy and Geography (NIGGG),
Bulgarian Academy of Sciences, Sofia, Bulgaria
3 Polar Geophysical Institute (PGI), Apatity, Russia

In this work the first results of the creation of a substorms
catalog including the mid-latitude positive bays (MPB) registered at
the Bulgarian station Panagjurishte (37° GMLat, 97° GMLon) are
presented. MPB is the mid-latitude effect of substorm, which developed
at auroral latitudes, and it is associated with the field aligned currents
connected with the westward electrojet. The work went in several lines.
First, the catalog design and content were taken. Second, tools of data
processing have been developed. Third, substorms during two months,
namely January and February 2013 were identified. And finally, data
processing was implemented and the characteristics of the positive bays
were determined. The obtained data and their visualizations were put
in a convenient folder and file structure, ftp positioned. This study was
supported by the National Science Fund of Bulgaria (NSFB) (project
number KP-06-Russia/15) and RFBR (project number 20-55-18003).
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1.6 ELF range of electromagnetic radiation of
a lightning discharge as a sprite indicator

Druzhin G.1Y, Malkin E.I', Kapustina O.V.2, Mikhailov Yu.M.?

L Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia
2 Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio
Wave Propagation RAS, Russia

Sprites were discovered recently and incidentally in 1989. They are
mainly recorded by optical cameras. As long as lightning and sprites
can be recorded in ELF-VLF range, we tried to record sprites. In
order to do that, we filtered out the radiations from lightning strokes
in the range up to 1 kHz of the interval of 20 ms which exceeded
the energy average value by 7 dB estimated within 1 minute. Then
atmospherics were detected in this interval and the characteristics were
determined such as maximums in VLF and ELF ranges, polarities of
the first half periods of atmospherics in ELF range. We calculated the
number of 20-second intervals, exceeding the energy average level by
7 dB, and the number of detected atmospheric “tails” detected in these
intervals. They may indicate the presence of sprites.

1.7 Electrical structures of eruptive clouds on
the example of Ebeko volcano explosions and
intramass cumulonimbus clouds

Akbashev R.R.*, Pustovalov K.N.2, Nagorsky P.M.2,| Firstov P.P.!

1 GS RAS
2 IMCES SB RAS

A comparison of the response forms of the atmospheric potential
gradient (PG) (slow variations of PG), during the passage of eruptive
clouds (EC) from the explosions of the Ebeko volcano and intramass
cumulonimbus (thunderstorm) clouds, which are single convective cells,
is made.

The Ebeko volcano on Paramushir Island is one of the most active
volcanoes of the Kuril Island Arc in terms of the frequency of eruptions.
In October 2016, a new cycle of activity of the Ebeko volcano
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began, which was expressed in sporadic volcanic-type explosions. With
the most severe explosions, the height of their EO reaches 4-5 km n.o.m.
In the KB of the Federal Research Center “Unified Geophysical Service
of the Russian Academy of Sciences”, monitoring of PG is carried out in
the city of Severo-Kurilsk, located 7 km from the crater of the volcano.
Four types of perturbations are distinguished based on the kinematic
and dynamic characteristics of the PG response records.

As an example of the PG response forms during the passage
of intramass cumulonimbus (thunderstorm) clouds, slow variations of
the PG recorded at the IMKES Geophysical Observatory SB RAS
(Tomsk) were considered. A comparative analysis of the PG response
forms showed that similar forms of slow variations of PG are observed
during the passage of eruptive clouds and intramass cumulonimbus
(thunderstorm) clouds, but the absolute values of PG in the case of
the latter are an order of magnitude higher. Based on the above, we
can conclude that the electrical structure of eruptive and intramass
cumulonimbus clouds is similar.

1.8 Evaluation of surface meteorology for changes
in cloud microphysics caused by clear weather
anomalies Jz under the influence of an
interplanetary magnetic field

Karagodin A.V.', Mironova I.A.', Rozanov E. V.21

L Department of Physics of Earth, Faculty of Physics, St. Petersburg
State University, Russia
2 PMOD/WRC and IAC ETHZ, Switzerland

In the course of this study, we used the SOCOLv3 chemical-
climatic model as the main tool for analyzing solar-terrestrial
relationships to assess the response of surface meteorological
parameters to changes in the autoconversion rate in clouds due to
variations in the current density Jz. We found that even small changes
in Jz and corresponding changes in the autoconversion rate in regions
where anomalies in the electric potential of the polar cap, caused by
the By component of the interplanetary magnetic field, occur, can
lead to large-scale anomalies in surface pressure and air temperature
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at high and middle latitudes. The work shows the importance of
further investigating the relationship between solar activity and surface
meteorology through the Global Electric Circuit using global climate
models.

The work was done in the SPbSU “Ozone Layer and Upper
Atmosphere Research Laboratory” supported by the Ministry of Science
and Higher Education of the Russian Federation under agreement
Ne 075-15-2021-583.

The study is supported by a grant Russian Foundation for Basic
Research (RFBR project Ne 19-35-90134).

1.9 Experimentum crucis: background gamma
radiation increasing during precipitation in
the Arctic Ocean

Balabin Yu.V., Gvozdevsky B.B., Germanenko A.V., Mikhalko E.A.,
Maurchev E.A.

Polar Geophysical Institute, Apatity, Russia

During the marine scientific expedition, a multichannel instrument
for cosmic rays monitoring was used to continuously measure
the background gamma-radiation (energy range 20-600 keV). During
the voyage in the Barents and Greenland seas, typical increases
in gamma-radiation during precipitation were recorded. The same
increases have been observed for many years at stations Apatity,
Barentsburg (Spitsbergen archipelago), Rostov-on-Don, Neutrino
(Northern Caucasus), Khulugay (Eastern Sayan). For the first time
observations of gamma-rradiation variations were carried out in
high seas. The amplitude of the increases was ~20%, the duration
was 2-3 hours. The value of these observations is that a hypothesis
of radionuclide emission from the soil during precipitation is completely
ruled out. The observations of increases in the background gamma-
radiation in hundreds of kilometers from the coastline unambiguously
indicates that the increase reason can be neither the emission
of radionuclides from the soil, nor the transfer of industrial ones by air
masses.
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1.10 Fractal structure effect on electric field
within thunderclouds

Kumykov T.S.', Drexler P.2

L Institute of Applied Mathematics and Automation KBSC RAS
2Brno university of technology, Czech Republic

Both in the classical works of the last century, and in the works
of modern geophysicists, special attention is paid to the increasing
dependence on atmospheric phenomena powered by thunderstorms.
The research for the electrical state and the thunderstorm activity
forecasting has been more and more pressing year from year.

The available knowledge of physical and, especially, electrical,
processes inside the thunderclouds does not yet respond to challenges
in line with global trends.

To draw an objective, in physics sense, picture of the thunderstorm
growth is impossible largely on the account of the limited number
of the experimental data related to electrical parameters of the
thunderstorm development at various stages. Therefore, investigations
aimed at getting better understanding of thunderstorm electrophysical
processes employing various mathematical modelling techniques that
provide appropriate description are very much to the point.

In recent decades, thunderclouds physical processes studies in view
of the fractal structure of the clouds have been expanded significantly.
Clouds belong to irregular self-affine fractals, and the processes
occurring in such a medium are described by differential equations
involving fractional derivatives. This approach allows to implicitly
include additional factors for physical system interaction. One of these
factors is the fractal structure of the cloud environment. A fractal
medium is a medium distributed in space, the mass dimension of which
is less than the dimension of the space being filled. The mentioned
factor together with the apparatus of fractional integro-differentiation
basically transform the considered equations of atmospheric dynamics
into differential equations of fractional order.

Developing mathematical models taking into account effect of
the fractal structure on various geophysical processes is of great
interest nowadays, that contribute to the general picture of cloud
physics. The fractal dimension of cumulonimbus with particularly
powerful convection currents is equal to 1,36. Fractal structure is
a consequence of many processes and phenomena of irreversible growth
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such as diffusion, aggregation, destruction, percolation, dynamic chaos,
dissolution; and the fractional calculus is an excellent tool for describing
related to them processes.

This study is devoted to thunderclouds and processes inside,
and significant importance is attached to the electric field.
We try to investigate the degree of the fractal structure influence
on the static electric field strength using the apparatus of fractional
integro-differentiation.

1.11 High-energy electron precipitation into
the atmosphere based on balloon and
satellite observations

Mironova I.A.Y, Sinnhuber M.2, Bazilevskaya G.A.3, Borthakur M.2,
Grankin D.V.', Makhmutov V.S.3, Rozanov E.V.1%?,
Sukhodolov T.V.1:4:5

L Department of Physics of Earth, Faculty of Physics, St. Petersburg
State University, Russia

2 Institute of Meteorology and Climate Research, Karlsruhe Institute
of Technology, Germany

3 Lebedev Physical Institute, Russian Academy of Sciences, Russia

4 PMOD/WRC and IAC ETHZ, Switzerland
5 Institute for Atmospheric and Climate Science, ETH Zurich,
Switzerland

Assessment of the atmospheric response to the precipitation
of energetic electrons is important for a correct description of
processes in the Earth’s atmosphere. To correctly quantify these
effects using chemistry-climate models, the spectrum of precipitated
particles must be known with high accuracy over the entire range
of precipitated electrons. Typically, energetic electron precipitation
spectra are obtained using satellite instruments that provide global
coverage with sparse temporal and spatial resolution and limited energy
coverage. Balloon experiments provide valuable additional information
about real fluxes of electrons precipitating into the atmosphere and
energy spectra. This study uses a combination of balloon and satellite
data to estimate ozone loss using high precision chemistry-climate
models.
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This work is done in the frame of the German-Russian cooperation
project “H-EPIC” funded by the Russian Foundation for Basic
Research (RFBR project Ne 20-55-12020) and by the German Research
Foundation DFG (grant ST 1088/7-1).

1.12 Influence of oxygen ions on the formation of
a current sheet in the Earth’s magnetotail

Setsko P.V., Mingalev O.V.
Polar Geophysical Institute

According to observations on the satellites Cluster, Themis, ISEE,
Imp7, in the plasma layer at different distances from the Earth
there are fluxes of oxygen ions flowing from the ionosphere along
the magnetic field lines. Under disturbed conditions at the growth phase
of the substorm, these flows are increasing. The paper investigates
the effect of oxygen ions on the formation of a thin current sheet in
the near Earth’s magnetotail using numerical simulation. It is shown
that a thin current sheet can be supported by fluxes alone of relatively
“cold” oxygen ions with a temperature of ~0.2-0.4 keV. The width of
the layer is approximately 1.5 times greater than analogous layer based
on protons alone, while the characteristic bifurcation is enhanced in the
profiles of the current density and concentration. It is also shown that
configurations of this current sheet are possible, supported by oxygen
ion fluxes and proton fluxes, in which oxygen ions carry a significant
part of the current.

1.13 Influence of solar activity on the increase
in background gamma radiation during
precipitation

Balabin Yu.V.
Polar Geophysical Institute, Apatity, Russia

The cosmic ray station PGI (Apatity) has been monitoring
the electromagnetic component of secondary cosmic radiation since
2010. A spectrometer based on a Nal(Tl) crystal with an energy range
of 20600 keV is used as a background gamma radiation detector.
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The effect of an increase in gamma radiation during precipitation was
discovered. Analysis of the data revealed that increases in gamma
radiation during precipitation are observed all year round at all
stations where observations are carried out. These increases are not
associated with radioactive contamination of precipitation. In this
study the events of an increase in gamma radiation during precipitation
for the entire 24th solar cycle were selected, and a comparative analysis
was performed to identify the features of increases at various phases
of solar activity. It was found that the background level of gamma
radiation weakly depends on the phase of the solar cycle, while
the events of gamma radiation increase during precipitation are quite
clear on dependence on solar activity.

1.14 Investigation of Arctic stratosphere dynamics
peculiarities and its tropospheric impacts
in the winter 2019-20 and 2020-21

Vargin P.N.%>2, Lukyanov A.N.', Tsvetkova N.D.!

L Central aerological observatory, Moscow region
2 Obukhov Institute of Atmospheric Physics, Russian Academy of
Sciences, Moscow

Using the NCEP and ERAS5 reanalysis data, we analyzed
the changes in the zonal wind, temperature, and propagation of
planetary waves in the winters of 2019-20 and 2020-21, which
strongly differ in the circulation of the Arctic stratosphere. The
2019-20 winter was characterized by an unusually strong and cold
stratospheric polar vortex due to the weakened propagation of wave
activity from the troposphere. As a result, a very strong destruction
of the ozone layer was observed in the spring of 2020. The total value
of the chemical destruction of ozone was estimated as 157 Dobson
units using ozonosondes data. The circulation of the troposphere
was characterized by a positive phase of the Arctic Oscillation (AO)
with strong zonal winds and positive temperature anomalies in many
regions. The winter 2020-21 was characterized by a stratospheric polar
vortex weakened in early January as a result of the major Sudden
Stratospheric Warming, accompanied by an increase in the Aleutian
anticyclone. As a result, ozone depletion was minimal. In early
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February 2021, upward wave activity propagation into the stratosphere
over northeastern Eurasia was observed, followed by its reflection
to the lower stratosphere and troposphere over northwest Canada,
which was accompanied by strengthening of the low pressure area
and cooling. In December — February, the AO was characterized by a
negative phase with an enhanced meridional transport and negative
temperature anomalies in many regions. The trajectories modeling
and the M-function calculation was employed to study the variability
of the fine horizontal structure of the stratospheric polar vortex and
its boundary.

1.15 Large scale structures in the plasmasphere

Lichtenberger J.1'2, Koronczay D.'>2, Kobdn G.', Ferencz Cs.!,
Ferencz O.', Sannikov D.V.3, Cherneva N.V.2, Clilverd M.*,
Rodger C.5, Lotz 8.5, Karimov R.R.”

L Department of Geophysics and Space Sciences, Edtvés University,
Hungary
2 Geodetic and Geophysical Institute, RCAES, Hungary
3 Institute of Cosmophysical Research and Radio Wave Propagation,
Russia
4 British Antarctic Survey, United Kingdom
5 Department of Physics, University of Otago, New Zealand
6 SANSA Space Sciences, South Africa
" Institute of Cosmophysical Research and Aeronomy, Russia

Obana et al reported a severe erosion of the plasmasphere
on 8 September 2017, claiming that the plasmapause location was
at LPP=1.6-1.7. Electron densities inferred from whistlers recorded
by the AWDANet station at Kamchatka, Russia confirms the deep
erosion — but on the other hand, the existence of whistlers strongly
contradicts to the statement that the plasmapause was within L=1.7.
Further, simultaneous electron density data from whistlers recorded
at Rothera, Antarctica and Grahamstown, South Africa exhibit no
erosion of the plasmapshere. The low density section situated in
a limited latitudinal range existed for at least a day or longer. Thus
the event might be a plasmaspheric notch discovered by IMAGE EUV
measurements as they are co-rotating with the Earth, are limited in
longitudinal extent and lasts for up to 60 hours. However the boundary
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of the notches are thought to be the distorted plasmapause, again
contradiction with existence of ground based whistler observations.
Any possible explanation of the event is further complicated: choruses
were detected in Kamchatka, simultaneously with whistlers.

1.16 Mid-latitude effects of expanded geomagnetic
substorms: a case study

Guineva V.', Despirak 1.V.2, Werner R.!, Bojilova R.2,
Raykova L.', Kleimenova N.G.*, Lubchich A.A.2

L Space Research and Technology Instituite, Bulgarian Academy
of Sciences, Stara Zagora Department, Bulgaria
2 Polar Geophysical Instituite, Apatity, Russia
3 National Institute of Geophysics, Geodesy and Geography (NIGGG),
Bulgarian Academy of Sciences, Sofia, Bulgaria
4 Schmidt Institute of Physics of the Earth, RAS, Moscow, Russia

The goal of this work is to examine the effects of the expanded
or high-latitude substorms at mid-latitudes. These substorms are
generated at auroral latitudes and propagate up to geomagnetic
latitudes above 70° GMLat. They are usually observed during
reccurent high-speed streams (HSS) from coronal holes. To identify
the substorm activity, data from the networks IMAGE, SuperMAG
and INTERMAGNET, and data from the all-sky cameras in Apatity
and in Barentsburg were used. To verify the interplanetary and
geomagnetic conditions, data from the CDAWeb OMNI and from
the WDC for geomagnetism at Kyoto were taken. Several isolated
substorms have been considered. Two events are presented in detail:
1) the substorm on 20 February 2017 at 18:40 UT, it developed at the
end of a HSS, in non-storm conditions; 2) the substorm on 30 March
2013 at 19:10 UT, it occurred during a HSS, when a small geomagnetic
storm was generated (SYM/H=-65nT). The mid-latitude positive
bays (MPB), at the Scandinavian meridian have been studied. The
bay sign conversion from negative to positive values was observed at
about 59° GMLat. The longitudinal and latitudinal extent of the MPB
and their characteristics were examined. This study was supported
by the National Science Fund of Bulgaria (NSFB) (project number
KP-06-Russia/15) and RFBR (project number 20-55-18003).
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1.17 Modeling of the Earth atmosphere ionization
by the galactic cosmic rays and the solar
cosmic rays

Maurchev E.A., Germanenko A.V., Balabin Yu.V.
Polar Geophysical Institute

An important task of cosmic ray physics is to estimate the radiation
safety during solar flares, which are accompanied by the ground
level enhancement (GLE, count rate increasing on neutron monitors).
This phenomenon can be explained by the fact that the number
of particles in the energy range from 1 GeV to 10 GeV increases
in the flow of primary protons, which can lose their energy both
for ionization and penetrate deeply into the atmosphere, causing
cascade processes. The Polar Geophysical Institute has developed
the RUSCOSMICS software package, the main of which is the ability
to obtain the ionization altitude profiles for a given region of
the atmosphere, using the spectra of primary protons of cosmic rays,
both solar and galactic, as input. At the same time, the methodology
for calculating spectra, as well as reception cones and pitch-angle
distributions, has also been developed at the Polar Geophysical
Institute. An important feature used in this work is that when modeling
the interaction of particles, parallel computations are used (based on a
computing center with an installed Intel Xeon Phi 5110 coprocessor and
an Intel Core i7 main processor), which makes it possible to expand the
applicability of the model from the local region to the global geometry
atmosphere of the Earth. This work presents the results obtained for
both galactic and solar cosmic rays in the form of ionograms at heights
from 1 km to 80 km with a step of 1 km for all values of latitude and
longitude with a step of 5 degrees. Previously, we also verified the model
using the data obtained during the launch of the balloon-probes. Today
this part of the study continues, including the development of our own
system for measuring the fluxes of charged particles.
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1.18 Modelling of the sensitivity of global
atmospheric circulation and planetary waves
to the solar activity changes

Gavrilov N.M.*, Koval A.V.}, Pogoreltsev A.I%, Ermakova T.S.?

L Saint Petersburg State University
2 Russian State Hydrometeorological University, Saint Petersburg
State University

Global-scale atmospheric disturbances, such as planetary
waves (PWs), play a significant role in formation of the atmospheric
general circulation, influencing its dynamical and thermal conditions.
Changes in solar radiation due to cyclic solar activity (SA)
variations influence the thermal structure and alter conditions of
wave propagation and reflection at different atmospheric layers.
Using numerical simulations of the general atmospheric circulation
during boreal winter, statistically confident evidences are obtained,
demonstrating that changes in the SA in the thermosphere at heights
above 100 km can influence propagation and reflection conditions for
PWs and can modify the middle atmosphere circulation. A numerical
mechanistic model (MUAM) simulating atmospheric circulation and
PW structures at heights 0-300 km is used. To achieve sufficient
statistical significance, ensembles of model runs corresponding to low
and high SA are obtained. Results averaged over these ensembles
show that impacts of SA above 100 km may significantly change
the mean zonal wind and temperature at altitudes below 100 km.
The main mechanism of these vatiations is change in the conditions of
propagation and reflection of PWs travelling upward from the lower
atmosphere. For instance, the statistically significant changes in SPW
amplitudes due to SA impacts above 100 km reach up to 10-15% in
the middle atmosphere depending on their zonal wavenumber. Changes
in wave amplitudes correspond to variations of the Eliassen-Palm flux
and may alter dynamical and thermal PW impacts on the mean wind
and temperature.
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1.19 Monitoring of atmospheric transparency
at night based on data from optical
instruments of the National Heliogeophysical
Complex

Beletsky A.B., Syrenova T.E., Vasiliev R.V., Tatarnikov A.V.,
Shcheglova E.S.

Institute of solar-terrestrial physics SB RAS, Russia

The paper considers the possibility of monitoring the atmosphere
transparency at night using ground-based optical instruments
of the National Heliogeophysical Complex (all-sky cameras,
spectrometers of the visible and infrared ranges, photometers,
Fabry-Perot interferometers). The transparency estimate is based on
the simultaneous recording of the stars of known luminosity intensity
with different elevation angles and in different narrow spectral ranges.
Automatic recognition and stars identification in snapshots of all-sky
optical systems is carried out using previously developed software.

Monitoring the atmospheric layer transparency at night will
increase the accuracy of the intensity measuring of atmospheric
emissions, as well as the efficiency of identifying disturbances in the
noise radiation of the upper atmosphere, induced, among other things,
by powerful tropospheric and lithospheric sources.

The work was carried out within the framework of a Large
project of the Ministry of Science and Higher Education “Fundamental
foundations, methods and technologies for digital monitoring and
forecasting of the ecological situation of the Baikal natural territory”
(grant Nv13.1902.21.0033).

1.20 Muon telescope in the complex system
of registration of cosmic rays in Apatity

Balabin Yu.V., Germanenko A.V., Maurchev E.A., Mikhalko E.A.,
Guvozdevsky B.B.

Polar Geophysical Institute, Apatity, Russia

A muon telescope (MT) was created at the cosmic ray station
of the Polar Geophysical Institute in Apatity. It is the northernmost
MT in the world. The telescope has two scintillator plates separated
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by a 10 cm layer of lead. The electronic circuit provides the following
output channels: the upper scintillator, the lower scintillator, and
the channel of coincident pulses of the upper and lower detectors.
The MT is included in the secondary cosmic ray monitoring system
in Apatity. Solar activity in 2020 was at a minimum; there were no
significant variations in cosmic rays, as shown by the data of neutron
monitors, during this period. Only seasonal variations in muon fluxes
associated with processes in the atmosphere are noted. In addition, MT
data is used to analyze the variation in soft gamma radiation associated
with precipitation. Also, MT data are used to verify numerical models
of the propagation of cosmic rays in the atmosphere by comparing the
calculated flux of charged particles at ground level and the actually
observed one.

This study is supported by a grant of the Russian Science
Foundation Ne18-77-10018, https://rscf.ru/en/project/18-77-10018/.

1.21 New spectroscopic data on H,O and CO,
molecules absorption lines

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

L V.E. Zuev Institute of Atmospheric Optics SB RAS, Russia
2 Tomsk State University, Russia

Modern problems of atmospheric physics require an increase in
the accuracy of measurement and calculation of the absorption of
solar radiation passing through the Earth’s atmosphere and bringing
it to several percent. The main components that absorb radiation
in the atmosphere are HyO, COs and C'H4 molecules. Water vapor
plays a leading role in various physical and chemical processes in
the atmosphere; water vapor is responsible for approximately 70 %
of radiation absorption. Carbon dioxide (COz) and methane (CHy)
are strong absorbers of infrared radiation trapping heat and causing
a powerful greenhouse effect. An increase in their concentration in
the atmosphere can have serious consequences for the Earth’s climate.

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

The results of the measurements are compared with calculations
using the semiempirical method where intramolecular effects are
taken into account on the basis of the exact wave functions and
energy levels obtained from variational calculations. The work was
supported by the Russian Foundation for Basic Research (Grants
Ne18-45-700011 p_a and Ne19-03-00389 A).

1.22 Observations of resonant scattering
in the thermosphere and upper mesosphere
in the winter season of 2021

Bychkov V. V.1, Seredkin I.N.', Dmitriev A.V.%2:3

L Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia
2 National Central University, Taiwan
3 MSU

An analysis of the Kamchatka lidar station data obtained in
January—February 2021 is presented. Pronounced light scattering layers
are found at altitudes of about 300 km. Layers at these heights appear
during precipitation of electrons with energies of about 300 eV. Analysis
of the lidar data showed that increased light scattering was observed
at the heights of the mesosphere, accompanied by an increase in the
ionospheric parameter fmin. It was concluded that the observed aerosol
formations in the mesopause region could be caused by precipitation of
charged particles with energies less than 500 eV. Aerosol formations in
the area of 60-75 km should be recognized as imaginary. They can be
caused by resonant scattering by excited ions of atomic nitrogen.
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1.23 On the accuracy of aurora visible boundaries
in the OVATION Prime (PC) model

Nikolaev A.V., Dolgacheva S.A., Chernyaeva S.A.
Arctic and antarctic research institute

Location of the auroral oval equatorial boundaries under different
magnetospheric conditions contains information about the dynamics of
the plasma sheet inner boundary, plasma sheet structures and depth of
their propagation toward the inner magnetosphere. The development
of algorithms and methods estimating location of the visible equatorial
boundary greatly contribute to the testing of the auroral ionospheric
models and models of high-latitude particle precipitation. Research of
aurora borealis (forecast, intensity, position) also plays an important
role for the tourism in the Arctic and services of space weather
monitoring and forecasting. To estimate the accuracy of the visible
aurora location in auroral precipitation models we chose all-sky optical
observations provided by THEMIS project, launched in 2008, and
a modified OVATION Prime (PC) model, developed in the Department
of Geophysics of Arctic and Antarctic Research Institute. In contrast to
the original OVATION Prime (2010) model, the modified version uses
the ground-based polar cap index (PC index) as an input parameter,
which increases the accuracy of the model.

1.24 Reaction of the mesosphere and lower
thermosphere to the dynamics of the lower
atmosphere

Zorkaltseva O.Z.%, Vasilyev R. V.2, Saunkin A.V.3, Podlesnyi S.V.3

L Institute of solar-terrestrial physics SB RAS, Irkutsk State
University
2 Institute of solar-terrestrial physics SB RAS, Irkutsk State
University
3 Institute of Solar-Terrestrial Physics SB RAS

We study the response of the mesosphere-lower thermosphere
(MLT) to sudden stratospheric warmings (SSWs) and the activity of
planetary waves (PWs). We observe the 557.7 nm optical emission to
retrieve the MLT wind and temperature with the only Fabry-Perot
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interferometer (FPI) in Russia. The FPI is located at the mid-latitudes
of eastern Siberia within the Tory Observatory (TOR) at the Institute
of Solar-Terrestrial Physics of the Siberian Branch of the Russian
Academy of Sciences (ISTP SB RAS, 51.8N, 103.1E). Regular
interferometer monitoring started in December 2016. Here, we address
the temporal variations in the 557.7 nm emission intensity as well as the
variations in wind and temperature measured during the 2016-2021
winters. Both SSWs and PWs appear to have equally strong effects
in the upper atmosphere. When the 557.7 nm emission decreases
due to some influences from below (SSWs or PWs), the temperature
increases significantly, as does its variability. The dispersion of zonal
wind does not show significant PW- and SSW-correlated variations,
but the dominant MLT zonal wind reverses during major SSW
events simultaneously with the averaged zonal wind at 60N in
the stratosphere.

1.25 Relaxation and nonlinear oscillations of
a magnetic dynamo: beats in solar activity

Shevtsov B.M.

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

A general and universal approach to the dynamo problem is
proposed. The magnetic dynamo is considered as a relaxation system
in which anharmonic oscillations arise as a result of magnetic energy
accumulation and release. The nonlinear dynamo mechanism is defined
by a balance between Archimedes and Lorentz forces. A generalized
Lienard equation for magnetic induction is obtained. The main dynamo
numbers are estimated for solar activity and it was shown that Sun
magnetic oscillations are quasi-harmonic. The previously unknown
nonlinear magnetic oscillations is revealed. Three dynamo modes
depending on convection intensity are discussed.

The work was carried out as part of the implementation of
the state task AAAA-A21-121011290003-0.
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1.26 Response of the ionosphere-atmosphere
system on solar flares and energetic particle
precipitation during extreme events

Mironova I.A.Y, Klimenko M.V.'"2, Pikulina P.0.',
Rozanov E.V.134, Sukhodolov T.V.' 3%, Yakovchuk 0.S.*+®

L Department of Physics of Earth, Faculty of Physics, Saint
Petersburg State University, Russia
2 IZMIRAN, Russia
3 PMOD/WRC and IAC ETHZ, Switzerland
4 Institute for Atmospheric and Climate Science, ETH Zurich,
Switzerland

5 Institute for Environmental Systems Research, University of

Osnabrueck, Germany

This paper analyzes the response of the ionosphere-atmosphere
to extreme solar activity. New estimates of the impact of extreme
solar activity on the atmosphere and lower ionosphere are presented
here. The new findings complement our growing understanding of
how impulsive solar events and energetic particle precipitations during
geomagnetic storms and solar flares affect the Earth’s ionosphere-
atmosphere system and provide a basis for understanding their
combined effects on the atmosphere and climate.

The study is supported by a grant Russian Science Foundation
(RSF project Ne20-67-46016).

1.27 Results of physical modeling of the response
of the the atmospheric potential gradient to
the passage of eruptive clouds from
the explosions of the Ebeko volcano
(Paramushir Island)

Akbashev R.R.,

GS RAS

In the period from July 29, 2020 to August 5, 2020, full-
scale experimental work was carried out to register the potential
gradient atmospheric (PG) during the eruptions of Ebeko Volcano.
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The variations in PG were recorded at three registration point.
Registration point were located from the crater of the volcano along
one line at different distances. Three main types of responses have been
identified. In order to explain the nature of the recorded responses in
a full-scale experiment, physical modeling was carried out. For these
purposes, ash was taken from the slope of the Ebeko volcano, and
an experimental stand was prepared. The experimental stand made it
possible to simulate an ash cloud and set its direction and propagation
speed. The device of the experimental stand is made in such a way
that the charging of ash particles occurs due to the triboelectric effect.
As a result of physical modeling, the PG responses were obtained,
corresponding to the PG responses recorded in a full-scale experiment.
The results of physical modeling made it possible to explain the physics
of the process of recorded responses PG in a full-scale experiment.

1.28 Retrieval of methane and carbon oxides
content from the atmospheric spectra of solar
radiation

Chesnokova T.Yu.', Chentsov A.V.', Rokotyan N.V.2, Zakharov
V.1.2:3, Trifonova- Yakovleva A.M."

L V.E. Zuev Institute of Atmospheric Optics, Siberian Branch,
Russian Academy of Sciences
2 Ural Federal University
3 N.N. Krasovskii Institute of Mathematics and Mechanics of the Ural
Branch of the Russian Academy of Sciences

Carbon dioxide (CO3), carbon monoxide (CO) and
methane (CHy4) are toxic gases in case of high content, as well
as it impacts on greenhouse effect. Their concentration is increased
due to anthropogenic influence and natural factors (forest fires,
volcanic emissions). Therefore, regular monitoring of carbon oxides
and methane content is carried out with use of spectroscopic remote
sensing methods where one needs to solve the inverse problem of gases
content retrieval from the atmospheric solar spectra, measured by
satellite and ground-based spectrometers.

In our work, the atmospheric transfer of solar radiation in near
infrared region is simulated, and COy, CO u CH,; atmospheric
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total column is retrieved from the solar spectra measured by
a ground-based Fourier spectrometer in Kourovka observatory,
Yekaterinburg. A comparison with satellite measurements is made.
The recommendations for application of spectroscopic databases of
absorption line parameters in the remote sensing of the atmospheric
gas content are developed on basis of complex approach with use of
large number of measured spectra and statistic criterions of quality
estimation of inverse problem solution. It allows an increase of accuracy
of the atmospheric gases content retrievals.

This work was supported by the Ministry of Science and
Higher Education of the Russian Federation (V.E. Zuev Institute
of Atmospheric Optics of Siberian Branch of the Russian Academy
of Sciences) and the Russian Foundation for Basic Research (Grant
Ne18-45-700011 p_ a).

1.29 Simulation spectra of the OH and OD
molecules in the UV region

Sulakshina O., Borkov Yu.
IAO SB RAS

Simulation of the spectra of diatomic stable radicals OH and
OD in the ultraviolet range for the electronic systems A%?Y+ -
X2II and B?Y%" - X2II has been done. The “SpecRad” program
created by the authors was used for modeling. The molecular
parameters used for calculating the transition frequencies in the
indicated electronic systems were found by processing the available
experimental data. The transition probabilities were determined based
on the available literature data. The model spectra were compared with
the experimental ones.
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1.30 Special effects of early sudden stratospheric
warmings

Ermakova T.8.12, Koval A.V.}, Okulicheva A.A.2

L St Petersburg University
2 Russian State Hydrometeorological University

Canadian Sudden Stratospheric Warmings (CSSWs) occur in
early winter in the stratosphere of the Northern Hemisphere, usually
from mid-November to early December. Despite the fact that
the definition of SSW and its classification was formulated a long
time ago, little is known about CSSWs. The aim of this work is to
determine the frequency of the formation of CSSWs and analyze their
manifestation in the winter stratosphere of the Northern Hemisphere
using two reanalyses data JRA-55 and MERRA-2. The analysis of
the studied winters (since 1958) showed that CSSWs are observed
in each decade twice or more. It is known that the frequency of
“classic” SSWs decreased in 1990-1999 comparing other decades.
The corresponding studies did not take into account the CSSWs;
however, according to the results obtained, it was the frequency of the
CSSWs that increased in this decade.

Warming is observed when the zonal component of wind has
a negative sign, it is traditionally viewed at mid-latitudes, and
the temperature anomaly occurs in the polar region. The results showed
that the temperature anomaly in November does not last long, as a rule,
and its magnitude is not so significant in comparison with the SSW
occurring in the winter months. The behavior of the zonal component
is noteworthy: the reversal of the zonal component can be observed from
several days to a couple of weeks. The consequences of this reversal are
manifested in different ways in the dynamics of the polar stratosphere.
If the zonal component has a negative value for a long time, then the
next “classic” SSW in the second half of December or early January
leads to the splitting of the stratospheric polar vortex (PV). With not
long anough reversal, the subsequent SSW tends only to displace or
stretch the PV.

The work was carried out with the financial support of
the Russian Science Foundation in the framework of research
project Ne20-77-10006.
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1.31 Thermosphere Lidar: resonant reflections and
review of observations

Shevtsov B.M.

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

The theory of resonant reflections, statistic effects, the scattering
coefficient, the cross-section, the role of ionization and recombination,
neutral atoms, thermosphere components, inverse scattering problem,
review of observations are considered. The lidar observations on ultra-
long routes in atmosphere are discussed.

The work was carried out as part of the implementation of the
state task AAAA-A21-121011290003-0.

1.32 Thunderstorm activity during the eruption of
volcanoes of the northern group

Malkin E.IY, , Cherneva N.V.*, Druzhin G.I.!

U Institute of cosmophysical research and radio wave propagation
FEB RAS, Russia
2 Kamchatka Branch of Federal Research Center, Geophysical Survey
RAS, Petropavlovsk-Kamchatsky, Russia

Volcano eruption is a catastrophic process which, in the far field
zone of impact, has the hazard of the highest priority in the form
of an eruptive cloud (EC) consisting of ash and volcanic gases. EC
propagation monitoring realized by different methods allows us to warn
about ash hazard. That gives the possibility to take preventive actions
to reduce the consequences. One of the methods to detect EC location
is the determination of the location of lightning strokes occurring in
an accompanying volcanic thunderstorm.

The paper describes the cases of lightning activity recorded by
VLF direction finder (30 Hz — 4 kHz) located at a complex geophysical
expedition site Karymshina. The observations were carried out during
the explosions of Shiveluch and Bezymyanniy volcanos from 2017
to 2019. Electromagnetic pulse features corresponding to different
stages of volcanic lightning development were detected.

The work was carried out as part of the implementation of the
state task AAAA-A21-121011290003-0.
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1.33 Variations in the parameters of the Earth’s
atmosphere and ionosphere during exposure
to high-power short-wave radio emission from
the “Sura” stand

Beletsky A.B.', Nasyrov I.A.2, Syrenova T.E.', Kogogin D.A.2,
Grach S.M.2, Shindin A.V.3, Zagretdinov R.V.?

L Institute of solar-terrestrial physics SB RAS, Russia
2 Kazan Federal University, Russia
3 Lobachevsky State University of Nizhny Novgorod, Russia

The paper analyzes the spatial distribution of atmospheric
emission intensity of atomic oxygen 630 nm and the spatial picture
of the total electron content (TEC) obtained during the 2012-2018
experimental campaigns on the forcing on the ionosphere of high-power
short-wave radio emission from the Sura stand. Optical measurements
were carried out using the KEO Sentinel all-sky system (field of
view 145°, interference filter half-width ~ 2 nm, exposure 30s),
located ~ 170 km east from the stand on the KFU magnetic
observatory. TEC maps were built on the basis of a wide network of
GNSS stations located in the vicinity of the stand. The measurements
were carried out both during the activation of the stand and without
its action, which allows one to analyze the influence of the stand
radiation on the variations, which manifests itself in the atomic oxygen
630 nm atmospheric emission intensity and TEC. When processing
the data, the previously developed algorithm for geographic referencing
of KEO Sentinel optical system frames was used.
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2 Geophysical fields and their interaction
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2.1 “Drumcorr” software for selecting earthquake
multiplets based on cross-correlation analysis

Zavodevkin I. A., Shakirova A.A.,

Kamchatka Branch of the Geophysical Survey of Russian Academy
of Sciences

To select multiplets in the flow of earthquakes, the DrumCorr
application program was developed based on cross-correlation
detection. The program is implemented in Python version 3 and
is intended for reading seismoacoustic data in ASCII and MiniSeed
formats. The article describes the algorithm of the program, describing
the cross-correlation detector and the subsequent processing of the data
obtained. The program was applied to earthquakes of the seismic mode
“drumbeats” recorded during the eruption of Kizimen volcano in 2010—
2013, which were generated by the movement of the front of a viscous
lava flow. As a result of the analysis of more than 280,000 earthquakes
by the DrumCorr program, 17 multiplets were identified, characterized
by special waveforms. The results of the analysis at the qualitative level
coincide with the results of data processing by the “manual method”.

2.2 A new quantum model of the magnetic field of
the hot Earth, Moon and terrestrial planets

Kuznetsov V. V.

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

Distribution of P- and S- waves velocities in the Earth’s inner
core suggests that its matter has been quantum entangled since
the creation of the Earth and the Solar system. With this assumption
we develop the quantum model of the geomagnetic field evolution
beginning with its start and ending with its disappearance. Magnetic
and paleomagnetic data on the Earth, Moon, Mercury and Mars
analysed in the frameworks the Hot Earth model and features of their
gravitation recorded at NASA project offered as conditions for the
planets formation and evolution and so predictions for the further
evolution of the Earth and its magnetic field. The work was carried
out as part of the implementation of the state task AAAA-A21-
121011290003-0.
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2.3 Analysis of ionospheric parameters based on
NARX neural networks

Mandrikova O.V., Polozov Y.A.

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

The paper presents the results analysis of foF2 ionospheric
parameters using NARX neural networks. NARX networks of different
architectures have been built. The complex dynamics of foF2 which
depends on the level of solar activity and the season was taken into
account during constructing the networks. The quality of the foF2
approximation was compared for different neural networks.

The work was carried out as part of the implementation of the
state task AAAA-A21-121011290003-0. The work was carried out by
the means of the Common Use Center “North-Eastern Heliogeophysical
Center” CKP 558279, USU 351757.

2.4 Analysis of the features of the spatio-temporal
distribution of geoelectric inhomogeneities in
the Earth crust and seismic events

Bataleva E.A.
Research Station of the Russian Academy of Sciences in Bishkek

The paper presents the results of experiments carried out at
the regime points of magnetotelluric monitoring both on the territory
of the Bishkek geodynamic test site (Northern Tien Shan) and on
a series of monitoring profiles in various geological conditions. Previous
studies indicate the relationship of variations in the electromagnetic and
seismic fields, lunisolar tidal effects, seismic regime with the processes
of fracturing. The purpose of this work is to establish the features of
the relationship between the spatio-temporal distribution of seismicity
and the distribution of geoelectric inhomogeneities in the Earth’s
crust (fault-block tectonics of the region). Based on the analysis of
the results of the interpretation of magnetotelluric data (2D inversion)
and new detailed seismotomographic constructions, the verification of
geoelectric models was carried out, the analysis of the distribution
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of hypocenters of seismic events was carried out. Special attention
was paid to the confinement of earthquakes to listric fault structures.
The relationship between the distribution of the hypocenters of seismic
events and the spatial position of the electrical conductivity anomalies
is confirmed by the authors explanation of the physical nature of
the identified conducting structures, based on hypotheses of fluidization
and partial melt of the Earth’s crust.

The work was carried out within the framework of the state
assignment of the Research Station of the Russian Academy of Sciences
on the AAAA-A19-119020190063-2 topic.

2.5 Analysis of the manifestation of the joint
acoustic and electrical response of near-surface
sedimentary rocks to deformation by seismic
waves of earthquakes in South Kamchatka

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

U Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia
2 Institute of Volcanology and Seismology FEB RAS, Russia

The study of the previously discovered joint acoustic
and electrical response of near-surface sedimentary rocks to
deformation by earthquakes seismic waves is continued. Seismic
events with energy class K;>11.0 that occurred from June 2017
to May 2021 near the eastern coast of Kamchatka in the latitude range
51.7-54.0 are considered. Fifty-two earthquakes were selected
from this series. During the passage of seismic waves from these
earthquakes, an acoustic response of near-surface sedimentary rocks
was observed at “Karymshina” observation point (IKIR FEB RAS).
The manifestation of the joint acoustic and electrical response of rocks
is considered. The manifestation of only the acoustic response of rocks,
both low-frequency and high-frequency (> 100 Hz), is also considered.
Using Spearman’s nonparametric correlation analysis, a statistically
significant relationship between the energy class of the considered
earthquakes and their hypocentral distance was found in both cases.

The work was carried out as part of the implementation of the state
task AAAA-A21-121011290003-0.
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2.6 Analysis of the short-term variations
of IMF Bz and AE index

Polozov Y. A.

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

Variations in the IMF Bz component affect the Earth’s magnetic
field, especially during a southward roll. The AE index associated
with changes in the magnetosphere and shows the level of energy
penetrating into the magnetosphere and ionosphere. Both of these
parameters reflect the impact of space weather. The paper analyzes
short-term changes in the IMF Bz and AE index data. The statistical
relationship between these parameters was estimated. The work was
carried out as part of the implementation of the state task AAAA-
A21-121011290003-0.

2.7 Application of adaptive wavelet thresholding
to recovery geophysical signal pulse waveforms

Lukovenkova O.O.

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

Recorded geophysical signals often contain noise and interference.
Their appearance is caused by a number of reasons, for example,
heterogeneity of the propagation environment, influence of the weather
conditions, human activity, etc.

So, geoacoustic emission signals contain a persistent background
noise that changes in intensity over time. This noise significantly
distorts the geoacoustic pulse waveforms and thus complicates analysis
of the signal characteristics.

The report presents the results of estimating the geoacoustic
signal background noise. On the basis of these estimates, a method
of adaptive wavelet thresholding is proposed to remove noise from
the signal and recovery the single pulse waveforms. The threshold
value is calculated using the Empirical Bayes Method. Thresholding
is performed according to the posterior median rule.
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In conclusion, the results of a computational experiment are
presented. It confirms the effectiveness of using the chosen method for
the geophysical signal preprocessing.

The work was carried out as part of the implementation of
the state task AAAA-A21-121011290003-0.

2.8 Checking the stability of solutions in shell
models using symbolic computations

Feshchenko L.K., Vodinchar G.M.

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

The paper developed a method for constructing shell turbulence
models.

Drawing up a system of equations for the coefficients of nonlinear
interactions in model and its exact solution is implemented using
computer algebra systems.

This technique and the programs that implement it solve
the problems of fast and error-free generation of entire classes of shell
models.

This technology can be easily supplemented with conditions
that ensure the existence of stationary solutions with a power-law
distribution over the scale, which are typical for turbulent systems.

Also, a study on the stability of the obtained systems is carried
out and an analysis of the dependence of the input parameters on
the behavior of the solutions of the systems is constructed.

The work was carried out as part of the implementation of the
state task AAAA-A21-121011290003-0.
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2.9 Detection and analysis of anomalous events in
neutron monitor data based on machine
learning methods

Mandrikova B.S.', Dmitriev A.V.?

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

2 National Central University, Taiwan

The results of processing the data of secondary cosmic rays
for periods of strong and moderate magnetic storms for 2020-2021
are presented. The analysis of the events under consideration was
carried out on the basis of the construction of nonlinear approximating
schemes and the Autoencoder neural network. The effectiveness of using
the proposed mathematical apparatus for analyzing the data of neutron
monitors at high and middle latitude stations has been empirically
confirmed. The possibility of software implementation of the proposed
approach is shown.

The work was carried out as part of the implementation of
the state task AAAA-A21-121011290003-0 on the topic “Physical
processes in the system of near space and geospheres under solar and
lithospheric influences”.

2.10 Extreme-value magnetic events on
the territory of Russia derived from
ground-based observations during the 24th
solar cycle

Kudin D.V., Krasnoperov R.I.
Geophysical Center RAS

The statistical distribution of geomagnetic disturbances based on
ground-based observations on the territory of Russia and neighboring
countries is studded. The extreme values of the amplitudes of variations
of the horizontal component of the Earth’s magnetic field (EMF) are
determined. The data from observatories that carried out continuous
registration of the EMF during the entire 1l-year cycle of solar
activity in 2009-2019 was analyzed. The joint database of the GC
RAS contained 12 observatories (8 Russian) met the described criteria.
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2.11 Fluctuations of electromagnetic radiation
scattered on artificial irregularity
of the ionosphere

Sivokon V.P.

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

With the help of the formation of artificial field-aligned ionospheric
irregularities, it is planned to solve a number of applied problems
related to improving the efficiency of radio engineering systems. For
example, in the task of transmitting information in an interlayer
ionospheric waveguide, they must ensure its excitation and output of
an electromagnetic signal from it. At the same time, it is assumed that
the transmitted signal will be scattered on artificial inhomogeneities of
the ionosphere. It is known that scattering on irregularities leads to
signal fading, the magnitude of which depends on the parameters of
the inhomogeneities and the signal frequency used. Using observations
of experiments carried out on heating stands, an attempt is made
to estimate the magnitude of fading from the method of forming
irregularities.

The work was carried out as part of the implementation of the
state task AAAA-A21-121011290003-0.

2.12 GIC and irregular geomagnetic pulsations
during the ULF wave challenge event:
Magnetic storm on 27-28 May 2017

Pilipenko V.A.', Sakharov Ya.A.?, Kozyreva O.V.3

L Geophysical Center
2 Polar Geophysical Institute
3 Institute of Physics of the Earth

The goal of the ULF wave modeling challenge campaign
for 27-28 May 2017 storm involves running various global MHD
simulation codes with realistic solar wind driving conditions, and
then com-paring the resulting global ULF wave properties with actual
observations. Data-model comparisons are aimed to identify where
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model/data don’t agree and discuss these differences, missing physics,
etc. During the magnetic storm on May 27-28, 2017 the magnetic
disturbance gradually increased and then slowly decayed. However,
during the maximal disturbance magnetic field variations became
more chaotic. During this period intense irregular Pi3 pulsations
were superposed on the magnetic bay. These pulsations are not
quasi-sinusoidal waves like typical Pc5 pulsations; but they are
rather quasi-periodic sequence of magnetic impulses with time
scales ~10-15 min. During this period with elevated Pi3 activity
very high values of GIC were recorded (up to ~50 A per node) in
the electric power transmission line at the Kola Peninsula. Here we
consider the contribution of geomagnetic disturbances to the rapid
growth of GIC during the 2728 May 2017 strong geomagnetic
storm, and examine a feasibility of MHD global simulation to predict
the occurrence of Pi3 pulsations, and consequently GICs. The study
is supported by the grant 21-77-30010 from the Russian Science
Foundation.

2.13 GICs in the main transmission line “Northern
Transit” in Russia and in the Mantsala
Finland Pipeline: cases 17.03.2013 and
15.03.2012

Setsko P.V.X, Despirak I.V.Y, Sakharov Ya.A.', Selivanov V.N.2,
Werner R.2

L Polar Geophysical Institute, Apatity, Russia
2 Northern Energetics Research Center, Apatity, Russia
3 Space Research and Technology Institute, BAS, Stara Zagora
Department, Stara Zagora, Bulgaria

Geomagnetically induced currents (GICs), arising both on power
lines and on pipelines, may have strong negative impact on
the technological networks up to accidents (“blackout”). Magnetospheric
disturbances are one of the factors in the appearance of GICs,
however there is no unambiguous relationship between substorm and
presence of currents. In this paper, we consider two intense cases
of GIC (15 March 2012 and 17 March 2013), registered on two
different technological networks: 1) on the “Nothern Transit” power
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line (Vykhodnoy, Revda and Kondopoga stations) located in the
auroral zone (>15-20 A); 2) on the Finnish natural gas pipeline near
Mantsala located in the subauroral zone (>30 A). Both GIC cases are
compared with substorm development in the auroral zone, using data
from IMAGE magnetometers network and MAIN camera system in
Apatity. It is shown that not only good agreement is observed between
the GIC profile and Wp-index, which describes the wave activity of
the substorm, but also with the thin spatio-temporal structure of
the substorm development (the appearance and the propagation to
the pole of three substorm activations), which is appeared both in
the magnetic data and in the all sky camera images.

This study was supported by the REFBR (project Ne20-55-18003)
and National Science Fund of Bulgaria (NSFB) (project number KP-
06-Russia,/15).

2.14 High-frequency secular geomagnetic
variations according to data from the
Mikhnevo, Belsk and Borok observatories

Riabova S.A.

Sadovsky Institute of Geosphere Dynamics of Russian Academy of
Sciences

Secular (high-frequency) variation is usually called changes in
the elements of the geomagnetic field in time, caused by processes
in the earth’s core. The secular variations of the geomagnetic field
are not only slowly changing, but also the slopes to short-term
jumps (geomagnetic jerks).

This communication presents the results of the analysis of
the features of the secular variation of the Earth’s magnetic field
according to the data of registration of the geomagnetic field at the
mid-latitude Mikhnevo, Belsk and Borok observatories. In the course of
these studies, the trend components of the components of the Earth’s
magnetic field have been calculated and analyzed. A comparative
analysis of the values of the geomagnetic field components, obtained
during instrumental observations at observatories and calculated
using the IGRF / DGRF 13 version, is performed. Based on linear
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regression with switching points, geomagnetic jerks were identified
based on the data of geomagnetic field registration at the mid-latitude
Mikhnevo, Belsk and Borok observatories.

2.15 Investigation of acoustic fields in the Arctic
zone under uneven ice cover

Korochentsev V.I.', Petrosyants V.V.', Gorovoy S.V.1,
Zhu Jianjun?, Lobova T.Zh.', Shpak Yu.V.!

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

Mathematical model for elastic wave propagation in an ice cover
with uneven relief (hummocks) have been developed. The theoretical
model is based on the application of directed Green’s functions.

Acoustic fields have been mathematically modeled in a wide
frequency range from 10 kHz to 100 kHz in the Arctic zone with uneven
ice cover. The experiments were carried out when an antenna was fused
into ice with hummocks of the height up to several meters.

We have made experimental investigations applying radiating
hydroacoustic antennas which we developed on the basis of pneumatic
and electro-acoustic pulse radiator.

Numerical results have been obtained for different distances
between radiating and receiving antennas located inside an ice layer
and in water medium.

It has been shown that maximum signal amplification occurs when
radiating and receiving systems are arranged inside hummocks.

Methods for optimization of antenna arrangement, when ice fields
are uneven, have been suggested.
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2.16 Investigation of electromagnetic fields in
the Arctic zone under uneven ice cover

Korochentsev V.I1.Y, Wei Xue?, Chernenko V.A.', Em A.A.l,
Tagaev T.I."

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

We have developed mathematical models for spatial amplitude
distribution of electromagnetic wave source located near uneven
surfaces and inside an ice cover. The models are based on the theory
of directed Green’s functions with inhomogeneous boundary conditions
with respect to the angular coordinate

We have numerically investigated electromagnetic waves
propagating near an ice cover with hummocks of different height
inside an ice flat layer at the depth of 0.2 m.

The experiments, applying half-wave vibrators from 30 to 40
meters long as antennas, have been carried out. The vibrators were
fused into ice at the depth of about 0.2 m at the frequencies in the
range from 10 MHz to 30 MHz.

The results of experimental investigations on the dependence
of electric field strength amplitudes on the distances between signal
sources and receivers are described.

2.17 Investigation of the dynamic modes
of the Selkov fractional oscillator in
the simulation of microseisms

Parovik R.I.', Rakhmonov Z.R.2

L Institute for Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia
2 National University of Uzbekistan named after Mirzo Ulugbek,
Uzbekistan

The dynamic Selkov system, taking into account heredity, can
be used to describe the mechanism of interaction between small seed
cracks and larger microseismic cracks. When the critical number is
reached, more seed cracks transform into microseisms, which then lose
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their energy and, for the most part, again become smaller cracks. This
process is repeated and has a self-oscillating character. In order for the
self-oscillating mode to exist, we need to know what parameter values
must be chosen for this. This is due to the fact that the Selkov dynamic
system can have chaotic regimes. Therefore, the work investigates
the dynamic modes of the hereditary oscillatory system of Selkov by
constructing the spectra of the maximum Lyapunov exponents from the
parameters of the mathematical model. Areas of parameter variation
are shown for which both chaotic and regular regimes exist.

2.18 Magnetics supersubstorms as one
of the strongest feature of space weather

Despirak 1.V.}, Kleimenova N.G.2, Lubchich A.A.', Guineva V.3,
Setsko P.V.!

L Polar Geophysical Institute, Apatity, Russia
2 Schmidt Institute of Physics of the Earth, RAS, Moscow, Russia
3 Space Research and Technology Institute, BAS, Stara Zagora
Department, Bulgaria

Supersubstorms (SSS) were recently distinguished as extremely
intense disturbances with large negative values of the SML
index (< -2500 nT). Before this time, there were considered main
aspects of SSSs: solar wind and IMF conditions for their appearance;
the dependence of SSS occurrence on large-scale solar wind structures,
on the magnetic storms; the relationships between SSSs and PC-
index of the polar cap, field aligned currents (FAC), geomagnetic
inducted currents (GIC). These facts confirm that supersubstorms are
one of the important phenomena of the space weather. The initial
studies of auroral disturbances during SSS events showed that
the development of aurora is nonstandard, intense aurora were
registered in the premidnight and morning sectors of MLT. The spatio-
temporal development of the electrojets have some specific features:
the westward electrojet developed on a global scale by the longitude;
the intense eastward electojet occurred at the dusk side. The main
features of supersubstorms and considered some examples are
discussed. This study was supported by the RFBR (project number
20-55-18003) and NSFB (project KP-06-Russia/15).
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2.19 Manifestation of falls of cosmic bodies
in the atmosphere in geomagnetic variations

Riabova S.A.

Sadovsky Institute of Geosphere Dynamics of Russian Academy
of Sciences

Recently, considerable attention has been paid to the problem of
the asteroid-cometary threat. In view of the uniqueness of the event
and the significance of the consequences, a topical problem is a detailed
and comprehensive study of the effects of each large cosmic body
falling to the Earth. This report considers geomagnetic anomalies
during the fall of several cosmic bodies. The initial data are the results
of registration of three components of the Earth’s magnetic field
at the observatories of the Intermagnet International Network and
at the Mikhnevo Geophysical Observatory of Sadovsky Institute
of Geosphere Dynamics of Russian Academy of Sciences.

2.20 Method of noise detection in magnetic data
based on wavelet-transformation and
adaptive thresholds

Papsheva S.Yu., Mandrikova O.V., Khomutov S. Yu.

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

A method for detecting interference in geomagnetic data is
proposed, based on the combined use of continuous wavelet-
transformation and adaptive threshold functions. It is shown that
the method makes it possible to distinguish short-period features
of various shapes and durations in the magnetic signal, which are
characteristic of the periods of noises. Variations of the introduced
measure of the intensity of the magnetic background in “quiet” periods
for 2010-2016 are studied, the analysis of unidentified noises is carried
out. The results of the study showed the high efficiency of the proposed
method for detecting noises of natural origin. The work was carried
out as part of the implementation of the state task AAAA-A21-
121011290003-0.
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2.21 Mid-latitude effects of supersubstorms during
storms: a case study

Lubchich A.A.Y, Despirak I.V.', Kleimenova N.G.2, Setsko P.V.1,
Guineva V.3

L Polar Geophysical Institute, Apatity, Russia
2 Schmidt Institute of Physics of the Earth, RAS, Moscow, Russia
3 Space Research and Technology Institute, BAS, Stara Zagora
Department, Bulgaria

The aim of this work is to find possible mid-latitudes
magnetic effects of supersubstorms (SSS) which were recently
determined as very intense substorms with large negative values
of SML index (< -2000 nT). We analyzed one intense substorms
on 20 December 2015 at 16:05 UT during the magnetic storm,
which was caused by magnetic cloud (MC). The ground-based
mid- and low-latitudes substorms have been studied by the global
magnetometer networks SuperMAG, INTERMAGNET and IMAGE
data as the positive magnetic bays observed simultaneously with the
negative bays at auroral latitudes. The SSS demonstrated the global
development at auroral latitudes: the strongest disturbances were
registered over Alaska, in the morning sector; but the westward
electrojet was observed from the dusk side (IMAGE stations)
to the dawn side (Alaska stations). Besides, SSS was accompanied by
positive intensity bays at the subauroral latitudes (OUJ-TAR stations),
but there were no significant positive magnetic bays at middle latitudes
(PAG, SUA, IRT, NVS, PET stations). Moreover, we obtained
the auroral oval location for this event using data from NOAA(POES)
satellites. It was shown that the conversion latitude of the magnetic
bay sign of the magnetic bay was about 7 CGLAT lower than
the ones associated with usual substorms. The longitudinal expansion
of the positive magnetic bays was much larger in case of the SSS. This
study was supported by the RFBR (project number 20-55-18003) and
NSFB (project KP-06-Russia,/15).
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2.22 Monitoring of ionosphere and magnetosphere
plasma and high energy charge particle fluxes
in multi-satellite measurements in wide range

of altitudes

Osedlo V.I.', Abanin O.L', Viasova N.A.', Kalegaev V.V.1,
Paviov N.N.}, Petrov V.L.}, Podzolko M.V.}, Rubinstein I.A.,
Svertilov S.1.1>2, Tulupov V.I.', Shemukhin A.A.!

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

Near-Earth space (NES) contains 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 range of energies. They can lead to damage and failure of
electronic equipment installed on spacecraft (SC), can cause disruption
of short-wave communications in high-latitude regions, lead to failures
in navigation systems, and reduce the accuracy of global navigation
and positioning systems.

Within the framework of multi-satellite measurements on
spacecraft launched into orbits with a wide range of altitudes
(Meteor — 830 km, Arktika — an elliptical orbit with apogee and
perigee heights of ~39 thousands km and ~600 km, Electro
— geostationary in the plane equator — 36 thousands km), for
several years at the Skobel’tsyn Institute of Nuclear Physics of
Moscow State University, monitor observations of ionospheric and
magnetospheric plasma and energetic electron and proton fluxes have
been carried out and continue (spacecraft “Arktika-M” Nel). The
picture becomes more complete with the involvement of information
from identical measuring instruments. Such an instrument, developed
and manufactured at the Skobel’tsyn Institute of Nuclear Physics
of Moscow State University, is a space radiation spectrometer SKIF
for measuring fluxes, energy spectra, temporal variations and angular
distribution of ERB protons and electrons, SCR particles from solar
flares under their combined effect.

The SKIF instrument provides measurements of the proton and
electron spectra in the energy ranges of 2-160 MeV, 0.15-10 MeV,
respectively (energetic radiation spectrometer, i.e. SER module
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of the SKIF instrument), as well as measurements of the low-
energy electron and proton spectra in the energy range 0.05-20 keV
(electrostatic analyzers electrons and protons AEP, i.e. modules
SGMTD-E and SGMTD-P). The SER module logic forms several
energy intervals for particles of each type: 6 intervals for electrons and
12 for protons. The entire recorded energy range 0.05-20 keV AEP
of both electrons and protons is divided into 12 intervals. A wealth of
experimental material has been accumulated and continues to multiply.

Obtaining a large volume of regular monitoring data
on the radiation situation in the NES on the basis of multi-
tiered measurements allows studying its short- and medium-term
dynamics, its relationship with solar activity, is a necessary condition
for refining empirical and for creating prognostic dynamic models of
space weather, for formation a three-dimensional real time dynamic
picture of radiation distribution in the ionosphere and the inner
magnetosphere.

2.23 Is the global MHD modeling
of the magnetosphere adequate
for the prediction of geomagnetically induced
currents?

Kozyreva 0.V.%2, Pilipenko V.A.%2, Sakharov Ya.A.'+3

L Geophysical Center, Moscow
2 Institute of Physics of the Earth, Moscow
3 Polar Geophysical Institute, Apatity

The goal of the ULF wave modeling challenge campaign
for 27-28 May 2017 storm involves running various global MHD
simulation codes with realistic solar wind driving conditions, and
then comparing the resulting global ULF wave properties with
actual observations. During the magnetic storm on May 27-28, 2017
the magnetic disturbance gradually increased and then slowly
decayed. However, during the maximal disturbance magnetic field
variations became more chaotic. During this period intense irregular
Pi3 pulsations were superposed on the magnetic bay. These pulsations
are not quasi-sinusoidal waves like typical Pc5 pulsations; but they
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are rather quasi-periodic sequence of magnetic impulses with time
scales ~ 10-15 min. During this period with elevated Pi3 activity very
high values of GIC were recorded (up to ~ 50 Amperes per node) in
the electric power transmission line at the Kola Peninsula. Here we
consider the contribution of geomagnetic disturbances to the rapid
growth of GIC during the 27-28 May 2017 strong geomagnetic storm
and examine a feasibility of MHD global simulation to predict the
occurrence of Pi3 pulsations, and consequently GICs. Such comparison
has proved that the magnetic field variability predicted by MHD
modeling is more than order of magnitude less than that observed.
The current MHD model can successfully predict the response of
the magnetosphere to the interplanetary shocks and large-scale
variations of IMF and solar wind during magnetic storms. However,
such modeling failed to reproduce the small-scale features of magnetic
storm/substorm — Pi3 pulsations. Therefore, the variability of
geomagnetic field predicted by MHD modeling turn out to be more
than order of magnitude less than observed one. Thus, so far MHD
models are inadequate for the GIC burst prediction. The study
is supported by the grant 21-77-30010 from the Russian Science
Foundation.

2.24 Monitoring of physical processes in upper
atmosphere, ionosphere and magnetosphere
in “Ionosphere” space mission

Svertilov S.1.1:2

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

The main scientific objectives of the “lonosphere” space mission
for monitoring physical processes in the Earth upper atmosphere,
ionosphere and magnetosphere, as well as solar activity are considered.

Within the framework of the “lonosphere” project, it is planned
to launch four spacecraft into near-earth orbit with a set of instruments
to monitor the environmental helio-geophysical parameters in the upper
atmosphere, ionosphere and near-earth space. Spacecraft “lonosphere”
should operate in a near-circular sun-synchronous orbit in two orbital
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planes (2 spacecraft in each plane). The spacecraft in each plane should
be separated by an angle of 180+.30°. Orbital parameters of the first
pair of spacecraft: altitude ~820 km; orbital period ~101 min;
inclination ~ 98°; eccentricity ~0.001; the position of the orbital
plane relative to the mean Sun right ascension ~ 135°; the local
time of the orbital ascending node is ~21 h. The orbital parameters
of the second pair of spacecraft differ in the position of the orbital
plane relative to the mean Sun right ascension — ~ 46° and the local
time of the orbital ascending node — ~15 h. The launch of the first
pair of spacecraft is planned in early 2022, the second pair — late 2022
or early 2023.

Scientific equipment includes instruments for radio tomography
of the wupper atmosphere and ionosphere — an ionosonde
for the range 0.1-20 MHz with a 137 MHz transmitter, a dual-
frequency (150, 400 MHz) transmitter, instruments for monitoring
the magnetic-wave situation, a low-frequency wave complex, electric
and magnetic field sensors, detectors of a hot magnetospheric plasma
(electrons and protons with energies 0.1-20.0 keV) and charged
high-energy particles (electrons 0.15-10.0 MeV, protons 2-160 MeV),
as well as a hard X-ray and gamma ray spectrometer (0.2-10.0 MeV),
a detector of galactic cosmic rays, GPS total electron content meter,
ionospheric plasma energy spectrometer and ozonometer. The last two
instruments will be installed only in the second pair of spacecraft.

Thus, in case of successful implementation of the program
of experiments on the “Ionosphere” spacecraft, control of the physical
parameters of electromagnetic fields and corpuscular radiation
in the near-Earth space will be provided, new information will be
obtained on the geophysical processes occurring in the magnetosphere,
ionosphere and upper atmosphere in their connection with solar
activity. In turn, this will make it possible to draw conclusions about
the possible impacts of these processes on the environment, including
land, sea, air and orbital vehicles and systems.
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2.25 Observations of atmospheric noise
in the West Bering Sea zone

Sivokon V.P.1:2

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

The stability of radio communications in the decameter range
depends significantly on the geo-physical situation, including
the level of atmospheric interference. Information on the properties
of atmospheric interference, as applied to telecommunications
systems, is contained in the recommendations of the International
Telecommunication Union. They give the expected values
of atmospheric radio noise at a frequency of 1 MHz, and for
the remaining frequencies it is proposed to recalculate under
the assumption that the distribution of the amplitudes of
atmospheric interference follows a logarithmically normal law.
Based on the prospects for the development of navigation by the
Northern Sea Route, the features of the propagation of decameter
waves in the circumpolar latitudes, we attempted to conduct real
measurements of atmospheric interference in the West Bering Sea
zone. It is not possible to use the radio equipment of ships for
such measurements, but with the advent of SDR technology, this
possibility has appeared. The measurements were carried out along
the coast of Kamchatka and allowed us to estimate the variations in
the parameters of atmospheric noise.

The work was carried out as part of the implementation of the
state task AAAA-A21-121011290003-0.
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2.26 On the synchronicity of the characteristics
of magnetic moment changes and movements
of the magnetic pole according to
INTERMAGNET magnetic observatories

Semakov N.N.1'2, Kovalev A.A.}, Paviov A.F.}>2, Fedotova O.I.!

L IPGG SBRAS
2 Nowosibirsk State University

The authors analyze two types of synchronicity of integral
magnetic characteristics: purely temporal and space-time. The degree
of purely temporal correlation (or anti-correlation) of integral angular
and power characteristics was assessed for each magnetic observatory
on the speed curves of the calculation magnetic pole, as well as on the
change of magnetic moment (at the constant distance to the equivalent
dipole) or by changing the distance to the equivalent dipole (with
the permanence of its magnetic moment). Data from several magnetic
observatories that are part of INTERMAGNET and located in different
regions were used in assessing the space-time correlation of the above
characteristics. A moving average with 24 hour window with a 1 minute
step was used to identify the space-time features of the magnetic field,
which are not related to the Earth’s daily rotation. With this approach,
4 to 7 significant magnetic events per month were detected during the
analyzed period. To test the possible connection of such events in the
magnetic field with changes in the tense state of the Earth’s crust, it is
necessary to use such moving average with 24 hour window seismic
characteristics of this region.

2.27 Operation of a multi-frequency parametric
side-scan sonar in ice waveguide

Tarasov S.P.Y, Zhu Jianjun?, Pivnev P.P.', Voronin V.A.,
Korochentsev V.13

L Southern Federal University, Russia
2 Institute of hydroacoustics HIU, China
3 Far Eastern Federal University, Russia

Practical application of hydroacoustic systems, operating
in traditional mode to solve the acoustic communication system tasks,
to search for mineral deposits, to solve engineering problems and
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the monitoring tasks of the World Ocean ecological state, has some
significant restrictions. These restrictions are mainly associated with
the state of the offshore zones where such works are carried out. It is
possible to solve such tasks applying parametric radiating antennas
in hydroacoustic systems.

One of the tools for investigation of the bottom configuration
and sediments is the side-scan sonar. It allows us to improve
significantly the surveying efficiency due to the wide band of space
under investigation. In order to make the investigations with
a parametric side-scan sonar, we developed a parametric radiating
antenna with a broad directional characteristic in the vertical plane
and a narrow one in the horizontal one.

To improve the efficiency of the transition of pumping wave
energy into difference-frequency wave energy, we suggested to use wave
interaction in a multi-component pumping signal. The broad directional
characteristic of the parametric side-scan sonar in the vertical plane
during its operation in a waveguide may cover some region of a surface
due to the side lobes of the stacked-bean pumping antenna. In this case,
both pumping waves and difference-frequency waves are reflected from
the surface. The effect of joint reflection of these waves on reflected
difference-frequency wave field is considered.

2.28 Registration of synchronous geomagnetic
pulsations and proton aurora during
the substorm on March 1, 2017

Varlamov I.1.Y2, Parnikov S.G.2, Ievenko I.B.2, Baishev D.G.2,
Shiokawa K.3

L Federal State Autonomous Educational Institution of Higher
Professional Education M. K. Ammosov North-FEastern Federal
University
2 Federal Research Centre The Yakut Scientific Centre of the Siberian
Branch of the Russian Academy of Sciences , Yu.G.Shafer Institute
of Cosmophysical Research and Aeronomy SB RAS
3 Institute for Space-Earth Environmental Research, Nagoya
University

Data of synchronous geomagnetic pulsations and proton
aurora registrations were analyzed during the substorm period
on March 1, 2017 at Zhigansk (L=4.5, induction magnetometer),
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Maimaga (L=4, all-sky camera) and Yakutsk (L = 3.3, induction
magnetometer) stations, simultaneously with satellite measurement
of EMIC waves. Ground-based registration of proton aurora is very
difficult due to the fact that their intensity is much lower than
the aurora intensity caused by precipitations of electrons, but in
the event of substorm activity at the zenith of Maimaga station,
a narrow (1° in latitude) proton arc was observed. Irregular pulsations
of the diminishing periods (IPDPs) in the range of Pcl geomagnetic
pulsations associated with the injection of energetic protons were
recorded simultaneously at Zhigansk and Yakutsk stations. It is shown
that the proton arc and geomagnetic pulsations are a consequence
of ion-cyclotron instability in the area of the outer plasmasphere
overlapping by energetic protons.

This work was carried out with the financial support of the RFBR
grant Ne21-55-50013.

2.29 Seasonal variations in natural potentials
in the permafrost 2016-2021, Yakutsk

Kozlov V.I., Baishev D.G., Pavlov E.A.

Shafer Institute of Cosmophysical Research and Aeronomy,
YaSC SB RAS

Two pairs of 100 m measuring lines capture a heterogeneity,
a swampy area (swamp). The location of the sensors of the second
pair is shifted by 1 m. The third pair is located completely on a dry
area. Variations of potentials on the line on a dry section correlate
with variations on a section containing pigweed (2016-2021), but
their value is less by about 10 times. In the spring from 04-17.04
to 11-27.04 on pairs of lines with gauze, there is a sharp change in
potentials by 55-90 mV, then a change in the opposite up to 20.05
by 170 mV. Until mid-July, a plateau is observed and then a sharp
change towards negative potentials by 50 mV. Further, until the end
of October, an autumn plateau is observed. In mid-November, there
is a sharp rise to winter values. A plateau is observed in winter. Let
us compare the variations in natural potentials between the sensors in
the center and on the edge of the pigweed and in a completely dry
section, located at a distance of 140 m from the first one. The seasonal
range of potentials on the line at the pigweed is 350 mV. A sharp jump
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from the value of stable winter values 01.04-11.04 to 150 mV /70 m
is associated with snow melting. Further, an even sharper jump in
the opposite direction up to -200 mV /70 m until 22.05. Further,
there is an exponential summer change up to -10 mV /70 m until
01.11. In November, there is a gradual restructuring to a stable winter
level of 22 mV /70 m. On a dry site, a qualitatively similar picture is
observed. The span alone is 63 mV /140 m and the stable winter level
is -0.9 to 2 mV / 140 m. According to winter observations, there is a
long-term variation with a period of about 4 years. There are sharp
outbursts of natural potentials during rainy days.

The work was carried out with the financial support of Min.
education and science of the Russian Federation, budgetary topic,
AAAA-A21-121012000007-4.

2.30 Seismic process of the Bishkek geodynamic
proving ground (Northern Tien-Shan)

Sycheva N.A., Sychev V.N.
Science research station of the RAS in Bishkek city

Various characteristics of the seismicity of the Bishkek geodynamic
proving ground (BGP) are considered. The BGP refers to the territory
that lies within the central segment of the North Tien Shan seismogenic
zone and represents the junction zone of the Tien Shan orogen
and the Turan plate. The main tectonic structures of the study
area at the neotectonic stage are the Kyrgyz meganticline (Kyrgyz
ridge) and the Chuya depression located to the north. To the south
of the Kyrgyz ridge are the Suusamyr, Kochkor and Jumgal depressions,
separated by small ridges. To the west are the Talas, Bolshoi and Maly
Karatau ridges, and to the east — the Kungei-Alatau and Terskey-
Alatau ridges with the Issyk-Kul intermountain depression separating
them. The stations of the seismological network KNET are located on
the territory of the BGP, which makes it possible to maximally record
the seismic events occurring in this territory. To date, the earthquake
catalog contains the parameters of more than 10500 events that
occurred from 1994 to 2020. The paper presents various statistical
characteristics of the earthquake catalog: the level of errors, the number
of registered phases (P- and S-waves), distributions in magnitude,
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time, depth. To describe the function of distributing earthquakes
by energy, the Gutenberg-Richter law was used. A representative
sample was determined, both for the catalog and for individual
segments of the territory under consideration. The distributions
of b-value in space and in time are plotted. The spatial distribution
of the number of earthquakes and the intensity of seismotectonic
deformation in the study area is presented.

2.31 Simultaneous lithospheric-atmospheric
signals of acoustic emission at “Karymshina”
site in Kamchatka

Larionov I.A., Marapulets Yu.V., Mishchenko M.A.

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

We present the results of complex lithospheric-atmospheric
investigations of acoustic emission in a seismically active region
(Kamchatka  peninsula). A laser  strainmeter-interferometer,
a hydrophone, a wide-band acoustic system and a microbarometer,
installed at Karymshina site (IKIR FEB RAS), are used
in the monitoring. Rock deformation, acoustic emission in the near-
surface rocks and in the atmosphere by the ground surface are
under the consideration. Moreover, we suggest a method to detect
acoustic signals recorded simultaneously in the near-surface rocks
and in the atmosphere by the ground surface. The method includes
filtration of acoustic signals from the sensors at different frequency
sub-ranges from fractions to the first hundreds of hertz and further
analysis of acoustic pressure absolute values. We analyze the data
from September 2016 to December 2020. Examples of simultaneous
records of acoustic signals in rocks and in the atmosphere are
illustrated. The investigation is topical for the construction of a model
of lithosphere-atmosphere interaction in a seismically active region.

The work was carried out as part of the implementation
of the state task AAAA-A21-121011290003-0.
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2.32 Source parameters of earthquakes
of the Bishkek geodynamic proving
(Northern Tien-Shan)

Sycheva N.A.
Science research station of the RAS in Bishkek city

On the basis of seismic waves, various source parameters
of earthquakes are calculated, which are usually divided into
kinematic and dynamic. The mechanism of excitation of seismic waves
by an earthquake source is associated in modern seismology with
a sudden movement of rocks along a certain surface o weakened
strength. The source model (focal mechanism), presented in three-
dimensional form, characterizes the orientation of the axes of the main
relieved stresses and the position of the nodal displacement planes
along the rupture in the seismic source and is indirectly related
to tectonic stresses. The focal mechanism, therefore, refers to
the kinematic characteristic of the source. The dynamic characteristics
of seismic waves make it possible to determine such source
parameters of earthquakes as the source radius, scalar seismic
moment, stress drop, and others, which are referred to as dynamic
parameters. Kinematic and dynamic parameters of earthquakes
characterize the seismic process. The paper presents the characteristics
of focal mechanisms (1674 events) that occurred on the territory
of the Northern Tien Shan, as well as the dynamic parameters
of 183 earthquakes in the Northern Tien Shan: source radius, scalar
seismic moment, stress drop. The data obtained can be used to assess
the seismic process and the stress-strain state of the earth’s crust
in the study area.
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2.33 Space weather and earthquakes: An overview
of the problem and future research

Novikov V.A.Y, Zeren 7.2

L Joint Institute for High Temperatures, Russian Academy of Sciences
2 Institute of Crustal Dynamics, China Earthquake Administration

The state-of-the-art research of possible interrelation of space
weather with the earthquake source is discussed. The results obtained
recently demonstrated again, in spite of certain skepticism, that this
interrelation may be used for seismic hazard mitigation. Both impacts
of the earthquake source on ionosphere, as well as impacts of space
weather on deformation processes in the Earth crust resulted in
earthquake triggering are considered.

Based on the results obtained to-date the Russian-Chinese
cooperation project “Space weather and earthquakes” has been
launched this year. The project is directed to further study
of interconnection of processes in the “ionosphere-atmosphere—
lithosphere” system in the seismic-prone regions for solving the problem
of seismic hazard mitigation relevant for Russia and China. The specific
objectives of the project are to refine existing models of the relationship
between the earthquake source and space weather parameters based
on data of space monitoring by Chinese satellite CSES-1, as
well as to analyze the degree of an influence of variations of
the space weather parameters on deformation processes in the
earthquake source and the possibility of triggering the seismic
events by strong ionospheric disturbances. The scientific novelty of
the project is to obtain new results on possible ionospheric precursors
of strong earthquakes according to new data from the CSES-1
satellite and their theoretical justification, as well as the physical
justification (or rejection) of the possibility of earthquake triggering
by strong bursts of geomagnetically induced currents in conducting
seismogenic faults of the Earth crust during severe space weather.

The project provides for an analysis of satellite observations
over the seismic-prone regions of Russia and China, the refinement
of the model of ionospheric-lithospheric relations, a numerical analysis
of induction of telluric currents in the conducting zones of the Earth
crust (faults) by strong geomagnetic disturbances and their effect
on deformation processes in the earthquake sources. Physical modeling
will be performed at laboratory set-ups for studies of the process
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of generating telluric currents and their concentration in the conducting
model fault, the laboratory “earthquake” triggering by electric pulses
at spring-block models of seismogenic fault, as well as the process
of rock failure under electromagnetic impact. The results of the project
will have a fundamental importance in terms of understanding
the relationship between space weather and Earth seismicity and can
be used in future technologies of the short-term earthquake prediction.

The first results of the statistical analysis of the impact
of space weather on the parameters of repeating earthquakes observed
in China, Russia, Japan, and the USA are presented. It is shown
that electromagnetic impact from space on the lithosphere resulted
in shortening the recurrence interval of the repeating earthquakes
similar to dynamic impact of remote strong earthquakes.

The reported study was funded by RFBR, project
number 21-55-53053 and NSFC, project number 4201101274.

2.34 Start-time of SSC as a function of Universal
Time and geographic coordinates for several
geoeffective ICMEs

Zagainova Iu. S., Gromov S.V., Gromova L.I.
IZMIRAN

Interaction of interplanetary coronal mass ejections (ICME)
accompanied by interplanetary shock waves (ISW) with the Earth’s
magnetosphere results to a change in the Earth’s magnetic field.
It effectively is reflected in sharp increases of the geomagnetic field
intensity, which in some cases can lead to the development of magnetic
storm with sudden commencement (SSC). ISW-front direction,
as well as, ISW-speed and the dynamic pressure of the solar wind,
can affect the maximum intensity and rise time of SSC. To estimate
the ISW-front direction we used information about start time of SSC
of several ICMEs with ISW, whose formation area sources were located
in the Northern and Southern Sun hemisphere. The start times of SSC
were taken from the TAGA catalog. The sudden impulses (SI) arisen
from the interaction of the ICMEs with the Earth’s magnetosphere.
We determined the start times of the SSCs of the ICMEs using
INTERMAGNET network data with a temporal resolution of 1 second.
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SSC-start estimate as a function of Universal Time and geographic
coordinates for the ICMEs was carried out. It is shown that as
the ICME arrive to the Earth the SSC is determined in different time
on different ground magnetic observatories separated in latitude and
in longitude. SSC start time on the data of magnetic observatories
located at different latitudes differs by tens of seconds. In most of the
events reviewed, SSC is determined firstly at the magnetic observatories
located of the Earth’s hemisphere illuminated by the Sun. And also,
on average, the SSC was determined a little earlier at observatories
located at lower latitudes than at high latitudes. The work was carried
out within the framework of State order Ne 01200953488 and supported
by RFBR grant Ne20-02-00150.

2.35 Study of acoustic emission signals registered
at “Karymshina” observation point in 2017
(Kamchatka region)

Lukovenkova O.0., Solodchuk A.A., Shcherbina A.O.

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

The paper proposes a method for three-dimensional visualization
of the frequency structure of geoacoustic emission pulse flow. Using
this method, the signal structure dynamics is estimated at different
time periods (from a few minutes to a year).

An adaptive threshold scheme is used to detect pulses from a signal,
and an adaptive matching pursuit is used to estimate the filling
frequency of single pulses. Distributions of frequencies obtained in this
way are estimated by the histogram method. Histograms are plotted
according to data obtained for geoacoustic signal fragments of a given
minimum duration. The histograms are combined into a three-
dimensional representation as follows: the observation time is plotted
along the horizontal axis, the pulse filling frequency is plotted along
the vertical axis, the percentage of pulses with the corresponding
frequency is indicated by color. This approach can be used to search
for preseismic anomalies in geophysical pulse signals.

The proposed method was wused to assess the dynamics
of the structure of the geoacoustic emission signal recorded
at “Karymshina” observation point in the period from 01.01.2017
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to 31.12.2017. The results of comparison of the obtained three-
dimensional representation with Kamchatka earthquakes are presented.

The work was carried out as part of the implementation of the state
task AAAA-A21-121011290003-0.

2.36 Synchronicity of underground electric
variations, observed at stations in the cities
of Gorno-Altaisk and Chieti (Italy)

Bobrovsky V.S.%, Shitov A.V.2, Stoppa F.3

L Cosmetecor; Politecnico di Milano, Italy
2 Gorno-Altaisk State University, Russia
3 University G. d Annunzio of Chieti Pescara, Chieti, Italy

Within the framework of the concept of the electric grid-nature
of tectonic activity, it is assumed that non-stationary processes occur
in the electric grids of the Earth’s interior, which can manifest
themselves with varying intensity in any part of the earth’s crust,
where proton fluxes from the earth’s core approach the surface. Non-
stationary electrical processes in the depths were investigated using
measuring lines, at the ends of which were lead electrodes, buried in pits
to a depth of a few meters.

Three pits of station Ne5 (C5) of the Innovative Youth Fund (IMF)
“Underground Electrical Technologies” (UET), whose coordinates are
51°57°38.77" N and 85°58°17.54” E, are located in the city of Gorno-
Altaisk (Republic of Altai, Russia), ~ 150 meters from the stream
flowing along the valley of the Maima River and at a distance of ~ 8 km
to the confluence of the stream and the Maima.

Three pits of station Ne6 (C6-IMFPET), whose coordinates are
42°22°5.59” N and 14° 8’50.66” E, are located in the city of Chieti
(province of Abruzzo, Italy), on a hillside ~ 1.5 km from the
river, current from Kieti 13 km to the place where it flows into
the Adriatic Sea.

Automatic measurements are carried out using
the LCARD-E-14-140M multichannel voltage transducer.
The LCARD-E-14-140M module was designed, developed and
manufactured by Leard LLC [http://lcard.ru]. The voltage converter
is designed for every second measurement of direct and alternating
currents (0...7 kHz) of underground EMF, observed in the form
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of non-stationary processes occurring at the boundary of the
lithosphere-atmosphere.

Analysis of the data showed that in the period 2013/01/23-29,
there was a synchronization of underground-electrical (UE) variations
on C5-IMFPET-ALTAI and C6-IMFPET-ITALY.

Analysis of the set of heliogeophysical data revealed a geomagnetic
disturbance of 4 points, which began almost synchronously
with the PE variation. This fact once again confirmed the global
character of the UE variations.

2.37 The modes of magnetic field generation
in a low-mode model of a{2-dynamo
with a-generator varying intensity regulated
by a function with an alternating kernel

Sheremetyeva O.V.r, Godomskaya A.N.?

L Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia
2 Municipal budgetary institution of supplementary education «Center
«Luchy»», Kamchatskiy Kray, Yelizovo, Russia

In the framework of the af)-dynamo model a magnetohydro-
dynamic system (MHD-system) with an included additive correction
of the a-effect intensity is considered. The variation of the a-effect
intensity with time is determined by the function Z(¢) that alternating
kernel J(t) is characterized by the damping coefficient b and the
frequency a.

The research of the behavior of the magnetic field is carried out
on large time scales, therefore, a rescaled and dimensionless MHD-
system with the unit of time iquel the time of the magnetic field
dissipation (10* years) for numerical calculations is used.

The control parameters of the system are the Reynolds number and
the amplitude of the a—effect that include information about the large-
scale and turbulent generators, respectively.

Numerical simulation of the magnetic field generation modes was
carried out for the values of the damping coefficient b = 1 and frequency
a=0.1, 0.5, 1, 5, 10. The results of numerical simulation of the modes
of magnetic field generation are displayed on the phase planes of the
control parameters.
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The question of the dynamics of the pattern change on the phase
plane depending on the frequency a is investigated and the comparation
with the results obtained for the exponential kernel J(¢) with damping
coefficient b = 1 is carried out. The work was carried out as part of
the implementation of the state task AAAA-A21-121011290003-0.

2.38 The source of bay-like negative anomalies
of the atmospheric electric field during
the tectono-seismic process

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

The report describes the source of bay-like negative anomalies
of the near-ground atmospheric electric field observed in seismically
active areas in fine and nearly fine weather. Such anomalies occur
prior to moderate and strong local earthquakes as well as without
them, which evidently relates them to tectono-seismic process.
This is a constant process that causes changes in the stress-strain
state of rocks during the background tectonic deformation and
during the earthquakes build-up. The author has revealed that these
anomalies are caused by a negative space charge, which occurs
in the surface air in a certain way. Near-surface rocks streching results in
increased radon and thoron atmospheric emanations. If the air mixing
is low under its stable stratification, these emanations accumulate
in a certain layer resulting in increased rate of ion formation and known
in the atmospheric electricity occurrence of negative space charge
of small ions. Radon and thoron atmospheric emanation is a widespread
process being an intrinsic part of the “Earth’s gas breathing”, and
many researchers have revealed the negative space charge in aseismic
areas where the tectonically-induced rate of deformation of rocks is less
than that in seismically active areas. The author has studied how each
emanation effects the formation of this charge that has deformation-
emanation nature. Its occurrence and destruction cause the bay-like
shape of negative anomalies of the electric field.
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2.39 Vector Overhauser magnetometer POS-4:
experience and prospects of application

Khomutov S.Yu.!, Sapunov V.A.2, Denisov A.Y.?, Borodin P.B.3,
Kudin D. V.45, Sidorov R.V.*, Bebnev A.S.?, Cherepanova T.A.3,
Kotikov A.L.*%, Kanonidi K.K.", Baryshev P.E.2, Turbin Y.G.8

L Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia
2 Ural Federal University, FEkaterinburg, Russia
3 Institute of Geophysics UB RAS, Ekaterinburg, Russia
4 Geophysical Center RAS, Moscow, Russia
> Gorno-Altaisk State University, Gorno-Altaisk, Altai Republic,
Russia
6 St.-Petersburg branch, Pushkov Institute of Terrestrial Magnetism,
ITonosphere and Radio Wave Propagation of RAS, Saint-Petersburg,
Russia
7 Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio
Wave Propagation RAS, Moscow, Russia
8 The Arctic and Antarctic Research Institute (AARI) of the Russian
Federal Service for Hydrometeorology and Environmental Monitoring,
Roshydromet, Saint-Petersburg, Russia

The results of practical use of a POS-4 vector magnetometer,
developed by the Research Laboratory of Quantum Magnetometry,
UrFU (Ekaterinburg) and based on POS Overhauser sensors,
are presented. Continuous measurements by POS-4 have been carried
out at the Paratunka observatory (IKIR FEB RAS, Kamchatka)
since 2015, were done at the Saint Petersburg observatory (GC RAS /
IZMIRAN SPb Branch, Leningrad Region) in 2017-2018 and have been
performed at the Arti observatory (Institute of Geophysics, UB RAS,
Sverdlovsk Region) since 2020. On the new high-latitude observatory
White Sea (GC RAS / MSU, Nikolai Pertsov White Sea Biological
Station, Karelia), POS-4 is used as a main variometer for magnetic
measurements. In April 2019, the magnetometer was successfully
used for field measurements on ice during the TRANSARCTIC
expedition in the Barents Sea (AARI, Roshydromet). At the beginning
of 2021 IZMIRAN started testing two POS-4 magnetometers
at the Moskow observatory. According to the results of field and
observatory measurements it was possible to identify the advantages
and disadvantages of the magnetometer and provide the information
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for its developers for further modernization in order to improve
its efficiency and reliability. Many years of experience in POS-4
application determine the areas where its scientific and applied usage
will provide important results, for example, for magnetic measurements
in the Arctic regions or for monitoring of active zones around volcanoes.
This work was partially supported of budgetary projects AAAA-A21-
121011290003-0 and funded by the RSF project Ne16-17-00121.

2.40 Why Earth accelerates its rotation since 2016
Zotov L.V.', Marchukova O.V.2, Bizouard C.3, Sidorenkov N.S.4

L National Research University Higher School of Economics
2 Institute of natural and technical systems RAS
3 SYRTE Paris observatory
4 Hydrometcenter of Russia

Year 2020 has been recognized by the scientific climate community
as one of the hottest year on record in the last decades. At the same
time the anomalous velocity of the Earth rotation has been observed.
The length of day LOD reached its minima, which can force to subtract
second from the Universal Time Coordinated UTC. It would be
interesting to know, why since 2016 the Erath rotation started
to accelerate.

The processes in the atmosphere, ocean and Earth’s interior,
leading to the exchange of angular momentum between the planet
systems, as well as tides, changing the figure of the Earth, influence
Earth rotation velocity. If tidal and atmospheric processes are mostly
related to the annual and subannual variations, interdecadal LOD
changes are mostly caused by the processes in the ocean and Earth’s
interiors.

It was found out that oscillations in the ocean and atmosphere,
such as El Nino Southern Oscillation (ENSO), Atlantic Multidecadal
Oscillation (AMO) etc. put their fingerprints on the Earth rotation.
They are also related with climate. We would like to attract attention
to ENSO and alternations of El Nino and La Nina. Strong El Nino
of 1972-73, 1997-98, 2015-16 happened almost on the maxima of LOD,
after which the transition to acceleration happened. La Nina are usually
related to the minima of LOD. Large decadal variations of LOD happen
with quasi 20 and 60-year periods, which could be not only related
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to magnetic field changes, but also with 18-year precession of the Moon,
AMO and variations of the Chandler wobble amplitude.

In our talk we will compare climatic factors, multidecadal processes
and angular momentum of the atmosphere and ocean, trying to uncover
some regularity of the events mentioned above.
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3 Physics of earthquake precursors
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3.1 Abnormal near surface vertical atmospheric
electrostatic field signal at several hours
before Luanzhou 4.3Ms earthquake

Chen T.

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

There are two stations (Yongqin station and Huairou station) that
had observed abnormal near surface vertical atmospheric electrostatic
field signal at several hours before Luanzhou 4.3Ms earthquake (Beijing
time 16.06, 16 April 2021, 118.71 E, 39.75 N, depth 9 km). The two
stations are off the epicenter 181.2 km and 183.7 km from west side.
The two station are off each other 150 km. The signal at Yongqin
station is typical bay like pattern, but the signal at Huairou station
is mixing type pattern that show some passing clouds modulation.
It is demonstrated that someone even could perceive the middle
magnitude forthcoming earthquake according the progress that exclude
the weather factor in the daily atmospheric electrostatic monitoring
data in near future.

3.2 Application of spaced system of laser
interferometers and tiltmeters for sharing
the earthquakes precursory events

Dubrov M.N.*, Volkov V.A.2, Larionov I.A.3, Mrlina J.*, Polak V.4,
Aleksandrov D. V.1

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

Our previous investigations evidently show that synchronous
observation of global atmosphere and lithosphere disturbances
by means of precise and spatially distributed instruments is the
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effective method of detecting precursors of large seismic events and
other dangerous natural phenomena. This study expands the spatial
range of our search up to 7,000-9,000 km and allows regional
and global disturbances to be shared. The subjects of presented
investigations are: 1) analysis of non-tidal strain-baric and tilt-baric
processes recorded by system of ground-based laser interferometers
within the Moscow Syneclise (Obninsk, Fryazino) and Kamchatka
together with synchronously operating tiltmeter instruments of deep
underground installations in the Bohemian Massif (Skalna, Jezeri,
Pribram); 2) search of correlations between laser interferometers data
and distant tiltmeters data before strong earthquakes. The goal is
to distinguish the local, regional and global variations corresponding
to abnormal pre-seismic and co-seismic processes. Our first evaluable
experience in this direction was the found statistically significant
value of global coupling of strain-baric anomalies detected by means
of distant Fryazino — Kamchatka instruments using the Pearson’s
correlation technique. The other attempt to detect the strain-baric and
tilt-baric coupling at the regional level (Obninsk—Jezeri) was based
on the comparison of laser strainmeter data in Obninsk with tilts
recorded in Jezeri Observatory. This gave the Pearson correlation
coefficient R=0.92 which means the strong found correlation. This kind
of data processing was applied for time intervals that include the 2015—
2020 strong earthquakes.

The work was carried out as part of the implementation of the state
task 0030-2019-0014 and AAAA-A21-121011290003-0.

3.3 Estimation earthquake occurrence probability
in Kamchatka region based on seismological
and complex of ionospheric precursors

Bogdanov V.V., Pavlov A.V.

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

In this paper the authors present the method of estimation
of a region, waiting period and probability of strong earthquakes
with Kg>13.5 (M >6.0) in Kamchatka region based on
the combination of mid-term and short-term predictive signs
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accompanying earthquake formation. The seismological predictive
parameter £p was taken as a mid-term precursor. It was calculated
on the basis of the probabilistic model of seismic regime and determines
the statistically significant deviations of current probabilities Px(S;)
for seismic events with the energy class Kg>9.0 to fall within
the zones S; from long-term (background) probabilities Pr(S;).
The expectance zone for an earthquake with Kg > 13.5 was determined
as a group of zones S;, in which seismic regime anomalies were identified
by the parameter {p. A complex of ionospheric parameters was
considered as short-term predictive signs with an earthquake waiting
period of up to 5 days. It includes the K-layer, the sporadic Es layer of
the r type, the critical frequency foF2, and the frequency stratification
of the F2 layer. The probabilities of strong earthquakes with K¢ > 13.5
(M >6.0) that occurred over the period 2019-2021 in an expected
zone, determined by the parameter £p, were estimated on the basis
of Bayes method provided that a complex of anomalous parameters
of the ionosphere was identified.

The work was carried out as a part of the state task AAAA-A21-
121011290003-0.

3.4 Hereditary mathematical Riccati model
with delay for studying the dynamics of radon
concentration in a storage chamber

Twerdyi D.A.}>2, Parovik R.1.%3, Makarov E. 0.4,

L Institute of Applied Mathematics and Automation KBSC RAS
2 Vitus Bering Kamchatka State University
3 Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia
4 Kamchatka Branch, Geophysical Survey, Russian Academy
of Sciences

In general, when conducting emanation studies with the aim
of searching for earthquake precursors, identifying fault conducting
zones of the earth’s crust, developing mathematical models of geogas
mass transfer, and a number of other cases, a clear understanding
of the processes of accumulation of geogas (primarily radon)
in the volume of the storage chamber of the device used is required.
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The concentration of radon, as well as the time it reaches
saturation when it reaches equilibrium with the decay products
in the storage chamber, depends on the value of the radon flux
density (RFD) from the surface at the place of installation of such
a chamber.

Radon monitoring is recognized by many researchers
as a promising method for predicting strong earthquakes, especially
with a shallow source depth. To reliably identify anomalies in subsoil
radon, before strong seismic events, against the background
of interference of various nature, a developed network of observation
points is required. When organizing monitoring points for subsurface
radon (SPR), it is necessary to know the value of SPR from the surface
at the selected point where the storage chamber will be installed.
All this determines the need for a quick assessment of the SPR
by a simple and accessible method.

The article presents a mathematical model based on the Riccati
differential ~equation with the Gerasimov-Caputo fractional
differentiation operator and variable fractional order. The model
of radon accumulation in the chamber takes into account the hereditary
properties of the environment in which radon migrates, and also uses
a non-linear function that is responsible for the mechanisms of radon
entry into the chamber. The obtained model curves are compared
with real data.

It is shown that the hereditary model proposed in the work
gives a better agreement between the model and real curves of radon
accumulation and can be used for a more accurate description
of the processes occurring in the chamber.

Therefore, we can conclude that the introduction of the effect
of heredity into the equation gives an additional degree of freedom,
which means that it allows more flexible modeling of the process
of radon accumulation in the chamber.

Acknowledgments: the work was funded by AAAA-A19-
119072290002-9 “Natural disasters in Kamchatka — earthquakes and
volcanic eruptions (monitoring, forecast, study, psychological support
of the population)” and by RFBR, project Ne20-05-00493.
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3.5 Hydrogeofluid precursors: Relationship with
earthquake parameters and conceptual models

Kopylova G.N., Boldina S.V.

Kamchatka Branch of the Geophysical Survey of the Russian
Academy of Sciences

Hydrogeofluid precursors (pressure, temperature, chemical
composition of water, free and dissolved gas) represent anomalous
changes in groundwater at the stage of earthquake preparation.
The systematization of reliable data on such precursors and
the relationship of hydrogeofluid precursors with the parameters
of subsequent earthquakes make it possible to assess significance
of such precursors in matters of seismic forecasting, study of the strong
earthquakes preparation processes and the fluid-saturated medium
temporal variability in the seismically active regions.

Using the author’s and published data on hydrogeofluid precursors
based on the results of long-term observations in wells in seismically
active regions of the Kamchatka Peninsula and the world, it is shown
that such precursors appear during the first months in the near and
middle (intermediate) zomnes of earthquake sources. This indicates
the development of a predominantly aseismic process in the source
area of a strong earthquake in form of a slow change in the stress-
strain state of the medium, in particular, discontinuous slip along
a fault (Lin and Rice, 2005; Rebetsky, 2004, 2005, 2021, etc.).
As a result of the development of such a process in the source zone,
in the immediate vicinity of the observation wells, the effects of quasi-
elastic and inelastic (dilatancy) changes in groundwater pressure,
as well as disruption of stationary water exchange between waters
with a contrasting chemical composition of water and gas, can occur.
The report provides examples of constructing conceptual models
of recorded hydrogeofluid precursors for individual observation wells.
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3.6 Identification of ionospheric earthquake
precursors in the Kamchatka region
based on correlation analysis

Bogdanov V.V., Pavlov A.V.

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

Seismic activity is one of the sources of ionospheric variability.
In this work, based on the method [Pulinets et al, 2004], we investigate
electron concentration change in the ionosphere, preceding the onset
of strong earthquakes with M > 6.0 in Kamchatka region. The method
is based on calculating the correlation coefficient between the critical
frequency foF2 values at two ionospheric stations. One of them
is located inside the earthquake preparation zone, and the other
is outside it. If observation sites are located in similar geographic
conditions, then they will also observe the same ionospheric variations
during both calm and disturbed geomagnetic conditions, except
for those points that are located in a seismically active zone.
Local anomalies in the F2 layer accompanying strong earthquakes
preparation should manifest themselves in a decrease in the mutual
correlation of the critical frequencies foF2 between the stations
located inside and outside the seismic zone. The data obtained
at two stations PETROPAVLOVSK (PK553) and EARECKSON
(EA653) for the period 01.09.2018-30.04.2021 are considered.
Station PK553 with the coordinates (52.97° N, 158.24° E) was
located in Kamchatka in the zone of seismic event preparation, and
station EA653 (52.73° N, 185.92° E) was considered as a control
station. Statistical analysis of the critical frequencies foF2 showed
that a noticeable decrease in the correlation coefficient was observed
1-7 days before the earthquakes for 7 out of 14 events with M > 6.0
that occurred at depths of up to 100 km and epicentral distances
of up to 500 km from the PK553 location. The work was carried
out as part of the implementation of the state task AAAA-A21-
121011290003-0.
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3.7 Instruments and methodology for registering
subsurface gases in Kamchatka and Sakhalin
for the purpose of predicting earthquakes

Makarov E.O., , Kostylev D. V.2

L Kamchatka Branch, Geophysical Survey, Russian Academy
of Sciences
2 Sakhalin Branch, Geophysical Survey, Russian Academy of Sciences

On the Kamchatka Peninsula, since 2000, a network of monitoring
points for subsurface radon (SR) has been operating in order
to search for precursors of strong earthquakes. Long-term analysis
of the PR dynamics in matching with the seismicity of the region
suggests that there is a certain relationship between radon variations
and strong earthquakes.

During the network operation, the instrument base has been
continuously modernized. At the first stage, the network operated
using REVAR radiometers, which were based on the principle
of passive registration of the decay products of Rn by beta-radiation.
The increasing requirements for the reliability of the network,
the efficiency of data processing, the expansion of the network
of points and the increase in the number of recorded parameters
(atmospheric temperature and pressure, carbon dioxide, molecular
hydrogen) required the replacement of obsolete REVAR radiometers.
For this purpose, an instrumental complex was developed and put into
operation for recording the concentration of subsurface gases, the basis
of which is a modern German-made ALMEMO data logger.

The Russian-made RADEX MR107 digital radiometer, which has
appeared on the market, potentially makes it possible to organize
a more efficient registration of SR by the forced convection method.
In this case, the radiometer is placed in a sealed container with
an excess volume, which acts as a storage chamber, and the subsoil
air from a closed borehole 0.5-2.5 m deep is continuously pumped
out by a compressor and enters this container. By establishing
equilibrium of radon with decay products in the storage chamber,
the sensitivity of the radiometer increases. Also, due to the continuous
selection of subsoil air from a large volume of soil, the influence
on the measurement results of meteorological parameters is reduced.
The joint work in the same storage chamber of a beta-radiation sensor
with a REVAR radiometer and an MR107 radiometer demonstrates
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qualitatively similar radon wvariations, which allows metrological
analysis to be performed. The equipment at some points in Kamchatka
was replaced by complexes for registering subsoil radon using the forced
convection method. The same complexes formed the basis for a network
of subsoil radon registration points created and operating in a test mode
on the Sakhalin island.

In order to provide metrologically reliable data on the content
of radon in the air of subsoils, a BMC-2 reference borehole radiometer
(ALGADE Barisol, France) was installed in a borehole 3 m deep in one
of the points of the Kamchatka network. BMC-2 records the content
of radon in the air by alfa-radiation. In addition, a beta-radiation
sensor is placed in the borehole. Currently, data is being accumulated
for further analysis.

The development of an emanation method for earthquake
prediction requires modern digital equipment, which makes it possible
to obtain time series of various parameters in time close to real.
The hardware base of the Kamchatka network of subsurface gas
registration points is constantly being improved and developed in order
to provide detailed continuous high-quality data series for research and
meet international standards.

Acknowledgments: the work was supported by Ministry
of  Science and  Higher  Education of the  Russian
Federation (Ne075-00576-21). The data used in the work were
obtained with large-scale research facilities (Seismic infrasound
array for monitoring Arctic cryolitozone and  continuous
seismic monitoring of the Russian Federation, neighbouring
territories and the world) (https://ckp-rf.ru/usu/507436/,
http://www.gsras.ru/unu/), and was funded by RFBR, project
number 20-05-00493.
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3.8 Ionospheric precursors recognition technology
on the geomagnetic disturbances background

Pulinets S.A.', Budnikov P.A.2, Pulinets M.S.3

L Space Research Institute (IKI), RAS
2 Fedorov Institute of Applied Geophysics
3 Skobeltsyn Nuclear Physics Institute, Moscow State University

As early as in the 70s of the last century, when the first
publications about ionospheric precursors of earthquakes appeared,
fierce discussions about their existence and their physical nature
began. The main argument against was the fact of high variability
of the ionosphere, especially due to geomagnetic storms, when we
could observe a variations similar to the precursors of earthquakes.
Despite the progress achieved both in the understanding of the physics
of the phenomenon and in the methods of recognizing the patterns
of ionospheric variability, a number of questions remained related
to the differences between the ionospheric precursors themselves and
the processes caused by other sources. To put an end to this discussion,
we decided to conduct a study of variations in the total electron
content during periods of strong geomagnetic disturbances and during
periods of preparation for earthquakes. In this case, we proceed from
the assumption that the difference in the physical processes responsible
for the generation of ionospheric variations during the preparation
of an earthquake and caused by the development of geomagnetic storms
should manifest itself in the patterns of ionospheric variability both
in the spatial distribution and in the development of the anomaly in
local time, which is especially characteristic for ionospheric precursors.
This characteristic pattern of a significant increase in the electron
content at night as the moment of the earthquake approaches was
called the “precursor mask”. This phenomenon has been studied
for various seismically active areas. It turned out that these patterns
are similar for a wide range of conditions, which made it possible
to substantiate the possibility of automatic cognitive identification
of ionospheric earthquake precursors. At the next step, we analyzed
the behavior of the ionosphere during geomagnetic disturbances
of various intensities. Here the picture turned out to be more
complicated due to different reactions of the ionosphere at different
latitudes, as well as differences in the reaction of the ionosphere
as a function of the onset of a geomagnetic storm from local time.
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Nevertheless, certain patterns were established, showing a significant
difference in ionospheric precursors and ionospheric variability during
geomagnetic storms. The “masks” of ionospheric precursors and
geomagnetic storms, as well as variations in the ionosphere, when
the storm occurred during the period of the final stage of the earthquake
preparation, will be demonstrated.

3.9 Mathematical arsenal of the self-developing
processes model to analyze foreshock series
and a probability of strong earthquake
occurrence

Bogomolov L.M.*, Boginskaya N.V.', Sychev V.N.2>2

V' IMGG FEB RAS
2 RS RAS

The self-developing processes model, SDP, (adaptive version
of blow-up regimes model for seismic events sequence) was applied
successfully for mid-term predictions of strong earthquakes in the Far
East Region of Russia. Being the authors of a predictive algorithm
based on this model A.I. Malyshev and I.N. Tikhonov demonstrated
the possibility of quasi-real-time (rather than retrospective) prediction
of an earthquake in the Sakhalin. Presently, a number of successful
predictions of Sakhalin earthquakes with magnitudes above 5 is 8.
Such Sakhalin precedent makes a challenge to physical grounds
of the SDP model beyond the concept self-organization and its
specific aspect — possible realization of the blow-up regime with
the explosive growth of seismic activity before the mainshock.
Further development of SDP model and a new approach to search
precursors are very urgent as well. The presentation focused on the
mathematical technique of SDP model and its similarity to that used
in Hydrodynamics for description of well-known explosive instability
of waves in a metastable medium. The generalization of Malyshev-
Tikhonov SDP model has been proposed to avoid singularity
in the explosive activity growth predicted by the previous version
of that model. Introducing events accumulation negative feedback
to the model one can take into account the self-preservation property
of geological medium due to exit the blow-up regime. The solutions

166



obtained show that the rapid (explosive) growth of activity becomes
slower and saturates just before the mainshock. This is correspondent
with the foreshock series before well-known earthquakes in the Far East
of Russia (Simushir EQs, 2006-2007, Nevelsk EQ, 2007). A generalized
model has allowed new ways for short-term probabilistic predictions
of strong earthquake occurrence.

3.10 Modeling of geoacoustic emission zones
before strong earthquakes in Kamchatka
that occurred in the period from 2019 to 2021

Gapeev M.1.

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

The calculation of the geoacoustic radiation zones in accordance
with various relative strain levels has been carried out. This calculation
is based on the static model of the deformation field in the framework
of the elasticity theory. According to this model, the earth’s crust
is considered as a homogeneous isotropic elastic half-space in which
various stress sources are present.

During the construction of the model, the variants of earthquake
focus are considered in the form of a concentrated source with a different
combination of double forces and an extended source (a rectangle
with a constant movement vector).

In the course of modeling, small-focus earthquakes in Kamchatka
in the period from 2019 to 2021 with a moment magnitude higher
than 5.0, the mechanics of the focus of which is associated with a fault
in the continuity of the medium, has been considered.

The work was carried out as part of the implementation of the state
task AAAA-A21-121011290003-0.
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3.11 On the dynamics of the electromagnetic
parameters of the Northern Tien Shan
lithosphere

Bataleva E.A.
Research Station of the Russian Academy of Sciences in Bishkek

Data on the parameters of the electromagnetic field of the Earth’s
crust in the Northern Tien Shan are generalized and systematized.
The experimental material of the Bishkek geodynamic test site was
used — the results of magnetotelluric monitoring and the catalog
of the KNET network (Kyrgyzstan Telemetered Network), as well
as the catalogs of the KRNET (Kyrgyz Republic Digital Network)
and ISC (International Seismological Center) networks. Based on
the analysis of these data, the dependence of the response of seismic
events in electromagnetic parameters on the distance of earthquake
epicenters was studied. The most probable reason for the occurrence
of anomalous changes in the electromagnetic field is the activation
of deformation processes during the preparation of strong earthquakes.
The aim of this work is to analyze variations in the magnetic tipper
and seismic events recorded by various seismic networks. Taking into
account that real induction arrows (ReW) are associated with active
electric currents, and imaginary (ImW) — with reactive ones, we
built and considered the time-frequency series of both parameters
(ReW and ImW). The results of the time-frequency analysis are
presented and the features of manifestation are considered depending
on the location of the hypo- and epicenters of seismic events and their
magnitude. Regularities have been established in the behavior of tipper
variations for remote and regional earthquakes for the period 2010-2020
with an energy class from 8 to 12.

The work was carried out within the framework of the state
assignment of the Research Station of the Russian Academy of Sciences
on the AAAA-A19-119020190063-2 topic.
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3.12 Physical mechanisms of non-seismic
phenomena accompanying earthquakes:
A review

Surkov V. V.12

L Institute of Physics of the Earth, Russian Academy of Science
2 Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio
Wave Propagation (IZMIRAN), Russian Academy of Sciences

The report provides an overview of the theoretical models
constructed to explain some of the nonseismic phenomena
that occur before, during, and after earthquakes. Theoretical models
of the following phenomena accompanying earthquakes are analyzed.

(1) Local changes in the electrical conductivity of the earth
associated with the movement of the conducting groundwater and
changes in the conductivity of the rock under the influence of tectonic
deformations.

(2) Abnormal low-frequency electromagnetic noise, possibly
related to the cracks generation, geomagnetic disturbances or
electrokinetic effect in porous water-saturated rocks.

(3) Co-seismic  electromagnetic ~ phenomena, including
the seismoelectric effect, disturbances of the geomagnetic field
by seismic waves propagating in the conducting layers of the earth,
electromagnetic  forerunner of a seismic wave; disturbance
of the ionosphere by acousto-gravitational waves.

(4) The emission of radon and charged aerosols from the soil and
their possible effect on the electrical conductivity of the atmosphere
and the total electron content in the ionosphere.

(5) Anomalies of infrared radiation observed over seismically
active regions, and theoretical models of this phenomenon, including
the local greenhouse effect, convective heating of the earth’s surface
by groundwater, and heating of the atmosphere caused by radioactive
decay of radon.
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3.13 Polarization analysis in radial anisotropy
studies

Lyskova E.L.*, Sannikov K.Yu.!, Arzhanenkova A.N.?

L St Petersburg State University
2 ITMO University

The problems associated with the study of the radial anisotropy
of the Earth’s upper mantle continue to be relevant.

Different opinions are expressed regarding the reasons for radial
anisotropy: it can arise as a result of convective flows of matter
in the upper mantle or deformation of matter as a result of
tectonic processes for hundreds of millions of years, preserved in the
modern lithosphere. The first reason seems to describe the anisotropy
of the oceanic upper mantle, where the excess of Vgg over Vgy is always
observed, while the second is the continental mantle, where different
relationships between Vggy and Vgy are possible.

According to the data of different authors, the sign between
the velocities Vsy and Vgy for the continental regions is very
different, first of all, probably, due to the more complex structure
of the continental regions as compared to the oceanic ones.

Our previous studies devoted to the analysis of the distribu-
tion of the anisotropy coefficient in the Carpathian-Pannonian system
made it possible to reveal the predominance of the low-velocity
anomaly under the Pannonian Basin and the Transylvanian Depression,
the separation of the structure of the ancient East European platform
from the young orogenic zones of Western Europe along the Tornquist-
Teisseyre Zone.

To obtain the most accurate distribution of the anisotropy
coefficient, it is important to be able to obtain pure lateral velocity
distributions of Love and Rayleigh waves. In most cases, the geometrical
azimuth corresponding to the path along the great-circle arc actually
practically coincides with the true azimuth of the arrival of the wave
at the station. However, for periods up to 30-40 s, due to the strong
lateral heterogeneity of the crust and subcrustal mantle, the true
azimuth can be quite different from the geometric one. In this
case, the transverse component of the displacement obtained from
the geometric azimuth may contain, in addition to the Love wave,
some contribution from the Rayleigh wave. This can lead to significant
distortions, especially in the range of periods of about 200-40 s, where
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the velocities of the Rayleigh and Love waves can be close. Therefore,
the dispersion curves of the Love wave, obtained from the geometric
azimuth of the arrival of the wave, may contain errors associated with
the superposition of the Rayleigh wave on the record.

In this study, we propose a method for obtaining pure Love and
Rayleigh dispersion curves based on polarization analysis. For some
periods, deviations from the geometric azimuth reached more than
20 degrees. Refined velocity distributions made it possible to obtain
more detailed features in the distribution of the anisotropy coefficient
in the Carpathian-Pannonian

3.14 Relationship of major earthquakes with space
events

Zenkin O.V.
Sakhalin State University

According to some information sources, for example,
the USGS (US Geological Survey), it can be determined that
the major earthquakes of magnitude greater 6.4M occur, on average,
10-15 times a year. Some of them are timed to space events of lunisolar
eclipses. In addition to the celestial mechanics of lunisolar eclipses,
there are other external mechanisms for the occurrence of earthquakes
on Earth, associated with cosmic factors. And as such, we consider
the impact of the planets of the solar system. One such mechanism
for predicting large earthquakes can be determined with the earth’s
annual revolution round the sun, and thus occurs with a period of 365
days. With this mechanism, the Earth falls into the vector physical
field that the Sun forms with the planets in outer space. Since, for
example, with distant giant planets for a period of 1 year, the direction
of this field practically does not change, then in the statistics of large
earthquakes, presumably, one can find events that occur day-to-day
for two or more years in a row. In fact, paired events took place in
2004-2006 ( 2004/11/15/9 2005/11/14/21 2006/11/15/11 ) in 1 year
and 12 hours and 1 year and 14 hours, when the Earth passed through
the vector field of Pluto —Jupiter—Sun— Earth— Neptune in line.

It can be argued that large earthquakes are caused by the factors
of celestial mechanics which are external to the Earth. If the statement
does not seem convincing enough, then it is possible to give
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a scientific justification. Based on mathematical statistics, we calculate
the probability of 3 day-to-day coincidences of dates for two years
will be less than 0.02%.That is, the event is incredible. But since
this nevertheless happened, then with a confidence of more than
99.8 %, it can be considered that the cause of the occurrence of large
earthquakes is not a pile of accidents, but a pattern, namely, one that
obeys the laws of celestial mechanics.

3.15 Some aspects of the appearance of global
geomagnetic signals as precursors of strong
earthquakes

Parkhomov V.A.}, Khomutov S.Yu.?, Tsegmed B.3,
Vedernikova T.I.!

U Baikal State University, Irkutsk, Russia
2 Institute of Cosmophysical Research and Radio Wave Propagation
FEB RAS, Russia
3 Institute of Astronomy and Geophysics AS Mongolia, Ulaan-Baatar,
Mongolia

Variations of the Earth’s magnetic field before strong earthquakes
are studied. A comparison of their global and local manifestations
is made. It is shown that in many cases, the sources of signals
assumed to be of lithospheric origin are located in the magnetosphere
and are directly recorded by satellites in high orbits. Thus, such
geomagnetic variations are generated by the interaction of the solar
wind with the magnetosphere and cannot be considered as precursors
of earthquakes that have a physical relation with the preparation
processes in the focus of the forming seismic event. Preliminary
analysis shows that complex geophysical information, including data
on the state of near-Earth environment, is necessary for reliable
identification of the earthquake precursors.

The work was carried out as part of the implementation of the state
task AAAA-A21-121011290003-0.
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3.16 Tsallis entropy in the analysis
of seismological and experimental data

Sychev V.N., Sycheva N.A., Kulkov D.S.
Science research station of the RAS in Bishkek city

The analysis of seismological and experimental data on uniaxial
strength testing of geomaterial samples is based on the concept
of entropy, which was introduced in 1988 by Constantino Tsallis
as a basis for generalizing standard statistical mechanics for the case
of nonextensive (non-additive) systems. To describe the energy
distribution function of earthquakes, we used a modified model
of the stick-slip earthquake source — discontinuous sliding of two
plates relative to each other along the fault in the presence of friction
and filling fragments between the fault surfaces and the principle
of maximum entropy. This approach was used to quantify long-range
spatial correlations arising in the flow of earthquakes, as well as
to estimate changes in long-range spatial correlations immediately
before the main event and during the aftershocks. It is shown that
the flow of earthquakes is a system with memory and long-range spatial
correlations. The Tsallis parameter ¢ for the aftershock sequences
exceeds the value ¢ calculated for the entire earthquake catalog,
which indicates that the long-range spatial correlations increase before
the earthquake and continue to remain elevated during the aftershocks.
The same approach was applied to the analysis of the energy
distribution of acoustic emission signals. Complete self-similarity of
energy distributions at various scale levels is demonstrated.
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3.17 Variations of background seismic noise
in the Kamchatka peninsula region
in 2011-2021: Relationship with strong
earthquakes

Kopylova G.N., Kasimova V.A.

Kamchatka Branch of the Geophysical Survey of the Russian
Academy of Sciences

Since 2011 the monitoring of the background seismic noise (BSN)
statistical parameters is carried out with the use of continuous
records from the network of 21 broadband seismic stations of the
Geophysical Survey of the Russian Academy of Sciences. Daily maps
of the spatial-temporal distribution of the BSN statistical parameters
and graphs of median values for the entire period of observation have
been created. The predictive algorithm for assessing the locations
of the next earthquakes in area of the Kamchatka Peninsula was
formed on the revealed features of the BSN parameters behavior
at the preparations of local earthquakes with M,,=6.8-8.3 similar
to the BSN parameters changes before strong earthquakes in other
regions.

Using the 2011-2016 data of BSN, the area of strong earthquakes
danger was identified in the latitude range 53-58° N. Five out
of six 2013-2018 earthquakes with M,, > 6.6 occurred in highlighted
area, including the Sea of Okhotsk earthquake with M,=8.3 and
the Blizhne-Aleutian earthquake with M,=7.7. Since mid-2019
a displacement of the area of strong earthquakes danger to the southern
part of the region in latitude range 50-54° N has been detected. Here,
the North Kuril earthquake with M, =7.5 occurred in March 2020.

The report discusses the physical prerequisites of the predictive
algorithm based on BSN data as well as the state and prospects
of further research.
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3.18 Whether variations in radon activity in
a seismically active region can affect
the ionosphere?

Surkov V.V.1:2, Pilipenko V.A.

U Institute of Physics of the Earth, Russian Academy of Science
2 Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio
Wave Propagation (IZMIRAN), Russian Academy of Sciences

In a number of seismically active areas, an abnormal increase
in radon activity in the surface atmospheric layer was observed before
and after some strong earthquakes. It is generally believed that these
local anomalies lead to an increase in the ionization of the air,
due to the radioactive decay of radon, and, as a result, to an increase
in the electrical conductivity of the lower layers of the atmosphere.
This paper presents a theoretical analysis of the known hypothesis
that anomalies in radon activity cause variations in the vertical
background current in the atmosphere, which, in turn, result in changes
in the concentration and total electron content (TEC) of electrons
in the ionosphere. To do this, we first solved the model stationary
problem of a vertical axisymmetric current flowing from the atmosphere
into the E-layer of the ionosphere. Local variations of this current,
associated with radon emission from the soil, give rise to variations
in the current spreading through the ionosphere. The solution of this
problem makes it possible to estimate the change in the electron
component of the current density in the ionosphere. The change
in the electron number density in the ionosphere is determined by
the kinetic equation describing the balance between the influx of fresh
free electrons and their loss due to recombination with positive ions
and attachment to neutral molecules. By making assumption that
the activity of radon in the surface atmospheric layer has increased
2-3 times, the maximum relative change in the electron concentration
in the E-layer of the atmosphere is estimated to be about 107°.
For the F-layer whose parameters vary over a wider range, this
estimate lies within 107 — 10™4. This result allows us to conclude
that this hypothesis is implausible. The observed GPS/TEC monitoring
anomalies, presumably related to the ionospheric response to seismic
events, appear to be of different causes.
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4 Energy transfer of solar
wind-magnetosphere interaction:
30 years of cooperation between
STELab, Nagoya University and
Russian scientific organizations
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4.1 Geoeffective large-scale plasma jets
in the magnetosheath

Dmitriev A. V.12

L National Central University, Taiwan
2 Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State
University, Russia

Magnetosheath plasma jets can effectively interact with
the magnetopause and, hence, can be geoeffective and affect the space-
weather. We identified large-scale magnetosheath plasma jets with
a duration of >30 s using plasma and magnetic data acquired
from the Time History of Events and Macroscale Interactions
during Substorms (THEMIS) multi-spacecraft experiment during
the years 2007 to 2009. We present a statistical survey of 554 of such
geoeffective jets and elaborate on four mechanisms for the generation
of these jets as the upstream solar wind structures of tangential
discontinuities (TDs), rotational discontinuities (RDs), the quasi-
radial interplanetary magnetic field (rIMF) and the collapsing
foreshock (CFS) interrupting the rIMF intervals. We found that
69% of the jets are generated due to the interaction between
interplanetary discontinuities (TD: 24%, RD: 25%, CFS: 20%)
with the bow shock. Slow and weak jets due to the rIMF contributed
to 31% of these jets. The CFS and rIMF were found to be similar in
their characteristics. TDs and RDs contributed to most of the fast
and powerful jets, with large spatial scales, which might be attributed
to transient effects in the travelling foreshock.

4.2 Hpo, a hourly and half-hourly, open-ended,
Kp-like index of geomagnetic activity

Matzka J.
GFZ Potsdam

The Hpo indices have a derivation scheme and frequency
distribution similar to that of the traditional Kp index. However, they
have a higher time resolution than Kp and the strongest geomagnetic
events with Kp = 9 are subdivided into a finer, open-ended scale.
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The Hpo indices come in four versions: Hp60 and Hp30 resemble Kp,
while ap60 and ap30 resemble the linear ap index, with 60 indicating
the hourly and 30 the half-hourly indices. The indices are available
from GFZ German Research Centre for Geosciences in near real-time
and back to 1995. The index is licensed under CC BY 4.0 and
has the DOI 10.5880/Hpo.0001. The index was developed within
the EU Horizon 2020 project SWAMI in support of new models
for thermospheric density and satellite drag. We will demonstrate
the derivation of the index and compare it to the Kp index, the polar
cap PC index and solar wind parameters. Examples of applications
of the index will be shown.

4.3 Integration study of modeling and global
observation
of magnetosphere—ionosphere—atmosphere
system for investigation of coupling process
in the space-terrestrial transition region

Yoshikawa A.
Kyushu University, Japan

The transition region between the Earth’s atmosphere and space
plasma, which extends from the atmosphere to the ionosphere and
magnetosphere, is a system in which the dynamics of the Earth’s
atmosphere powered by sunlight, and space plasma driven by the solar
wind, strongly influence each other through mechanical collisions.

Furthermore, in this transition region, electrodynamics driven
by plasma motion, is activated in the vertical coupling between
the magnetosphere—ionosphere—atmosphere and the global coupling
from the polar to equatorial regions. Therefore, the establishment
of “the science of the transition region between the Earth’s atmosphere
and space plasma”’ is an essential evolution for understanding the
past, present, and future of the general circulation system of the
Earth’s atmosphere and space plasma and the Earth system connected
to the universe.

To investigate the coupling process in the space-terrestrial
transition region, we developed several types of magnetosphere—
ionosphere—atmosphere coupling scheme and simulators.
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In this presentation, we will introduce our strategy of integration
of modeling and global observation to approaching “space-terrestrial
transition region” from viewpoint of inter-spheres coupling physics.

4.4 Some histories of collaboration between STEL,
Nagoya University and Russian scientific
organizations

Shiokawa K.', Baishev D.G.?, Shevtsov B.M.3

L Institute for Space-Earth Environmental Research, Nagoya
University, Japan
2 Yu.G.Shafer Institute of Cosmophysical Research and Aeronomy
and Yakut Scientific Centre SB RAS
3 Institute of Cosmophysical Researches and Radio Wave Propagation
FEB RAS, Russia

We review some histories of collaboration which have been
mainly led by late Professor Kiyohumi Yumoto, between the Solar-
Terrestrial Environment Laboratory (STEL), Nagoya University,
and the two scientific organizations under the Russian Academy
of Sciences, Institute of Cosmophysical Research and Radiowave
Propagation (IKIR) and Yu.G. Shafer Institute of Cosmophysical
Research and Aeronomy (IKFIA). The collaboration started in early
1990s and continue over 30 years up to now. Continuous measurements
of geomagnetic field and aurora/airglow have been made using multi-
point fluxgate/induction magnetometers and auroral/airglow cameras
in the Far-Eastern and Siberian region of Russia. This collaboration
further expanded to the recent PWING project for longitudinal chain
stations around the north pole at subauroral latitudes.
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4.5 The impact of developed Alfven turbulence
of the solar wind magnetic field on processes
in the Earth’s inner magnetospher

Khalipov V.L.*, Leonovich A.S.2, Sibeck D.G.3

L IKT RAN, Russia
2 ISZF RAN, Russia
3 NASA, USA

Daniel Barbier has obtained the large measurement series of red-
arcs with intensity 50-100 kR during IGY 1957-1959 years. Such
intensities cannot be covered by a ring current energy dissipation.
However we can hope to another powerful energy source: MHD-
turbulence in the Solar wind which cause a field line resonance
(FLR) in the magnetosphere. This mechanism assumes presence
of fast magnetosonic (FMS) waves penetrating from the magnetopause
into the magnetosphere. The source of the FMS waves themselves
can be, for example, the Kelvin-Helmholtz instability develops
at the magnetopause flowing around by the solar wind flow.
Monochromatic FMS waves penetrating into the magnetosphere drive
standing Alfven waves at the resonance magnetic shells, where their
frequency coincides with the local Alfven wave frequency. If FMS
waves the source is broadband, then Alfven waves can be excited
in a wide magnetic shells range including the plasmapause, where
the resonant shells concentration is maximum Kinetic Alven waves
with an electric field component directed along the magnetic field
are excited. Such waves are observed experimentally. The theory
of this physical process was considered in detail in the work
of the theorists from Japan Hasegawa&Mima in the work of V. Mazur
and A. Leonovich from the ISZF of Irkutsk. It was found that the waves
are locked at the plasmopause and become standing. The phase velocity
of the waves is close to the thermal velocity of the background electrons,
and as a result of the Cherenkov resonance, the electrons are selectively
accelerated to an energy of several eV, creating a red arc of luminescence
in the atmosphere.
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4.6 Variations in the components
of the magnetospheric ring current according
to the data on the geomagnetic indices
SYM and ASY

Makarov G.A.1:2

L Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy of
Siberian Branch of the RAS (SHICRA SB RAS), Yakutsk, Russia
2 The Yakut Scientific Centre of Siberian Branch of the RAS,
Yakutsk, Russia

Changes in the average daily values of the Dst, SYM-H, ASY-H and
ASY-D indices for the period 1981-2016 are considered. These indices
are the geomagnetic characteristics of the magnetospheric ring current.
It is shown that the SYM-H, ASY-H, and ASY-D indices have seasonal
variations and dependence on the level of magnetic disturbance —
the absolute values of all three indices increase in the summer
months and increase linearly with increasing disturbance, which can
be interpreted as a simultaneous increase in symmetric and asymmetric
component of the ring current, while the symmetrical component grows
more strongly than the asymmetric component. According to the data
on seasonal variations, it was found that the ASY-H and ASY-D
indices in magnetically quiet periods are not zero and their mean
annual values are 14.4 nT and 13.7 nT, respectively. According to
the regression analysis of the ASY-H, ASY-D, and Dst indices, the
offsets in the dependences of the ASY-H and ASY-D indices on the level
of magnetic disturbance determined by the Dst index were established:
for ASY-H 14.4 nT, for ASY-D 13.3 nT. The average annual values
of ASY-H and ASY-D in magnetically quiet periods and offsets in these
indices suggest the presence of an asymmetric component of the ring
current in the absence of magnetic disturbance.
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